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ABSTRAK

Penelitian ini bertujuan untuk mengetahui proses penyusunan Business
Logic Plan dan hasil dari Business Logic Plan yang meliputi ringkasan eksekutif
dan presentasi bisnis dengan acuan regulasi Formula SAE 2016. Penelitian ini
merupakan penelitian deskriptif kualitatif yang menggunakan metode observasi
dalam pengumpulan data untuk memecahkan permasalahan. Jenis penelitian
yang digunakan dalam penelitian ini adalah jenis penelitian deskriptif murni atau
survei. Subyek yang diteliti pada penelitian ini adalah penyusunan Business
Logic Plan pengembangan produksi Formula Garuda 16 dalam ajang kompetisi
Student Formula Japan. Teknik analisis data menggunakan analisis deskriptif
dengan menggunakan tiga langkah, yaitu reduksi data, penyajian data, dan
verifikasi data dan penarikan kesimpulan. Hasil penelitian ini menunjukan bahwa
pada proses penyusunan Business Logic Plan (BLP) dilakukan dalam beberapa
tahap, yaitu analisis pasar, analisis daya beli konsumen, analisis penghasilan
konsumen, analisis volume pasar, dan analisis persaingan. Setelah melakukan
analisis tersebut kemudian menyusun strategi perusahaan yang berisi strategi
pemasaran, strategi keuangan, strategi kendaraan, strategi bahan baku dan
strategi manufaktur. Setelah dilakukan perhitungan, investor dapat berinvestasi
sebesar $ 1.000.000 untuk perusahaan Garuda UNY Racing Team, investor
akan mendapatkan payback period dalam waktu 2 tahun dan ownership sebesar
35 % dengan nilai ROI (Return of Investment) 51 % sedangkan BEP (Break
Even Point) akan dicapai dalam waktu 2 tahun. Setelah dipresentasikan dalam
kegiatan Student Formula Japan 2016, Garuda UNY Racing Team mendapatkan
skor 48,75 poin sehingga mendapatkan posisi 18 dari total 92 tim yang telah lolos
seleksi dokumen dari 106 World FSAE Team yang terdaftar.

Kata kunci : Business Logic Plan, Formula SAE 2016, SFJ
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BAB I
PENDAHULUAN

A. Latar Belakang Masalah

Formula SAE merupakan salah satu kompetisi internasional yang
diadakan oleh Society of Automotive Engineering (SAE). Kompetisi ini
bertujuan untuk memberi kesempatan mahasiswa dalam membuat konsep,
mendesain, memproduksi, merakit dan mengembangkan kendaraan formula
dengan ukuran yang lebih kecil. Kendaraan akan di nilai dari segi static
events meliputi : technical inspection, cost, business presentation, dan
engineering design, dan segi dynamic events meliputi : solo peformance
trial, dan high peformance track endurance.

Student Formula terdiri dari 10 seri yang diadakan di seluruh dunia
antara lain Formula SAE Michigan, Formula SAE Lincoln, Formula SAE Electric
Nebraska, Formula SAE Australasia, Formula SAE Brazil, Formula SAE Italy,
Formula SAE United Kingdom, Formula SAE Austria, Formula Student
Germany, dan Student Formula Japan. Seri kesembilan dari kompetisi
tersebut vyaitu Student Formula Japan (SF]) yang diadakan oleh Japan
Society of Automotive Engineering (JSAE). Kompetisi diadakan tanggal 6
September sampai tanggal 10 September 2015 bertempat di Ogasayama
Sport Park, Ecopa Stadium, Shizuoka-ken, Japan.

Garuda UNY Racing Team (GURT) merupakan salah satu tim dari
Indonesia yang mengikuti kompetisi tersebut. Kiprah Garuda UNY dalam
mengikuti kompetisi internasional dimulai sejak tahun 2013 hingga tahun

2015 yang berhasil meraih gelar “Best Of The Best” kategori Hybrid dalam



kompetisi International Student Green Car Competition (ISGCC) yang
diadakan di Korea Selatan pada bulan Mei tahun 2015. Disamping itu Garuda
UNY di tingkat nasional dari tahun 2009 sampai 2012 selalu menjadi juara
umum. Pada tahun 2015 Garuda UNY Racing Team (GURT) mencoba untuk
ikut dalam kompetisi Formula SAE yang diadakan di Jepang vyaitu Student
Formula Japan (SFJ).

Kompetisi Formula Japan merupakan kompetisi yang memiliki
peraturan sangat ketat dalam bidang teknis maupun administrasi yang harus
ditaati oleh setiap tim yang mengikuti kompetisi tersebut. Dalam peraturan
yang dikeluarkan oleh Society of Automotive Engineering Internatonal (SAE
International) sudah dicantumkan dengan jelas hal apa saja yang harus
ditaati oleh semua tim. Tim peserta Student Formula Japan secara teknis
harus mampu membuat dan mengembangkan konsep, design, manufaktur,
dan menguji kendaraan formula yang dikembangkan. Selain itu tim peserta
Formula Japan secara non teknis harus mampu membuat laporan design,
cost report dan penyusunan Business Logic Plan yang meliputi presentasi
bisnis, dan ringkasan eksekutif. Rencana bisnis yang dibuat harus
menggunakan sumber — sumber data valid yang ada di pasar dan
menggunakan laporan biaya produksi nyata yang telah dibuat tim sehingga
dapat menciptakan rencana bisnis nyata.

Tuntutan pendidikan dalam Surat Keputusan Bersama Menteri Negara
Koperasir dan UKM dan Menteri Pendidikan  Nasional  No.
02/SKB/MENEG/VII/2000 & No. 4/U/SKB/2000 Tanggal 29 Juni 2000

Tentang Pendidikan  Pengkoperasian dan Kewirausahaan adalah



memasyarakatkan dan mengembangkan perkoperasian dan kewirausahaan
melalui pendidikan dan menyiapkan kader — kader koperasi wirausaha yang
profesional. Dengan adanya wirausaha yang banyak tumbuh, tentu jumlah
kebutuhan tenaga kerja semakin bertambah dan mengurangi jumlah
pengangguran atau masa tunggu kerja. Selain itu dalam Instruksi Presiden
No. 4 Tahun 1995 tentang Gerakan Nasional Memasyarakatkan dan
Membudayakan Kewirausahaan menjadi dasar agar pendidikan yang
diselenggarakan Indonesia menghasilkan insan yang cerdas dan kompetitif
serta mampu menjadi pelaku ekonomi yang tangguh dan profesional dalam
tatanan ekonomi kerakyatan.

Kompetisi yang diadakan Formula SAE  dapat memfasilitasi
mahasiswa untuk menjadi insan yang cerdas dan kompetitif melalui
serangkaian kegiatan yang dimulai dengan membuat suatu konsep
kendaraan hingga menjadi produk jadi dan disertai laporan biaya produksi
(Cost Report) dan laporan desain kendaraan (Design Report). Laporan —
laporan tersebut digunakan untuk membuat suatu rancangan bisnis
menggunakan produk mobil formula student. Sehingga dibutuhkan suatu
proses — proses pembuatan laporan desain dan pengembangan kendaraan
yang mampu menggambarkan suatu mobil impian (dream car) serta laporan
biaya produksi kendaraan yang dapat digunakan sebagai acuan detail untuk
produksi masal yang akan dilakukan perusahaan. Sehingga diperlukan
penelitian untuk business logic plan pengembangan produksi Formula

Garuda 16 dalam ajang kompetisi Student Formula Japan tahun 2016.



Identifikasi Masalah
Berdasarkan pada latar belakang masalah di atas, maka
identifikasi masalah dalam penelitian ini sebagai berikut.

1. Tim peserta 2016 Student Formula Japan dituntut untuk dapat membuat
konsep, mendesain, manufaktur, merakit dan mengembangkan
kendaraan formula dengan ukuran yang lebih kecil.

2. Tim peserta 2016 Student Formula Japan dituntut menyusun laporan
desain dan cost report.

3. Tim peserta 2016 Student Formula Japan dituntut menyusun Business
Logic Plan berdasarkan laporan desain dan cost report dari pembuatan

kendaraan.

Batasan Masalah
Batasan masalah dalam penelitian dibatasi tentang tim peserta 2016
Student Formula Japan dituntut menyusun Business Logic Plan berdasarkan

laporan desain dan cost report dari pembuatan kendaraan.

Rumusan Masalah
Berdasarkan uraian yang telah dipaparkan di atas, maka rumusan
masalah dari penelitian ini adalah sebagai berikut.
1. Bagaimana proses penyusunan Business Logic Plan yang sesuai dengan
regulasi Formula Student SAE International ?
2. Bagaimana hasil dari Business Logic Plan yang meliputi ringkasan

eksekutif dan presentasi bisnis ?



E. Tujuan Penelitian

Tujuan peneliti dalam melakukan penelitian ini, yaitu :

1.

Untuk mengetahui proses penyusunan Business Logic Plan yang sesuai
dengan regulasi Formula Student SAE International.
Untuk mengetahui hasil dari Business Logic Plan yang meliputi ringkasan

eksekutif, dan presentasi bisnis.

F. Manfaat Penelitian

Manfaat peneliti dalam melakukan penelitian ini, yaitu :

1. Bagi Generasi Selanjutnya

Penelitian ini diharapkan dapat dijadikan suatu pedoman bagi generasi
selanjutnya untuk dapat membuat dan menyusun Business Logic Plan
yang lebih maksimal.

Bagi Tim Lain

Penelitian ini diharapkan dapat dijadikan sebagai acuan penulisan
Business Logic Plan bagi tim yang menjadi first year team, sehingga
penyusunan akan menjadi lebih mudah.

Bagi Penulis

Penelitian ini dapat menjadi ilmu yang bermanfaat dan dapat diterapkan

di berbagai jenis bisnis dan manajemen serta kemampuan soft skill.






BAB II
KAJIAN PUSTAKA

A. Pengertian Rencana Bisnis

Rencana bisnis atau sering dikatakan business plan bukanlah
merupakan sebuah tulisan yang hanya menjelaskan tentang sebuah
laporan. Rencana bisnis merupakan sebuah tulisan yang menuangkan ide
dan pikiran dalam memulai atau mengembangkan perusahaan baru.
Miller ~ (2008) mengatakan nilai utama dari rencana bisnis adalah
“membuat garis besar tertulis yang mengevaluasi segala aspek
kelangsungan hidup ekonomi dari upaya bisnis yang akan dijalankan
termasuk uraian dan analisis terhadap prospek bisnis tersebut”. Rencana
bisnis merupakan suatu langkah penting yang perlu diambil oleh
pengusaha bijaksana, tanpa memandang ukuran bisnis. Rencana bisnis
juga menjelaskan mengenai rencana dasar bisnis yang akan dimulai, dan
menjabaran finansial untuk dapat melihat kredibilitas dan keberlanjutan
suatu usaha yang akan dimulai. Selain itu, Miller (2008) juga mengatakan
bahwa “rencana  bisnis adalah sarana  terpenting  untuk
mengkomunikasikan keingginan pebisnis pada pihak luar jika sekiranya
diperlukan ekspansi dana bagi perluasan usaha atau proyek pebisnis”.
Dengan begitu, rencana bisnis merupakan langkah yang cukup signifikan
dalam memulai suatu usaha. Hal ini dikarenakan, rencana bisnis tidak
hanya bermanfaat bagi internal operasional perusahaan, akan tetapi juga

berguna untuk kebutuhan finansial perusahaan.



B. Manfaat Rencana Bisnis

Mengapa bisnis kita membutuhkan rencana bisnis? rencana bisnis
sangat bermanfaat baik bagi internal maupun eksternal perusahaan.
Dalam internal perusahaan, rencana bisnis dapat menetapkan dan
memusatkan tujuan yang direncanakan oleh pebisnis dengan
memanfaatkan keterangan dan analisis yang sesuai. Selain itu, pebisnis
juga dapat menggarap informasi yang berharga dari orang-orang yang
telah berkecimpung dalam bisnis tersebut yang telah meraih kesuksesan.
Rencana bisnis juga dapat mencegah perusahaan untuk melakukan
kelalaian dan menyelesaikan permasalahan di masa yang akan datang
dengan pengetahuan dan pengalaman yang didapat dalam merancang
rencana bisnis tersebut. Hal ini tentu akan sangat bermanfaat bagi
pebisnis dalam memulai usahanya, karena melalui informasi tersebut
pebisnis pemula dapat mengetahui rencana strategi apa saja yang telah
membawa kesuksesan pebisnis yang sukses dan mengetahui apa saja
yang perlu dihindari dalam menjalankan bisnis tersebut. Dengan kata lain,
rencana bisnis membantu pengusaha untuk benar-benar memiliki sebuah
strategi bisnis yang handal secara resmi yang dapat di komunikasikan
kepada orang lain, baik di dalam maupun diluat organisasi.

Rencana bisnis juga bermanfaat jika digunakan kepada pihak
eksternal perusahaan, seperti investor dan pihak bank. Rencana bisnis
yang besar biasanya membutuhkan modal usaha yang besar juga. Dalam
hal ini, pebisnis dapat melakukan pendanaannya melalui /nvestor dengan

mengeluarkan saham atau mendapatkan pinjaman dari pihak bank.



C. Proses Penyusunan Rencana Bisnis
Setiap industri bisnis memiliki perbedaan dalam merancang
rencana bisnisnya, akan tetapi rencana bisnis yang baik harus memuat
hal-hal berikut:
1. Profil Perusahaan
Perencanaan bisnis harus memuat rencana bisnis secara mendetail
dan jelas. Dengan begitu menurut Rangkuti (2005), latar belakang
sekurang-kurangnya memuat hal-hal berikut:
a. Sejarah berdirinya perusahaan.
b. Pihak yang terlibat dan bertanggungjawab dalam perusahaan.
c. Kondisi keuangan.
d. Rencana pengemembangan.
Dengan hal ini perusahaan harus memberikan informasi selengkap —
lengkapnya sehingga pembaca dapat mengerti dan memahami
bagaimana dan mengapa bisnis tersebut dikembangkan atau
dilaksanakan.
2. Segmentasi (Segmentation)

Rangkuti (2005) mengartikan segmentasi sebagai identifikasi
kelompok-kelompok pelanggan yang memberikan respon yang
berbeda dibangdingkan dengan kelompok-kelompok pelanggan yang
lain. Segmentasi pasar digunakan untuk memilih target pasar, mencari
peluang, merumuskan pesan-pesan komunikasi, melayani lebih baik,
menganalisis perilaku konsumen, mendesain produk dan lain

sebagainya. Pada tahapan ini para perancang komunikasi pemasaran



menentukan dan memilah-milah  kelompok/khalayak sasaran
utamanya berdasarkan beberapa variabel seperti: (1) variabel sosio-
demografis, dan (2) variabel psikografis yang popular dengan kajian
activities, interest, dan opinion. Selain itu, segmenting adalah
aktivitas membuat pasar relatif lebih homogen, sehingga kita bisa
membeda-bedakan secara spesifik antara satu dan yang lainnya.

(Kotler, 2003).

Bangs (1996) membagikan beberapa kriteria dalam
menentukan segmentasi untuk pasar bisnis, yaitu:

a. Demografis, dalam melakukan segmentasi pebisnis dapat
membagikan melalui jenis industri, ukuran perusahaan seperti
jumlah staf dan karyawan, omzet perusahaan, pendapatan
kotor/bersih perusahaan dan lokasi perusahaan.

b. Variabel operasi, hal ini dapat dilihat berdasarkan teknologi yang
digunakan oleh perusahaan tersebut. Seperti teknologi proses
yang digunakan, teknologi informasi dan lain-lain. Selain itu,
dalam hal ini, pebisnis juga dapat melakukan segmentasi melalui
status pemakai dan kemampuan pelanggan.

c. Faktor situasi, segmentasi pasar dapat dilakukan oleh pebisnis
dengan mengetahui tingkat kepentingan seperti cepat, mendesak
dan tidak mendesak. Selain itu, penawaran khusus seperti aplikasi
khusus produk dan aplikasi keseluruhan, termasuk ukuran

pemesanan, baik dalam ukuran besar maupun ukuran kecil.



d. Karakteristik pribadi, segmentasi dalam pasar bisnis juga dapat
dilakukan dengan cara membagi konsumennya dengan
mengetahui karakteristik pribadi seperti, kesamaan pembeli-

penjual, sikap terhadap risiko dan kesetiaan.

3. Penetapan Sasaran Pasar ( 7Targeting)

Targeting adalah persoalan bagaimana memilih, menyeleksi,
dan menjangkau pasar. Pebisnis dapat menyeleksi pasar, jika pebisnis
telah mengetahui keadaan pasar tersebut. Produk dari targeting ini
adalah target market (target pasar), yaitu satu atau beberapa
segmen pasar yang akan menjadi fokus kegiatan-kegiatan pemasaran
(Kotler, 2003). Menurut Zimmerer dan Scarborough (2002), target
market  adalah spesifik grup pelanggan yang ditujukan oleh
perusahaan dalam memasarkan barang dan jasanya. Ada beberapa
kriteria untuk mendapatkan pasar sasaran yang optimal. Keempat
kriteria itu antara lain :

a. Responsif terhadap produk dan program pemasaran yang
dikembangkan.

b. Potensi penjualan harus cukup luas.

c. Pertumbuhan pasar yang memadai.

d. Jangakauan media yang dapat dicapai secara optimal.
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4. Positioning

Kotler (2003) mengatakan  positioning adalah bagaimana
perusahaan memposisikan produk dan jasa tersebut kedalam otak
calon konsumen. Dalam hal ini, perusahaan harus memahami dahulu
bagaimana membentuk persepsi, dan bagaimana persepsi
mempengaruhi pengambilan keputusan konsumen. Selain itu,
positioning juga merupakan upaya perusahaan dalam membangun
kesan dibenak konsumen bahwa perusahaannya layak dipercaya dan
kompeten dalam membina hubungan dengan konsumennya.
Positioning  harus memiliki integritas yang artinya dari kualitas
produk, pola pikir, proses internal administrasi, cara pelayanan, dan
human resources, harus memahami dan menjiwai keunikan yang

dimiliki oleh perusahaan.

5. Produk dan Jasa
Secara umum, penulis menjelaskan secara terperinci produk
dan jasa yang akan dipasarkan kepada konsumen. Selain itu, penulis
juga mengemukakan nilai lebih yang dimiliki oleh perusahaan
dibandingkan dengan perusahaan-perusahaan lainnya. Dalam hal ini,
penulis juga menjelaskan target pasar yang akan ditujunya. Menurut
Rangkuti (2005), penjelasan mengenai produk atau jasa yang

dihasilkan perusahaan dapat diperinci menjadi tiga bagain, yaitu :
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a. Penjelasan Mengenai Bisnis

Secara umum, penjelasan mengenai bisnis yang akan
dijalankan meliputi :

1) Aspek legalitas, lisensi yang dimiliki, perizinan yang dimiliki dan
seperti apa kerjasama yang dimiliki.

2) Jenis bisnis, seperti perdagangan, manufaktur atau jasa.

3) Produk atau jasa yang dihasilkan serta spesifikasinya.

4) Penjelasan mengenai bisnis yang dilakukan, apakah bisnis ini
termasuk bisnis baru, pengambilan alih ({akeover), perluasan,
franchise, atau keagenan.

Penulis sebaiknya memberikan informasi mengenai nama
perusahaan, alamat, serta semua nama principal, dan penjelasan
mengenai hal — hal yang spesifik dan unik dari bisnis yang akan
dijalankan. Hal ini termasuk visi dan misi perusahaan dan tujuan

mengapa bisnis ini menarik untuk dijadikan perusahaan.

b. Penjelasan Mengenai Produk atau Jasa
Infomasi yang harus dijelaskan oleh penulis mengenai
produk atau jasa yang akan ditawarkan kepada konsumen. Produk
dan jasa yang ditawarkan seharusnya memiliki nilai lebih
dibandingkan dengan produk atau jasa yang ditawarkan
perusahaan lain. Produk atau jasa dijelaskan secara rinci disertai
dengan spesifikasi. Dengan demikian, perusahaan ini memiliki

keunggulan dibandingkan dengan perusahaan-perusahaan lain.
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c. Penjelasan Mengenai Lokasi Bisnis

Lokasi bisnis juga memegang peranan yang cukup penting
bagi tingkat keberhasilan atau kegagalan produk atau jasa yang
kita tawarkan kepada konsumen. Keputusan pemilihan lokasi
dapat berdasarkan kedekatan dengan konsumen atau dengan
bahan baku. Keputusan ini juga dapat berdasarkan keunggulan-
keunggulan yang dimiliki oleh lokasi tersebut, seperti, kemudahan
pencapaian, dapat dilalui dengan kendaraan umum dan
keamanan. Penjelasan secara terperinci meliputi:
1) Faktor — faktor yang diperlukan berkenaan dengan lokasi yang

dipilih.

2) Luas bangunan yang diperlukan.
3) Alasan mengapa lokasi tersebut dipilih.
4) Keterangan mengenai fasilitas yang dimiliki sekitar lokasi

tersebut.

6. Perencanaan Pemasaran
Dalam kondisi lingkungan bisnis yang senantiasa berubah dan
tingkat persaingan dalam merebut pangsa pasar semakin ketat. Upaya
pemasaran produk merupakan salah satu kunci keberhasilan suatu
organisasi bisnis. Kegiatan pemasaran dapat menjadi sumber
kegagalan perusahaan dan atau menjadi tempat pemborosan jika
tidak direncanakan dengan baik. Banyak pengusaha, terutama yang

berskala menengah ke bawah sering kali mengalami kesulitan dalam
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menyusun Program Pemasaran secara formal, sehingga produk yang

dihasilkan tidak mampu mencapai pasar sasarannya.

. Strategi Pemasaran

Strategi pemasaran dapat menentukan keberhasilan dan
kegagalan sebuah perusahaan. Persaingan dalam perusahaan-
perusahaan kecil biasanya tampak jika konsumen merasa bahwa
produk dan jasa yang diberikan merupakan barang dan jasa yang
superior dibandingkan dengan pesaing-pesaingnya. Keberhasilan
seorang enterprenuer biasanya memiliki keunggulan spesial yang
didapatkan dalam membangun tingkat persaingan. Dalam hal ini,
menurut Zimmerer dan Scarborough (2002), relationship marketing
merupakan proses dalam mengembangkan dan mempertahankan
hubungan jangka panjang dengan pelanggan sehingga mereka akan
tetap datang kembali untuk melakukan pembelian berulang.
Relationship marketing menjadikan pelanggan sebagai pusat
pemikiran, perencanaan, dan tindakan perusahaan dimana
perusahaan fokus terhadap perubahan dari produk atau jasa untuk
pelanggan dan termasuk kebutuhan dan keinginan mereka.

Berdasarkan Zimmerer dan Scarborough (2002), dalam
menghadapi persaingan yang semakin ketat, perusahaan dapat

melakukan strategi pemasaran sebagai berikut:
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a. Fokus kepada pelanggan
Setiap perusahaan harus menyadari bahwa segala aktifitas
yang berada dalam bisnis tersebut, termasuk bisnis itu sendiri
memiliki tujuan yaitu menciptakan kepuasan pelanggan.
b. Jaminan kualitas
Menurut American Society for Quality, kualitas adalah
"Keseluruhan fitur dan karakterisktik produk atau jasa yang
mampu memuaskan kebutuhan yang terlihat atau yang
tersamar” (Jay & Barry, 2005). Kualitas Dberarti
mempemenuhan standar dan membuat produk secara benar
sejak dari awalnya. Kualitas memberikan pengaruh yang besar
terhadap perusahaan, sebagai berikut:
1) Reputasi perusahan
Suatu perusahaan menyadari bahwa reputasi akan
mengikuti kualitas, baik hal itu buruk ataupun baik.
Kualitas akan muncul sebagai persepsi tentang produk
baru perusahaan, kebiasaan karyawan dan hubungan
pemasok.
2) Keandalan produk
Produk yang dimiliki perusahaan harus memiliki keunikan
dan keuntungan yang tidak didapatkan konsumen oleh
perusahaan lain. Akan tetapi, perusahaan juga tidak dapat

memiliki desain, memproduksi, atau mengedarkan produk
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C.

atau jasa yang penggunaannya mengakibatkan kerusakan
atau kecelakaan.
3) Ketertiban global
Di masa teknologi ini, kualitas menjadi suatu
perhatianinternational. Bagi perusahaan dan negara yang
ingin bersaing secara efektif pada ekonomi global, produk
ynag mereka miliki harus memenuhi harapan, kualitas,
desain dan harga global.
Perhatian kenyamanan
Beberapa studi menemukan bahwa pelanggan
memberikan tingkat teratas dalam kemudahan mendapatkan
barang dan jasa dari kriteria yang mereka miliki dalam
memutuskan pembelian. Menurut Zimmerer dan Scarborough
(2002), berdasarkan opini pelanggan dalam ide ETDBW (£asy
to Do Business With), pelanggan menetapkan beberapa
kreteria dalam menentukan kemudahan atau kenyamanan,
yaitu:
1) Lokasi bisnis yang strategis yang dapat memudahkan
pelanggan untuk mencapainya.
2) Waktu kerja yang sesuai dengan keinginan pelanggan.
3) Pengambilan dan pengiriman barang yang memudahkan
pelanggan.
4) Kemudahan dalam pembayaran, baik menggunakan cash

ataupun kartu kredit.
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5) Keahlian karyawan dalam menangani pelanggan dengan
cepat, efisien dan ramah.

6) Kecepatan perusahaan dalam mengangkat telepon dan
menjawab telpon secara efisiensi. Banyak perusahaan yang
sulit untuk dihubungi dan terkadang telpon tersebut juga
dipindahkan dari satu departemen ke departemen lain.

Konsentrasi untuk inovasi

Inovasi merupakan kunci kesuksesan dimasa yang
akan datang. Pasar berubah sangat cepat sedangkan
persaingan juga semakin ketat, hal ini membuat perusahaan
kecil akan semakin tertinggal jika tidak mengandalkan inovasi
yang mereka miliki. Inovasi adalah salah satu tanda seorang
pengusaha, dan hal ini ditunjukan dalam produk baru, tehnik
yang unik, dan memperkenalkannya dengan pendekatan
marketing yang lain dari biasanya. (Zimmerer dan

Scarborough, 2002).

Dedikasi untuk jasa dan kepuasan pelanggan

Memberikan layanan yang tidak dapat dibandingkan
walaupun dengan harga yang tidak murah merupakan salah
satu cara yang cukup effektif untuk menarik dan
mempertahankan konsumen. Zimmerer dan Scarborough

(2002) juga mengatakan bahwa 73 persen dari pelanggan

membeli berdasarkan alasan (pertimbangan yang sehat)

bukan berdasarkan harga. Keberhasilan sebuah perusahaan
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mengetahui bahwa pelayanan konsumen yang superior adalah
hanya sebuah langkah lanjutan untuk mendapatkan tujuan
dari kepuasan pelanggan. Perusahaan seperti ini, biasanya
mencari melebihi dari kepuasan pelanggan dan berusaha
untuk mendapatkan customers astonishment. Dalam hal ini,
perusahaan berkonsentrasi melayani pelanggan dengan
menyediakan kualitas, kemudahan dan pelayanan yang
diinginkan oleh pelanggan.
Menekankan kecepatan

Teknologi terutama Internet telah merubah wajah
bisnis menjadi sangat dramatik dimana kecepatan menjadi
senjata utama dalam persaingan. Perusahaan-perusahaan
kelas dunia mengetahui bahwa dengan mengurangi waktu, hal
tersebut dapat digunakan dalam pengembangkan, desain,
manufaktur, dan mengantarkan produk tersebut dengan
mengurangi biaya-biaya, meningkatkan kualitas, meningkatkan
kepuasan pelanggan dan mendorong maket share. Zimmerer
dan Scarborough (2002) mengatakan bahwa philosofi dari
kecepatan disebut 7ime Compression Management (TCM),
TCM mencakup tiga aspek yaitu: (1) kecepatan mengeluarkan
produk baru ke pasar. (2) mempersingkat waktu respon
pelanggan dalam manufaktur dan pengantaran barang. (3)
mengurangi waktu yang dibutuhkan dalam administrasi untuk

mengadakan pemesanan.

18



8. Bauran Pemasaran (Marketing Mix)

Menurut Stanton (2008) pengertian marketing mix secara

umum adalah istilah yang dipakai untuk menjelaskan kombinasi

empat besar pembentuk inti sistem pemasaran sebuah organisasi.

Keempat unsur tersebut adalah penawaran produk/jasa, struktur

harga, kegiatan promosi, dan sistem distribusi. Keempat unsur atau

variabel bauran pemasaran (Marketing Mix) tersebut atau yang

disebut 4P (Product, Price, Place, Promotion) adalah sebagai berikut:

a.

b.

Strategi Produk (Product)

Dalam beberapa kasus, perusahaan tidak hanya
menyediakan produk atau jasa saja, akan tetapi perusahaan
menyediakan kedua-duanya dalam bisnisnya. Perusahaan harus
memiliki dan fokus kepada keunikan dari produk dan jasa yang
mereka tawarkan (Unigue Selling Proposition), sehingga hal ini
dapat memposisikan perusah

aan dalam persaingan dan menggunakan keunikan atau
perbedaan tersebut sebagai keunggulan bersaing (competitive
advantage). Bagian ini menjelaskan fitur dan manfaat dari produk
dan jasa yang akan dilemparkan ke pasar yang berbeda dari
produk yang telah ada sebelumnya.

Strategi Harga (Price)

Setiap perusahaan selalu mengejar keuntungan guna

kesinambungan produksi. Keuntungan yang diperoleh ditentukan

pada penetapan harga yang ditawarkan. Harga suatu produk atau
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C.

jasa ditentukan pula dari besarnya pengorbanan yang dilakukan
untuk menghasilkan jasa tersebut dan laba atau keuntungan yang
diharapkan. Oleh karena itu, penetuan harga produk dari suatu
perusahaan merupakan masalah yang cukup penting, karena
dapat mempengaruhi hidup matinya serta laba dari perusahaan.

Kebijaksanaan harga erat kaitannya dengan keputusan
tentang jasa yang dipasarkan. Hal ini disebabkan harga
merupakan penawaran suatu produk atau jasa. Dalam penetapan
harga, biasanya didasarkan pada suatu kombinasi barang/jasa
ditambah dengan beberapa jasa lain serta keuntungan yang
memuaskan. Berdasarkan harga yang ditetapkan ini konsumen
akan mengambil keputusan apakah dia membeli barang tersebut
atau tidak. Juga konsumen menetapkan berapa jumlah
barang/jasa yang harus dibeli berdasarkan harga tersebut.
Tentunya keputusan dari konsumen ini tidak hanya berdasarkan
pada harga semata, tetapi banyak juga faktor lain yang menjadi
pertimbangan, misalya kualitas dari barang atau jasa,
kepercayaan terhadap perusahaan dan sebagainya. Hendaknya
setiap perusahaan dapat menetapkan harga yang paling tepat,
dalam arti yang dapat memberikan keuntungan yang paling baik,
baik untuk jangka pendek maupun untuk jangka panjang.
Tempat (Place)

Saluran distribusi merupakan metode penyampaian

produk/jasa ke pasar melalui rute-rute yang efektif hingga tiba
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pada tempat yang tepat, dengan harapan produk/jasa tersebut
berada ditengah-tengah kebutuhan dan keinginan konsumen yang
haus akan produk/jasa tersebut. Selain itu, p/ace juga merupakan
strategi perusahaan dalam menempatkan bisnis atau tempat
usahanya yang strategis sehingga mudah diraih oleh konsumen.
Hal ini tentunya tidak boleh diabaikan oleh perusahaan dalam
langkah kegiatan memperlancar arus barang/jasa. Selain menjadi
tempat usaha, saluran distribusi (Channel of distribution) juga
merupakan masalah yang berpengaruh bagi marketing, karena
kesalahan dalam memilih saluran distribusi dapat menghambat
bahkan memacetkan usaha penyaluran produk/jasa dari produsen

ke konsumen.

. Strategi Promosi (Promotion)

Strategi promosi merupakan aspek yang berhubungan
dengan berbagai usaha untuk memberikan informasi kepada pasar
tentang produk/jasa yang dipasarkan. Dalam memasarkan produk
atau jasa tersebut, pebisnis dapat melakukan beberapa cara
dalam menyebarkan informasi ini, diantara lain:

1) Periklanan (aavertising)
Merupakan alat utama bagi pengusaha untuk mempengaruhi
konsumennya. Periklanan ini dapat dilakukan oleh pengusaha
lewat surat kabar, radio, majalah, bioskop, televisi, ataupun
dalam bentuk poster-poster yang dipasang dipinggir jalan atau

tempat-tempat yang strategis.
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2) Penjualan Pribadi (Personal selling)

Merupakan kegiatan perusahaan untuk melakukan kontak
langsung dengan calon konsumennya. Dengan kontak
langsung ini diharapkan akan terjadi hubungan atau interaksi
yang positif antara pengusaha dengan calon konsumennya itu.
Yang termasuk dalam personal selling adalah: door to door
selling, mail order, telephone selling, dan direct selling.

3) Promosi Penjualan (Sales Promotion): Merupakan kegiatan
perusahaan untuk menjajakan produk yang dipasarkanya
sedemikian rupa sehingga konsumen akan mudah untuk
melihatnya dan bahkan dengan cara penempatan dan
pengaturan tertentu, maka produk tersebut akan menarik
perhatian konsumen.

Dengan demikian, hal ini yang harus diperhatikan adalah

tercapainya keseimbangan yang efektif, dengan

mengkombinasikan komponen-komponen tersebut kedalam suatu
strategi promosi yang terpadu untuk berkomunikasi dengan para

pembeli dan para pembuat keputusan pembelian.

9. Perencanaan Operasional
Perencanaan operasional merupakan perencanaan pebisnis
dalam melakukan segala sesuatu yang berhubungan dengan
operasional, meliputi bahan baku (material) kapasitas operasional,
rencana manufaktur, dan sumber daya manusia. Hal ini akan

dijelaskan sebagai berikut:
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a. Bahan Baku dan Material

C.

Bagian ini menjelaskan bahan baku yang dibutuhkan
dalam proses operasional perusahaan. dengan mengetahui bahan
baku yang terbaik, maka perusahaan juga dapat menghasilkan
barang jadi yang terbaik juga.

Rancana Manufaktur

Rencana manufaktur meliputi segala sesuatu yang
berhubungan dengan operasional perusahaan. Seperti biaya
produksi, waktu yang dibutuhkan dan proses produksi. Selain itu,
rencana manufaktur juga meliputi kapasitas operasional yang
merupakan segala sesuatu yang harus dimiliki oleh perusahaan
dalam menjalankan operasionalnya. Hal ini meliputi pabrik, mesin,
bahan material, kendaraan, teknologi dan sebagainya yang
melancarkan proses produksi perusahaan.

Strategi Sumber Daya Manusia

Dalam menjalankan sebuah perusahaan manusia
merupakan unsur penting yang juga menentukan keberhasilan
dalam menjalankan perusahaan. Tujuan strategi sumber daya
manusia adalah untuk mengelola tenaga kerja dan mendesain
pekerjaan sehingga orang-orang dapat diberdayakan secara
efektif dan efisien. Strategi sumber daya manusia harus dipastikan
bahwa orang-orang:

1) Diberdayakan secara efesien dengan kendala keputusan

manajemen operasi yang lain.
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2) Memiliki kualitas lingkungan kerja yang memadai dalam
atmosfir yang terdiri dari komitmen dan kepercayaan satu
sama lain.

Kualitas lingkungan kerja (quality of work life) yang memadai

adalah bahwa sebuah pekerjaan yang tidak hanya cukup aman

dan dibayar cukup, tetapi juga mencapai tingkat memadai bagi
persyaratan baik fisik maupun psikologis. Sedangkan Komitmen
bersama (mutual commitment) adalah baik manajemen dan
karyawan sama-sama berjuang untuk memenuhi tujuan umum.

Kepercayaan bersama (mutual trust) juga tergambar dalam

kebijakan ketenagakerjaan yang layak dan terdokumentasi, yang

diterapkan secara jujur dan adil demi kepuasan manajemen dan

karyawan ( Jay dan Barry, 2005).

Perencanaan tenaga kerja (/abor planning) menetukan
kebijakan yang berkaitan dengan kestabilan tenaga kerja dan
jadwal kerja. Kestabilan tenaga kerja berkaitan dengan jumlah
karyawan yang dipertahankan oleh sebuah organisasi pada suatu
waktu tertentu. Terdapat dua kebijakan dasar yang berkaitan
dengan kestabilan, yaitu mengikuti permintaan dengan tepat dan
menjaga jumlah karyawan secara konstan. Sedangkan kebijakan
yang berkaitan dengan jadwal kerja Menurut Jay dan Barry
(2005), di Amerika Serikat jadwal kerja standar ( standar work
schedule) adalah 8 jam per hari dan 5 hari per minggu. Akan

tetapi, terdapat juga beberapa variasi bergantung kepada
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perusahaan dan jenis industrinya. Selain itu, minggu kerja yang
fleksibel (flexible work week), yaitu sebuah jadwal kerja yang
berbeda dari jadwal normal atau jadwal standar selama 8 jam per

hari ( seperti 10 jam per hari selama 4 hari per minggu).

. Perencanaan Keuangan

Pengelolaan keuangan perusahaan secara efektif
membutuhkan rencana anggaran yang realistis. Dengan
dilakukannya perencanaan keuangan yang efektif dan efisien,
nantinya diharapkan usaha/proyek dari suatu perusahaan dapat
dikatakan layak untuk dapat dimplementasikan sehingga dapat
memberikan return yang sesuai dengan harapan daripada
investor. Perencanaan keuangan terdiri dari pembiayaan awal, titik
impas Break Event Point (BEP), Payback period dan perhitungan
NPV (Net Present Value).

1) Pembiayaan Awal
Rencana yang realistis dapat disusun dengan cara menentukan
secara actual jumlah dana yang dibutuhkan untuk memulai
kegiatan bisnis (start-up costs) dan dana yang diperlukan
untuk kegiatan operasional perusahaan (operating costs)
(Rangkuti, 2005). Pembiayaan awal diperlukan untuk

menentukan harga, pendapatan dan profitabilitas.

25



2)

3)

Tabel 1. Biaya start-up & biaya operasional.

Biaya Start-Up Biaya Operasional
Biaya rekrutmen tenaga kerja | Biaya tenga kerja
Biaya perizinan Biaya asuransi
Biaya sewa tempat Biaya sewa
Biaya peralatan / mesin Biaya penyusutan
Biaya supplies bahan — bahan

) Biaya iklan dan promosi
penunjang

Biaya iklan dan promosi Biaya supplies bahan — bahan

penunjang
Biaya upah tenaga kerja Biaya pengupahan
Biaya akuntansi Biaya utilitas
Biaya utilitas Biaya pajak
Biaya sistem dan operasional .

Biaya perawatan
prosedur

Sumber : (Rangkuti, 2005).

Sumber — sumber pembiayaan

Sumber modal yang digunakan dalam suatu investasi berasal
dari berbagai sumber seperti dari equity (modal sendiri)
maupun dari bank loan (hutang).

Capital Equipment List

Menurut Bangs (1996), capital equipment adalah peralatan
yang digunakan untuk menghasilkan sebuah produk,
menyediakan jasa atau yang digunakan untuk menjual,
menyimpan dan mengirim barang dagangan. Contoh dari
capital equipment adalah futnitur perkantoran, business
machines (meja, komputer, faks, telepon), perlengkapan
permanen (AC dan /ighting), mesin-mesin yang digunakan
untuk menghasilkan produk atau mengirim jasa. Selain itu,

kendaraan untuk pengkiriman. Peralatan-peralatan yang akan
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digunakan dalam menjalankan perusahaan harus dijelaskan
secara rinci beserta biaya yang akan dikeluarkan untuk
mendapatkan peralatan tersebut. Daftar modal peralatan ini
termasuk peralatan yang digunakan untuk manufaktur atau

pengiriman barang atau jasa.

e. Analisis Lingkungan Makro ( External)

Analisa lingkungan makro merupakan analisa industri
secara luas yang menekankan pada mengenali dan mengevaluasi
kecenderungan dan peristiwa yang diluar kendali sebuah
perusahaan. Analisa eksternal juga mengungkapkan peluang kunci
dan ancaman yang dihadapi suatu organisasi sehingga manajer
dapat merumuskan strategi untuk memanfaatkan peluang dan
menghindari atau mengurangi dampak ancaman (David, 2002).
Dengan begitu dalam rencana bisnis, pengusaha dapat
menganalisa peluang apa saja yang dapat diambil oleh
perusahaan dan hal — hal apa saja yang dapat dihindari oleh
pengusahan dalam menjalankan perusahaannya. David (2002),
membagi lingkungan makro menjadi empat (4) kategori besar,
yaitu :

1) Faktor Ekonomi
Faktor ekonomi merupakan faktor yang mempunyai dampak
langsung terhadap daya tarik potensial dari berbagai strategi.
Dalam hal ini pengusaha tidak dapat semena - mena

membuat strategi bila dampak dari strategi tersebut dapat
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2)

3)

4)

merugikan perusahaan karena disebabkan pihak luar.
Contohnya bila suku bunga naik, maka dana yang diperlukan
untuk penambahan modal menjadi lebih mahal atau tidak
tersedia.

Faktor Sosial dan Budaya

Faktor sosial dan budaya adalah faktor yang mempunyai
dampak besar pada semua produk, jasa, pasar dan pelanggan.
Faktor ini mempengaruhi konsumen sebagai target pasar
perusahaan, bila kondisi sosial, budaya dan demografi
konsumen serupa. Dalam hal ini maka perusahaan harus
melakukan analisa yang jelas sebelum memastikan produknya
akan dijual kepasar.

Faktor Politik

Faktor politik, pemerintah dan hukum merupakan faktor yang
juga mempengaruhi pengusaha dalam mengambil keputusan.
Hal ini dikarenakan, pemerintah merupakan lembaga yang
mengatur (regulator, deregulator).

Faktor Teknologi

Faktor teknologi mengggambarkan peluan dan ancaman
utama yang perlu dipertmbangkan dalam merumuskan
strategi. Kemajuan teknologi yang cepat dapat mempengaruhi
produk, jasa, pasar, pemasok, distributor, pesaing, pelanggan,

proses manufaktur dan posisi persaingan. Selain itu, kemajuan
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teknologi juga dapat menciptakan pasar baru, menghasilkan

pengembangan produk yang baru dan lebih baik.

f. Analisis Lingkungan Industri

Analisis lingkungan industri adalah suatu analisa yang
hanya terbatas pada lingkup industri saja. Analisa ini
mengungkapkan seberapa menarik industri ini untuk dipilih oleh
pebisnis. Dalam hal ini, pebisnis dapat menggunakan teori "Five
Force Analysis’, teori ini membantu pengusaha untuk
memperlihatkan/membandingkan lingkungan persaingan dalam
suatu industri. Berdasarkan Porter (1980) dalam teori Five Force
Analysis, analisa lingkungan industri dapat diukur dengan
mengetahui lima kekuatan seperti: persaingan, pendatang baru,
kekuatan pemasok, kekuatan konsumen, dan subsitusi. Analisa
five force merupakan analisa yang menentukan intensitas dalam
persaingan industri, profitabilitas, the strongest force or force are
governing dan menjadi sangat penting dalam merumuskan
strategi-strategi perusahaan. Porter’s Five Forces Analysis juga
merupakan alat yang cukup sederhana dan powerful untuk
mengerti atau mengetahui kekuatan suatu situasi bisnis yang
akan dijalankan kelak. Hal ini menjadi penting, disebabkan analisa
Porter’s Five Forces dapat membantu pengusaha untuk mengerti
pada dua hal yaitu kekuatan dari posisi persaingan saat ini dan
kekuatan dari posisi perusahaan dalam menghadapinya. Adapun

kekuatan tersebut adalah sebagai berikut:
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1)

2)

Potential New Entrants

Bargaining Power of
Suppliers

Bargaining Power of
Buyers k

Gambar 1. Five Force Analysis
Sumber : Porter (1980)

Supplier Power (kekuatan pemasok). Dalam hal ini, pebisnis
harus mengetahui bagaimana kemudahaan supplier dalam
memberikan harga. Hal ini tentunya disebabkan oleh beberapa
hal, seperti: berapa banyak supplier pada tiap proses,
keunikan pada produk atau jasa yang mereka tawarkan,
kekuatan mereka dan kontrol yang dapat kita lakukan, biaya
penganti pemasok satu ke pemasok yang lain, dan lain-lain.
Sedikitnya pemasok yang dapat dipilih dalam industri itu, maka
perusahaan akan lebih membutuhkan pemasok, sehingga
pemasok dapat memiliki kekuatan terhadap perusahaan
tersebut.

Buyer Power (kekuatan Pembeli). Dalam hal ini, pengusaha
harus mengetahui seberapa mudah konsumen dapat
menerima suatu harga. Hal ini juga disebabkan oleh beberapa

hal lain, seperti: seberapa besar konsumen, seberapa penting
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3)

4)

5)

dari tiap konsumen dalam bisnis ini, seberapa besar biaya
perpindahan (switching cost) dari barang dan jasa yang
ditawarkan perusahaan kepada barang dan jasa subsitusi lain.
Perusahaan yang hanya memiliki sedikit konsumen, maka
konsumen akan memiliki kekuatan untuk mempengaruhi harga
dalam perusahaan.

Competitive rivalry (kekuatan persaingan). Hal yang
terpenting dalam kekuatan ini adalah berapa banyak pesaing
dan kemampuan pesaing-pesaing tersebut. Jika suatu industri
terdiri dari pemain-pemain yang banyak, dan mereka
menawarkan barang dan jasa yang sama menariknya, maka
perusahaan dalam industri ini memiliki kekuatan yang kecil.
Threat of substitution (subsitusi). Hal ini berdampak pada
kemampuan konsumen untuk menemukan cara yang berbeda
dari yang dilakukan oleh perusahaan. Dalam hal ini, jika
konsumen memiliki kemampuan untuk mendapatkan barang
dan jasa lain yang dapat memiliki manfaat yang sama dengan
barang dan jasa yang dimiliki oleh perusahaan.

Threat of new entrants (pendatang baru), kekuatan suatu
industri juga dapat dipengaruhi oleh kemampuan pengusaha-
pengusaha lain untuk memasuki industri tersebut. Jika industri
yang dimasuki tersebut tidak membutuhkan waktu yang lama,
biaya yang besar,maka mudah bagi pemain baru untuk

memasuki industri ini.
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Dengan pengertian yang jelas akan  kekuatan-kekuatan
tersebut, maka pebisnis dapat mengetahui seberapa menarik
industri tersebut untuk dimasuki, kemudian jika industri tersebut
betul menarik, pengusaha juga dapat menghindari pengambilan

langkah ataupun keputusan yang salah.

D. Analisis Rasio
Analisis rasio sangat berguna dalam membaca posisi keuangan
jenis bisnis apapun. Analisis rasio juga dapat digunakan untuk
mementukan target dan mengukur kinerja. Analisis nilai tambah akan
memberi gambaran mengenai kekayaan yang dihasilkan oleh bisnis
tersebut. Rasio sering kali digunakan untuk menafsir suatu laporan. Rasio
adalah perbandingan antara dua angka. Rasio menunjukan bagaimana
kinerja suatu bisnis dan memberikan indikasi pola dan tren. Rasio dapat
dibandingkan dengan rasio yang sama pada laporan tahun — tahun
sebelumnya dan laporan bisnis lainnya yang bergerak dibidang yang
serupa. Rasio diterbitkan untuk berbagai bidang bisnis dan dapat
digunakan sebagai perbandingan. Terkadang rasio disebut sebagai norma
industri. Rasio dibedakan menjadi 3 kelompok (Shell LiveWIRE
International, 2015).

1. Profitabilitas — seberapa baik suatu bisnis sebagai investasi
Kelayakan rencana bisnis dapat diketahui dengan mengetahui
prediksi profitabiitas suatu perusahaan yang akan didapatkan.
Menurut Munawir (2001) profitabilias menunjukan kemampuan

perusahaan untuk menghasilkan laba selama periode tertentu.
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Profitabilitas perusahaan diukur dengan kesuksesan perusahaan
menggunakan aktivanya secara produktif. Dengan demikian
profitabilitas dapat diketahui dengan membandingkan antara laba
yang diperoleh dalam suatu periode atau dengan jumlah aktiva atau
jumlah modal perusahaan tersebut. Menurut sartono (1998)
profitabilitas adalah kemampuan perusahaan memperoleh laba dalam
hubungannya dengan penjualan, total aktiva, maupun modal sendiri.

Jumlah laba bersih kerap dibandingkan dengan ukuran
kegiatan atau kondisi keuangan lainnya seperti penjualan, aktiva,
ekuitas pemegang saham untuk menilai kinerja sebagai suatu
presentase dari beberapa tingkat aktivitas atau investasi.
Perbandingan ini disebut rasio profitabilitas (profitability ratio).
Profitabilitas adalah hasil bersih dari serangkaian kebijakan dan
keputusan ( Brigham dan Houston, 2001). Menurut Hanafi dan Halim
(2000) rasio profitabilias ini mengukur kemampuan perusahaan
menghasilkan keuntungan pada tingkat penjualan, aset, dan modal
saham tertentu. Sehingga, rasio profitabilitas menunjukan
kemampuan perusahaan dalam menghasilkan laba.

Profitabilitas merupakan salah satu aspek yang penting untuk
dijadikan sebagai acuan investor atau pemilik (shareholders) dalam
menilai kinerja manajemen yang selanjutnya dapat mempengaruhi
keputusan investor untuk berinvestasi, pemilik untuk memberikan
bonus atau menaikkan nilai kontrak dengan manajer dan kreditur

untuk memberikan pinjaman. Semakin tinggi rasio profitabilitas berarti
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semakin tinggi kemampuan perusahaan memperoleh laba. Umumnya
suatu bisnis juga menetapkan target margin laba bersih untuk
mengetahui keuntungan yang diperoleh suatu perusahaan. Rasio ini
menggunakan laba sebelum bunga dan pajak atau profit before
interest and tax (PBIT). Berikut adalah rumus yang digunakan untuk

menghitung margin laba bersih (Shell LiverWIRE International, 2015).

PBIT

Margin laba bersih = ———
Penjualan

X 100%  oeeeeeeeeeee e (1)

. Solvabilitas — seberapa dekat suatu bisnis dengan kepailitan

Jika nilai kekayaan bersih bisnis berubah menjadi negatif
(liabilitas melebihi total aktiva), bisnis tersebut dianggap inso/ven.
Dengan kata lain jika bisnis tersebut tutup, bisnis tersebut tidak dapat
membayar seluruh utangnya. Salah satu rasio yang memberikan
indikasi solvabilitas adalah rasio liabilitas dan aktiva. Rasio liabilitas
dan aktiva biasanya ditentukan sebagai rasio utang dengan modal
yang digunakan. Semakin tinggi proporsi dana pinjaman, maka
semakin tinggi rasio ini. Berikut adalah rumus untuk menghitung rasio

liabilitas dan aktivas (Shell LiverWIRE International, 2015).

Total pinjaman

Rasio liabilitas & aktiva = : —
Ekuitas+Total Pinjaman
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Idealnya, rasio liabilitas dan aktiva tidak boleh melebihi 50 %,
walaupun biasanya hal ini terjadi, khususnya pada bisnis kecil yang
baru berjalan.
3. Likuiditas — jumlah modal usaha yang tersedia

Setiap bisnis baru harus selalu memiliki aktiva lancar yang
cukup untuk menutup liabilitas lancar. Rasio likuiditas menandakan
kemampuan suatu bisnis untuk menutup liabilitas dengan aktivas
yang tersedia. Rasio lancar menunjukan hubungan antara aktiva
lancar dan liabilitas lancar. Berikut adalah rumus untuk menghitung

rasio lancar (Shell LiverWIRE International, 2015).

Aktiva lancar

Rasio lancar = ————— e (3)
Liabilitas lancar

Pada umumnya, sebaiknya rasio ini bernilai antara 1,5 dan 2.
Jika nilainya kurang dari 1 (liabilitas lancar melebihi aktiva lancar),

kemungkinan besar perusahaan didalam keadaan insolven.

E. Kelayakan Rencana Bisnis
Berikut ini adalah beberapa rasio yang digunakan untuk mengukur posisi
keuangan, kinerja dan gambaran kekayaan yang dihasilkan oleh suatu
bisnis adalah sebagai berikut :
1. Gross Profit Margin (GPM)
Rasio gross profit margin atau margin keuntungan kotor

berguna untuk mengetahui keuntungan kotor perusahaan dari setiap
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barang yang dijual. Gross profit margin sangat dipengaruhi oleh harga
pokok penjualan. Apabila harga pokok penjualan meningkat maka
gross profit margin akan menurun, begitu pula sebaliknya. Dengan
kata lain, rasio ini mengukur efisiensi pengendalian harga pokok atau
biaya produksinya, mengindikasikan kemampuan perusahaan untuk
berproduksi secara efisien. Formulasi dari gross profit margin adalah

sebagai berikut (Sawir, 2001) :

Penjualan netto—HPP
Penjualan netto

Gross Profit Margin =

. Operating Profit Margin (OPM)
Operating Profit Margin merupakan laba operasi sebelum
bunga dan pajak yang dihasilkan oleh setiap penjualan (Riyanto,

1996).

Penjualan netto—HPP—-Biaya
Penjualan netto

Operating Profit Margin =

. Net Profit Margin (NPM)

Net Profit Margin  menunjukan kemampuan perusahaan
menghasilkan laba yang tinggi pada tingkat penjualan tertentu.
Secara umum, rasio yang rendah menunjukan ketidakefisienan
manajemen (Hanafi, 2004). Rendahnya margin ini tidak menunjukan

adanya masalah operasi, tetapi hanya perbedaan dalam strategi
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pembiayaan, dan perusahaan dengan margin laba rendah akan
memiliki tingkat pengembalian yang tinggi kepada pemegang saham
jika menggunakan /everage keuangan (Brigham dan Houston, 2001).
Net Profit Margin menggambarkan besarnya laba bersih yang
diperoleh perusahaan pada setiap penjualan yang dilakukan. Dengan
kata lain rasio ini mengukur laba bersih setelah pajak terhadap
penjualan. Net profit margin dapat dihitung dengan menggunakan

rumus (Sawir, 2001) :

Laba Setelah Pajak
Penjualan netto

Net profit margin =

. Return On Asset (ROA)

Return of Invesment (ROI) atau Return on Assets (ROA)
mengukur kemampuan perusahaan menghasilkan laba bersih
berdasarkan tingkat aset yang tertentu ( Hanafi, 2004 ). Return on
Assets menunjukan kemampuan perusahaan menghasilkan laba dari
aktiva yang dipergunakan. Dengan mengetahui rasio ini, akan dapat
diketahui apakah perusahaan efisien dalam memanfaatkan aktivanya
dalam kegiatan operasional perusahaan. Rasio ini juga memberikan
ukuran yang lebih baik atas profitabilitas perusahaan karena
menunjukan efektifitas manajemen dalam menggunakan aktiva untuk
memperoleh pendapatan.

Return on Investment dalam analisis keuangan mempunyai

arti sangat penting sebagai salah satu teknik analisis keuangan yang
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menyeluruh/komprehensif.  Return on Investment ini sudah
merupakan teknik analisis yang lazim digunakan oleh pimpinan
perusahaan untuk mengukur efektifitas dari keseluruhan operasi
perusahaan. Return on Investment itu sendiri adalah suatu bentuk
dari rasio profitabilitas yang dimaksudkan untuk dapat mengukur
kemampuan perusahaan dengan keseluruhan dana yang ditanamkan
dalam aktiva yang digunakan untuk operasi perusahaan untuk
menghasilkan keuntungan. Dengan demikian return on investment
menghubungkan keuntungan yang diperoleh dari operasi perusahaan
(Net Operating Income) dengan jumlah investasi atau aktiva yang
digunakan untuk menghasilkan keuntungan operasi tersebut (Net
Operating Asset). Sebutan lain untuk Return on Investment adalah
Net Operating Profit Rate Of Return atau Operating Earning Power
(Munawir, 2001). Return on Asset dapat dihitung menggunakan

rumus (Hanafi, 2004) :

Laba Setelah Pajak
— %100 %
Total Aktiva

Return on Asset =

. Return On Equity (ROE)

Return On Equity atau return on net worth mengukur
kemampuan perusahaan menghasilkan laba bersih berdasarkan modal
tertentu. Rasio ini merupakan ukuran profitabilitas dilihat dari sudut
pandang pemegang saham. Rasio ini dipengaruhi oleh besar kecilnya

hutang perusahaan, apabila proporsi hutang makin besar maka rasio
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ini juga akan makin besar (Sawir, 2001). Formulasi dari return on

equity adalah sebagai berikut (Hanafi, 2004) :

Laba Setelah Pajak
Modal Saham

Return on Equity =

. Break Even Point (BEP)

Break Even Point merupakan alat untuk menetukan jumlah
produk yang harus dihasilkan atau harga yang ditentukan, yang harus
dimiliki oleh perusahaan untuk mendapatkan keuntungan. Berikut

rumus dari BEP didapat dari (Rangkuti, 2005) :

Fixed Cost

BEP(unit) = 5 s 9)

Harga Jual—Harga per Unit

. Payback Period

Perhitungan payback period digunakan untuk menghitung
berapa lama waktu yang dibutuhkan mengembalikan investasi seperti
semula/pengembalian modal, melalui proceeds yang dihasilkan
setiap periode (Ross, 2008). Menurut Rangkuti (2005), payback
period adalah suatu periode yang menunjukan berapa lama modal
yang ditanamkan dalam proyek tersebut dapat kembali. Semakin
sedikit waktu yang digunakan dalam pengembalian investasi maka
prospek dari bisnis usaha tersebut makin baik. Berikut adalah rumus

untuk menghitung payback period :
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Payback Period = [ILALIMVESIMENL | eeeeeeeeeeeseeeseeesesenes (10)

Annual Cash Flow

. Net Present Value (NPV)

Net Present Value digunakan untuk menghitung nilai tambah
dari investasi terhadap suatu bisnis. Sesuai dengan tujuan bisnis
usaha yaitu meningkatkan atau memaksimumkan nilai bisnis tersebut.
NPV didapat dari nilai cash flow yang didapat dari tahun-tahun
mendatang dibagi cost of capital lalu dikurangi /nitial outlay/investasi
awal bisnis tersebut. Berikut rumus untuk menghitung nilai Net

Present Value.

NPV = S Cash Flow tahun ke—t

t=1"(11 Cost of Capital)t Initial Outlay .................. (11)

NPV > 0 berarti bisnis usaha tersebut dapat menciptakan
cash inflow dengan persentase lebih besar dibandingkan oportunity
cost ~modal yang ditanamkan. Apabila NPV = 0, proyeksi
kemungkinan dapat diterima karena cash inflow yang akan diperoleh
sama dengan opportunity cost dari modal yang ditanamkan

(Rangkuti, 2005).
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F. Formula Society of Automotive Engineering (FSAE)

Formula SAE adalah kompetisi desain bagi mahasiswa yang
diselenggarakan oleh SAE Internasonal (pendiri Society of Automotive
Engineering (SAE). Kompetisi ini pertama kali diadakan pada tahun 1979
setelah Mark Marshek, seorang dosen di Universitas Houston (Texas)
menghubungi SAE Educational Relations Department pada tahun 1978
untuk membicarakan penambahan variasi pada perlombaan Min/ Baja
sekarang memiliki nama kompetisi Min/ Indy. Pihak dari SAE menyetujui
rencana tersebut karena memiliki potensi untuk dapat menjangkau
perusahaan-perusahaan yang berhubungan dengan bidang otomotif.

Pada tahun 1980 beberapa perusahaan yang bergerak dalam
bidang otomotif mengadakan perlombaan tersebut, atas izin dari SAE.
Namun karena peraturan yang diterapkan oleh perusahaan terlalu ketat
perlombaan tersebut gagal, akibat sedikitnya tim yang mengikuti
kompetisi tersebut. Melihat potensi yang dimiliki pada tahun yang sama,
tiga orang mahasiswa dari Universitas Texas di Austin, yaitu Mike Best,
Robert Edwards, dan John Tellkamp mendekati salah satu dosennya
yaitu Dr. Ron Matthews, untuk bertiga mengemukakan berbagai ide
dalam perlombaan Mini Indy yang selanjutnya (students.sae.org).

Ide yang diusulkan salah satunya adalah peraturan yang lebih
terbuka yang dapat diikuti oleh lebih banyak peserta, sehingga akan
muncul berbagai kemungkinan yang terjadi pada lomba tersebut. Hal ini
merupakan keinginan untuk kompetisi yang baru untuk meningkatkan

kualitas dari setiap kendaraan pada bidang teknis. Kompetisi Mini Baja
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merupakan kompetisi desain yang besar kala itu, akan tetapi banyak
mahasiswa yang tidak ingin bekerja pada bidang desain saja, melainkan
bidang keteknikan yang lain seperti manufaktur, pengujian, dan
pengembangan.

Dengan dukungan dari mahasiswanya, Dr. Ron Matthews
menghubungi SAE Educational Relations Department dan mulai
melakukan persiapan untuk kompetisi baru tersebut. Untuk
membedakan perlombaan yang baru dengan perombaan Mini Indy,
maka dicarilah nama baru yang sesuai untuk kompetisi tersebut. Untuk
menggambarkan bahwa ini juga merupakan balapan pada lintasan dan
meningkatkan nilai keteknisan di dalamnya, akhirnya diputuskan
bernama Formula Society of Automotive Engineering (FSAE).

Pada awalnya kompetisi diadakan di Amerika Serikat yaitu di
Michigan, akan tetapi karena banyak universitas yang tersebar di
seluruh Amerika timbul ide untuk mengadakan kompetisi tersebut di
daerah yang lain. Ternyata kompetisi tersebut mendapat tanggapan
yang baik dari berbagai kalangan termasuk perusahaan dan juga para
tim-tim profesional. Kemudian mulai digelar di berbagai negara atau
wilayah. Adapun wilayah tersebut adalah Amerika Serikat, Australasia,

Brazil, Italy, United Kingdom, Austria, Jerman dan Jepang.
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Pada saat ini kompetisi ini memiliki 10 seri yang diadakan di
seluruh dunia, yaitu:
1. Formula SAE Michigan (SAE International)
2. Formula SAE Lincoln (SAE International)
3. Formula SAE Electric Nebraska (SAE International)
4. Formula SAE Australasia (SAE Australasia)
5. Formula SAE Brazil (SAE Brazil)
6. Formula SAE Ttaly (ATA)
7. Formula SAE United Kingdom ( ImechE)
8. Formula SAE Austria (Formula Student Austria)
9. Formula Student Germany (FSG e.V.)
10. Student Formula Japan (JSAE)

Pemilihan kesepuluh seri tersebut terdiri dari beberapa faktor yaitu
pembagian wilayah di seluruh dunia, perkembangan bidang otomotif
pada wilayah tersebut, dan jumlah perusahaan yang bergerak dalam
dalam bidang otomotif khususnya di wilayah tersebut.

Konsep dibalik berdirinya Formula SAE adalah mahasiswa
membangun mobil formula dalam ukuran yang lebih kecil dalam sebuah
perusahaan. Mahasiswa memulai dari membuat konsep sampai dengan
taraf pengembangan terhadap mobil tersebut. Kemudian mobil tersebut
akan ditaksir sebagai produksi yang memiliki potensi untuk dibuat
secara massal dan diperjualbelikan. Adapun sasaran dari produk

tersebut semua kalangan bukan hanya kalangan pembalap profesional.
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Semua mahasiswa akan mendesain, membangun, dan menguji mobil
tersebut berdasarkan peraturan yang sudah ditetapkan oleh SAE.
Selanjutnya setelah berlangsungnya perlombaan tersebut SAE
akan mempromosikan seluruh mahasiswa yang memiliki kemampuan
dalam hal keteknisan untuk bisa bekerja untuk mengembangkan
teknologi pada bidang otomotif seperti bidang riset, desain, pembuatan,
pengujian, pengembangan, pemasaran, manajemen, dan keuangan.
SAE akan mengambil mahasiswa dari berbagai kelas kemudian memberi
mereka dasar teori untuk mendapatkan pengalaman yang nyata tentang

pekerjaan yang nantinya akan mereka dapatkan.

G. Student Formula Japan (SFJ)

Dalam kompetisi Formula SAE yang diadakan di Jepang, yaitu
Student Formula Japan (SFJ). Diadakan pada tanggal 6 September
sampai tanggal 10 September 2016. Pada tahun 2016 kompetisi
bertempat di Ogasayama Sport Park, Ecopa Stadium, Shizuoka-ken,
Japan. Seperti halnya kompetesi Formula SAE yang lain Student Formula
Japan (SFJ) juga memiliki tujuan yang sama, menantang mahasiswa
untuk dapat membuat konsep, mendesain, memproduksi, menguiji, dan
mengembangkan jenis kendaraan formula dengan ukuran yang lebih
kecil. Selain itu, dalam kompetisi ini juga mengharuskan setiap tim untuk
dapat merencanakan mobil tersebutu untuk dapat diproduksi secara
massal dan dapat digunakan oleh orang banyak. Oleh karena itu setiap
tim harus berpikir seperti mereka sedang membangun sebuah

perusahaan. Tim harus memikirkan dana yang dibutuhkan untuk dapat
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membuat sebuah mobil, membuat suatu konsep penjualan untuk mobil
tersebut, dan membuat suatu konsep usaha lain yang mungkin dapat
diterapkan di wilayah tim tersebut berasal. Sehingga selain dalam
memproduksi sebuah mobil tim tidak hanya berpikir untuk membuat,
tetapi juga memikirkan untuk mengurangi biaya produksi, meningkatkan
performa kendaraan, dan mampu menjual mobil tersebut ke pasaran.
Melalui jalan tersebut setiap tim secara tidak langsung akan
meningkatkan kemampuan masing-masing individu dalam tim dan
meningkatkan kemampuan semua tim dalam memecahkan masalah yang
dihadapi oleh tim tersebut. Hal ini memiliki arti bahwa kompetisi ini
memiliki tujuan untuk mendorong setiap individu meningkatan jiwa
kepemipinanya dan meningkatkan kerjasama bagi setiap anggota tim.
Pada akhirnya kemampuan tersebut tidak hanya akan membuat
mahasiswa menjadi mahasiswa yang baik, tetapi juga membuat
mahasiswa menjadi teknisi muda yang berkemampuan. Hal inilah yang
menjadi motto dari Student Formula Japan (SFJ), yaitu “MONO-ZUKURI'".
Kompetisi Student Formula Japan (SF]) mensyaratan berbagai
pengujian terhadap kendaraan. Adapun pengujian tersebut, meliputi
akselerasi (Acceleration), ketahanan (Endurance), efisiensi (efficiency),
autocross, dan skid pad yang masuk pada kategori dinamic event.
Sedangkan inspeksi dan pemeriksaan kendaraan (technical inspection),
presentasi bisnis (business presentation), presentasi desain (design
presentation), presentasi laporan biaya pembuatan kendaraan (cost

presentation) yang masuk dalam kategori static event. Setiap kategori
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memiliki poin tertentu yang pada akan dikalkulasi oleh panitia kompetisi
untuk menentukan juaranya ( www.jsae.or.jp).

Dalam kompetisi Student Formula Japan (SFJ) terdiri dari dua
kelas kendaraan, yaitu kelas Internal Combustion Engine Vehicle dan
Electric Vehicle. Internal Combustion Engine adalah kelas untuk
kendaraan yang menggunakan mesin pembakaran dalam sebagai tenaga
penggeraka kendaraan, sedangkan Electric Vehicle adalah kelas untuk
kendaraan yang menggunakan motor listrik sebagai tenaga

penggeraknya.

H. Regulasi Penyusunan Business Logic Plan
1. Regulasi penyusunan Business Logic Case

Sebelum melakukan perancangan business logic case, setiap
tim yang akan mengikuti Formula SAE wajib mengetahui setiap
regulasi yang ada didalam SAE International dan Japan Local Rules.
Secara garis besar, deskripsi dari regulasi yang berkaitan dengan
Business Logic Case adalah sebagai berikut :

Tujuan dari kategori business /logic case adalah untuk
memberikan kesempatan kepada tim yang mengikuti kompetisi
Formula Society of Automotive Engineering (FSAE) untuk dapat
mempertimbangankan banyak faktor dalam membuat perusahaan
baru dengan produk mobil formula style yang dibuat oleh mahasiswa
didalam tim tersebut. Faktor yang harus dipertimbangkan didalamnya

termasuk biaya, identifikasi pasar, volume penjualan, proftabilitas,
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dan fitur kunci didalam kendaraan dalam sasaran luas pasar yang
dipilih.

Semua faktor tersebut digunakan untuk membuat suatu
konsep pengembangan perusahaan yang akan digunakan oleh suatu
tim dengan pertimbangan dari banyak aspek yang sesuai dengan
keadaan asli di pasar dan dibuktikan dengan adanya data dari sumber
yang valid.

Konsep yang dituangkan kedalam rencana bisnis harus
mangacu pada semua dokumen static events. Dokumen tersebut
antara lain : Design Report yang berisi laporan teknis terkait konsep
desain kendaraan dan alasan — alasan teknis dalam mendesain
kendaraan, Design Spec Sheet yang berisi spesifikasi teknis dari
kendaraan yang sudah di desain dan siap diproduksi, dan Cost Report
yang berisi laporan biaya pembuatan satu prototype kendaraan yang
sudah didesain dengan lampiran proses pembuatan, bahan yang
digunakan, banyaknya material yang digunakan, serta biaya
manufaktur pembuatan kendaraan secara rinci. Berdasarkan data dari
Cost Report atau laporan biaya, akan didapatkan biaya pembuatan
satu kendaraan yang terdiri dari biaya material dan biaya proses
pembuatan. Sedangkan dari Design Report atau laporan desain dan
Design Spec Sheet atau spesifikasi desain kendaraan akan didapatkan
informasi peforma kendaraan dan spesifikasi yang dapat digunakan

untuk menganalisis pasar potensial yang akan dituju.
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Juri pada kategori Design, Cost, dan Business Presentation
akan menggunakan Business Logic Case atau kasus logika bisnis
untuk memverivikasi informasi yang di berikan oleh tim di setiap static
event selalu konsisten dan sesuai dengan regulasi SAE International
(2016).

Dalam kegiatan presentasi desain, business logic case akan
digunakan untuk mengidentifikasi bagaimanana suatu tim
menentukan kemampuan jual suatu kendaraan dari sisi desain dengan
mempertimbangkan suatu desain untuk mudah di produksi dengan
biaya rendah dan suatu desain untuk menghasilkan kendaraan
dengan peforma tinggi. Serta bagaimana dari keseluruhan konsep
desain tersebut telah dipertimbangkan dan telah dilakukan pada hasil
jadi kendaraan.

Dalam kegiatan presentasi laporan biaya, business logic case
akan digunakan untuk menentukan bahwa target biaya sesuai dengan
desain akhir kendaraan dan laporan biaya tersebut terpadu dengan
konsep bisnis secara menyeluruh. Sehingga konsep bisnis yang
digunakan dan di tuangkan kedalam rencana bisnis merupakan rea/
case atau kasus yang nyata dan menggunakan semua hasil yang telah
dirancang dan diproses oleh tim yang mengikuti Formula Society of
Automotive Engineering (FSAE).

Business Logic Case pada kegiatan presentasi bisnis (Business
Presentation Event) akan digunakan untuk menilai apakah presentasi

bisnis sesuai dengan potensi pasar dan strategi bisnis yang telah
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diidentifikasi oleh tim sesuai dengan data — data valid yang ada di
dunia bisnis.

Semua tim yang mengikuti Formula Society of Automotive
Engineering (FSAE) harus menyerahkan laporan Business Logic Case
sesuai dengan format yang dapat diterima pada tahun kompetisi
tersebut seperti ini“ FSAE Business Logic Case 201X’. Laporan bisnis
harus dibuat menggunakan format yang telah disediakan atau
disesuaikan dengan kompetisi yang diikuti. Laporan bisnis harus
diserahkan sebelum waktu penerimaan dokumen ditutup. Secara
internasional dokumen harus dikumpulkan antara 6-9 bulan sebelum
kompetisi atau disesuaikan dengan penyelenggara kompetisi di

masing — masing seri.

. Regulasi Kegiatan Presentasi Bisnis

Berdasarkan regulasi SAE International (2016), setelah
melakukan perancangan business /logic case, setiap tim harus
mempresentasikan rencana bisnis yang telah disusun. Secara garis
besar, deskripsi dari regulasi yang berkaitan dengan Business
Presentation atau presentasi bisnis adalah sebagai berikut :

Tujuan dari kegiatan presentasi bisnis adalah untuk
mengevaluasi kemampuan tim untuk mengembangkan dan
menyampaikan kasus logika bisnis yang komprehensif yang mana
akan meyakinkan ekskutif dari suatu perusahaan dan konsep desain
bisnis dari suatu tim memenuhi kebutuhan dari konsumen yang terdiri

dari amatir di pasar kompetisi mingguan termasuk Sports Car Club of
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America (SCCA) dan konsep tersebut mampu menghasilkan
keuntungan setelah diproduksi dan dipasarkan.

Tim yang mengikuti kompetisi Formula Society of Automotive
Engineering (FSAE) harus mengasumsikan bahwa juri yang menjadi
perwakilan dari eksekutif perusahaan terdiri dari direktur teknis,
direktur produksi, direktur pemasaran, direktur keuangan. Sehingga
pemateri dari tim yang mengikuti presentasi bisnis harus menyiapkan
aspek — aspek yang berhubungan dengan teknis, produksi,
pemasaran, dan keuangan. Penilaian presentasi bisnis pada bagian
konten presentasi, pengorganisasian, tampilan dari pemateri dan
tampilan materi presentasi, cara penyampaian materi, dan tanggapan
tim untuk pertanyaan dari juri.

Presentasi yang disajikan harus berdasarkan dari kendaraan
yang digunakan untuk kompetisi Formula Society of Automotive
Engineering dan meskipun kualitas nyata dari kendaraan yang
digunakan oleh tim tidak akan dipertimbangkan sebagai bagian
penilaian juri, presentasi harus konsisten dengan Business Logic Case
yang telah diserahkan sebelumnya.

Jadwal presentasi akan diselenggarakan pada hari static event
atau kegiatan statis. Waktu presentasi akan dipublikasikan di halaman
website resmi dari penyelenggaran. Tim yang gagal mengikuti
kegiatan presentasi dari waktu yag telah disediakan akan menerima

poin zero points atau nol point pada kategori presentasi bisnis.
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Format presentasi yang ditentukan oleh Formula Society of
Automotive Engineering yaitu satu atau lebih dari anggota tim akan
menyampaikan presentasi bisnis kepada juri. Semua anggota tim
yang mana akan menyampaikan presentasi bisnis, atau siapa yang
akan bertanggungjawab dalam kegiatan presentasi harus berada di
podium ketika presentasi dimulai dan harus diperkenalkan kepada
juri. Anggota tim yang mana bagian dari grup presentasi boleh
menjawab pertanyaan juri walaupun selama presentasi dia tidak
menyampaikan presentasi. Anggota tim yang diijinkan memasuki area
presentasi bisnis yaitu maksimal tiga (3) orang pemateri dan
maksimal tiga (3) orang yang berada pada area penonton dan sudah
termasuk Faculty Advisor (penasehat tim).

Presentasi bisnis dibatasi maksimal waktu adalah sepuluh (10)
menit. Juri akan menghentikan presentasi jika waktu telah
menunjukan 10 menit tepat. Presentasi selama sepuluh (10) menit
tersebut tidak akan ada pertanyaan diantara presentasi. Setelah
presentasi selesai dipaparkan oleh pemateri, akan diikuti sesi tanya
jawab selama lima (5) menit.

Berdasarkan regulasi Formula SAE International nomor S5.5
dan appendix S-6, kriteria penilaian presentasi bisnis akan dilakukan
pada lima (5) aspek, vyaitu content (konten), organization
(Pengorganisasian), visual aids (Tampilan), delivery (penyampaian),
qguestion (pertanyaan). Presentasi oleh tim harus menggambarkan

dan sesuai dengan Business Logic Plan yang telah diserahkan
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sebelumnya. Pemberian nilai pada lima (5) kategori dengan cara 0-10
point pada tiap aspek penilaian. Berikut standar dari tabel penilaian
presentasi bisnis.

Tabel 2. Standar penilaian presentasi bisnis.

0.0 | /nadequate or no attempt (tidak mencukupi atau tidak berusaha

2.5 | Attempted but below expectation (berusaha tetapi dibawah

harapan)

5 Average or expected (rata — rata atau sesuai harapan)

7.5 | Above average but still lacking (diatas rata — rata namun masih

kurang)

10 | Excellent, perfectly meets intent (sangat baik)

Sumber : SAE International, 2016

Point maksimal adalah 50 point dari lembar juri presentasi bisnis. Skor
presentasi akan digunakan 0 — 75 untuk menyediakan jarak yang baik

antara tim yang terdaftar. Berikut cara perhitungan skor presentasi

bisnis :

Skor Presentasi Bisnis = 75 X w222 o eeeerereeeeseseeesesesens (12)
Pmax

Keterangan :

Pmax = poin tertinggi yang diperoleh tim yang terdaftar
Pyour = poin yang diperoleh tim anda
Berdasarkan appendix S-6 SAE International (2016), berikut

adalah poin yang dinilai dari lima (5) aspek penilaian presentasi bisnis
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Tabel 3. Aspek penilaian presentasi bisnis.

Apakah sesuai dengan rasional dan target bisnis
yang telah diserahkan sebelumnya ? apakah
konsep bisnis yang disajikan sesuai dan memadai
untuk menjelaskan bahwa kendaraan sesuai
dengan keinginan konsumen ? apakah penjelasan

teknis cukup jelas di sajikan tanpa membosankan

?

Apakah konsep yang disajikan dalam langkah yang
logis dan sesuai dengan business logic case yang
telah dikumpulkan diawal ? apakah konsep yang
disajikan dapat dipahami juri ? apakah dilakukan
pembukaan dan gambaran umum presentasi
dengan jelas ? apakah ada ringkasan dan

kesimpulan yang diberikan dengan jelas ?

Apakah digunakan alat bantu atau alat peraga
untuk menampilkan konsep bisnis dan kendaraan
yang ditawarkan ? apakah ilustrasi mampu terlihat

dengan jelas untuk semua juri ?

Apakah pemateri berbicara dengan suara yang
jelas ? Apakah pemateri menunjukan antusias dan
dengan percaya diri mempromosikan aspek teknis

? apakah pemateri melakukan kontak mata

bersambung
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sambungan tabel 3

dengan juri ?

Apakah jawaban mengilustrasikan bahwa tim
benar — benar paham dengan pertanyaan ?
apakah ada keraguan pemateri dalam menjawab
pertanyaan ? Apakah pemateri membuat rasa
Pertanyaan benar — benar percaya diri dalam menjawab
pertanyaan ? apakah pemateri dengan cepat
memahami dan menjawab pertanyaan juri ?
apakah pemateri terlihat siap dengan pertanyaan

yang diberikan ?

Sumber : SAE International, 2016

I. Kerangka Berpikir

Kompetisi Formula Student yang diikuti Garuda UNY Racing Team
di Jepang menantang mahasiswa untuk dapat mengonsep, mendesain,
memproduksi, merakit, menguji dan mengembangkan kendaraan Formula
Student serta dapat membuat laporan desain yang komprehensif, laporan
biaya produksi kendaraan yang dibuat kemudian berdasarkan laporan
desain dan laporan biaya produksi, mahasiswa dituntut untuk membuat
business logic plan atau rencana bisnis dengan menggunakann data asli
yang ada dipasar. Rencana bisnis yang dibuat harus secara kompak
mengalir dari analisis data pasar, strategi perusahaan, strategi desain

kendaraan untuk dapat memenuhi kebutuhan pasar, dan strategi untuk
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dapat diproduksi secara efisien dan mempunyai desain produksi yang
efektif.

Permasalahan yang terdapat pada perancangan business logic
plan adalah bagaimana cara dan proses penyusunan rencana bisnis yang
kompak serta mampu memenuhi regulasi SAE International. Sedangkan
pada hasil Buiness Logic Plan harus menunjukan data — data proyeksi
profit, cash flow, Return of investmen, Break Even Point, Payback Period,
dan sebagainya secara logis dan nyata berdasarkan data kenyataan di
pasar yang dituju. Selain itu hasil setelah dipresentasikan kepada juri
Student Formula Japan tahun 2016 harus menunjukan bahwa secara
Content (materi), Visual aid (tampilan presentasi), Organization
(pengorganisasian), Delivery (penyampaian), Question (sesi tanya jawab)
harus mampu mendapatkan poin penuh (75 Poin) sehingga dapat
memenangkan kompetisi dalam kategori Business Logic Plan &

Presentation Event.
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BAB III
METODOLOGI PENELITIAN

A. Desain Penelitian

Menurut Suharsimi Arikunto (2013 : 3), metode penelitian deskriptif
adalah penelitian yang dimaksudkan untuk menyelidiki keadaan, kondisi, atau
hal lain — lain yang sudah disebutkan, yang hasilnya dipaparkan dalam
bentuk laporan penelitian. Penelitian deskriptif merupakan jenis penelitian
yang paling sederhana dibandingkan dengan jenis penelitian yang lain. Hal
tersebut dikarenakan dalam penelitian ini peneliti tidak melakukan apa — apa
terhadap obyek atau wilayah yang diteliti. Istilah dalam penelitian, peneliti
tidak mengubah, menambah, atau mengadakan manipulasi terhadap obyek
atau wilayah penelitian. Dalam penelitian ini peneliti hanya memotret apa
yang terjadi pada obyek atau wilayah yang diteliti, kemudian memaparkan
apa yang terjadi dalam bentuk laporan penelitian secara lugas, dan apa
adanya. Jenis penelitian yang digunakan adalah dalam penelitian ini adalah
jenis penelitian deskriptif murni atau survei. Hal ini dikarenakan peneliti benar
— benar hanya memaparkan apa yang terdapat atau terjadi dalam sebuah
wilayah tertentu.

Pada penelitian ini peneliti ingin memaparkan business logic plan
pengembangan produksi Formula Garuda 16 dalam ajang kompetisi Student
Formula Japan tahun 2016. Oleh karena itu, setelah melaksanakan penelitian
deskriptif ini diharapkan pada kompetisi selanjutnya persiapan dan

pengerjaan business logic plan pengembangan produksi Formula Garuda
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pada kompetisi Formula Student yang akan datang menjadi lebih sempurna.
Pendekatan yang digunakan dalam penelitian ini adalah penelitian kualitatif,
karena data — data berupa paparan secara verbal melalui data — data yang
diperoleh dalam bentuk kalimat dan angka untuk memperkaya data yang
diperoleh. Sehingga desain penelitian yang digunakan adalah deskriptif

kualitatif.

B. Tempat dan Waktu Penelitian
1. Di Indonesia
Penelitian ini dilakukan dan dilaksanakan di kantor Garuda UNY
Racing Team (GURT) yang beralamat di Kompleks Fakultas Teknik UNY
Kampus Karangmalang, Condongcatur, Depok, Sleman, Daerah Istimewa
Yogyakarta, kode pos 55281. Penelitian yang dilakukan adalah
pembuatan rencana bisnis, pengumpulan data pasar, pengelolaan data
pasar, penetapan strategi perusahaan, strategi peforma kendaraan dan
strategi manufaktur. Adapun penelitian ini dilaksanakan pada bulan
Oktober 2015 sampai September 2016.
2. DiJepang
Penlitian ini dilaksanakan di Ogasayama Sport Park, Ecopa
Stadium, Fukuroi City, Shizuoka-ken, Japan. Pelaksanaan penelitian di
Jepang dilaksanakan pada tanggal 6 — 10 September 2016. Penelitian
yang dilakukan adalah terkait kesesuaian hasil rencana bisnis dan

kesesuaian serta kelayakan presentasi bisnis.
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C. Obyek Penelitian
Obyek penelitian dapat dinyatakan sebagai situasi sosial penelitian yang
ingin diketahui apa yang terjadi didalamnya. Peneliti dapat mengamati secara
mendalam aktivitas orang — orang yang ada pada tempat tertentu (Sugiyono,
2013). Obyek penelitan pada penelitian ini adalah business logic plan dan
hasil dari business logic plan yang digunakan oleh Garuda UNY Racing Team

dalam ajang kompetisi Student Formula Japan tahun 2016 dan

D. Subjek Penelitian
Menurut Asep S.H. dan E. Bahrudin (2012:37) bahwa sujek penelitian
merupakan beberapa individu yang berpartisipasi dalam penelitian. Partisipasi
yang dimaksud merupakan partisipasi sebagai sumber data. Sehingga dalam
sebuah penelitian, perlu diperhatikan dan ditentukan individu — individu yang
akan dijadikan sumber data. Untuk menentukan subjek penelitian harus
memilih individu yang memang benar — benar kompeten dan memiliki
informasi lengkap terkait data yang dibutuhkan. Penelitian ini bertujuan untuk
mengetahui proses penyusunan business logic plan produksi Formula Garuda
16 serta hasil dari business logic plan yang meliputi ringkasan eksekutif dan
presentasi bisnis. Oleh karena itu, diperlukan subjek yang memenuhi
parameter yang dapat mengungkap hal di atas, sehingga data yang diperoleh
benar — benar reliabel. Parameternya adalah sebagai berikut :
1. Mengetahui dan memahami regulasi Formula SAE International dan Local
Rules.
2. Terlibat langsung dalam kegiatan Student Formula Japan

3. Mengetahui tugas dan peran anggota divisi bisnis didalam tim
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4. Mengetahui proses yang dilakukan oleh anggota divisi bisnis baik dalam
persiapan sebelum, selama dan sesudah perlombaan.

Dari parameter yang telah disebutkan diatas, beberapa individu yang
memenuhi dan sesuai untuk dijadikan subjek penelitian yaitu :

1. Anggota divisi bisnis tahun 2016. Anggota divisi bisnis adalah orang yang
bertugas untuk membuat perencanaan business logic plan dan sebagai
presentator bisnis dalam kompetisi Student Formula Japan tahun 2016.

2. Ketua tim delegasi SF] 2016. Ketua tim delegasi adalah orang yag
bertugas sebagai koordinator utama dalam kompetisi SFJ 2016.

3. Pembina & pembimbing (Advisor) Garuda UNY Racing Team. Advisor
adalah orang yang bertugas memberikan pembinaan, bimbingan, motivasi
serta supervisi kepada Garuda UNY Racing Team baik selama di

Indonesia, maupun saat kompetisi berlangsung di Jepang.

. Teknik Pengumpulan Data

Teknik pengumpulan data yang dipergunakan dalam penelitian ini adalah
observasi. Nasution (Sugiyono, 2011: 310) menyatakan bahwa, observasi
adalah dasar semua ilmu pengetahuan. Menurut Sarafiah (2007: 26)
mengelompokan observasi menjadi beberapa kelompok, vyaitu observasi
partispiasi (participant observation), observasi secara terang — terangan
(overt observation) dan observasi secara tersamar ( covert observation ).
Dalam hal ini peneliti akan menggunakan cara tersebut untuk memperoleh
data yang diinginkan.

Dalam pengumpulan data yang dibutuhkan untuk penelitian ini, peneliti

tidak menggunakan data primer atau data yang didapatkan secara langsung.
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Peneliti menggunakan beberapa data sekunder yang didapatkan oleh
lembaga statistik, survey, penelitian, serta website. Berikut sumber — sumber
data yang digunakan oleh peneliti dalam penelitian ini.

1. Data Pasar Potensial

Berdasarkan data yang dimiliki oleh website www.usraracing.com,

www.uslmra.com, WWwWw.arcaracing.com, WWW.asa-racing.com,

WWW.Scca.com, www.nascar.com dan motorsport Industry Association,

Federation House didapatkan data jumlah potential customer yang

memeiliki hobi balap dan sedang berada dalam member kompetisi

balapan mingguan, data nilai market share untuk motorsport di Amerika.
2. Data Keadaan Ekonomi dan Bisnis

Dengan menggunakan data dari US Cencus Bureau, www.ssa.gov,

www.business.cencus.gov, ftp2.cencus.qgov, www.city-data.com,

WWW.Yyesvirginia.com, www.cnbc.com, www.wikipedia.com,

www.numbeo.com, www.deptofnumber.com dan Energy Information

Administration, FORM EIA-861, Annual Electric Power Industry Report
didapatkan banyak informasi dan fakta yang dapat dikembangkan untuk
menganalisis kelayakan rencana bisnis yang akan dikembangkan.
Informasi tersebut antara lain : Jumlah populasi penduduk, penghasilan
rata — rata penduduk di tiap daerah, penghasilan rata — rata penduduk
berdasarkan umur dan pendidikan, daya beli konsumen, peningkatan dan
perkembangan ekonomi penduduk, harga tanah disetiap daerah di
Amerika, biaya kebutuhan primer, sekunder dan tersier di setiap daerah,

informasi ekonomi disetiap daerah di Amerika dan lain sebagainya.
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3. Data Kebutuhan dan Keinginan Pelanggan (Customer Preferences)
Berdasarkan data yang diperoleh dari Deloite 2014 Global Automotive
Consumer Study, Strategic Vision. New Vehicle Experience Study,

www.autoalliance.org didapatkan informasi dan fakta dari 19 Negara

yang terdiri dari lebih 23.000 konsumen perwakilan dari setiap negara
tersebut. data tersebut adalah terkait minat dan kebutuhan konsumen
dalam memilih mobil, alasan teknis dalam pembelian suatu mobil, dan
fitur — fitur yang diinginkan konsumen didalam suatu mobil.

4. Data Persaingan

Berdasarkan informasi dari www.x-bow.jp, www.arielatom.com,

www.ford.com, www.thetruthaboutcare.com dan www.goodcarbadcar.net

diperoleh data — data persaingan yang terjadi untuk kategori mobil —
mobil yang diinginkan konsumen, spesifikasi mobil pesaing, kelebihan
dan kekurangan dari pesaing, dan posisi persaingan yang sedang

berlangsung.

F. Instrumen Penelitian

Data yang akan dipergunakan oleh peneliti adalah data — data sekunder,
sehingga digunakan instrumen penelitian. Instrumen yang digunakan adalah
dengan cara check /list untuk data yang didapatkan dari lembaga statistik,
survey, penelitian, serta website. Sedangkan untuk menentukan strategi
perusahaan, strategi peforma kendaraan dan strategi manufaktur
menggunakan instrument yang berbeda, yaitu peneliti sebagai instrumen
yang secara langsung mencari, memilih dan menentukan sumber — sumber

data. Dalam penelitian kualitatif, Lincoln dan Guba memperkenalkan konsep
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penulis sebagai instrumen utama untuk mengumpulkan data dan
menganalisis data (Donald Ary, 2009: 424). Alasan penggunaan peneliti
sebagai instrumen utama dikarenan peneliti berinteraksi dan bereaksi
langsung terhadap stimulus yang ada sehingga peneliti dapat merasakan,
memahami dan menghayati secara langsung fenomena vyang terjadi
(Sudarwan Danim 2002: 267). Dengan demikian maka akan diperoleh data
yang berarti bagi penelitian. Selain itu, dengan menjadikan peneliti sebagai
instrumen utama, maka dapat dilakukan pengambilan kesimpulan
berdasarkan data yang dikumpulkan dan dapat dijadikan umpan balik untuk
memperoleh penegasan, perubahan, perbaikan atau penolakan atas
fenomena yang diperoleh dari responden. Instrumen penelitian didalam
penelitian kualitatif bertugas untuk menetapkan fokus penelitian, memilih
informan sebagai sumber data, melakukan pengumpulan data, menilai
kualitas data, menganalisis data, menafsirkan data dan membuat kesimpulan
atas temuannya (Sugiyono, 2012 : 222). Berikut tabel check /ist yang
digunakan sebagai instrumen pengumpulan data :

Tabel 4. Instrumen pengumpulan data.

A | Data Pasar Potensial

1. Jumlah konsumen
potensial berdasarkan hobi

2. Jumlah konsumen
potensial berdasarkan
umur

3. Jumlah konsumen
potensial berdasarkan
pendidikan

4. Jumlah konsumen
potensial dalam klub mobil
balap

5. Jumlah konsumen
potensial berdasarkan
lokasi/negara

bersambung
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sambungan tabel 4

6.

Nilai market share
berdasarkan negara

Data Keadaan Ekonomi dan
Bisnis

1.

Jumlah populasi penduduk
beserta penghasilan

2.

Penghasilan rata — rata di
tiap daerah / negara

3.

Jumlah penghasilan rata -
rata berdasarkan umur

Jumlah penghasilan rata -
rata berdasarkan
pendidikan

Daya beli konsumen tiap
daerah/negara

Harga bahan baku dan
material di sekitar
konsumen potensial

Data perkembangan dan
peningkatan ekonomi
penduduk

Harga tanah, sewa tanah
diwilayah Amerika

Biaya kebutuhan primer,
sekunder, tersier
penduduk Amerika per
daerah

10.

Data perusahaan yang
mampu bekerjasama

11.

Data biaya tenaga kerja
tiap daerah di Amerika

12.

Data manufacturing
support tiap daerah di
Amerika

13.

Data biaya periklanan dan
promosi di Amerika

14.

Data biaya listrik dan air
tiap daerah di Amerika

15.

Data persaingan bisnis
untuk perusahaan sejenis
di Amerika

16.

Data biaya produksi dan
manufaktur di wilayah
Amerika

17.

Data biaya
peralatan/investasi
perusahaan yang
dibutuhkan perusahaan

18.

Data tingkat pendidikan
dan tenaga kerja tiap
wilayah di Amerika

19.

Data dan peringkat
wilayah berdasarkan
kebutuhan untuk bisnis di
Amerika

20.

Data dukungan
transportasi untuk darat
laut udara.
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21. Data biaya operasional per
wilayah di Amerika

22. Data race track di Amerika

23. Data kebutuhan biaya
pembuatan kompetisi
Formula Garuda
International Series

Data Kebutuhan &
Keinginan Konsumen

1. Alasan konsumen dalam
memilih mobil tiap negara

2. Minat dan kebutuhan
konsumen dalam membeli
mobil

3. Alasan teknis konsumen
dalam memeilih mobil

4. Fitur yang diinginkan
konsumen dalam memilih
mobil

5. Mobil impian yang
diinginkan konsumen

D | Data Persaingan

1. Spesifikasi mobil pesaing
berdasarkan peforma

2. Spesifikasi mobil pesaing
berdasarkan harga jual

3. Kelebihan mobil pesaing
berdasarkan peforma

4. Kelebihan mobil pesaing
berdaarkan harga jual

5. Kekurangan mobil pesaing
berdasarkan peforma

6. Kekurangan mobil pesaing
berdasarkan harga jual

7. Posisi persaingan di pasar
yang sedang berlangsung

8. Kelebihan dan kekurangan
perusahaan pesaing.

G. Teknik Analisis Data
Sugiyono (2013 : 333) memaparkan analisis data adalah proses mencari
dan menyusun data secara sistematis. Data yang disusun merupakan data
yang diperoleh dari hasil observasi. Menggunakan cara mengorganisasikan
data kedalam kategori, menjelaskannya pada unit — unit, melakukan sintesa,

menyususn menjadi pola, memilih mana yang penting dan yang akan
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dipelajari, dan membuat kesimpulan yang akan memudahkan dipahami oleh

diri sendiri maupun orang lain.
Analisis data kualitatif menurut Sugiyono (2013: 334-343) terdiri dari tiga

langkah sebagai berikut :

1. Reduksi Data

Reduksi data adalah proses berpikir secara sensitif, dibutuhkan

kecerdasan, keluasan dan kedalaman wawasan yang tinggi. Dapat juga
dikatakan meringkas, memilih hal pokok, memfokuskan pada hal yang
penting, mencari tema dan pola, lalu menghapuskan yang tidak
dibutuhkan. Dalam penelitian ini peneliti memfokuskan pada business
logic plan pengembangan produksi formula garuda 16 dalam ajang
kompetisi Student Formula Japan Tahun 2016, khususnya yaitu proses
penyusunan Business Logic Plan dan hasil Business Logic Plan. Sehingga
dari sini peneliti sudah mendapatkan gambaran secara garis besarnya,
hanya tinggal menjelaskan lebih rinci pada bagian pembahasan.

2. Penyajian Data

Penyajian data dalam penelitian kualitatif dapat dipaparkan dalam

bentuk uraian singkat, bagan, hubungan antar kategori, flowchart dan
sejenisnya. Halini Miles dan Huberman (Sugiyono, 2011: 341)
menyatakan “the most frequent form of display data for qualitative
research data in past has been narrative text.” Teks naratif merupakan
penyajian data yang paling sering digunakan dalam penelitian kualitatif.
Display data dapat menggunakan grafis, matrik, network dan chart selain

menggunakan teks naratif. Penyajian ndata dalam penelitian ini
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merupakan analisis secara deskriptif mengenai Business Logic Plan
pengembangan Formula Garuda 16 dalam ajang kompetisi Student
Formula Japan Tahun 2016. Dalam penelitian ini, data-data terkait
business logic plan produksi Formula Garuda 16 yang telah direduksi dan
diketahui polanya, kemudian akan disajikan berdasarkan urutan
penyusunannya yang meliputi:

a. Perencanaan segmen pasar dan analisis kompetisi

b. Perencanaan strategi perusahaan

c. Perencanaan strategi kendaraan dan peforma kendaraan

d. Perencanaan efisiensi untuk desain dan manufaktur

e. Perencanaan manufaktur

f. Perencanaan keuangan

Kemudian setelah data-data tersebut disajikan, maka berdasarkan
dukungan data yang ada, dilakukan analisis berdasarkan data yang
disajikan. Analisis tersebut dilakukan untuk mengetahui hasil dari
business logic plan produks Formula Garuda 16 yang terbagi menjadi :

a. Ringkasan eksekutif

b. Presentasi bisnis

c. Hasil setelah dipresentasikan ke juri bisnis dalam ajang kompetisi

Student Formula Japan tahun 2016.
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3. Verifikasi Data dan Penarikan Kesimpulan

Menurut Miles dan Huberman (Sugiyono, 2013:343) langkah
ketiga dalam analisis data yaitu verifikasi data dan penarikan kesimpulan.
Kesimpulan awal yang disampaikan masih bersifat sementara dan akan
berubah bila tidak ditemukan bukti — bukti yang kuat yang mendukung
pada tahap pengumpulan data berikutnya. Tetapi jika kesimpulan yang
ditemukan tahap awal disokong oleh bukti yang valid dan konsisten
setelah peneliti kembali ke lapangan dan mengumpulkan data, maka
kesimplan yang disampaikan merupakan kredibel.

Temuan baru merupakan kesimpulan yang diharapkan dari
penelitian kualitatif yang sebelumnya belum pernah ada. Temuan dapat
berupa deskripsi yaitu gambaran mengenai suatu objek yang sebelum
diteliti masih bersifat abu — abu atau gelap, setelah diteliti menjadi teori.
Kesimpulan ini sebagai hipotesis dan bila didukung oleh data pada
industri lain yang luas, maka akan dapat menjadi teori.

Setelah memeperoleh data dan diverivikasi, kemudian menelaah
data dilapangan melalui observasi apakah ada fakta — fakta atau temuan
— temuan yang lain terkait dengan data yang sudah disajikan. Langkah
selanjutnya adalah menarik kesimpulan berdasarkan data dan juga
temuan lain selama dilapangan. Menurut T.Hani Handoko (2003: 9)
penilaian kriteria apakah suatu perencanaan berjalan dengan baik dapat
dinilai dari beberapa faktor, yaitu mencangkup (1) kegunaan, (2)
ketepatan, (3) ruang lingkup, (4) pembiayaan, (5) akuntabilitas, dan (6)

ketepatan waktu.
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BAB IV
HASIL PENELITIAN DAN PEMBAHASAN

A. Hasil Penelitian

1. Penyusunan Business Logic Plan
a. Tinjauan Pasar

Berdasarkan data dari Motorsport Industry Association,
Federation House bahwa Amerika memimpin pasar motorsport dunia
dengan nilai market share sebesar $ 13,5 billion. Terdapat sebanyak
72.153 konsumen berpotensi menjadi konsumen Formula Garuda
yang mana adalah pembalap pemula di US Weekend Racing (balapan
mingguan di Amerika). Jumlah konsumen berpotensi tersebut
didapatkan dari anggota yang tergabung dalam beberapa jenis club
weekend racing yang terdapat di Amerika. Dukungan lintasan balap
juga sangat memadai, terdapat sebanyak 44 lintasan balap (race
track) yang digunakan untuk balapan mingguan (Lampiran 8. US Race
Track). Terdapat enam (6) komunitas utama weekend racing di
Amerika, diantaranya 7he United States Racing Association (USRA),
U.S. Lawn Mower Racing Association, ARCA automobile Racing Club,
American Speed Association, Sport Car Club of America, inc (SCCA),
National Association for Stock Car Auto Racing. Berikut jumlah
anggota yang tergabung didalam masing — masing komunitas

weekend racing.
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Tabel 5. Jumlah anggota di masing — masing komunitas balap di

Amerika.
No Komunitas JuilEL Website
Anggota
The United States Racing .
1 . . .
Association (USRA) 3.000 WWW. USracing.com
2 U.s. Lawn Mlowler Racing 1.600 www.uslmra.com
Association
3 ARCA automobile Racing 1.321 WWwWw.arcaracing.com
Club
4 Amer/ca/7 5.p eed 152 WWW.asa-racing.com
Association
Sport Car Club of
5 America, inc (SCCA) 64.580 WWW.Scca.com
6 National Association for 1.500 WWW.Nascar.com
Stock Car Auto Racing ' ' '
Total 72.153

b. Kebutuhan dan Keinginan Konsumen

Suatu perusahaan harus mengetahui kebutuhan dan keinginan

konsumen untuk dapat memenuhi kebutuhan pasar. Kebutuhan dan

keinginan konsumen adalah patokan suatu perusahaan dalam

membuat suatu produk maupun jasa. Suatu perusahaan tentu akan

memenangkan persaingan jika mampu memenuhi kebutuhan dan

keinginan konsumen. Kebutuhan dan keinginan pelanggan dapat

diketahui melalui observasi. Tentunya untuk kebutuhan dan keinginan

pelanggan tidak dapat diwakili hanya satu (1) atau dua (2) orang

saja, melainkan melalui data yang komplek dan mewakili dari setiap

daerah dan benua.
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The Global Automotive Consumer Study
is based on a survey of over 23,000 consumers in |

‘B b g
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The key findings and insights in this publication are based on U.S. responses to the survey.

Participating countries

United Kingdem Netherlands Germany Czech Republic

Italy

Turkey
MMexico

United States
QOver 2,000

U.S. respondents

Y

South Africa Australia

Gambar 2. Data Partisipasi 19 Negara
Sumber : Deloite 2014 Global Automotive Consumer Study

Berdasarkan data Global Automotive Consumer Study yang
didapatkan dari lebih dari 23.000 konsumen dengan umur 19 -36
tahun di sembilan belas (19) negara seperti Amerika, Inggris, Kanada,
Australia, Jerman dan sebagainya, didapatkan tiga (3) alasan penting
mengapa konsmen memilih suatu kendaraan. Berikut gambar grafik

alasan utama konsumen dalam memilih suatu kendaraan.
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nE willing to buy?
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Gambar 3. Data Keinginan dan Kebutuhan Konsumen
Sumber: Deloite 2014 Global Automotive Consumer Study

Berdasarkan data dari Deloite 2014 Global Automotive
Consumer Study, ada tiga (3) alasan utama kosnumen dalam
keputusan pembeliaan kendaraan. Sebanyak 80 % konsumen akan
membeli mobil karena harga yang terjangkau, kemudian sebanyak 75
% konsumen akan membeli mobil karena biaya operasional dan biaya
perawatan dan perbaikan yang rendah. Serta alasan terakir yaitu
sebanyak 67 % konsumen mempunyai kebutuhkan /ifestyle atau gaya
hidup yang juga dapat dipenuhi dengan angkutan umum.

Kemudian konsumen akan memilih suatu kendaraan juga
berdasarkan banyak faktor — faktor lain yang diluar tiga (3) alasan
utama konsumen dalam membeli suatu kendaraan. Faktor — faktor
tersebut lebih spesifik mengarah pada kemampuan kendaraan
tersebut. Terdapat 20 faktor yang menjadi dasar konsumen dalam
memilih suatu kendaraan. Berikut tabel 5. Customer preferences atau

keinginan pelanggan dalam memilih kendaraan berdasarkan data dari
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Strategic  Vision 2014 New  Vehicle  Experience  Study,

www.autoalliance.orqg.

Tabel 6. Keinginan pelanggan dalam memilih kendaraan.

Rank Purchase Reson %o
1 Overall Safety of the Vehicle 63%
2 Overall Driving Performance 5909/
3 Overall Value for the Money 589
4 Overall Impression of Durability/Reliability 5890
5 Price/Deal Offered 5690
6 Safety Features 56%0
1 Riding Comfort 549jp
8 Handling 539%
9 Braking 5290
10 Comfort of Front Seat 5290
1 Affordable to Buy 5009%
12 Road Holding Ability 50%0
13 Front Visibility 5009%
14 Engine Performance 5009%
15 Warranty Coverage 5009
16 Overall Seat Comfort 489%)o
17 Overall Exterior Workmanship 479
18 Maneuverability 479
19 Fun To Drive 469/
20 Fuel Economy/Mileage 4690

Sumber : www.autoalliance.org

Berdasarkan data diatas didapatkan dasar pemilihan atau
konsumen dalam menentukan keputusan pembelian kendaraan.
Keseluruhan sistem keselamatan suatu kendaraan sebanyak 63 %
pada peringkat pertama dalam alasan membeli suatu kendaraan.
Pada peringkat kedua yaitu kemampuan pengemudian yang baik
sebanyak 59 %, peringkat ketiga yaitu keseluruhan nilai untuk harga
jual sebanyak 58 % konsumen membutuhkan kendaraan dengan
harga yang terjangkau. Kemudian secara urut setelah peringkat ketiga

dengan selisih yang tidak teralu signifikan yaitu ketahanan komponen
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58%, harga yang ditawarkan 56%, fitur keselamatan 56%,
kenyamanan mengemudi 54%, kemudahan pengemudian 53%,
pengereman 52%, kenyamanan kursi depan 52 %, terjangkau untuk
dibeli 50%, kemampuan terhadap jalan 50%, daya pandang dari
depan 50%, kemampuan mesin 50%, penawaran perlindungan
garansi 50%, kenyamanan kursi secara menyeluruh 48%, pengerjaan
keseluruhan  eksterior 47%, kemampuan manuver 47%,
menyenangkan untuk dikendarai 46%, dan terakhir penggunaan

bahan bakar yang ekonomis 46%.

. Kemampuan Konsumen Untuk Membeli Suatu Kendaraan

Berdasarkan perhitungan biaya produksi mobil Formula Garuda
16 (tabel 12. Cost summary basics, biaya produksi Formula Garuda)
ditawarkan kepada calon konsumen dengan harga $ 24.999/unit
kendaraan. Untuk dapat mengetahui daya beli calon konsumen
(purchasing power) maka perlu adanya data kebutuhan tersier suatu
pelanggan disuatu daerah. Konsumen yang dituju adalah weekend
racing yang berada di United States.

Berdasarkan data dari  http://www.numbeo.com/cost-of

living/country result.jsp?country=United+States kebutuhan tersier di

wilayah Amerika untuk adalah senilai $ 20.556 setiap tahun. Mobil
Formula Garuda 16 akan dipasarkan pada tahun 2017 di wilayah
Amerika. Dengan demikian diperlukan data rata — rata penghasilan
penduduk pada tahun 2017 untuk menghitung prediksi daya beli

konsumen (purchasing power) pada tahun 2017. Dengan
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menggunakan data dari www.deptofnumber.com, didapatkan data
penghasilan rata — rata penduduk dengan peningkatan penghasilan
rata — rata penduduk setiap tahunnya adalah +1,04. Berikut adalah

data penghasilan rata — rata penduduk di Amerika.

Tabel 7. Penghasilan rata — rata di United States.

$ 33.517 $ 33.517 $ 33.517 $ 33.517

$ 15.461 $ 15.461 $ 15.461 $ 15.461

$ 18.990 $ 18.990 $ 18.990 $ 18.990

$ 28.763 $ 28.763 $ 28.763 $ 28.763

$ 35.073 $ 35.073 $ 35.073 $ 35.073

$ 39.015 $ 39.015 $ 39.015 $ 39.015

$ 50.916 $ 50.916 $ 50.916 $ 50.916

$ 55.751 $ 55.751 $ 55.751 $ 55.751

$61.698 $61.698 $61.698 $61.698

$ 88.530 $ 88.530 $ 88.530 $ 88.530

$ 73.853 $ 73.853 $ 73.853 $ 73.853

Sumber : www.deptofnumber.com

Berdasarkan data diatas, didapatkan Rea/ Median Household
Income atau penghasilan rata — rata penduduk berdasarkan sensus

dari America Community Survey (ACS) tahun 2014. Nilai pengasilan
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rata — rata pada tahun 2014 yaitu sebesar $ 53.657 dengan
peningkatan selama satu (1) tahun yaitu +1,04 % atau sebesar
+0,93% dalam tiga (3) tahun.

Untuk mendapatkan nilai mata uang dalam tahun 2017, maka
dilakukan perhitungan sebagai berikut :

Penghasilan Rerata 2017

Penghasilan 2014 )

= Penghasilan 2014 + (Perubahan Selama x Tahun

$53.657
0,93 %

= $53.657 + (
= $ 54.156
Berdasarkan perhitungan didapatkan penghasilan rata — rata
pada tahun 2017 sebesar $ 54.156 per tahun. Konsumen dengan
penghasilan sebesar $ 54.156 ditargetkan untuk mampu mempunyai
daya beli terhadap Formula Garuda 16. Untuk mendapatkan indek
daya beli konsumen, diperlukan perhitungan purchasing power (daya
beli) dengan data yang diperlukan adalah kebutuhan tersier, harga
jual Formula Garuda 16, pendapatan rata — rata konsumen pada
tahun 2017. Berikut perhitungan kemampuan daya beli pelanggan
untuk kendaraan Formula Garuda.

Purchasing Power (%)

Income 2017 Tertiary Demand
= 7 3 x
Garuda's Selling Price Income 2017

$54.156 $20.556

- =820
$25.000 * $54.156 o2
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Dari hasil perhitungan diatas, suatu calon konsumen dengan
penghasilan rata — rata pertahun sebesar $ 54.156 mempunyai daya
beli sebesar 82 %. Dari data kemampuan daya beli dapat diketahui
jumlah konsumen yang lebih luas berdasarkan rata — rata penghasilan
pertahun lebih dari atau sama dengan $ 54.156. Berdasarkan data
dari US Cencus Bureau September tahun 2015 terdapat sebanyak
38.768.333 konsumen yang berpotensi dan mempunyai daya beli
lebih dari 82%. Berikut data jumlah penduduk dengan jumlah

penghasilan rata — rata pertahun lebih dari $ 54.156.

Tabel 8. Populasi dengan rata — rata penghasilan lebih dari $ 54.156.

No Net Compensation Interval Number of

Population
1 55.000,00 — 59.999,99 4.846.517
2 60.000,00 — 64.999,99 4.201.232
3 65.000,00 — 69.999,99 3.573.471
4 70.000,00 — 74.999,99 3.094.739
5 75.000,00 — 79.999,99 2.684.481
6 80.000,00 — 84.999,99 2.297.338
7 85.000,00 — 89.999,99 1.975.400
8 90.000,00 — 94.999,99 1.714.370
9 95.000,00 — 99.999,99 1.486.636
10 100.000,00 — 104.999,99 1.309.068
11 105.000,00 — 109.999,99 1.117.128
12 110.000,00 — 114.999,99 977.055
13 115.000,00 — 119.999,99 865.889
14 120.000,00 — 124.999,99 773.339
15 125.000,00 — 129.999,99 673.971
16 130.000,00 — 134.999,99 595.827
17 135.000,00 — 139.999,99 527.341
18 140.000,00 — 144.999,99 466.992
19 145.000,00 — 149.999,99 419.003
20 150.000,00 — 154.999,99 384.581
21 155.000,00 — 159.999,99 335.391
bersambung
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sambungan tabel 8

22 160.000,00 — 164.999,99 296.048
23 165.000,00 — 169.999,99 265.309
24 170.000,00 — 174.999,99 239.515
25 175.000,00 — 179.999,99 216.255
26 180.000,00 — 184.999,99 200.592
27 185.000,00 — 189.999,99 179.005
28 190.000,00 — 194.999,99 165.277
29 195.000,00 — 199.999,99 154.070
30 200.000,00 — 249.999,99 1.039.897
31 250.000,00 — 299.999,99 565.105
32 300.000,00 — 349.999,99 333.584
33 350.000,00 — 399.999,99 219.923
34 400.000,00 — 449.999,99 151.162
35 450.000,00 — 499.999,99 108.881
36 500.000,00 — 999.999,99 345.935
37 1.000.000,00 — 1.499.999,99 65.548
38 1.500.000,00 — 1.999.999,99 24.140
39 2.000.000,00 — 2.499.999,99 12.137
40 2.500.000,00 — 2.999.999,99 6.871
41 3.000.000,00 — 3.499.999,99 4.799
42 3.500.000,00 — 3.999.999,99 3.258
43 4.000.000,00 — 4.499.999,99 2.353
44 4.500.000,00 — 4.999.999,99 1.822
45 5.000.000,00 — 9.999.999,99 6.468
46 10.000.000,00 — 19.999.999.99 2.230
47 20.000.000,00 — 49.999.999,99 776

Total 38.768.333

Sumber : US Cencus Bureau, September 2015

dengan penghasilan lebih dari $ 54.156 vyaitu terdapat pada
penghasilan antara $ 55.000 - $ 59.999 dengan jumlah penduduk
sebanyak 4.846.517. kemudian peringkat kedua pada penghasilan $
60.000 — 64.000 dengan jumlah penduduk sebanyak 4.201.232.

sedangkan penghasilan relatif tinggi dengan jumlah penduduk relatif
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d.

tinggi pada penghasilan $ 200.000 - $ 249.000 dengan jumlah
penduduk sebanyak 1.039.897.

Sedangkan jika ditinjau dari umur produktif untuk dapat
melakukan suatu balapan yaitu antara 19 — 36 tahun untuk kategori
pemula. Berdasarkan data dari www.ssa.gov, berikut adalah data
jumlah penduduk di Amerika rentang umur 15 hingga 44 tahun

dengan jumlah penghasilan rata — ratanya.

Tabel 9. Konsumen potensial dengan rentang umur 19 — 36 tahun.

Tahun 2014
Karakteristik Jumliah Penghasilan rata —
Penduduk rata/tahun
15 - 24 tahun 6.370.000 $ 34.605
25 - 34 tahun 20.075.000 $ 54.243
35 - 44 tahun 21.121.000 $ 66.693
Total 41.196.000

Sumber : www.ssa.gov.

Sebanyak 41.196.000 dengan kisaran umur antara 25 - 44
tahun penduduk mempunyai penghasilan lebih dari $ 54.156 yang
mana mempunyai kemampuan daya beli lebih dari 82 %. Penghasilan
rata — rata pertahun untuk umur 25 - 34 tahun vyaitu $ 54.243

sedangkan untuk umur 35 — 44 tahun sebesar $ 66.693.

Analisis kompetitor
Persaingan pasar yang akan dihadapi oleh Formula Garuda 16
di pasar balapan mingguan terdapat empat (4) kategori tipe dan jenis

kendaraan pesaing. Kendaraan tersebut adalah Tony karf, KTM X —
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Bow, Ariel Atom 3S dan Ford Mustang GT Fastback. Dari keempat
kendaraan tersebut mempunyai ciri khas dan karakter pengemudian
yang berbeda. Harga yang ditawarkan oleh KTM, Ariel Atom dan Ford
pun lebih dari $ 30.000. Berikut tabel perbandingan spesifikasi

kendaraan pesaing.

Tabel 10. Spesifikasi kendaraan pesaing.

Engine
Ton Honda ZO@HP
y 8.500 83x63x33 80 | MRCCR 5 Sec.
Kart 125 11.000
rpm
Ford
) 435 HP
Mustang 5.0L Ti-
GT Fast 32.645 | 4784x1916x1367 | 1.602 VCT V8 @6300 6.5 Sec.
rpm
Back
. 370 HP
Ariel Honda 2.4
Atom 3S 89.750 | 3410x1195x1890 613 L I-Vtec @r;ig)o 2.8 Sec.
285 HP
KTMX- | 94323 | 3738x1915x1202 | 847 | 2090 CC— | @6a00 | 4.1 sec.
Bow In Line rpm
Husqvarna
Formula SM630, 46 Hp
Garuda 24.999 | 3100x1370x1140 | 217,5 600 cc, @8600 | 4.1 Sec.
16 Single rpm
Cylinder
1) Tony Kart

Gambar 4. Tony Kart
Sumber : www.premierkarting.com
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Kendaraan Go Kart adalah varian dari kendaraan roda empat
dengan atap terbuka, sederhana dan kecil. Go Kart biasanya
dipacu di sirkuit skala kecil. Balapan go kart biasanya digunakan
sebagai batu loncatan untuk balapan dengan tingkat yang lebih
tinggi dan lebih mahal. Rangka go kart terbuat dari tabung baja.
Tidak terdapat suspensi pada kendaraan go kart. Sehingga rangka
go kart harus cukup fleksibel untuk bekerja sebagai suspensi dan
cukup kaku untuk tidak patah saat menerima beban.

Selain go kart dengan merk tony kart, juga terdapat banyak
varian go kart profesional yang biasanya memiliki berat 75 -80 Kg.
Go kart tersebut antara lain : Avanti, Tony Kart, Birel, CRG,
Giliard, Intrepid, Kosmic, Zanardi, atau FA Kart yang banyak
berkembang di Eropa dan Amerika.

Go kart memiliki karakteristik mudah dikendaraai oleh
pembalap pemula. Selain itu karakteristik go kart yang sederhana
membuat pembalap pemula mudah beradaptasi. Namun
kendaraan go kart kurang memiliki peforma dan kemampuan
dalam kecepatan tinggi. Mesin dengan tenaga sebesar 20 Hp pada
11.000 rpm, memberikan kemampuan percepatan kendaraan
dalam 0 — 100 Km/jam sebesar 5.0 detik. Sehingga go kart
disebut “ease handling car but low peformance” yaitu mobil yang
mudah dikendarai namun hanya mempunyai peforma yang

rendah.
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2) Ford Mustang GT Fastback

Gambar 5. Mobil Ford Mustang GT Fastback
Sumber : www.fivestarfordga.com

Ford Motor Company adalah sebuah produsen mobil asal
Amerika Serikat yang didirikan oleh Henry Ford di Dearborn, dekat
Detroit, Michigan. Salah satunya adalah Ford Mustang GT
Fastback adalah produk yang ditawarkan pada kelas sport car.
Kendaraan dengan peforma tinggi menggunakan mesin 5000 cc
V8 mampu menghasilkan 435 tenaga kuda dan mampu melakukan
percepatan 0 — 100 km/ jam sebesar 6,5 detik. Mobil yang
dilengkapi dengan sistem keselamatan seperti SRS Airbag ini
ditawarkan dengan harga $ 32.645/unit.

Sistem kontrol traksi elektronik (Electronic Traction Control
System), sistem kontrol elektronik kesetabilan kendaraan
(Electronic Stability Control System) dan sistem pengereman
cerdas mengunakan (Anti-Lock Brake System) mendukung adanya

kemampuan mesin yang tinggi agar kendaraan semakin mudah
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dikendalikan. Namun hal tersebut tidak cukup mudah dapat
digunakan oleh pembalap pemula. Peforma tinggi dan
kemampuan pengemudian kendaraan yang baik tetap belum
spesial untuk pembalap pemula. Pembalap pemula di balapan
mingguan memerlukan pelatihan khusus dan penyetelan ulang
untuk jenis kendaraan seperti Ford Mustang GT Fastback. Selain
penyetelan ulang juga diperlukan modifikasi sistem keselamatan,
sistem mesin, sistem suspensi, dan sistem pemindah tenaga.
Tanpa adanya modifikasi dan penyetelan ulang untuk kendaraan
tersebut, penggunaan tipe GT Fastback tidak mampu

dimaksimalkan di lintasan balap.

3) Ariel Atom 3S

Gambar 6. Mobil Ariel Atom 3S

Sumber : www.exoticclasics.com

Perusahaan Arie/ Motor Company adalah open wheel race
car atau mobil dengan roda yang terbuka secara langsung.
Perusahaan ini berdiri sejak tahun 2001 yang berbasis di

Crewkerne, Somerset, Inggris dan dibawah lisensi di Amerika
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Utara oleh 7MI Autotech, Inc. Ariel Atom tipe 3S adalah salah
satu varian open wheel race car yang di produksi oleh perusahaan
ini.

Ariel atom memiliki tipe chasis exoskeleton, tidak ada atap
atau jendela samping. Atom 3S menggunakan mesin Honda 2.400
cc mampu menghasilkan 370 tenaga kuda pada 7500 rpm. Selain
itu kendaraan Atom 3S didukung dengan pemasangan kontrol
traksi dan padle shifter dan ditawarkan dengan harga relatif tinggi
untuk pembalap pemula yaitu $ 89.750.

Kemampuan mesin Atom 3S yang relatif tinggi kurang
diimbangi dengan sistem yang mampu membantu kendaraan ini
mudah dikendalikan. Pembalap pemula merasakan pengalaman
mengemudi dengan peforma 0-100 km/jam pada lintasan lurus
dalam waktu 2,8 detik. Atom 3S memiliki kemampuan melaju yang
tinggi, namun kemampuan untuk mudah dikendalikan oleh
pengemudi yang sangat susah menyebabkan mobil ini
memerlukan penambahan sistem — sistem dan penyetelan ulang

yang banyak pada sistem kemudi, rem dan suspensi.
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4) KTM X — Bow

Gambar 7. Mobil KTM X-Bow

Sumber : www.xbowsa.com

KTM adalah perusahaan kendaraan di Grazz, Austria yang
memulai memproduksi X-Bow (crossbow) sejak 2008. KTM
mengembangkan X-Bow berkolaborasi dengan  Kiska Design,
Audi, dan Dallara. Kendaraan yang diproduksi oleh KTM adalah
untuk keperluan balap. KTM mempunyai motto yaitu “Ready To
Race” yang mana artinya adalah siap untuk balapan. X-Bow
adalah mobil yang dipasarkan oleh KTM menggunakan mesin Audi
2.000 cc dengan kemampuan 285 tenaga kuda pada 6.400 rpm.
Mobil X-Bow dengan berat total 847 kg mampu menyelesaikan
percepatan 0 — 100 km/jam dalam waktu 4,1 detik.

Mobil ini ditawarkan ke konsumen dengan harga yang relatif
tinggi sebesar $ 94.323. Kemampuan mesin yang ditonjolkan juga
didukung dengan sistem keselamatan pengemudi menggunakan
crash box yang dibuat dari carbon alumunium berstandar FIA GT

dan Formula 3.
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Mobil ini tidak terdapat sistem kontrol traksi, sistem kontrol
kesetabilan, dan sistem — sistem yang mendukung kemampuan
pengemudian yang baik. Sehingga pembalap pemula akan merasa
kesulitan untuk dapat mengendalikan super car yang dilengkai

dengan mechanical limited slip differential ini.

e. Data Design Kendaraan Formula Garuda 16

Berdasarkan data yang diperoleh dalam analisis persaingan
maka Formula Garuda 16 (FG 16) adalah mobil yang dikembangkan
Garuda UNY Racing Team untuk ajang kompetisi Student Formula
Japan tahun 2016. Formula Garuda 16 adalah produk yang akan
kembangkan dalam business logic plan atau rencana bisnis Garuda
UNY Racing Team. Formula Garuda 16 adalah mobil yang mudah
untuk dikendarai dengan peforma tinggi, selain itu penawaran harga
yang terjangkau kepada konsumen, Formula Garuda 16 relatif rendah
dalam biaya operasional dan mempunyai biaya perawatan yang
murah. Untuk dapat memenuhi sasaran pasar dan keinginan
konsumen, berikut adalah spesifikasi teknis mobil Formula Garuda 16
yang telah diserahkan kepada penyelenggara Student Formula Japan
tahun 2016, secara terperinci terdapat pada lampiran 9. Design Spec

Sheet,
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Tabel 11. Desain Formula Garuda 16.

Fitur

Chassis/Body Type

Steel Tube Space Frame AISI 4130 (JIS
STKM 11 A)

Powertrain Type

Chain Drive, Adjustable Limited Slip
Differential

Power / Engine

Husgvarna SM630, 600 cc, I Cylinder,
46 hp @8600 rpm, 42,3 Nm/7200 rpm

Target Weight (Kg)

220 Kg

Special Features

Padle Shifter, Launch & Traction
Control, Undertray, Telemetri

Perofmance
Acceleration 0-75 Meter 4.0s
Lateral Acceleration (g) 1.35¢g
Fuel Economy 285 mpg
Part Durability Zero Part Failure in 400 km

Strategi Peforma Kendaraan

Gambar 8. Mobil Formula Garuda 16

1) Deskripsi

Garuda UNY Racing Team menciptakan Formula Garuda 16

untuk dapat memenuhi kebutuhan konsumen weekend racer dan

pembalap amatir. Konsumen membutuhkan mobil dengan

peforma tinggi namun

mempunyai karakteristik untuk mudah
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dikendalikan selain itu juga kebutuhan untuk operasional yang
rendah dan mudah untuk diperbaiki.

Formula Garuda 16 hadir dengan mesin Husgvarna SM630,
single cylinder engine 600 cc mampu menghasilkan 46 tenaga
kuda @ 8.600 rpm, 42,3 Nm @ 7.200 rpm. Berat kendaraan tanpa
pengemudi yaitu 217,5 kg mampu menyelesaikan 0 — 75 meter
hanya dengan waktu 4,1 detik. Mobil Formula Garuda 16
dilengkapi dengan sistem kontrol traksi, lightweight adjustable
limited slip diffrential dan /launch contro/ untuk memaksimalkan
kemampuan pengemudian pembalap, selain itu teknologi telemetri
dapat membantu pembalap dan teknisi untuk mengetahui
keadaan kendaraan selama dilintasan. Sistem aerodinamik
dilengkapi perangkat wndertray untuk memberikan downforce
yang dibutuhkan. Hasil yang didapatkan mobil dapat menaklukan
belokan tajam dengan waktu yang lebih cepat dan dilakukan
dengan mudah oleh pembalap pemula. Mobil dengan kemampuan
luar biasa dan telah dilengkapi dengan electric shifter dan padle
shifter ini ditawarkan kepada konsumen dengan harga $
24.999/unit. Harga fantastis untuk konsumen dengan disertai
paket Garuda FLY HIGH. Mobil yang dikontrol oleh programable
Motec M400 dapat di upgrade dan memungkinkan konsumen
untuk menambah peforma mobil dengan penyetelan yang

diinginkan.
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2) Fitur Kendaraan
Berikut adalah fitur kunci dan spesifikasi kendaraan secara umum.

Tabel 12. Spesifikasi Formula Garuda 16.

Steel Tube Space Frame AISI 4130 (JIS
STKM 11 A)

Carbon

Husgvarna SM630, Single Cylinder Engine,
600 cc

46 hp @ 8.600 rpm

217,5 kg

Padle Shifter

Launch & Traction Control
Undertray

Telemetri

Ohlin Racing Shock Absorber
Lightweight Steering Gear Box (0,8
kg)

g. Adjustable Limited Slip Differential

mPo0 T

4,1s

285 mpg

Zero part Failure in 400 km

1,35¢g

3) Fitur Keselamatan

Safety
Features
4Tl;r;.|l‘;r spac; P Com;act ‘ g p0|;t4
rame alumunium cam lock
impact harness

attenuator

Gambar 9. Fitur keselamatan Formula Garuda 16
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Keselamatan pembalap adalah hal yang paling penting
dalam suatu pengemudian kendaraan. Kendaraan Formula Garuda
dilengkapi Impact attenuator yang berfungsi menyerap energi
tabrakan dari depan. Sedangkan dari samping, Formula Garuda
mempunyai side impact structure yang mampu melindungi driver
cockpit ketika terjadi hantaman dari samping. Sedangkan dari
bagian atas, terdapat Rol/ bar dengan teblal 2,5 mm yang mampu
menyelamatkan penumpang ketika mobil mengalami rollover.
Lebih lagi kendaraan Formula Garuda menggunakan 5 point cam
lock harness yang tidak diragukan lagi perannya untuk melindungi
pembalap.

4) Ergonomi

Gambar 10. Susunan driver cockpit, steering wheel, pedals
assembly

Ergonomi mobil Formula Garuda telah di teliti secara
mendalam untuk mendapatkan desain yang diinginkan. Adapun
tujuan utama yang ingin dicapai dalam penerapan ergonomi

dalam proses desain adalah meningkatkan keefektifan fungsional
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dari fitur driver cell atau ruang kemudi sehingga dapat
dimanfaatkan dan digunakan secara maksimal, selain itu untuk
dapat meningkatkan keamanan, kenyamanan untuk menciptakan
kepuasan konsumen.

a) Driver Cockpit

COOKPIT  mp

HEAT SHIELD

Gambar 11. Driver Cockpit

Driver cockpit terdiri dari seat untuk tempat duduk
pembalap, Seat telah dibuat khusus untuk memastikan bahwa
pembalap dalam postur yang paling nyaman, firewall untuk
melindungi pembalap dari timbulnya api dalam keadaan
darurat dan heat shield untuk memberi peredaman panas
yang dapat tersalur ke komponen yang mudah terbakar.

b) Pedal Assembly

Rangkaian pedal dibuat dengan desain paling nyaman
untuk pembalap dengan kondisi dapat di atur sesuai dengan
panjang kaki pembalap. Rangkaian pedal terdiri dari pedal
kopling (clutch pedal), pedal rem (brake pedal), dan pedal

gas.
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PEDALS
ASSEMBLY

gambar 12. Pedal Assembly Design

c) Steering Wheel

Gambar 13. Steering Wheel Design

Roda kemudi dilengkapi dengan quick release untuk
dapat memudahkan pembalap dalam keluar dan masuk
kendaraan. Selain itu roda kemudi didesain dengan perangkat
padle shifter yang mana dapat digunakan untuk melakukan

pemindahan gigi transmisi dengan sangat mudah.
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g. Data Laporan Biaya Produksi Formula Garuda 16

Berdasarkan data dari cost summary basics tahun 2016 untuk
kompetisi Student Formula Japan tahun 2016 sistem utama penyusun
Formula Garuda 16 terbagi menjadi delapan (8) bagian yaitu brake
system (sistem rem), engine & drivetrain (mesin & sistem pemindah
tenaga), frame & body (rangka & bodi), /instruments & wiring
(instrumen dan jaringan kabel), Miscellaneous, fit & finish, steering
system (sistem kemudi), suspension & shocks (suspensi & shock),
wheel & tires (roda & ban). Dari delapan (8) sistem utama penyusun
Formula Garuda 16 pada cost summary basics dapat diketahui berapa
biaya total yang digunakan. Berikut informasi jumlah biaya
pembuatan Formula Garuda 16 yang tersusun dari materials (bahan
baku), processes (proses pembuatan), fasteners (mur, baut,

pengikatan dan pengencangan), fooling (peralatan bantu khusus).

Tabel 13. Cost Summary Basics, biaya produksi Formula Garuda 16.

. Materials Processes Fasteners Tooling
Total
Sistem ) ) ) () otal ($)

Brake System 327,91 153,86 11.03 - 492,80
Engine &

2.236,01 1.338,65 42,75 11,22 3.628,19
Drivetrain
Frame & Body 2.307,71 2.116,80 29,97 91,87 4.546,35
Instruments &

2.598,15 83,31 1,20 - 3.884,22
Wiring
Miscellaneous,

406,21 295,03 3,99 1,89 752,49
Fit & Finish
Steering
181,93 307,06 4,20 0,99 494,18

System
Suspension &

1.698,77 1.113,30 31,51 8,63 2.852,22
Shocks
Wheels & tires 1.608,02 472,23 28,60 - 2.112,33

TOTAL ($) 11.364,71 5.880,23 153,25 114,61 | 18.762,78
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Berdasarkan data Cost report mobil Formula Garuda 16
didapatkan biaya pembuatan sebesar $ 18.762,78/ unit kendaraan.
Mobil formula akan di pasarkan dengan harga $ 24.999/unit untuk
dapat mendapatkan margin keuntungan sebesar 32 %/unit.
Sedangkan kemampuan daya beli kendaraan dengan harga $ 25.000
diwilayah pasar Amerika adalah 82 %. Maka kendaraan Formula
Garuda 16 dapat bersaing dipasar dan mampu memenuhi keinginan

dan kebutuhan pelanggan dalam pemilihan kendaraan.

. Strategi perusahaan

Garuda UNY Racing Team untuk dapat memenangkan
persaingan bisnis di US weekend racing menggunakan beberapa
strategi terkait dengan perusahaan, pemasaran, pembiayaan, dan
bahan baku. Berikut hasil penelitian dan observasi dilapangan yang
tersaji dalam data — data dan informasi bisnis.
1) Perusahaan

a) Lokasi perusahaan
Perusahaan Garuda UNY Racing Team direncanakan
akan bertempat di Buchanan, Virginia, United States dengan

luas 1500 m?. Berdasarkan data dari www.cnbc.com, virginia

mempunyai keuntungan — keuntungan yang dapat
menyumbang keberhasilan perusahaan. Terdapat lima alasan
utama pemilihan tempat di Virginia, yaitu sebagai berikut :

(1) Teknologi canggih dalam permesinan dan produksi.

(2) Pengerjaan Komponen yang presisi dan tepat waktu.
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(3) Terdapat dukungan perusahaan produksi yang mampu
berkolaborasi.

(4) Tempat produksi dekat dengan bahan baku.

(5) Dekat dengan calon konsumen dan produk cepat untuk
didistribusikan.
Selain lima (5) alasan utama tersebut terdapat

penawaran yang menarik dari pemerintah setempat untuk

daerah Virginia. Data dari www.yesvirginia.com menunjukan

bahwa Virginia terdapat moto “BEST’ untuk melakukan suatu
bisnis. BEST ialah kependekan dari Business first values, Easy
access to domestic and global markets, Stable and low
operating cost, Talented and educated work force. Moto
tersebut mempunyai maksud berikut ini :
(1) B = Business first values
Pemerintah Virginia berkomitmen untuk dapat
memenuhi kebutuhan bisnis di wilayah tersebut, dengan
perusahaan apapun dan darimanapun dapat
memanfaatkan lahan dengan syarat tetap memelihara
lingkungan dalam memperoleh laba. Daerah dengan
orang — orang berpengalaman dan pengembang ekonomi
yang profesional. Sembilan (9) besar daerah dengan

biaya tenaga profesional termurah dengan 6,2 %.
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(2) E = Easy access to domestic and global markets
Terdapat Bandara International Washington Dulles,
Pelabuhan Virginia, Dua (2) rel kereta api terbesar di
Amerika yang beroperasi di Virginia.
(3) S = Stable and low operating cost
Tarif pajak penghasilan yang belum meningkat
sejak tahun 1972 dengan besaran 6 %. Kemudian,
Virginia memiliki tenaga kerja yang sering disebut “/owest
average workers” yang mana biaya tenaga kerja akan
semakin kecil. Contoh yang terdapat di daerah Buchanan
menunjukan bahwa rata — rata penghasilan pertahun

yang harus dipenuhi berdasarkan www.citydata.com

adalah $ 29.653.
(4) T = Talented and educated work force
Virginia mempunyai konsentrasi tertinggi nomer
dua di Amerika dalam bidang teknik. Selain itu sekitar
22.000 ilmuan, doktor dan insinyur bekerja di Virginia dan
merupakan konsentrasi tertinggi di Amerika. Sekitar
575.000 siswa yang terdaftar dari lebih 100 lembaga

pendidikan tinggi negara.

b) Fasilitas Perusahaan
Perusahaan dengan luas 1.500 m? yang bertempat di
Buchanan, Virginia menggunakan panel surya pada bagian

atap bangunan. Perusahaan akan berkomitmen menggunakan
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40 % green energy yang berasal dari panel surya dan 60 %
menggunakan asupan dari listrik negara tersebut untuk tetap
mendukung peraturan pemerintah virginia untuk tetap

menjaga lingkungan. Berikut gambaran perusahaan Garuda

UNY Racing Team.

Gambar 14. ancangan Perusahaan Garda UNY Racing Team
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Sebagai perusahaan produksi mobil Formula Garuda 16,
terdapat fasilitas — fasilitas penunjang untuk dapat
memaksimalkan pekerjaan. Fasilitas tersebut tentu seperti
gedung dan bangunan, peralatan umum, peralatan khusus,
perlengkapan manufaktur, perlengkapan administrasi, dan
gudang. Selain itu terdapat pula peralatan khusus untuk
melakukan perakitan kendaraan Formula Garuda 16 dengan

/ayout atau denah sebagai berikut :

— [ ASSEMBLY LINE
' O 0O d d
Al fa—— e e =

A A
s jod

:@: :@: J QUALITY | —

CONTROL |

Joc)
H_H

{
L& L

FINAL INSPECTION %

Gambar 15. Layout car assembly line

Perusahaan memerlukan beberapa peralatan dan
perlengkapan untuk dapat menjalankan bisnis dengan efektif
dan efisien. Berdasarkan hasil data yang didapatkan
dilapangan berikut adalah daftar perlengkapan dan peralatan
yang dibutuhkan oleh Perusahaan Garuda UNY Racing Team

beserta dengan kebutuhan biaya.
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Tabel 14. Kebutuhan peralatan dan perlengkapan.

i . Price Total
Description Qty Unit Unit ($) ($) Sum ($)
1 | Exterior
a. Solar Panels 1.500 Set 40 60.000
b.  Front Site 20 m ? 600 12.000
Total : 72.000
2 | Interior Show room
a. Acessories 1 Set 1.000 1.000
b.  Front desk & show 10 m 2 108 1.080
case
Total : 2.080
3 | Company License 1 Set 217 217 217
4 | Common Tools
a. Autobody 2 Set 5.434 10.868
b.  Chasiss 2 Set 14.492 28.984
c.  Electrical 2 Set 11.521 23.042
d. Engine 2 Set 12.681 25.362
e. Powertrain 2 Set 9.782 19.564
f.  Safety 2 Set 5.550 11.100
g. Manufacturing 2 Set 17.028 34.056
h.  Wearpack 58 Unit 10 580
Total : 153.556
5 | Special Tools
a. Essential Special 2 Set 644 1.288
b. Assembly 2 Set 1.231 2.462
c. Measruring 2 Set 16241’? 16241’?
d. Design 2 Set 1.159 2.318
e. Repairing 2 Set 111,54 112
Total : 22421
6 | Equipments
a. Bench 10 Unit 50 500
b.  Grinding 16 Unit 43 688
c. Dirilling 16 Unit 54 864
d. Compressor 8 Unit 362 2.896
e. Truck 2 Unit 1.000 2.000
Total : 6.948
7 | Administration Form
(W.O, P.F, etc) 1 Set 181 181 181
8 | Part Back Up
a. Rack + bin box 1 Set 1.086 1.086
b.  Stock part 1 Set 10.869 10.869
Total : 11.955
9 | Land and Building
a. Land 1 Set 99.900 99.900
b. Building 1 Set 1.080.40 | 1.080.40
0 0
1.180.3
Total : 00
TOTAL : 1.384.175
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Berikut kebutuhan untuk operational support yang akan
digunakan untuk mendukung bergeraknya suatu pekerjaan.

Tabel 15. Operational Support.

. ) Price Per Total Per
Description Qty Unit Each ($) Year ($)
1| Operational Support
a. Administration 1 Set 181 181
Form
b. Electricity 12 | Month 1.654 19.848
c. Telephone 12 | Month 1.289 15.468
d. Water 12 | Month 631 7.572
e. Gasoline 120 | Ltr 195 23.400
f. Solar 200 | Ltr 0.50 100
g. Oil 15 | Galon 195 2.925
h. Special kit 100 | Kg 0,65 65
I. Household g |5 1.230 1.230
Operation
j. Natural Gas 1| Year 538 538
k. Entertainment 1| Year 3.088 3.088
I.  Transportation 12 | Set 9.056 108.672
TOTAL 183.087

c) Kerjasama Perusahaan

Dalam rangka mewujudkan perusahaan dengan modal
awal (start up cost) dan investasi rendah (/ow investment),
dibutuhkan kerjasama dalam pembuatan kendaraan Formula
Garuda 16. Beberapa sparepart dan komponen penyusun
mobil Formula Garuda 16 tidak dikerjakan secara penuh oleh
bagian produksi perusahaan Garuda UNY Racing Team.
Komponen — komponen pendukung akan dikerjakan oleh
perusahaan yang menjadi partner, sedangkan komponen
utama akan dikerjakan secara sendiri. Sehingga harus ada

pemetaan komponen — komponen yang harus dikerjakan oleh
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partner dan komponen utama yang dikerjakan sendiri. Berikut

adalah daftar komponen yang akan dikerjakan oleh partner.

Tabel 16. Daftar Rencana Partner.

No | Komponen Partner Website
Mesin

1 Husqvarna www.ktm.com

Baterai .
2 Yuasa YU As AWW www.yuasabatteries.com

MOTION & CONTROL"
3 Bearing www.nsk.com
4 Velg ﬁ,%,‘,’;’,,lﬂﬁ,f www.keizerwheels.com
5 | Heat Shield FURAI www.fukai.co.jp
Oli mesin,
minyak rem,
6 minyak MOTUL www.motul.com
kopling, oli
gardan
&
7 Ban mosl?f www.hoosiertire.com
RACING TIRE
= ®
8 Aliggrcbker HLHNS www.ohlinsusa.com
7 N\

; : www.drexler-

? Differential DRd,Eeé,!-E/R motorsport.com

d) Kebutuhan Tenaga Kerja

Perusahaan membutuhkan beberapa manajer dan staf

untuk dapat menjalankan operasional. Kebutuhan tersebut

juga harus disesuaikan dengan kebutuhan perusahaan,

volume produksi,

dan kemampuan

perusahaan.

Telah

diidentifikasi jumlah pekerja yang akan di tempatkan pada

perusahaan Garuda UNY Racing Team. Selain
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penentuan angka gaji didasarkan pada www.city-data.com dan

www.numbeo.com agar sesuai dengan keputusan pemerintah

setempat dan dapat diterima oleh calon pekerja yang akan
bergabung. Berikut deskripsi kebutuhan tenaga kerja dan

penentuan angka gaji.

Tabel 17. Kebutuhan tenaga kerja beserta besaran gaji/tahun.

No Description Qty E';':ﬁe(é) Y.I;;tfl(é)
1 | Man Power
a. Manager 2 43.000 86.000
b. Alenlstratlon & 2 29.000 58.000
Finance
c. Human Resourch & 1 35.000 35.000
Development
d. Head of Mechanic 2 43.000 80.000
e. Mechanic 20 33.000 660.000
f. Front Desk 2 25.000 50.000
g. Part Man 2 27.000 54.000
TOTAL 1.023.000

2) Strategi Pemasaran
a) Formula Garuda Game

Mobil Formula Garuda adalah mobil dengan peforma
tinggi dengan kemampuan Aandling yang baik sehingga
mudah dikendalikan. Konsumen akan merasa tertarik untuk
mencoba Formula Garuda 16 sebelum menentukan akan
membeli unit kendaraan. Melalui Formula Garuda Game,
semua calon konsumen dapat melihat paket kendaraan,
spesifikasi kendaraan, memodifikasi kendaraan dengan drag &

drop customization system dan merasakan kehebatan dari
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Formula Garuda 16. Konsumen akan terkejut ketika
menggunakan game ini secara online dapat bersaing dengan
perangkat Aandphone, pc, tablet lain. Formula Garuda Game
dapat didapatkan dengan membuka google playstore
kemudian dapat mengunduh setelah mendaftar di Garuda FLY
HIGH Online. Berikut adalah desain game vyang akan
ditawarkan untuk membantu pemasaran produk Formula

Garuda 16.

GETITON

?‘#’ Google Play

Gambar 16. Paket Formula Garuda Game

b) Formula Garuda Competition (FGC)

Pasar balapan mingguan akan semakin menguntungkan
perusahaan maupun konsumen dengan hadirnya Formula
Garuda Competition. Kompetisi ini diselenggarakan oleh
Perusahaan Garuda UNY Racing Team untuk pembalap pemula
dari setiap daerah maupun setiap negara dengan kendaraan

Formula Garuda milik konsumen. Kompetisi ini juga akan
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memiliki standar keselamatan tingkat FIA (Federation
Internationale de I’Automobile), sehingga pembalap pemula

akan merasa lebih aman dalam bertanding.

FORMULA GARUDA

INTERNATIONAL SERIES

Gambar 17. Logo kompetisi Formula Garuda

Konsumen dapat merasakan kompetisi yang sangat
kompetitif dengan kendaraan formula style yang mempunyai
peforma tinggi, sistem keselamatan yang handal dan
kemampuan pengemudian baik serta mudah dikendalikan.
Konsumen akan merasakan dorongan adrenalin sampai ke urat
nadi ketika berada didalam mobil Formula Garuda 16 saat
dilintasan balap.

Melalui pertandingan Formula Garuda Competition,
Perusahaan dapat menambah keuntungan dan menambah
popularitas dari produk dan perusahaan Garuda UNY Racing
Team. Kompetisi ini akan diadakan setelah dua (2) tahun
melakukan penjualan Formula Garuda 16. Dengan target
penjualan setiap tahun sejumlah 175 unit berdasarkan pada

analisis pasar, maka ditahun kedua ada sebanyak 250 target
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kendaraan terjual. Dari jumlah tersebut, berikut proyeksi

pendapatan Formula Garuda Competition (FGC).

Tabel 18. Biaya Formula Garuda Competition dalam USD ($).

FGC Cost Analysis per Year

Description Prices e T 2019 2020
Race Car Participant 0 0 47 94
Audience 0 0 200 400
INCOME
a. Entry Fee Audience 20 0 0 4.000 8.000
b. Entry Fee Participant 250 0 0 11.750 23.500
c. Arrive & Drive 6.000 | o o | 19201 338400
d. Packages 100 0 0 4,700 9.400
e. Parts Sold 900 0 0 42.300 84.600
f.  Advertising 0 0 50.000 50.000
Total 0 0 281.950 513.900
EXPENSE
a. Track Leases 65.000 0 0 65.000 65.000
b. Track Workers 45.000 0 0 45.000 90.000
C. Tech. Inspector 30.000 0 0 30.000 60.000
d. Car Engineers 35.000 0 0 35.000 70.000
e. Third Party Parts 35.000 0 0 35.000 70.000
f. Transportation & 50.000 | o o | 50.000| 100.000
Logistic
Total 0 0 260.000 | 455.000
REVENUE 0 0 21.950 | 58.900
Garuda App

EFFORTLESS RACING EXPERIENCE

Enter ce

225 Correction 1.031

Gambar 18. Garuda App
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d)

Garuda App adalah solusi untuk konsumen yang
menginginkan perkembangan dirinya dan mobilnya untuk
dapat menambah pencapaian waktu tempuhnya di lintasan
balap. Garuda App dapat digunakan pada sistem operasi
Android maupun I0S. Aplikasi Garuda App dapat di unduh di

google playstore atau www.garudauny.com. Garuda App

mempunyai tiga fungsi utama yang akan memanjakan

konsumen dengan pengalaman balapan tanpa bersusah payah

(effortless racing experience), yaitu :

a) Konsumen dapat mengetahui produk, jasa, jadwal
pertandingan FGC dan informasi terbaru dari Garuda UNY
Racing Team

b) Garuda App memungkinkan kosumen untuk dapat
melakukan penyetelan terhadap engine FG 16 untuk
mendapatkan peforma yang diinginkan. Selain itu, aplikasi
ini memungkinkan pembalap untuk memonitor peformanya
sendiri dan peforma FG 16 (telemetri).

c) Konsumen dapat penuh mengakse tuning guide dan
personal coaching untuk dapat meraih impian menjadi
juara dilintasan balap.

Garuda FLY High

Garuda FLY HIGH adalah impian bagi setiap orang untuk
dapat mengembangkan kemampuannya dibidang balapan.

Penawaran Formula Garuda 16 mempunyai keuntungan untuk
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konsumen. Perusahaan Garuda UNY Racing Team adalah
partner sesungguhnya untuk setiap konsumen. “FLY HIGH'
adalah singkatan dari Face The Challenge With Your Helpfull
Partner To Ignite Great Achievement. Garuda FLY HIGH
menyediakan enam (6) pilar utama kebutuhan konsumen
untuk dapat menggapai mimpi sebagai pemenang di lintasan
balap. Enam (6) pilar utama tersebut adalah :

(1)Fly High Tour

Gambar 19. Car production line

Semangat konsumen akan semakin meningkat
dengan adanya four di production line. Konsumen dapat
melihat pengaplikasian teknologi yang terpasang pada
Formula Garuda 16 secara langsung. Semangat yang kuat
akan timbul dengan pendampingan dan penjelasan

strategis terkait dengan FG 16.
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(2)Proprietery FG 16 Simulator

Gambar 20. Formula Garuda Simulator

FG 16 Simulator memungkinkan konsumen dapat
merasakan duduk di cockpit secara langsung dan
merasakan pengalaman pertama yang luar biasa bersama
Formula Garuda 16. Konsumen akan merasakan dorongan
adrenalin sampai memuncak di saluran nadi selama
merasakan percobaan mengendarai pertamanya.

(3) Test Drive

Gambar 21. Formula Garuda 16 Test Drive

Setelah berhasil mengendarai FG 16 simulator,

konsumen dapat merasakan kehebatan Formula Garuda
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16 dengan fasilitas test drive. Konsumen tak akan lepas
dari driver cockpit ketika sudah menyatu dengan Formula
Garuda 16. Fasilitas ini diberikan kepada konsumen agar
mereka mampu merasakan pengalaman yang tidak
pernah terlupakan bersama Formula Garuda 16.

(4) Car Coaching

Gambar 22. Car Coaching

Pelatihan pengemudian dan pelatihan penyetingan
kendaraan tersedia untuk semua konsumen Formula
Garuda 16. Pelatihan tersebut tersedian secara onfine di
Garuda FLY HIGH Online. Pelatihan ini dimaksudkan agar
konsumen Formula Garuda 16 dapat meningkatkan waktu
tercepatnya dilintasan dan peforma terbaik kendaraannya

setiap saat.

108



(5) Drag & Drop Customization

Gambar 23. FG 16 Drag & drop Customization system

Konsumen mempunyai keinginan untuk dapat
meningkatkan peforma kendaraannya dari waktu ke
waktu. Formula Garuda 16 di desain secara maksimal
agar semua konsumen dapat melakukan modifikasi
dengan mudah dengan cara drag & drop customization
system. Konsumen hanya perlu melepas komponen yang
ingin diganti, kemudian dapat menggantinya sesuai
dengan keinginan dan kebutuhan konsumen.

(6) Delivery & Logistic

e PP

Gambar 24. Delivery & Logistic Car
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Konsumen vyang sangat bersemangat dengan
Formula Garuda 16 untuk dapat melakukan test drive
ataupun kompetisi Formula Garuda Competition terdapat
fasilitas tambahan. Fasilitas Garuda FLY HIGH yang
sangat lengkap diberikan kepada konsumen. Delivery &
Logistic team selalu siap dan mantap untuk memastikan
Formula Garuda milik konsumen dapat dikirim dan
diantarkan ke tujuan vyang diinginkan. Sehingga
konsumen selalu siap dan bersemangat kapanpun untuk

melakukan balapan yang diinginkan.

e) Pemasaran

Perusahaan Garuda UNY Racing Team menggunakan
berbagai cara strategis untuk memaksimalkan promosi
kendaraan Formula Garuda 16. Kegiatan paling pertama yang
dilakukan untuk mengenalkan produk FG 16 adalah dengan
melakukan roll out & launching. Kegiatan tersebut selain
mengenalkan Formula Garuda 16 juga sebagai ajang
mendekatkan diri dengan calon konsumen agar dapat
merasakan kehebatan Formula Garuda 16 melalui Garuda FLY

HIGH.
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Gambar 25. Roll Out Formula Garuda 16

Gambar 26. Launching Formula Garuda 16

Pada pertengahan tahun pertama setelah mengadakan
kegiatan roll out & launching, Formula Garuda 16 akan tampil
di salah satu acara otomotif terkenal di dunia yaitu 7op Gear

USA.
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Gambar 27. Top Gear USA

Formula Garuda 16 akan di bahas dan diperkenalkan
secara detail didalam tayangan televisi tersebut. Sedangkan
promosi di televisi ditayangkan, Garuda UNY Racing Team
juga melakukan iklan di periklanan online, majalah otomotif,
koran serta media sosial seperti 7facebook, twitter, websites,
youtube dan press release ke media cetak maupun elektronik.

3) Strategi Pembiayaan
a) Strategi Just In Time (JIT)

Just In Time adalah suatu sistem produksi yang
dirancang untuk mendapatkan kualitas produk, menekan
biaya, dan mencapai waktu penyerahan produk seefisien
mungkin dengan menghapus seluruh jenis pemborosan yang
terdapat dalam proses produksi. Sehingga perusahaan mampu
menyerahkan produknya sesuai kehendak konsumen secara
tepat waktu. Untuk mencapai sasaran dari sistem ini,
perusahaan Garuda UNY Racing Team memproduksi hanya

sebanyak jumlah vyang dibutuhkan atau diminta oleh
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b)

konsumen dan pada saat dibutuhkan sehingga dapat
mengurangi  biaya pemeliharaan maupun  menekan
kemungkinan kerusakan atau kerugian akibat menimbun
barang — barang. Sistem ini dirintis oleh Toyota Motor
Corporation dan dikenal juga dengan sistem produksi 7oyota,
yang kemudian dikenal juga dengan istilah sistem produksi
ramping (Lean Production system).

Strategi Poka Yoke (mistake proofing)

Perusahaan Garuda UNY Racing Team menerapkan
strategi Poka Yoke yang diterapkan dalam produksi kendaraan
untuk memaksimalkan keuntungan. Kata “poka yoke’ berasal
dari bahasa Jepang yang artinya mencegah kesalahan yang
dikarenakan oleh kecerobohan oleh tenaga manusia. Menurut
konsep poka yoke, pada dasarnya sifat manusia adalah pelupa
dan cenderung berbuat salah. Pekerjaan produksi yang secara
terus menerus dengan cara yang sama memungkinkan
manusia akan bosan dan cenderung berbuat salah. Sehingga
penerapan metode kerja Poka Yoke menjadi perlu dilakukan
dalam menghindari kesalahan yang menyebabkan kerugian
perusahaan.

Poka Yoke adalah suatu teknik untuk mengatasi dan
menghindari kesalahan sederhana yang dikarenakan oleh
manusia atau pekerja tersebut ditempat kerja dengan cara

mencegahnya langsung dari akar penyebab kesalahan dan
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menarik perhatian khusus dalam suatu pekerjaan atau tugas
sehinga tidak memiliki kemungkinan untuk membuat
kesalahan.
Berikut lima (5) tujuan utama penerapan metode Poka Yoke
adalah untuk :
i) Mengurangi atau menghilangkan inspeksi 100%
i) Tidak ada kesempatan untuk melakukan kesalahan
iii) Mencegah terjadinya kecacatan atau kerusakan dari
sumbernya
iv) Mengurangi ketergantungan kepada tenaga manusia
untuk melakukan deteksi
V) Zero defect atau nol kerusakan
c) Startup cost
Perusahaan harus secara rinci melakukan perhitungan
modal awal untuk memulai suatu bisnis. Startup cost yang
dibutuhkan untuk memulai perusahaan Garuda UNY Racing
Team secara umum vyaitu manufacturing initial cost (biaya
awal untuk produksi) sebesar $ 1.699.465 dan wages (biaya
gaji untuk tenaga kerja) sebesar $ 565.500 (fabel 16.

Kebutuhan tenaga kerja dan besaran gaji).

4) Strategi Bahan Baku
a) Manajemen resiko persediaan bahan baku
Terdapat kemungkinan resiko jika partner perusahaan

tidak dapat memasok kebutuhan bahan baku atau komponen.
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Jika hal tersebut terjadi, maka diperlukan rencana dan strategi

untuk dapat mengatasi masalah yang dapat timbul. Garuda

UNY Racing Team mempunyai tiga (3) strategi untuk

menanggulangi resiko tersebut, yaitu :

(1)

(2)

(3)

Buffer

Penanganan resiko bahan baku sangat penting
untuk direncanakan. Ketika bahan baku utama terjadi
penipisan stok dan bahkan habis, material umum
(common materials) yang dapat digunakan sebagai
bahan baku digunakan sebagai penopang. Bahan baku
tersebut dapat diambil dari program 3R (Recycle
Reduce, Reuse). Sehingga saat terjadi kehabisan bahan
baku, perusahaan tetap bisa menggunakan material
umum dari proses 3R sebagai penopang (buffer).
Geograpic Differentiation

Strategi kedua yaitu terkait dengan perbedaan
lokasi geografis (geograpic differentiation) dari
penyedia bahan baku dan komponen dapat
menimbulkan  permasalahan yang fatal. Untuk
mereduksi permasalahan tersebut kami memilih
partner yang terbukti dan handal dalam bekerja.
Secondary Network

Strategi ketiga yaitu tambahan jaringan

(seconaary network) untuk penyedia bahan baku dan
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komponen saat terjadi kejadian darurat. Perusahaan
harus menguasai jaringan penyedia bahan baku agar
dapat melakukan kontrol dan pengawasan ketika akan
terjadi keadaan darurat yang dapat menyebabkan
kerugian.

b) Buy Back Programme

4 )
od
-

BUY BACK
PROGRAM

Gambar 28. Strategi Buy Back Programme
Program ini bertujuan untuk membeli bahan — bahan
utama dari kendaraan Formula Garuda 16 yang sudah tidak
digunakan dan tidak terpakai karena faktor — faktor tertentu.
Buy back programme akan mendukung sistem 3R (Recycle,

Reduce, Reuse) dalam hal kebutuhan manajemen bahan baku.

&

c) Recycle, Reduce, Reuse

S

Gan;gda UNW;;'

ce, Reuse and Recyc|

Gambar 29. Strategi 3R
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Strategi ini berfokus pada kegiatan daur ulang (recycle),
kegiatan pengurangan stok masal bahan baku (reduce) dan
penggunaan kembali bahan — bahan yang telah terpakai
menjadi bahan baku (reuse). Kegiatan ini dilakukan untuk
menunjang manajemen resiko bahan baku jika terjadi keadaan
darurat atau tidak adanya ketersediaan bahan baku yang
memadai pada saat yang diperlukan. Selain mendukung
manajemen resiko material, strategi ini dapat meningkatkan
kepentingan jangka panjang perusahaan dan juga ramah

lingkungan.

Strategi Efektif untuk Desain dan Manufaktur

Untuk meningkatkan produktifitas, setiap perusahaan
memerlukan rencana produksi. Bagaimanapun, rencana yang efektif
adalah proses yang rumit yang mana mencangkup banyak aktifitas
untuk memastikan bahwa bahan baku, peralatan, dan sumber daya
manusia tersedia ketika dan dimana dibutuhkan. Rencana produksi
terlihat seperti peta konsep, yang mana akan membantu mencapai
tujuan perusahaan dan berapa lama waktu yang dibutuhkan.
Beberapa keuntungan yang didapat dari rencana produksi yang efektif
yaitu mengurangi biaya tenaga kerja, mengurangi biaya
penyimpanan, mengoptimalkan  penggunaan peralatan dan
meningkatkan pengiriman yang tepat waktu. Berikut faktor kunci dari

perencanaan produksi :
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1)

2)

3)

Ekspektasi Perkiraan Pasar (Forecast Market Expectation)
Perencanaan produksi yang efektif memerlukan estimasi nilai
pasar yang dapat dipercaya. Sehingga data pasar harus diperoleh
dengan lengkap. Data tersebut adalah nilai pasar, tren pasar, dan
kemungkinan kebutuhan pasar. Dengan data tersebut dapat
diperkirakan kemungkinan pasar yang akan datang.
Standarisasi Langkah dan Waktu (Standarized Step and
Time)

Secara umum, cara yang paling efisien untuk menentukan
langkah — langkah produksi perusahaan adalah dengan
menentukan proses dalam urutan yang jelas dengan batasan
waktu maksimal yang dibutuhkan untuk menyelesaikan suatu
pekerjaan. Setelah menentukan peta suatu proses, perusahaan
akan memahami berapa lama waktu yang dibutuhkan untuk
menyelesaikan seluruh proses. Hal ini akan mempercepat proses
perencanaan perusahaan secara signifikan.

Effisiensi Pengoperasian (Lean Manufacture Principle)

Selama proses penentuan standarisasi langkah dan waktu,
perusahaan dapat mengidentifikasi kemungkinan pemborosan
atau pembuangan waktu. Dengan menggunakan prinsip /ean
manufacture & poka yoke untuk dapat menghilangkan
pemborosan dan pembuangan waktu kerja, memperpendek
proses dan mengingkatkan penyampaian barang dan penggunaan

anggaran.
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4)

5)

Ketersediaan Peralatan dan SDM

Perencanaan harus memaksimalkan kapasitas operasional
perusahaan namun jangan sampai melebihi kapastitas maksimal
operasional. Karena terdapat kemungkinan untuk hal — hal yang
tidak terduga dan memerlukan prioritas. Sehingga penggunaan
peralatan dan pemanfaatan sumber daya manusia harus
disesuaikan dengan perkiraan harapan pasar.

FMEA (Failure Mode Effect Analysis Method)

Metode ini memungkinkan suatu perusahaan untuk
menentukan cara mengurangi potensi permasalahan didalam
operasional bisnis. FMEA merupakan pendekatan sistematik yang
menerapkan metode pentabelan untuk membantu proses
pemikiran yang digunakan oleh tenaga kerja untuk

mengidentifikasi mode kegagalan potensial dan efeknya.

6) Kontrol Persediaan (Inventory Control)

Kontrol persedian harus selalu mengacu dengan hasil data
pemikiran dari perkiraan harapan pasar, ketersediaan peralatan
dan sumber daya manusia. Kontrol persediaan juga menganut
sistem Just In Time yang mana dapat dilakukan penghematan dan

pemaksimalan penggunaan anggaran.
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Hasil Pengolahan Data Perusahaan

1) Kebutuhan Investasi Perusahaan

Tabel 19. Kebutuhan investasi perusahaan.

Description Qty | Unit U:;:c(e” Total ($) | Sum ($)
Exterior
a. Solar Panels 1.500 Set 40 60.000
b.  Front Site 20 m 2 600 12.000
Total : 72.000
Interior Show room
a. Acessories 1 Set 1.000 1.000
b.  Front desk & show 10 m 2 108 1.080
case
Total : 2.080
Company License 1 Set 217 217 217
Common Tools
a. Autobody 2 Set 5.434 10.868
b. Chasiss 2 Set 14.492 28.984
c.  Electrical 2 Set 11.521 23.042
d. Engine 2 Set 12.681 25.362
e. Powertrain 2 Set 9.782 19.564
f.  Safety 2 Set 5.550 11.100
g. Manufacturing 2 Set 17.028 34.056
h.  Wearpack 58 Unit 10 580
Total : 153.556
Special Tools
a. Essential Special 2 Set 644 1.288
b. Assembly 2 Set 1.231 2.462
Cc.  Measruring 1 Set 16.241,63 | 16.241,63
d. Design 2 Set 1.159 2.318
e. Repairing 1 Set 111,54 112
Total : 22.421
Equipments
a. Bench 10 Unit 50 500
b.  Grinding 16 Unit 43 688
c. Dirilling 16 Unit 54 864
d. Compressor 8 Unit 362 2.896
e. Truck 2 Unit 1.000 2.000
Total : 6.948
Administration Form
(W.O, P.F, etc) 1 Set 181 181 181
Part Back Up
a. Rack + bin box 1 Set 1.086 1.086
b.  Stock part 1 Set 10.869 10.869
Total : 11.955
Land and Building
a. Land 1 Set 99.900 99.900
b.  Building 1 Set | 1.080.400 | 1.080.400
Total : 1.180.300
TOTAL : 1.384.175
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Berdasarkan tabel kebutuhan investasi perusahaan
didapatkan data kebutuhan keuangan dalam rangka memenuhi
kebutuhan investasi peralatan dan kelengkapan perusahaan. Pada
bagian ekterior yang terdiri dari solar panel dan front site
membutuhkan biaya sebesar $ 72.000. Kemudian kebutuhan
untuk melengkapi /interior show room membutuhkan biaya sebesar
$ 2.080. Perusahaan membutuhkan beberapa ijin yang harus ada
ketika menjalankan perusahaan dengan biaya sebesar $ 217.
Untuk peralatan manufaktur dan produksi perusahaan yang terdiri
dari common tools seperti pada divisi autobody, chassis, electrical,
engine, powertrain, safety, manufacturing, dan wearpack
membutuhkan biaya sebesar $ 153.556, special tools seperti
essential special, assembly, measuring, design, repairing
membutuhkan biaya sebesar $ 22.421, dan eguipments seperti
bench, grinding, drilling, compressor, truck membutuhkan biaya
sebesar $ 6.948. Kemudian terdapat pula kebutuhan lembaran
administrasi seperti kertas working order, recejpt, dan lain
sebagainya sebesar $ 181. Kebutuhan yang juga penting yaitu
tempat penyimpanan sparepart dan peralatan penyimpanan part
di gudang sebesar $ 11.955. Terlebih lagi untuk keperluan lahan
atau tempat dan pembuatan bangunan sebesar $ 1.180.300. Pada
akhirnya, perusahaan membutuhkan biaya sebesar total $

1.384.175 untuk kebutuhan inventaris.
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2) Amortasi

Tabel 20. Amortasi perusahaan.

Description Qty | Unit | Total ($) | Year | Amortization($)
Exterior
a. Solar Panels 1.500 | Set 60.000 | 8,79 6.826
b.  Front Site 20 m? 12.000 | 8,79 1.365
Interior Show
room
a. Acessories 1 Set 1.000 8,79 114
b.  Front desk & 8,79 123

<how case 10 m 2 1.080
Company License 1 Set 217 | 8,79 25
Common Tools
a. Autobody 2 Set 10.868 | 8,79 618
b. Chasiss 2 Set 28.984 | 8,79 1.649
c.  Electrical 2 Set 23.042 | 8,79 1.311
d. Engine 2 Set 25.362 8,79 2.628
e. Powertrain 2 Set 19.564 8,79 1.564
f.  Safety 2 Set 11.100 | 8,79 1.263
g. Manufacturing 2 Set 34.056 | 8,79 922
h.  Wearpack 58 Unit 580 | 8,79 66
Special Tools
a. Essential 8,79 147
Special 2 Set 1.288
b. Assembly 2 Set 2.462 | 8,79 280
Cc.  Measruring 2 Set 2.172 8,79 1.848
d. Design 2 Set 2.318 | 8,79 264
e. Repairing 2 Set 288 | 8,79 13
Equipments
a. Bench 10 Unit 500 | 8,79 57
b.  Grinding 16 Unit 688 | 8,79 78
c.  Drilling 16 Unit 864 | 8,79 98
d. Compressor 8 Unit 2.896 | 8,79 329
e. Truck Unit 2.000 | 8,79 228
Administration Form
(W.0, P.F, etc) 1 Set 181 | 8,79 21
Part Back Up
a. Rack + bin box 1 Set 1.086 | 8,79 124
Land and Building
a. Building 1 Set | 1.080.400 8,79 122.912
TOTAL 144.870
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Kebutuhan investasi perusahaan akan mengalami amortasi atau

penurunan nilai secara bertahap dalam jangka waktu 8,79 tahun

atau sekitar 8 tahun, 9 bulan dengan total penurunan nilai

investasi yang dimiliki perusahaan sebesar $ 144.870/tahun.

3) Analisa Modal Kerja

Tabel 21. Analisa modal kerja.

Price / | Total /
No Description Qty | Unit Each Year Total ($)
() ()
1 | Man Power
a. Manager 2 43.000 | 86.000
b. Administration |, 20.000 | 58.000
& Finance
C. Human
Resourch & 1 35.000 35.000
Development
d. Head — of | , 43.000 | 80.000
Mechanic
e. Mechanic 20 33.000 | 660.000
f.  Front Desk 2 25.000 50.000
g. Part Man 2 27.000 | 54.000
Total : 31 1.023.000
2 | Operational
Support
a. Administration | 1 Set 181 181
Form
b. Electricity 12 Month 1.654 | 19.848
C. Telephone 12 Month 1.289 | 15.468
d. Water 12 Month 631 7.572
e. Gasoline 120 | Ltr 195 23.400
f. Solar 200 | Ltr 0.50 100
g. Oil 15 | Galon 195 2.925
h. Special kit 100 | Kg 0,65 65
i.  Household 1 Set 1.230 1.230
Operation
j.  Natural Gas 1 Year 538 538
k. Entertainment | 1 Year 3.088 3.088
|. Transportation | 12 Set 9.056 | 108.672
Total : 183.087
3 | Cost of Sales
Part 1 10.435 10.435
Total : 10.435
4 | Other Operating
Cost
a. Amortization 1 144.870 | 144.870
Total : 144.870
TOTAL 1.361.392
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4)

Berdasarkan tabel diatas, kebutuhan total untuk tenaga
kerja adalah sebanyak 31 orang dengan biaya gaji selama satu (1)
tahun adalah sebesar $ 1.023.000. Sedangkan untuk biaya
pendukung operasional dalam satu tahun membutuhkan biaya
sebesar $ 183.087. kemudian terdapat pula cost of sales part
sebesar $ 10.435 dan amortasi inventaris perusahaan sebesar $
144.870. Sehingga dalam perusahaan membutuhkan biaya

sebesar $ 1.361.392 untuk kebutuhan modal kerja.

Analisa Modal Kerja Per Tahun

Tabel 22. Analisa modal kerja per tahun.

No Description Qty Total ($)
(Set/Year)
1 | Salary Expense 1 1.023.000
2 | Operational Support 1 183.087
3 | Cost of Sales Parts 1 10.435
4 | Other Expenses 1 144.870
5 | Payback
a. Loan Investment Paid 1 157.451
b. Interest of Investment 1 -
c. Loan Working Capital Paid 1 154.880
d. Interest Working Capital 1 -
Working Capital Cost per Year 1.647.879

Kebutuhan biaya modal kerja per tahun yang akan dikeluarkan
oleh perusahaan yaitu sebesar $ 1.647.879. Pengeluaran pertama
yaitu biaya untuk gaji tenaga kerja (salary expense) sebesar $
1.023.000. Pengeluaran kedua yaitu biaya untuk pendukung
operasional perusahaan (operational support) sebesar $ 183.087.
Pengeluaran ketiga yaitu untuk biaya kebutuhan suku cadang
(cost of sales part) sebesar $ 10.435. Kemudian, pengeluaran

keempat yaitu biaya lain — lain (other expenses) dengan total
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5)

sebesar $ 144.870. Pengeluaran terakhir yaitu untuk kebutuhan
pembayaran investasi sebesar $ 157.451 dan pinjaman sebesar $

154.880.

Proyeksi Keuntungan Formula Garuda Competition

Tabel proyeksi keuntungan Formula Garuda Competition
dibawah ini menunjukan prediksi pemasukan (/ncome) yang akan
didapatkan dari kompetisi yang diselenggarakan setiap tahun dan
biaya pengeluaran (expenses) yang harus ditanggung untuk
menjalankan kompetisi tersebut. Kebutuhan biaya pengeluaran
terdiri dari track leases, track worker, techinal inspector, car
engineer, third party part, transportation & logistic sebesar $
260.000 pada tahun pertama kompetisi (2019). Biaya yang
dikeluarkan untuk kegiatan kompetisi tersebut selalu meningkat
setiap tahunnya seiring dengan meningkatnya jumlah partisipasi
pembalap, misalkan biaya pengeluaran pada tahun 2022 sebesar
$ 626.600, kemudian pada tahun 2025 yaitu sebesar $ 1.035.445.
Sedangkan, pemasukan yang akan didapatkan dari Formula
Garuda Competition terdiri dari entry fee audience, entry fee
participant, arive & drive, parts sold, sponsor advertising dengan
prediksi pada tahun 2019 mendapatkan pemasukan 281.950.
Keuntungan yang didapatkan setiap tahun mengalami kenaikan,
pada tahun 2019 sebesar $ 21.950, pada tahun 2022 sebesar $
91.416 dan pada tahun 2025 sebesar 168.887. Berikut adalah

tabel proyeksi keuntungan Formula Garuda Competition.
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Tabel 23. Proyeksi Keuntungan Formula Garuda Competition dalam USD ($)

Description

Prices($)

FGC Cost Analysis per Year

2019 2020 2021 2022 2023 2024 2025 2026 2027
Race Car Participant 47 94 113 135 162 195 234 281 281
Audience 200 400 480 576 691 829 995 1.194 1.433
INCOME (%)
g. Entry Fee 20 4.000 8.000 9.600 | 11.520| 13.824 16.589 19.907 23.888 28.665
Audience
h. Entry Fee 250 | 11.750 | 23.500 | 28.200 | 33.840 |  40.608 48.730 58.476 70.171 70.171
Participant
i, Arrive & Drive 6.000 | 169.200 | 33.8400 | 406.080 | 487.296 | 58.4755 |  701.706 842.047 | 1.010.457 | 1.010.457
j. Packages 100 4.700 9.400 | 11.280 | 13536 | 16.243 19.492 23.390 28.068 28.068
k. Parts Sold 900 | 42300 | 84.600 | 101.520 | 121.824 | 14.6189 | 175427 210512 | 252.614 | 252.614
. Advertising 0] 50.000| 50.000| 50.000| 50.000|  50.000 50.000 50.000 50.000 50.000
Total (3) 281.950 | 513.900 | 606.680 | 718.016 | 85.1619 | 101.1943 | 1.204.332 | 1.435.198 | 1.439.976
EXPENSE ($)
g. Track Leases 65.000 | 65.000 | 65.000 | 65.000 | 65.000| 65.000 65.000 65.000 65.000 65.000
h. Track Workers 45.000 | 45.000 | 90.000 | 108.000 | 129.600 | 155.520 |  18.6624 223.049 | 268.739 | 268.739
i.  Tech. Inspector 30.000 | 30.000 | 60.000| 72.000| 86.400 | 10.3680 |  124.416 149299 | 179.159 |  179.159
5. Car Engineers 35.000 | 35.000 | 70.000 |  84.000 | 100.800 | 12.0960 |  145.152 174.182 | 209.019 | 209.019
k. Third Party Parts 35.000 | 35.000 | 70.000 | 84.000 | 100.800 | 12.0960 |  145.152 174.182 | 209.019 |  209.019
. I;ag?sst?c"rtatm& 50.000 | 50.000 | 100.000 | 120.000 | 144.000 | 17.2800 |  207.360 248.832 | 298.598 |  298.598
Total (3) 260.000 | 455.000 | 533.000 | 626.600 | 73.8920 | 873.704 | 1.035.445 | 1.229.534 | 1.229.534
REVENUE ($) 21.950 | 58.900 | 73.680 | 91.416 | 112.699 | 138.239 | 168.887 | 205.664 | 210.442
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6) Proyeksi Laba Rugi Perusahaan

Tabel 24. Proyeksi laba perusahaan.

A. Income Projected
a. Unit Car/ Year 175 Unit
b. Unit Sparepart / 300 Unit
Year
c. Goods Revenue 10.288,57 $/Unit  $1.800.499,75
Service Revenue 1.023  $/Unit $179.057,97
Parts Sales 1.335 $/Unit $400.434,81
Amount
$2.379.992,53
B. Man Power $1.023.200,00
C. Operational Support $ 183.087,00
D. Cost of Sales Part $10.434,78
E. Other Expenses $144.869,81 $1.361.391,60
Gross Profit w
F. Payback
a. Loan Investment Paid $157.450,93
b. Interest of Investment -
c. Loan Working Capital Paid $ 154.879,59
d. Interest of Working Capital - $312.330,52

Terget penjualan kendaraan setiap tahun sebanyak 175 Unit dan
sparepart sebanyak 300 unit dengan total keuntungan yang
didapatkan dari hasil penjualan kendaraan, servis, dan sparepart
sebesar $ 2.379.992,53. Sehingga Gross Profit atau laba kotor
yang didapatkan dari Income Projected dikurangi dengan
pengeluaran perusahaan tiap tahun, hasilnya adalah sebesar $
1.108.600,93 dengan margin laba kotor 43 %. Sedangkan laba
bersih yang diperoleh dengan total 30 % atau sebesar $
706.270,41 didapatkan dari hasil laba kotor (gross profit) dikurangi
dengan pembayaran hutang investasi ( /oan investment paid &

loan working capital paid).
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7)

Cash Flow

Tabel 25. Perkiraan cash flow perusahaan.

No

Description

Begining

Cash Flow

Forcast on 2016 — 2027

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

Cash

193.476,78

158.972,48

308.135,65

332.869,13

466.634,08

549.492,76

697.432,61

833.925,11

1.017.933,88

INCOME
FORECAST

Revenue of
Goods

2.379.992,53

2.736.991,41

3.147.540,12

3.619.671,13

4.162.621,80

4.787.015,08

5.505.067,34

6.330.827,44

7.280.451,55

8.372.519,29

Account
Receiveable

Loan

1.383.993,65

Working Capital
Loan

1.361.391,60

Owners Capital

Formula
Garuda
Competition

43.900,00

117.800,00

147.360,00

182.832,00

225.398,40

276.478,08

337.773,70

411.328,44

420.883,58

TOTAL
INCOME

1.383.993,65

1.361.391,60

2.379.992,53

2.974.368,18

3.424.312,60

4.075.166,79

4.678.322,93

5.479.047,55

6.331.038,17

7.366.033,74

8.525.705,10

9.811.336,75

EXPENSE
FORECAST

Salary Expenses

1.023.000,00

1.074.150,00

1.127.857,50

1.184.250,38

1.243.462,89

1.305.636,04

1.370.917,84

1.023.000,00

1.439.463,73

1.511.436,92

1.587.008,76

1.666.359,20

Operational
Support

183.087,00

192.241,35

201.853,42

211.946,09

222.543,39

233.670,56

245.354,09

183.087,00

257.621,80

270.502,88

284.028,03

298.229,43

Cost of Sales
Parts

10.434,78

11.478,26

12.626,09

13.888,70

15.277,57

16.805,32

18.485,85

10.434,78

20.334,44

22.367,88

24.604,67

27.065,14

Other Expenses

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

144.869,81

Payback

a. Loan
Investment
Paid

157.450,93

157.450,93

157.450,93

157.450,93

157.450,93

157.450,93

157.450,93

157.450,93

157.450,93

157.450,93

b. Interest of
Investment

c. Loan
Working
Capital
Paid

154.879,59

154.879,59

154.879,59

154.879,59

154.879,59

154.879,59

154.879,59

154.879,59

154.879,59

154.879,59

Interest of
Working Capital
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sambungan tabel 24

No Description Begining 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
£ | INVESTMENT | 135390365 ; ) ] ] ] ] ] ] ]
COST

3 | DIVIDEN 20 %
PAYMENT

Loan
M | Investment 157.450,93 157.450,93 157.450,93 157.450,93 157.450,93 157.450,93 157.450,93 157.450,93 157.450,93 157.450,93

Paid/Year

451.445,81 370.935,78 718.983,19 776.694,63 1.088.812,84 1.282.149,76 1.627.342,75 1.945.825,26 2.375.179,06 2.778.558,80

Long Term -—
N Inve%tment 1.383.993,65 1.383.993,65 1.226.542,72 1.069.091,80 911.640,87 754.189,94 596.739,01 439.288,09 281.837,16 124.386,23 (33.064,69) | (190.515,62)

Bond

Loan Workin
O | Capital 9 154.879,59 154.879,59 154.879,59 154.879,59 154.879,59 154.879,59 154.879,59 154.879,59 154.879,59 154.879,59

Paid/Year

P ('-:0”% .Eem; — | 1361.391,60 | 1.361.391,60 | 1.206.512,01 | 1.051.632,42 | 896.752,83 | 741.873,24 | 586.993,65 | 432.114,06 | 277.234,47 | 122.354,88 | (32.524,71) | (187.404,30)
apital Bon
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Prediksi aliran kas (cash) dilihat dari tabel prediksi cash flow
mengalami kenaikan setiap tahunnya, kecuali pada tahun 2019 ke

tahun 2020. Berikut gambar grafik dari aliran kas dari tahun 2017

hingga 2027.
CASH FLOW FORECAST

1.500.000,00
& 1.000.000,00
°
[a]
3 500.000,00

20172019 2021 2023 9025

Gambar 30. Grafik prediksi cash flow

Berdasarkan tabel prediksi cash flow mulai tahun 2017
sampai dengan 2027, didapati bahwa aliran kas pada tahun 2019
sebesar $ 193.476,78 kemudian turun pada tahun 2020 sebesar $
158.972,48. Aliran kas tersebut turun dikarenakan jumlah fina/
cash (per year) pada tahun 2018 sebesar $ 644.922,59 turun
menjadi $ 529.908,26 pada tahun 2019. Penurunan tersebut
terjadi karena jumlah Jncome pada tahun 2019 sebesar $
2.974.368,18 dikurangi dengan jumlah expenses pada tahun 2019
sebesar $ 1.799.537,33 yang mengalami peningkatan sebesar
1,05 % setiap tahunnya, didapatkan fina/ cash (accumulation)

pada tahun 2019 sebesar $ 1.174.830,85. Kemudian untuk
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mendapatkan fina/ cash (per year) adalah final cash
(accumulation) tahun 2019 dikurangi final cash (per year) tahun
2018 sehingga didapatkan final cash (per year) pada tahun 2019
sebesar $ 529.908,26. Hal ini mempengaruhi aliran kas, yang
mana aliran kas didapatkan dari final cash (per year) pada tahun
2019 dikalikan retaining earning sebesar 30 % sehingga
didapatkan cash pada tahun 2020 sebesar 158.972,48. Aliran kas
pada tahun — tahun berikutnya mengalami kenaikan. Jumlah cash
pada tahun 2021 yaitu sebesar $ 308.135,65, kemudian pada
tahun 2022 yaitu sebesar $ 332.869,13.

Total loan investment adalah sebesar $ 1.383.993,65,
kewajiban pembayaran setiap tahunnya adalah sebesar $
157.450,93. Dengan melakukan pembayaran sebesar $
157.450,93 setiap tahun, perusahaan akan menyelesaikan pada
tahun 2026 atau akan selesai sekitar 9 tahun. Sedangkan 7ota/
Loan Working Capital yaitu sebesar $ 1.361.391,60, kewajiban
perusahaan untuk dapat membayar adalah sebesar $ 154.879,59
setiap tahunnya. Dengan melakukan pembayaran sebesar $
154.879,59 setiap tahunnya, perusahaan dapat menyelesaikan

pembayaran selama sekitar 9 tahun dan selesai pada tahun 2026.

131



8)

Return of Investment

Tabel 26. Perkiraan Return of Invesment.

INVESTMENT
1. | Eksterior 72.000,00
2. | Interior Showroom 2.080,00
3. | Company License 217,39
4. | Common Tools 88.072,09
5. | Special Tools 22.421,17
6. | Equipments 6.948,00
7. | Part Back Up 11.955,00
8. | Land Buliding 1.180.300,00
Total Investment 1.383.993,65
A. | Investment Fulfilled
By :
Loan Capital 1.383.993,65
B. | Assumption :
Loan Interest 0| %
Loan Period 8,79 | Years
C. | Loan and Interest
Loan 1.383.993,65
Interest -
D. | Loan Paid Per Year
Loan Paid 157.450,93
Interest -
Net Profit 706.270,41
E. | Return on Investment
(Profit Each 51,0 | %
Year/Investment) X
100%
F. | Payback Period
Period 1,96 | Years

Berdasarkan hasil perhitungan yang tersaji didalam tabel

Return Of Investment dapat diperoleh bahwa nilai ROI sebesar

51,0 % dengan Payback Period selama 1,960 tahun atau hanya

sekitar

2 tahun. Hasil tersebut diperoleh dari Net Profit di bagi

dengan T7otal Investment dikalikan 100%, sehingga diperoleh

Return of Investment (ROI). Sedangkan untuk nilai Payback

Period diperoleh dari hasil

dari 7otal Loan Investment dibagi

dengan Net Profit, sehingga didapatkan nilai Payback Period.
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9)

Equity Statement

Tabel 27. Equity statement.

WORKING CAPITAL
1. | Salary Expense 1.023.000,00
2. | Overhead Cost 183.087,00
3. | Cost of Sales Parts 10.434,78
4. | Other 144.869,81
Net Working Capital 1.361.391,60
A. | Working Capital
Fulfilled By :
Working Capital / Year 1.361.391,60
B. | Assumption :
Interest 0| %
Period 8,79 | Years
C. | Loan and Interest
Loan 10 | Years 1.361.391,60
Interest 10 | Years
D. | Loan Paid Per Year
Loan Paid 154.879,59
Interest -
Net Profit 706.270,41
E. | Return on Working
Capital
(Profit Each 519 | %
Year/Working Capital) x
100%
F. | Payback Period
Period 1,928 | Years

Berdasarkan hasil perhitungan yang tersaji didalam tabel
Return On Working Capital dapat diperoleh sebesar 51,9 %
dengan Payback Period selama 1,928 tahun atau hanya sekitar 2
tahun. Hasil tersebut diperoleh dari Net Profit di bagi dengan Net
Working Capital dikalikan 100%, sehingga diperoleh Return On
Working Capital. Sedangkan untuk nilai Payback Period diperoleh
dari hasil dari 7otal Loan Working Capital dibagi dengan Net

Profit, sehingga didapatkan nilai Payback Period.
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10) Break Even Point

Tabel 28. Perkiraan Break Even Point.

Year 2017 2018 2019 2020 2021 2022
Fixed 1.383.994 | 1.383.994 | 1.383.994 | 1.383.994 | 1.383.994 | 1.383.994
Cost
Variable 0 | 2.549.100 | 3.058.920 | 3.823.650 | 4.779.563 | 5.974.453
Cost
Total 1.383.994 | 3.933.094 | 4.442.914 | 5.207.644 | 6.163.556 | 7.358.447
Cost
Unit 0 150 180 225 281 352
Sales
Sales 0 | 3.749.850 | 4.499.820 | 5.624.775 | 7.030.969 | 8.788.711
Income

Berdasarkan hasil perhitungan total cost dan sales income.

Perhitungan tfota/ cost diperoleh penjumlahan data fixed cost,

variable cost. Sedangkan perhitungan sales income diperoleh dari

perkalian wnit sales dengan harga kendaraan Formula Garuda 16

($ 24.999). Dari pengolahan data fixed cost atau biaya tetap dan

sales income atau hasil penjualan, didapatkan grafik antara fixed

cost & sales income.

10.000.000

9.000.000
8.000.000

7.000.000
6.000.000

5.000.000 2 Fahun =

4.000.000 $

3.000.000 g,
2.000.000 ~

1.000.000 :
0 o T 5 T T

2017 2018 2019 2020

2021 2022

Fixed Cost

Sales Income

Gambar 31. Grafik Break Even Point

Berdasarkan gambar grafik Break Even Point (BEP)

diperoleh titik pertemuan garis antara garis fixed cost (garis
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berwarna biru) dan sales income (garis berwarna oranye). Titik
pertemuan tersebut adalah titik impas atau sering disebut dengan
Break Even Point (BEP). Hasil yang didapatkan dari grafik tersebut
bahwa nilai BEP selama 2 (dua) tahun (garis putus — putus

berwarna merah).

11) Kepemilikan Saham
Modal perusahaan terbagi menjadi 3 sumber, yaitu Garuda
UNY Racing Team, Bank Loan (pinjaman bank), dan Investor.
Kepemilikan saham dihitung berdasarkan berapa persen dari total
sumber dana yang menjadi modal perusahaan. Berikut adalah

gambar pembagian kebutuhan modal perusahaan.

B GURT
O Investor

[ Bank Loan

Gambar 32. Bagan Kebutuhan Modal Perusahaan

Data tabel diatas menunjukan kepemilikan saham
perusahaan terbagi dari GURT (Garuda UNY Racing Team),
Investor, dan Bank Loan. Sejumlah 20 % atau senilai $
549.077,06 (GURT) dan sejumlah 45 % atau senilai $ 1.23.423,36
(Bank Loan). Sedangkan sejumlah 35 % atau senilai $ 960.884,84

adalah kepemilikan saham investor.
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2. Hasil Business Logic Plan
a. Ringkasan Eksekutif Format SAF International (Executive
Summary)
1) Analisis Data Pasar
Balapan mingguan US, misalnya SCCA dan NASA, menjanjikan
72.153 potential customers atau pelanggan yang berpotensi, yaitu
para pembalap non professional. Berdasarkan Departemen
Statistik Amerika, pendapatan rata-rata dari potential customer
adalah $54.156/tahun dengan kemampuan daya beli 82% untuk
membeli sebuah mobil seharga $25.000. Berdasarkan Global
Automotive Study yang mencakup survey atas 23.000 konsumen
dari 19 negara, terdapat sekitar 80% konsumen yang cenderung
memerlukan mobil dengan harga terjangkau, performa tinggi dan
mudah dikemudikan. Di sisi lain, 75% dari konsumen juga
memerlukan mobil dengan harga perbaikan yang murah dengan
perawatan yang mudah. Formula Ford, KTM X-Bow dan Ariel Atom
adalah mobil dengan performa yang tinggi, jaminan keselamatan
tinggi, namun demikian mereka menawarkan produknya dengan
harga lebih dari $50.000. Oleh sebab itu, kami menciptakan
Formula Garuda-16 dengan tujuan untuk memenuhi kebutuhan
pembalap rnon professional. FG-16 adalah sebuah mobil yang
mudah dikendalikan, performa tinggi, harga yang terjangkau,
perawatan mudah, dan tentunya siap untuk membekali para

pembalap untuk menjadi juara di sirkuit balap dengan harga

136



2)

$24.999 per unit. Dengan begitu, potential customer yang
merupakan para pembalap non professional dapat menghemat
finansial dan waktu untuk lebih efisien dan juga mendapat
kepuasan untuk menikmati kesempatan menjadi pembalap handal
bersama dengan FG 16.

Strategi Perusahaan

Ada beberapa strategi yang akan diterapkan GURT LLC untuk
memenangkan pasar. Pertama, kami menerapkan investasi biaya
rendah dengan mengadopsi strategi Just in Time (JIT) untuk
memaksimalkan pembiayaan yang efisien tanpa
mengesampingkan kualitas dari mobil. Selanjutnya, perusahaan
kami memiliki kommitmen jangka panjang untuk mengembangkan
kualitas produk kami di masa depan. Kami juga memberikan
pelayanan tambahan bagi konsumen yaitu garansi dan asuransi
produk dan GURT App untuk membantu konsumen dalam
perawatan dan fwning mobil, solusi servis cepat, video tutorial,
dan tambahan informasi bantuan. Untuk mengimplementasikan
strategi tersebut yang bertujuan meningkatkan kepuasan
konsumen, kami meluncurkan Formula Garuda Game, Formula
Garuda Challenge, test drive dan bakti sosial. GURT LLC
menerapkan strategi promosi termasuk Social Media, Websites,
YouTube Video dan Media Massa (TV, Koran, Majalah, atau iklan
Online). Kemudian, kami menekan biaya produksi dengan

membeli kembali mobil yang sudah tidak digunakan oleh
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pemiliknya (buy back progamme) dan memprosesnya kembali
dengan metode 3R (Reduce, Reuse, Recycle). Kami membutuhkan
anda untuk menjadi investor di perusahaan kami untuk
mewujudkan semua itu. Anda akan mendapatkan 35%

kepemilikan saham dari investasi anda atas GURT LLC.

3) Target Harga Penjualan = $ 24.999

4) Target Harga Produksi Kendaraan = $ 18.800

5) Target Volume Produksi per Tahun = 175 Unit

6) Target Profit per Tahun = $ 1.084.825
7) Target Investasi Kembali =51 %

8) Strategi Peforma Kendaraan
Kami membuat mobil Formula Garuda 16 yang memiliki performa
tinggi namun sekaligus bobot yang ringan dengan single cylinder
engine 46HP di bawah kontrol MOTEC M400 ECU, untuk
menghasilkan performa yang maksimal. Untuk bagian aerodinamik
kami menggunakan wundertray untuk memaksimalkan down force.
Kami menggunakan adjustable limited slip differential yang ringan
dan mudah disetting untuk meningkatkan drivability dan paddle
shifter juga quick shifter dengan tire grip untuk shifting yang
mudah. Kami mengaplikasikan turbular chassis yang akan
mempermudah proses perawatan kendaraan. Komponen bodi
FG16 terbuat dari karbon, alumunium dan whee/ hub untuk
mengurangi bobot kendaraan. Hasilnya, FG16 adalah mobil yang

mudah dikendalikan dengan performa handal.
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9) Rencana Untuk Efisiensi Desain dan Manufaktur
GURT LLC menyiapkan beberapa strategi untuk meraih target
yang diharapkan, harga dan profitabilitas yang sesuai. Pertama,
kami mempertimbangan perkiraan pasar untuk mengestimasikan
potensi penjualan yang bisa dilakukan secara tepat pada saat itu
juga. Kemudian kami menerapkan beberapa tahapan terstandar
untuk proses manufaktur dan assembly dan kami menggunakan
prinsip /ean manufacture untuk menangani limbah, menyingkat
waktu, mengurangi biaya pegawai dan menyingkat waktu
pengiriman produk. Terlebih lagi, kami mempertimbangakan
ketersediaan komponen dan sumber daya manusia untuk
mengatasi kemungkinan terjadinya hal-hal yang tidak diinginkan
dalam proses produksi. Kami juga mempertimbangkan faktor
resiko di mana resiko adalah sesuatu yang dapat berdampak
signifikan, oleh karena itu kami mengadopsi metode failure mode
effect analysis (FMEA), poka yoke, dan manajemen resiko pasokan
dan memastikan bahwa kendali efektif untuk mengurangi atau
memaksimalkan hal tersebut. Selain itu, kami
mengimplementasikan  strategi pengaturan gudang untuk
mengurangi biaya gudang dengan mengurangi kebutuhan safety

stock dan meningkatkan penyimpanan komponen work-in process.
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b. Business Presentation

Student Formula Japan 2016 diadakan pada tanggal 6 — 10
September di Ogasayama Sport Park, Ecopa Stadium, Fukuroi City,
Shizuoka-ken, Japan. Presentasi bisnis dilakukan pada hari Rabu, 7
September 2016 di ruang Presentation F yang mana dikhususkan
untuk overseas team atau tim dari luar Jepang berdasarkan jadwal
pada Static Events (Lampiran 5. Static events schedule). Persaingan
presentasi bisnis terdapat 106 tim yang berasal dari World Formula
SAE Teams yang tergabung didalam Student Formula Japan 2016.
Terdapat sebanyak 92 tim dari 106 tim termasuk Universitas Negeri
Yogyakarta yang berhasil lolos dokumen rencana bisnis (Lampiran 4.
Document Screening Results) yang harus di serahkan kepada panitia

pada tanggal 5 Juli 2016.

TORMUASEE  Studont Farmula Jopon
'.ﬁ{)’”::; % H * '-7-"_’*_7 $+—3iaF k % \ WEICDme‘u"i\;ﬁ:‘:;::%zri Yogyakarta!
Vehicle Picture for Program Submitted 2016/05/28 16:04
(ipg.gif zip/max:10MB) May.29
Business Logic Case (pdffmax:10MB) Jul .5 Submitted 2016/07/05 13:59
14:00
Interview Sheet (Excel/max:3MB) Aug.12 Submitted 2016/08/12 10:23
Registration Form for Team Participation Submitted 2016/08/12 13:57
(pdffmax:3MB) Aug.12

Gambar 33. Team Page dalam Formula Student, Japan

Presentasi dilakukan oleh Bondan Prakoso sebagai Marketing
Director, Teguh sebagai Bussiness Development Director, dan Laila
Wahyu T. sebagai Administrator. Pemaparan presentasi berlangsung

selama 10 menit dan 5 detik. Materi presentasi yaitu market overview,
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product overview, marketing strategy, production plan dan financial
plan (Lampiran 3. Hasil materi presentasi bisnis). Sedangkan untuk
sesi tanya jawab berlangsung selama 10 menit dengan terdapat lima
(5) pertanyaan yang diberikan oleh juri. Hasil presentasi yang
didapatkan yaitu mendapatkan poin 32,5 dari 50 poin maksimal pada
saat presentation feedback yang diberikan oleh juri yang sama secara

langsung.

Stagy, | K
ANewarey /,. Fvengs ’
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-

Gambar 34. Suasana Presentasi Bisnis Tim Garuda
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B. Pembahasan
1. Penyusunan Business Logic Plan

Formula Garuda 16 (FG 16) adalah mobil yang dikembangkan
Garuda UNY Racing Team untuk ajang kompetisi Student Formula Japan
tahun 2016. Formula Garuda 16 adalah produk yang akan kembangkan
dalam business logic plan atau rencana bisnis Garuda UNY Racing Team.
Formula Garuda 16 mudah untuk dikendaraai dengan peforma tinggi,
selain itu penawaran harga yang terjangkau kepada konsumen, Formula
Garuda 16 relatif rendah dalam biaya operasional dan mempunyai biaya
perawatan yang murah.

Balapan mingguan US, misalnya SCCA dan NASA, menjanjikan
72.153 potential customers atau pelanggan yang memungkinkan, yaitu
para pembalap non professional. Berdasarkan Departemen Statistik,
pendapatan rata-rata dari potential customer adalah $54.156/ tahun
dengan kemampuan 82% untuk membeli sebuah mobil seharga $25.000.
Sedangkan mobil Formula Garuda 16 akan ditawarkan ke pasar dengan
harga $ 25.000 untuk dapat memenuhi kebutuhan konsumen.

Berdasarkan Pusat Studi Konsumen Otomotif Global yang
mencakup survey atas 23.000 konsumen dari 19 negara seperti United
States, United Kingdom, Canada, Germany, Netherlands, France, Italy,
Belgium, Japan, China, Korea dan lain sebagainya terdapat sekitar 80%
konsumen yang cenderung memerlukan mobil dengan harga terjangkau,

performa tinggi dan mudah dikemudikan. Di sisi lain, 75% dari konsumen

142



juga memerlukan mobil dengan harga perbaikan yang murah dengan
perawatan yang mudah.

Kendaraan seperti Ford Mustang GT Fastback, KTM X-Bow dan
Ariel Atom 3S adalah mobil dengan performa yang tinggi, jaminan
keselamatan tinggi, namun demikian mereka menawarkan produknya
dengan harga lebih dari $50.000. Selain harga yang relatif tinggi, mobil
tersebut cukup sulit untuk dikendalikan oleh pembalap pemula untuk
memulai karir serta masih memerlukan tambahan piranti untuk siap
berada di lintasan balap dengan maksimal. Kendaraan seperti Tony Kart,
menawarkan mobil dengan harga yang relatif murah dan mobil mudah
untuk dikendaraai, namun mobil tersebut hanya memiliki peforma yang
relatif rendah dan tidak cukup maksimal untuk dorongan adrenalin. Oleh
sebab itu, Garuda UNY Racing Team menciptakan Formula Garuda-16 .

Formula Garuda 16 diciptakan dengan tujuan untuk memenuhi
kebutuhan pembalap non professional. FG-16 adalah sebuah mobil yang
mudah dikendalikan, performa tinggi, harga yang terjangkau, perawatan
mudah, dan tentunya siap untuk membekali para pembalap untuk
menjadi juara di sirkuit balap dengan harga $24.999 per unit yang mana
memili biaya produksi sebesar $ 18.800 per unit, sehingga didapatkan
margin keuntungan sebesar 32 %/unit. Dengan begitu, potential
customer yang merupakan para pembalap non professional dapat
menghemat finansial dan waktu untuk lebih efisien dan juga mendapat

kepuasan untuk menikmati kesempatan menjadi pembalap handal
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bersama dengan FG 16 serta memberikan keuntungan finansial bagi
perusahaan.

Terdapat beberapa strategi yang akan diterapkan untuk
memenangkan pasar. Pertama, Perusahaan akan menerapkan investasi
biaya rendah dengan mengadopsi strategi Just /in Time (JIT) untuk
memaksimalkan pembiayaan yang efisien tanpa mengesampingkan
kualitas dari mobil. Selanjutnya, perusahaan memiliki kommitmen jangka
panjang untuk mengembangkan kualitas produk kami di masa depan.
Perusahaan juga memberikan pelayanan tambahan bagi konsumen yaitu
garansi dan asuransi produk dan Garuda App untuk membantu konsumen
dalam perawatan dan tuning mobil, solusi servis cepat, video tutorial, dan
tambahan informasi bantuan. Untuk mengimplementasikan strategi
tersebut yang bertujuan meningkatkan kepuasan konsumen, kami
meluncurkan Formula Garuda Game, Formula Garuda Challenge, test
drive dan bakti sosial. Perusahaan menerapkan strategi promosi termasuk
Social Media, Websites, YouTube Video dan Media Massa (TV, Koran,
Majalah, atau Artikel Online). Kemudian, kami menekan biaya produksi
dengan membeli kembali mobil yang sudah tidak digunakan oleh
pemiliknya (buy back progamme) dan memprosesnya kembali dengan
metode 3R (Reduce, Reuse, Recycle).

Perusahaan membutuhkan executive untuk menjadi investor di
perusahaan Garuda UNY Racing Team untuk mewujudkan semua itu.
Investor akan mendapatkan 35% kepemilikan saham dari investasi anda

atas GURT LLC dengan Return of Investment sebesar 51 %. Perusahaan
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akan mendapatkan (BEP) Break Even Point dalam waktu 2 tahun. Pada
hasil perhitungan didapatkan prediksi profit perusahaan per tahun yaitu
sebesar $ 1.084.825 dengan volume produksi kendaraan sebanyak 175
unit/tahun.

Perusahaan membuat mobil Formula Garuda 16 yang memiliki
performa tinggi namun sekaligus bobot yang ringan dengan single
cylinder engine 46HP di bawah kontrol MOTEC M400 ECU, untuk
membuat kendaraan dengan performa yang maksimal. Untuk bagian
aerodinamik, Formula Garuda 16 menggunakan wndertray untuk
memaksimalkan down force. FG 16 menggunakan Adjustable LSD
(Limited Slip Differential) yang ringan dan mudah disetting untuk
meningkatkan drivability dan paddle shifter juga quick shifter dengan
untuk shifting transmisi yang mudah. FG 16 mengaplikasikan turbular
chassis yang akan mempermudah proses perawatan kendaraan.
Komponen bodi FG 16 terbuat dari karbon, alumunium dan wheel/ hub
untuk mengurangi bobot kendaraan. Hasilnya, FG16 adalah mobil yang
mudah dikendalikan dengan performa handal dan siap menjadi pemenang
di lintasan balap.

Garuda UNY Racing Team menyiapkan beberapa strategi untuk
meraih target yang diharapkan, harga dan profitabilitas yang sesuai.
Pertama, perusahaan mempertimbangan perkiraan pasar untuk
mengestimasikan potensi penjualan kendalaan yang nyata pada saat itu
juga. Kemudian, perusahaan menerapkan beberapa tahapan terstandar

untuk proses maufaktur dan assembly yang akan memberikan dampak
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penghematan biaya produksi dan biaya gaji. Perusahaan menggunakan
prinsip /ean manufacture untuk menangani limbah, menyingkat waktu,
mengurangi biaya pegawai dan menyingkat waktu pengiriman produk.
Terlebih lagi, Garuda UNY Racing Team selalu mempertimbangakan
ketersediaan komponen dan sumber daya manusia untuk mengatasi
kemungkinan terjadinya hal-hal yang tidak diinginkan dalam proses
produksi. Untuk menangani kemungkinan resiko pada persediaan bahan
baku, perusahaan menggunakann tiga (3) strategi yaitu buffer, geograpic
differentiation dan secondary network.

Perusahaan juga mempertimbangkan faktor resiko di mana resiko
adalah sesuatu yang berakibat signifikan, oleh karena itu kami
mengadopsi metode failure mode effect analysis (FMEA), poka yoke, dan
manajemen resiko persediaan dan memastikan bahwa semua kendali
berjalan dengan efektif untuk mengurangi atau memaksimalkan hal
tersebut. Selain itu, Perusahaan mengimplementasikan strategi
pengaturan gudang untuk mengurangi biaya gudang dengan mengurangi
kebutuhan safety stock dan meningkatkan penyimpanan komponen work-

in process.
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2. Hasil Business Presentation

Student Formula Japan 2016 diadakan pada tanggal 6 — 10
September di Ogasayama Sport Park, Ecopa Stadium, Fukuroi City,
Shizuoka-ken, Japan. Hasil presentasi yang didapatkan vyaitu
mendapatkan poin 32,5 dari 50 poin maksimal pada saat presentation
feedback yang diberikan oleh juri yang sama secara langsung. Poin dan
penjelasan dari hasil nilai yang didapatkan dengan rincian sebagai
berikut.

Tabel 29. Judge’s Feedback Presentation

Team’s | Max.

ltems Poin Poin

Description

+ Sangat mudah untuk dipahami

+ Data yang disajikan lengkap dan bisa ditunjukan

- tidak terdapat kesimpulan atau ringkasan pada saat
akhir presentasi

Content 7.5 10

+ Tampilan presentasi mudah dipahami

+ Runtut dan terstruktur

Organization 7.5 10 - Penyampaian kesimpulan tidak ada

- Juri menghentikan presentasi karena lebih 5 detik
dari 10 menit.

+ Konten video profil kendaraan bagus

gl s 75 10 - Tampilan proyektor sedikit trapesium

+ Tingkah laku dalam presentasi bagus

+ Pemateri menyampaikan materi dengan senyuman

Delivery 50 10 - Penggunaan waktu tidak maksimal

- Tidak menyatakan kesimpulan dan apa yang harus
dilakukan calon investor

- 2nd presentator merasa gugup dan not clear
emphasis

- Jawaban pertanyaan bagus namun jawaban teralu

Question 5.0 10 panjang dan teralu lama .
- Fokus bahasan dalam jawaban dari pertanyaan
kurang jelas
TOTAL 32,5 50
SCORE 48,75 75

Sumber : Judge’s Feedback, JSAE.
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Berdasarkan hasil tersebut, tim delegasi Garuda UNY Racing
dengan poin 32,5 dari maksimal 50 poin atau skor 48,5 dari skor 75
mendapatkan posisi 18 dari 106 peserta pesaing. Posisi pertama
didapatkan U.A.S Graz dari Austria dengan skor 75. Posisi kedua
didapatkan Nagoya University dengan skor 67,50. Posisi ketiga
didapatkan Kanazawa University dari Jepang dengan skor 63,75

(Lampiran 6. Business Presentation Results).
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BAB V
KESIMPULAN DAN SARAN

A. Kesimpulan

Berdasarkan hasil penelitian dan pembahasan yang telah didapatkan dapat

ditarik kesimpulan sabagi berukit :

1. Proses penyusunan business logic plan untuk perusahaan Garuda UNY
Racing Team dengan produk Formula Garuda 16 dilakukan beberapa
tahap. Tahap tersebut adalah analisis keinginan kebutuhan konsumen,
analisis pasar potensial, analisis daya beli konsumen, analisis penghasilan
rata — rata konsumen di wilayah pasar potensial, analisis rata — rata
penghasilan berdasarkan umur dan pekerjaan, analisis luas dan volume
pasar potensial dan analisis persaingan. Setelah melakukan analisis awal,
perusahaan menyusun strategi perusahaan. Strategi perusahaan antara lain
seperti lokasi perusahaan, fasilitas perusahaan, kerjasama perusahaan,
kebutuhan tenaga kerja, strategi pemasaran, strategi pembiayaan, strategi
bahan baku, strategi peforma kendaraan, strategi efektif untuk desain dan
manufaktur. Dalam hal ini akan tesusun suatu prediksi atau perkiraan dari
modal kerja, kebutuhan perusahaan, amortasi, proyeksi keuntungan, dan

proyeksi cash flow.

2. Berdasarkan hasil penyusunan business logic plan (BLP), perusahaan
dapat menawarkan keuntungan kepada calon investor. Keuntungan

tersebut adalah dengan melakukan investasi sebesar $ 1.000.000 untuk
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perusahaan Garuda UNY Racing Team, investor akan mendapatkan
investasinya kembali (Payback Period) dalam waktu 2 tahun dan
ownership sebesar 35 % dengan nilai Return of Investment (ROI) 51 %
sedangkan perusahaan akan Break Even Point dalam waktu dua (2) tahun.
Setelah dipresentasikan dalam kegiatan Student Formula Japan 2016
yang, khususnya kegiatan presentasi bisnis mendapatkan skor 48,75 poin
sehingga mendapatkan posisi 18 dari total 92 tim yang telah lolos seleksi
dokumen termasuk Universitas Negeri Yogyakarta dari 106 World FSAE
Team. Posisi ranking pertama yaitu U.A.S Graz dari negara Austria
dengan point 75.00. sedangkan posisi kedua didapatkan oleh Nagoya
University dengan perolehan skor 67,50 poin dan posisi ketiga didapatkan
oleh Kanazawa University dengan perolehan skor 63,75 poin dari negara
Jepang.
B. Saran
Berdasarkan hasil penelitian yang sudah dilakukan, maka dapat diajukan
saran sebagai berikut :

1. Hasil penelitian ini dapat dijadikan masukan bagi Garuda UNY Racing
Team untuk dapat mengembangkan kasus logika bisnis dan rencana bisnis
untuk kompetisi sepuluh (10) seri Formula Student di dunia.

2. “Practice make perfect” berlatih secara terus — menerus dan berulang kali
untuk membuat rencana bisnis maupun presentasi bisnis adalah kunci
sukses yang dapat dilakukan tim Garuda UNY yang mendatang maupun

tim lain yang akan mengikuti komptisi Formula Student.
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3. Kesalahan umum yang sering dilakukan oleh peserta kompetisi Formula
Student adalah kurang memahami konten regulasi Formula Student SAE
International maupun local rules dari masing — masing — masing

penyelenggara seri kompetisi Formula Student.
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2016 Formula SAE Rules
INTRODUCTION

The Formula SAE rules have moved to a two year rules cycle such that only on odd years will major changes
be made to the regulations. The publication of 2015 Formula SAE Rules will govern 2015-2016 competition
years, however, if the organizers and FSAE Rules Committee find a need to make a change in even years
they have the authority to do so. Regardless of this policy, please note that rule changes for EV may take
place yearly.

For the 2016 rules, any changes can be identified by text that is in italics.

Caution — Neither this introduction, nor any other summary, is a substitute for reading and understanding
the Rules. The Rules are both a controlling and a reference document and should be used for those
purposes. Do not attempt to design your car based on the parts of the Rules you happen to remember from
the last time you read them. We cannot stress it too strongly — Read the Rules thoroughly and repeatedly.

For 2016, there are a number of rule clarification changes. Most of the changes have been implemented to
make the regulations clearer with the intent to make it easier for teams to produce a rules compliant vehicle.
The changes have been added in Italic print.

The rules changed include, but are not limited to, the following:

T3.38 Anti Intrusion Plate for Monocogue Chassis
AF5.2 Required Submissions

AF7 Additional Non Applicable Rules

IC1.7.3 Recirculation Valves

IC1.9.1.b Fuel Rail Materials

IC1.11-1C1.16 Electronic Throttle Control

IC2.6 Fuel Filler Neck and Sight Tube Clarifications
IC4.4.4 Lithium Battery

IC4.6 Voltage Limits

EV4.2 Tractive System Active Light

S4.11.4 Engine Cost

For 2016 Formula SAE Competitions in United States, the Cost Report Submission process may be changed.
Please refer to the website for additional announcements and information.
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2016 Formula SAE Rules
PART A - ADMINISTRATIVE REGULATIONS

ARTICLE 1: FORMULA SAE OVERVIEW AND COMPETITION

All

All1l

Al2

Al21

Al22

Al23

Al24

Al25

Al3

Al4

Formula SAE Competition Objective

The Formula SAE ® Series competitions challenge teams of university undergraduate and
graduate students to conceive, design, fabricate, develop and compete with small, formula style,
vehicles.

To give teams the maximum design flexibility and the freedom to express their creativity and
imaginations there are very few restrictions on the overall vehicle design. The challenge to teams
is to develop a vehicle that can successfully compete in all the events described in the FSAE
Rules. The competitions themselves give teams the chance to demonstrate and prove both their
creativity and their engineering skills in comparison to teams from other universities around the
world.

Vehicle Design Objectives

For the purpose of the Formula SAE competition, teams are to assume that they work for a design
firm that is designing, fabricating, testing and demonstrating a prototype vehicle for the non-
professional, weekend, competition market.

The vehicle should have very high performance in terms of acceleration, braking and handling and
be sufficiently durable to successfully complete all the events described in the Formula SAE Rules
and held at the Formula SAE competitions.

The vehicle must accommodate drivers whose stature ranges from 5" percentile female to 95"
percentile male and must satisfy the requirements of the Formula SAE Rules.

Additional design factors to be considered include: aesthetics, cost, ergonomics, maintainability,
manufacturability, and reliability.

Once the vehicle has been completed and tested, your design firm will attempt to “sell” the design
to a “corporation” that is considering the production of a competition vehicle. The challenge to the
design team is to develop a prototype car that best meets the FSAE vehicle design goals and which
can be profitably marketed.

Each design will be judged and evaluated against other competing designs to determine the best
overall car.

Good Engineering Practices
Vehicles entered into Formula SAE competitions are expected to be designed and fabricated in
accordance with good engineering practices.

Judging Categories

The cars are judged in a series of static and dynamic events including: technical inspection, cost,
presentation, and engineering design, solo performance trials, and high performance track
endurance.
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Al4l

The dynamic events are scored to determine how well the car performs. Each dynamic event has
specified minimum acceptable performance levels that are reflected in the scoring equations.

The following points are possible:

Static Events:

Presentation 75
Engineering Design 150
Cost Analysis 100
Dynamic Events
Acceleration 75
Skid-Pad 50
Autocross 150
Efficiency 100
Endurance 300
Total Points 1,000

ARTICLE 2: THE 2015-2016 FORMULA SAE SERIES

A21

A2.2

A2.3

A24

A24.1

The 2015-2016 Formula SAE Competition Series consists of the following ten (10)
competitions:

Formula SAE Michigan held in Michigan, USA and organized by SAE International
Formula SAE Lincoln held in Nebraska, USA and organized by SAE International
Formula SAE Electric held in Nebraska, USA and organized by SAE International
Formula SAE Australasia held in Australia and organized by SAE Australasia
Formula SAE Brazil held in Brazil and organized by SAE Brazil

Formula SAE ltaly held in Italy and organized by ATA

Formula Student held in the United Kingdom and organized by IMechE

Formula Student Austria held in Austria and organized by Formula Student Austria
Formula Student Germany held in Germany and organized by FSG e.V.

Student Formula Japan held in Japan and organized by JSAE

Open Registration
All Formula SAE competitions have open registration policies and accept registrations by student
teams representing universities in any country.

Rule Variations

All competitions in the Formula SAE Series may post some minor rule variations specific to the
operation of the events in their countries. However, the vehicle design requirements and
restrictions will remain unchanged. Any rule variations will be posted on the websites specific to
those competitions.

Official Announcements and Competition Information

Teams are required to read the published announcements by SAE and the other organizing bodies
and to be familiar with all official announcements concerning the competitions and rules
interpretations released by the FSAE Rules Committee.

Formula SAE news is published online and can be found at:
http://students.sae.org/competitions/formulaseries/

5
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A2.5

A25.1

A2.5.2

A2.6

Official Languages
The official language of the Formula SAE series is English. Document submissions, presentations
and discussions in English are acceptable at all competitions in the series.

Team members, judges, and officials at FSAE Brazil, FSAE Italy and SF Japan may use their
respective national languages for document submissions, presentations and discussions if all the
parties involved agree to the use of that language.

The languages in use at the competitions of Formula SAE series are:
Formula SAE Michigan - English

Formula SAE Lincoln — English

Formula SAE Electric — English

Formula SAE Australasia - English

Formula SAE Brazil - Portuguese and English
Formula SAE ltaly - Italian and English
Formula Student — English

Formula Student Austria - English

Formula Student Germany — English

Student Formula Japan — Japanese and English

Competition Codes
The competition codes that must be used as part of the file names of the various documents and
data that are required to be submitted electronically are:

Formula SAE Michigan - FSAEM
Formula SAE Lincoln — FSAEL
Formula SAE Lincoln — FSAEE
Formula SAE Australasia - FSAEA
Formula SAE Brazil - FSAEB
Formula SAE Italy - FSAEI
Formula Student — FS

Formula Student Austria — FSA
Formula Student Germany — FSG
Student Formula Japan — SFJ

ARTICLE 3: FORMULA SAE RULES AND ORGANIZER AUTHORITY

A3.1

A3.1.1

A3.1.2

Rules Authority
The Formula SAE Rules are the responsibility of the Formula SAE Rules Committee and are
issued under the authority of the SAE International Collegiate Design Series Committee.

Official announcements from the Formula SAE Rules Committee, SAE or the other Formula SAE
organizing bodies shall be considered part of, and shall have the same validity as, these rules.

Ambiguities or questions concerning the meaning or intent of these rules will be resolved by the
Formula SAE Rules Committee, SAE or by the individual competition organizers as appropriate.
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A3.2

A3.2.1

A3.3

A3.3.1

A3.3.2

A3.4

A3.5

A3.6

A3.6.1

A3.7

A3.8

A3.9

Rules Validity
The Formula SAE Rules posted on the SAE website and dated for the calendar year of the
competition are the rules in effect for the competition.

Rule sets dated for other years are invalid.

Rules Compliance

By entering a Formula SAE competition the team, members of the team as individuals, faculty
advisors and other personnel of the entering university agree to comply with, and be bound by,
these rules and all rule interpretations or procedures issued or announced by SAE, the Formula
SAE Rules Committee and the other organizing bodies.

Any rules or regulations pertaining to the use of the competition site by teams or individuals and
which are posted, announced and/or otherwise publically available are incorporated into the FSAE
Rules by reference. As examples, all event site waiver requirements, speed limits, parking and
facility use rules apply to FSAE participants.

All team members, faculty advisors and other university representatives are required to cooperate
with, and follow all instructions from, competition organizers, officials and judges.

Understanding the Rules
Teams, team members as individuals and faculty advisors, are responsible for reading and
understanding the rules in effect for the competition in which they are participating.

Participating in the Competition

Teams, team members as individuals, faculty advisors and other representatives of a registered
university who are present on-site at a competition are considered to be “participating in the
competition” from the time they arrive at the event site until they depart the site at the conclusion
of the competition or earlier by withdrawing.

Violations on Intent
The violation of intent of a rule will be considered a violation of the rule itself.

Questions about the intent or meaning of a rule may be addressed to the Formula SAE Rules
Committee or by the individual competition organizers as appropriate.
(See ARTICLE 10:)

Right to Impound

SAE and other competition organizing bodies reserve the right to impound any onsite registered
vehicles at any time during a competition for inspection and examination by the organizers,
officials and technical inspectors.

Restriction on Vehicle Use
Teams are cautioned that the vehicles designed in compliance with these Formula SAE Rules are
intended for competition operation only at the official Formula SAE competitions.

Headings
The article, section and paragraph headings in these rules are provided only to facilitate reading:
they do not affect the paragraph contents.
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A3.10

A3.11

General Authority

SAE and the competition organizing bodies reserve the right to revise the schedule of any
competition and/or interpret or modify the competition rules at any time and in any manner that is,
in their sole judgment, required for the efficient operation of the event or the Formula SAE series
as a whole.

SAE Technical Standards Access

A cooperative program of SAE’s Education Board and Technical Standards Board is making some
of SAE’s Technical Standards available to teams registered for any North American CDS
competition at no cost. The Technical Standards referenced in the Collegiate Design Series rules,
along with other standards with reference value, will be accessible online to registered teams, team
members and faculty advisors. To access the standards (1) your team must be registered for a
competition in North America and (2) the individual team member or faculty advisor wanting
access must be linked to the team in SAE’s system.

Access Procedure - Once your team has registered there will be a link to the technical standards
titled “Design Standards” on the main registration screen where all the required onsite registration
information is added. On the technical standards webpage you will have the ability to search
standards either by J-number assigned or a topic of interest such as brake light.

A list of accessible SAE Technical Standards can be found in Appendix S.

ARTICLE 4: INDIVIDUAL PARTICIPATION REQUIREMENTS

A4l

A4.2

A4.3

A4 4

Eligibility Limits
Eligibility is limited to undergraduate and graduate students to insure that this is an engineering
design competition.

Student Status

Team members must be enrolled as degree seeking undergraduate or graduate students in the
college or university of the team with which they are participating. Team members who have
graduated during the seven (7) month period prior to the competition remain eligible to participate.

NOTE: Teams which are formed with members from two or more Universities are treated as a
single team. A student at any University making up the team may compete at any event where the
team participates. The multiple Universities are in effect treated as one University and all
eligibility requirements (one car per competition class, one registration slot, etc.) are enforced.

Society Membership

Team members must be members of at least one of the following societies: (1) SAE International,
(2) SAE Awustralasia, (3) SAE Brazil, (4) ATA, (5) IMechE, (6) VDI, or (7) JSAE. Proof of
membership, such as membership card, is required at the competition.

NOTE: Students can join SAE online at: www.sae.org/students

Age
Team members must be at least eighteen (18) years of age.
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A45

A4.6

A47

A48

A4.8.1

A4.8.2

A4.8.3

A4.8.4

A4.9

Driver’s License
Team members who will drive a competition vehicle at any time during a competition must hold a
valid, government issued driver’s license.

Liability Waiver
All on-site participants, including students, faculty and volunteers, are required to sign a liability
waiver upon registering on-site.

Medical Insurance
Individual medical insurance coverage is required and is the sole responsibility of the participant.

Individual Registration Requirements for North American Competitions — ACTION
REQUIRED

All students and faculty, both domestic and international, if you have an SAE International
membership, make sure you are affiliated to your respective school/ college/ university on the
SAE website under your “MySAE”.

If you are not a member of SAE International or other approved societies, you will need to join
SAE International online at www.sae.org. Select the “Join /Renew/Upgrade” link under the
Membership tab, and then select “Professional or Student”. Students will need to select the
“Student Membership” link and then follow the series of the questions that are asked. Faculty that
wishes to be SAE members should choose the “Professional Membership” link and proceed to the
series of questions. Please note all student participants must be SAE International members to
participate in the event. It is not mandatory for faculty to join.

All international student participants (or unaffiliated faculty advisors) who are not SAE
International members are required to complete the International Student Registration form for the
entire team found in the specific event registration webpage. Upon completion, email the form to
CollegiateCompetitions@sae.org stating which event and university name.

Online registration information is required! Every participant, including advisors must affiliate
themselves and complete the following information on under the team’s registration page on the
SAE website:
- Emergency contact data (point of contact (parent/guardian, spouse), relationship, and
phone number)

To do this you will need to go to “Registration” page under the specific event the team is
registered and then click on the “Register Your Team / Update Team Information” link. At this
point, if you are properly affiliated to the school/college/university, a link will appear with your
team name to select. Once you have selected the link, the registration page will appear. Selecting
the “Add New Member” button will allow individuals to include themselves with the rest of the
team. This can also be completed by team captain and faculty advisor for all team members.

All students, both domestic and international, must affiliate themselves online or submit the
International Student Registration form by January 31 of the year of the competition. For
additional assistance, please contact CollegiateCompetitions@sae.org.

Onsite Registration Requirement
ONSITE REGISTRATON IS REQUIRED OF ALL TEAM MEMBERS AND FACULTY
ADVISORS.
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Bring your (1) Government issued driver’s license or passport and (2) your medical insurance card
or documentation to onsite registration.

ARTICLE 5: FACULTY ADVISOR, ELECTRICAL SYSTEM OFFICER AND ELECTRICAL
SYSTEM ADVISOR

A5.1
A5.1.1

A5.1.2

A5.1.3

A5.2
A5.2.1

A5.2.2

A52.3

A5.2.4

A5.25

A5.2.6

A5.2.7

A5.2.8

A5.3
A53.1

Faculty Advisor

Each team is expected to have a Faculty Advisor appointed by the university. The Faculty Advisor
is expected to accompany the team to the competition and will be considered by competition
officials to be the official university representative.

Faculty Advisors may advise their teams on general engineering and engineering project
management theory.

Faculty Advisors may not design any part of the vehicle nor directly participate in the
development of any documentation or presentation.

Additionally, Faculty Advisors may not fabricate nor assemble any components nor assist in the
preparation, maintenance, testing or operation of the vehicle.

In Brief — Faculty Advisors may not design, build or repair any part of the car.

Electrical System Officer — Electric Teams only

Every participating team has to appoint at least one electrical system officer (ESO) for the event.
This person is responsible for all electrical operations of the vehicle during the event.

The ESO is responsible for every kind of work at the car during the event.

The ESO is the only person in the team that is allowed to declare the car electrically safe, so that
work on any system of the car may be performed by the team.

The ESO must be a valid team member, which means that he/she has to have student status, see
A4.2.

The ESO must be contactable by phone at all times during the event.

The ESO must accompany the car whenever it shall be operated or is moved around at the event
site.

The ESO is not allowed to be a driver, if no second ESO is named by the team who is not a driver.

The ESO must be properly qualified.

The ESO must be certified or must have received appropriate practical training whether formal or
informal for working with high voltage systems in automotive vehicles. Details of the training
must be provided to the organizers on the ESO/ESA form for approval.

Electric System Advisor — Electric Teams only

The Electrical System Advisor (ESA) must be a professionally competent person(s) nominated by
the Entrant who can advise on the electrical and control systems that will be integrated into the
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A5.3.2

A5.3.3

A53.4

A5.3.5

A5.3.6

A5.3.7

vehicle. It is acceptable for the faculty advisor to be the ESA if all the requirements below are
met.

The ESA must supply details of their experience of electrical and/or control systems engineering
as employed in the car on the ESO/ESA form for approval by the organizers. It is likely that the
ESA will be a Chartered Engineer or someone of equivalent status.

The ESA must have significant experience of the technology that is being developed and its
implementation into vehicles or other safety critical systems such that they are adequately
qualified to advise the team on their proposed electrical and control system designs.

NOTE: It may be necessary to have more than one person to achieve this requirement.

The ESA must advise the team such that the merits of any relevant engineering solutions can be
discussed, questioned and approved before being implemented into the final vehicle design.

The ESA should advise the students on the required training such that they are competent to work
with the systems on the vehicle.

The ESA(s) must review and sign the Electrical System Form and FMEA documents to confirm
that in principle the vehicle has been designed using good engineering practices.

The ESA must ensure that the team discusses any unusual aspects of the design with the rules
committee to reduce the risk of exclusion or significant changes being required to pass technical
inspection.

ARTICLE 6: VEHICLE ELIGIBILITY

A6.1

AB.2

A6.3

A6.4

AB.5

Student Developed Vehicle

Vehicles entered into Formula SAE competitions must be conceived, designed, fabricated and
maintained by the student team members without direct involvement from professional engineers,
automotive engineers, racers, machinists or related professionals.

Information Sources

The student team may use any literature or knowledge related to car design and information from
professionals or from academics as long as the information is given as a discussion of alternatives
with their pros and cons.

Professional Assistance
Professionals may not make design decisions or drawings and the Faculty Advisor may be
required to sign a statement of compliance with this restriction.

Student Fabrication

It is the intent of the SAE Collegiate Design Series competitions to provide direct hands-on
experience to the students. Therefore, students should perform all fabrication tasks whenever
possible.

The Formula SAE Competition Year — First Year Cars
For the purpose of defining first, second and third year cars, a competition “year” is any
consecutive run of the Series, i.e. Formula SAE Michigan, Formula SAE Lincoln, Formula

11
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A6.6

A6.6.1

A6.6.2

A6.6.3

AB.7

A6.8

A6.8.1

A6.8.2

A6.9

A6.9.1

A6.9.2

A6.10
A6.10.1

A6.10.2

Student, Formula Student Austria, Formula Student Germany, Formula SAE Italy, Formula SAE
BRASIL, Student Formula Japan and Formula SAE Australasia held within a roughly 12 month
period counting from the event in which a vehicle first competes. For example, a car that
competes first in Formula SAE Australasia is classified as a “first year car” until the following
year’s Formula SAE Australasia competition.

NOTE: Teams are reminded that their vehicles must comply with the rules in effect for each
competition they enter.

First Year Vehicles — North American Formula SAE Competitions
Only first year vehicles may enter the Formula SAE Competitions in North America.

To be classified as a “first year vehicle” a car must, as a minimum, have a completely new frame.
Photographic or other evidence will be used to determine if the frame is new.

If there is any question about whether or not the car is in fact a first year vehicle, it will be the sole
responsibility of the team to produce such evidence as the organizers or judges may require.

Second Year Vehicles — North American Formula SAE Competitions
Vehicles that have competed during any previous “Formula SAE Year” as defined in A6.5 are
prohibited from Formula SAE competitions held in North America.

First Year Vehicles: FSAE-A, FSAE-B, FSAE-I, Formula Student, Formula Student
Germany and Formula Student Austria and Student Formula Japan

To be classified as a “first year vehicle” a car must, as a minimum, have a completely new frame.
Photographic or other evidence will be used to determine if the frame is new.

If there are any questions about whether or not the car is in fact a first year vehicle, it will be the
sole responsibility of the team to produce such evidence as the organizers or judges may require.

Second Year Vehicles: FSAE-A and FSAE-B

Vehicles that have competed during any one (1) previous Formula SAE year may compete
provided that they have been substantially modified from their first appearance. Photographic and
design documentation detailing the modifications are required along with a statement from the
team’s Faculty Advisor.

Penalties for insufficient redesign or insufficient knowledge by the team will be applied during the
Design Event. Refer to the Rule S6.15 “Penalties for Insufficient Redesign”.

Third Year Vehicles —Prohibited
Vehicles that have competed in any two (2) previous Formula SAE years are prohibited from
participating in any Formula SAE competition.

Any team found to have entered a vehicle that contravenes this rule will be disqualified.

Additionally, the team will be required to submit such documentation as the organizers may
require in advance of the acceptance of any future registration.
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ARTICLE 7: REGISTRATION

A7l

A7.2

AT7.3

AT4

A7.5

AT.6
A7.6.1

Registration — North American Formula SAE Competitions

Registration for Formula SAE competitions held in North America must be completed on-line.
Online registration must be done by either (a) an SAE member or (b) the official faculty advisor
connected with the registering university and recorded as such in the SAE record system.

NOTE: It typically takes at least 1 working day between the time you complete an on-line SAE
membership application and our system recognizes you as eligible to register your team.

Entries per University — North American Formula SAE Competitions — Registering IC and
EV Teams — For the purposes of registering and competing, a school’s IC team and EV team are
considered to be separate and independent entities. A university may register both an IC Team
and an EV team in the same competition.

Registration Limits - North American Formula SAE Competitions
Registration limits for the North American Formula SAE competitions will be posted on the SAE
website.

Registration for each FSAE competitions closes as soon as the registration limit is reached. We
strongly advise teams to register as soon as registration opens.

Registration Dates — North American Formula SAE Competitions
Registration for the North American Formula SAE competitions will open at the date and time
posted on the competition website.

For the first month of the registration period a team may enter either FSAE Michigan or FSAE
Lincoln, but not both.

Registration into Formula SAE Electric does not have a lock-out period and is not affected by
registration into FSAE Michigan or FSAE Lincoln.

After the first month of registration any untaken slots at any of the competitions will be available
to any team on a first come, first serve basis.

Registration for the North American Formula SAE competitions will close at the date and time
posted on the competition website or when all the registration slots have been taken, whichever
occurs first.

There are no exceptions to this registration policy.

Formula SAE Australia, Formula SAE Brazil, Formula SAE Italy, Formula
Student, Formula Student Germany, Formula Student Austria and Student Formula Japan

NOTE: Check the individual competition websites for exact registration requirements, applicable
to those events.

Registration Fees
Registration fees must be paid to the organizer by the deadline specified on the respective
competition website.

13
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AT7.6.2

AT.7
A7.7.1

A7.7.2

A7.8
A7.8.1

AT7.8.2

A7.8.3

A7.9

A7.10

Registration fees are not refundable and may not be transferred to a subsequent year’s competition.

Waitlist (North American Formula SAE Competitions Only)

Once an event fills all registered team slots a waitlist option will be open for teams that are not
already registered for the competition. The waitlist is capped at 40 available spaces per event and
will close on the same day as registration. Once a team withdrawals from the competition, and
SAE International staff member will inform the team by email (the individual who registered the
team to the waitlist) that a spot on the registered list has opened. You will have 24 hours to accept
or reject the position and an additional 24 hours to have the registration payment completed or in
process.

Waitlisted teams are required to submit all documents by the same deadlines as registered teams in
order to be eligible for an open registered team slot.

Withdrawals
Registered teams that find that they will not be able to attend the competition are requested to
officially withdraw by notifying the following:

Formula SAE North American Event withdrawals: Kaley Zundel, kzundel@sae.org

For events outside North America, please visit the respective competition website for contact
information.

United States Visas

Teams requiring visas to enter to the United States are advised to apply at least sixty (60) days
prior to the competition. Although most visa applications seem to go through without an
unreasonable delay, occasionally teams have had difficulties and in several instances visas were
not issued before the competition.

Don’t wait — apply early for your visa.

NOTE — After your team has registered for an SAE organized FSAE competition then SAE can
provide an acknowledgement your registration. We do not issue letters of invitation.

Neither SAE staff nor any competition organizers are permitted to give advice on visas, customs
regulations or vehicle shipping regulations concerning the United States or any other country.

Vehicle Shipping

Vehicle shipments by commercial carrier must comply with the laws and regulations of nations
from which, and to which, the car is being sent. Teams are advised to consult with their shipping
company or freight forwarder to be sure their shipment fully complies with all relevant, customs,
import/export and aviation shipping requirements.

Shipments must be sent with the sending team or university listed as the receiving party. Neither
the competition organizers nor the competition sites can be listed as the receiving party.

Vehicle shipping procedures for the North American competitions are published on the Formula
SAE website for each event and are incorporated into these Rules by reference.
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A7.11

On-site Registration
All team members and faculty advisors must complete the on-site registration procedures
immediately after they arrive at the competition site.

On-site registration must be completed and the credentials and/or other identification issued by the
organizers properly worn before the car can be unloaded, uncrated or worked upon in any manner.

ARTICLE 8: VEHICLE DOCUMENTATION, DEADLINES AND PENALTIES

A8.1

Required Documents and Required Forms
The following documents supporting each vehicle must be submitted by the action deadlines
posted on each competition website or otherwise published by the organizers.

ARTICLE 5: “Electrical Systems Officer and Electrical Systems Advisor Form” - Use required
form located at www.fsaeonline.com

T3.9 “Structural Equivalency Spreadsheet (SES)” and Appendix B-1 - Use required form located
at www.fsaeonline.com: or AF2 “Structural Requirements Certification Form (SRCF)” - Use
required form located at www.fsaeonline.com.

NOTE — Teams must submit an SES unless using the AF Rules in which case the SES is
superseded by the SRCF. Submit either the SES or the SRCF as required, but not both.

T3.21 “Impact Attenuator Data Requirement” - Use required form located at www.fsaeonline.com.

PART IC - IC2.1 “Fuel” — Some competitions require a fuel type order — Check the relevant
website

PART IC -IC1.17 ETC — Notice of Intent — Check the relevant website

PART IC - IC1.18 ETC - Failure Modes and Effects Analysis (FMEA) — use required form located
at www.fsaeonline.com

PART S - ARTICLE 3:“Business Logic Plan” — Use required form located at
www.fsaeonline.com

PART S - ARTICLE 4: “Cost Report” - Report must comply with the Cost Event Rules.

*For 2016 Formula SAE Competitions in United States, Cost Report Submission process may be
changed. Please refer to the website for additional announcements and information.

S6.2 “Design Report” — Report must comply with the Design Event Rules

S6.3 “Design Spec Sheet” — Use required form located at www.fsaeonline.com.

PART EV - EV9.1 Electric vehicles only - “Electrical System Form” — Use required form
available at www.fsaeonline.com.

PART EV - EV9.2 Electric vehicles only - “Failure Modes and Effects Analysis” — Use required
form available at www.fsaeonline.com.
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A8.2

A8.3

A8.4

Program Submissions — Material required for programs is specific to each competition. Check the
website(s) of the competition(s) your team has entered for requirements.

Deadlines

Volunteer judges evaluate all the required submissions and it is essential that they have enough
time to complete their work. There are no exceptions to the document submission deadlines and
late submissions will incur penalties. Please note that different documents or submissions may
have different deadlines — check the event websites.

Submission Addresses and Formats

The procedures for submitting documents and the websites and/or addresses to which the various
documents should be sent are published on the individual event websites or otherwise released by
the organizers. Most required documents must be submitted in a format specified in the individual
event rules or using a prescribed form. Failure to submit a document in the proper format, or with
an incorrect file name, will be considered as “Not Submitted.”

Carefully read the event rules and check the website of the competition you are entering.

Notice - Teams will not be notified if a document is submitted incorrectly. Each team is
responsible for confirming that its documents have been properly uploaded and that the deadlines
have been met. Email confirmations to teams are not sent

Late Submission Penalties

Documents received /uploaded after the deadline and documents that are largely incomplete will
be penalized negative ten (-10) points per day, or partial day, late with the following penalty caps
and exclusions:

ARTICLE 5: “Electrical Systems Officer and Electrical Systems Advisor Form” - The penalty for
late ESO/ESA forms is capped at negative fifty (-50) points.

T3.9.5 “Structural Equivalency Spreadsheet (SES)” or AF2 “Structural Requirements Certification
Form (SRCF)” — The penalty for late SES/SRCF submission is capped at negative fifty (-50)
points.

Teams are advised that SES/SRCF forms are evaluated in the order in which they are received and
that late submissions will be reviewed last. Late SES/SRCF approval could delay the completion
of your vehicle. We strongly recommend you submit your SES/SRCF as early as possible.

T3.21.9 “Impact Attenuator Report Penalties” - The penalty for late Impact Attenuator Report
submissions is capped at negative fifty (-50) points.

PART IC - 1C2.1 “Fuel” — There is no point penalty for late submission of a fuel type order,
however once the deadline has passed your team will be allocated the basic fuel type.

PART S - ARTICLE 3: “Business Logic Plan” — The penalty for late submission of the BLP is
capped at negative fifty (-50) points.

Rule S4.16 “Late Submission of Cost Report” — For the first 15 days after the deadline submission
penalties for late Cost Reports are capped at negative eighty (-80) points. After the first 15 days a

late Cost Report is classified as “Not Submitted”. Cost Reports that are not submitted will receive
negative one hundred (-100) points and may not participate in the Cost Event.
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A84.1

A8.5

Rule S6.8 “Penalty for Late Submission or Non-submission” — The Design Report and Design
Spec Sheet collectively constitute the “Design Documents”. Late submission or failure to submit
all, or any one, of the Design Documents will be penalized at the standard negative ten (-10) points
per day to a maximum of negative one hundred (-100) points. If your Design Documents are
received more than ten (10) days late they will be classified as “Not Submitted” and your team
will not participate in the Design Event and will receive zero (0) points for design.

PART EV - EV9.1 “Electrical System Form” The penalty for late ESF submissions is capped at
negative fifty (-50) points. If the ESF is received more than ten (10) days late it will be classified
as “Not Submitted” and your vehicle will not be inspected and will not be permitted to compete.

PART EV - EV9.2 “Failures Modes and Effects Analysis” The penalty for late FMEA
submissions is capped at negative fifty (-50) points. If the FMEA is received more than ten (10)
days late it will be classified as “Not Submitted” and your vehicle will not be inspected and will
not be permitted to compete.

Program Submissions — Program submission requirements differ across competitions and may or
may not involve penalties. Please submit program material by the published deadlines.

This rule is only a summary; it does not supersede the individual event rules. Read the individual
rules for complete document submission requirements. Check the competition websites for
deadlines, submission addresses and other details. If you have any questions — ask us.

Failure to submit the required Business Logic Case, Cost, Design or Technical documents within
10 days of the deadline will constitute an automatic withdrawal of your team. Your team will be
notified after the 9th day of no submission that we have not received your documents and after 10
days your team’s registration will be cancelled and no refund will be given. This elimination will
take place after each round of required document deadlines.

Web Based Submission — North American Events Only
Teams entering Formula SAE Michigan, FSAE Lincoln, and FSAE Electric must submit the
following documents online through www.fsaeonline.com:

A5 Electric Vehicles Only “Electrical Systems Officer and Electrical Systems Advisor Form”
T3.9 “Structural Equivalency Spreadsheet (SES)” and Appendix B-1
or AF2 “Structural Requirements Certification Form (SRCF)”
T3.21 “Impact Attenuator Data Requirement”
S3 “Business Logic Plan”
S6.2 “Design Report”
56.3 “Design Spec Sheet”
EV9.1 Electric vehicles only - “Electrical System Form”
EV9.2 Electric vehicles only - “Failure Modes and Effects Analysis”

*For 2016 Formula SAE Competitions in United States, Cost Report Submission process may be
changed. Please refer to the website for additional announcements and information.

The date/time of upload to CDS Web constitutes the official record for deadline compliance.

Documents may be uploaded to the website from the time your fsaeonline account has been
created and accepted (See A8.6) until the “No Submissions Accepted After” deadline.
Submissions may be replaced with new uploads at any point during that period without penalty.
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A8.6

Late submission penalties apply to documents uploaded between the “Submission Due Date” and

the “No Submissions Accepted After” date unless the uploaded document is specifically requested
by the assessor of technical documents required to pass technical inspection — for example — 1AD,
SES, ESF, FMEA and ESO/ESA.

Teams have the option to replace uploaded documents with a new file at any time, however
between the “Submission Due Date” and the “No Submissions Accepted After” date such
replacements are classified as late submissions and the appropriate penalties will be applied.

Documents may not be uploaded or replaced following the “No Submissions Accepted After”
deadline and late submission penalties will be applied.

Account Signup for Online Submission — North American Events Only
Account creation for online document submission through fsaeonline requires the following steps:

a. Visit www.fsaeonline.com

b. Follow the account signup instructions on the website. Select “Your Affiliation” as either
“Team Captain/Team Advisor” or “Team Member (non-captain)”

€. Your “authentication number” for fsaeonline signup is the SAE confirmation number that
was issued when your team registered.

NOTE - There may be a delay of up to three (3) business days between the time your team
registers for a competition and the fsaeonline site recognizes the validity of your
authentication number and the captain can create his account.

Once your team captain has created an account it will remain valid until your team becomes
dormant or no longer registers to compete.

d. Responsibilities and Restrictions

Team Captain Role — Each team must have at least one person identified on fsaeonline as
the Team Captain. The Team Captain(s) has unique responsibilities on the site including
accepting other team members for site access. Until the captain accepts a member’s signup
that person cannot upload or view team documents. Team captains automatically have the
same roles and privileges as their team members.

Team Member Restrictions — Team members must be approved by the Team Captain or the
Faculty Advisor before being able to view or upload team documents.

Uploading Documents — All team members and the team captain have equal authority to
upload and/or replace documents in the name of the team.

Document Access — Uploaded documents can only be viewed by (1) members of the
submitting team, (2) authorized judges, technical inspectors and officials and (3) CDS staff.

Reminder — The website does not know what you intended to submit or what you thought

you were doing. Anything your team uploads to the site is considered to be an official
action by your team.
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NOTE — Not all team members need to be affiliated on the fsaeonline website; however
team members responsible for submitting documents by the deadlines must be added.

Transfer of Team Captain Responsibility — Important — If your captain is leaving the
team, through graduation or otherwise, it is important that the departing captain “pass the
baton” by designating one, or more, new captains on the FSAEonline.com website. Only
your team captain(s) has the authority to add team members and new/additional captains.
Please note that your team can designate more than one captain. But before you do so,
remember that all your captains will have equivalent authority on the fsaeonline website.

ARTICLE 9: PROTESTS

A9.1

A9.2

A9.3

A9.4

A9.5

A9.6

It is recognized that thousands of hours of work have gone into fielding a vehicle and that teams
are entitled to all the points they can earn. We also recognize that there can be differences in the
interpretation of rules, the application of penalties and the understanding of procedures. The
officials and SAE staff will make every effort to fully review all questions and resolve problems
and discrepancies quickly and equitably

Preliminary Review — Required

If a team has a question about scoring, judging, policies or any official action it must be brought to
the organizer’s or SAE staff’s attention for an informal preliminary review before a protest can be
filed.

Cause for Protest

A team may protest any rule interpretation, score or official action (unless specifically excluded
from protest) which they feel has caused some actual, non-trivial, harm to their team, or has had a
substantive effect on their score. Teams may not protest rule interpretations or actions that have
not caused them any substantive damage.

Protest Format and Forfeit

All protests must be filed in writing and presented to the organizer or SAE staff by the team
captain. In order to have a protest considered, a team must post a twenty-five (25) point protest
bond which will be forfeited if their protest is rejected.

Protest Period

Protests concerning any aspect of the competition must be filed within the protest period
announced by the competition organizers or one-half hour (30 minutes) of the posting of the scores
of the event to which the protest relates.

Decision
The decision of the competition protest committee regarding any protest is final.

ARTICLE 10: QUESTIONS ABOUT THE FORMULA SAE RULES

Al10.1

Question Publication

By submitting a question to the FSAE Rules Committee or the competition’s organizing body you
and your team agree that both your question and the official answer can be reproduced and
distributed by SAE, in both complete and edited versions, in any medium or format anywhere in
the world.
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Al10.2

Al10.3

Al10.4
Al104.1

Al10.4.2

Al10.5
Al10.5.1

Al10.5.2

Al10.6
Al10.6.1

A10.6.2

Question Types

The Committee will answer questions that are not already answered in the rules or FAQs or that
require new or novel rule interpretations. The Committee will not respond to questions that are
already answered in the rules. For example, if a rule specifies a minimum dimension for a part the
Committee will not answer questions asking if a smaller dimension can be used.

Frequently Asked Questions
Before submitting a question, check the Frequently Asked Questions section of the Formula SAE
Forum website.

Question Format

All rules questions must include (1) the full name and email address of the student submitting the
question, (2) the name of the university — no abbreviations, (3) the number of the applicable rule
and (4) the specific competition your team has, or is planning to, enter.

The following limits apply to questions submitted to the FSAE Rules Committee (1) No
photograph, drawing or other attachment may exceed 500 KB in size (2) the total size of any
guestion, with all attachments, must not exceed 2 MB.

Response Time

Please allow a minimum of two (2) weeks for a response. The Rules Committee will respond as
quickly as possible, however responses to questions presenting new issues, or of unusual
complexity, may take more than two weeks.

Please do not resend questions.

Submission Addresses:

Teams entering Formula SAE competitions in North America:

Follow the current submission instructions published on fsaeonline.com by going to
www.fsaeonline.com and clicking "Submit a Rules Question™ on the Quick Links menu on the
right.

Teams entering competitions outside North American please visit those respective competition
websites for further instructions.
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APPENDIX A — SAE TECHNICAL STANDARDS
The SAE Technical Standards Board (TSB) has made the following SAE Technical Standards available on
line, at no cost, for use by Collegiate Design teams. Standards are important in all areas of engineering and
we urge you to review these documents and to become familiar will their contents and use.
The technical documents listed below include both (1) standards that are identified in the rules and (2)
standards that the TSB and the various rules committees believe are valuable references or which may be
mentioned in future rule sets.

All Collegiate Design Series teams registered for competitions in North America have access to all the
standards listed below - including standards not specific to your competition.

See FSAE Rule A3.11 “Technical Standards Access” for the access procedure.

SAE Technical Standards included in the CDS Rules

Baja SAE

J586 - Stop Lamps for Use on Motor Vehicles Less Than 2032 mm in Overall Width
J759 - Lighting Identification Code

J994 - Alarm - Backup — Electric Laboratory Tests

J1741 - Discriminating Back-Up Alarm Standard

Clean Snowmobile Challenge
J192 - Maximum Exterior Sound Level for Snowmobiles
J1161 - Sound Measurement — Off-Road Self-Propelled Work Machines Operator-Work Cycle

Formula SAE Hybrid

J1318 - Gaseous Discharge Warning Lamp for Authorized Emergency, Maintenance and Service Vehicles
J1673 - High Voltage Automotive Wiring Assembly Design

Formula SAE

SAE 4130 steel is referenced but no specific standard is identified

SAE Grade 5 bolts are required but no specific standard is identified

Supermileage
J586 - Stop Lamps for Use on Motor Vehicles Less Than 2032 mm in Overall Width

Electric Standards

SAE Technical Standards for Supplemental Use

Standards Relevant to Baja SAE

J98 — Personal Protection for General Purpose Industrial Machines — Standard

J183 — Engine Oil Performance and Engine Service Classification - Standard

J306 — Automotive Gear Lubricant Viscosity Classification - Standard

J429 — Mechanical and Material Requirements for Externally Threaded Fasteners — Standard
J512 — Automotive Tube Fittings - Standard

J517 — Hydraulic Hose - Standard

J1166 — Sound Measurement — Off-Road Self-Propelled Work Machines Operator-Work Cycle
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J1194 — Rollover Protective Structures (ROPS) for Wheeled Agricultural Tractors

J1362 — Graphical Symbols for Operator Controls and Displays on Off-Road Self-Propelled Work Machines
- Standard

J1614 — Wiring Distribution Systems for Construction, Agricultural and Off-Road Work Machines

J1703 - Motor Vehicle Brake Fluid - Standard

J2030 — Heavy Duty Electrical Connector Performance Standard

J2402 — Road Vehicles — Symbols for Controls, Indicators and Tell-Tales — Standard

Standards Relevant to Clean Snowmobile Challenge

J44 — Service Brake System Performance Requirements — Snowmobiles - Recommended Practice
J45 — Brake System Test Procedure — Snowmobiles — Recommended Practice

J68 — Tests for Snowmobile Switching Devices and Components - Recommended Practice

J89 — Dynamic Cushioning Performance Criteria for Snowmobile Seats - Recommended Practice
J92 — Snowmobile Throttle Control Systems — Recommended Practice

J192 — Maximum Exterior Sound Level for Snowmobiles - Recommended Practice

J288 — Snowmobile Fuel Tanks - Recommended Practice

J1161 — Operational Sound Level Measurement Procedure for Snowmobiles - Recommended Practice
J1222 — Speed Control Assurance for Snowmobiles - Recommended Practice

J1279 — Snowmobile Drive Mechanisms - Recommended Practice

J1282 — Snowmobile Brake Control Systems - Recommended Practice

J2567 — Measurement of Exhaust Sound Levels of Stationary Showmobiles - Recommended Practice

Standards Relevant to Formula SAE

J183 — Engine Oil Performance and Engine Service Classification - Standard

J306 — Automotive Gear Lubricant Viscosity Classification - Standard

J429 — Mechanical and Material Requirements for Externally Threaded Fasteners — Standard

J452 - General Information — Chemical Compositions, Mechanical and Physical Properties of SAE
Aluminum Casting Alloys — Information Report

J512 — Automotive Tube Fittings - Standard

J517 — Hydraulic Hose - Standard

J637 — Automotive V-Belt Drives — Recommended Practice

J829 — Fuel Tank Filler Cap and Cap Retainer

J1153 - Hydraulic Cylinders for Motor Vehicle Brakes — Test Procedure

J1154 — Hydraulic Master Cylinders for Motor Vehicle Brakes - Performance Requirements - Standard
J1703 - Motor Vehicle Brake Fluid - Standard

J2045 — Performance Requirements for Fuel System Tubing Assemblies - Standard

J2053 — Brake Master Cylinder Plastic Reservoir Assembly for Road Vehicles — Standard

Standard Relevant to Formula Hybrid
J1772 — SAE Electric Vehicle and Plug in Hybrid Conductive Charge Coupler

Standard Relevant to all CDS Competitions

J1739 — Potential Failure Mode and Effects Analysis in Design (Design FMEA) Potential Failure Mode and
Effects Analysis in Manufacturing and Assembly Processes (Process FMEA) and Potential Failure Mode
and Effects Analysis for Machinery (Machinery FMEA)

22
© 2015 SAE International. All Rights Reserved 2016 Formula SAE® Rules — May 11, 2015



S

INTERNATIONAL .-

2016 FORMULA SAE RULES
PART T - GENERAL TECHNICAL REQUIREMENTS

ARTICLE 1: VEHICLE REQUIREMENTS & RESTRICTIONS

T1.1

T1.2
T1.2.1

T1.2.2

T1.2.3

T1.24

Technical Inspection

The following requirements and restrictions will be enforced through technical inspection.
Noncompliance must be corrected and the car re-inspected before the car is allowed to operate under
power.

Modifications and Repairs

Once the vehicle has been presented for judging in the Cost or Design Events, or submitted for
Technical Inspection, and until the vehicle is approved to compete in the dynamic events, i.e. all the
inspection stickers are awarded, the only modifications permitted to the vehicle are those directed by
the Inspector(s) and noted on the Inspection Form.

Once the vehicle is approved to compete in the dynamic events, the ONLY modifications permitted to
the vehicle are those listed below. They are also referred to in PART S - Static Event Regulations.
a. Adjustment of belts, chains and clutches

b. Adjustment of brake bias

c. Adjustment of the driver restraint system, head restraint, seat and pedal assembly

d. Substitution of the head restraint or seat insert for different drivers

e. Adjustment to engine operating parameters, e.g. fuel mixture and ignition timing, and any
software calibration changes

f.  Adjustment of mirrors

g. Adjustment of the suspension where no part substitution is required, (except that springs,
sway bars and shims may be changed)

h. Adjustment of tire pressure

i. Adjustment of wing angle, but not the location

j.  Replenishment of fluids

k. Replacement of worn tires or brake pads. Replacement tires and brake pads must be

identical in material/composition/size to those presented and approved at Technical
Inspection.

I.  The changing of wheels and tires for “wet” or “damp” conditions as allowed in PART D -
Dynamic Event Regulations.

m. Recharging low voltage batteries

n. Recharging high voltage accumulators

The vehicle must maintain all required specifications, e.g. ride height, suspension travel, braking
capacity (pad material/composition), sound level and wing location throughout the competition.

Once the vehicle is approved for competition, any damage to the vehicle that requires repair, e.g.
crash damage, electrical or mechanical damage will void the Inspection Approval. Upon the
completion of the repair and before re-entering into any dynamic competition, the vehicle MUST be
re-submitted to Technical Inspection for re-approval.
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ARTICLE 2: GENERAL DESIGN REQUIREMENTS
T2.1 Vehicle Configuration

The vehicle must be open-wheeled and open-cockpit (a formula style body) with four (4) wheels that
are not in a straight line.

Definition of "Open Wheel" — Open Wheel vehicles must satisfy all of the following criteria:

a. The top 180 degrees of the wheels/tires must be unobstructed when viewed from vertically
above the wheel.

b. The wheels/tires must be unobstructed when viewed from the side.

c. No part of the vehicle may enter a keep-out-zone defined by two lines extending vertically
from positions 75mm in front of and 75mm behind, the outer diameter of the front and rear
tires in the side view elevation of the vehicle, with tires steered straight ahead. This keep-
out zone will extend laterally from the outside plane of the wheell/tire to the inboard plane
of the wheel/tire. See the figure “Keep Out Zones” below.

d. Must also comply with the dimensions/requirements of ARTICLE 9: Aerodynamic Devices.

NOTE: The dry tires will be used for all inspections.

1
1
~

JE———

=

FP———

T2.2 Bodywork

There must be no openings through the bodywork into the driver compartment from the front of the
vehicle back to the roll bar main hoop or firewall other than that required for the cockpit opening.
Minimal openings around the front suspension components are allowed.
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T2.3

T2.4

T2.5

Wheelbase
The car must have a wheelbase of at least 1525 mm (60 inches). The wheelbase is measured from the
center of ground contact of the front and rear tires with the wheels pointed straight ahead.

Vehicle Track
The smaller track of the vehicle (front or rear) must be no less than 75% of the larger track.

Visible Access

All items on the Inspection Form must be clearly visible to the technical inspectors without using
instruments such as endoscopes or mirrors. Visible access can be provided by removing body panels
or by providing removable access panels.

ARTICLE 3: DRIVER’S CELL

T3.1

T3.1.1

T3.1.2

T3.2

T3.3

Vehicle Structure - 2 Options
Teams may, at their option, design their vehicle to comply with either of two (2) separate, but related,
sets of requirements and restrictions. Specifically, teams may elect to comply with either:

a. Part T Article 3 “Drivers Cell” as defined below or

b. Part AF “Alternate Frame Rules” as found in Appendix AF and the FSAE website.

Notice Requirement — Teams planning to use the Part AF “Alternate Frame Rules” must notify the
Rules Committee of their intent by the date posted on the SAE Website. The instructions for
notification appear in Part AF. The Rules Committee will review the submission and notify the team
if the request is granted. Part AF has significant analytical requirements and as it is still in
development this application process will insure that the Committee can handle the workload and give
teams the support they may require to show certification as well as insure the teams have the technical
capability to analyze their design and prove compliance with the AF Rules.

Alternate Frame Rules use requires the submission of the “Structural Requirements Certification Form
(SRCF)” which supersedes the “Structural Equivalency Spreadsheet”.

Teams submitting a Structural Requirements Certification Form (SRCF) do not have to submit a
Structural Equivalency Spreadsheet (SES).

General Requirements
Among other requirements, the vehicle’s structure must include two roll hoops that are braced, a front
bulkhead with support system and Impact Attenuator, and side impact structures.

Definitions

The following definitions apply throughout the Rules document:

a. Main Hoop - A roll bar located alongside or just behind the driver’s torso.

b. Front Hoop - A roll bar located above the driver’s legs, in proximity to the steering wheel.

c. Roll Hoops — Both the Front Hoop and the Main Hoop are classified as “Roll Hoops”

d. Roll Hoop Bracing Supports — The structure from the lower end of the Roll Hoop Bracing back to

the Roll Hoop(s).

Frame Member - A minimum representative single piece of uncut, continuous tubing.

f.  Frame - The “Frame” is the fabricated structural assembly that supports all functional vehicle
systems. This assembly may be a single welded structure, multiple welded structures or a
combination of composite and welded structures.

g. Primary Structure — The Primary Structure is comprised of the following Frame components:

®
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T3.4
T3.4.1

i. Main Hoop,
ii.  Front Hoop,
iii.  Roll Hoop Braces and Supports,
iv. Side Impact Structure,
v.  Front Bulkhead,
vi.  Front Bulkhead Support System and

vii.  All Frame Members, guides and supports that transfer load from the Driver’s Restraint

System into items 1 through 6.

h. Major Structure of the Frame — The portion of the Frame that lies within the envelope defined by

the Primary Structure. The upper portion of the Main Hoop and the Main Hoop Bracing are not
included in defining this envelope.

i. Front Bulkhead — A planar structure that defines the forward plane of the Major Structure of the

Frame and functions to provide protection for the driver’s feet.
j.  Impact Attenuator — A deformable, energy absorbing device located forward of the Front
Bulkhead.

k. Side Impact Zone — The area of the side of the car extending from the top of the floor to 350 mm

(13.8 inches) above the ground and from the Front Hoop back to the Main Hoop.

I.  Node-to-node triangulation — An arrangement of frame members projected onto a plane, where a
co-planar load applied in any direction, at any node, results in only tensile or compressive forces

in the frame members. This is also what is meant by “properly triangulated”.

Not OK Properly Triangulated

Minimum Material Requirements

Baseline Steel Material

The Primary Structure of the car must be constructed of:

Either: Round, mild or alloy, steel tubing (minimum 0.1% carbon) of the minimum dimensions
specified in the following table,

Or: Approved alternatives per Rules T3.5, T3.6 and T3.7.

ITEM or APPLICATION OUTSIDE DIMENSION
X WALL THICKNESS

Round 1.0 inch (25.4 mm) x 0.095 inch (2.4 mm)
or Round 25.0 mm x 2.50 mm metric

Main & Front Hoops,

Shoulder Harness Mounting Bar

Side Impact Structure, Front Bulkhead, Round 1.0 inch (25.4 mm) x 0.065 inch (1.65 mm)
Roll Hoop Bracing, or Round 25.0 mm x 1.75 mm metric
Driver’s Restraint Harness Attachment or Round 25.4 mm x 1.60 mm metric
(except as noted above) or Square 1.00 inch x 1.00 inch x 0.047 inch
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T3.5
T3.5.1

T3.5.2

T3.5.3

EV: Accumulator Protection Structure or Square 25.0 mm x 25.0 mm x 1.20 mm metric

Front Bulkhead Support, Main Hoop Round 1.0 inch (25.4 mm) x 0.047 inch (1.20 mm)
Bracing Supports or Round 25.0 mm x 1.5 mm metric

EV: Tractive System Components or Round 26.0 mm x 1.2 mm metric

NOTE 1: The use of alloy steel does not allow the wall thickness to be thinner than that used for mild
steel.

NOTE 2: For a specific application:
- Using tubing of the specified outside diameter but with greater wall thickness,
- Or of the specified wall thickness and a greater outside diameter,
- Or replacing round tubing with square tubing of the same or larger size to those listed above,
are NOT rules deviation requiring approval.

NOTE 3: Except for inspection holes, any holes drilled in any regulated tubing require the submission
of an SES.

NOTE 4: Baseline steel properties used for calculations to be submitted in an SES may not be lower
than the following:

Bending and buckling strength calculations:
Young’s Modulus (E) =200 GPa (29,000 ksi)
Yield Strength (Sy) = 305 MPa (44.2 ksi)
Ultimate Strength (Su) = 365 MPa (52.9 ksi)

Welded monocoque attachment points or welded tube joint calculations:
Yield Strength (Sy) = 180 MPa (26ksi)
Ultimate Strength (Su) = 300 MPa (43.5 ksi)

Where welded tubing reinforcements are required (e.g. inserts for bolt holes or material to support
suspension cutouts) the tubing must retain the baseline cold rolled strength while using the welded
strength for the additional reinforcement material.

NOTE 5: Any tubing smaller than 1’x0.047” (or an approved alternative as per Rules T3.5, T3.6 or
T3.7) is not considered structural and will be ignored when assessing compliance to any rule listed
within Part T.

Alternative Tubing and Material - General

Alternative tubing geometry and/or materials may be used except that the Main Roll Hoop and Main
Roll Hoop Bracing must be made from steel, i.e. the use of aluminum or titanium tubing or
composites for these components is prohibited.

Titanium or magnesium on which welding has been utilized may not be used for any part of the
Primary Structure. This includes the attachment of brackets to the tubing or the attachment of the
tubing to other components.

If a team chooses to use alternative tubing and/or materials they must submit a “Structural
Equivalency Spreadsheet” per Rule T3.9. The teams must submit calculations for the material they
have chosen, demonstrating equivalence to the minimum requirements found in Section T3.4.1 for
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T3.5.4

T3.5.5

T3.5.6

T3.6

yield and ultimate strengths in bending, buckling and tension, for buckling modulus and for energy
dissipation. (The Buckling Modulus is defined as EI, where, E = modulus of Elasticity, and | = area
moment of inertia about the weakest axis.)

Tubing cannot be of thinner wall thickness than listed in T3.6 or T3.7.

If a bent tube(or member consisting of multiple tubes that are not in a line) is used anywhere in the
primary structure, other than the front and main roll hoops, an additional tube must be attached to
support it. The attachment point must be the position along the tube where it deviates farthest from a
straight line connecting both ends. The support tube must have the same diameter and thickness as
the bent tube, terminate at a node of the chassis, and be angled no more than 45 degrees from the
plane of the bent tube. Braces attached to the upper side impact member are not required to meet
the 45 degree from the plane of the bent tube requirement.

Any chassis design that is a hybrid of the baseline and monocoque rules, must meet all relevant rules
requirements, e.g. a sandwich panel side impact structure in a tube frame chassis must meet the
requirements of rules T3.27, T3.28, T3.29, T3.30 and T3.33.

NOTE: It is allowable for the properties of tubes and laminates to be combined to prove equivalence.
E.g. n a side-impact structure consisting of one tube as per T3.4 and a laminate panel, the panel only
needs to be equivalent to two side-impact tubes.

Alternative Steel Tubing
Minimum Wall Thickness Allowed

MATERIAL & APPLICATION MINIMUM WALL
THICKNESS
Steel Tubing for Front and Main Roll Hoops,
and Shoulder Harness Mounting Bar 2.0 mm (0.079 inch)
Steel Tubing for Roll Hoop Bracing, Roll Hoop Bracing
Supports, Side Impact Structure, Front Bulkhead, 1.2 mm (0.047 inch)

Front Bulkhead Support, Driver’s Harness Attachment (except as
noted above), Protection of HV accumulators, and protection of
HV tractive systems

Minimum Wall Thickness Allowed for teams satisfying physical testing requirements:

MATERIAL & APPLICATION MINIMUM WALL
THICKNESS
Steel Tubing for Front and Main Roll Hoops,
and Shoulder Harness Mounting Bar 1.6 mm (0.065 inch)
Steel Tubing for Roll Hoop Bracing, Roll Hoop Bracing
Supports, Side Impact Structure, Front Bulkhead, 0.9 mm (0.035 inch)

Front Bulkhead Support, Driver’s Harness Attachment (except as
noted above), Protection of HV accumulators, and protection of
HV tractive systems

NOTE 1: All steel is treated equally - there is no allowance for alloy steel tubing, e.g. SAE 4130, to
have a thinner wall thickness than that used with mild steel.
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T3.6.1

T3.6.2

NOTE 2: To maintain EI with a thinner wall thickness than specified in T3.4.1, the outside diameter
MUST be increased.

NOTE 3: To maintain the equivalent yield and ultimate tensile strength the same cross-sectional area
of steel as the baseline tubing specified in T3.4.1 MUST be maintained.

NOTE 4: Teams using the Alternative Frame Rules must comply with rule T3.6.

Test samples representing the joining method to be used on the Primary Structure must be constructed
by team members and pull tested to determine joint strength and quality.

Test samples must be constructed in an “H” pattern with two parallel 203mm (8 inches) long tubes
separated by 38mm (1.5 inches) measured from the tube centerline. The connecting tube must be
perpendicular to the parallel tubes and be 50mm (2 inches) from the top end of one tube and 50mm (2
inches) from the bottom end of the other tube.

203

50

38

50

203

T3.6.3

Construction of the test samples must meet the following requirements:
a. The test samples must use the same mild/alloy steel as is used in the construction of the chassis.
b. For each alternative configuration that is used in the vehicle design both the alternative and
baseline must be tested and compared.
c. Two samples of each joint must be manufactured and tested, two each of the baseline and two
each of the alternative joint. NOTE: this means the minimum number of tests is four.

Baseline joint Alternate tube thickness joint
inches metric inches metric
1"x0.095"to 25.4mmx 2.4 mmto - 1"x0.095" to 25.4mm X 2.4 mm to
1"x0.047" 25.4mm x 1.2 mm 1.375"x0.035" 34.9mm x 0.9 mm
1"x0.063"to 25.4mmx 1.6 mmto S 1"x0.063" to 25.4mm x 1.6 mm to
1"x0.047" 25.4mm x 1.2 mm 1.375"x0.035" 34.9mm x 0.9 mm
1"x0.047"to 25.4mmx 1.2 mmto - 1"x0.047" to 25.4mm x 1.2 mm to
1"x0.047" 25.4mm x 1.2 mm 1.375"x0.035" 34.9mm x 0.9 mm
1"x0.047"to 25.4mmx 1.2 mmto > 1.375"x0.035"to  34.9mm x 0.9 mm to
1"x0.047" 25.4mm x 1.2 mm 1.375x0.035" 34.9mm x 0.9 mm
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T3.6.4

T3.7
T3.7.1

T3.7.2

T3.7.3

T3.8

T3.8.1

T3.8.2

T3.9

T3.9.1

d. The thinnest wall thickness tube must be the short perpendicular tube between the parallel
tubes.

e. Teams may modify or add material at the ends of the test samples for mounting into a pull test
machine. Mounting end modifications must be consistent across all test samples.

f.  Any post welding heat treatment such as annealing must be consistent across all test samples
and with the actual vehicle frame. Altering the shape of the weld is not allowed (no grinding or
sanding).

Test samples must be pull tested to failure. Force vs. Deflection curves for all samples must be
submitted for review in the SES. The “physical test requirement” is satisfied if the minimum failure
load for both "Alternate tube thickness™ test samples is within 95 percent of the minimum failure load
of either corresponding "Baseline joint" test sample. Test results must be documented in the SES or
SRCF and test samples must be available to technical inspectors at competition

Aluminum Tubing Requirements
Minimum Wall Thickness: Aluminum Tubing 3.0 mm (0.118 inch)

The equivalent yield strength must be considered in the “as-welded” condition, (Reference:
WELDING ALUMINUM (latest Edition) by the Aluminum Association, or THE WELDING
HANDBOOK, Volume 4, 7th Ed., by The American Welding Society), unless the team demonstrates
and shows proof that the frame has been properly solution heat treated and artificially aged.

Should aluminum tubing be solution heat-treated and age hardened to increase its strength after
welding; the team must supply sufficient documentation as to how the process was performed. This
includes, but is not limited to, the heat-treating facility used, the process applied, and the fixturing
used.

Composite Materials

If any composite or other material is used, the team must present documentation of material type, e.g.
purchase receipt, shipping document or letter of donation, and of the material properties. Details of the
composite lay-up technique as well as the structural material used (cloth type, weight, and resin type,
number of layers, core material, and skin material if metal) must also be submitted. The team must
submit calculations demonstrating equivalence of their composite structure to one of similar geometry
made to the minimum requirements found in Section T3.4.1. Equivalency calculations must be
submitted for energy dissipation, yield and ultimate strengths in bending, buckling, and tension.
Submit the completed “Structural Equivalency Spreadsheet” per Section T3.9.

Composite materials are not allowed for the Main Hoop or the Front Hoop.

Structural Documentation — SES or SRCF Submission
All equivalency calculations must prove equivalency relative to steel grade SAE/AISI 1010.

All teams MUST submit either a STRUCTURAL EQUIVALENCY SPREADSHEET (SES) or a
STRUCTURAL REQUIREMENTS CERTIFICATION FORM (SCRF).

Teams complying with the Part T Article 3 “Drivers Cell” rules MUST submit a Structural

Equivalence Spreadsheet (SES), even if they are NOT planning to use alternative materials or tubing
sizes to those specified in T3.4.1 Baseline Steel Materials.
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T3.9.2

T3.9.3

T3.9.4

T3.9.5

T3.9.6

T3.9.7

T3.10
T3.10.1

T3.10.2

T3.10.3

Teams following the Part AF “Alternate Frame Rules” MUST submit a Structural Requirements
Certification Form (SRCF). See Rule Part AF - AF2.1.

The use of alternative materials or tubing sizes to those specified in T3.4.1 “Baseline Steel Material,”
is allowed, provided they have been judged by a technical review to have equal or superior properties
to those specified in T3.4.1.

Approval of alternative material or tubing sizes will be based upon the engineering judgment and
experience of the chief technical inspector or his appointee.

The technical review is initiated by completing the “Structural Equivalency Spreadsheet” (SES) using
the format given in Appendix T-1.

Structural Equivalency Spreadsheet — Submission

a. Address — SESs must be submitted to the officials at the competition you are entering at the
address shown in the Appendix or indicated on the competition website.

b. Due Date — SESs must be submitted no later than the date indicated on the competition website.
Teams that submit their Structural Equivalency Spreadsheet after the due date for the
competition will be penalized 10 points per day up to a maximum of 50 points, which will be
taken off the team’s Total Score.

c. Acknowledgement — North America competitions — SESs submitted for vehicles entered into
competitions held in North America will be acknowledged automatically by the fsaeonline
website.

Do Not Resubmit SES’s unless instructed to do so.

Vehicles completed under an approved SES must be fabricated in accordance with the materials and
processes described in the SES.

Teams must bring a copy of the approved SES with them to Technical Inspection.

Comment - The resubmission of an SES that was written and submitted for a competition in a
previous year is strongly discouraged. Each team is expected to perform their own tests and to submit
SESs based on their original work. Understanding the engineering that justifies the equivalency is
essential to discussing your work with the officials.

Main and Front Roll Hoops — General Requirements
The driver’s head and hands must not contact the ground in any rollover attitude.

The Frame must include both a Main Hoop and a Front Hoop as shown in Figure 1.

When seated normally and restrained by the Driver’s Restraint System, the helmet of a 95th percentile
male (anthropometrical data) and all of the team’s drivers must:
a. Beaminimum of 50.8 mm (2 inches) from the straight line drawn from the top of the main
hoop to the top of the front hoop. (Figure 1a)
b. Beaminimum of 50.8 mm (2 inches) from the straight line drawn from the top of the main
hoop to the lower end of the main hoop bracing if the bracing extends rearwards. (Figure 1b)
c. Be no further rearwards than the rear surface of the main hoop if the main hoop bracing extends
forwards. (Figure 1c)
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95th Percentile Male Template Dimensions

A two dimensional template used to represent the 95th percentile male is made to the following
dimensions:

A circle of diameter 200 mm (7.87 inch) will represent the hips and buttocks.

A circle of diameter 200 mm (7.87 inch) will represent the shoulder/cervical region.

A circle of diameter 300 mm (11.81 inch) will represent the head (with helmet).

A straight line measuring 490 mm (19.29 inch) will connect the centers of the two

200 mm circles.

A straight line measuring 280 mm (11.02 inch) will connect the centers of the upper 200 mm
circle and the 300 mm head circle.

50 mm (2 inch) Minimum to HELMET CLEARANCE
ALL drivers and 95"

percentile template s
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T3.10.4 The 95th percentile male template will be positioned as follows: (See Figure 2.)

head
restraint

T3.10.5

T3.10.6

T3.10.7

T3.10.8

T3.11
T3.11.1

T3.11.2

T3.11.3

seat back

a. The seat will be adjusted to the rearmost position,

b. The pedals will be placed in the most forward position.

c. The bottom 200 mm circle will be placed on the seat bottom such that the distance between the
center of this circle and the rearmost face of the pedals is no less than 915 mm (36 inches).

d. The middle 200 mm circle, representing the shoulders, will be positioned on the seat back.

e. The upper 300 mm circle will be positioned no more than 25.4 mm (1 inch) away from the head
restraint (i.e. where the driver’s helmet would normally be located while driving).

25.4 max.

All Dimensions in mm

7
&

280

rearmost
pedal face

i e e

LT

seaf bottom
If the requirements of T3.10.4 are not met with the 95" percentile male template, the car will NOT
receive a Technical Inspection Sticker and will not be allowed to compete in the dynamic events.

Drivers who do not meet the helmet clearance requirements of T3.10.3 will not be allowed to drive in
the competition.

The minimum radius of any bend, measured at the tube centerline, must be at least three times the
tube outside diameter. Bends must be smooth and continuous with no evidence of crimping or wall
failure.

The Main Hoop and Front Hoop must be securely integrated into the Primary Structure using proper
triangulation.

Main Hoop
The Main Hoop must be constructed of a single piece of uncut, continuous, closed section steel tubing
per Rule T3.4.1.

The use of aluminum alloys, titanium alloys or composite materials for the Main Hoop is prohibited.

The Main Hoop must extend from the lowest Frame Member on one side of the Frame, up, over and
down the lowest Frame Member on the other side of the Frame.
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T3.11.4

T3.11.5

T3.11.6

T3.11.7

T3.12

T3.12.1

T3.12.2

T3.12.3

T3.12.4

T3.12.5

T3.12.6

T3.13

T3.13.1

T3.13.2

T3.13.3

T3.13.4

In the side view of the vehicle, the portion of the Main Roll Hoop that lies above its attachment point
to the Major Structure of the Frame (the point where it attaches to the upper Side Impact Tube) must
be within ten degrees (10°) of the vertical.

In the side view of the vehicle, any bends in the Main Roll Hoop above its attachment point to the
Major Structure of the Frame must be braced to a node of the Main Hoop Bracing Support structure
with tubing meeting the requirements of Roll Hoop Bracing as per Rule T3.4.1.

In the side view of the vehicle, the portion of the Main Roll Hoop that lies below the upper side
impact member attachment point may be inclined at any angle to the vertical in the forward direction
but, it can only be inclined rearward within ten degrees (10°) of the vertical.

In the front view of the vehicle, the vertical members of the Main Hoop must be at least 380 mm (15
inch) apart (inside dimension) at the location where the Main Hoop is attached to the bottom tubes of
the Major Structure of the Frame.

Front Hoop
The Front Hoop must be constructed of closed section metal tubing per Rule T3.4.1.

The Front Hoop must extend from the lowest Frame Member on one side of the Frame, up, over and
down to the lowest Frame Member on the other side of the Frame.

With proper triangulation, it is permissible to fabricate the Front Hoop from more than one piece of
tubing.

The top-most surface of the Front Hoop must be no lower than the top of the steering wheel in any
angular position.

The Front Hoop must be no more than 250 mms (9.8 inches) forward of the steering wheel. This
distance shall be measured horizontally, on the vehicle centerline, from the rear surface of the Front
Hoop to the forward most surface of the steering wheel rim with the steering in the straight-ahead
position.

In side view, no part of the Front Hoop can be inclined at more than twenty degrees (20°) from the
vertical.

Main Hoop Bracing
Main Hoop braces must be constructed of closed section steel tubing per Rule T3.4.1.

The Main Hoop must be supported by two braces extending in the forward or rearward direction on
both the left and right sides of the Main Hoop.

In the side view of the Frame, the Main Hoop and the Main Hoop braces must not lie on the same side
of the vertical line through the top of the Main Hoop, i.e. if the Main Hoop leans forward, the braces
must be forward of the Main Hoop, and if the Main Hoop leans rearward, the braces must be rearward
of the Main Hoop.

The Main Hoop braces must be attached as near as possible to the top of the Main Hoop but not more

than 160 mm (6.3 in) below the top-most surface of the Main Hoop. The included angle formed by the
Main Hoop and the Main Hoop braces must be at least thirty degrees (30°). See Figure 3.
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T3.13.5

T3.13.6

T3.13.7

T3.13.8

T3.13.9

T3.14
T3.14.1

T3.14.2

T3.14.3

f Bracing 16 cm

(6.3 inch) Max. FIGURE 3

Front Roll Hoop
no lower than top
of steering wheel

" Main Roll Hoop
N Braces fore or
v % aft on right and
“\ ‘\ left sides.
%\ Minimum of 30°
‘\‘ cluded angle
\‘V‘}Kh
h(\)n\l—wop

Bracing 50 mm
(2 inch) Max.

Front Roll Hoop and Braces
must be integrated into 30° Min. 30° Min.
frame and surrounding structure

The Main Hoop braces must be straight, i.e. without any bends.

The Main Hoop Braces must be securely integrated into the Frame and be capable of transmitting all
loads from the Main Hoop into the Major Structure of the Frame without failing.

The lower end of the Main Hoop Braces must be supported back to the Main Hoop by a minimum of
two Frame Members on each side of the vehicle; an upper member and a lower member in a properly
triangulated configuration.

a. The upper support member must attach to the node where the upper Side Impact Member
attaches to the Main Hoop.

b. The lower support member must attach to the node where the lower Side Impact Member
attaches to the Main Hoop.

NOTE: Each of the above members can be multiple or bent tubes provided the requirements of T3.5.5
are met.

All the Frame Members of the Main Hoop Bracing Support system listed above must be constructed
of closed section tubing per Section T3.4.1.

If any item which is outside the envelope of the Primary Structure is attached to the Main Hoop
braces, then additional bracing must be added to prevent bending loads in the braces in any rollover
attitude

Front Hoop Bracing
Front Hoop braces must be constructed of material per Rule T3.4.1.

The Front Hoop must be supported by two braces extending in the forward direction on both the left
and right sides of the Front Hoop.

The Front Hoop braces must be constructed such that they protect the driver’s legs and should extend
to the structure in front of the driver’s feet.
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T3.14.4 The Front Hoop braces must be attached as near as possible to the top of the Front Hoop but not more
than 50.8 mm (2 in) below the top-most surface of the Front Hoop. See Figure 3.

T3.14.5 If the Front Hoop leans rearwards by more than ten degrees (10°) from the vertical, it must be
supported by additional bracing to the rear. This bracing must be constructed of material per Rule
T3.4.1.

T3.14.6 The driver’s feet and legs must be completely contained within the Major Structure of the Frame.
While the driver’s feet are touching the pedals, in side and front views, no part of the driver’s feet or
legs can extend above or outside of the Major Structure of the Frame.

T3.15  Other Bracing Requirements
Where the braces are not welded to steel Frame Members, the braces must be securely attached to the
Frame using 8 mm Metric Grade 8.8 (5/16 in SAE Grade 5), or stronger, bolts. Mounting plates
welded to the Roll Hoop braces must be at least 2.0 mm (0.080 in) thick steel.

T3.16  Other Side Tube Requirements
If there is a Roll Hoop brace or other frame tube alongside the driver, at the height of the neck of any
of the team’s drivers, a metal tube or piece of sheet metal must be firmly attached to the Frame to
prevent the drivers’ shoulders from passing under the roll hoop brace or frame tube, and his/her neck
contacting this brace or tube.

T3.17  Mechanically Attached Roll Hoop Bracing
T3.17.1 Roll Hoop bracing may be mechanically attached.

T3.17.2 Any non-permanent joint at either end must be either a double-lug joint as shown in Figures 4 and 5,
or a sleeved butt joint as shown in Figure 6.

Capping Plate
'

3/8 in 1.D. Tubing
welded into ends
of stay

FIGURE 4
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25 mm (1 inch)
Minimum
§0)
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g
<
>
FIGURE 5
N I i
)
N/
[
| |6 mm (1/4 in) FIGURE 6

T3.17.3 The threaded fasteners used to secure non-permanent joints are considered critical fasteners and must
comply with ARTICLE 11:

T3.17.4 No spherical rod ends are allowed.

T3.17.5 For double-lug joints, each lug must be at least 4.5 mm (0.177 in) thick steel, measure 25 mm (1.0 in)
minimum perpendicular to the axis of the bracing and be as short as practical along the axis of the
bracing.

T3.17.6 All double-lug joints, whether fitted at the top or bottom of the tube, must include a capping
arrangement (Figures 4 & 5).

T3.17.7 Inadouble-lug joint the pin or bolt must be 10 mm Metric Grade 9.8 (3/8 in. SAE Grade 8)
minimum. The attachment holes in the lugs and in the attached bracing must be a close fit with the pin
or bolt.
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T3.17.8

T3.18
T3.18.1

T3.18.2

T3.18.3

T3.19
T3.19.1

T3.19.2

T3.19.3

T3.20
T3.20.1

T3.20.2

For sleeved butt joints (Figure 6), the sleeve must have a minimum length of 76 mm (3 inch); 38 mm
(1.5 inch) either side of the joint, and be a close-fit around the base tubes. The wall thickness of the
sleeve must be at least that of the base tubes. The bolts must be 6 mm Metric Grade 9.8 (1/4 inch SAE
Grade 8) minimum. The holes in the sleeves and tubes must be a close-fit with the bolts.

Bulkhead
The Front Bulkhead must be constructed of closed section tubing per Rule T3.4.1.

Except as allowed by T3.18.3, The Front Bulkhead must be located forward of all non-crushable
objects, e.g. batteries, master cylinders, hydraulic reservoirs.

The Front Bulkhead must be located such that the soles of the driver’s feet, when touching but not
applying the pedals, are rearward of the bulkhead plane. (This plane is defined by the forward-most
surface of the tubing.) Adjustable pedals must be in the forward most position.

Front Bulkhead Support
The Front Bulkhead must be securely integrated into the Frame.

The Front Bulkhead must be supported back to the Front Roll Hoop by a minimum of three Frame
Members on each side of the vehicle; an upper member; lower member and diagonal brace to provide
triangulation.

a. The upper support member must be attached within S0mm (2”°) of the top surface of the Front
Bulkhead, and attach to the Front Roll Hoop within a zone extending 100mm (4”") above and
50mm (2”) below the Upper Side Impact member. If the upper support member is further
than 100mm (4”) above the Upper Side Impact member then properly triangulated
bracing is required to transfer load to the attachment of the Upper Side Impact member
to the Front Roll Hoop.

b. The lower support member must be attached to the base of the Front Bulkhead and the base of
the Front Roll Hoop.

¢. The diagonal brace must properly triangulate the upper and lower support members

NOTE: Each of the above members can be multiple or bent tubes provided the requirements of T3.5.5
are met.

All the Frame Members of the Front Bulkhead Support system listed above must be constructed of
closed section tubing per Section T3.4.1.

Impact Attenuator (1A)
Forward of the Front Bulkhead must be an energy-absorbing Impact Attenuator.

The Impact Attenuator must be:

a. Installed forward of the Front Bulkhead.

b. At least 200 mm (7.8 in) long, with its length oriented along the fore/aft axis of the Frame.

c. Atleast 100 mm (3.9 in) high and 200 mm (7.8 in) wide for a minimum distance of 200 mm
(7.8 in) forward of the Front Bulkhead.

d. Such that it cannot penetrate the Front Bulkhead in the event of an impact.

e. Attached securely and directly to the Front Bulkhead and not by being part of non-structural
bodywork.
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T3.20.9

T3.21
T3.21.1

T3.21.2

On all cars, a 1.5 mm (0.060 in) solid steel or 4.0 mm (0.157 in) solid aluminum “anti-intrusion plate”
must be integrated into the Impact Attenuator. If the Impact Attenuator and Anti-Intrusion Plate
(Impact Attenuator Assembly) are bolted to the Front Bulkhead, it must be the same size as the
outside dimensions of the Front Bulkhead. If it is welded to the Front Bulkhead, it must extend at least
to the centerline of the Front Bulkhead tubing in all directions.

Alternative designs of the anti-intrusion plate are permissible; equivalency to T3.20.3 must be proven
as per T3.38.

If the Impact Attenuator Assembly is not integral with the frame, i.e. welded, a minimum of four (4) 8
mm Metric Grade 8.8 (5/16 inch SAE Grade 5) bolts must attach the Impact Attenuator Assembly to
the Front Bulkhead.

The attachment of the Impact Attenuator Assembly must be constructed to provide an adequate load
path for transverse and vertical loads in the event of off-center and off-axis impacts.

NOTE: Segmented foam attenuators must have the segments bonded together to prevent sliding or
parallelogramming

The attachment of the Impact Attenuator Assembly to a monocoque structure requires an approved
“Structural Equivalency Spreadsheet” per Article T3.9 that shows equivalency to a minimum of four
(4) 8 mm Grade 8.8 (5/16 inch Grade 5) bolts.

If a team uses the “standard” FSAE Impact Attenuator, and the outside edge of the Front Bulkhead
extends beyond the Impact Attenuator Assembly by more than 25.4 mm on any side, a diagonal or X-
brace made from 1.00” x 0.049” wall steel tubing, or an approved equivalent per T3.5, must be
included in the Front Bulkhead.

Where the standard IA is used but does not comply with edge distance limits of rule T3.20.8 and does
not include a diagonal brace, physical testing must be carried out to prove that the Anti-Intrusion Plate
does not permanently deflect more than 25.4mm (1.00 inch)

Impact Attenuator Data Requirement

All teams, whether they are using their own design of IA or the “standard” FSAE Impact Attenuator,
must submit an Impact Attenuator Data Report using the Impact Attenuator Data (IAD) Template
found at “Downloads” at http://www.fsaeonline.com.

The team must submit test data to show that their Impact Attenuator Assembly, when mounted on the
front of a vehicle with a total mass of 300 kg (661 Ibs.) and run into a solid, non-yielding impact
barrier with a velocity of impact of 7.0 meters/second (23.0 ft/sec), would give an average
deceleration of the vehicle not to exceed 20 g’s, with a peak deceleration less than or equal to 40 g’s.
Total energy absorbed must meet or exceed 7350 Joules.

NOTE 1: These are the attenuator functional requirements not test requirements. Quasi-static testing
is allowed.

NOTE 2: The calculations of how the reported absorbed energy, average deceleration, and peak

deceleration figures have been derived from the test data MUST be included in the report and
appended to the report template.
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T3.21.8

T3.21.9

T3.21.10

T3.21.11

Teams using a front wing must prove the combined Impact Attenuator Assembly and front wing do
not exceed the peak deceleration of rule T3.21.2. Teams can use the following methods to show the
designs does not exceed 300 kg times 40g or 120 kN:

a. Physical testing of the Impact Attenuator Assembly with wing mounts, links, vertical plates,
and a structural representation of the aerofoil section to determine the peak force. See
fsaeonline.com FAQs for an example of the structure to be included in the test.

b. Combine the peak force from physical testing of the Impact Attenuator Assembly with the
wing mount failure load calculated from fastener shear and/or link buckling.

c. Combine the Standard Impact Attenuator peak load of 95kN with the wing mount failure
load calculated from fastener shear and/or link buckling.

When using acceleration data, the average deceleration must be calculated based on the raw data. The
peak deceleration can be assessed based on the raw data, and if peaks above the 40g limit are apparent
in the data, it can then be filtered with a Channel Filter Class (CFC) 60 (100 Hz) filter per SAE
Recommended Practice J211 “Instrumentation for Impact Test”, or a 100 Hz, 3rd order, low pass
Butterworth (-3dB at 100 Hz) filter.

A schematic of the test method must be supplied along with photos of the attenuator before and after
testing.

The test piece must be presented at technical inspection for comparison to the photographs and the
attenuator fitted to the vehicle.

The test data and calculations must be submitted electronically in Adobe Acrobat ® format (*.pdf file)
to the address and by the date provided in the Action Deadlines provided on the relevant competition
website. This material must be a single file (text, drawings, data or whatever you are including).

The Impact Attenuator Data must be named as follows: carnumber_schoolname_competition
code_IAD.pdf using the assigned car number, the complete school name and competition code
[Example: 087_University of SAE_FSAEM_IAD.pdf]

Competition Codes are listed in Rule A.2.6

Teams that submit their Impact Attenuator Data Report after the due date will be penalized 10 points
per day up to a maximum of 50 points, which will be taken off the team’s Total Score.

Impact Attenuator Reports will be evaluated by the organizers and the evaluations will be passed to
the Design Event Captain for consideration in that event.

During the test, the Impact Attenuator must be attached to the Anti-Intrusion plate using the intended
vehicle attachment method. The anti-intrusion plate must be spaced at least 50 mm (2 inches) from
any rigid surface. No part of the anti-intrusion plate may permanently deflect more than 25.4 mm (1
inch) beyond the position of the anti-intrusion plate before the test. The anti-intrusion plate must be
attached to a structurally representative section of the intended chassis that extends a minimum of
50.8mm (2 inches) away from the Front Bulkhead.

NOTE 1: The 25.4 mm (1 inch) spacing represents the front bulkhead support and insures that the
plate does not intrude excessively into the cockpit
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T3.23

T3.23.1

T3.23.2

T3.24

T3.24.1

NOTE 2: A solid block of material in the shape of the front bulkhead is not “structurally
representative”. A structurally representative test fixture should have a similar cross sectional
moment of inertia as the actual front bulkhead.

Dynamic testing (sled, pendulum, drop tower, etc.) of the impact attenuator may only be done at a
dedicated test facility. The test facility may be part of the University but must be supervised by
professional staff or University faculty. Teams are not allowed to construct their own dynamic test
apparatus. Quasi-static testing may be performed by teams using their universities
facilities/equipment, but teams are advised to exercise due care when performing all tests.

Standard Attenuator — An officially approved impact attenuator can be found in Appendix T-3.
Teams that choose to use the “’standard” FSAE Impact Attenuator and the corresponding mounting
details need not submit test data with their IAD Report. However, the other requirements of the IAD
Report must still be submitted including, but not limited to:

a. Use of the standard IA Data Report form.

b. Photos of the team’s actual attenuator with evidence that it meets the design criteria given in
Appendix T-3, e.g., a receipt or packing slip from the supplier.

c. The dimensions of their Impact Attenuator anti-intrusion plate.

d. Whether or not the team will be using a front wing in which case front wing mount strength
calculations are required per rule T3.21.3.

Non-Crushable Objects
All non-crushable objects (e.g. batteries, master cylinders, hydraulic reservoirs) must be rearward of
the bulkhead. No non-crushable objects are allowed in the impact attenuator zone.

Front Bodywork
Sharp edges on the forward facing bodywork or other protruding components are prohibited.

All forward facing edges on the bodywork that could impact people, e.g. the nose, must have forward
facing radii of at least 38 mm (1.5 inches). This minimum radius must extend to at least forty-five
degrees (45°) relative to the forward direction, along the top, sides and bottom of all affected edges.

Side Impact Structure for Tube Frame Cars
The Side Impact Structure must meet the requirements listed below.

The Side Impact Structure for tube frame cars must be comprised of at least three (3) tubular members
located on each side of the driver while seated in the normal driving position, as shown in Figure 7.
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FIGURE 7

T3.24.2 The three (3) required tubular members must be constructed of material per Section T3.4.

T3.24.3 The locations for the three (3) required tubular members are as follows:

a. The upper Side Impact Structural member must connect the Main Hoop and the Front Hoop.
With a 77kg (170 pound) driver seated in the normal driving position all of the member must be
at a height between 300 mm (11.8 inches) and 350 mm (13.8 inches) above the ground. The
upper frame rail may be used as this member if it meets the height, diameter and thickness
requirements.

b. The lower Side Impact Structural member must connect the bottom of the Main Hoop and the
bottom of the Front Hoop. The lower frame rail/frame member may be this member if it meets
the diameter and wall thickness requirements.

c. The diagonal Side Impact Structural member must connect the upper and lower Side Impact
Structural members forward of the Main Hoop and rearward of the Front Hoop.

T3.24.4 With proper triangulation, it is permissible to fabricate the Side Impact Structural members from more
than one piece of tubing.

T3.25  Inspection Holes
T3.25.1 The Technical Inspectors may check the compliance of all tubes. This may be done by the use of
ultra-sonic testing or by the drilling of inspection holes at the inspector’s request.

T3.26  Composite Space Frames
Composite space frames are not prohibited by the rules, but any team wishing to build a composite
space frame must seek approval from their organizing body. The team, at a minimum, must provide
test data on the actual joints used in the frame. These tests must include static strength testing on
representative configurations from all locations in the frame. An assessment of the ability of the
joints to handle cyclic loading must also be assessed. This information must be included in the
structural equivalency submission or the structural requirements certification submission, whichever
approach the team is using.
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T3.29

NOTE: Given the extra complexity of a composite space frame and the detailed review process that
will be required, teams are encouraged to submit their documents well in advance early of the
deadline and to attain approval before starting their vehicle build.

Monocoque General Requirements
All equivalency calculations must prove equivalency relative to steel grade SAE/AISI 1010.

All sections of the rules apply to monocoque structures except for the following sections which
supplement or supersede other rule sections.

Monocoque construction requires an approved Structural Equivalency Spreadsheet, per Section T3.9.
The form must demonstrate that the design is equivalent to a welded frame in terms of energy
dissipation, yield and ultimate strengths in bending, buckling and tension. Information must include:
material type(s), cloth weights, resin type, fiber orientation, number of layers, core material, and lay-
up technique. The 3 point bend test and shear test data and pictures must also be included as per T3.30
Monocoque Laminate Testing. The Structural Equivalency must address each of the items below.
Data from the laminate testing results must be used as the basis for any strength or stiffness
calculations.

Composite and metallic monocoques have the same requirements.
Composite monocoques must meet the materials requirements in Rule T3.8 Composite Materials.

Monocoque Inspections

Due to the monocoque rules and methods of manufacture it is not always possible to inspect all aspect
of a monocoque during technical inspection. For items which cannot be verified by an inspector it is
the responsibility of the team to provide documentation, both visual and/or written, that the
requirements have been met. Generally the following items should be possible to be confirmed by the
technical inspector:

a. Verification of the main hoop outer diameter and thickness where it protrudes above the
monocoque

b. Visual verification that the main hoop goes to the lowest part of the tub, locally. This may be
difficult as the tube is allowed to be integrated into the laminate but there is often a contour that
comes from the tube that is visible.

c. Verify mechanical attachment of main hoop to tub exists and matches the SES, at all points
shown on the SES.

d. Verify visually or by feel that the front roll hoop is installed. Verify mechanical attachment (if
included) against the SES.

Items such as the size and composition of the front roll hoop, when integrally bonded to the
monocogue, must be proven with documentation that shows dimensions on the tubes and pictures of
the dimensioned tube being included in the layup. A team found to be improperly presenting any
evidence of the manufacturing process will be barred from competing with a monocoque through at
least the following year.

Monocoque Buckling Modulus — Equivalent Flat Panel Calculation

When specified in the rules, the EI of the monocoque must be calculated as the El of a flat panel with
the same composition as the monocoque about the neutral axis of the laminate. The curvature of the
panel and geometric cross section of the monocoque must be ignored for these calculations.
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T3.30.3

T3.30.4

NOTE: Calculations of El that do not reference T3.29 may take into account the actual geometry of
the monocoque.

Monocoque Laminate Testing

Side Impact Laminate - Teams must build a representative test panel with the same design, laminate,
and fabrication method as used in the monocoque side impact zone (defined in T3.33) as a flat panel
and perform a 3 point bending test on this panel. They must prove by physical testing that a panel
measuring 275mm (10.8”) x 500 mm (19.7”) has at least the same properties as two baseline steel side
impact tubes (See T3.4.1 “Baseline Steel Materials”) for buckling modulus, yield strength, ultimate
strength and absorbed energy. The data from these tests and pictures of the test samples must be
included in the SES, the test results will be used to derive strength, stiffness, and absorbed energy
properties used in the SES formulae for side impact laminate panels. The test specimen must be
presented at technical inspection. If the test specimen does not meet these requirements then the
monocoque side impact zone must be strengthened appropriately.

Teams are required to make an equivalent test with two side impact baseline steel tubes (SAE/AISI
1010) such that any compliance in the test rig can be accounted for and to establish an absorbed
energy value of the baseline tubes. Baseline tubes must be tested to a minimum displacement of
12.7mm (0.5 inch). The calculation of absorbed energy will use the integral of force times
displacement from the initiation of load to 12.7mm (0.5 inch).

Primary structure laminate other than side impact — Teams must build representative test panels
for each ply schedule used in the regulated regions of the monocoque as a flat panel and perform a 3
point bending test on these panels. The test panels must measure 275mm (10.8”) x 500 mm (19.7”).
The data from these tests and pictures of the test samples must be included in the SES, the test results
will be used to derive strength and stiffness properties used in the SES formula for all laminate panels.
The test specimen must be presented at technical inspection.

The load applicator used to test any panel/tubes as required by T3.30.1, T3.30.2, or T3.30.3 must be
metallic and have a radius of 50mm (2 inch).

The load applicator shall overhang the test piece to prevent edge loading.

It is not acceptable to place any other material between the load applicator and the items on test.

44

© 2015 SAE International. All Rights Reserved 2016 Formula SAE® Rules — May 11, 2015



S

INTERNATIONAL .-

500
OVERHANG IS
ACCEPTABLE
275 BOTH ENDS

T3.30.5 Perimeter shear tests must be completed by measuring the force required to push or pull a 25mm (17)

T3.31

diameter flat punch through a flat laminate sample.

The sample, measuring at least 100mm x 100mm (3.9” x 3.9”), must have core and skin thicknesses
identical to those used in the actual monocoque and be manufactured using the same materials and
processes.

The fixture must support the entire sample, except for a 32mm (1.25”) hole aligned co-axially with the
punch. The sample must not be clamped to the fixture.

The force-displacement data and photos of the test setup must be included in the SES.

The first peak in the load-deflection curve must be used to determine the skin shear strength; this may
be less than the minimum force required by T3.33.3/T3.34.4.

The maximum force recorded must meet the requirements of T3.33.3/T3.34.4.
N: The edge of the punch and hole in the fixture may include an optional fillet up-to a maximum
radius of 1mm (0.040”).

Monocoque Front Bulkhead

See Rule T3.27 for general requirements that apply to all aspects of the monocoque. In addition when
modeled as an “L” shaped section the EI of the front bulkhead about both vertical and lateral axis
must be equivalent to that of the tubes specified for the front bulkhead under T3.18. The length of the
section perpendicular to the bulkhead may be a maximum of 25.4mm (1”’) measured from the
rearmost face of the bulkhead.
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T3.33

T3.33.1

T3.33.2

T3.33.3

Furthermore any front bulkhead which supports the 1A plate must have a perimeter shear strength
equivalent to a 1.5 mm thick steel plate.

Monocoque Front Bulkhead Support
In addition to proving that the strength of the monocoque is adequate, the monocoque must have
equivalent EI to the sum of the EI of the six (6) baseline steel tubes that it replaces.

The EI of the vertical side of the front bulkhead support structure must be equivalent to at least the El
of one baseline steel tube that it replaces when calculated as per rule T3.29 Monocoque Buckling
Modulus.

The perimeter shear strength of the monocoque laminate in the front bulkhead support structure
should be at least 4kN (880 pounds) for a section with a diameter of 25 mm (1 inch). This must be
proven by a physical test completed as per T3.30.2 and the results include in the SES

Monocoque Side Impact

In the region longitudinally forward of the Main Roll Hoop and aft of the Front Roll Hoop and
vertically from 350 mm (13.8 inches) above the ground to the bottom surface of the floor of the
monocoque must have a Buckling Modulus (E*1) equal to three (3) baseline steel tubes that it
replaces.

The vertical side impact zone between the upper surface of the floor and 350 mm (13.8 inches) above
the ground must have a Buckling Modulus (E*1) equivalent to two baseline steel tubes and the
horizontal floor must have a Buckling Modulus (E*I) equivalent to one baseline steel tube per Rule
T3.29 Monocoque Buckling Modulus.

The vertical side impact zone between the upper surface of the floor and 350 mm (13.8 inches) above

the ground must have an absorbed energy equivalent to two baseline steel tubes. Proof of equivalent
absorbed energy is determined by physical testing per rule T3.30.2 and T3.30.3.

Side ‘

impact Monocoque
Zone /l\ N Side
350mm ‘
L=
A
L Ground Plane

— Floor Thickness

T3.33.4 The perimeter shear strength of the monocoque laminate should be at least 7.5 kN (1700 pounds) for a

section with a diameter of 25mm (1 inch). This must be proven by physical test completed as per
T3.30.2 and the results included in the SES.
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Monocoque Main Hoop
The Main Hoop must be constructed of a single piece of uncut, continuous, closed section steel tubing
per T3.4.1 and extend down to the bottom of the monocoque.

The Main Hoop must be mechanically attached at the top and bottom of the monocoque and at
intermediate locations as needed to show equivalency.

Mounting plates welded to the Roll Hoop shall be at least 2.0 mm (0.080 inch) thick steel.
Attachment of the Main Hoop to the monocoque must comply with T3.39.

Monocoque Front Hoop
Composite materials are not allowed for the front hoop. See Rule T3.27 for general requirements that
apply to all aspects of the monocoque.

Attachment of the Front Hoop to the monocogue must comply with Rule T3.39.

Fully laminating the front hoop into the monocoque is acceptable. Equivalence to at least four mounts
compliant with Rule T3.40 must be shown in the SES.

Evidence as per T3.28 must be shown to pass technical inspection.

NOTE: The use of adhesive as the sole method of attaching the front hoop to the monocoque is not
acceptable. Fully laminating means encapsulating the hoop with an appropriate number and
arrangement of plies.

Monocoque Front and Main Hoop Bracing
See Rule T3.27 for general requirements that apply to all aspects of the monocoque.

Attachment of tubular Front or Main Hoop Bracing to the monocoque must comply with Rule T3.39.

Monocoque Impact Attenuator Attachment

The attachment of the Impact Attenuator to a monocoque structure requires an approved “Structural
Equivalency Spreadsheet” per Rule T3.9 that shows the equivalency to a minimum of four (4) 8 mm
Metric Grade 8.8 (5/16 inch SAE Grade 5) bolts.

Monocoque Impact Attenuator Anti-intrusion Plate

Composite Al plates must not fail in a frontal impact. Strength of the Al plate must be verified by
physical testing or a combination of physical testing and analysis. All physical test results and any
analysis completed must be included in the SES.

Strength of composite Al plates may be verified by physical testing under rules T3.21.2 and T3.21.3.

Strength of composite Al plates may be verified by laminate material testing and calculations of 3
point bending and perimeter shear analysis. Composite laminate materials must be tested under
T3.30.3 and T3.30.5. Analysis of the Al plate under 3-point bending must show the Al plate does not
fail under a static load of 120 kN distributed over 150mm of length, and perimeter shear analysis
must show each attachment can hold 20 kN in any direction.
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Monocoque Attachments
In any direction, each attachment point between the monocoque and the other primary structure must
be able to carry a load of 30kN.

The laminate, mounting plates, backing plates and inserts must have sufficient shear area, weld area
and strength to carry the specified 30kN load in any direction. Data obtained from the laminate
perimeter shear strength test (T3.30.5) should be used to prove adequate shear area is provided

Each attachment point requires a minimum of two (2) 8 mm Metric Grade 8.8 (5/16 inch SAE Grade
5) bolts

Each attachment point requires steel backing plates with a minimum thickness of 2 mm. Alternate
materials may be used for backing plates if equivalency is approved.

The Front Hoop Bracing, Main Hoop Bracing and Main Hoop Bracing Supports only may use one (1)
10 mm Metric Grade 8.8 (3/8 inch SAE Grade 5) bolt as an alternative to T3.39.3 if the bolt is on the
centerline of tube similar to the figure below.

No crushing of the core is permitted

Main Hoop bracing attached to a monocoque (i.e. not welded to a rear space frame) is always
considered “mechanically attached” and must comply with Rule T3.17.

Monocoque Driver’s Harness Attachment Points
The monocogue attachment points for the shoulder and lap belts must support a load of 13 kN (~3000
pounds) before failure.

The monocogue attachment points for the ant-submarine belts must support a load of 6.5 kN (~1500
pounds) before failure.

If the lap belts and anti-submarine belts are attached to the same attachment point, then this point must
support a load of 19.5 kN (~4500 pounds) before failure.

The strength of lap belt attachment and shoulder belt attachment must be proven by physical test
where the required load is applied to a representative attachment point where the proposed layup and
attachment bracket is used.

a. Edges of the test fixture supporting the sample must be a minimum of 125mm (5 inches) from
the load application point (load vector intersecting a plane).
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b. The width of the shoulder harness test sample must not be any wider than the shoulder
harness "panel height" (see Structural Equivalency Spreadsheet) used to show equivalency for

the shoulder harness mounting bar.
Designs with attachments near a free edge may not support the free edge during the test.

Harness loads must be tested with the worst case for the range of angles specified in T5.3.5
and T5.4.4.

NOTE: the rule is intended that the test specimen, to the best extent possible, represent the car as
driven at competition. Teams are expected to test a panel in as close a configuration to what is built in

the car as possible

ARTICLE 4: COCKPIT

T4.1 Cockpit Opening
T4.1.1  Inorder to ensure that the opening giving access to the cockpit is of adequate size, a template shown

in Figure 8 will be inserted into the cockpit opening. It will be held horizontally and inserted vertically
until it has passed below the top bar of the Side Impact Structure (or until it is 350 mm (13.8 inches)
above the ground for monocoque cars). Fore and aft translation of the template will be permitted

during insertion.
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T4.2.3

T4.2.4

During this test, the steering wheel, steering column, seat and all padding may be removed. The
shifter or shift mechanism may not be removed unless it is integral with the steering wheel and is
removed with the steering wheel. The firewall may not be moved or removed.

NOTE: As a practical matter, for the checks, the steering column will not be removed. The technical
inspectors will maneuver the template around the steering column shaft, but not the steering column
supports.

Cockpit Internal Cross Section:

A free vertical cross section, which allows the template shown in Figure 9 to be passed horizontally
through the cockpit to a point 200 mm (4 inches) rearwards of the face of the rearmost pedal when in
the inoperative position, must be maintained over its entire length. If the pedals are adjustable, they
will be put in their most forward position.

ww ose

Flap or slot
" for steering
column
clearance

R50 mm

A4

A

350 mm

FIGURE 9

The template, with maximum thickness of 7mm (0.275 inch), will be held vertically and inserted into
the cockpit opening rearward of the Front Roll Hoop, as close to the Front Roll Hoop as the car’s
design will allow.

The only items that may be removed for this test are the steering wheel, and any padding required by
Rule T5.8 “Driver’s Leg Protection” that can be easily removed without the use of tools with the

driver in the seat. The seat may NOT be removed.

Teams whose cars do not comply with T4.1.1 or T4.2.1 will not be given a Technical Inspection
Sticker and will NOT be allowed to compete in the dynamic events.
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T4.5.2

T4.5.3

T45.4

NOTE: Cables, wires, hoses, tubes, etc. must not impede the passage of the templates required by
T4.1.1 and T4.2.

Driver’s Seat

The lowest point of the driver’s seat must be no lower than the bottom surface of the lower frame rails
or by having a longitudinal tube (or tubes) that meets the requirements for Side Impact tubing, passing
underneath the lowest point of the seat.

When seated in the normal driving position, adequate heat insulation must be provided to ensure that
the driver will not contact any metal or other materials which may become heated to a surface
temperature above sixty degrees C (60°C). The insulation may be external to the cockpit or
incorporated with the driver’s seat or firewall. The design must show evidence of addressing all three
(3) types of heat transfer, namely conduction, convection and radiation, with the following between
the heat source, e.g. an exhaust pipe or coolant hose/tube and the panel that the driver could contact,
e.g. the seat or floor:

a. Conduction Isolation by:
i.  No direct contact between the heat source and the panel, or
ii. A heat resistant, conduction isolation material with a minimum thickness of 8 mm (0.3
in) between the heat source and the panel.
b. Convection Isolation by a minimum air gap of 25 mm (1 inch) between the heat source and the
panel
c. Radiation Isolation by:
i. A solid metal heat shield with a minimum thickness of 0.4 mm (0.015 in) or
ii. Reflective foil or tape when combined with T4.3.2.a.ii above.

Floor Close-out

All vehicles must have a floor closeout made of one or more panels, which separate the driver from
the pavement. If multiple panels are used, gaps between panels are not to exceed 3 mm (1/8 inch). The
closeout must extend from the foot area to the firewall and prevent track debris from entering the car.
The panels must be made of a solid, non-brittle material.

Firewall

A firewall must separate the driver compartment from all components of the fuel supply, the engine
oil, the liquid cooling systems and any high voltage system (PART EV - EV1.1). It must protect the
neck of the tallest driver. It must extend sufficiently far upwards and/or rearwards such that any point
less than 100 mm (4 ins.) above the bottom of the helmet of the tallest driver shall not be in direct line
of sight with any part of the fuel system, the cooling system or the engine oil system.

The firewall must be a non-permeable surface made from a rigid, fire resistant material.

Any firewall must seal completely against the passage of fluids, especially at the sides and the floor of
the cockpit, i.e. there can be no holes in a firewall through which seat belts pass.

Pass-through for wiring, cables, etc. are allowable if grommets are used to seal the pass-through. Also,
multiple panels may be used to form the firewall but must be sealed at the joints.

EV CARS ONLY
In addition a firewall must separate the driver compartment from all tractive system components.
NOTE: this includes any HV wiring.
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The tractive system firewall must be composed of two layers:

a. One layer, facing the tractive system side, must be made of aluminum with a thickness
between 0.5 and 0.7 mm. This part of the tractive system firewall must be grounded according
to FSAE Rule PART EV - EV4.3.

b. The second layer, facing the driver, must be made of an electrically insulating material. The
material used for the second layer must meet UL94-VVO, FAR25 or equivalent. The second
layer must not be made of CFRP.

c. The thickness of second layer must be sufficient to prevent penetrating this layer with a 4 mm
wide screwdriver and 250N of force. The firewall must be rigidly mounted.

For tractive system firewalls, a sample of the firewall must be presented at technical inspection.

Conductive parts (except for the chassis) may not protrude through the firewall or must be properly
insulated, see requirements above, on the driver side.

Accessibility of Controls

All vehicle controls, including the shifter, must be operated from inside the cockpit without any part
of the driver, e.g. hands, arms or elbows, being outside the planes of the Side Impact Structure defined
in Rule T3.24 and T3.33.

Driver Visibility

General Requirement

The driver must have adequate visibility to the front and sides of the car. With the driver seated in a
normal driving position he/she must have a minimum field of vision of two hundred degrees (200°) (a
minimum one hundred degrees (100°) to either side of the driver). The required visibility may be
obtained by the driver turning his/her head and/or the use of mirrors.

Mirrors
If mirrors are required to meet Rule T4.7.1, they must remain in place and adjusted to enable the
required visibility throughout all dynamic events.

Driver Egress

All drivers must be able to exit to the side of the vehicle in no more than 5 seconds. Egress time
begins with the driver in the fully seated position, hands in driving position on the connected steering
wheel and wearing the required driver equipment. Egress time will stop when the driver has both feet
on the pavement.

ARTICLE 5: DRIVERS EQUIPMENT (BELTS AND COCKPIT PADDING)

T5.1
T5.1.1

Belts - General
Definitions

a. A 5-point system — consists of a 76 mm (3 inch) wide lap belt, approximately 76 mm (3 inch)
wide shoulder straps and a single approximately 51 mm (2 inch) wide anti-submarine strap. The
single anti-submarine strap must have a metal-to-metal connection with the single release
common to the lap belt and shoulder harness.

b. A 6-point system — consists of a 76 mm (3 inch) wide lap belt, approximately 76 mm (3 inch)
wide shoulder straps and two (2) approximately 51 mm (2 inch) wide leg or anti-submarine
straps.

c. A 7-point system — system is the same as the 6-point except it has three (3) anti-submarine
straps, two (2) from the 6-point system and one (1) from the 5-point system.
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T5.2.1

NOTE: 6 and 7-point harnesses to FIA specification 8853/98 and/or SFI Specification 16.5 with
approximately 51 mm (2 inch) lap belts are acceptable.

d. An “upright driving position” is defined as one with a seat back angled at thirty degrees (30°) or
less from the vertical as measured along the line joining the two 200 mm circles of the template
of the 95™ percentile male as defined in Rule Error! Reference source not found. and
positioned per T3.10.4.

e. A “reclined driving position” is defined as one with a seat back angled at more than thirty
degrees (30°) from the vertical as measured along the line joining the two 200 mm circles of the
template of the 95" percentile male as defined in Rule T3.10.3 and positioned per T3.10.4.

f. The “chest-groin line” is the straight line that in side view follows the line of the shoulder belts
from the chest to the release buckle.

Harness Requirements
All drivers must use a 5, 6 or 7 point restraint harness meeting the following specifications:

a. All driver restraint systems must meet SFI Specification 16.1, SFI Specification 16.5, or FIA
specification 8853/98.

b. The belts must bear the appropriate dated labels.

c. The material of all straps must be in perfect condition.

d. There must be a single release common to the lap belt and shoulder harness using a metal-to-
metal quick release type latch.

e. Toaccommodate drivers of differing builds, all lap belts must incorporate a tilt lock adjuster
(“quick adjuster”). A tilt lock adjuster in each portion of the lap belt is highly recommended.
Lap belts with “pull-up” adjusters are recommended over “pull-down” adjusters.

f. Cars with a “reclined driving position” (see 5.1.1.e above) must have either a 6 point or 7-point
harness, AND have either anti-submarine belts with tilt lock adjusters (“quick adjusters™) or
have two (2) sets of anti-submarine belts installed.

g. The shoulder harness must be the over-the-shoulder type. Only separate shoulder straps are
permitted (i.e. “y”-type shoulder straps are not allowed). The “H”-type configuration is allowed.

h. It is mandatory that the shoulder harness, where it passes over the shoulders, be 76 mm (3 inch)
wide, except as noted below. The shoulder harness straps must be threaded through the three bar
adjusters in accordance with manufacturer’s instructions.

i. When the HANS device is used by the driver, FIA certified 51 mm (2 inch) wide shoulder
harnesses are allowed. Should a driver, at any time not utilize the HANS device, then 76 mm (3
inch) wide shoulder harnesses are required.

Harness Replacement

SFI spec harnesses must be replaced following December 31% of the 2™ year after the date of
manufacture as indicated by the label. FIA spec harnesses must be replaced following December 31%
of the year marked on the label.

NOTE: FIA belts are normally certified for five (5) years from the date of manufacture.

The restraint system must be worn tightly at all times.

Belt, Strap and Harness Installation - General

The lap belt, shoulder harness and anti-submarine strap(s) must be securely mounted to the Primary
Structure. Such structure and any guide or support for the belts must meet the minimum requirements
of T3.4.1.

NOTE: Rule T3.5.5 applies to these tubes as well so a non-straight shoulder harness bar would
require support per T3.5.5
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T5.3.2

T5.3.3

T5.34

T5.3.5

The tab or bracket to which any harness is attached must have:

a. A minimum cross sectional area of 60 sq. mm (0.093 sq. in) of steel to be sheared or failed in
tension at any point of the tab, and

b. A minimum thickness of 1.6 mm (0.063 inch).

c.  Where lap belts and anti-submarine belts use the same attachment point, a minimum cross
sectional area of 90 sg. mm (0.140 sg. in) of steel to be sheared if failed in tension at any point
of the tab.

d. Where brackets are fastened to the chassis, two fasteners of 6mm Metric Grade 8.8 (1/4 inch
SAE Grade 5) fasteners or stronger must be used.

NOTE: Double shear mounting is preferred.

Harnesses, belts and straps must not pass through a firewall, i.e. all harness attachment points must
be on the driver’s side of any firewall.

The attachment of the Driver’s Restraint System to a monocoque structure requires an approved
Structural Equivalency Spreadsheet per Rule T3.9.

The restraint system installation is subject to approval of the Chief Technical Inspector.

Lap Belt Mounting
The lap belt must pass around the pelvic area below the Anterior Superior lliac Spines (the hip bones).

The lap belts should not be routed over the sides of the seat. The lap belts should come through the
seat at the bottom of the sides of the seat to maximize the wrap of the pelvic surface and continue in a
straight line to the anchorage point.

Where the belts or harness pass through a hole in the seat, the seat must be rolled or grommeted to
prevent chafing of the belts.

To fit drivers of differing statures correctly, in side view, the lap belt must be capable of pivoting
freely by using either a shouldered bolt or an eye bolt attachment, i.e. mounting lap belts by wrapping
them around frame tubes is no longer acceptable.

With an “upright driving position”, in side view the lap belt must be at an angle of between forty-five
degrees (45°) and sixty-five degrees (65°) to the horizontal. This means that the centerline of the lap
belt at the seat bottom should be between 0 — 76 mm (0 — 3 inches) forward of the seat back to seat
bottom junction. (See Figure 10)
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FIGURE 10
Lap Belt Angle

P Horizontal
—> 1<—0-76 mm (0-3 ins.)
Seat back/
seat bottom
junction

With a “reclined driving position”, in side view the lap belt must be between an angle of sixty degrees
(60°) and eighty degrees (80°) to the horizontal.

Shoulder Harness

The shoulder harness must be mounted behind the driver to structure that meets the requirements of
T3.4.1. However, it cannot be mounted to the Main Roll Hoop Bracing or attendant structure without
additional bracing to prevent loads being transferred into the Main Hoop Bracing.

If the harness is mounted to a tube that is not straight, the joints between this tube and the structure to
which it is mounted must be reinforced in side view by triangulation tubes to prevent torsional
rotation of the harness mounting tube. Supporting calculations are required. Analysis Method: Use
7KN load per attachment and the range of angles in T5.4.5 calculate that the bent Shoulder Harness
Bar triangulation stresses are less than As Welded Yield Strength (T3.4.1 note 4) for combined
bending and shear and does not fail in column buckling. If the team chooses not to perform the
strength analysis rule T3.5.5 will apply.

The strength of any shoulder harness bar bracing tubes must be proved in the relevant tab of the
team’s SES submission.

The shoulder harness mounting points must be between 178 mm (7 inches) and 229 mm (9 inches)
apart. (See Figure 11)
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FIGURE 11

Shoulder Harness Mounting Points

178 mm (7 ins.) :
to I

229 mm (9 ins.) :
I

T5.45  From the driver’s shoulders rearwards to the mounting point or structural guide, the shoulder harness
must be between ten degrees (10°) above the horizontal and twenty degrees (20°) below the
horizontal. (See Figure 12).

FIGURE 12

Shoulder Harness Angle

T5.5 Anti-Submarine Belt Mounting
T5.5.1  The anti-submarine belt of a 5 point harness should be mounted in line with, or angled slightly
forward (up to twenty degrees (20°)) of, the driver’s chest-groin line.

T5.5.2  The anti-submarine belts of a 6 point harness should be mounted either:
a. With the belts going vertically down from the groin, or angled up to twenty degrees (20°)
rearwards. The anchorage points should be approximately 100 mm (4 inches) apart. Or
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b. With the anchorage points on the Primary Structure at or near the lap belt anchorages, the driver
sitting on the anti-submarine belts, and the belts coming up around the groin to the release
buckle.

Head Restraint
A head restraint must be provided on the car to limit the rearward motion of the driver’s head.

The restraint must:
a. Be vertical or near vertical in side view.
b. Be padded with an energy absorbing material such as Ethafoam® or Ensolite® with a minimum
thickness of 38 mm (1.5 inches).
c. Have a minimum width of 15 cms (6 inches).
d. Have a minimum area of 235 sq. cms (36 sg. inches) AND have a minimum height adjustment
of 17.5 cms (7 inches), OR have a minimum height of 28 cms (11 inches).
e. Be located so that for each driver:
i.  The restraint is no more than 25 mm (1 inch) away from the back of the driver’s helmet,
with the driver in their normal driving position.
ii.  The contact point of the back of the driver’s helmet on the head restraint is no less than
50 mm (2 inch) from any edge of the head restraint.

NOTE 1: Head restraints may be changed to accommodate different drivers (See T1.2.2).
NOTE 2: The above requirements must be met for all drivers.

NOTE 3: Approximately 100mm (4”) longitudinal adjustment is required to accommodate 5th to
95th Percentile drivers. This is not a specific rules requirement, but teams must have sufficient
longitudinal adjustment and/or alternative thickness head restraints available, such that the above
requirements are met by all their drivers.

The restraint, its attachment and mounting must be strong enough to withstand a force of 890
Newtons (200 Ibs. force) applied in a rearward direction.

Roll Bar Padding

Any portion of the roll bar, roll bar bracing or frame which might be contacted by the driver’s helmet
must be covered with a minimum thickness of 12 mm (0.5 inch) of padding which meets SFI spec
45.1 or FIA 8857-2001.

Driver’s Leg Protection

To keep the driver’s legs away from moving or sharp components, all moving suspension and steering
components, and other sharp edges inside the cockpit between the front roll hoop and a vertical plane
100 mm (4 inches) rearward of the pedals, must be shielded with a shield made of a solid material.
Moving components include, but are not limited to springs, shock absorbers, rocker arms, anti-
roll/sway bars, steering racks and steering column CV joints.

Covers over suspension and steering components must be removable to allow inspection of the
mounting points.

ARTICLE 6: GENERAL CHASSIS RULES

T6.1
T6.1.1

Suspension
The car must be equipped with a fully operational suspension system with shock absorbers, front and
rear, with usable wheel travel of at least 50.8 mm (2 inches), 25.4 mm (1 inch) jounce and 25.4 mm (1
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inch) rebound, with driver seated. The judges reserve the right to disqualify cars which do not
represent a serious attempt at an operational suspension system or which demonstrate handling
inappropriate for an autocross circuit.

All suspension mounting points must be visible at Technical Inspection, either by direct view or by
removing any covers.

Ground Clearance

Ground clearance must be sufficient to prevent any portion of the car, other than the tires, from
touching the ground during track events. Intentional or excessive ground contact of any portion of the
car other than the tires will forfeit a run or an entire dynamic event.

Comment: The intention of this rule is that sliding skirts or other devices that by design, fabrication
or as a consequence of moving, contact the track surface are prohibited and any unintended contact
with the ground which either causes damage, or in the opinion of the ‘dynamic event organizers’
could result in damage to the track, will result in forfeit of a run or an entire dynamic event

Wheels
The wheels of the car must be 203.2 mm (8.0 inches) or more in diameter.

Any wheel mounting system that uses a single retaining nut must incorporate a device to retain the nut
and the wheel in the event that the nut loosens. A second nut (“jam nut””) does not meet these
requirements.

Standard wheel lug bolts are considered engineering fasteners and any modification will be subject to
extra scrutiny during technical inspection. Teams using modified lug bolts or custom designs will be
required to provide proof that good engineering practices have been followed in their design.

Aluminum wheel nuts may be used, but they must be hard anodized and in pristine condition.

Tires
Vehicles may have two types of tires as follows:
a. Dry Tires — The tires on the vehicle when it is presented for technical inspection are defined as
its “Dry Tires”. The dry tires may be any size or type. They may be slicks or treaded.
b. Rain Tires — Rain tires may be any size or type of treaded or grooved tire provided:

i.  The tread pattern or grooves were molded in by the tire manufacturer, or were cut by
the tire manufacturer or his appointed agent. Any grooves that have been cut must have
documentary proof that it was done in accordance with these rules.

ii.  Thereis a minimum tread depth of 2.4 mms (3/32 inch).

NOTE: Hand cutting, grooving or modification of the tires by the teams is specifically prohibited.
Within each tire set, the tire compound or size, or wheel type or size may not be changed after static
judging has begun. Tire warmers are not allowed. No traction enhancers may be applied to the tires
after the static judging has begun, or at any time on-site at the competition.

NOTE: Due to the hazardous nature (significant health effects) of some traction modifier ingredients,

teams are advised to closely follow manufacturers recommended procedures for safely handling and
use of traction modifiers, if used before competition.
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Steering
The steering wheel must be mechanically connected to the front wheels, i.e. “steer-by-wire” or
electrically actuated steering of the front wheels, is prohibited.

The steering system must have positive steering stops that prevent the steering linkages from locking
up (the inversion of a four-bar linkage at one of the pivots). The stops may be placed on the uprights

or on the rack and must prevent the tires from contacting suspension, body, or frame members during
the track events.

Allowable steering system free play is limited to seven degrees (7°) total measured at the steering
wheel.

The steering wheel must be attached to the column with a quick disconnect. The driver must be able
to operate the quick disconnect while in the normal driving position with gloves on.

Rear wheel steering, which can be electrically actuated, is permitted but only if mechanical stops limit
the range of angular movement of the rear wheels to a maximum of six degrees (6°). This must be
demonstrated with a driver in the car and the team must provide the facility for the steering angle
range to be verified at Technical Inspection.

The steering wheel must have a continuous perimeter that is near circular or near oval, i.e. the outer
perimeter profile can have some straight sections, but no concave sections. “H”, “Figure 8”, or cutout
wheels are not allowed.

In any angular position, the top of the steering wheel must be no higher than the top-most surface of
the Front Hoop. See Figure 3.

Steering systems using cables for actuation are not prohibited by T6.5.1 but additional documentation
must be submitted. The team must submit a failure modes and effects analysis report with design
details of the proposed system as part of the structural equivalency spreadsheet (SES) or structural
requirements certification form (SRCF). The report must outline the analysis that was done to show
the steering system will function properly, potential failure modes and the effects of each failure mode
and finally failure mitigation strategies used by the team. The organizing committee will review the
submission and advise the team if the design is approved. If not approved, a non-cable based steering
system must be used instead.

The steering rack must be mechanically attached to the frame; if fasteners are used they must be
compliant with Rule T11.2.

Joints between all components attaching the steering wheel to the steering rack must be mechanical
and be visible at Tech Inspection. Bonded joints without a mechanical backup are not permitted.

Jacking Point
A jacking point, which is capable of supporting the car’s weight and of engaging the organizers’
“quick jacks”, must be provided at the rear of the car.

The jacking point is required to be:
Visible to a person standing 1 meter (3 feet) behind the car.
Painted orange.
Oriented horizontally and perpendicular to the centerline of the car
Made from round, 25 — 29 mm (1 — 1 1/8 inch) O.D. aluminum or steel tube
A minimum of 300 mm (12 inches) long
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f.  Exposed around the lower 180 degrees (180°) of its circumference over a minimum length of
280 mm (11 in)
g. The height of the tube is required to be such that:
i. There is a minimum of 75 mm (3 in) clearance from the bottom of the tube to the
ground measured at tech inspection.
ii. With the bottom of the tube 200 mm (7.9 in) above ground, the wheels do not touch the
ground when they are in full rebound.
h. Access from the rear of the tube must be unobstructed for at least 300mm of its length

Comment on Disabled Cars — The organizers and the Rules Committee remind teams that cars
disabled on course must be removed as quickly as possible. A variety of tools may be used to move
disabled cars including quick jacks, dollies of different types, tow ropes and occasionally even boards.
We expect cars to be strong enough to be easily moved without damage. Speed is important in
clearing the course and although the course crew exercises due care, parts of a vehicle can be
damaged during removal. The organizers are not responsible for damage that occurs when moving
disabled vehicles. Removal/recovery workers will jack, lift, carry or tow the car at whatever points
they find easiest to access. Accordingly, we advise teams to consider the strength and location of all
obvious jacking, lifting and towing points during the design process.

Rollover Stability
The track and center of gravity of the car must combine to provide adequate rollover stability.

Rollover stability will be evaluated on a tilt table using a pass/fail test. The vehicle must not roll when
tilted at an angle of sixty degrees (60°) to the horizontal in either direction, corresponding to 1.7 G’s.
The tilt test will be conducted with the tallest driver in the normal driving position.

ARTICLE 7: BRAKE SYSTEM

T7.1

T7.1.1

T7.1.2

T7.1.3

T7.1.4

T7.1.5

T7.16

T7.1.7

Brake System - General
The car must be equipped with a braking system that acts on all four wheels and is operated by a
single control.

It must have two (2) independent hydraulic circuits such that in the case of a leak or failure at any
point in the system, effective braking power is maintained on at least two (2) wheels. Each hydraulic
circuit must have its own fluid reserve, either by the use of separate reservoirs or by the use of a
dammed, OEM-style reservoir.

A single brake acting on a limited-slip differential is acceptable.

The brake system must be capable of locking all four (4) wheels during the test specified below.
“Brake-by-wire” systems are prohibited.

Unarmored plastic brake lines are prohibited.

The braking systems must be protected with scatter shields from failure of the drive train (see T8.4) or
from minor collisions.

In side view no portion of the brake system that is mounted on the sprung part of the car can project
below the lower surface of the frame or the monocoque, whichever is applicable.
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The brake pedal shall be designed to withstand a force of 2000 N without any failure of the brake
system or pedal box. This may be tested by pressing the pedal with the maximum force that can be
exerted by any official when seated normally.

The brake pedal must be fabricated from steel or aluminum or machined from steel, aluminum or
titanium.

EV ONLY: The first 90% of the brake pedal travel may be used to regenerate brake energy without
actuating the hydraulic brake system.

The remaining brake pedal travel must directly actuate the hydraulic brake system, but brake energy
regeneration may remain active.

Any strategy to regenerate energy whilst coasting or whilst braking must be covered by the FMEA

Brake Test

The brake system will be dynamically tested and must demonstrate the capability of locking all four
(4) wheels and stopping the vehicle in a straight line at the end of an acceleration run specified by the
brake inspectors.

EV ONLY: After accelerating the tractive system has to be switched off by the driver and the driver
has to lock all four wheels of the vehicle by braking. The brake test is passed if all four wheels lock
while the tractive system is shut down.

NOTE: It is acceptable for the Tractive System Active Light to switch off shortly after the vehicle has
come to a complete stop as the reduction of the system voltage may take up to 5 seconds.

Brake Over-Travel Switch

A brake pedal over-travel switch must be installed on the car as part of the shutdown system and
wired in series with the shutdown buttons. This switch must be installed so that in the event of brake
system failure such that the brake pedal over travels it will result in the shutdown system being
activated and controlling the systems as defined in Part IC Article 4 (IC vehicles) or EV5.4 (electric
vehicles).

Repeated actuation of the switch must not restore power to these components, and it must be designed
so that the driver cannot reset it.

The switch must be implemented with analog components, and not through recourse to programmable
logic controllers, engine control units, or similar functioning digital controllers.

The Brake Over-Travel switch must be a mechanical single pole, single throw (commonly known as a
two-position) switch (push-pull or flip type) as shown below.
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Brake Light

The car must be equipped with a red brake light. The brake light itself has to have a black background
and a rectangular, triangular or near round shape with a minimum shining surface of at least 15cmz2.
The brake light must be clearly visible from the rear in very bright sunlight. When LED lights are
used without a diffuser, they may not be more than 20mm apart. If a single line of LEDs is used, the
minimum length is 150mm.

This light must be mounted between the wheel centerline and driver’s shoulder level vertically and
approximately on vehicle centerline laterally.

ARTICLE 8: POWERTRAIN

T8.1

T8.2
T8.2.1

T8.2.2

T8.2.3

T8.24

T8.2.5

Coolant Fluid Limitations

Water-cooled engines must only use plain water. Electric motors, accumulators or HV electronics can
use plain water or oil as the coolant. Glycol-based antifreeze, “water wetter”, water pump lubricants
of any kind, or any other additives are strictly prohibited.

System Sealing
Any cooling or lubrication system must be sealed to prevent leakage.

Separate catch cans must be employed to retain fluids from any vents for the coolant system or engine
lubrication system. Each catch-can must have a minimum volume of ten (10) percent of the fluid
being contained or 0.9 liter (one U.S. quart) whichever is greater. NOTE: Motorcycle engine/gearbox
combinations must comply with T8.2.2.

Any vent on other systems containing liquid lubricant, i.e., a differential or gearbox, must have a
catch-can with a minimum volume of ten (10) percent of the fluid being contained or 50ml, whichever
is greater.

Catch cans must be capable of containing boiling water without deformation, and be located
rearwards of the firewall below the driver’s shoulder level, and be positively retained, i.e. no tie-wraps
or tape.

Any catch can on the cooling system must vent through a hose with a minimum internal diameter of 3
mm (1/8 inch) down to the bottom levels of the Frame.
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T8.3

T8.4
T8.4.1

T8.4.2

T8.4.3

T8.4.4

T8.4.5

Transmission and Drive
Any transmission and drivetrain may be used.

Drive Train Shields and Guards

Exposed high-speed final drivetrain equipment such as Continuously Variable Transmissions (CVTSs),
sprockets, gears, pulleys, torque converters, clutches, belt drives, clutch drives and electric motors,
must be fitted with scatter shields in case of failure. The final drivetrain shield must cover the chain or
belt from the drive sprocket to the driven sprocket/chain wheel/belt or pulley. The final drivetrain
shield must start and end parallel to the lowest point of the chain wheel/belt/pulley. (See figure below)
Body panels or other existing covers are not acceptable unless constructed from approved materials
per T8.4.3 or T8.4.4.

NOTE: If equipped, the engine drive sprocket cover may be used as part of the scatter shield system.

Comment: Scatter shields are intended to contain drivetrain parts which might separate from the car.
Perforated material may not be used for the construction of scatter shields.

Chain Drive - Scatter shields for chains must be made of at least 2.66 mm (0.105 inch) steel (no
alternatives are allowed), and have a minimum width equal to three (3) times the width of the chain.
The guard must be centered on the center line of the chain and remain aligned with the chain under all
conditions.

Non-metallic Belt Drive - Scatter shields for belts must be made from at least 3.0 mm (0.120 inch)
Aluminum Alloy 6061-T6, and have a minimum width that is equal to 1.7 times the width of the belt.
The guard must be centered on the center line of the belt and remain aligned with the belt under all
conditions.

Attachment Fasteners - All fasteners attaching scatter shields and guards must be a minimum 6mm
Metric Grade 8.8 (1/4 inch SAE Grade 5) or stronger.
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T8.4.6

T8.5
T8.5.1

T8.5.2

Finger Guards — Finger guards are required to cover any drivetrain parts that spin while the car is
stationary with the engine running. Finger guards may be made of lighter material, sufficient to resist
finger forces. Mesh or perforated material may be used but must prevent the passage of a 12 mm (1/2
inch) diameter object through the guard.

Comment: Finger guards are intended to prevent finger intrusion into rotating equipment while the
vehicle is at rest.

Integrity of systems carrying fluids — Tilt Test

Tilt Test - Fluids

During technical inspection, the car must be capable of being tilted to a forty-five degree (45°) angle
without leaking fluid of any type.

The tilt test will be conducted with the vehicle containing the maximum amount of fluids it will carry
during any test or event.

ARTICLE 9: AERODYNAMIC DEVICES

T9.1

T9.2

T9.2.1

T9.2.2

T9.3
T9.3.1

T9.3.2

Aero Dynamics and Ground Effects - General
All aerodynamic devices must satisfy the following requirements:

Location — Front Mounted Devices

In plan view, no part of any aerodynamic device, wing, under tray or splitter can be:
a. Further forward than 700 mm (27.6 inches) forward of the fronts of the front tires
b. Wider than the outside of the front tires measured at the height of the hubs.

When viewed from the front of the vehicle, the part of the front wheels/tires that are more than 250
mm (9.8 inches) above ground level must be unobstructed by any part of the aerodynamic device,
with the exception of any vertical surfaces (end plates) less than 25 mm in thickness.

NOTE: 9.2.1 and 9.2.2 apply with the wheels in the straight ahead position

Location Rear Mounted Devices:
In plan view, no part of any aerodynamic device, wing, undertray or splitter can be:
a. Further rearward than 250 mm (9.8 inches) rearward of the rear of the rear tires
b. Further forward than a vertical plane through the rearmost portion of the front face of the
driver head restraint support, excluding any padding, set (if adjustable) in its fully rearward
position (excluding undertrays).
c.  Wider than the inside of the rear tires, measured at the height of the hub centerline.

In side elevation, no part of the rear wing or aerodynamic device (including end-plates) may be higher
than 1.2 meters above the ground when measured without a driver in the vehicle
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AERO EXCLUSION
BELOW 250mm

AERO EXCLUSION
250 - 500 mm

AERO EXCLUSION
ABOVE 300 mm

T9.4 Location — General
T9.4.1  Between the centerlines of the front and rear wheel axles, an aerodynamic device (e.g. undertray) may
extend outboard in plan view to a line drawn connecting the outer surfaces of the front and rear tires at

the height of the wheel centers

T9.4.2  Except as permitted under T9.3.1, any aerodynamic devices, or other bodywork, located between the
transverse vertical planes positioned at the front and rear axle centerlines must not exceed a height of
500 mm (19.7 inches) above the ground when measured without a driver in the vehicle. (Bodywork
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T9.5
T9.5.1

T9.6

T9.7
T9.7.1

within vertical fore and aft planes set at 400 mm (15.75 inches) outboard from the centerline on each
side of the vehicle is excluded from this requirement).

The Keep out zones of T2.1 (3) must not be infringed.

Minimum Radii of Edges of Aerodynamic Devices

All forward facing wing edges including wings, end plates, Gurney flaps, wicker bills and undertrays
that could contact a pedestrian must have a minimum radius of 5 mm (0.2 inches) for all horizontal
edges and 3mm (0.12 inches) for vertical edges (end plates). These radius requirements must be
achieved with permanently affixed components and with specific design intent to meet this radius
requirement.

For example, pushed on pieces of split tube relying on friction for retention are not a satisfactory
engineering method of achieving the radii.

Ground Effect Devices
No power device may be used to move or remove air from under the vehicle except fans designed
exclusively for cooling. Power ground effects are prohibited.

Aerodynamic Devices Stability and Strength

All aerodynamic devices must be designed such that the mounting system provides adequate rigidity
in the static condition and such that the aerodynamic devices do not oscillate or move excessively
when the vehicle is moving. In Technical Inspection this will be checked by pushing on the
aerodynamic devices in any direction and at any point.

NOTE: The following should be seen as guidance as to how this rule will be applied but actual
conformance will be up to technical inspectors at the respective competitions. The overall aim is to
reduce the likelihood of wings detaching from cars whilst they are competing.

1. If any deflection is significant, then a force of approximately 200N can be applied and the
resulting deflection should not be more than 25mm and any permanent deflection less than
Smm.

2. If any vehicle on track is observed to have large, uncontrolled movements of aerodynamic

devices, then officials will have the right to Black Flag the car for inspection and the car
may be excluded from that run and until any issue identified is rectified.
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ARTICLE 10: COMPRESSED GAS SYSTEMS AND HIGH PRESSURE HYDRAULICS

T10.1

T10.2

Compressed Gas Cylinders and Lines
Any system on the vehicle that uses a compressed gas as an actuating medium must comply with the
following requirements:

a. Working Gas-The working gas must be nonflammable, e.g. air, nitrogen, carbon dioxide.

b. Cylinder Certification- The gas cylinder/tank must be of proprietary manufacture, designed and
built for the pressure being used, certified by an accredited testing laboratory in the country of
its origin, and labeled or stamped appropriately.

c. Pressure Regulation-The pressure regulator must be mounted directly onto the gas
cylinder/tank.

d. Protection — The gas cylinder/tank and lines must be protected from rollover, collision from any
direction, or damage resulting from the failure of rotating equipment.

e. Cylinder Location- The gas cylinder/tank and the pressure regulator must be located either
rearward of the Main Roll Hoop and within the envelope defined by the Main Roll Hoop and
the Frame (see T3.3), or in a structural side-pod. In either case it must be protected by structure
that meets the requirements of T3.24 or T3.33. It must not be located in the cockpit.

f.  Cylinder Mounting- The gas cylinder/tank must be securely mounted to the Frame, engine or

transmission.

Cylinder Axis- The axis of the gas cylinder/tank must not point at the driver.

Insulation- The gas cylinder/tank must be insulated from any heat sources, e.g. the exhaust

system.

i. Lines and Fittings- The gas lines and fittings must be appropriate for the maximum possible
operating pressure of the system.

S@

High Pressure Hydraulic Pumps and Lines

The driver and anyone standing outside the car must be shielded from any hydraulic pumps and lines
with line pressures of 2100 kPa (300 psi) or higher. The shields must be steel or aluminum with a
minimum thickness of 1 mm (0.039 inch).

NOTE: Brake lines are not classified as “hydraulic pump lines” and as such brake lines are excluded
from T10.2.

ARTICLE 11: FASTENERS

T11.1
T11.1.1

T11.1.2

T11.1.3

Fastener Grade Requirements

All threaded fasteners utilized in the driver’s cell structure, and the steering, braking, driver’s harness
and suspension systems must meet or exceed, SAE Grade 5, Metric Grade 8.8 and/or AN/MS
specifications.

The use of button head cap, pan head, flat head or round head screws or bolts in critical locations is
prohibited. These locations include the driver’s cell structure, and driver’s harness attachment.

NOTE: Hexagonal recessed drive screws or bolts (sometimes called Socket head cap screws or Allen
screws/bolts) are permitted.

Any bolted joint in the primary structure using either tabs or brackets, must have an edge distance

ratio “e/D” of 2 or greater. “D” equals the hole diameter. “e” equals the distance from the hole
centerline to the nearest free edge.

67

© 2015 SAE International. All Rights Reserved 2016 Formula SAE® Rules — May 11, 2015



S

INTERNATIONAL .-

T11.2
T11.21

T11.2.2

T11.2.3

T11.2.4

NOTE: Any tabs attaching suspension members to the primary structure are not required to meet this
rule

Securing Fasteners
All critical bolt, nuts, and other fasteners on the steering, braking, driver’s harness, and suspension
must be secured from unintentional loosening by the use of positive locking mechanisms. Positive
locking mechanisms are defined as those that:
a. The Technical Inspectors (and the team members) are able to see that the device/system is in
place, i.e. it is visible.
b. The “positive locking mechanism” does not rely on the clamping force to apply the “locking” or
anti-vibration feature. In other words, if it loosens a bit, it still prevents the nut or bolt coming
completely loose.

Positive locking mechanisms include:
a. Correctly installed safety wiring
b. Cotter pins
c. Nylon lock nuts (Except in high temperature locations where nylon could fail approximately
80 degrees Celsius or above)
d. Prevailing torque lock nuts

NOTE: Lock washers, bolts with nylon patches and thread locking compounds, e.g. Loctite®, DO
NOT meet the positive locking requirement.

There must be a minimum of two (2) full threads projecting from any lock nut.

All spherical rod ends and spherical bearings on the steering or suspension must be in double shear or
captured by having a screw/bolt head or washer with an O.D. that is larger than spherical bearing
housing I.D.

Adjustable tie-rod ends must be constrained with a jam nut to prevent loosening.

ARTICLE 12: TRANSPONDERS

T12.1
T12.1.1

T12.1.2

T12.1.3

Transponders — North American FSAE Competitions
Transponders will be used as part of the timing system for the dynamic events at the North American
FSAE competitions

Each team is responsible for having a functional, properly mounted transponder of the specified type
on their vehicle. Vehicles without a specified transponder will not be allowed to compete in any event
for which a transponder is used for timing and scoring.

All vehicles must be equipped with at least one MYLAPS Car/Bike Rechargeable Power Transponder
or MYLAPS Car/Bike Direct Power Transponder.

NOTE 1: Except for their name, AMB TranX260 transponders are identical to MYLAPS Car/Bike

Transponders and fully comply with this rule. If you own a functional AMB TranX260 it does not
need to be replaced.
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T12.2

T12.3

NOTE 2: For Electric Vehicles, it is the responsibility of the team to ensure that electrical
interference from their vehicle does not stop the transponder from functioning correctly

Transponders — Events outside North America

Transponders may be used for timing and scoring at competitions outside North America and may be
provided by the competition organizers. The transponders specified in T12.1 above for the North
American FSAE competitions may or may not be compatible with the systems used for other events.
Teams should check the individual competition websites for further details.

Transponder Mounting — All Events

The transponder mounting requirements are:

a. Orientation — The transponder must be mounted vertically and orientated so the number can be
read “right-side up”.

b. Location — The transponder must be mounted on the driver’s right side of the car forward of the
front roll hoop. The transponder must be no more than 60 cm (24 in) above the track.

c. Obstructions — There must be an open, unobstructed line between the antenna on the bottom of the
transponder and the ground. Metal and carbon fiber may interrupt the transponder signal. The
signal will normally transmit through fiberglass and plastic. If the signal will be obstructed by
metal or carbon fiber, a 10.2 cm (4 in) diameter opening can be cut, the transponder mounted
flush with the opening, and the opening covered with a material transparent to the signal.

d. Protection — Mount the transponder where it will be protected from obstacles.

ARTICLE 13: VEHICLE IDENTIFICATION

T13.1
T13.1.1

T13.1.2

Car Number
Each car will be assigned a number at the time of its entry into a competition.

Car numbers must appear on the vehicle as follows:

Locations: In three (3) locations: the front and both sides;

a. Height: At least 152.4 mm (6 inch) high;

b. Font: Block numbers (i.e. sans-serif characters). Italic, outline, serif, shadow, or cursive numbers
are prohibited.

c. Stroke Width and Spacing between Numbers: At least 18 mm (3/4 inch).

d. Color: Either white numbers on a black background or black numbers on a white background. No
other color combinations will be approved.

e. Background shape: The number background must be one of the following: round, oval, square or
rectangular. There must be at least 25.4 mm (1 inch) between the edge of the numbers and the
edge of the background.
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T13.1.3

T13.1.4

T13.2
T13.2.1

T13.2.2

T13.3

T13.4
T134.1

T13.4.2

f.  Clear: The numbers must not be obscured by parts of the car, e.g. wheels, side pods, exhaust
system, etc.

Car numbers for teams registered for North American FSAE competitions can be found on the
“Registered Teams” section of the relevant Formula SAE website.

Comment: Car numbers must be quickly read by course marshals when your car is moving at speed.
Make your numbers easy to see and easy to read.

Example: 8 3

Electric Vehicles - Car numbers of vehicles registered for Formula SAE Electric must be preceded by
a capital letter “E” in the same size and font as the numerals. Example: E219

School Name

Each car must clearly display the school name (or initials — if unique and generally recognized) in
roman characters at least 50 mm (2 inch) high on both sides of the vehicle. The characters must be
placed on a high contrast background in an easily visible location.

The school name may also appear in non-roman characters, but the roman character version must be
uppermost on the sides.

SAE Logo
The SAE logo must be displayed on the front and/or both sides of the vehicle in a prominent location.
SAE logo stickers will be provided to the teams on site.

Technical Inspection Sticker Space
Technical inspection stickers will be placed on the upper nose of the vehicle. Cars must have a clear
and unobstructed area at least 25.4 cm wide x 20.3 cm high (10” x 8”) on the upper front surface of
the nose along the vehicle centerline.

Vehicles that are being entered into multiple competitions in the FSAE series must allow sufficient
space along the nose centerline for all inspection stickers.

ARTICLE 14: EQUIPMENT REQUIREMENTS

T14.1

T14.2

Driver’s Equipment

The equipment specified below must be worn by the driver anytime he or she is in the cockpit with
the engine running or with the tractive system active for electric vehicles and anytime between
starting a dynamic event and either finishing or abandoning a dynamic event. Removal of any driver
equipment during the event will result in disqualification.

Helmet

A well-fitting, closed face helmet that meets one of the following certifications and is labeled as such:
- Snell K2000, K2005, K2010, M2000, M2005, M2010, SA2000, SA2005, SA2010

- SFI 31.2A, SFI 31.1/2005

- FIA 8860-2004, FIA 8860-2010

- British Standards Institution BS 6658-85 Type A/FR rating (Types A and B are not accepted)
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Open faced helmets and off-road helmets (helmets without integrated eye shields) are not approved.

All helmets to be used in the competition must be presented during Technical Inspection where
approved helmets will be stickered. The organizer reserves the right to impound all non-approved
helmets until the end of the competition.

T14.3 Balaclava
A balaclava which covers the driver’s head, hair and neck, made from acceptable fire resistant
material as defined in T14.12, or a full helmet skirt of acceptable fire resistant material. The balaclava
requirement applies to drivers of either gender, with any hair length.

T14.4  Eye Protection
Impact resistant helmet face shield, made from approved impact resistant materials. The face shield
supplied with approved helmets (See T14.2 above) meets this requirement.

T145  Suit
A fire resistant one piece suit, made from a minimum of two (2) layers that covers the body from the
neck down to the ankles and the wrists. The suit must be certified to one of the following standards
and be labeled as such:

- SF1 3-2A/5 (or higher)

- FIA Standard 1986 @

NORME 1985/ 1986 STANDARD
MODEL 10000, NO.03.048 ACCUS 98

- FIA Standard 8856-2000 &g’*\ Standard 8856-2000

‘&l RS.000.00

Manufacturer name
Year of manufacture: 0000

Actual size 100xL0mm

T14.6  Underclothing
It is strongly recommended that all competitors wear fire resistant underwear (long pants and long
sleeve t-shirt) under their approved driving suit. This fire resistant underwear should be made from
acceptable fire resistant material as listed in T14.12 and should cover the driver’s body completely
from neck down to ankles and wrists.

NOTE: If you do not wear fire resistant underwear it is strongly recommended that you wear cotton
underwear (t-shirt and long underpants) under your approved driving suit.
T14.7  Socks
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T14.8

T14.9

T14.10

T14.11

T14.12

T14.13

T14.14

T14.14.1

T14.14.2

T14.14.3

Fire resistant socks made from acceptable fire resistant material as defined in T14.12, below, that
cover the bare skin between the driver’s suit and the boots or shoes.

Shoes

Fire resistant shoes made from acceptable fire resistant material as defined in T14.12. The shoes must
be certified to the standard and labeled as such:

- SFI33

- FIA 8856-2000

Gloves

Fire resistant gloves made from made from acceptable fire resistant material as defined in T14.12.
Gloves of all leather construction or fire resistant gloves constructed using leather palms with no
insulating fire resisting material underneath are not acceptable.

Arm Restraints

Arm restraints are required and must be worn such that the driver can release them and exit the
vehicle unassisted regardless of the vehicle’s position. Arm restraints must be commercially
manufactured. NOTE: Arm restraints certified to SFI Standard 3.3 and labeled as such meet this
requirement.

Driver’s Equipment Condition

All driving apparel covered by ARTICLE 14: must be in good condition. Specifically, driving
apparel must not have any tears, rips, open seams, areas of significant wear or abrasion or stains
which might compromise fire resistant performance.

Fire Resistant Material
For the purpose of this section some, but not all, of the approved fire resistant materials are: Carbon
X, Indura, Nomex, Polybenzimidazole (commonly known as PBI) and Proban.

Synthetic Material — Prohibited
T-shirts, socks or other undergarments (not to be confused with FR underwear) made from nylon or
any other synthetic material which will melt when exposed to high heat are prohibited.

Fire Extinguishers
Each team must have at least two (2) 0.9 kg (2 Ib.) dry chemical/dry powder.

The following are the minimum ratings, any of which are acceptable at any Formula SAE Series
event:
- USA, Canada & Brazil: 10BC or 1A 10BC
- Europe: 34B or 5A 34B
- Australia: 20BE or 1A 10BE
Extinguishers of larger capacity (higher numerical ratings) are acceptable.

NOTE: Aqueous Film Forming Foam (AFFF) fire extinguishers are prohibited.
All extinguishers must be equipped with a manufacturer installed pressure/charge gauge.
Except for the initial inspection, one extinguisher must readily be available in the team’s paddock

area, and the second must accompany the vehicle wherever the vehicle is moved. Both extinguishers
must be presented with the vehicle at Technical Inspection.
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T14.14.4 As ateam option, commercially available on-board fire systems are encouraged as an alternative to
the extinguisher that accompanies the vehicle.

T14.14.5 Hand held fire extinguishers are not permitted to be mounted on or in the car.

NOTE: Halon extinguishers and systems are prohibited.
NOTE: AFFF extinguishers are prohibited.

T14.15 Camera Mounts - The mounts for video/photographic cameras must be of a safe and secure design.
- All camera installations must be approved at Technical Inspection.
- Helmet mounted cameras and helmet camera mounts are prohibited.
- The body of a camera or recording unit that weighs more than 0.25 kg (9 0z.) must be secured
at a minimum of 2 points on different sides of the camera body. If a tether is used to restrain
the camera, the tether length must be limited so that the camera cannot contact the driver.

NOTE: most GoPro cameras weigh less than 0.25kg.

ARTICLE 15: POSSIBLE FUTURE RULES CHANGES

Notice of Possible Rule Changes for the 2016-2017 Formula SAE Series

This section is intended to provide teams with advance notice of possible changes to the Formula SAE Rules
that are being considered by the Formula SAE Rules Committee. Only changes that might have a significant
influence on a team’s design, manufacturing or operating decisions are listed.

The changes presented in this section are only possibilities and may not be implemented. This section is
provided as information and is not intended to be the final text of the rules under consideration.

It is anticipated that this section of the regulations will be updated later in 2015 after feedback is received on
these outline proposals. If any team has strong views on the proposals then please send your feedback to
www.fsaeonline.com. You may also email your feedback to kzundel@sae.org.

T15.2  Restriction on Professional Drivers — The Committee is considering prohibiting individuals who
have driven for professionally funded teams from driving in FSAE dynamic events.

T15.3 5" Percentile Female Driver — The committee is considering changes to the rules to make it clearer
that the driver cell should be able to fit both a 95the percentile male and a 5" percentile female driver.

T15.11 Cost Event — The committee is considering a major revamp of the cost event such that it addresses
product / component engineering issues including design for cost, design for manufacturing, design for
sustainability and the life cycle of the product. Students will be expected to have an appreciation of all areas of
relating to product / component engineering which will be important in their engineering careers. The
committee would appreciate feedback and proposals on how the cost event might be changed to improve its
value to the students as part of this revamp.

T15.12 Increased Engine Size — The Committee is considering increasing the engine size to make it easier
for teams from some areas of the world to compete. If an increase is implemented, this could go up to around
750cc, however the committee would value feedback on what size would really help you be able to compete in
your region where 600cc or smaller engines are not commonly available.
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APPENDIX T-1 STRUCTURAL EQUIVALENCY SPREADSHEET

Appendix T-1 is posted at www.fsaeonline.com.

APPENDIX T-2 IMPACT ATTENUATOR DATA REPORT

Appendix T-2 is posted at www.fsaeonline.com.
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STANDARD IMPACT ATTENUATOR

APPENDIX T-3
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2016 FORMULA SAE RULES
PART AF - ALTERNATIVE FRAME RULES

ARTICLE 1: GENERAL REQUIREMENTS

AFl.1

AF1.2

AF1.3

AFl4

AF1.5

AF1.6

These alternative structural requirements are intended to provide teams an alternative approach to the
existing rules. The goal of these alternative rules is to provide a simpler alternative for monocoque
designs and provide expanded design freedom for space frames and monocoques alike. The intent is
not to alter allowable structures but to change the requirement process for showing compliance with
the rules.

NOTE: Generally Sl units are used in these alternative frame rules with some dual references.

Unless listed below under section AF7 and AF8 “Non-Applicable Rules” all requirements of the rest
of the rules apply in these alternative requirements.

The AF Rules are considered a work in progress. As such, the Rules Committee and reviewers of the
SRCF (below) may, at any time, amend and clarify these rules to maintain the spirit in which they
were written and close any unintended loop holes.

These rules are recommended for existing teams who have experience designing, constructing and
competition with vehicles in the past. There is no experience requirement.

Notice of Intent - Teams planning to build a vehicle to this alternative rule set for entry into a North
American competition must notify the Rules Committee of their intent by the date specified in the
action deadlines for the competition. Include a short paragraph detailing your team’s finite element
capability and showing you can meet all analytical requirements specified in this Appendix. Your
“Notice of Intent” should include the email addresses and phones numbers of the team members who
can answer any questions the Committee may have about your proposal.

The notice of intent submission should also include a brief report analyzing the sample structures
problem posted to the SAE website. Please include a brief text description of your analysis approach,
what software you used, the element types, mesh quality and boundary conditions that were used in
this analysis. The results provided will be used to assess the team’s capability to perform this type of
structural analysis.

The Rules Committee will remain in contact with teams using the AF rules to help them develop and
document their frames and to give the Committee data and feedback that can be used to refine the AF
rules.

Notice of Intent — Procedure
a. Address — Teams using the AF Rules for a North America competition must submit their
“Notice of Intent” to the FSAE Rules committee at:fase@sae.org.
b. Due Date — “Notices of Intent” to use the AF Rules the notice of intent must submitted to the
Rules Committee by the date posted on the SAE Website.
c. Acknowledgement — The Rules Committee will review your “Notice of Intent” and will try to
respond with their approval/disapproval within 15 days.
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ARTICLE 2: STRUCTURAL REQUIREMENTS CERTIFICATION FORM (SRCF)
Since there is no baseline steel design in this alternative rule set, the team must show they are meeting
the functional structural requirements.

When the Alternate Frame Rules are used the Structural Requirements Certification Form (SRCF)
supersedes the Structural Equivalency Spreadsheet (SES) which does not have to be submitted.

AF2.1  SRCF - Submission Process

a. Address — SRCFs must be submitted to the officials at the competition you are entering at the
address indicated on the competition website or shown in the Appendix.

b. Due Date and Late Submission Penalty — SRCFs must be submitted no later than the due date
specified on the competition website (For US events reference “Action Deadlines™). Teams
that submit their SRCF after the relevant due date will be penalized ten (10) points per day up
to a maximum of fifty (50) points which will be deducted from the team’s total score.

c. Acknowledgement — North American Competitions — SRCFs submitted for vehicles entered
into competitions held in North America will be acknowledged upon receipt.

ARTICLE 3: DEFINITIONS
The following additional definitions apply throughout the Rules document in addition to the ones
listed in T3.3
a. Failure - Tensile, compressive, shear load or buckling critical load lower than the specified
load. All failure modes have to be considered for every load case.
b. Directions — The following coordinate system and labeling convention is used within these
rules
- Longitudinal (X)
- Transverse (Y)
- Vertical (2)

ARTICLE 4: STRUCTURAL REQUIREMENTS
AF4.1  Main Roll Hoop, Bracing and Bracing Supports
AF4.1.1 Load Applied: Fx = 6.0 kN, Fy=5.0 kN, Fz=-9.0 kN

AF4.1.2 Application point: Top of Main Roll Hoop
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AF4.1.3

AF4.1.4

AF4.1.5

AF4.2
AF4.2.1

AF4.2.2

AF4.2.3

AF4.2.4
AF4.2.5
AF4.3

AF4.3.1

AF4.3.2

AF4.3.3

AF4.3.4

AF4.3.5

AF4.3.6

AF4.3.7

AF4.4

AF4.4.1

AF4.4.2

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the front and main roll hoops.

Max Allowable Deflection: 25mm
Failure must not occur anywhere in structure

Front Roll Hoop
Load Applied: Fx = 6.0 kN, Fy=5.0 kN, Fz=-9.0 kN

Application point: Top of Front Roll Hoop

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the front and main roll hoops.

Max Allowable Deflection: 25mm
Failure must not occur anywhere in structure

Side Impact
Load Applied: Fx =0 kN, Fy=7 kN, Fz 0 kN. Vector direction of lateral load to be in toward the
driver.

Application point: All structural locations between front roll hoop and main roll hoop that are also
required by AF6.4 (intrusion protection). Load may be distributed by the overlap of the impactor
circle to the structural members. In Nastran this can be best accomplished through a “RBE3” (zero
stiffness multi-point constant) with the dependent node at the circle center and the independent nodes
being all remaining nodes within a 5 (127 mm) radius. Most solvers have a similar type of element.
The analysis may show worst case only but need to support choice of location to justify why it is
worst.

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the front and main roll hoops.

Max Allowable Deflection: 25 mm

Failure must not occur anywhere in structure

Accumulator Side Impact protection (EV cars only) use AF4.3 to satisfy EV3.4.4.

Tractive System Side Impact protection (EV cars only) use AF4.3 with a 5.5 kN load instead of 7 kN
to satisfy EV4.2.2.

Front Bulkhead & Bulkhead Support
Load Applied: Fx = 120 kN, Fy=0 kN, Fz 0 kN.

Application point: use the actual attachment points between the impact attenuator and the front
bulkhead
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AF4.4.3

AF4.4.4

AF4.45

AF4.5

AF45.1

AF4.5.2

AF4.5.3

AF45.4

AF4.55

AF4.6
AF4.6.1

AF4.6.2

AF4.6.3

AF4.6.4

AF4.6.5

AF4.7
AF4.7.1

AF4.7.2

AF4.7.3

AF4.7.4

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the main roll hoop and both locations where the main hoop and shoulder harness tube connect.
Monocoques should use both sides of the bottom of the main hoop and both sides of the upper
attachment point between the main hoop and monocoque.

Max Allowable Deflection: 25mm

Failure must not occur anywhere in structure

Shoulder Harness Attachment

Load Applied: 13- kN load for Monocoque chassis or 7kN load for steel space frames applied at each
hardness attachment point with the worst case for the range of angles specified in T5.4.4.

Application point: Both harness attachment points simultaneously

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the front and main roll hoops.

Max Allowable Deflection: 25mm
Failure must not occur anywhere in structure

Lap & Anti-Submarine AF Harness Attachment

Load Applied: 13kN load applied at each lap belt attachment point with the worst case for the range
of angles specified in T5.3.5. 6.5 kN load applied at each sub-marine belt attachment point with the
worst case for the range of angles specified in T5.3.5. If the lap and sub-marine belts share the same
attachment points, then a 19.5 kN load is applied at each belt attachment point with the worst case for
the range angles specified in T5.3.5.

Application point: All harness attachment points simultaneously (same load case)

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the front and main roll hoops.

Max Allowable Deflection: 25mm
Failure must not occur anywhere in structure

Front Bulkhead & Bulkhead Support Off Axis
Load Applied: Fx = 120 kN, Fy=10.5 kN, Fz 0 kN.

Application point: Create load application node in the front bulkhead plane at the center of the front
bulkhead. Load application node may be rigidly connected to the front bulkhead and impact
attenuator attachment points.

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the main roll hoop and both locations where the main hoop and shoulder harness tube connect.
Monocoques should use both sides of the bottom of the main hoop and both sides of the upper
attachment point between the main hoop and monocoque.

Max Allowable Deflection: 25mm
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AF4.7.5

AF4.8
AF4.8.1

AF4.8.2

AF4.8.3

AF4.8.4

AF4.8.5

Failure must not occur anywhere in structure

Accumulator Container (EV cars)
Load on the Accumulator container structure is applied by loads located at the center of gravity of
each section of cells/segments. The magnitude of the loads is the mass times acceleration.

Apply the following accelerations for a chassis that separates the Accumulator from the driver by
structure equivalent to “side impact structure”.

a. 20g in the longitudinal direction (forward/aft)

b. 20g in the lateral (left/right)

c. 20g vertical (up/down) direction.

Chassis that separates the driver from the Accumulator with side impact structure must use an
“impactor circle” with a diameter equal to the minimum width or height dimension of the
accumulator.

NOTE: the impactor circle is used to define the maximum gap allowed for side impact structure and
to distribute side impact loads. AF4.8.3 only applies to side impact structure between the driver and
the accumulator.

Apply the following accelerations for a chassis that does not separate the Accumulator from the driver
by structure equivalent to “side impact structure”.

a. 40g in the longitudinal direction (forward/aft)

b. 40g in the lateral (left/right)

c. 20g vertical (up/down) direction.

Boundary Condition: Fixed displacement (X, y, z) but not rotation of the bottom nodes of both sides of
the front and main roll hoops.

ARTICLE 5: GENERAL ANALYSIS REQUIREMENTS

AF5.1

AF5.2

AF5.3

AF5.4

The following requirements apply to the submitted structural certification process.

Good analysis practice must be used and all assumptions and modeling approximations are subject to
approval during the SRC process. This includes but is not limited to mechanical properties, mesh size
and mesh quality.

A Nastran analysis deck and supporting documentation must be submitted electronically with the
“Notice of Intent” and SRCF. Nastran does not have to be used for the analysis, but is the required
format for the organizer's to review the analysis input decks.

Tubes with wall thickness less than 0.047 inches (or an approved alternative as per rules T3.5, T3.6 or
T3.7) cannot be included in the analysis.

Holes in tubes may be neglected from the overall frame/monocoque model global results. However
for each load case, the force and moments at both sides of the tubes need to be applied to a shell or
solid model of the tube with the hole or cutout geometry modeled. The tube around the holes and
cutouts may not show failure.
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AF5.5

AF5.6

Offsets between tubes at nodes need a detailed analysis similar to 5.3 where the actual connection is
modeled using the end constraints from the overall vehicle model. Shell or solid models must be
used.

The following alternative boundary condition is acceptable for all structural requirements. The
alternative is to not include the nodal constraints and instead run the model with inertia relief. In this
case the mass distribution of the vehicle must closely approximate the actual intended mass
distribution. Evidence must be provided supporting the mass distribution used in the model. A driver
mass of 77 kg and a minimum vehicle mass of 300 kg must be used, even if these differ from the
team's predicted vehicle mass.

ARTICLE 6: INTRUSION PREVENTION

AF6.1

AF6.2

AF6.3

Since the exact configuration of the tubes is not specified this rule is intended to limit the size of
object which can intrude into the driver’s cell.

An impactor is defined as a circular disk with diameter of 254 mm (10 inches). The thickness is not
relevant, but will generally be around 2mm (0.080 inches) for the inspection process.

The primary structure between the front bulkhead and main roll hoop must not allow the impactor to
enter the primary structure.

Anywhere on the structure where the impactor is attempted to be passed through the impactor must
contact the structure in at least three points. This is not a projection requirement but a full 3-
dimensional requirement.

234mm
| \ Impactor Check — must not be able to enter frame at any
point between front bulkhead and main roll hoop — must
contact three points of frame everywhere in side projection

\-_/D o
A\

!
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AF6.4

The impactor is a 3-dimensional requirement. It applies to all faces of the structure, including the
front, sides, top, floor and rear, excluding only the cockpit opening specified in T4.1.1. If the driver is
seated fully in front of the main hoop then the requirement does not apply behind the main hoop. If
the driver is seated partially or fully behind the main hoop then the requirement extends to the end of
the main hoop braces. The impactor requirement does not apply to openings or gaps that are entirely
above a plane parallel to and 350 mm above the ground.

ARTICLE 7: NON-APPLICABLE RULES: CHASSIS/IFRAME

AF7.1

AF7.2

AF7.3

AFT7.4

AF7.5

AF7.6

AF7.7

AF7.8

AF7.9

AF7.10

AF7.11

AF7.12

AF7.13

AF7.14

AF7.15

AF7.16

AF7.17

AF7.18

AF7.19

The following rules are not applicable when building a frame to this alternative rule set.

T3.11.4 In the side view of the vehicle, the portion of the Main Roll Hoop that lies above it’s...
T3.12.6 In side view, no part of the Front Hoop can be inclined at more than twenty degrees...
T3.13.3 In the side view of the Frame, the Main Hoop and the Main Hoop braces must not lie...
T3.13.4 The Main Hoop braces must be attached as near as possible to the top of the Main Hoop...
T3.13.6 The Main Hoop Braces must be securely integrated into the Frame and be capable of ...
T3.14.4 The Front Hoop braces must be attached as near as possible to the top of the Front Hoop...
T3.14.5 If the Front Hoop leans rearwards by more than ten degrees (10°) from the vertical, it ...
T3.19.1 The Front Bulkhead must be securely integrated into the Frame.

T3.19.2 The Front Bulkhead must be supported back to the Front Roll Hoop by a minimum of...
T3.24.4 With proper triangulation, it is permissible to fabricate the Side Impact Structural...

T3.32 Monocoque Front Bulkhead Support

T3.33.1 In addition to proving that the strength of the monocoque is adequate, the monocoque...
T3.33.2 The EI of the vertical side of the front bulkhead support structure must be equivalent...
T3.34.1 In the region longitudinally forward of the Main Roll Hoop and aft of the Front Roll...
T3.34.2 The vertical side impact zone between the upper surface of the floor and 350 mm...
T3.34.3 The vertical side impact zone between the upper surface of the floor and 350 mm...

T3.37 Monocoque Front and Main Hoop Bracing

PART EV - EV3.4.4 All accumulator containers must be protected from side or rear impact collisions
by...

PART EV - EV4.2.2 If tractive system parts are mounted in a position where damage could occur
from a...
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ARTICLE 8: NON-APPLICABLE RULES: ACCUMULATOR CONTAINER
The following rules are not applicable when building an accumulator container to this alternative rule set.

AF8.1 PART EV - EV3.4.6 Accumulator containers must be constructed of sheet/plate steel or aluminum in
the...
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2016 FORMULA SAE RULES
PART IC - INTERNAL COMBUSTION ENGINE VEHICLES

ARTICLE 1: INTERNAL COMBUSTION ENGINE POWERTRAINS

IC1.1
IC1.1.1

IC1.1.2

IC1.1.3

IC1.2

IC1.3

IC14
IC14.1

Engine Limitation

The engine(s) used to power the car must be a piston engine(s) using a four-stroke primary heat cycle
with a displacement not exceeding 610 cc per cycle. Hybrid powertrains, such as those using electric
motors running off stored energy, are prohibited.

NOTE: All waste/rejected heat from the primary heat cycle may be used. The method of conversion
is not limited to the four-stroke cycle.

The engine can be modified within the restrictions of the rules.

If more than one engine is used, the total displacement cannot exceed 610 cc and the air for all
engines must pass through a single air intake restrictor (see 1C1.6 “Intake System Restrictor.”)

Engine Inspection

The organizer will measure or tear down a substantial number of engines to confirm conformance to
the rules. The initial measurement will be made externally with a measurement accuracy of one (1)
percent. When installed to and coaxially with spark plug hole, the measurement tool has dimensions
of 381 mm (15 inches) long and 30 mm (1.2 inches) diameter. Teams may choose to design in access
space for this tool above each spark plug hole to reduce time should their vehicle be inspected.

Starter
Each car must be equipped with an on-board starter which, during the competition, must be used to
start the car at all times. Push starts, or the use of a remote starter, are prohibited.

Air Intake System

Air Intake System Location

All parts of the engine air and fuel control systems (including the throttle or carburetor, and the
complete air intake system, including the air cleaner and any air boxes) must lie within the surface
defined by the top of the roll bar and the outside edge of the four tires. (See Figure 13).
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IC1.4.2

IC14.3

IC14.4

IC15
IC15.1

IC1.5.2

REAR VIEW
SURFACE ENVELOPE

SIDE VIEW

SURFACE ENVELOPE

Vi b
/ \\
/4 ~
/ \\
7/ ~
7/ \\
C I |
FIGURE 13

Any portion of the air intake system that is less than 350 mm (13.8 inches) above the ground must be
shielded from side or rear impact collisions by structure built to Rule T3.24 or T3.33 as applicable.

Intake Manifold — The intake manifold must be securely attached to the engine block or cylinder head
with brackets and mechanical fasteners. This precludes the use of hose clamps, plastic ties, or safety
wires. The use of rubber bushings or hose is acceptable for creating and sealing air passages, but is not
considered a structural attachment. The threaded fasteners used to secure the intake manifold are
considered critical fasteners and must comply with ARTICLE 11.

Intake systems with significant mass or cantilever from the cylinder head must be supported to
prevent stress to the intake system. Supports to the engine must be rigid. Supports to the frame or
chassis must incorporate some isolation to allow for engine movement and chassis flex.

Throttle and Throttle Actuation

Carburetor/Throttle Body

The car must be equipped with a carburetor or throttle body. The carburetor or throttle body may be of
any size or design.

Throttle Actuation

The throttle must be actuated mechanically, i.e. via a cable or a rod system, unless IC1.11 - IC1.16 is
followed for Electronic Throttle Control which replaces the rest of IC1.5
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IC1.5.3

IC1.5.4

IC1.5.5

IC1.5.6

IC1.5.7

IC1.5.8

IC1.5.9

IC1.6
IC1.6.1

The throttle cable or rod must have smooth operation, and must not have the possibility of binding or
sticking.

The throttle actuation system must use at least two (2) return springs located at the throttle body, so
that the failure of any component of the throttle system will not prevent the throttle returning to the
closed position.

NOTE: Throttle Position Sensors (TPS) are NOT acceptable as return springs.

Throttle cables must be at least 50.8 mm (2 inches) from any exhaust system component and out of
the exhaust stream.

A positive pedal stop must be incorporated on the throttle pedal to prevent over stressing the throttle
cable or actuation system.

The throttle pedal cable must be protected from being bent or kinked by the driver’s foot when it is
operated by the driver or when the driver enters or exits the vehicle.

If the throttle system contains any mechanism that could become jammed, for example a gear
mechanism, then this must be covered to prevent ingress of any debris.

Carburetors are not allowed on boosted applications.

Intake System Restrictor
In order to limit the power capability from the engine, a single circular restrictor must be placed in the
intake system and all engine airflow must pass through the restrictor. The only allowed sequence of
components are the following:
a. For naturally aspirated engines, the sequence must be (see Fig 1): throttle body, restrictor, and
engine.
b. For turbocharged or supercharged engines, the sequence must be (see Fig 2): restrictor,
compressor, throttle body, engine.

Throttle Body

Engine
Restrictor
r—
e _/\
Figure 1
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Restrictor Compressor .
Pop-Off Valve (Optional)
I_/\ Throttle Body Heat Exchanger Bres
(Optional)

IC1.6.2

IC1.6.3

IC1.6.4

IC1.6.5

IC1.7
IC1.7.1

IC1.7.2

IC1.7.3

IC1.7.4

IC1.75

Recirculation Valve (Optional) /\

Figure 2

The maximum restrictor diameters which must be respected at all times during the competition are:
a. Gasoline fueled cars - 20.0 mm (0.7874 inch)
b. E-85 fueled cars — 19.0 mm (0.7480 inch)

The restrictor must be located to facilitate measurement during the inspection process.

The circular restricting cross section may NOT be movable or flexible in any way, e.g. the restrictor
may not be part of the movable portion of a barrel throttle body.

If more than one engine is used, the intake air for all engines must pass through the one restrictor.

Turbochargers & Superchargers

The restrictor must be placed upstream of the compressor and the throttle body must be placed
downstream of the compressor. Thus, the only sequence allowed is restrictor, compressor, throttle
body, engine as described in 1C1.6.1 (b).

The intake air may be cooled with an intercooler (a charge air cooler). Only ambient air may be used
to remove heat from the intercooler system. Air-to-air and water-to air intercoolers are permitted. The
coolant of a water-to-air intercooler system must comply with Rule T8.1.

If pop-off valves, recirculation valves, or heat exchangers (intercoolers) are used, they may only be
positioned in the intake system as shown in 1C1.6.1 Figure 2.

Plenums anywhere upstream of the throttle body are prohibited. For the purpose of definition, a
“plenum” is any tank or volume that is a significant enlargement of the normal intake runner system.
Teams are encouraged to submit their designs to the Rules Committee for review prior to competition
if the legality of their proposed system is in doubt.

The maximum allowable ID of the intake runner system between the restrictor and throttle body is 60
mm diameter, or the equivalent area (i.e. 2827 mm”2) if non-circular.
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IC1.7.6

IC1.8
IC1.8.1

I1C1.8.2

IC1.8.3

IC1.8.4

IC1.9

IC1.9.1

1IC1.9.2

If an intercooler/aftercooler is used, it must be located downstream of the throttle body.

Fuel Lines
Plastic fuel lines between the fuel tank and the engine (supply and return) are prohibited.

If rubber fuel line or hose is used, the components over which the hose is clamped must have annular
bulb or barbed fittings to retain the hose. Also, clamps specifically designed for fuel lines must be
used. These clamps have three (3) important features, (i) a full 360 degree (360°) wrap, (ii) a nut and
bolt system for tightening, and (iii) rolled edges to prevent the clamp cutting into the hose. Worm-gear
type hose clamps are not approved for use on any fuel line.

Fuel lines must be securely attached to the vehicle and/or engine.
All fuel lines must be shielded from possible rotating equipment failure or collision damage.

Fuel Injection System Requirements
The following requirements apply to fuel injection systems.

Low Pressure Injection (LPI)
Low pressure fuel injection systems are those functioning at a pressure below 10 Bar (145 psi). Most
Port Fuel Injected (PFI) fuel systems are low pressure.

a. Fuel Lines — On low pressure fuel injected systems, any flexible fuel lines must be either (i)
metal braided hose with either crimped-on or reusable, threaded fittings, or (ii) reinforced
rubber hose with some form of abrasion resistant protection with fuel line clamps per 1C1.8.2
. NOTE: Hose clamps over metal braided hose will not be accepted.

b. Fuel Rail — The fuel rail must be securely attached to the engine cylinder block, cylinder
head, or intake manifold with mechanical fasteners. This precludes the use of hose clamps,
plastic ties, or safety wire. The threaded fasteners used to secure the fuel rail are considered
critical fasteners and must comply with ARTICLE 11. The use of fuel rails made from plastic,
carbon fiber or rapid prototyping flammable materials is prohibited. However, the use of
unmodified OEM Fuel Rails manufactured from these materials is acceptable.

c. Intake Manifold — On engines with port fuel injection, the intake manifold must be securely
attached to the engine block or cylinder head.

High Pressure Injection (HPI) / Direct Injection (DI)

High pressure fuel systems are those functioning at 10 Bar (145 psi) pressure or above. Direct
injection fuel systems are those where the injection occurs directly into the combustion system. DI
systems often utilize a low pressure electric fuel pump and high pressure mechanical “boost” pump
driven off the engine. The high pressure lines are those between the boost pump and injectors, and the
low pressure lines lead from the electric supply pump up to the boost pump.
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Pressure Relief

Valve <+ High-Pressure
Sensor

v High Pressure
Pump

Filter

Low Pressure Pump \ Injectors

Low Pressure
regulator

|

Tank

a. High Pressure Fuel Lines — All high pressure fuel lines, normally those downstream of the
high pressure pump on Direct Injection systems, must be stainless steel rigid line or Aeroquip
FC807 smooth bore PTFE hose with stainless steel reinforcement and visible Nomex tracer
yarn. Equivalent products may be used with prior Rules Committee approval. Use of
elastomeric seals is prohibited. Lines must be rigidly connected every 100mm by mechanical
fasteners to structural engine components such as cylinder heads or block.

b. Low Pressure Fuel Lines — Low pressure lines, normally those upstream of the high pressure
pump, that are flexible must be either (i) metal braided hose with either crimped-on or reusable,
threaded fittings, or (ii) reinforced rubber hose with some form of abrasion resistant protection
with fuel line clamps per IC1.8.2. NOTE: Hose clamps over metal braided hose will not be
accepted.

c. Fuel Rail — The fuel rail must be securely attached to the engine cylinder head with mechanical
fasteners. This precludes the use of hose clamps, plastic ties, or safety wire. The fastening
method must be sufficient to hold the fuel rail in place with the maximum regulated pressure
acting on the injector internals and neglecting any assistance from in-cylinder pressure acting on
the injector tip. The threaded fasteners used to secure the fuel rail are considered critical
fasteners and must comply with ARTICLE 11.

d. High Pressure Fuel Pump — The fuel pump must be rigidly mounted to structural engine
components such as the cylinder head or engine block.

e. Pressure Regulator — A fuel pressure regulator must be fitted between the high and low
pressure sides of the fuel system in parallel with the DI boost pump. The external regulator
must be used even if the DI boost pump comes equipped with an internal regulator.

f. Required Test — Prior to the tilt test specified in T8.5, engines fitted with mechanically
actuated fuel pumps must be run to fill and pressure the system downstream of the high pressure

pump.

IC1.10 Crankcase / engine lubrication venting
IC1.10.1 Any crankcase or engine lubrication vent lines routed to the intake system must be connected
upstream of the intake system restrictor.
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1C1.10.2

IC1.11
IC1.11.1

IC1.11.2

IC1.11.3

IC1.12
IC1.12.1

IC1.12.2

IC1.12.3

IC1.12.4

IC1.12.5

IC1.12.6

IC1.12.7

IC1.12.8

Crankcase breathers that pass through the oil catch tank(s) to exhaust systems, or vacuum devices that
connect directly to the exhaust system, are prohibited.

Electronic Throttle Control - ETC

Electronic Throttle Control (Drive-by-wire control) of the throttle position is permitted if a technical
description of the system and FMEA is submitted prior to the event which describes the expected
failure modes and how the strategy to detect and respond to those failure modes is implemented. The
purpose of this is to show that good engineering practices have been applied to the ETC. If an
adequate FMEA is not presented then the team will be required to convert to a mechanical throttle. In
any case, rules IC1.11 — IC1.16 apply if an electronic throttle is implemented. A notice of intent is
required for any team wishing to follow the ETC regulations. See 1C1.17 and 1C1.18 for submission
requirements.

The electronic throttle must automatically close (return to idle) when power is removed from it.

The electronic throttle must use at least two (2) sources of energy capable of returning the throttle to
the idle position. One of the sources may be the device that normally actuates the throttle, e.g. a DC
motor, but the other device(s) must be a throttle return spring that can return the throttle to the idle
position in the event of a loss of actuator power.

NOTE: springs in the TPS are not acceptable throttle return springs

Throttle Position Sensor — TPS
The TPS must measure the position of the throttle or the throttle actuator. Throttle position is defined
as percent of travel from fully closed to wide open where 0% is fully closed and 100% is fully open.

At least two separate sensors have to be used as TPSs. The TPSs may share the same supply and
reference lines only if effects of supply and/or reference line voltage offsets can be detected.

If an implausibility occurs between the values of the two TPSs and persists for more than 100msec,
the power to the electronic throttle must be immediately shut down.

Implausibility is defined as a deviation of more than 10% throttle position between the sensors or
other failure as defined in 1C1.12. Use of larger values may be considered on a case by case basis
and require justification in the FMEA.

If three sensors are used, then in the case of a TPS failure, any two TPSs that agree within 10%
throttle position can be used to define the throttle position target and the 3 TPS may be ignored.

Each TPS must have a separate detachable connector that enables a check of these functions by
unplugging it during Technical Inspection, else, an inline switchable break-out box must be made
available during Technical Inspection that allows disconnection of the each TPS signal.

The TPS signals must be sent directly to the throttle controller using an analogue signal or via a
digital data transmission bus such as CAN or FlexRay. Any failure of the TPSs or TPS wiring must be
detectable by the controller and must be treated like implausibility.

When an analogue signal is used, e.g. from a 5V sensor, the TPSs will be considered to have failed
when they achieve an open circuit or short circuit condition which generates a signal outside of the
normal operating range, for example <0.5V or >4.5V. The circuitry used to evaluate the sensor will
use pull down or pull up resistors to ensure that open circuit signals result in a failure being detected.
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IC1.12.9 When any kind of digital data transmission is used to transmit the TPS signal, the FMEA study must
contain a detailed description of all the potential failure modes that can occur, the strategy that is used
to detect these failures and the tests that have been conducted to prove that the detection strategy
works. The failures to be considered must include but are not limited to the failure of the TPS, TPS
signals being out of range, corruption of the message and loss of messages and the associated time
outs.

IC1.13 Accelerator Pedal Position Sensor — APPS
IC1.13.1 The APPS must be actuated by a foot pedal. Pedal travel is defined as percent of travel from a fully
released position to a fully applied position where 0% is fully released and 100% is fully applied.

IC1.13.2 The foot pedal must return to its original position when not actuated. The foot pedal must have a
positive stop preventing the mounted sensors from being damaged or overstressed. Two (2) springs
must be used to return the throttle pedal to the off position and each spring must be capable of
returning the pedal to the off position with the other disconnected.

NOTE: The springs in the APPSs are not acceptable pedal return springs.

IC1.13.3 At least two separate sensors have to be used as APPSs. Separate is defined as not sharing supply or
signal lines.

NOTE: it would be normal for the two sensors to have different transfer functions.

IC1.13.4 If implausibility occurs between the values of the two APPSs and persists for more than 100msec,
power to the electronic throttle must be immediately shut down.

IC1.13.5 Implausibility is defined as a deviation of more than 10% pedal travel between the sensors or other
failure as defined in 1C1.13. Use of larger values may be considered on a case by case basis and
require justification in the FMEA.

IC1.13.6 If three sensors are used, then in the case of an APPS failure, any two APPSs that agree within 10%
pedal travel may be used to define the throttle position target and the 3rd APPS can be ignored.

IC1.13.7 Each APPS must have a separate detachable connector that enables a check of these functions by
unplugging it during Technical Inspection, else, an inline switchable break-out box must be made
available during Technical Inspection that allows disconnection of the each APPS signal.

IC1.13.8 The APPS signals must be sent directly to the throttle controller using an analogue signal or via a
digital data transmission bus such as CAN or FlexRay. Any failure of the APPSs or APPS wiring
must be detectable by the controller and must be treated like an implausibility.

IC1.13.9 When an analogue signal is used, e.g. from a 5V sensor, the APPSs will be considered to have failed
when they achieve an open circuit or short circuit condition which generates a signal outside of the
normal operating range, for example <0.5V or >4.5V. The circuitry used to evaluate the sensor will
use pull down or pull up resistors to ensure that open circuit signals result in a failure being detected.

IC1.13.10 When any kind of digital data transmission is used to transmit the APPS signal, the FMEA study must
contain a detailed description of all the potential failure modes that can occur, the strategy that is used
to detect these failures and the tests that have been conducted to prove that the detection strategy
works. The failures to be considered must include but are not limited to the failure of the APPS,
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APPS signals being out of range, corruption of the message and loss of messages and the associated
time outs.

IC1.13.11 Any algorithm or electronic control unit that can manipulate the APPS signal, for example for vehicle

IC1.14
IC1.14.1

IC1.14.2

IC1.14.3

IC1.14.4

IC1.14.5

IC1.15
IC1.15.1

IC1.15.2

IC1.16

dynamic functions such as traction control, may only lower the total driver requested torque and must
never increase torque unless it is exceeded during a gearshift. Thus the drive torque which is
requested by the driver may never be exceeded.

Brake System Encoder — BSE
A brake system encoder to measure brake pedal position or brake system pressure must be fitted to
check for plausibility.

The BSE must have a separate detachable connector that enables detection of error states and the
response of the ECU to be checked by unplugging it during Technical Inspection, otherwise an inline
switchable break-out box must be made available during technical inspection that allows
disconnection of each BSE signal.

The BSE signals must be sent directly to the throttle controller using an analogue signal or via a
digital data transmission bus such as CAN or FlexRay. Any failure of the BSE or BSE wiring that
persists more than 100msec must be detectable by the controller and must be treated like an
implausibility such that power to the electronic throttle is immediately shut down.

When an analogue signal is used, e.g. from a 5V sensor, the BSE will be considered to have failed
when they achieve an open circuit or short circuit condition which generates a signal outside of the
normal operating range, for example <0.5V or >4.5V. The circuitry used to evaluate the BSE will use
pull down or pull up resistors to ensure that open circuit signals result in a failure being detected.

When any kind of digital data transmission is used to transmit the BSE signal, the FMEA study must
contain a detailed description of all the potential failure modes that can occur, the strategy that is used
to detect these failures and the tests that have been conducted to prove that the detection strategy
works. The failures to be considered must include but are not limited to the failure of the BSE, BSE
signals being out of range, corruption of the message and loss of messages and the associated time
outs.

ETC Plausibility Checks

The power to the electronic throttle and the fuel pump must be immediately shut down, if the
mechanical brakes are actuated and the TPS signals that the throttle is open by more than a permitted
amount for more than 1(one) second. The permitted relationship between BSE and TPS can be
defined by the team using a table, but the functionality must be demonstrated at Technical Inspection.

The power to the electronic throttle and the fuel pump must be immediately shut down, if throttle
position differs by more than 10% from the expected target TPS position for more than 1 second. An
error in TPS position and the resultant system shutdown must be demonstrated at Technical
Inspection.

The electronic throttle and fuel pump shutdown must remain active until the TPS signals indicate the
throttle is at or below the unpowered default position, for at least one (1) second.

Brake System Plausibility Device for IC Engines with ETC
A standalone non-programmable circuit must be used on the car such that when braking hard (for
example >0.8g deceleration but without locking the wheels) and when the TPS shows that the throttle
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IC1.17
IC1.17.1

IC1.17.2

IC1.17.3

IC1.18

IC1.18.1

IC1.18.2

IC1.18.3

IC1.18.4

is greater than 10% open, the power to the electronic throttle and fuel pump must be completely shut
down and this must result in the electronic throttle closing to the idle position. The action of removing
power to the electronic throttle and fuel pump must occur if the implausibility is persistent for more
than one (1) second. This device must be provided in addition to the plausibility checks which are
carried out in the ETC which interprets the drivers throttle request and controls the engine throttle
position. The Brake Plausibility Device may only be reset by power cycling the Master Switch.

The team must devise a test to prove this required function during Technical Inspection. However it is
suggested that it should be possible to achieve this by sending an appropriate signal to the non-
programmable circuit that represents a throttle position of more than 10% whilst pressing the brake
pedal to a position or with a force that represents hard braking.

ETC — Notice of Intent

Notice of Intent - Teams planning to build an electronically controlled throttle complying with
IC1.11-1C1.16 for entry into a North American competition must notify the Rules Committee of their
intent by the date specified in the action deadlines for the competition. Include a short paragraph
detailing your team’s outline design and showing that you have the capability to design the electronic
systems. Your “Notice of Intent” should include the email addresses and phones numbers of the team
members who can answer any questions the Committee may have about your proposal.

Failure to submit a notice of intent by the due date will mean that teams may only compete with a
mechanical throttle.

Competitions may choose to apply limits to the number of ETC entries that they take and therefore the
Notice of Intent may be used to screen which teams are accepted to build an ETC to the appropriate
regulations.

Failure Modes and Effects Analysis (FMEA)

Assuming that the notice of intent is accepted, teams must submit a complete failure modes and
effects analysis (FMEA) of the Electronic Throttle Control prior to the event which includes a
description of the system.

A template including required failures to be described will be made available online — see your
competition website for details.

Do not change the format of the template. Pictures, schematics and data sheets to be referenced in the
FMEA have to be included in the FMEA on additional table pages

Submission of the FMEA
Failure Modes and Effects Analysis (FMEA) must be submitted in compliance with the procedure and
by the deadline published on the website of the competition your team is attending.

Penalty for Late Submission or Non-submission
Late submission of the FMEA will require the team to revert to a mechanical throttle arrangement.

ARTICLE 2: FUEL AND FUEL SYSTEM

IC2.1

Fuel

The basic fuel available at competitions in the Formula SAE Series is unleaded gasoline. For the

FSAE North American competitions this should have an octane rating of 91 (R+M)/2 (approximately
93
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IC2.1.1

1IC2.1.2

1C2.1.3

1IC2.2
IC2.2.1

1C2.2.2

1IC2.3

IC2.4
IC24.1

1C2.4.2

95 RON) minimum and for other competitions, the unleaded gasoline that will be available will be
published by the relevant organizing committee. However, the basic fuel may be changed at the
discretion of the organizing body. Other fuels may be available at the discretion of the organizing
body.

Unless otherwise announced by the individual organizing body, the fuel at competitions in the
Formula SAE Series will be provided by the organizer.

During all performance events the cars must be operated with the fuels provided by the organizer at
the competition.

Nothing may be added to the provided fuels. This prohibition includes nitrous oxide or any other
oxidizing agent.

NOTE 1: Teams are advised that the fuel supplied in the United States is subject to various federal
and state regulations and may contain up to ten percent (10%) ethanol. The exact chemical
composition and physical characteristics of the available fuel may not be known prior to the
competition.

NOTE 2: The fuels provided at Formula SAE Michigan are expected to be 93 and 100 octane
[(R+M)/2] gasoline and E-85. The fuels that will be provided at Formula SAE Lincoln have not been
finalized. We anticipate providing 2 grades of gasoline, one either 91 or 93 octane and the second
either 97 or 100 octane [(R+M/2]. We will also provide E-85. Teams competing at FSAE Lincoln
should watch the FSAE news page for announcements. Fuel types are subject to change.

NOTE 3: The fuels provided at FSAE competitions depend on the grades the suppliers have
available. Although the organizers make every effort to provide the announced fuels, events beyond
our control may require substitutions. We strongly advise teams to monitor the competition websites
for updated information on fuel types.

Consult the individual competition websites for fuel types and other information.

Fuel Additives - Prohibited
No agents other than fuel (gasoline or E85), and air may be induced into the combustion chamber.
Non-adherence to this rule will be reason for disqualification.

Officials have the right to inspect the oil.

Fuel Temperature Changes - Prohibited
The temperature of fuel introduced into the fuel system may not be changed with the intent to improve
calculated efficiency.

Fuel Tanks
The fuel tank is defined as that part of the fuel containment device that is in contact with the fuel. It
may be made of a rigid material or a flexible material.

Fuel tanks made of a rigid material cannot be used to carry structural loads, e.g. from roll hoops,

suspension, engine or gearbox mounts, and must be securely attached to the vehicle structure with
mountings that allow some flexibility such that chassis flex cannot unintentionally load the fuel tank.
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IC2.4.3 Any fuel tank that is made from a flexible material, for example a bladder fuel cell or a bag tank must
be enclosed within a rigid fuel tank container which is securely attached to the vehicle structure. Fuel
tank containers (containing a bladder fuel cell or bag tank) may be load carrying.

IC2.4.4  Any size fuel tank may be used.
IC2.4.5 The fuel system must have a provision for emptying the fuel tank if required.
IC2.4.6 The fuel tank, by design, must not have a variable capacity.

IC25  Fuel System Location Requirements

IC2.5.1 All parts of the fuel storage and supply system must lie within the surface defined by the top of the
roll bar and the outside edge of the four tires. (See Figure 13). In side view no portion of the fuel
system can project below the lower surface of the frame or the monocoque, whichever is applicable.

IC2.5.2  All fuel tanks must be shielded from side or rear impact collisions. Any fuel tank which is located
outside the Side Impact Structure required by T3.24 or T3.33 must be shielded by structure built to
T3.3, or T3.33. Any portion of the fuel system that is less than 350 mm (13.8 inches) above the
ground must be within the Primary Structure.

IC2.5.3 A firewall must be incorporated to separate the fuel tank from the driver, per Rule T4.5.

IC2.6  Fuel Tank Filler Neck & Sight Tube
1C2.6.1 All fuel tanks must have a filler neck:
a. atleast 38 mm (1.5 inches) inner diameter,
b. at least 125 mm (4.9 inches) vertical height and
c. angled at no more than thirty degrees (30°) from the vertical.

1C2.6.2 At least 125 mm (4.9 inches) vertical height of the fuel filler neck must be above the top level of the
tank, and must be accompanied by a clear fuel resistant sight tube for reading the fuel level. (Figure
14)
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1C2.6.3

1C2.6.4

1C2.6.5

1C2.6.6

1C2.6.7

1C2.6.8

1C2.6.9

1C2.7
IC2.7.1

1C2.7.2

1C2.7.3

1C2.8
IC2.8.1

1C2.8.2

The sight tube must have at least 125 mm (4.9 inches) of visible vertical height and a minimum inside
diameter of 6 mm (0.25 inches).

The sight tube must not run below the top surface of the fuel tank.

A clear filler neck tube may be used as a sight tube, subject to approval by the Rules Committee or
technical inspectors at the event.

Fuel Level Line - A permanent, non-moveable fuel level line must be located between 12.7 mm and

25.4 mm (0.5 inch and 1 inch) below the top of the visible portion of the sight tube. This line will be
used as the fill line for the Tilt Test (Rule T8.5), and before and after the Endurance Test to measure
the amount of fuel used during the Endurance Event.

The sight tube and fuel level line must be clearly visible to two individuals (one to fill the tank, the
other to visually verify fill) without the need of assistance (e.g., artificial lighting, magnifiers) or the
need to remove any parts (e.g., body panels).

The individual filling the tank must be able to have complete direct access to the filler neck opening
with a standard 2 gallon gas can assembly. (See Figure 14A for standard can dimension).

The fill neck must have a fuel cap that can withstand severe vibrations or high pressures such as could
occur during a vehicle rollover event

Tank Filling Requirement

The fuel tank must be capable of being filled to capacity without manipulating the tank or the vehicle
in any manner. The Fuel System must be designed in a way that during refueling of the car on a level
surface, the formation of air cavities or other effects that cause the fuel level observed at the sight tube
to drop after movement or operation of the car (other than due to consumption) is prevented. During
fueling or refueling the vehicle may only be touched by the fuel crew and officials. The tank will be
filled to the fill line, or if a filling system is used, to the automatic stop point. If, for any reason, the
fuel level changes after the team have moved the vehicle, then no additional fuel will be added.

The fuel system must be designed such that the spillage during refueling cannot contact the driver
position, exhaust system, hot engine parts, or the ignition system.

Belly pans must be vented to prevent accumulation of fuel. At least 2 holes, each of a minimum
diameter of 25 mm, must be provided in the lowest part of the structure in such a way as to prevent
accumulation of volatile liquids and/or vapours.

Venting Systems

The fuel tank and carburetor venting systems must be designed such that fuel cannot spill during hard
cornering or acceleration. This is a concern since motorcycle carburetors normally are not designed
for lateral accelerations.

All fuel vent lines must be equipped with a check valve to prevent fuel leakage when the tank is
inverted. All fuel vent lines must exit outside the bodywork.

97

© 2015 SAE International. All Rights Reserved 2016 Formula SAE® Rules — May 11, 2015



S

INTERNATIONAL .

ARTICLE 3: EXHAUST SYSTEM AND NOISE CONTROL

IC3.1
IC3.1.1

IC3.1.2

IC3.1.3

IC3.1.4

1C3.2
IC3.2.1

1C3.2.2

1C3.2.3

1C3.2.4

IC3.3

Exhaust System General

Exhaust Outlet

The exhaust must be routed so that the driver is not subjected to fumes at any speed considering the
draft of the car.

The exhaust outlet(s) must not extend more than 45 cm (17.7 inches) behind the centerline of the rear
axle, and shall be no more than 60 cm (23.6 inches) above the ground.

Any exhaust components (headers, mufflers, etc.) that protrude from the side of the body in front of
the main roll hoop must be shielded to prevent contact by persons approaching the car or a driver
exiting the car.

The application of fibrous/absorbent material, e.g. “headerwrap”, to the outside of an exhaust
manifold or exhaust system is prohibited.

Noise Measuring Procedure

The sound level will be measured during a static test. Measurements will be made with a free-field
microphone placed free from obstructions at the exhaust outlet level, 0.5 m (19.68 inches) from the
end of the exhaust outlet, at an angle of forty-five degrees (45°) with the outlet in the horizontal plane.
The test will be run with the gearbox in neutral at the engine speed defined below. Where more than
one exhaust outlet is present, the test will be repeated for each exhaust and the highest reading will be
used.

The car must be compliant at all engine speeds up to the maximum test speed defined below.

If the exhaust has any form of movable tuning or throttling device or system, it must be compliant
with the device or system in all positions. The position of the device must be visible to the officials for
the noise test and must be manually operable by the officials during the noise test.

Test Speeds

The maximum test speed for a given engine will be the engine speed that corresponds to an average
piston speed of 914.4 m/min (3,000 ft. /min) for automotive or motorcycle engines, and 731.5 m/min
(2,400 ft. /min) for “industrial engines”. The calculated speed will be rounded to the nearest 500 rpm.
The test speeds for typical engines will be published by the organizers.

The idle test speed for a given engine will be up to the team and determined by their calibrated idle
speed. If the idle speed varies then the car will be tested across the range of idle speeds determined by
the team.

An “industrial engine” is defined as an engine which, according to the manufacturers’ specifications
and without the required restrictor, is not capable of producing more than 5 hp per 100cc. To have an
engine classified as “an industrial engine”, approval must be obtained from organizers prior to the
Competition.

Maximum Sound Level

At idle the maximum permitted sound level is 100 dBC, fast weighting. At all other speeds the
maximum permitted sound level is 110 dBC, fast weighting.
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1IC3.4

Noise Level Re-testing

At the option of the officials, noise can be measured at any time during the competition. If a car fails
the noise test, it will be withheld from the competition until it has been modified and re-passes the
noise test.

ARTICLE 4: ELECTRICAL SYSTEM AND SHUTDOWN SYSTEM

IC4.1
IC4.1.1

IC4.1.2

1IC4.2
IC4.2.1

1C4.2.2

1C4.3
1C4.3.1

Master Switches
The vehicle must be equipped with two (2) master switches which form part of the shutdown system.
Actuating either switch must stop the engine.

The international electrical symbol consisting of a red spark on a white-edged blue triangle must be
affixed in close proximity to each switch.

NOTE: Teams are reminded that any alternator field wire must also be disabled by each master
switch to prevent any possible feedback through the field coil circuit.

Primary Master Switch
The primary master switch must:
a. Be located on the (driver’s) right side of the vehicle, in proximity to the Main Hoop, at shoulder
height and be easily actuated from outside the car.
b. Disable power to ALL electrical circuits, including the battery, alternator, lights, fuel pump(s),
ignition and electrical controls.
c. All battery current must flow through this switch.
d. Be of arotary type and must be direct acting, i.e. it cannot act through a relay.

An example of a typical switch that meets these requirements is shown below.

The master switches must be mounted so that the rotary axis of the key is near horizontal and across
the car. The “ON” position of the switch must be in the horizontal position and must be marked
accordingly. The “OFF” position of the primary master switch must also be clearly marked.

Cockpit-mounted Master Switch
The cockpit-mounted master switch:
a. Must be located to provide easy actuation by the driver in an emergency or panic situation.
b. Must be located within easy reach of the belted-in driver, alongside the steering wheel, and
unobstructed by the steering wheel or any other part of the car. It is suggested that it be placed
on the same side of the steering wheel as the shifter mechanism.
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c. Must be a push/pull Emergency switch with a minimum diameter of 24 mm. The switch must
be installed such that:
i.  From the ON position, pushing on the switch will disable power to the ignition and all
fuel pumps, and
ii.  From the OFF position, pulling on the switch will enable power to the ignition and fuel
pump(s). Switches that require a twist or twist and pull to enable power are acceptable.
d. May act through a relay.

Examples of typical switches that meet these requirements are shown below.

1IC4.4
IC4.4.1

1IC4.4.2

1C4.4.3

IC4.4.4

IC4.45

IC4.5

1IC4.6

Batteries
All batteries, i.e. on-board power supplies, must be attached securely to the frame.

Any wet-cell battery located in the driver compartment must be enclosed in a nonconductive marine-
type container or equivalent.

The hot (ungrounded) terminal must be insulated.

Battery packs based on Lithium Chemistry:
a. Must have overcurrent protection that trips at or below the maximum specified discharge
current of the cells.
b. Must have a rigid, sturdy and fire retardant casing.
c. Must be separated from the driver by a firewall as specified in T4.5

All batteries using chemistries other than lead acid must be presented at technical inspection with
markings identifying it for comparison to a datasheet or other documentation proving the pack and
supporting electronics meet all rules requirements

Brake-Over-Travel-Switch
The Brake-Over-Travel-Switch forms part of the shutdown system and as defined in T7.3 must
remove power from the engine and fuel pumps.

Voltage limit for IC vehicles
The maximum permitted voltage between any two electrical connections is 60V DC or 25V AC RMS.
The following systems are excluded from this voltage limit:

a. High voltage systems for ignition

b. High voltage systems for injectors

c. Voltages internal to OEM charging systems designed for <60VDC output.
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2016 FORMULA SAE RULES
PART EV - TECHNICAL REGULATIONS - ELECTRIC VEHICLES

The principle of the newly introduced Electric Vehicle part is to allow the development of fully electric vehicles
within the FSAE framework. These rules are based on the electric vehicle regulations developed by Formula
Student and Formula Student Germany, and also include elements of the Formula Hybrid Rules.

ARTICLE 1: ELECTRIC SYSTEM DEFINITIONS

EV11
EV111

EV1.1.2

EV1.1.3

EV1.14

EV1.15

EV1.2
EV1.21

EV1.2.2

High-Voltage (HV) and Low-Voltage (LV)
Whenever a circuit has a potential difference where the nominal operation voltage is greater than 60V
DC or 25V AC RMS it is defined as part of the High Voltage or tractive system.

The maximum permitted voltage that may occur between any two electrical connections is different
between the competitions allowing electric vehicles. The following table lists the respective values:

o Voltage
Competition Level
Formula SAE Electric 300 vDC
Formula SAE Brazil 300 vDC

Formula SAE Australasia | 600 VDC

Formula SAE Italy 600 VDC
Formula Student 600 VDC
Formula Student 600 VDC
Germany

Student Formula Japan 600 VDC

Low voltage is defined as any voltage below and including 60V DC or 25V AC RMS.

The tractive system accumulator is defined as all the battery cells or super-capacitors that store the
electrical energy to be used by the tractive system.

Accumulator segments are sub-divisions of the accumulator and must respect either a maximum
voltage or energy limit. Splitting the accumulator into its segments is intended to reduce the risks
associated with working on the accumulator.

Grounded Low Voltage and Tractive System
The tractive system of the car is defined as every part that is electrically connected to the motor(s) and
tractive system accumulators.

The grounded low voltage (GLV) system of the car is defined as every electrical part that is not part
of the tractive system.
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EV1.2.3

EV1.24

EV1.25

EV1.2.6

EV1.2.7

EV1.2.8

EV1.2.9

The tractive system must be completely isolated from the chassis and any other conductive parts of
the car.

The tractive-system is a high-voltage system by definition, see EV1.1.1.

The GLV system must be a low-voltage-system, see EV1.1.3.

The GLV system must be grounded to the chassis.

The entire tractive and GLV system must be completely galvanically separated.

The border between tractive and GLV system is the galvanic isolation between both systems.
Therefore some components, such as the motor controller, may be part of both systems.

All components in the tractive system must be rated for the maximum tractive system voltage.
The tractive system motor(s) must be connected to the accumulator through a motor controller.

Bypassing the control system and connecting the tractive batteries directly to the motor(s) is
prohibited.

EV1.2.10 The GLV system must be powered up using a specified procedure before it is possible to activate the

tractive system, see EV4.10. Furthermore, a failure causing the GLV system to shut down must
immediately deactivate the tractive system as well.

ARTICLE 2: ELECTRIC POWERTRAIN

EV2.1
EV21.1

EV2.1.2

EV2.1.3

EV2.2
EV2.21

EV2.2.2

Motors
Only electrical motors are allowed. Any type of electrical motor is allowed. The number of motors is
not limited.

The rotating part of the motor must be contained within a structural casing where the thickness is at
least 3.0 mm (0.120 inch) for Aluminum alloy 6061-T6 or 2.0 mm (0.080 inch) for steel. The motor
casing can be the original motor casing, a team built motor casing or the original casing with
additional material added to achieve the minimum required thickness. If lower grade Aluminum
Alloys is used then the material must be thicker to provide an equivalent strength.

NOTE: Use of a higher grade alloy does not enable a reduced thickness to be used.

If the motor casing rotates around the stator, or the motor case is perforated, then a scatter shield must
be included around the motor. This scatter shield must be at least 1.0mm (0.04 inch) thick and made
from aluminum alloy 6061-T6 or steel.

Power and Voltage Limitation

The maximum power drawn from the battery must not exceed 80kW. This will be checked by
evaluating the Energy Meter data.

The maximum voltage in the tractive system must not exceed the voltage defined in EV1.1.2. This
will be checked by evaluating the Energy Meter data.
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EV2.23

EV2.2.4

EV2.25

EV2.2.6

EV2.2.7

EV2.2.8

EV2.3
EV23.1

EV2.3.2

EV2.3.3

EV2.3.4

EV2.3.5

EV2.3.6

EV2.3.7

EV2.3.8

EV2.3.9

Violating these values will lead to disqualification for the entire dynamic event in which the violation
occurred e.g. if a violation occurs during one single acceleration run, the team will be disqualified for
the complete acceleration event.

A violation is defined as using more than 80kW or exceeding the specified voltage for more than
100ms continuously or using more than 80kW or exceeding the specified voltage, after a moving
average over 500ms is applied.

The respective data of each run in which a team has drawn more than 80kW from the battery or where
the maximum permitted voltage is exceeded and the resulting decision will be made public.

Non-availability of Energy Meter data due to the team’s fault will be treated as a violation.

Regenerating energy is allowed and unrestricted but only when the vehicle speed is > 5kph. It is not
allowed at vehicle speeds <= 5kph.

Supplying power to the motor such that the car is driven in reverse is prohibited.

Torque Encoder (throttle pedal position sensor)
Drive-by-wire control of wheel torque is permitted.

The torque encoder must be actuated by a foot pedal.

The foot pedal must return to its original position when not actuated. The foot pedal must have a
positive stop preventing the mounted sensors from being damaged or overstressed. Two springs must
be used to return the throttle pedal to the off position and each spring must work with the other
disconnected.

NOTE: The springs in the torque encoders are not acceptable return springs.

At least two separate sensors have to be used as torque encoder. Separate is defined as not sharing
supply or signal lines.

If an implausibility occurs between the values of these two sensors the power to the motor(s) must be
immediately shut down completely. It is not necessary to completely deactivate the tractive system,
the motor controller(s) shutting down the power to the motor(s) is sufficient.

Implausibility is defined as a deviation of more than 10% pedal travel between the sensors.

If three sensors are used, then in the case of a sensor failure, any two sensors that agree within 10%
pedal travel may be used to define the torque target.

Each sensor must have a separate detachable connector that enables a check of these functions by
unplugging it during Electrical Tech Inspection.

The torque encoder signals must be sent directly to a controller using an analogue signal or via a
digital data transmission bus such as CAN or FlexRay. Any failure of the sensors or sensor wiring
must be detectable by the controller and must be treated like an implausibility, see EV2.3.5. This
implausibility must either be directly detected by the motor controller or transmitted to the motor
controller such that power from the motor controller to the motor(s) is immediately and completely
shut down.
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EV2.3.10 When an analogue signal is used, e.g. from a 5V sensor, the torque encoder sensors will be considered

to have failed when they achieve an open circuit or short circuit condition which generates a signal
outside of the normal operating range, for example <0.5V or >4.5V. The circuitry used to evaluate
the sensor will use pull down or pull up resistors to ensure that open circuit signals result in a failure
being detected.

EV2.3.11 When any kind of digital data transmission is used to transmit the torque encoder signal, the FMEA

study must contain a detailed description of all the potential failure modes that can occur, the strategy
that is used to detect these failures and the tests that have been conducted to prove that the detection
strategy works. The failures to be considered must include but are not limited to the failure of the
sensor, sensor signals being out of range, corruption of the message and loss of messages and the
associated time outs. In all cases a sensor failure in a two sensor setup must result in power to the
motor(s) being immediately shutdown as per the implausibility requirements of EV2.3.5.

EV2.3.12 Any algorithm or electronic control unit that can manipulate the torque encoder signal, for example

for vehicle dynamic functions such as traction control, may only lower the total driver requested
torque and must never increase it. Thus the drive torque which is requested by the driver may never
be exceeded.

EV2.3.13 The current rules are written to only apply to the torque encoder (pedal), but the integrity of the torque

EV2.4
EV24.1

EV24.2

EV2.4.3

EV2.4.4

EV2.45

EV2.4.6

sensor is important in all stages.

Brake System Encoder
A brake system encoder or switch to measure brake pedal position or brake system pressure must be
fitted to check for plausibility — see EV2.5

The brake system encoder may be used to control regenerative braking

The sensor must have a separate detachable connector that enables detection of error states and the
response of the ECU to be checked by unplugging it during Electrical Tech Inspection.

The brake system encoder or switch signals must be sent directly to a controller using an analogue
signal or via a digital data transmission bus such as CAN or FlexRay. Any failure of the sensors or
sensor wiring must be detectable by the controller or transmitted to the motor controller such that
power from the motor controller to the motor(s) is immediately and completely shut down.

When an analogue signal is used, e.g. from a 5V sensor, the brake system encoder sensors will be
considered to have failed when they achieve an open circuit or short circuit condition which generates
a signal outside of the normal operating range, for example <0.5V or >4.5V. The circuitry used to
evaluate the sensor will use pull down or pull up resistors to ensure that open circuit signals result in a
failure being detected.

When any kind of digital data transmission is used to transmit the brake system encoder signal, the
FMEA study must contain a detailed description of all the potential failure modes that can occur, the
strategy that is used to detect these failures and the tests that have been conducted to prove that the
detection strategy works. The failures to be considered must include but are not limited to the failure
of the sensor, sensor signals being out of range, corruption of the message and loss of messages and
the associated time outs. In all cases a sensor failure must result in power to the motor(s) being
immediately shutdown.
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EV2.5

EV25.1

Torque Encoder / Brake Pedal Plausibility Check

The power to the motors must be immediately shut down completely, if the mechanical brakes are
actuated and the torque encoder signals more than 25% pedal travel at the same time. This must be
demonstrated when the motor controllers are under load.

The motor power shut down must remain active until the torque encoder signals less than 5% pedal
travel, no matter whether the brakes are still actuated or not.

ARTICLE 3: TRACTIVE SYSTEM - ENERGY STORAGE

EV3.l
EV3.1.1

EV3.1.2

EV3.2

EV3.21

EV3.2.2

EV3.2.3

EV3.2.4

EV3.3
EV3.3.1

EV3.3.2

EV3.3.3

Allowed Tractive System Accumulators
All types of accumulators except molten salt and thermal batteries are allowed. E.g.: Batteries, Super-
capacitors, etc. Fuel cells are prohibited.

There are no concessions for using LiFePO4 chemistry cells.

Tractive System Accumulator Container — General Requirements
All cells or super-capacitors which store the tractive system energy will be built into accumulator
segments and must be enclosed in (an) accumulator container(s).

If spare accumulators are to be used then they all have to be of the same size, weight and type as those
that are replaced. Spare accumulator packs have to be presented at Electrical Tech Inspection.

If the accumulator container(s) is not easily accessible during Electrical Tech Inspection, detailed
pictures of the internals taken during assembly have to be provided. However at the end of the event
the tech inspectors reserve the right to check any accumulators to ensure that the rules are adhered to.

Each accumulator container must be removable from the car while still remaining rules compliant.

Tractive System Accumulator Container - Electrical Configuration

If the container is made from an electrically conductive material, then the poles of the accumulator
segment(s) and/or cells must be isolated from the inner wall of the accumulator container with an
insulating material that is rated for the maximum tractive system voltage. All conductive surfaces on
the outside of the container must have a low-resistance connection to the GLV system ground, see
EV4.3. Special care must be taken to ensure that conductive penetrations, such as mounting hardware,
are adequately protected against puncturing the insulating barrier.

Every accumulator container must contain at least one fuse and at least two accumulator isolation
relays, see EV3.5 and EV6.1.

Maintenance plugs, additional contactors or similar measures have to be taken to allow electrical
separation of the internal cell segments such that the separated cell segments contain a maximum
static voltage of less than 120VDC and a maximum energy of 6MJ. The separation must affect both
poles of the segment.

This separation method must be used whenever the accumulator containers are opened for
maintenance and whenever accumulator segments are removed from the container.

Maintenance plugs requiring tools to separate the segments will not be accepted.
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EV3.3.4

EV3.3.5

EV3.3.6

EV3.3.7

EV3.3.8

EV3.3.9

Maintenance plugs must include a positive locking feature which prevents the plug from
unintentionally becoming loose.

Maintenance plugs must be non-conductive on surfaces that do not provide any electrical connection.

Each segment must be electrically insulated by the use of suitable material between the segments in
the container and on top of the segment to prevent arc flashes caused by inter segment contact or by
parts/tools accidentally falling into the container during maintenance for example. Air is not
considered to be a suitable insulation material in this case.

The Accumulator Isolation Relays (AIRs) and the main fuse must be separated with an electrically
insulated and fireproof material to UL94-V0 from the rest of the accumulator. Air is not considered to
be a suitable insulation material in this case.

If the tractive system connectors to the accumulator containers can be removed without the use of
tools, then a pilot contact/interlock line must be implemented which activates the shutdown circuit
and opens the AIRs whenever the connector is removed.

Contacting / interconnecting the single cells by soldering in the high current path is prohibited.
Soldering wires to cells for the voltage monitoring input of the AMS is allowed, since these wires are
not part of the high current path.

Every wire used in an accumulator container, no matter whether it is part of the GLV or tractive
system, must be rated to the maximum tractive system voltage.

Each accumulator container must have a prominent indicator, such as an LED that will illuminate
whenever a voltage greater than 60V DC is present at the vehicle side of the AIRs.

EV3.3.10 The voltage being present at the connectors must directly control the indicator using hard wired

electronics (no software control is permitted). Activating the indicator with the control signal which
closes the AIRs is not sufficient.

EV3.3.11 The accumulator voltage indicator must always work, e.g. even if the container is disconnected from

EV34
EV34.1l

EV3.4.2

EV3.4.3

EV3.4.4

EV3.4.5

the GLVS or removed from the car and carried around.

Tractive System Accumulator Container - Mechanical Configuration
All accumulator containers must lie within the Major Structure of the Frame (see T3.3).

The accumulator container must be built of mechanically robust material.
The container material must be fire resistant according to UL94-V0, FAR25 or equivalent.

All accumulator containers must be protected from side or rear impact collisions by structure
equivalent to that defined in T3.4 and must be included in the SES. NOTE: The container must not
form part of the equivalent structure.

All accumulator containers must be designed to withstand forces from deceleration. Teams have the
option to use the design guidelines in rule EV3.4.6 or analyze the accumulator through the
“Alternative Frame Rules” process. Design of the Accumulator container must be documented in the
SES or SRCF. Documentation includes materials used, drawings/images, fastener locations,
cell/segment weight and cell/segment position.
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EV3.4.6 Accumulator containers must be constructed of sheet/plate steel or aluminum in the following
configuration:

a. The floor or bottom of the accumulator must be constructed of steel 1.25mm (0.049 inch) thick
or aluminum 3.2mm (0.125 inch) thick.

b. The perimeter vertical walls forward, aft, left, and right must be constructed of steel 0.9mm
(0.035 inch) thick or aluminum 2.3mm (0.09 inch) thick.

c. Internal vertical walls separating cells and/or segments must be constructed of steel 0.9mm
(0.035 inch) thick or aluminum 2.3mm (0.090 inch) thick. Internal vertical walls must be a
minimum of 75 percent of the height of the attached perimeter vertical wall.

d. Covers and lids must be constructed of steel 0.9mm (0.035 inch) thick or aluminum 2.3mm
(0.09 inch) thick.

e. Internal vertical walls divide the accumulator container into “sections”. A maximum of 15kg
(33 Ibs.) is allowed in any section of the accumulator container.

f. The floor and walls of the accumulator can be welded and/or fastened.

Fasteners must be 6 mm Metric Grade 8.8 (1/4 inch SAE Grade 5) fasteners, or stronger.
i.  Forasection with 10 kg or less a minimum of 2 fasteners between any two vertical walls is
required.
ii.  Forasection with between 10 kg (22 1bs.) and 15 kg (33 1bs.) a minimum of 3 fasteners
between any two vertical walls is required.

iii.  The fastened connection between the floor and any vertical wall for each section must have
2 fasteners. Example: An accumulator container with 2 internal vertical walls has 3
sections 18 joints with a minimum of 36 fasteners.

iv.  Folding or bending plate material to create flanges or to eliminate joints is acceptable.

v.  Substituting one 6 mm (1/4 inch) bolt with two 5 mm (#12) bolts or three 4 mm (#10) bolts
is allowed.

h. Fasteners joining internal vertical walls to vertical perimeter walls must locate the fasteners in
the top 50 percent of height of the internal vertical wall.

i. Covers and Lids must be fastened with a minimum of one fastener for each vertical perimeter
wall per section.

j. Alternate materials are allowed with proof of equivalency per rule T3.31. Documentation of
equivalency must be documented in the SES and test samples must be available to technical
inspectors at competition.

NOTE 1: An Example of an Accumulator complying with the design guidelines is available in the
FAQs at www.fsaeonline.com.

NOTE 2: The accumulator design guidelines are intended to generate a structure that does not fail the
following accelerations:

a. 40g in the longitudinal direction (forward/aft)

b. 40g in the lateral (left/right)

c. 20g vertical (up/down) direction

EV3.4.7 The cells and/or segments must be appropriately secured against loosening inside the container.
Calculations and/or tests must be included in the SES or SRCF. If fasteners are used to secure
cells/segments the minimum fasteners size must be 6mm Metric Grade 8.8 (1/4 in SAE Grade 5) or
stronger.

The cells/segment mounting system must be designed to withstand the following accelerations:
a. 40g in the longitudinal direction (forward/aft)
b. 40g in the lateral (left/right)
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c. 20g vertical (up/down) direction.

EV3.4.8 Accumulator containers must be attached to the major structure of the chassis by 8 mm Metric Grade
8.8 (5/16 inch Grade 5) fasteners, or stronger.
a. Accumulators less than 20 kg must use a minimum of 4 fasteners.
b. Accumulators more than 20 kg and less than 30 kg must use a minimum of 6 fasteners.
c. Accumulators more than 30 kg and less than 40 kg must use a minimum of 8 fasteners.
d. Accumulators more than 40 kg and greater must use a minimum of 10 fasteners

EV3.4.9 Accumulator container mounting brackets to the Primary Structure must be made of steel 1.6mm
(0.063 inch) thick or aluminum 4mm (0.157 inch) thick. Brackets must have gussets to carry bending
loads. Accumulator container mounting brackets and/or mounts for composite monocoque chassis or
accumulator containers must satisfy the following:

a. Accumulator attachments including laminate, mounting plates, backing plates and inserts must
be capable of carrying a load in any direction of 20kN.

b. Data obtained from the laminate perimeter shear strength test and 3 point bending test (T3.31)
should be used to prove adequate strength is provided

c. [Each attachment point requires steel backing plates with a minimum thickness of 2 mm.
Alternate materials may be used for backing plates if equivalency is approved.

d. The calculations/tests must be included in the SES or SRCF

EV3.4.10 The Accumulator containers and mounting systems are subject to approval of the Chief Technical
Inspector or their representative.

EV3.4.11 The accumulator segments contained within the accumulator must be separated by an electrically
insulating and be fire resistant barrier (according to UL94-V0, FAR25 or equivalent) and must
subdivide the accumulator into 6MJ segments if this is not already met by the separation due to the
120VDC voltage limit.

NOTE: The contained energy of a stack is calculated by multiplying the maximum stack voltage with
the nominal capacity of the used cell(s). Documentation of segment separation must be provided in
the ESF.

EV3.4.12 Holes, both internal and external, in the container are only allowed for the wiring-harness, ventilation,
cooling or fasteners. External holes must be sealed according to EV4.5.

EV3.4.13 The container must be completely closed at all times, when mounted to the car and also when
dismounted from the car without the need to install extra protective covers. Openings for ventilation
should be of a reasonable size, e.g. completely open sidepods containing accumulators are not
allowed.

EV3.4.14 A sticker with an area of at least 750 mm2 and a red or black lightning bolt on yellow background or
red lightning bolt on white background must be applied on every accumulator container. The sticker
must also contain the text “High Voltage” or something similar.

EV3.4.15 Any accumulators that may vent an explosive gas must have a ventilation system or pressure relief
valve to prevent the vented gas from reaching an explosive concentration.

EV3.4.16 Every accumulator container which is completely sealed must also have a pressure relief valve to
prevent high-pressure in the container.
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EV3.5
EV3.5.1
EV3.5.2

EV3.5.3

EV3.5.4

EV3.5.5

EV3.6
EV3.6.1

EV3.6.2

EV3.6.3

EV3.6.4

Accumulator Isolation Relay(s) (AIR)
In every accumulator container at least two isolation relays must be installed.

The accumulator isolation relays must open both (1) poles of the accumulator.
If these relays are open, no HV may be present outside of the accumulator container.

The isolation relays must be of a “normally open” type.

The fuse protecting the accumulator tractive system circuit must have a rating lower than the
maximum switch off current of the isolation relays.

The accumulator isolation relays must not contain mercury.

Accumulator Management System (AMS)

Each accumulator must be monitored by an accumulator management system whenever the tractive
system is active or the accumulator is connected to a charger. For battery systems this is generally
referred to as a battery management system (BMS) however alternative electrical energy storage
systems are allowed and therefore AMS will be the terminology used in this document.

The AMS must continuously measure the cell voltage of every cell, in order to keep the cells inside
the allowed minimum and maximum cell voltage levels stated in the cell data sheet. If single cells are
directly connected in parallel, only one voltage measurement is needed.

The AMS must continuously measure the temperatures of critical points of the accumulator to keep
the cells below the allowed maximum cell temperature limit stated in the cell data sheet or below
60°C, whichever is lower.

Cell temperature must be measured at the negative terminal of the respective cell and the sensor used
must be in direct contact with either the negative terminal or less than 10mm away from the terminal
on the respective busbar.

NOTE: A competition may use a special device to check the conformance to the temperature limits.
Please check the website of the respective competition for further information.

For centralized AMS systems (two or more cells per AMS board), all voltage sense wires to the AMS
must be protected by ‘fusible link wires’ or fuses so that any the sense wiring cannot exceed its
current carrying capacity in the event of a short circuit. The fusing must occur in the conductor, wire
or pcb trace which is directly connected to the cell tab.

Any distributed AMS system (one cell measurement per board) where the sense wire connections at
the board are >5mm does not need additional fusing if the board is protected from short circuit and the
connection to the AMS is also protected. If these conditions are not met then the positive cell

terminal must be protected with a fusible link wire.

Where required, the fusible link wire can form the entire sense wire or a section of the sense wire. If
the fusible link wire forms a section of the sense wire then the gauge of the fusible link wire must be
sized appropriately to protect the remaining part of the voltage sense wire from currents above its
continuous current rating. If any of these fusible link wires are blown or if the connection to measure
the cell voltage is interrupted in any other way then this must be detected by the AMS and must be
reported as a critical voltage problem.
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EV3.6.5

EV3.6.6

EV3.6.7

EV3.7
EV3.7.1

EV3.7.2

EV3.7.3

EV3.7.4

NOTE 1: If a “fusible link wire’ is required and the resistance of the connection from the AMS board
to the cell for the voltage measurement is too high, then this can affect the AMS voltage measurement
especially during cell balancing and charging, therefore an appropriately large gauge wire must be
used.

NOTE 2: A fusible link wire works such that when an over current event occurs, the conductor within
the link is melted while the ensuing flame and spark is contained within the link's insulation. Specific
products can be purchased which perform this function.

Any GLV connection to the AMS must be galvanically isolated from the tractive system.

For lithium based cells the temperature of at least 30% of the cells must be monitored by the AMS.
The monitored cells have to be equally distributed within the accumulator container(s).

NOTE: It is acceptable to monitor multiple cells with one sensor, if this sensor has direct contact to
all monitored cells.

The AMS must shutdown the tractive system by opening the AIRs, if critical voltage or temperature
values according to the cell manufacturer’s datasheet and taking into account the accuracy of the
measurement system are detected. If the AMS does perform a shutdown then a red LED marked
AMS must light up in the cockpit to confirm this.

NOTE: It is strongly recommended to monitor every cell temperature.

Grounded Low Voltage System (<=60V DC)
All GLV batteries, i.e. on-board power supplies, must be attached securely to the frame.

Any wet-cell battery located in the driver compartment must be enclosed in a nonconductive marine-
type container or equivalent.

The hot (ungrounded) terminal must be insulated.

Battery packs based on Lithium Chemistry must have over voltage, under voltage, short circuit and
over temperature cell protection and be separated from the driver with a firewall.

A team built LV battery pack may be used, but details on how this protection is achieved must be
included as part of the ESF submission.

ARTICLE 4: TRACTIVE SYSTEM - GENERAL REQUIREMENTS

EV4.1
EV4.1.1

EV4.1.2

EV4.1.3

Separation of Traction System and Grounded Low Voltage System
The layout of electrical devices designed by the team must be documented accurately in the ESF.

There must be no connection between the frame of the vehicle (or any other conductive surface that
might be inadvertently touched by a crew member or spectator), and any part of any tractive system
circuits.

Tractive system and GLV circuits must be physically segregated such that they are not run through the
same conduit or connector, except for interlock circuit connections.
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EV4.1.4

EV4.15

EV4.1.6

EV4.1.7

GLV systems must not be included in the accumulator container except for required purposes.
Exceptions include the AIRs, HV DC/CD converters, the AMS and the IMD. All GLV systems in the
accumulator container must have galvanic isolation for all connections to the outside of the
accumulator container. Any LV wiring within the accumulator container, and where appropriate its
galvanic isolation must be described within the ESF.

Where both tractive system and GLV are present within an enclosure, they must be separated by
insulating barriers made of moisture resistant, UL recognized or equivalent insulating materials rated
for 150 C or higher (e.g. Nomex based electrical insulation), or maintain the following spacing
through air, or over a surface (similar to those defined in UL1741):

e U<100VvDC 10 mm (0.4 inch)
e 100VDC < U < 200VvDC 20 mm (0.75 inch)
e U>200VDC 30 mm (1.2 inch)

Spacing must be clearly defined. Components and cables capable of movement must be positively
restrained to maintain spacing.

If tractive system and GLV are on the same circuit board, they must be on separate, clearly defined
areas of the board. Furthermore the tractive system and GLV areas have to be clearly marked on the
PCB.

NOTE: The following spacing is related to the spacing between traces / board areas. If integrated
circuits are used such as opto-couplers which are rated for the respective maximum tractive system
voltage, but do not fulfill the required spacing, then they may still be used and the given spacing do
not apply.

Required spacing are as follows:

Voltage Over Surface Z-C?JE ilr?lk:oar d) Under Coating
0-50vDC 1.6 mm (1/16”) 1.6 mm (1/16”) 1 mm
50-150vDC 6.4 mm (1/4”) 3.2 mm (1/8”) 2mm
150-300vDC 9.5 mm (3/8”) 6.4 mm (1/4”) 3mm
300-600vDC 12.7 mm (1/2”) 9.5 mm (3/8”) 4 mm

EV4.1.8

EV4.1.9

EV4.2
EV4.2.1

© 2015 SAE International. All Rights Reserved

Teams must be prepared to demonstrate spacing on team-built equipment. Information on this must
be included in the electrical system form (EV9.1). For inaccessible circuitry, spare boards or
appropriate photographs must be available for inspection.

All connections to external devices such as laptops from a tractive system component must include
galvanic isolation.

Positioning of tractive system parts

All parts belonging to the tractive system including cables and wiring must be contained within the
envelope of any part of the frame which is made from any regulated tubing defined in T3.4 and/or an
additional envelope of tubing which meets the minimum specification defined in T3.4 or equivalent,
such that they are protected against being damaged in case of a crash or roll-over situation.
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EV4.2.2

EV4.2.3

EV4.2.4

EV4.2.5

EV4.3
EV4.3.1

EV4.3.2

EV4.3.3

EV4.4
EV4.4.1

EV4.4.2

EV4.4.3

EV4.4.4

If tractive system parts are mounted in a position where damage could occur from a rear or side
impact (below 350mm from the ground), for example motors at the rear of the car, they have to be
protected by a fully triangulated structure with tubes of a minimum outer diameter of 25.4mm and a
minimum wall thickness of 1.25mm or equivalent — see T3.4.

Outboard wheel motors are allowed where the motor is outside of the frame but only if an interlock is
added such that the shutdown circuit, EV5.1, is activated and the AIRs are opened if the wheel
assembly is damaged or knocked off the car.

In side or front view no part of the tractive-system can project below the lower surface of the frame or
the monocoque, whichever is applicable.

Additional regulations apply for accumulators, see EV3.4.

Grounding

All electrically conductive parts of the vehicle (e.g. parts made of steel, (anodized) aluminum, any
other metal parts, etc.) which are within 200mm of any tractive system or GLV component , and any
driver harness mounting points, seat mounting points and driver controls must have a resistance below
300 mOhms (measured with a current of 1A) to GLV system ground.

All parts of the vehicle which may become electrically conductive (e.g. completely coated metal parts,
carbon fiber parts, etc.) which are within 200mm of any tractive system or GLV component, must
have a resistance below 5 Ohm to GLV system ground.

Electrical conductivity of any part may be tested by checking any point which is likely to be
conductive, for example the driver's harness attachment bolt, but where no convenient conductive
point is available then an area of coating may be removed.

NOTE: Carbon fiber parts may need special measures such as using copper mesh or similar to keep
the ground resistance below 5 Ohms.

Tractive System Measuring points (TSMP)

Two tractive system voltage measuring points must be installed directly next to the master switches,
see EVS5.2.

The TSMPs must be protected by a non-conductive housing that can be opened without tools.

The TSMP must be protected from being touched with bare hands / fingers, once the housing is
opened.

4mm shrouded banana jacks rated to an appropriate voltage level must be used for the TSMPs, see the
picture below for an example.
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EV4.4.5 The TSMPs must be connected to the positive and negative motor controller/inverter supply lines and
must be marked HV+ and HV-

EV4.4.6 Each TSMP must be secured with a current limiting resistor according to the following table. Fusing
of the TS measuring points is prohibited. Teams must ensure it is possible to directly measure the
value of the resistor during Electrical Tech Inspection.

Maximum TS Voltage Resistor Value
Umax<=200VDC 5kR
200VDC<Umax<=400vDC 10kR
400VDC<Umax<=600VDC 15kR

EV4.4.7 The TSMPs will be used to check during Electrical Tech Inspection that the tractive system is shut
down properly in the given time, see EV5.1.3. They are also needed to ensure the isolation of the
tractive system of the vehicle for possible rescue operations after an accident or when work on the
vehicle is to be done.

EV4.4.8 Nextto the TSMP a GLV system ground measuring point must be installed. This measuring point
must be connected to GLV system ground and must be marked GND.

EV4.4.9 A 4mm shrouded banana jack must be used for the GLV ground measuring point; see the picture
below for an example.

EV4.5  Tractive System Insulation, wiring and conduit

EV4.5.1 All parts, especially live wires, contacts, etc. of the tractive system need to be isolated by non-
conductive material or covers to be protected from being touched. In order to achieve this, it must not
be possible to touch any tractive system connections with a 100 mm long, 6 mm diameter (4 x ¥ inch)
insulated test probe when the tractive system enclosures are in place.

EV4.5.2 Non-conductive covers must prevent inadvertent human contact with any tractive system voltage.
This must include crew members working on or inside the vehicle. Covers must be secure and
adequately rigid. Body panels that must be removed to access other components, etc. are not a
substitute for enclosing tractive system connections.

EV4.5.3 Tractive system components and containers must be protected from moisture in the form of rain or
puddles.

NOTE: A rating of IP65 is recommended for the rain test.

EV4.5.4 Only insulation material that is appropriate for the expected surrounding temperatures may be used
and this must have a minimum temperature rating of 90°C. Using only insulating tape or rubber-like
paint for insulation is prohibited.
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EV4.5.5 All wires and terminals and other conductors used in the tractive system must be sized appropriately

EV4.5.6

EV4.5.7

EV4.5.8

EV4.5.9

for the continuous tractive system current and the wires must be marked with wire gauge, temperature
rating and insulation voltage rating. Alternatively a serial number or a norm printed on the wire is
sufficient if this serial number or norm is clearly bound to the wire characteristics for example by a
data sheet. The minimum acceptable temperature rating for tractive system cables is 90°C.

NOTE: Sizing of the conductors for the ‘continuous tractive system current’ can take account of the
RMS or average electrical current that will be used and the anticipated duration of time at maximum
electrical current.

All tractive system wiring must be done to professional standards with appropriately sized conductors
and terminals and with adequate strain relief and protection from loosening due to vibration etc.

All tractive system wiring that runs outside of electrical enclosures must either be enclosed in separate
orange non-conductive conduit or use an orange shielded cable. Except in the case where the tractive
system wiring runs in a fully enclosed container, the conduit or shielded cable must be securely
anchored at least at each end so that it can withstand a force of 200N without straining the cable end
crimp, and must be located out of the way of possible snagging or damage. NOTE: body work is not
sufficient to meet this enclosure requirement. Any shielded cable must have the shield grounded.

All tractive system connections must be designed so that they use intentional current paths through
conductors such as copper or aluminum and should not rely on steel bolts to be the primary conductor.
The connections must not include compressible material such as plastic in the stack-up.

Tractive system wiring must be shielded against damage by rotating and / or moving parts.

EV4.5.10 If external, un-insulated heat sinks are used, they must be properly grounded to the GLV System

ground, see EV4.3.

EV4.5.11 Wiring that is not part of the tractive system must not use orange wiring or conduit.

EV4.5.12 All electrical connections, including bolts, nuts, and other fasteners, in the high current path of the

EV4.6
EV4.6.1

tractive system must be secured from unintentional loosening by the use of positive locking
mechanisms that are suitable for high temperatures, for example torque prevailing nuts.

For some applications, for example AIRs, it is possible that locking helicoils or similar need to be
used. In the case that a locking helicoil or an approved positive locking mechanism is required that
cannot easily be inspected at electrical technical inspection, information about this item must be
included in the ESF.

It is also allowed to construct custom locking features that prevent fasteners from coming loose as
long as they can be seen to be in place and do not rely on the clamping force for the locking feature.

NOTE: Lock washers and thread locking compounds, e.g. Loctite®, DO NOT meet the positive
locking requirement and Nyloc nuts do not meet the temperature requirements.

Tractive System Enclosures

Every housing or enclosure containing parts of the tractive system, except motor housings, must be
labeled with (a) reasonably sized sticker(s) with a red or black lightning bolt on yellow background or
red lightning bolt on white background. The sticker must also contain the text “High Voltage” or
something similar if the voltage is more than 60V DC or 25VAC.
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EV4.6.2 If the housing material is electrically conductive or possibly electrically conductive, it must have a
low-resistance connection to GLV system ground, see EV4.3.

EV4.7  HV Disconnect (HVD)

EV4.7.1 It must be possible to disconnect at least one pole of the tractive system accumulator by quickly
removing an unobstructed and directly accessible element, fuse or connector, in case of (a) stuck
accumulator isolation relay(s) for example. It must be possible to disconnect the HVD without
removing any bodywork. The HVD must be above 350mm from the ground and easily visible when
standing behind the vehicle. Remote actuation of the HVD through a long handle, rope or wire is not
acceptable.

EV4.7.2 Anuntrained person must be able to remove the HVD within 10 seconds in ready-to-race condition.
This will be tested during Electrical Tech Inspection. Being able to quickly disconnect the
accumulator(s) from the rest of the tractive system by its connector(s) will satisfy this rule.

EV4.7.3 EV4.5 remains valid, therefore a dummy connector or similar may be needed to restore the system's
isolation.

EV4.7.4 The HV Disconnect must be clearly marked with "HVD".

EV4.7.5 No tools must be needed to open the HVD. Therefore, an interlock must activate the shutdown circuit
and open the AIRs when the HVD is removed.

EV4.8  Wiring of the tractive system supply

EV4.8.1 All accumulator containers must be wired to a single point. It does not matter if they are wired in
series or parallel, but all the power supplying the tractive system must flow through this single point
and must pass the energy meter position, see EV4.9.

EV4.8.2 No further energy storages except for reasonably sized intermediate circuit capacitors are allowed
beyond this point.

+ T P
+ +
== Accumulator == Accumulator Energy Meter | To Motor-Controller(s)
I Container I Container
—— —_'|: ————————

EV4.9  Energy meter

EV4.9.1 In the tractive system supply wires, see EV4.8, a calibrated energy meter must be inserted at the
competition. The energy meter is used to calculate the efficiency score by measuring the total energy
being sourced by the accumulator(s).

EV4.9.2 The energy meter is sealed by the officials before the dynamic events. Any manipulation or broken
seals of the energy meter result in at least a DNF for the efficiency scoring.

EV4.9.3 The energy meter must be in an easily accessible location so that the recorded data can be quickly

downloaded by the officials after the Endurance Event to calculate the efficiency score.
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EV4.9.4 The energy is calculated as the time integrated value of the measured voltage multiplied by the
measured current logged by the Energy Meter.

EV4.9.5 Energy flowing from the accumulator(s) to the motor(s) will be multiplied with a factor of 1 and
added to the used energy. Energy flowing from the motor(s) to the accumulator(s) will be multiplied
with a factor of 0.9 and subtracted from the used energy.

EV4.10 Activating the Tractive System

EV4.10.1 The driver must be able to (re-)activate or reset the tractive system from within the cockpit without
the assistance of any other person except for situations in which the AMS, IMD or BSPD have shut
down the tractive system, see EV5.1.4 and EV5.1.5.

EV4.10.2 Only closing the shutdown circuit must not set the car to ready-to-drive mode. The car is ready to
drive as soon as the motor(s) will respond to the input of the torque encoder / acceleration pedal.
Therefore additional actions are required by the driver to set the car to ready-to-drive-mode e.g.
pressing a dedicated start button, after the tractive system has been activated. One of these actions
must include the brake pedal being pressed as ready-to-drive-mode is entered.

EV4.11 Pre-Charge and Discharge Circuits

EV4.11.1 A circuit that is able to pre-charge the intermediate circuit to at least 90% of the current accumulator
voltage before closing the second AIR must be implemented. This circuit must be disabled by a de-
activated shutdown circuit, see EV5.1. Therefore the pre-charge circuit must not be able to pre-charge
the system, if the shutdown circuit is open.

EV4.11.2 Any pre-charge circuitry must be supplied directly from the TSMS

EV4.11.3 It is allowed to pre-charge the intermediate circuit for a conservatively calculated time, before closing
the second AIR. A feedback via measuring the current intermediate circuit voltage is not required.

EV4.11.4 If a discharge circuit is needed to meet EV5.1.3, it must be designed to handle the maximum
discharge current for at least 15 seconds. The calculation proving this must be part of the ESF.

EV4.11.5 The discharge circuit must be wired in a way that it is always active whenever the shutdown circuit is
open. Furthermore the discharge circuit must be fail-safe such that it still discharges the intermediate
circuit capacitors if the HVD has been opened.

EV4.12 Tractive-system-active light (TSAL)
EV4.12.1 The vehicles must include a single Tractive Systems Active Light (TSAL) that must illuminate when the
tractive system is active. The TSAL must not perform any other functions.

EV4.12.2 The tractive system is active when any of the following are true:
a. Anaccumulator isolation relay is closed.
b. The voltage outside the accumulator containers exceeds 60V DC or 25V AC RMS.

EV4.12.3 The TSAL itself must:
a. Bedirectly controlled by the voltage present within the tractive system using hard wired
electronics. Software control is not permitted.
b. Be redin color.
c. Flash continuously with a frequency between 2Hz and 5Hz when illuminated.
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EV4.12.4 The TSAL mounting location must:

Be near the main roll hoop at the highest point of the vehicle.

Be mounted lower than the highest point of the main roll hoop.
Be no lower than 150 mm from the highest point of the roll hoop.
Not allow contact with the driver’s helmet in any circumstances.
Not be in proximity to other lights.

PoooTp

EV4.12.5 The TSAL must be visible:
a. From every horizontal direction, except small angles which are blocked by the main roll hoop.
b. From a point 1.6m vertically from ground level, within a 3m horizontal radius from the TSAL.
c. Indirect sunlight.

EV4.13 Ready-To-Drive-Sound
EV4.13.1 The car must make a characteristic sound, continuously for at least 1 second and a maximum of 3
seconds when it is ready to drive.

EV4.13.2 The car is ready to drive as soon as the motor(s) will respond to the input of the torque encoder /
accelerator pedal.

EV4.13.3 The sound level must be a minimum of 80dBA, fast weighting. The sound level will be measured with
a free-field microphone placed free from obstructions in a radius of 2m around the car.

EV4.13.4 The used sound must be easily recognizable. No animal voices, song parts or sounds that can be
interpreted as offensive will be accepted.

EV4.13.5 The vehicle must not make sounds similar to the ready to drive sound.

ARTICLE 5: SHUTDOWN CIRCUIT AND SYSTEMS

EV5.1  Shutdown Circuit
EV5.1.1 The shutdown circuit directly carries the current driving the accumulator isolation relays (AIRS).

EV5.1.2 The shutdown circuit consists of at least 2 master switches, 3 shut-down buttons, the brake-over-
travel-switch, the insulation monitoring device (IMD), the inertia switch, the brake system plausibility
device, all required interlocks and the accumulator management system (AMS).

EV5.1.3 If the shutdown circuit is opened/interrupted the tractive system must be shutdown by opening all
accumulator isolation relay(s) and the voltage in the tractive system must drop to under 60V DC or
25V AC RMS in less than five seconds after opening the shutdown circuit.

An explanatory schematic of the required shutdown circuit, excluding possibly needed interlock
circuitry, is shown below.

EV5.1.4 If the shutdown circuit is opened by the AMS, the IMD or the BSPD the tractive system must remain
disabled until being manually reset by a person directly at the car which is not the driver. Remote
reset, for example via WLAN or use of the three shutdown buttons or the TS master switches to reset
the AMS, IMD or BSPD is not permitted.

EV5.1.5 It must not be possible for the driver to re-activate the tractive system from within the car in case of an
AMS, IMD or BSPD fault.
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EVS5.1.6

EV5.1.7

EVS5.1.8

EVS5.1.9

For example: Applying an IMD test resistor between HV+ and GLV system ground must deactivate
the system. Disconnecting the test resistor must not re-activate the system. The tractive system must
remain inactive until it is manually reset.

All circuits that are part of the shutdown circuit have to be designed in a way, that in the de-
energized/disconnected state they are open such that each circuit will remove the current controlling
the AIRs.

If the tractive system is de-activated while driving, the motor(s) has/have to spin free e.g. no brake
torque must be applied to the motor(s).

In order to offer additional protection to the AIRs, it is allowed to use a capacitor to hold the AIRs
closed for up to 250ms after removing the current source that keeps them closed, such that the motor
controller has some opportunity to reduce the tractive current before the AIRs isolate the accumulator
from the rest of the tractive system.

It must be possible to demonstrate that all features of the Shutdown circuit function correctly. It
should be noted that this includes all interlocks.

EV5.1.10 Every system required or able to open the shut-down circuit must have its own, non-programmable

power stage to achieve this. The respective power stages must be designed such that a failure cannot
result in electrical power being fed back into the electrical shutdown circuit.

EV5.1.11 The Shutdown buttons, the brake over travel switch, the TSMS and all interlocks must not act through

EV5.2
EV5.2.1

EV5.2.2

EV5.2.3

EV5.2.4

EV5.2.5

EV5.2.6

EV5.2.7

any power stage, but must directly carry the AIR current.

Master Switches
Each vehicle must have two Master Switches, the Grounded Low Voltage Master Switch (GLVMS)
and the Tractive System Master Switch (TSMS).

The GLVMS must completely disable power to the GLV System and must be direct acting, i.e. it
cannot act through a relay or logic.

The GLVMS must be located on the right side of the vehicle, in proximity to the Main Hoop, at the
driver's shoulder height and be easily actuated from outside the car.

The TSMS must be located next to the GLVMS and must open the shutdown circuit. The TSMS must
be direct acting, i.e. it cannot act through a relay or logic, and must be the last switch before the AIRs
except for pre-charge circuitry and hardwired interocks. Interlocks between the TSMS and AIR’s
must not be in the low (ground) connection to the AIR coils.

The TSMS must be fitted with a "lockout/tagout” capability to prevent accidental activation of the
tractive system. The electrical system officer must ensure that the TSMS is locked in the off position
whenever work is done on the vehicle.

Both master switches must be of the rotary type, with a red, removable key, similar to the one shown
in the explanatory shutdown circuit.

The master switches must not to be easily removable, e.g. they must not be mounted onto removable
body work.
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EV5.2.8 The function of both switches must be clearly marked with “LV”” and “HV”. A sticker with a red or
black lightning bolt on a yellow background or red lightning bolt on a white background must
additionally mark the Tractive System Master Switch.

EV5.2.9 Both master switches must be mounted so that the rotary axis of the key is near horizontal and across
the car. The “ON” position of both switches must be in the horizontal position and must be marked
accordingly. The “OFF” position of both switches must also be clearly marked.
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EV5.3

EV5.3.1

EV5.3.2

EV5.3.3

EV5.3.4

EV5.3.5

EV5.3.6

EV5.4

EV5.5
EV55.1

EV5.5.2

EV5.5.3

EV5.5.4

EV5.5.5

Shutdown Buttons
A system of three shut-down buttons must be installed on the vehicle.

Pressing any one of the shut-down buttons must separate the tractive system from the accumulator
block by opening the shutdown circuit, see also EV5.1.

Each shut-down button must be a push-pull or push-rotate emergency switch where pushing the
button opens the shutdown circuit. The shut-down buttons must not act through programmable logic.

One button must be located on each side of the vehicle behind the driver’s compartment at
approximately the level of the driver’s head. The minimum allowed diameter of the shutdown buttons
on both sides of the car is 40 mm. The international electrical symbol consisting of a red spark on a
white-edged blue triangle must be affixed in close proximity to this button.

One shutdown button serves as a cockpit-mounted Master Switch. The minimum allowed diameter of
the shutdown button in the cockpit is 24 mm. The international electrical symbol consisting of a red
spark on a white-edged blue triangle must be affixed in close proximity to this switch. It must be
located to provide easy actuation by the driver in an emergency or panic situation. It must be located
within easy reach of the belted-in driver, alongside the steering wheel, and unobstructed by the
steering wheel or any other part of the car.

The shutdown buttons are not allowed to be easily removable, e.g. they must not be mounted onto
removable body work.

Brake-Over-Travel-Switch
The Brake-Over-Travel-Switch as defined in T7.3 must shut down the tractive system by activating
the shutdown circuit and opening the AIRs, see EV5.1.

Insulation Monitoring Device (IMD)
Every car must have an insulation monitoring device (IMD) installed in the tractive system.

The IMD needs to be a Bender A-ISOMETER ® iso-F1 IR155-3203 or -3204 or equivalent IMD
approved for automotive use. Equivalency may be approved by the rules committee based on the
following criteria: robustness to vibration, operating temperature range, IP rating, availability of a
direct output, a self-test facility and must not be powered by the system which is monitored.

The response value of the IMD needs to be set to 500 Ohm / Volt, related to the maximum tractive
system operation voltage.

In case of an insulation failure or an IMD failure, the IMD must open the shutdown circuit. This must
be done without the influence of any programmable logic. See also EV5.1.4 and EV5.1.5 regarding
the re-activation of the tractive-system after an insulation fault.

The status of the IMD must be shown to the driver by a red indicator light in the cockpit that is easily
visible even in bright sunlight. This indicator must light up, if the IMD detects an insulation failure or
if the IMD detects a failure in its own operation e.g. when it loses reference ground.

The IMD indicator light must be clearly marked with the lettering “IMD”.
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EV5.6

EV5.7
EV5.7.1

EV5.7.2

EV5.7.3

EV5.7.4

EV5.7.5

Brake System Plausibility Device (BSPD)

A standalone non-programmable circuit must be used on the car such that when braking hard (without
locking the wheels) and when a positive current is delivered from the motor controller (a current to
propel the vehicle forward), the AIRs will be opened. The current limit for triggering the circuit must
be set at a level where 5kW of electrical power in the DC circuit is delivered to the motors at the
nominal battery voltage. The action of opening the AIRs must occur if the implausibility is persistent
for more than 0.5sec. This device must be provided in addition to the plausibility checks which are
carried out by the controller which interprets the drivers torque request and delivers torque to the
wheels. See also EV5.1.4 and EV5.1.5 regarding the re-activation of the tractive system after
triggering of the BSPD.

The team must devise a test to prove this required function during Electrical Tech Inspection.
However it is suggested that it should be possible to achieve this by sending an appropriate signal to
the non-programmable circuit that represents the current to achieve 5kW whilst pressing the brake
pedal to a position or with a force that represents hard braking.

Inertia Switch
All vehicles must be equipped with an inertia switch. This must be a Sensata Resettable Crash Sensor

or equivalent.

The inertia switch must be part of the shutdown circuit and must be wired in series with the shutdown
buttons such that an impact will result in the shutdown circuit being activated and the AIRs being
opened. The inertia switch must latch until manually reset.

The device must trigger due to an impact load which decelerates the vehicle at between 6g and 119
depending on the duration of the deceleration (see spec sheet of the Sensata device).

The inertia switch may be reset by the driver from within the driver's cell.

The device must be mechanically attached to the vehicle; however it must be possible to demount the
device so that its functionality can be tested by shaking it.

ARTICLE 6: FUSING

EV6.1

EV6.1.1

EV6.1.2

EV6.1.3

EV6.1.4

Fusing
All electrical systems (both low and high voltage) must be appropriately fused.

The continuous current rating of a fuse must not be greater than the continuous current rating of any
electrical component, for example wire, busbar, cell or other conductor that it protects.

All fuses and fuse holders must be rated for the highest voltage in the systems they protect. Fuses used
for DC must be rated for DC, and must carry a DC rating equal to or greater than the system voltage.

All fuses must have an interrupt current rating which is higher than the theoretical short circuit current
of the HV system that it protects.

If multiple parallel batteries, capacitors, strings of batteries or strings of capacitors are used then each

string must be individually fused to protect all the components on that string. Any conductors, for
example wires, busbars, cells etc. conducting the entire pack current must be appropriately sized for
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EV6.1.5

EV6.1.6

EV6.1.7

the total current that the individual fuses could transmit or an additional fuse must be used to protect
the conductors.

Battery packs with low or non-voltage rated fusible links for cell connections may be used provided
that:

1. A fuse rated at a current three times lower than the sum of the parallel fusible links and
complying with Section EV6.1.1 is connected in series, and

2. The accumulator monitoring system can detect an open fusible link, and will shut down the
electrical system by opening HV contactors if a fault is detected.

3. Fusible link current rating is specified in manufacturer’s data or suitable test data is provided.

Cells with internal over-current protection may be used without external fusing or fusible-links if
suitably rated.

NOTE: Most cell internal over-current protection devices are low or non-voltage rated and conditions
of EV6.1.5 will apply.

The ESF must include all details of fuse and fuseable link and internal over current protection
including documentation from manufacturer for the particular series and parallel configuration, and
string voltage.

ARTICLE 7: ELECTRICAL SYSTEM TESTS

EV7.1 Insulation Monitoring Device Test (IMDT)

EV7.1.1 The insulation monitoring device will be tested during Electrical Tech Inspection. This is done by
connecting a resistor between the measuring points; see EV4.4, of the tractive system and several
electrically conductive vehicle parts while the tractive system is active, as shown in the example
below.

EV7.1.2 The test is passed if the IMD shuts down the tractive system within 30 seconds at a fault resistance of
50% below the response value corresponding to 250 Ohm / Volt.

EV7.1.3 The IMDT may be repeated at any time during the event. After the car passes the test for the first
time, critical parts of the tractive system will be sealed. The vehicle is not allowed to take part in any
dynamic event if any of the seals are broken until the IMDT is successfully passed again.

., GLV System Tractive Sysfem
W T 4
—
' Insulation .
LWB‘I::EZII:HE —] monitaring Tractive: System T
divice Ballery o
—
4 * + 1
GLV System Chassis Graund | —_— I Tractive Systam
| [
| |
Lo Test Resistor | J
250 OHMY
—
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EV7.2
EV7.2.1

EV7.2.2

EV7.3

EV7.3.1

EV7.3.2

EV7.3.3

EV7.3.4

Insulation Measurement Test (IMT)

The insulation resistance between the tractive system and GLV system ground will be measured
during Electrical Tech Inspection. The available measurement voltages are 250V and 500V. All cars
with a maximum nominal operation voltage below 500V will be measured with the next available
voltage level e.g. a 175V system will be measured with 250V, a 300V system will be measured with
500V etc. All teams with a system voltage of 500V or more will be measured with 500V.

To pass the IMT the measured insulation resistance must be at least 500 Ohm/Volt related to the
maximum nominal tractive system operation voltage.

Rain test

Teams have to pass a rain test during Electrical Tech Inspection to be allowed to move the car under
its own power on the event. The car must pass the IMDT; see EV7.1, before the rain test can be
performed.

During the rain test the tractive system must be active and none of the driven wheels may touch the
ground. The car must NOT be in ready-to-drive-mode. It is not allowed to have a driver seated in the
car during the rain test.

Water will then be sprayed at the car from any possible direction for 120 seconds. The water spray
will be rain like. Therefore there will be no direct high-pressure water jet shot at the car.

The test is passed if the insulation monitoring device does not react while water is sprayed at the car
and 120 seconds after the water spray has stopped. Therefore the total time of the rain test is 240
seconds, 120 seconds with water-spray and 120 seconds without.

Teams have to make sure that water cannot aggregate anywhere in the chassis.

ARTICLE 8: HIGH VOLTAGE PROCEDURES & TOOLS

EVS.1
EV8.1.1

EV8.1.2

EV8.1.3

EV8.1.4

EV8.2
EV8.2.1

EV8.2.2

Working on Tractive System Accumulator Containers
Opening of or working on accumulator containers is only allowed in the charging area, see EV8.2,
and during Electrical Tech Inspection.

Whenever the accumulator containers are opened the cell segments have to be separated by using the
maintenance plugs, see EV3.3.3.

Whenever the Accumulator or tractive system is being worked on, only appropriate insulated tools
may be used.

Safety glasses with side shields must be worn by all participating team members when (a) parts of the
tractive system are exposed while it is active, or (b) work is being done on the accumulators.

Charging
There will be a separated charging area on the event site. Charging tractive system accumulators is
only allowed inside this area.

Accumulators must be removed from the car for charging within a removable accumulator container
and placed on the accumulator container hand cart for charging.
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EV8.2.3

EV8.2.4

EV8.2.5

EV8.2.6

EV8.3
EV8.3.1

EV8.3.2

EV8.3.3

EV8.3.4

EV8.3.5

EV8.3.6

EV8.3.7

EV8.4
EV84.1

EV8.4.2

EV8.4.3

EV8.4.4

EV8.4.5

EV8.5

The accumulator containers must have a label with the following data during charging: Team name
and Electrical System Officer phone number(s).

No grinding, drilling, etc. is allowed in the charging area.

At least one team member who has knowledge of the charging process must stay with the
accumulator(s) / car during charging.

Moving accumulator cells and/or accumulator segment(s) around at the event site is only allowed
inside a completely closed accumulator container.

Chargers
Only chargers presented and sealed at Electrical Tech Inspection are allowed. All connections of the
charger(s) must be isolated and covered. No open connections are allowed.

All chargers must either be accredited to a recognized standard e.g. CE or where built by the team
they must be built to high standards and conform with all electrical requirements for the vehicle
tractive system, for example EV4.1, EV4.3 and EV4.6 as appropriate.

The charger connector must incorporate an interlock such that neither side of the connector become
live unless it is correctly connected to the accumulator.

HV charging leads must be orange

When charging, the AMS must be live and must be able to turn off the charger in the event that a fault
is detected.

The charger must include a push type emergency stop button which has a minimum diameter of
25mm and must be clearly labeled.

When charging the accumulator, the IMD must be active and must be able to shut down the charger.
In the case that the accumulator is charged outside of the vehicle, either the charger must incorporate
an active IMD or an active IMD must be within the accumulator.

Accumulator Container Hand Cart
In order to accommodate charging, a hand cart to transport the accumulators must be presented at
Electrical Tech Inspection.

The hand cart must have a brake such that it can only be released using a dead man's switch, i.e. the
brake is always on except when someone releases it by pushing a handle for example.

The brake must be capable to stop the fully loaded accumulator container hand cart.
The hand cart must be able to carry the load of the accumulator container(s).

The hand cart(s) must be used whenever the accumulator container(s) are transported on the event
site.

Each team must present the following basic set of tools in good condition during technical inspection:
a. Insulated cable shears
b. Insulated screw drivers
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Multimeter with protected probe tips

Insulated tools, if screwed connections are used in the tractive system

Face Shield

HV insulating gloves which are within test date

2 HV insulating blankets of at least 1.0m? each

Safety glasses with side shields for all team members that might work on the tractive system or
accumulator

S@ o a0

All electrical safety items must be rated for at least the maximum tractive system voltage.

ARTICLE9: ELECTRICAL SYSTEM FORM AND FMEA

EVO.1
EVO.1.1

EVO.1.2

EV9.1.3

EVO.1.4

EV9.1.5

EV9.1.6

EV9.1.7

EV9.2
EV9.2.1

EV9.2.2

EV9.3

Electrical System Form (ESF)
Prior to the event all teams must submit clearly structured documentation of their entire electrical
system (including control and tractive system) similar to the SEF called electrical system form (ESF).

The ESF must visualize the interconnection of all electric components including the voltage level, the
topology, the wiring in the car and the construction and build of the accumulator(s).

Teams must present data sheets with rated specifications for all tractive system parts used and show
that none of these ratings are exceeded (including wiring components). This includes stress caused by
the environment e.g. high temperatures, vibration, etc.

A template including the required structure for the ESF will be made available online — see website
for your competition or www.fsaeonline.com.

The ESF must be submitted as Adobe PDF-File.

The minimum allowed font size is 11pts. The font used must be Arial. Small pictures and small
schematics should be put inside the text for easy reference, not in the appendix.

Data sheets and large schematics should be put in the appendix.

NOTE: Passing the ESF does not mean that you automatically pass Electrical Technical Inspection
with the described items / parts.

Failure Modes and Effects Analysis (FMEA)
Teams must submit a complete failure modes and effects analysis (FMEA) of the tractive system prior
to the event.

A template including required failures to be described will be made available online — see your
competition website for details.

Do not change the format of the template. Pictures, schematics and data sheets to be referenced in the
FMEA have to be included in the FMEA on additional table pages

Submission of the ESF or FMEA

Electrical Systems Form (ESF) or Failure Modes and Effects Analysis (FMEA) must be submitted in
compliance with the procedure and by the deadline published on the website of the competition your
team is attending.
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EV9.4  Penalty for Late Submission or Non-submission
Late submission of either the ESF or FMEA will be penalized at the standard negative ten (-10) points
per whole or partial day after the deadline to a maximum of negative fifty (-50) points.
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2016 FORMULA SAE
PART S - STATIC EVENT REGULATIONS

ARTICLE 1: STATIC EVENTS AND MAXIMUM SCORES

The maximum possible scores in the static events are:

Technical Inspection No Points
Cost and Manufacturing 100 Points
Presentation 75 Points

Design 150 Points
Total 325 Points

ARTICLE 2: TECHNICAL INSPECTION

S2.1

S2.1.1

S2.1.2

S2.2

S2.21

S2.2.2

S2.3

S2.3.1

S2.4

Objective of Technical Inspection
The objective of technical inspection is to determine if the vehicle meets the FSAE Rules
requirements and restrictions and if, considered as a whole, it satisfies the intent of the Rules.

For purposes of interpretation and inspection the violation of the intent of a rule is considered a
violation of the rule itself. (See Rule A3.6)

Technical inspection is a non-scored activity.

Inspection & Testing Requirement
Each vehicle must pass all parts of technical inspection and testing, and bear the inspection stickers,
before it is permitted to participate in any dynamic event or to run on the practice track.

All items on the Inspection Form must be clearly visible to the technical inspectors.
Visible access can be provided by removing body panels or by providing removable access panels.

Team Responsibility
Teams are responsible for confirming that their vehicle, and the required equipment, satisfies the
requirements and restrictions of the FSAE Rules before presenting it for Technical Inspection.

Presenting a vehicle for Technical Inspection constitutes a declaration by the team that they have
determined by self-inspection that the vehicle complies with the Rules.

Items to be Inspected
The following items must be brought to Technical Inspection:
e Vehicle
e Technical Inspection Form
e Dry and wet tires
e Driver’s equipment - for all drivers including arm restraints, helmets, suits, gloves, eye
protection, balaclavas, socks and shoes.
o Fire extinguishers
e Push bar
e Structural Equivalency Spreadsheet (SES) copies or Structural Requirements Certification
Form (SRCF) copies, as appropriate for your car.
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S2.5

S2.5.1

S2.6

S2.7

S2.7.1

S2.7.2

S2.7.3

¢ Impact Attenuator Report copies

e Electric cars only: Electrical System Form

e Electric cars only: FMEA

o Copies of any rules questions you submitted with the answer you received.
o All drivers must be present at inspection.

Technical Inspection Procedure

Technical inspection will examine all items included on the Inspection Form found on the SAE
website plus any other items the inspectors may wish to examine to ensure conformance with the
Rules. The exact procedures and instruments employed for inspection and testing are entirely at the
discretion of the Chief Technical Inspector.

Decisions of the inspectors and the Chief Technical Inspector concerning vehicle compliance are final
and are not permitted to be appealed.

Inspection Condition

Vehicles must be presented for technical inspection in finished condition, i.e. fully assembled,
complete and ready-to-run. Technical inspectors will not inspect any vehicle presented for inspection
in an unfinished state.

NOTE: Cars may be presented for technical inspection even if final tuning and set-up has not been
finished.

Inspection Process
Vehicle inspection will consist of three separate parts as follows:

Part 1 — Electrical and Mechanical Technical Inspection

EVs have to pass electrical Technical Inspection first, before being allowed to attend mechanical
Technical Inspection. EVs may only be moved around the event site with the HVD disconnected until
they have passed electrical Technical Inspection. This includes participation in any static events.

Each vehicle will be inspected to determine if it complies with the requirements of the rules. This

inspection will include examination of the driver’s equipment (Part T ARTICLE 14:) and a test of the
driver egress time (Rule T4.8).

Part 1 must be passed before a vehicle may apply for Part 2 and Part 3 inspection.

Part 2 — Tilt Table Tests

Each vehicle will be tested to insure it satisfies both the forty-five degree (45°) fuel and fluid tilt
requirement (Rule T8.5) and the sixty degree (60°) rollover stability requirement (Rule T6.7.2).

Parts 1 and 2 must both be passed before a vehicle may apply for Part 3 inspection.

Part 3 — Noise, Master Switch, Ready-To-Drive-Sound, Rain Test and Brake Tests

IC Vehicles - Noise will be tested by the specified method (Rule 1C3.2). If the vehicle passes the noise

test then its master switches (Rule 1C4.1) will be tested.

EV Vehicles - If the vehicle is an EV, the Ready-To-Drive-Sound Test (EV4.13.3) will be conducted
instead of the Noise and Master Switch tests. If the vehicle passes both the noise and master switch or
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S2.8
S2.8.1

S2.8.2

S2.9

S2.9.1

S2.9.2

S2.10

S2.11

the Ready-To-Drive-Sound tests respectively then the rain test (EV7.3) will be performed before its
brakes will be tested by the specified method (Rule T7.2).

Correction and Re-inspection
If any part of a vehicle does not comply with the Rules, or is otherwise deemed to be a concern, then
the team must correct the problem and have the car re-inspected.

The judges and inspectors have the right to re-inspect any vehicle at any time during the competition
and require correction of non-compliance.

Inspection Stickers
Inspection stickers issued following the completion of any part of Technical Inspection will be placed
on the upper nose of the vehicle as specified in Rule T13.4 “Technical Inspection Sticker Space”.

Inspection stickers are issued contingent on the vehicle remaining in the required condition
throughout the competition.

Inspection stickers may be removed from vehicles that are not in compliance with the Rules or are
required to be re-inspected.

“As-Approved Condition”

Once a vehicle has passed inspection, except as specifically allowed under Rule T1.2 “Modification
and Repairs”, it must remain in the “As-approved” condition throughout the competition and must not
be modified.

Inspection Validity
Technical approval is valid only for the duration of the specific Formula SAE competition during
which the inspection is conducted.

ARTICLE 3: BUSINESS LOGIC CASE

S3.1

S3.2

The Objectives of the Business Logic Case are to:

a. Teach participants about the factors that need to be considered when a company embarks on
development of a new product. These include: cost; identification of market and likely sales
volume; profitability; the key features applicable to the selected vehicle concept and target
market size.

b. Ensure teams develop the concept of their entry with all of these aspects correctly considered,
from the outset.

c. Ensure that all three static events are approached with a single common concept and presented
to each set of static judges in the same manner.

d. Ensure that participants gain experience in producing a business case and balancing potentially
conflicting attributes.

The Design, Cost and Business Presentation judges will use the business logic case to verify that
the information presented at each static event is consistent with the overall objectives as
outlined in the Static Events Rules.

a. Inthe Design event, the business logic case will be used to identify how the team determined
the trade-off between design for performance and design for manufacture and cost, how these
requirements were considered in the overall concept and whether these were achieved in the
final vehicle.
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S3.3

b. In the Cost event, the business logic case will be used to determine that the cost target was met
for the same design solution and how Cost was integrated into the overall concept and the
iterative design process.

c. Inthe Business Presentation event, the business logic case will be used to assess whether the
business presentation is appropriate for the market and business strategy that the team has
identified

d. For some Formula Student/FSAE Events, if the event is oversubscribed, then the entry selection
process may include assessment of the quality of the Business Logic Case supplied.

All teams must submit a Business Logic Case report in accordance with the general format
applicable for the year of competition “FSAE Business Logic Case 201X”. The report must be
submitted on the template. Refer to the applicable competition website to acquire the template.

This report must be submitted by the deadline which will generally be ~ 6-9 months before the
competition. Refer to the deadlines posted on the website for each specific competition.

ARTICLE 4: COST AND MANUFACTURING EVENT

Important Notice: *For 2016 Formula SAE Competitions in United States, Cost Report Submission process may
be changed. Please refer to the website for additional announcements and information.

Note: Additional information about the Cost and Manufacturing Event including Cost Tables and other
information can be obtained from the www.fsaeonline.com website which is also linked off the Formula SAE
Rules and Important Documents page on the FSAE Website.

S4.1

S4.2

S4.3

Event Objective
The objectives of the Cost and Manufacturing Event are:
a. To teach the participants that cost and budget are significant factors that must be considered in
any engineering exercise.
b. For teams to make trade off decisions between content and cost based on the performance
advantage of each part and assembly.
c. To gain experience with creating and maintaining a Bill of Material (BOM).
d. For the participants to learn and understand the principles of Design for Manufacture and
Assembly, lean manufacturing and Minimum Constraint Design.

Rules Objective
The objectives of the Cost and Manufacturing Event rules are:
a. To provide a logical, simple and time efficient rule set enabling students to achieve the event’s
objectives.
b. To improve fairness by providing consistent pricing guidelines independent of team
geographical location by using standardized Cost Tables.
c. Torequire the minimal burden of supporting documentation such as receipts or catalog pages.
However, in order to convey design information to cost judges engineering documentation
(drawings, process descriptions, etc.) are required.

Event Requirements
This event is comprised of three (3) parts
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S4.3.1

S4.3.2

S4.3.3

S4.4

S4.5

S4.6

54.6.1

S54.6.2

54.6.3

S4.6.4

S4.6.5

S4.6.6

Part 1 “Cost Report”
The preparation and submission of a report (the “Cost Report”), which is to be sent to the Cost Judges
prior to the competition. See S4.1.

Part 2 “Discussion”

A discussion at the Competition with the Cost Judges around the team’s vehicle. This evaluates not
only the cost of the car, but also the team’s ability to prepare accurate engineering and manufacturing
cost estimates.

Part 3 “Real Case”
A “real case” scenario where students will have to respond to a challenge related to cost or
manufacturing of the student vehicle.

Formula SAE Michigan & Formula SAE Lincoln Reports

Teams that are entering more than one North American competition may submit one (1) Cost Report

covering all the competitions entered providing that (a) the report properly identifies the competition

names and car numbers and (b) any addenda necessary to cover changes or modifications made to the
vehicle between events is properly completed and submitted.

Public Cost Reports

By submitting a cost report to the competition’s organizing body for judging you and your team agree
that your cost report can be reproduced and distributed by the competition organization, in both
complete and edited versions, in any medium or format anywhere in the world.

NOTE: Beginning with the 2013 competition season it is the plan of the FSAE Rules Committee and
the competition organizers to publish all cost reports, in as-submitted format, to the FSAE website. It
is the intent of this move to make the cost event more transparent and improve the educational
experience of the students by providing the full range of cost reports for teams to review. Cost reports
for a given competition season will not be published before the end of the calendar year. Support
materials, such as technical drawings, will not be released.

Definitions
The following definitions will apply throughout the Cost Event rules:

Adjusted Cost — The final cost for the vehicle including penalties
Amended Cost — The cost of the vehicle after modification by the competition addendum

Bill of Material — A hierarchical list of all parts of the vehicle. A BOM lists every item that is on the

vehicle but also shows the relationships between these items, for example showing the parts that make
up an assembly. A Costed Bill of Material (CBOM) is a standard BOM that includes cost information
including cost of purchased parts, raw materials and processes that go into manufacturing the vehicle.

Category - Each table has numerous entries which describe a classification of entry.
For example there are several types of hose clamps, and all have various costs. The category of hose
clamp may be worm drive, constant tension, etc.

Cost — The cost for each item from the materials table is simply the quantity multiplied by the unit
cost.

Cost Report — All materials, including electronic and hard copy, submitted for judging
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S4.6.7

54.6.8

54.6.9

54.6.10

54.6.11

54.6.12

54.6.13

S54.6.14

54.6.15

54.6.16

S4.6.17

S54.6.18

54.6.19

54.6.20

54.6.21

Cost Score — Refers to the total number of points out of 100 earned in the Cost Event
Cost Tables — All tables that list costs for objects and processes

Design for Manufacture and Assembly (DFMA) — The process where parts are designed for ease of
manufacture and assembly, resulting in lower cost.

Fasteners Table — A Cost Table that consists of not only traditional fasteners such as bolts, nuts and
rivets but also adhesives, hose clamps and retaining rings.

Fixed Cost — Costs associated with production that is independent of volume produced. Fixed cost
items, such as tooling, are converted to variable costs when included in the Cost Report.

Initial Cost — The cost of the vehicle submitted for initial judging in the Cost Report.

Lean Manufacture — A methodology for producing goods that emphasizes the elimination of waste
and improvement in process flow with the goal of optimizing the cost and quality of goods.

Materials Table — Lists the costs for raw materials used to manufacture parts built by the teams and
also of finished parts purchased by the teams.

Minimum Constraint Design (MCD) — A design methodology emphasizing elimination of redundant
constraints in the attachment of parts. Each part requires constraint in six degrees of freedom and
additional constraints can make assembly difficult, force tight tolerances and increase the cost of
manufactured goods.

Parameters — Used to create an equation describing the cost of an object as a function of some
characteristic of that object. For example the cost of steel is proportional to the mass (or volume) of
steel. In this case steel has been parameterized by mass. Rubber hose could be parameterized by
diameter. The equations can be linear or non-linear and both 1st and 2nd order equations are used as
necessary to build the Cost Tables.

Process Multipliers - Modify the standard costs of different operations to account for material and
geometric differences in the part.

Purchased Parts — Also called bought parts; these items are listed in the Cost Tables in a near as-
installed condition. For example wheels, engines and turbochargers are purchased parts. In some cases
purchased parts may still require additional processing before they can be assembled to the car.
Wheels, for example, do not include the machined features for mounting to the hub. Purchased parts
do not include fasteners unless specifically noted in the Cost Tables.

Quantity — The amount of the item
Raw Materials — Materials used for manufacturing parts, such as aluminum, steel and rubber hose.
Tools — Tools refer to hand or power tools used to assemble the vehicle. The costs of these tools are

not included in the Cost Report. The effect of the tools used for assembly are captured in the process
tables for labor as different costs are given based on the tools used for assembly.
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S54.6.22

54.6.23

54.6.24

54.6.25

Tooling - Is the production tooling associated with processes that are specific to the part geometry.
The costs of tooling must be included in the Cost Report. For example the dies to stamp out a
chassis bracket are tooling. The press used to stamp the bracket is not, and is considered production
equipment which is not part of the Cost Event.

Unit — Is the measurement system used to define the quantity of a parameter.

For example millimeters and kilograms are units. The hose clamp diameter unit is mm. When
calculating the cost of the clamp the unit of measurement used by the team must match the Unit
specified in the tables. For example a US team mistakenly calculates the hose clamp cost by using the
expression with a diameter of 1, because their radiator hose is 1 inch in diameter. They should have
used 25.4mm for the diameter and their cost is wrong because of it. For the penalties associated with
this type of error see S4.19

Unit Cost — Is the cost for something assuming a numerical value of one (1) of the unit used to
measure the item. The cost is the quantity of an item multiplied by the unit cost.

Variable Cost — Is a cost associated with production that is proportional to the vehicle volume
produced. All costs submitted with the Cost Report will be variable costs.

S4.7 General Requirements
S4.7.1  The Cost Report must:

a. Use the standardized Cost Tables. The tables are designed to reflect a hypothetical car built for
production at the annual volume of 1000 units per year.

b. Listand cost every part on the prototype vehicle. This includes any equipment fitted on the
vehicle at any time during the competition. The only exceptions are that, per S4.23 “Cost Report
Exempt Items” of the Rules, the cost of any finish, on-board fire suppression system, rain tires,
video or radio system, does not need to be included in the Cost Report.

c. Be based on the estimated costs of materials, fabrication, purchased parts, and assembly of the
car. The costs shall be calculated as defined in these rules.

d. Be based on the actual manufacturing technique used on the prototype, e.g. cast parts on the
prototype must be cost as cast, and fabricated parts as fabricated, etc.

e. Include tooling (e.g. welding jigs, molds, patterns and dies) for processes requiring it.

f. Exclude R & D and capital expenditures (e.g. plant, machinery, hand tools and power tools).

NOTE: There is no maximum cost. Receipts are not required for any items.
S4.7.2  The Cost Tables have been designed to:

a. Be verifiable at the event. Differentiating between different types of materials (for example
different alloys of steel) is not possible so no differentiation is made in the table cost.

b. Minimize influence on safety equipment content. For example driver harnesses are cost
independent of the style chosen.

c. Higher costs of some goods must reflect actually higher value of those goods. However, the
costs must still allow for team innovation and vehicle content, with some reduction in cost
score.

S4.8 Scoring
The points for the Cost and Manufacturing Event will be broken down as follows:
40x[(Pmax)/(Pyour)-1] Lowest cost - each of the participating schools will be ranked

[(Pmax)/Pmin)-1] | 40 Points by total adjusted cost from the BOM and given 0-40 points
based on the formula on the left.
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Accuracy, Clarity & Event Day/Visual Inspection - The cars
will be reviewed for part content, manufacturing feasibility
40 Points and accuracy of the cost information. Supporting
documentation will be assessed based on its quality, accuracy
and thoroughness. The range for the score is 0-40 points.

Event Day/Manufacturing Processes - The teams must be
prepared to discuss in detail the “real case” scenario

20 Points distributed prior to the competition. The materials will
include more specifics about the goal and scoring of the
scenario. The range for the score is 0-20 points.

Total

100 Points

Where:

Pyour is the adjusted cost of your car (with penalties) in dollars.
Pmin is the adjusted cost of the lowest cost car in dollars.
Pmax is the cost of the highest cost car in dollars.

S4.9 Cost Report
S4.9.1  The Cost Report consists of a full vehicle BOM with cost data derived from the Cost Tables and
supporting documentation. The Cost Report must be submitted in two (2) forms:

a.

Electronic Version — The upload of the electronic cost report has to be done in these steps:
i.  Upload of the vehicle BOM as Microsoft Excel ® file (.xIs or .xIsx)
ii.  Upload of the supporting material as one separate PDF file (.pdf)

The electronic version of the two files must be identified as follows:

Carnumber_schoolname_competitioncode_CR_BOM.xIs using the assigned car number, the
complete school name and the competition code.
Example: 087_University of FSAE_FSAEM_CR_BOM.xIs

Carnumber_schoolname_competitioncode_ CR_Supplement.pdf using the assigned car number,
the complete school name and the competition code for the BOM.
Example: 087_University of FSAE_FSAEM_CR_Supplement.pdf

Competition Codes are listed in Rule A2.6

Hard Copy — The hard copy Cost Report must be in a ring binder with 8.5 x 11” or A4 pages
including both the BOM and supporting documentation (Annex).

A complete submission includes all portions of the electronic cost report and the hard

copy. The electronic version of the Cost Report must be submitted via fsaeonline.com. The
hard copy must be mailed to the address posted on sae.org. The hard copy must also include a
copy of the electronic files on a memory stick or CD.

NOTE: Some competitions may waive the hard copy requirement. If so, the waiver will be published
on the SAE website. Also note that the electronic submission has been broken into multiple parts to
enable the BOM to be posted per rule S4.5 without posting the supporting documentation.

S4.9.2  Cost Report Identification
The cover of the Cost Report must include the following:
(a) university name, (b) competition name, and (c) vehicle number.
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NOTE: Teams that are submitting a single Cost Report covering more than one North American
competition must identify their report as follows:

University Name (full name)

Formula SAE Michigan, Car # XXX and Formula SAE Lincoln, Car #YYY

The Cost Report must consist of the following:
e A Cover sheet
e A Table of Contents
e A Cost Summary page listing each section’s cost, and the total vehicle cost
e Eight commodity report sections with the parts placed in the sections as specified in Appendix
S-3.
e Tabs for each section

Bill of Materials (BOM)
The BOM is a parts list for every vehicle part. It also shows the relationships between the items.

The following terminology will be used when referring to the BOM.
e The overall vehicle is broken down into eight (8) systems which are defined in Appendix S-3.
Systems are made up of Assemblies.
Assemblies are made up of Parts.
Parts consist of materials, processes and fasteners.
Tooling is associated with each process that requires production tooling.

An example BOM structure is shown below:

e Engine & Drivetrain.................c.ooooeiiennan. System
o Engine..........ocoiiiiiiiiii Assembly
o Differential......................oc Assembly
" Housing.......ooovvvviiiiiiiiiiiieee Part
" Aluminum..........cooenn., Material
» Needle Bearing.............c......... Material
m Sandcast.........cooiiiiiiiiiiiiinnn. Process
o Die & Core Package #4........ Tooling
=  Machining-Turn....................... Process
= o Weld..oooo Process
= Mo6x1.25 Grade 8.8..........ceentn. Fastener
m o Internals...........oocoiiiiiiiiiii Part
" EndCap....ooooiiiiii Part

The BOM must follow the format given above. There must be no other BOM levels added or any
removed. Deviations from the structure published will be penalized per Section S4.18.

All assemblies, parts and fasteners in the BOM must use a standard numbering convention explained
in Appendix S-2.

The Cost Tables

All costs in the Cost Report come from the standardized Cost Tables. These tables have been
compiled to represent the cost of parts and processes that a manufacturing company could be expected
to pay for manufacturing a vehicle at 1000 units per year. Generally, the tabulated value represents %2
of the Manufacturer’s Suggested Retail Price (MSRP) for finished parts. Raw materials, commodities
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and fasteners also intended to represent the production volume of a company rather than the purchase
price of the University teams.

Requests to alter the cost of goods in the tables because of changing world markets or individual team
purchase price will not be approved. The tables are intended to provide a fair, unchanging (within a
given competition year) cost for parts and to reduce regional variations in price that may help or hurt
certain teams. All teams must use the costs given in the tables. If a team wishes to use any parts,
processes or materials not included in the tables an “Add Item Request” must be submitted as per
Section S4.14.

The tables represent cost based on specific parameters. For example the cost of steel is given per unit
of volume (or mass). Likewise, engine costs are listed by displacement and specific power output.

The following Cost Tables are used

e Materials

e Processes

e Process Multipliers
o [asteners

e Tooling

Engine cost includes transmission (whether integral or not by design), components used to transmit
power between engine and transmission and all components necessary to run including spark plugs,
coils, wires, oil filter, etc. with the exception of the air induction and fuel system components. Any
driveline component downstream of the transmission output gear/shaft is not included. Cost
includes engine as received by manufacturer but not custom parts such as drysump pans, PCV
changes, etc. Fully internal engine changes are free. If covers or other parts are removed
disassembly labor must be included in labor cost.

In general, most items have a cost expressed as a function of one parameter. In cases where more
than one parameter is necessary additional categories are listed. For example the power output of the
engine has three Categories and for each Category a different expression calculates the cost as a
function of the engine displacement, which is the Parameter. The Unit would be cubic centimeters in
this case.

Process Multipliers are used to modify the standard costs of different operations to account for
material and geometric differences in the part. For every process included in the Cost Report the list
of process multipliers must be checked to determine if any apply, and if they do their effect on the
cost must be included.

When adding items from tables to the BOM the comments section should be reviewed thoroughly to
understand what is included in the table entry. For example is the spring included in the damper cost?
Do the spark plugs come with the engine or are they a separate line item? In cases where the
explanation is not clear please contact the Rules Committee for clarification.

Cost Models & Costing Methodology

The cost models are the underlying methodology and equations that relate the final cost of a part or
process to the different operations and goods used in that part. The detailed explanation of the Cost
Models and Costing Methodology is included in Appendix S-1 and should be referenced for
understanding the use of the Cost Tables.

Make Versus Buy
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Every part on an individual car can be classified as “made” or “bought”. This designation does not
necessarily refer to whether a team actually purchased or fabricated a part but is a reflection of how
the part must be cost from the Cost Tables.
a. Made (or manufactured) parts must be cost as if the company manufacturing the vehicle was
going to make the part internally. That is by purchasing raw materials and processing them into
a finished product.
b. Bought parts must be cost as if the company manufacturing the vehicle was going to outsource
the fabrication of that part. These parts would be received by the vehicle manufacturer in a
relatively finished state (see the particular table entry comments field for specific information).

The Cost Tables have been constructed as a tradeoff between complexity for the organizers and
fairness for the teams. The make versus buy designation enables certain parts to be simplified to a
relatively few number of entries. For example some teams may purchase axles but the majority of
teams manufacture them. Axles are designated “make” parts so teams that purchase axles must cost
them as if they had made them starting with the raw materials, in this case probably steel tubing.
Made parts can be distinguished because they do not appear explicitly in the Cost Tables or appear
with a “cost as made” option.

If a team genuinely makes a part listed on the table as a bought part they may alternatively cost it as a
made part if and only if a place holder entry is listed in the tables enabling them to do so. For
example, in the category of dampers a “student built” entry is included. This line item must be
included in the BOM (it has zero cost). Then they must proceed to cost the damper they actually
designed and built.

A table summary of options is given below:

How Team Actually Acquired the Part

How Table Lists Part Team Made Team Bought

Table Lists Part as
"Made", or Part is not Cost as "Made" Cost as "Made"
Listed in the Tables

Team made option NOT in
table cost as "Bought". If team
made option in table team can Cost as "Bought"
choose either "Bought" or
"Made"

Table Lists Part as
"Bought"

For example a snap ring does not have a “team made” entry in the Cost Tables. A team who made
their own would still have to use the table cost based on diameter, even if they could cost it less
expensively by buying steel and processing it.

Any part which is normally purchased that is optionally shown as a made part must have supporting
documentation submitted to prove team manufacture. This might include engineering drawings,
pictures of machining, etc. Teams found costing bought parts as made parts will be penalized
appropriately.
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Add Item Request

The costs tables are intended to include all materials, processes and fasteners needed by the teams to
accurately reflect the content, manufacture and assembly of their vehicle. However, it will be
necessary to add items to the tables to suit individual team requirements. To do this an “Add Item
Request” must be submitted to the Rules Committee. After review the item will be added to the tables
with the next table update with a cost appropriate to the overall Cost Table framework and spirit of the
competition.

The tables will be updated throughout the competition year as required.

The form should be completely filled out and contains the necessary instructions. Some supporting
documentation will be required such as receipts or website links. The Add Item request is the only
time receipts will be needed for the Cost Event.

NOTE: Since all teams work off the same tables once a team requests an item be added to the tables
all teams will see the addition. Any team using the newly added item will use the same cost. The
identity of the school that made the request will not be published.

Report Submission and Deadline
a. The Cost Report must be submitted in the designated format for each event.
b. For some events, a printed copy of the report must also be submitted and must be on 8 1/2 inch
x 11 inch or A4 size paper, using a 10-point font size or larger.
c. Submission Address and Deadline — The submission requirements, address and deadline will be
published in the appendix or released on the website of the specific competition.

Late Submission of Cost Report

It is imperative that the cost judges have the Cost Reports in enough time for proper evaluation.
Teams that submit reports late will be penalized 10 points per day late, with a maximum penalty of 80
points. Teams that do not submit a Cost Report will receive negative 100 points for the Cost &
Manufacturing Analysis score. Penalties will be applied based on official upload date and time for
electronic submission and by post mark for printed submissions.

Addenda

An addendum that reflects any changes or corrections made after the submission of the Cost Report
must be submitted at Registration when the Team registers on-site at the Event. It will not be accepted
at any other time or place. The addendum document must follow the template format specified in
Appendix C-5. No other format will be accepted.

Addenda apply only to the competition at which they are submitted. A separate addendum is
permitted for every competition a vehicle attends.

Any items added to the Cost Report through addenda will be cost at 1.25 times the table cost. Any
items removed through addenda will only be credited 0.75 times the table cost.

NOTE: Late changes to designs impact costs in the real world. Contracts need to be altered,
commodity costs can change, cancellation fees may be incurred and information needs to be
transmitted to suppliers. The scaling factors for the addenda capture this as well as encourage teams
to submit full and accurate information with the initial Cost Report.

Cost Report Judging and Penalties Process
The following procedure will be used in determining penalties:
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a. Penalty A will be calculated first using procedure S4.19
Penalty B will then be calculated using alternative procedure S4.20
c. The greater of the two penalties will be applied against the cost score
i.  Penalty A expressed in points will be deducted from the Accuracy score
ii.  Penalty B expressed in dollars will be added to the Adjusted Cost of the vehicle
d. If no additional points remain to be deducted from the Accuracy score the penalty will be
applied using method B against the Adjusted Cost

o

If the alternative penalty is used because no additional accuracy points remain then the highest of the
A type penalties will be converted to B type penalties. In effect, the order the penalties are calculated
and applied against the team does not matter.

Any error that results in a team over reporting a cost in their Cost Report will not be further penalized.
For example, when the Cost Report is prepared the thickness of the brake rotors has not yet been
determined. The team conservatively costs the rotors as 10mm thick. The final thickness is 8mm and
no change is made in the addendum. The team rotor price is higher than necessary but no penalty is
applied.

NOTE: The penalty system is intended to reward accuracy and minimize workload at the
competition for students and judges. In most cases a standard point deduction will be made to the
accuracy score.

NOTE: Any instance where a team’s score benefits by an intentional or unintentional error on the
part of the students will be corrected on a case by case basis.

Penalty Method A- Fixed Point Deductions

From the Bill of Material, the cost judges will determine if all parts and processes have been included
in the analysis. In the case of any omission or error the judges will add a penalty proportional to the
BOM level of the error. The following standard points deductions will apply:

e Missing/inaccurate material, process, fastener.................. 1pt.
o MisSing/inaccurate Part..........oceeeeueeneeienieneeneinennannennnn 3 pt.
e Missing/inaccurate assembly............oooviiiiiiiiiiiiiiiii 5 pt.

NOTE: Each of the penalties listed above supersedes the previous penalty. If a 5 point deduction is
given for a missing assembly the missing parts are ignored for Method A. Method B would include
the cost of the missing parts in the calculation.

Differences other than those listed above will be deducted at the discretion of the cost judges.
Examples of errors leading to points deductions:
e Five M6 fasteners listed, six used — 1 pt.
Three kilograms of steel listed, 4.4 used — 1 pt.
Bearing carrier face machined, mill operation not included — 1 pt.
Installation labor for steering wheel missing — 1 pt.
Upright cost as cast but actual part billet machined — 3 pt.
Pneumatic shifter not included on BOM — 5 pt.

The penalties above will be deducted from the points awarded for Accuracy of the Cost Report.

Penalty Method B — Adjusted Cost Deductions
The alternative penalty will be calculated using the following equation:
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Penalty = 2 x (Table Cost — Team Reported Cost)

The table cost will be calculated from the standard Cost Tables. The penalty calculation will result in
a dollar value equal to twice the difference between the team cost and the correct cost for all items in
error.

This penalty, if applied, will be made to the Adjusted Cost of the vehicle.

NOTE: The table costs of all items in error are included in the calculation. A missing assembly
would include the price of all parts, materials, processes and fasteners making up the assembly.

Penalty Calculation Example

For example the pneumatic shifter was inadvertently left off the Cost Report. As this is an assembly
the standard error is 5 points. The cost of all air shifter parts and processes from the Cost Tables is
$500. This means the total penalty cost is $1000. To see which is greater, 5 points or $1000, the
dollar penalty needs to be converted to points by reference to the Cost Points formula:

Points = 40x[(Pmax)/(Pyour)-1]
[(Pmax)/Pmin)-1]

Substitute the cost of the vehicle (Pyour) with $15,000 while the minimum vehicle cost (Pmin) was
$10,000. The maximum vehicle cost (Pmax) was $50,000. Calculating the points equivalent for this
dollar amount yields 2.5 points. This is less than the standard penalty. In this case the 5 points would
be deducted from the Accuracy score.

If the team had made many small errors and had no more accuracy points available then the $1000
would be added to the team’s adjusted cost.

Discussion at the Competition
At this discussion, the Cost Judges will:
a. Review whether the specification of the vehicle in the Cost Report accurately reflects the
vehicle brought to the Competition
b. Review the manufacturing feasibility of the vehicle
c. Assess penalties for missing or incorrect information in the Cost Report compared to the vehicle
presented at inspection.

The team must present their vehicle at the designated time to the Cost Judges for review of the Cost
Report. Teams that miss their cost appointment will potentially lose all cost points for that day. The
schedule for these appointments will be in the registration packets and/or posted on the website.

Cost Report Exempt Items

Finishes

The car will be considered to be shipped as primed or gel coated and a cost recorded. Any finishes
(paint, polish, etc.) that are only used to beautify need not be costed. Preservative finishes intended to
protect the appearance or function of a part for an extended period of time must be costed (labor and
material included).

Fire Extinguisher and Suppression System
Hand held fire extinguishers are not allowed on the vehicle (See Rule T14.14 “Fire Extinguishers”),
but if the car has an on-board fire suppression system, it is not required to be costed.
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Tires and Wheels

Only one set of tires and wheels needs to be included in the Cost Report. The tires and wheels that are
declared as dry tires per rule T6.4 “Tires” must be the tires included in the Cost Report, and must be
the tires on the car during the Cost Event judging. Other tires that will be potentially used at the
competition (i.e. rain tires) do not need to be included in the Cost Report.

Transponders, Video and Radio Systems
Transponders, video and radio systems, need not be included in the Cost Report.

Data Acquisition Systems
Data acquisition systems must be included in the Cost Report. This includes display screens, control
modules and all sensors.

Systems that are “stand-alone” data acquisition systems (e.g., a device that passively logs CAN data)
are to be included at $0. Systems offering additional functionality have to have this functionality (e.g.,
a driver display) included, whether it is used or not.

Stand-alone systems must be removable without compromising any vehicle functionality aside from
the logging capability. This capability may be audited by the judges at any time prior to the
announcement of the Cost Event Results. Sensors and wiring must be included in the Cost Report
using the Cost Table prices.

Exchange Rates & Unit Systems
The currency of the Cost Report will be referred to as dollars. Since all items have a cost from the
Cost Tables the actual currency unit is irrelevant.

All Cost Tables are presented using metric units. The tables do not differentiate between parts
designed in metric and US systems of measure. For example a % bolt is simply input as a 6.35mm
bolt. Tubing with a wall thickness of 0.035 inches is input as 0.889mm tubing. All sizes are assumed
to be standard for the part being cost and no surcharge applies for any size, even if the size is non-
standard. For example a team makes a custom 6.112mm bolt which took several hours of student
time. However, this bolt is chosen from the Cost Tables and is less than one dollar. The assumption
is in high volume production these bolts would be purchased in bulk.

The comment section for each material, process or fastener may, at the student’s discretion, refer to
the specific part by actual local designation. For example a 6.35mm bolt is cost but the comments
would say “V4 inch A-arm bolt”.

Because the Cost Report reflects a production cost for 1000 units per year all material and commaodity
sizes are assumed to be available for the necessary volume without cost penalty.

ARTICLE 5: PRESENTATION EVENT

S5.1
S5.1.1

Presentation Event Objective — Business Case

The objective of the presentation event is to evaluate the team’s ability to develop and deliver a
comprehensive business case that will convince the executives of a corporation that the team’s design
best meets the demands of the amateur, weekend competition market, including Sports Car Club of
America (SCCA) Solo, and that it can be profitably manufactured and marketed. (See also Al1.2)
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The judges should be treated as if they were executives of a corporation.

Teams should assume that the “executives” represent different areas of a corporate organization,
including engineering, production, marketing and finance, and thus may not all be engineers.

Presentations will be evaluated on the contents, organization and visual aids as well as the presenters’
delivery and the team’s response to questions.

The presentation must relate to the car entered into the competition and although the actual quality of
the prototype itself will not be considered as part of the presentation judging, the presentation must be
consistent with the Business Logic Case that is submitted prior to the competition.

Presentation Schedule

Presentations will be made on the static events day. Presentation times will be scheduled by the
organizers and either, or both, posted in advance on the competition website or released during on-site
registration.

Teams that fail to make their presentation during their assigned time period will receive zero (0)
points for the event.

Presentation Format
One or more team members will give the presentation to the judges.

All team members who will give any part of the presentation, or who will respond to the judges’
guestions, must be in the podium area when the presentation starts and must be introduced to the
judges. Team members who are part of this “presentation group” may answer the judge’s questions
even if they did not speak during the presentation itself.

Presentations are limited to a maximum of ten (10) minutes. The judges will stop any presentation
exceeding ten minutes.

The presentation itself will not be interrupted by questions. Immediately following the presentation
there will be a question and answer session of up to five (5) minutes.

Only judges may ask questions. Only team members who are part of the “presentation group” may
answer the judges’ questions.

Data Projection Equipment
Projection equipment is not provided by the organizers.

Teams planning to use data projectors, or any type of projectors, as part of their presentation are
responsible for bringing, or otherwise arranging for, their own projection equipment.

Evaluation Criteria
Presentations will be evaluated on content, organization, visual aids, delivery and the team’s response
to the judges’ questions. The scoring criteria are detailed in Appendix S-6 “Presentation Judging”.

The criteria are applied only to the team’s presentation itself. The team that makes the best
presentation, regardless of the quality of their car, will win the event.

Scoring Formula
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The Presentation Events score is based on the average of the judges’ scores.
There is a maximum of fifty (50) points from the Presentation Judging Form.

PRESENTATION SCORE = 75 x Pyour/Pmax
Where:

“Pmax” is the highest score awarded to any team
“Pyour” is the score awarded to your team

It is intended that the scores will range from near zero (0) to seventy-five (75) to provide good
separation.

The Presentation Event Captain may at his/her discretion; normalize the scores of different judging
teams.

Presentations without a Completed Car
Teams that unable to bring a vehicle to the competition may participate in the Presentation Event and
will receive a score for that event.

NOTE: Participating in the Presentation event without bringing a vehicle to the competition will not
affect the status of the car you have under construction at your school. When you finish it and bring it
to a competition it will still be a first year vehicle under Rules A6.6 and A6.8

ARTICLE 6: DESIGN EVENT

S6.1
S6.1.1

S6.1.2

S6.1.3

S6.2
S6.2.1

Design Event Objective

The concept of the design event is to evaluate the engineering effort that went into the design of the
car and how the engineering meets the intent of the market both in terms of vehicle performance and
overall value.

The car that illustrates the best use of engineering to meet the design goals, a cost effective high
performance autocross car, and the best understanding of the design by the team members will win the
design event.

Comment: Teams are reminded that FSAE is an engineering design competition and that in the
Design Event; teams are evaluated on their design. Components and systems that are incorporated into
the design as finished items are not evaluated as a student designed unit, but are only assessed on the
team’s selection and application of that unit. For example, teams that design and fabricate their own
shocks are evaluated on the shock design itself as well as the shock’s application within the
suspension system. Teams using commercially available shocks are evaluated only on selection and
application within the suspension system.

The design judges may also consult the Business Logic Case that is submitted before the event. It is
expected that the car that is presented at the design event should reflect the design concept that is
developed in the Business Logic Case.

Design Report — Required Submission

Design Report - Judging will start with a Design Review before the event. The principal document
submitted for Design Judging is a Design Report.
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The Design Report must not exceed eight (8) pages, consisting of not more than four (4) pages of
text, three (3) pages of drawings (see S6.4, “Vehicle Drawings”) and one (1) optional page containing
content to be defined by the team (photo’s, graphs, etc...).

The document should contain a brief description of the vehicle with a review of your team’s design
objectives, a discussion of any important design features and vehicle concepts. Include a list of
different analysis and testing techniques (FEA, dynamometer testing, etc.). Evidence of this analysis
and back-up data should be brought to the competition and be available, on request, for review by the
judges.

These documents will be used by the judges to sort teams into the appropriate design groups based on
the quality of their review.

Comment: Consider your Design Report to be the “resume of your car”.

Design Spec Sheet — Required Submission
Design Spec Sheet — A completed FSAE Design Spec Sheet must be submitted.

The FSAE Design Spec Sheet template can be found at www.fsaeonline.com. Do not alter or re-
format the template prior to submission.

The design judges realize that final design refinements and vehicle development may cause the
submitted figures to diverge slightly from those of the completed vehicle. For specifications that are
subject to tuning, an anticipated range of values may be appropriate.

The Design Report and the Design Spec Sheet, while related, are independent documents and must be
submitted as two (2) separate files,

Vehicle Drawings
The Design Report must include one set of three (3) view drawings showing the vehicle, from the
front, top, and side.

Each drawing shall appear on a separate page. The drawings can be manual or computer generated.
Photos should be placed on the optional page and will not be counted as drawings.

Design Report and Design Spec Sheet Formats

The Design Report must be submitted electronically in Adobe Acrobat® Format (*.pdf file). This
document must be a single file (text, drawings, and optional content all inclusive).

The Design Report file must be named as follows:

carnumber_schoolname.pdf using the FSAE assigned car number and the complete school name, e.g.

001_University of SAE.pdf

Design Spec Sheets must be submitted electronically in Microsoft Excel® Format (*.xls file). The
format of the Spec Sheet MUST NOT be altered.

Similar to the Design Report, the Design Spec Sheet file must be named as follows:

carnumber_schoolname_specs.xls using the FSAE assigned car number and the complete school
name, e.g. 001_University of SAE_spec.xls
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WARNING — Failure to exactly follow the above submission requirements may result in exclusion
from the Design Event. If your files are not submitted in the required format or are not properly

named then they cannot be made available to the design judges and your team will be excluded from
the event.

Excess Size Design Reports

If a team submits a Design Report that exceeds four (4) pages of text, three (3) pages of drawing and
one (1) optional page, then only the first four pages of text, three pages of drawings and first optional
page will be read and evaluated by the judges. NOTE: If included, cover sheets and tables of contents
will count as text pages.

Submission Deadlines

The Design Report and the Design Spec collectively constitute the “Design Documents”. The Design
Documents must be submitted in compliance with the specific procedure and by the deadline shown
in the website for the competition your team is entering. Submit the documents in accordance with
the instruction on the individual competition websites.

The Design Documents must be submitted as separate files.

Document submission will be acknowledged either on the competition website or by email. Teams
should have a printed copy of this acknowledgement available at the competition as proof of
submission in the event of discrepancy.

Penalty for Late Submission or Non-submission

The Design Report and Design Spec Sheet collectively constitute the “Design Documents”. Late
submission or failure to submit all, or any one, of the Design Documents will be penalized at the
standard negative ten (-10) points per day to a maximum of negative one hundred (-100) points. If
any or all of your Design Documents are received more than ten (10) days late they will be classified
as “Not Submitted” and your team will not participate in the Design Event and will receive zero (0)
points for design.

Penalty for Unsatisfactory Submissions

At the discretion of the judges, teams that submit a Design Report or a Design Spec Sheet which, in
the opinion of the judges does not represent a serious effort to comply with the requirements of Rules
S6.2, S6.3 and S6.4 will also not compete in the design event, but may at the design judges’ discretion
receive between five (5) and twenty (20) points for their efforts.

Design Event — Vehicle Condition
Cars must be presented for design judging in finished condition, i.e. fully assembled, complete and
ready-to-run.

The judges will not evaluate any car that is presented at the design event in what they consider to be
an unfinished state.

Unfinished cars that are refused judging will receive zero (0) points for design.

Point penalties may be assessed for cars with obvious preparation issues, e.g. notably loose or missing
fasteners.
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S6.11
S6.11.1

S6.11.2

S6.11.3

S6.11.4

S6.12
S6.12.1

S6.12.2

S6.12.3

S6.13
S6.13.1

S6.13.2

S6.14

S6.15
S6.15.1

S6.15.2

NOTE: Cars can be presented for design judging without having passed technical inspection, and
even if final tuning and setup is in progress.

Judging Criteria
The design judges will evaluate the engineering effort based upon the team’s Design Report, Design
Spec Sheet, responses to questions and an inspection of the car.

The design judges will inspect the car to determine if the design concepts are adequate and
appropriate for the application (relative to the objectives set forth in the rules).

It is the responsibility of the judges to deduct points if the team cannot adequately explain the
engineering and construction of the car.

Design Judging Score Sheet — The Design Judging Score Sheet is available at
www.fsaeonline.com/go/downloads. The judges strongly urge all teams to read and study the score
sheet and all other documents related to design judging that are available on the website.

We highly recommend reading “FSAE Design Judging, A Student Guide to Understanding the
Process” which is available on the FSAE website.

Judging Sequence
The actual format of the design event may change from competition to competition and year to year as
determined by the organizing body.

All Formula SAE organizing bodies reserve the right to organize Design Judging into one, two or
three steps at their sole discretion.

Design judging at the North American competitions is typically conducted in 2 steps.

Scoring
Scoring may range from 0 to 150 points at the judge’s discretion.

The judges may at their discretion award the highest placing team less than 150 points.

Support Material

Teams may bring with them to the Design Event any photographs, drawings, plans, charts, example
components or other materials that they believe are needed to support the presentation of the vehicle
and the discussion of the their development process.

Second Year Cars - Penalties for Insufficient Redesign
Penalties for insufficient redesign are in effect at Formula SAE Australasia, Formula SAE Brazil,
Formula SAE Italy, and Student Formula Japan.

The judges will deduct fifty (50) points from the final design score for cars without a new frame. (See
Rule A6.9) An additional thirty (30) points may be deducted if the photographic and other supporting
documentation fails to show that the remaining parts of the vehicle have been significantly changed
(e.g. the intake manifold is obviously the same or it is obvious that the old suspension was simply
bolted to a new frame, or none of the team members show an understanding of the design of various
components).
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S6.15.3 If the new frame is similar to last years, it is advisable to bring along evidence of the change (bringing
along the old frame is not a bad idea).

S6.15.4 Second year cars are prohibited at the North American FSAE competitions. (See Rule A6.7)

148
© 2015 SAE International. All Rights Reserved 2016 Formula SAE® Rules — May 11, 2015



S

INTERNATIONAL .

2.2

2.3

24

3.1

3.2

3.3

3.3.1

3.3.2

3.3.3

APPENDIX S -1 COST MODEL AND COST METHODOLOGY

Cost Models & Costing Methodology

The cost models are the underlying methodology and equations that relate the final cost of a part to the
different operations and goods used in that part. These descriptions are accurate at the time of the rules
publications. The models may be expanded as necessary based on evolving requirements.

Raw materials

Raw materials refer to the material stocks used to produce parts from scratch, such as billet steel for
machining or aluminum ingot for casting. Bar, sheet and tube stock are purchased using raw material
costs. The raw material purchased must include machining allowance. Standard allowances are given
in 4.1 and must be used

Gross weight will refer to the weight of the raw material, including all machining stock
Net weight will refer to the weight of the finish machined part

Material costs are based on part gross weight. For example a steel hub is machined from solid bar. The
interior is removed by boring. The cost of the bar must include this interior material. Raw materials are
normally cost by volume. A cost by weight is also given using an official density listed in the tables.
Any parts that are weighed at competition to confirm cost will use the official density in calculating
cost.

Assembly Labor
The assembly labor model is based on the following parameters:

Mass — The mass of the part influences the time it takes the operator to assemble the part to the
assembly or vehicle. Light parts can be installed with one hand. Heavier parts require two hands and
the heaviest parts need a lift assist apparatus. These factors are accounted for by selecting the
appropriate entry from the process labor tables. The actual part mass must be equal to or less than the
value selected. For example a 300g part would have an assembly labor category of 1 kg.

Interfaces — The more interfaces a part has with the surrounding parts the longer it takes to assemble.
Parts designed for minimal constraint are the easiest and cheapest to assemble.

Fit type — The ease with which a part can be assembled is described by the fit. There are three
categories of fits:

Loose — the part assembles with no force. Examples include a quick release steering wheel onto the
steering shaft and a bracket bolted to a monocoque.

Line on line —the part is designed to have a close fit to the surrounding parts and some buildup of force
is required to get the part started. Examples include a rod end inserted between two tabs in double shear
and a splined axle shaft into the differential gear.

Interference — significant force is required to insert the part and mechanical assistance may be
necessary. Examples include a rubber hose onto a barbed fitting and a ball bearing into a bore.
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4.1

4.7

4.8

4.9

4.10

5.1

Machining

Costs for machining operations are based on the volume of material removed. The actual machine used,
whether mill, lathe or otherwise, is the same unless a specific line item is included for that machine,
such as gear hob.

NOTE: the machining model has been simplified from previous years. There are no longer rough and
finish cuts nor near net shape processes.

All processes require a minimum of 1mm (0.040 inches) of machining stock to be removed from each
surface of the part with machining.

The process multiplier for the material must also be used to calculate the total process cost of the
operation. If a process multiplier is required it will be listed in the processes table in the column labeled
‘Multiplier Type Used’. If the column is blank for a process none is required.

When costing the raw materials that go into making machined parts the machine stock must be included
in the purchased material mass, even though this material is machined away to produce the final part.
This represents the cost of the purchased material. For example, an upright bore is machined into a
piece of billet aluminum. The interior material that is milled away must be included in the billet mass
and hence cost. The same feature machined into a casting need only include 1mm of machine stock of
the machined away material

Machining requires labor operations to account for the time it takes an operator to fixture the part onto
the machine. Every machined part requires at least a ‘Machining Setup, Install and Remove’ operation.
This is the time it takes to pick up the work piece, fixture on the machine, and remove it when the
machining is complete. For a part that requires an intermediate change in position, such as to machine
the back of the part which would not be accessible in a single fixturing setup, the labor step of
‘Machining Setup, Change’ is also required. For example, an upright that requires three different
orientations on a mill to fully machine would require two of the ‘Machining Setup, Change’ and the
‘Machining Setup, Install and Remove’ labor operations.

In certain cases, it is possible to fixture a work piece of raw material and machine more than one part
out of it. For example, a self-feeding lathe could machine 10 suspension inserts out of a single piece of
bar stock. In this case the quantity of the ‘Machining Setup, Install and Remove’ may be set to 0.1.
This represents the 10 parts that can be machined per setup. This assumption should clearly be noted in
the Cost Report along with enough details for the Cost Judges to verify the part geometry is appropriate
for the machine being used.

Tooling & Fixturing

Tooling is necessary when certain processes are used. These can be identified in the tables because the
tooling required will be indicated. Sometimes several types of tooling are available for the same
process. Each has a description and an associated process with which it can be used. If a process has
more than one tooling type associated with it the team must use the tooling that is closest to the actual
tooling used in their prototype vehicle construction. Most tooling costs are independent of part shape,
the assumption being that tooling for smaller parts will be built with multiple cavities to create an
optimal cost effectiveness.

After calculating the total tooling cost for a part the cost must be divided by the Production VVolume

Factor (PVF) before being included in the Cost Report. The PVF represents the ability of the tooling to
produce parts in volume production.
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5.2

5.3

6.1

6.2

6.3

6.4

6.5

6.5.1

6.5.2

Production VVolume Factor (PVF)
All parts not otherwise listed: 3000
Composite Monocoque (composite tub): 120

The following equation is used to calculate the tooling cost to be included for each part:

Part Tooling Cost = Table Tooling Cost
PVF * Number of Parts Using Exact Tooling

The tooling cost should be included with the appropriate part on the BOM. Tooling is not a separate
section.

For example a cast aluminum upright uses a 2-piece sand core package. Total table price is $5000 +
$5000 = $10000. The team has designed the casting to be used for both the left and right hand rear
corners. Calculating the Part Tooling Cost gives:
Part Tooling Cost = $10000= $1.67 per upright
3000 * 2
The $1.67 must be included as a line item on the Costed Bill of Material for each Upright.

Another example is a team is manufacturing a composite monocoque. The tub is constructed by
building the top and bottom separately and bonding it together. Both the top and bottom use a two piece
composite tool and the cost of all four tools is $45000. The PVF for tub tooling is only 120 because of
the amount of time required to construct each tub so the tub Part Tooling Cost is:
Part Tooling Cost = $45000= $375 per tub
120*1

Fastener Installation

The cost to tighten or loosen fasteners is based on the tool (or motion) needed to turn it, the diameter,
length and whether the fastener requires a secondary tool for reacting the torque (such as a wrench on a
nut).

Hand — When no tool is necessary for tightening, such as quick release fasteners or hand tightened nuts,
the hand should be selected. Loose operations are those accomplished by using the fingers of the hand.
If the entire hand is moving to rotate the fastener the tight category should be used.

Screwdriver — A tool that can be held in the hand and turned with the wrist. Any type of bit can be fitted
such as straight, Philips, Torx, etc.

Wrench — An open-ended or box wrench or similar tool requiring motion of the hand. After a turn the
wrench may have to be removed and repositioned for the next turn.

Ratchet — A tool with internal clutch that allows the hand to be moved and returned to the starting
position without removal of the tool. Compatible with any bolt head style such as 6-point hex, 12-point
hex, Torx or other.

Power Tool — An electric, pneumatic or other power assisted tool for running down fasteners. To
qualify for power tool use a fastener must meet the following requirements:

A socket of the size needed to drive the fastener must fit in the fully secured position

One power tool with minimum dimensions given in Appendix S-4 must fit onto the socket.
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6.5.3

6.6

7.1

7.2

721

7.2.2

7.2.3

7.3

1.4

7.5

8.1

An extension may be used to fit the power tool but it may not exceed 0.35m in length.

Reaction Tool - In the case where the fastener is not being attached into the part but requires a nut or
other separate threaded piece then a reaction tool will be required. This will appear as a separate line
item and should appear whenever a nut is used on a bolt.

Composites
Composite manufacture is defined by following steps:

Laminate — Used to build the laminate one (1) ply at a time. A ply is a single layer of the laminate
consisting of a single sheet of material, regardless of material or thickness. A ply may consist of woven
carbon, unidirectional glass, adhesive film or honeycomb core, for example.

Curing Operations — Used to take a laminate and convert it to a finished composite structure. All curing
operations include vacuum bagging, peel ply, breather cloth and other consumable materials and labor.
Costs also include part removal from the mold.

Room temperature cure — used for room temperature curing resin systems.

Oven cure — used for higher temperature cure cycles for composites. Limited to one (1) atmosphere of
external pressure.

Autoclave cure — used for high temperature and pressure composites curing.

Curing operations require tooling. Tooling must reflect the type of tooling actually used (composite,
aluminum, steel, etc.).

If hybrid weaves are used the cost can reflect the ratio of the materials in the ply. For example a 50%
carbon fiber, 50% glass woven ply may use the average cost of the carbon and glass materials. If the
actual fiber ratio is not used then the cost of the ply must be the cost of the highest cost material present.

When costing composite materials the total mass of the part in the Cost Report must match the actual
mass of the part as presented on the vehicle for Cost Judging. The composite material, whether carbon
fiber or other must be the cost of both the fiber and resin together. This is true for both prepreg and dry
fiber systems and is further stated in the Materials Table. The mass of each ply can be adjusted to make
the finish part mass match the Cost Report. Parts can be weighed during judging and the Cost Report
mass must be equal to or greater than the actual mass of the part, even including clear coat, paint and
other finishes. NOTE: The paint mass is being included to avoid debates in Cost Judging about how
much weight the paint (or clear coat) has added. The cost of the paint and paint application need not be
included if it is solely for cosmetic purposes (see S4.23.1) but the mass of paint must be included in the
composite cost.

Electronics and Wiring
The wiring harness is cost as a number of connectors of a certain style, each interconnected by a number
of wires of a certain type. The electrical system is composed of three wiring types.

Signals - Inputs to the control system such as wheel speed, mass airflow or the position of a driver
toggle switch.
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8.2 Controls - Control system outputs. These can be digital signals, pulse width modulated or voltage
outputs.

8.3 Power - Wires carrying current for vehicle distribution or actuators. These include vehicle power from
the battery, engine starter, solenoids, motors etc.

8.4  Additionally, the following terms will be used for the Cost Tables:

snap-in
connector

fork lug

fanout

J — ) complex break out
ring lug \¥=‘_—_‘=_—_:____{//¢g__ .

psnll Py e—— P— p— —_—l— =] -
PN e L e Bl B B Bl Bl Bl Bt Bt

tie wrap

_ Quick

leg — — (00
(outlet) (outlet) ponfect
lug
: terminals

tinned \ ' )

wires assembled
connector

Figure E-1.1

From “Product Design for Manufacture & Assembly” by Geoffrey Boothroyd, 1994.
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11

1.2

1.3

14

15

1.6

16.1

1.6.2

1.7

18

1.9

APPENDIX S -2 STANDARD PART NUMBERING
All assemblies and parts in the BOM must have a part number using the following convention:
Competition Code — Date Code - Car Number — System Designation — Base Number — Suffix
Competition Code — A code for the competition entered. Refer to A2.6.
Date Code — Last two digits of the year of the event.
Car Number — A three (3) digit number assigned to the car for the specific event

System Designation — A two (2) letter code for the system under which the part is associated. These can
be found in Appendix S-3.

Base Number — Five (5) digit numbers assigned at the student’s discretion. For assemblies this becomes
a four (4) digit number with preceding character of “A”.

Suffix — Two character code showing part change history. These are provided for student use only so if
desired all can be “AA”.

First character refers to the part design revision level.
Second character refers to the part process revision level.

For example, a part entered into the chassis section for car number 27 competing at an event with code
“FSAEM” that the students have decided is part one would be:
FSAEM - 08 — 027 — CH — 00001 — AA

The same part, after significant design changes would become:
FSAEM - 08 — 027 — CH - 00001 - BA

The differential assembly that the students have decided is the third assembly for the Engine &
Drivetrain group would be:
FSAEM — 08 — 027 — EN — A0003 — AA

In the printed version of the Cost Report the competition code, date and car number fields of the part
numbers do not need to be printed. They do need to be included in the digital files submitted. The
event code and car numbers are for SAE use when the different digital files are combined into the
master database.

All fasteners in the BOM must have a part number using the same convention as parts. All fasteners use

system code “FS” even though they are included in the BOM under the part and assembly where they
are used.
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APPENDIX S -3 ORGANIZED LIST OF SYSTEMS & ASSEMBLIES

Appendix S-3 is posted at www.fsaeonline.com.

APPENDIX S -4 POWER TOOL PACKAGE ENVELOPES

Appendix S-4 is posted at www.fsaeonline.com.
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APPENDIX S -5 FSAE COST EVENT ADDENDUM

School: Car Number:

(Please indicate decreases using bracketed numbers.)

Original New Reported Cost Judge
Section Reported Total Total Difference Initials

OINO|OTBRRW[N|F-

TOTAL VEHICLE
Summary of differences listed above. E E E | Attach
fully detailed Costed Bill of Material for changes.

Accepted by: Entered by:

Date: Date/Time:

Addendums will be accepted only at the time of registration on-site at the competition!
These forms will then be forwarded to the cost judges the morning of the cost event.
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APPENDIX S -6 PRESENTATION JUDGING

SCHOOL CAR NUMBER

The Presentation by the team should reflect back to the team’s Business Logic Plan Submission. While
conditions may have changed since the initial project commencement, these can be covered in the team’s
Presentation, with changes in business or technical factors being recognized and the team demonstrating well
considered consequential actions.

Scores should be assigned in five categories on the basis of 0-10 points each according to the following scale
(any number or fraction along this scale may be used).

0.0 = inadequate or no attempt

2.5 = attempted but below expectation
5 = average or expected

75 = above average but still lacking
10 = excellent, perfectly meets intent

CONTENT: Was there recognition of the original BLP targets and rationale? Were the concepts
presented appropriate and adequate to explain how the car meets the wants of the customer? Were
enough technical details presented without being boring?

ORGANIZATION: Were the concepts presented in a logical order progressing from the initial BLP
concept? Does it show how the engineering addresses the business and functional targets in order to
deliver the concept? Was it clear to the audience what was to be presented and what was coming
next? Were distinct introduction and overviews as well as summary and conclusions given?

VISUAL AIDS: Were visual aids used or clear visual references made to the car? Were the
illustrations visible for all of the audience?

DELIVERY: Did the presenter speak in a clear voice? Did the presenter show enthusiasm and
promote confidence in the technical aspects? Did the presenter maintain eye contact?

QUESTIONS: Did the answers illustrate that the team fully understood the questions? Is there doubt
that the team understood the answer? Did the team create a feeling of complete confidence in their
response to the questions? Did the team readily accept the validity of the judges’” question? Did they
appear to be prepared for questions?

TOTAL = PRESENTATION POINTS (50 points maximum)

COMMENTS:
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APPENDIX S -7 DESIGN JUDGING

The Design Event Score Sheet is posted at www.fsaeonline.com

Teams are advised to thoroughly read all the documents related to the Design Event that is posted at
www.fsaeonline.com.
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2016 FORMULA SAE RULES
PART D - DYNAMIC EVENT REGULATIONS

ARTICLE 1: DYNAMIC EVENTS AND MAXIMUM SCORES

D1.1
D111

D1.1.2

D1.2
D121

D1.2.2

The maximum scores in the dynamic events are:

Acceleration 75 points
Skid Pad 50 points
Autocross 150 points
Efficiency 100 points
Endurance 300 points

Total 675 points

Vehicle Integrity and Disqualification
During the Dynamic Events, the mechanical integrity of the vehicle must be maintained.

Any vehicle condition that could compromise vehicle integrity, or could compromise the track surface
or could pose a potential hazard to participants, e.g. damaged suspension, brakes or steering
components, fluid leaks, dragging bodywork, lost or loose body panels, or a malfunctioning brake
light will be a valid reason for exclusion by the official until the problem is rectified.

NOTE: If this happens during the Endurance Event, it means disqualification from the heat.

Access to Dynamic Events and Working on Vehicles in Dynamic Events areas

The respective competition organizers may choose to specify areas of the event such as the waiting
area for dynamic events where only team members wearing dynamic passes may gain access and the
number of tools that may be used in this area may be restricted. Please check the respective event
websites or event handbooks to understand the specific restrictions for any competition.

The respective competition organizers may choose to specify areas of the event such as the area
immediately prior to the start line for dynamic events where no team members except the driver in the
car may enter. The marshals may grant permission for team members at their discretion to recover
cars from this area in the event that a car stalls or breaks down however it is likely that no tools
including auxiliary starter batteries may be used in this area. Please check the respective event
websites or event handbooks to understand the specific restrictions for any competition.

ARTICLE 2: WEATHER CONDITIONS

The organizer reserves the right to alter the conduct and scoring of the competition based on weather
conditions.

ARTICLE 3: RUNNING IN RAIN

D3.1

D3.1.1

D3.1.2

Operating Conditions
The following operating conditions will be recognized at Formula SAE:

Dry — Overall the track surface is dry.

Damp — Significant sections of the track surface are damp.
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D3.1.3

D3.14

D32

D33

D3.4

D3.4.1

D3.4.2

D3.4.3

D3.5

D3.6

D3.7

D3.8
D3.8.1

D3.8.2

Wet — The entire track surface is wet and there may be puddles of water.

Weather Delay/Cancellation — Any situation in which all, or part, of an event is delayed, rescheduled
or canceled in response to weather conditions.

Decision on Operating Conditions
The operating condition in effect at any time during the competition will be decided by the
competition officials.

Notification
If the competition officials declare the track(s) to be "Damp" or "Wet",
a. This decision will be announced over the public address system, and
b. A sign with either "Damp" or "Wet" will be prominently displayed at either the starting line(s)
or the start-finish line of the event(s), and the entry gate to the "hot" area.

Tire Requirements
The operating conditions will determine the type of tires a car may run as follows:

Dry — Cars must run their Dry Tires, except as covered in Rule D3.8.2.
Damp — Cars may run either their Dry Tires or Rain Tires, at each team’s option.
Wet — Cars must run their Rain Tires.

Event Rules
All event rules remain in effect.

Penalties
All penalties remain in effect.

Scoring
No adjustments will be made to teams' times for running in "Damp” or "Wet" conditions. The
minimum performance levels to score points may be adjusted if deemed appropriate by the officials.

Tire Changing

During the Acceleration, Skid-Pad or Autocross Events:

Within the provisions of Rule D3.4 above, teams may change from Dry Tires to Rain Tires
or vice versa at any time during those events at their own discretion.

During the Endurance Event:
Teams may change from Dry to Rain Tires or vice versa at any time while their car is in the staging
area inside the "hot" area.

All tire changes after a car has received the "green flag" to start the Endurance Event shall take place
in the Driver Change Area.

@) If the track was "Dry" and is declared "Damp":
o Teams may start on either Dry or Rain Tires at their option.
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Teams that are on the track when it is declared "Damp", may elect, at their option,
to pit in the Driver Change Area and change to Rain Tires under the terms spelled
out below in "Tire Changes in the Driver Change Area".

(b) If the track is declared "Wet":

A Red Flag will be shown at the Start/Finish Line and all cars will enter the Driver
Change Area.

Those cars that are already fitted with "Rain™ tires will be allowed re-start without
delay subject to the discretion of the Event Captain/Chief Marshall.

Those cars without "Rain" tires will be required to fit them under the terms spelled
out below in "Tire Changes in the Driver Change Area". They will then be allowed
to re-start at the discretion of the Event Captain/Chief Marshall.

(©) If the track is declared "Dry" after being "Damp" or "Wet":

The teams will NOT be required to change back to “Dry” tires.

(d) Tire Changes at Team's Option:

Within the provisions of Rule D3.4 above and Rule D3.8.2 (b) above, a team will
be permitted to change tires at their option.
If a team elects to change from “Dry” to “Rain” tires, the time to make the change
will NOT be included in the team’s total time.
If a team elects to change from “Rain” tires back to “Dry” tires, the time taken to
make the change WILL be included in the team’s total time for the event, i.e. it will
not be subtracted from the total elapsed time. However, a change from “Rain” tires
back to “Dry” tires will not be permitted during the driver change.
To make such a change, the following procedure must be followed:
o Team makes the decision,
o Team has tires and equipment ready near Driver Change Area,
o The team informs the Event Captain/Chief Marshall they wish their car to
be brought in for a tire change,
o Officials inform the driver by means of a sign or flag at the checker flag
station,
o Driver exits the track and enters the Driver Change Area in the normal
manner.

(e) Tire Changes in the Driver Change Area:

Per Rule D8.12, no more than three people for each team may be present in the
Driver Change Area during any tire change, e.g. a driver and two crew or two
drivers and one crew member.

No other work may be performed on the cars during a tire change.

Teams changing from "Dry" to "Rain" tires will be allowed a maximum of ten (10)
minutes to make the change.

If a team elects to change from "Dry" to "Rain" tires during their scheduled driver
change, they may do so, and the total allowed time in the Driver Change Area will
be thirteen (13) minutes.

The time spent in the driver change area of less than 10 minutes without driver
change, or 13 minutes with driver change, will not be counted in the team'’s total
time for the event. Any time in excess of these times will be counted in the team's
total time for the event.
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ARTICLE 4: DRIVER LIMITATIONS

D4.1

D4.1.1

D4.2

D4.2.1

Three Event Limit
An individual team member may not drive in more than three (3) events.

The Efficiency Event is considered a separate event although it is conducted simultaneously with the
Endurance Event.

Single Heat Limit
An individual may not drive in both heats of any event. It is the team’s option to participate in any
event.

The team may forfeit their second heat in any performance event.

NOTE: At competitions where Endurance and Efficiency is run with one (1) heat a minimum of four
(4) drivers are required to participate in all heats of the dynamic events. At competitions where
Endurance and Efficiency is run with two (2) heats a minimum of five (5) drivers are required to
participate in all heats of the dynamic events.

ARTICLE5: ACCELERATION EVENT

Ds5.1

D52

D5.2.1

D5.2.2

D5.2.3

D53

D5.3.1

D5.3.2

D5.3.3

D54

Acceleration Objective
The acceleration event evaluates the car’s acceleration in a straight line on flat pavement.

Acceleration Procedure

Course Layout — The acceleration course length will be 75 m (82 yards) from starting line to finish
line. The course will be at least 4.9 m (16 ft.) wide as measured between the inner edges of the bases
of the course edge cones. Cones are placed along the course edges at intervals of about 5 paces
(roughly 20 feet). Cone locations are not marked on the pavement.

Staging - The foremost part of the car will be staged at 0.30 m (11.8 inches) behind the starting line.
Cars will accelerate from a standing start.

Starting - A green flag will be used to indicate the approval to begin, however, timing starts only
when the vehicle crosses the starting line as measured by the timing system.

Second Run Option - A driver has the option to make a second run immediately after his/her first run.

Acceleration Heats
There will be two (2) heats. Each heat must have a different driver and each driver can have two (2)
runs.

Starting order will be based upon time of arrival to the staging area.

Heat one (1) and heat two (2) will not be run sequentially, but simultaneously. Heat 1 drivers will
have starting priority over heat 2 drivers.

Tire Traction — Limitations
Special agents that increase traction may not be added to the tires or track surface and “burnouts” are
not allowed.
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D55

D5.6
D5.6.1

D5.6.2

D57

D5.8

D5.8.1

D5.8.2

D5.8.3

Acceleration Scoring
The acceleration score is based upon the corrected elapsed time. Elapsed time will be measured from
the time the car crosses the starting line until it crosses the finish line.

Acceleration Penalties

Cones Down or Out (DOO)

A two (2) second penalty will be added for each DOO (including entry and exit gate cones) that
occurred on that particular run to give the corrected elapsed time.

Off Course
An Off Course (OC) will result in a DNF for that run.

Did Not Attempt
Cars that have not run by the end of the event (determined by the organizer) will receive a Did Not
Finish (DNF).

Acceleration Scoring Formula
The score for the acceleration event is spread between zero (0) and seventy-five (75) based upon the
elapsed time.

The following equation is used to determine the scores for the event:

ACCELERATION SCORE = (71.5 x (Tmax/Tvour) -1) / ((Tmax/Tmin) -1) + 3.5

Where:
Tyour is the best corrected elapsed time for the team including penalties.
Tmin is the elapsed time of the fastest car.
Tmax is 150% of Tmin

In the above equation, the first term on the right hand side is “performance” points”, while the second
term represents “‘completion points,” or the minimum score for having successfully completed the

event.

DNF = zero (0) points

ARTICLE 6: SKID-PAD EVENT

D6.1

D6.2
D6.2.1

Skid-Pad Objective
The objective of the skid-pad event is to measure the car’s cornering ability on a flat surface while
making a constant-radius turn.

Skid-Pad Heats

Each car may compete in two heats. Each heat must have a different driver, and each driver may have
two (2) runs.
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D6.2.2

D6.2.3

D6.3

D6.4

D6.5

Two separate skid-pad locations may exist. If there are two (2) skid-pads, one driver must make both
his runs on one skid-pad (Skid-Pad 1) and the other driver must make both his runs on the other skid-
pad (Skid-Pad 2).

If there is only one skid-pad location then both Heat one (1) and Heat two (2) will be run on the same
skid-pad.

Skid-Pad Heat Priority

There will be no distinction between Heat one (1) and Heat two (2) and there will be no particular
starting order. Heat one (1) drivers will have a starting priority over Heat two (2) drivers. Cars which
have not run by the event closing (determined by the organizer) will receive a DNF for the event.

Skid-Pad Layout

There will be two (2) pairs of concentric circles in a figure of eight pattern. The centers of these
circles will be 18.25 m (59.88 feet) apart. The inner circles will be 15.25 m (50.03 feet) in diameter,
and the outer circles will be 21.25 m (69.72 feet) in diameter. The driving path will be the 3.0 m (9.84
feet) path between the inner and outer circles. The cars will enter and exit through gates on a 3.0 m
wide path that is tangential to the circles where they meet.

The line between the centers of the circles defines the start/stop line. A lap is defined as traveling
around one (1) of the circles from the start/stop line and returning to the start/stop line.

FSAE SKIDPAD LAYOUT

B Placement of pylons/cones Exit

4 Pylon/cone to be removed for exit

Entry

Skid-Pad Layout — Marking
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D6.5.1

D6.5.2

D6.5.3

D6.6

D6.7

D6.7.1

D6.7.2

D6.7.3

D6.8
D6.8.1

D6.8.2

D6.8.3

Sixteen (16) pylons will be placed around the inside of each inner circle thirteen (13) pylons
positioned around the outside of each outer circle in the pattern shown in the FSAE skid pad layout
diagram.

Each circle will be marked with a chalk line, inside the inner circle and outside the outer circle, i.e.
not on the driving path.

Additional pylons will establish the required entry and exit gates. Also, a cone will be placed in the
middle of the exit gate to prevent unintended exits until the finish lap.

NOTE: The diagram in section D6.4 shows the circles for cone placement, not for course marking.
Chalk lines are marked on the opposite side of the cones, i.e. not in the driving path.

Skid-Pad Procedure

The cars will enter perpendicular to the figure eight and will take one full lap on the right circle to
establish the turn. The next lap will be on the right circle and will be timed. Immediately following the
second lap, the car will enter the left circle for the third lap. The fourth lap will be on the left circle
and will be timed. Immediately upon finishing the fourth lap, the car will exit the track. The car will
exit at the intersection moving in the same direction as entered. A driver has the option to take a
second run immediately after the first.

Skid-Pad Penalties
The elapsed time for the right and left circle will be averaged together after the following penalties
have been assessed.

Cones Down Or Out (DOO)
A penalty of 0.25 seconds will be added to the time for every cone that is knocked “down or out”
(including gate cones).

Off Course
Cars that spin-out can continue as long as they have not gone off course. Cars going off course will be
classified as DNF.

Incorrect Laps
Cars that do not follow D6.6 above, i.e. run an incorrect number of laps or run the laps in the wrong
sequence will be classified as DNF.

Skid-Pad Scoring

The skid-pad score is computed based upon the lateral acceleration capability. Lateral acceleration
(typically referred to as G’s) is computed from 2.012 diameter/t>. A diameter of 17.10 m will be
assumed in computing lateral G’s.

If there are two separate skid-pad locations, then the score will be based on the best run from either
skid-pad.

The following equation is used to determine the scores for the skid-pad event:
SKID PAD SCORE = (47.5 x (Tmax/Tyour)"2 -1) / ((Tmax/Tmin)"2 -1) + 2.5

Where:
Tyour is the average of the left and the right timed laps on your best run including penalties.
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D6.8.4

D6.8.5

Tmin is the elapsed time of the fastest car
Tmax is 125% of Tmin

The first term on the right-hand side of the equation represent “performance points,” while the second
term represents “completion points,” or the minimum score for having successfully completed the
event.

Negative “performance” points will not be given. However, 2.5 points will be given for a car that
completes a run, even if Tyour exceeds 125% of the fastest time (Tmin).

ARTICLE 7: AUTOCROSS EVENT

D7.1

D7.2
D7.2.1

D7.2.2

D7.2.3

D7.2.4

D7.3
D7.3.1

Autocross Objective

The objective of the autocross event is to evaluate the car's maneuverability and handling qualities on
a tight course without the hindrance of competing cars. The autocross course will combine the
performance features of acceleration, braking, and cornering into one event.

Autocross Course Specifications & Speeds
The following standard specifications will suggest the maximum speeds that will be encountered on
the course. Average speeds should be 40 km/hr (25 mph) to 48 km/hr (30 mph).

NOTE: the actual average speed for any track will depend on the prevailing conditions and the area
available to the organizers in which the track is setup, therefore the quoted speeds are intended as a
rough guide only.

Straights: No longer than 60 m (200 feet) with hairpins at both ends (or) no longer than 45 m
(150 feet) with wide turns on the ends.

Constant Turns: 23 m (75 feet) to 45 m (148 feet) diameter.

Hairpin Turns: Minimum of 9 m (29.5 feet) outside diameter (of the turn).

Slaloms: Cones in a straight line with 7.62 m (25 feet) to 12.19 m (40 feet) spacing.

Miscellaneous: Chicanes, multiple turns, decreasing radius turns, etc. The minimum track
width will be 3.5 m (11.5 feet).

The length of each run will be approximately 0.805 km (1/2 mile) and the driver will complete a
specified number of runs.

The organizers reserve the right to run the Autocross Event on courses of different length.

The organizers reserve the right to deviate from the parameters specified in this rule, D7.2, when they
determine it is appropriate given the characteristics of a particular competition site.

Autocross Procedure

There will be two (2) Autocross-style heats, with each heat having a different driver. Two (2) timed
laps will be run (weather and time permitting) by each driver and the best lap time will stand as the
time for that heat.
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D7.3.2

D7.3.3

D7.3.4

D7.3.5

D7.4

D7.4.1

D7.4.2

D7.4.3

D7.5
D75.1

D7.5.2

D7.5.3

D7.6
D7.6.1

D7.6.2

Starting order will be based upon time of arrival to the staging area.

Heat one (1) and heat two (2) will not be run sequentially, but simultaneously. Heat 1 drivers will
have starting priority over heat 2 drivers. A driver has the option to take a second run immediately
after the first run.

The car will be staged such that the front wheels are 6 m (19.7 feet) behind the starting line. The timer
starts only after the car crosses the start line.

The organizer will determine the allowable windows for each heat and retains the right to adjust for
weather or technical delays. Cars that have not run by the end of the heat will be disqualified for that
heat.

Autocross Penalties
The cars are judged on elapsed time plus penalties. The following penalties will be added to the
elapsed time:

Cone Down or Out (DOO)
Two (2) seconds per cone, including any after the finish line.

Off Course (OC)

a. An “off course” occurs when the vehicle has all four (4) wheels outside the course boundary as
indicated by (a) cones, (b) edge marking or (c) the edge of the paved surface. Where more than
one boundary indicator is used on the same course, at any given point the narrowest track will
be used when determining off course penalties.

b. When an OC occurs, the driver must reenter the track at or prior to the point of exit or a twenty
(20) second penalty will be assessed.

c. Two (2) wheels off will not incur an immediate penalty. However, repeated driving of this type
is cause for a black flag.

d. Penalties will not be assessed for accident avoidance or other reasons deemed sufficient by the
track officials.

Missed Slalom
Missing one or more gates of a given slalom will be counted as one "off-course" per occurrence. Each
occurrence will incur a twenty (20) second penalty.

Stalled & Disabled Vehicles
If a car stalls and cannot restart without external assistance, the car will be deemed disabled.

Disabled cars are scored DNF for that attempt.

Disabled cars will be cleared from the track by the track workers. At the direction of the track officials
team members may be instructed to retrieve the vehicle. Vehicle recovery may only be done under the
control of the track officials.

Corrected Elapsed Time
The elapsed time plus any penalties from that specific run will be used as the corrected elapsed time.

Cars that are unable to complete the course with an average speed of 69% of the fastest car will not be
awarded “performance” points. This means that any autocross time in excess of 145% of the fastest
time will receive no “performance” points.
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D7.7

D7.8
D7.8.1

D7.8.2

D7.8.3

Best Run Scored
The time required to complete each run will be recorded and the team’s best corrected elapsed time
will be used to determine the score.

Autocross Scoring Formula
The following equation is used to determine the autocross score:

(Tmax /Tyour ) -1

AUTOCROSS SCORE =142.5%
(Tmax/Tmin)_l + 75

Where:

Tmin is the lowest corrected elapsed time recorded for any competitor in either heat
Tmax is 145% of Tmin

Tyour is the lowest corrected elapsed time in either heat for the team being scored.

In the equation above, the first term on the right hand side represents “performance” points, while the
second term, or “completion” points represents the minimum score for having successfully completed
the event.

Negative “performance” points will not be given. However, 7.5 points will be given for a car that
completes a run, even if Tyour exceeds 145% of the fastest time (Tmin)

ARTICLE 8: ENDURANCE AND EFFICIENCY

D8.1

D8.2

D8.3

D3.4

D8.5

At Formula SAE competitions in North America the Endurance & Efficiency event will consist of a
single heat. For competitions outside North America please check the event website.

Driver Eligibility

The Endurance and Efficiency are separate events even though they are run simultaneously. Therefore
anyone driving in a heat of Endurance and Efficiency uses two (2) driving eligibilities. (See
ARTICLE 4: “Driver Limitations”)

Right to Change Procedure

This Article, D8, contains the general guidelines for conducting the Endurance and Efficiency event,
however, the organizers reserve the right to establish procedures specific to the conduct of the event at
each competition site. All such procedures will be made known to the teams through email or the
specific FSAE competition news page website.

Endurance Objective—300 points
The Endurance Event is designed to evaluate the overall performance of the car and to test the car’s
durability and reliability.

Efficiency—100 points

The car’s efficiency will be measured in conjunction with the Endurance Event. The efficiency under
competition conditions is important in most vehicle competitions and also shows how well the car has
been tuned for the competition. This is a compromise event because the efficiency score and
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D8.6
D8.6.1

D8.6.2

D8.6.3

D8.7

D8.7.1

D8.7.2

D8.7.3

D8.7.4

D8.7.5

D8.7.6

D8.7.7

D8.8

D8.8.1

D8.8.2

endurance score will be calculated from the same heat. No refueling will be allowed during an
endurance heat.

Endurance Course Specifications & Speeds

Course speeds can be estimated by the following standard course specifications. Average speed
should be 48 km/hr (29.8 mph) to 57 km/hr (35.4 mph) with top speeds of approximately 105 km/hr
(65.2 mph).

NOTE: the actual average speed for any track will depend on the prevailing conditions and the area
available to the organizers in which the track is setup, therefore the quoted speeds are intended as a
rough guide only.
The standard specifications for the FSAE Endurance Course are:
Straights: No longer than 77.0 m (252.6 feet) with hairpins at both ends (or) no longer than
61.0 m (200.1 feet) with wide turns on the ends. There will be passing zones at several
locations.

Constant Turns: 30.0 m (98.4 feet) to 54.0 m (177.2 feet) diameter.

Hairpin Turns: Minimum of 9.0 m (29.5 feet) outside diameter (of the turn).

Slaloms: Cones in a straight line with 9.0 m (29.5 feet) to 15.0 m (49.2 feet) spacing.

Miscellaneous: Chicanes, multiple turns, decreasing radius turns, etc. The standard minimum
track width is 4.5 m (14.76 feet).

The organizers reserve the right to deviate from the parameters specified in this rule, D8.6, when they
determine it is appropriate given the characteristics of the particular competition site.

Endurance General Procedure
The event will be run as a single heat approximately 22 km (13.66 miles) long.

Teams are not allowed to work on their vehicles during the heat.

A driver change must be made during a three (3) minute period at the midpoint of the heat.
Wheel-to-wheel racing is prohibited.

Vehicles must not be driven in reverse

Passing another vehicle may only be done in an established passing zone or under control of a course
marshal.

Elapsed time will begin when Driver A enters the course and crosses the timing line.
Endurance Run Order
The endurance run order is established so that cars of similar speed potential are on track together to

reduce the need for passing.

Each competition may establish conditions for teams to compete in the endurance event.
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D8.8.3

D8.8.4

D8.8.5

D8.8.6

D8.9

D8.10

D8.11
D8.11.1

D8.11.2

D8.11.3

D8.11.4

D8.12

D8.12.1

D8.12.2

D8.12.3

The endurance run order should be based on the autocross event finish order, and include the teams
eligible for endurance which did not compete in the autocross event.

The run order sequence may be altered by the organizer to accommodate specific circumstances or
event considerations.

Teams shall keep track of the run order and have their cars fueled, in line and prepared to start when
their turn to run arrives.

Teams that are not ready-to-run when their turn arrives shall be penalized two (2) minutes and may
then run at the discretion of the event captain.

Endurance Fuel Fill — IC cars

Before entering the event each vehicle’s fuel tank must be filled to the fuel level line (see Rule
1C2.6.6, “Fuel Level Line”) at the fueling station. During fueling, once filled to the scribe line, no
shaking or tilting of the tank or fuel system (incl. entire vehicle) is allowed.

Endurance Charging — EVs
Before entering the event, the vehicles can be fully charged and an energy meter will be fitted to log
the electrical energy that is used.

Endurance Vehicle Starting/ Restarting

The vehicle must be capable of starting / restarting without external assistance at all times once the
vehicle has begun the heat. A vehicle will have been considered to have started the heat either after it
has been requested to approach the start line or after it has crossed a line as defined in D1.2.2

If a vehicle stalls out on the track, it will be allowed one (1) lap by the car that is following it
(approximately one (1) minute) to restart.

If a vehicle has a restart problem after the driver has been changed or after a red flag, it will be
allowed two (2) minutes to restart the engine or to enable the tractive system. The two (2) minutes
will start from the time that the driver first tries to restart the engine or to enable the tractive system.
The two (2) minutes is not counted towards the endurance time and is measured independently from
the time allowed to change the driver.

If restarts are not accomplished within the above times, the car will be deemed disabled and scored
DNF for the heat.

Endurance Driver Change Procedure
Three (3) minutes are allowed for the team to change drivers.

Only three (3) team members, including the driver or drivers, will be allowed in the driver change
area, and only the tools necessary adjust the car to accommodate the second driver and/or change tires
will be carried into this area (no tool chests etc.). Extra people entering the driver change area will
result in a twenty point (20 pt) penalty to the final endurance score for each extra person entering the
area.

For electric cars, the three (3) team members must consist of an ESO and two drivers.
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D8.12.4

D8.12.5

D8.12.6

D8.12.7

D8.12.8

D8.12.9

Other than changes to accommodate the second driver or covered by D3.8.2 “Tire Changing” and
operating the master switch(es), the team is not permitted to perform any work on the car during
Driver Change.

Driver A will drive for 11 km (6.83 miles), and then be signaled into the driver change area.

Once stopped in the driver change area, Driver A will turn off the engine for IC vehicles or turn off
the tractive system for EVs.

Driver A will exit the vehicle and any necessary adjustments will be made to the vehicle to fit Driver
B (seat cushions, head restraint, pedal position, etc.). Driver B will then be secured in the vehicle.

Driver B will drive for 11 km (6.83 miles) and elapsed time will stop when the car completes the total
22 km (13.66 miles) distance.

For IC engine cars, Driver B will proceed directly to the fueling station. The tank will be filled to
refill mark and the amount will be recorded

D8.12.10 For EVs, Driver B will proceed directly to the EV data download area where the data will be

downloaded and the energy that was used will be calculated.

D8.12.11 The driver change area will be placed such that the timing system will see the driver change as an

D&.13
D8.13.1

D8.13.2

D8.13.3

D8.14
D8.14.1

D8.14.2

D8.14.3

extra long lap which will be deleted from the total time. The time taken to change the driver will be
timed. If the driver change takes longer than three (3) minutes, the extra time will be counted into the
final time.

NOTE: If the officials determine that any further adjustments are required to correctly fit the driver,
the additional time will not be counted against the team.

Entering the Track
Cars will be allowed to enter the track based upon the level of traffic on the course.

The number of vehicles simultaneously on the course depends on the track length and design as well
as the operating conditions. In dry conditions, there are typically 5 to 7 vehicles allowed per
kilometer of track. This includes cars in the driver change area.

Because repairs are not allowed during the heat, and there will be no refueling during the heat, there
will not be a restart queue of any kind.

Breakdowns & Stalls
If a vehicle breaks down it will be removed from the course and will not be allowed to re-enter the
course.

If a vehicle stalls, or ingests a cone, etc., it will be allowed to restart (See D8.10 “Endurance Vehicle
Starting/Restarting”) and re-enter the course where it went off, but no work may be performed on the
vehicle.

If a car stalls and cannot be restarted without external assistance, the track workers will push the car

clear of the track. At the discretion of event officials, two (2) team members may retrieve the car
under direction of the track workers.
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D8.15
D8.15.1

D8.15.2

D&.16

D8.16.1

D&.17

D8.18
D8.18.1

D8.18.2

D8.18.3

D8.18.4

D8.18.5

Comment — Teams are reminded that although course crews exercise due care, the organizers are not
responsible for any damage that may occur when moving a disabled vehicle. Please consider the
comment to Rule T6.6 “Jacking Point”.

Endurance Minimum Speed Requirement
If a car is unable to maintain lap times within one hundred forty five percent (145%) of the fastest lap
time for the course, then it must exit immediately.

Disqualification for failure to maintain the minimum speed will be made at the discretion of the Chief
Marshall/Director of Operations.

Post Event Refueling
Vehicles must power down after leaving the course and be pushed to the fueling area for IC cars or
EV data download area for EVs

For IC cars, Fuel pumps will be turned on and fuel valves will be opened to insure complete refueling.

Should the fuel level change after refueling due to effects such as described in 1C2.7.1 then the
difference in fuel level will be measured and twice the amount will be added to the official fuel
consumption figure.

Endurance Lap Timing

Each lap of the endurance event will be individually timed either by electronic means, or by hand.
The time for an individual heat will be determined by subtracting the extra-long lap for the driver
change, and the time taken for any stops under a mechanical black flag, from the total time and adding
any penalty points.

Endurance Penalties
Penalties will not be assessed for accident avoidance or other reason deemed sufficient by the track
official.

The penalties in effect during the Endurance Event are listed below.

Cones
Cone down or out (DOO) = two (2) seconds per cone. This includes cones before the start line and
after the finish line.

Off Course (OC)

a. An “off course” occurs when the vehicle has all four (4) wheels outside the course boundary as
indicated by (a) cones, (b) edge marking or (c) the edge of the paved surface. Where more than
one boundary indicator is used on the same course, at any given point the narrowest track will
be used when determining off course penalties.

b. When an OC occurs, the driver must reenter the track at or prior to the point of exit or a twenty
(20) second penalty will be assessed.

c. Two (2) wheels off will not incur an immediate penalty. However, repeated driving of this type
is cause for a black flag.

Missed Slalom
Missing one or more gates of a given slalom will incur a twenty (20) second penalty.
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D8.18.6

D8.18.7

D8.18.8

D8.18.9

Penalties for Moving Violations
The following are penalties and assessed times or disqualifications for moving violations:
a. Failure to obey a flag: 1 minute
b. Over Driving (After a closed black flag): 1 Minute
c. Vehicle to Vehicle contact: 2 Minutes up to disqualification depending on the nature of the
incident.

Out of Order
Running out of order — two (2) minute penalty.

Mechanical Problem

No time penalty. The time taken for mechanical inspection under a “mechanical black flag” is
considered officials’ time and is not included in the teams’ total time. However, if the inspection
reveals a mechanical integrity problem the vehicle may be disqualified under Rule D1.1 “Vehicle
Integrity and Disqualification”. If the car has a tire puncture, the team may opt to change the wheel
and tire for an identical wheel and tire. In cases where the puncture is caused by track debris and not
a result of the component failure on the vehicle, the time will not count towards the team’s total time.
Tires must be changed in the driver change area.

Reckless or Aggressive Driving

Any reckless or aggressive driving behavior (such as forcing another car off the track, refusal to allow
passing, or close driving that would cause the likelihood of car contact) will result in a black flag for
that driver. When a driver receives a black flag signal, he must proceed to the penalty box to listen to
a reprimand for his driving behavior. The amount of time spent in the penalty box will vary from one
(1) to four (4) minutes depending upon the severity of the offense.

If it is impossible to impose a penalty by a stop under a black flag, e.g. not enough laps left, the event
officials may add an appropriate time penalty to the team’s elapsed time.

D8.18.10 Vehicle Control Issues

D8.19
D8.19.1

D8.19.2

D8.19.3

D8.20
D8.20.1

D8.20.2

The Chief Marshall/Director of Operations may disqualify a vehicle if, for any reason including driver
inexperience and mechanical problems, it is too slow or being driven in a manner that, in the sole
opinion of the event officials demonstrates an inability to properly control the car. Disqualification
for a vehicle control issue is scored as DNF.

Endurance Scoring
The score for the Endurance Event is the sum of the Endurance Time Score and the Endurance Finish
Score.

The Endurance Time Score is based on the team's time for the event, including penalties, compared to
the fastest team.

A car will also receive an Endurance Finish Score of fifty (50) points if the team's time for the event,
including penalties, is less than or equal to the maximum allotted time.

Endurance Scoring Formula
The times for the endurance event will be based upon the sum of the times of each driver in the heat
plus penalties.

The following equation is used to determine the time scores for the event:
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D8.20.3

D8.21

D8.22
D8.22.1

D8.22.2

If Tyour is < or =to Tmax:

(Tmax/Tyour) -1
(Tmax/Tmin) -1

ENDURANCE SCORE = 250 x + 50

If Tyour > Tmax: ENDURANCE SCORE = 0 (ZERO)

Tmin will be the lowest corrected time of the fastest team of the event.
Tyour will be the combined corrected times of both of your team’s drivers in the heat.
Tmax will be 1.45 times Tmin.

If ENDURANCE SCORE < Laps Comp, then ENDURANCE SCORE = LapsComp
LapsComp is the number of full laps completed by the team.

If, in the opinion of the officials, course conditions change significantly during the running of the
event then they may, at their sole discretion, set Tmax to a higher value.

Efficiency
The Efficiency is based on a metric of the amount of fuel consumed or energy used and the lap time
on the endurance course, averaged over the length of the event.

Teams are advised that the Efficiency score is based only on the distance cars run on the course during
the Endurance event. Although the starting line, exit line and the driver change zone increase the
actual distance a car must drive during the event, those distances are not factored into the fuel
calculations. Additionally fuel consumption adjustments will not be made for engine running in the
entry/exit lines, during driver change, in the penalty box or for any on-course incidents.

NOTE: Teams are reminded to refer to Rule 1C2.7 which covers fuel tank filling requirements.

Fuel Efficiency Scoring Formula

CO; conversion factor

The mass of CO- released to the atmosphere will be assessed by using the conversion factors below
from quantity of fuel used to CO; released. The factors are intended to represent the average supply of
the appropriate commodity and the organizers will not take account of where the actual fuel used
came from.

Unleaded petrol / gasoline —2.31 kg of CO- per litre
Electric —0.65 kg of CO. per kWh
E85 —1.65 kg of CO; per litre

NOTE: the Electric energy value includes the anticipated charging losses if the pack is charged over 2
hours.

EV credit for regeneration.
For EVs that use regenerative braking, any braking energy that is recovered will be deducted from the
amount of energy used after applying a factor of 90%

NOTE: the factor of 90% reflects the organizers understanding of a typical round trip efficiency of a
battery.
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D8.22.3

D8.22.4

D8.22.5

D8.22.6

D8.22.7

D8.22.8

Dg&.23

Efficiency will be scored using the following formulas:

Crr SCORE ~100x ((FueIEffici encyFactor,,,, / FuelEffici encyFactor, . )— 1]

(FuelEffici encyFactor,,,, / FuelEffici encyFactor,,,, )—1

And

EFE. FACTOR = ((TMIN / Laptotal,,,, )] . ((CO2MIN / Laptotal gy )]

(TYOURS / Lapyours) (CO / Lapyours)

2YOUR

Where:
CO2min is the smallest mass of CO; used by any competitor, whose corrected Endurance time
Tyour < 1.45 x the corrected average laptime of the fastest team that completes the Endurance
event.

CO2your is the mass of CO; used by the team being scored.

Tmin will be the lowest corrected Endurance time of the fastest team of the event, whose fuel
volume does not exceed 26 liter/100km or energy equivalent of 60.06 kgCO2/100 km.

Tyour will be the combined corrected times of the drivers in your heat.
Lapyours will be the number of laps driven by the team being scored.

Laptotaltmin and LatptotalCO2min will be the number of laps completed by the teams which
set Tmin and CO2min, respectively

FuelEfficiencyFactormin will be calculated using CO2vour equivalent to 60.06 kg CO»/100km
and Tvours Set to 1.45 times the corrected average laptime of the fastest team that completes the
Endurance event.

Vehicles whose corrected average laptime exceeds 1.45 times the corrected average laptime of the
fastest team that completes the Endurance event, will receive zero (0) points for efficiency.

Vehicles whose corrected average fuel consumption per lap exceeds 26 liter/100 km or energy
equivalent of 60.06 kgCO./100 km, will receive zero (0) points for Efficiency.

The minimum Efficiency Factor is determined from the maximum allowable CO»/100km and 1.45
times the corrected average laptime of the fastest team that completes the Endurance event.

Efficiency scores can range from zero points (0) to positive one hundred (100) points.

Vehicles which cross the start line following driver change are eligible for Efficiency points. Other
vehicles will receive a score of zero points (0) for Efficiency.

Endurance and Efficiency Scoring with Two Heats
If the Endurance and Efficiency is run with two (2) heats, the following procedure will apply:
a.  Tmin will be the lowest corrected time of the fastest team of the event in either heat.
b. CO2min will be the smallest mass of CO2 used by any team in either heat; provided that
team’s Corrected Time from that heat does not exceed Tmax.
NOTE: Tmin and CO2min do not have to be from the same heat.
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D8.24

D8.25

D8.25.1

D8.25.2

D8.26
D8.26.1

D8.26.2

D8.26.3

D8.26.4

D8.26.5

D8.27

c. The score for a team will be taken from the heat that gives the higher total Endurance &
Efficiency Score for that team, i.e. Tyour and CO2your will be from the same heat.

Post Event Engine Check

The organizer reserves the right to impound any vehicle immediately after the event to check engine
displacement (method to be determined by the organizer) and restrictor size and for EVs to check the
data to ensure that the maximum power limit was not exceeded

Endurance Event — Driving
During Endurance when multiple cars are running on the course it is paramount that the drivers
strictly follow all of the rules and driving requirements.

Aggressive driving, failing to obey signals, not yielding for passing, etc. will result in a black flag and
a discussion in the penalty box with course officials. The amount of time spent in the penalty box is at
the discretion of the officials and is included in the run time. Penalty box time serves as a reprimand
as well as informing the driver of what he/she did wrong. Drivers should be aware that contact
between open wheel vehicles is especially dangerous because tires touching can throw one car into the
air.

Endurance is a timed event in which drivers compete only against the clock not against other cars.
Aggressive driving is unnecessary.

Endurance Event — Passing
Passing during Endurance may only be done in the designated passing zones and under the control of
the track officials.

Passing zones have two parallel lanes — a slow lane for the cars that are being passed and a fast lane
for the cars that are making a pass. On approaching a passing zone a slower leading car will be blue
flagged and must shift into the slow lane and decelerate. The following faster car will continue in the
fast lane and make the pass. The car that had been passed may reenter traffic only under the control of
the passing zone exit flagman.

Passing, i.e. slow, lanes may be either to the left or right of the fast lane depending on the design of
the specific course.

These passing rules do not apply to cars that are passing disabled cars on the course or cars that have
spun out and are not moving. When passing a disabled or off-track car it is critical to slow down,
drive cautiously and be aware of all the vehicles and track workers in the area.

Under normal driving conditions when not being passed all cars use the fast lane.
Endurance Event — Driver’s Course Walk

The endurance course will be available for walk by drivers prior to the event. All endurance drivers
are required to walk the course before the event starts.

ARTICLE9: FLAGS

Do.1

Flag Effect
Flag signals are commands that must be obeyed immediately and without question.
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D9.2

D9.2.1

D9.2.2

D9.3

D9.3.1

D9.3.2

D9.3.3

D9.3.4

D9.3.5

D9.3.6

D9.3.7

D9.3.8

D9.4
D9.4.1

D9.4.2

Flag Types
There are two kinds of flags for the competition: Command flags and Informational flags.

Command flags are just that, flags that send a message to the competitor that the competitor must
obey without question.

Informational flags, on the other hand, require no action from the driver, but should be used as added
information to help him or her to maximize performance.

Command Flags
The following is a brief description of the flags used at the competitions in North America and what
each flag means.

NOTE: Not all of these flags are used at all competitions and some alternate designs are occasionally
displayed. Any variations from this list will be explained at the drivers meetings.

BLACK FLAG - Pull into the penalty box for discussion with the Chief Marshall/Director of
Operations or other official concerning an incident. A time penalty may be assessed for such incident.

BLACK FLAG WITH ORANGE DOT - Pull into the penalty box for a mechanical inspection of your
car, something has been observed that needs closer inspection.

BLUE FLAG - Pull into the designated passing zone to be passed by a faster competitor. Obey the
corner workers hand signals at the end of the passing zone to merge into competition.

CHECKER FLAG - Your session has been completed. Exit the course at the first opportunity.

GREEN FLAG - Your session has started, enter the course under direction of the starter. (NOTE: If
you stall the vehicle, please restart and await another green flag as the opening in traffic may have
closed.)

RED FLAG - Come to an immediate safe controlled stop on the course. Pull to the side of the course
as much as possible to keep the course open. Follow corner worker directions.

YELLOW FLAG (Stationary) - Danger, SLOW DOWN, be prepared to take evasive action,
something has happened beyond the flag station. NO PASSING unless directed by the corner workers.

YELLOW FLAG (Waved) - Great Danger, SLOW DOWN, evasive action is most likely required, BE
PREPARED TO STOP, something has happened beyond the flag station, NO PASSING unless
directed by the corner workers.

Informational Flags

RED AND YELLOW STRIPED FLAG - Something is on the racing surface that should not be there.
Be prepared for evasive maneuvers to avoid the situation. (Corner workers may be able to point out
what and where it is located, but do not expect it.)

WHITE FLAG - There is a slow moving vehicle on the course that is much slower than you are. Be
prepared to approach it at a cautious rate.
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ARTICLE 10: RULES OF CONDUCT

D10.1

D10.2

D10.3

D10.4

D10.5
D10.5.1

D10.5.2

D10.5.3

D10.6

D10.7
D10.7.1

D10.7.2

Competition Objective — A Reminder

The Formula SAE® event is a design engineering competition that requires performance
demonstration of vehicles and is NOT a race. Engineering ethics will apply. It is recognized that
hundreds of hours of labor have gone into fielding an entry into Formula SAE. It is also recognized
that this event is an “engineering educational experience” but that it often times becomes confused
with a high stakes race. In the heat of competition, emotions peak and disputes arise. Our officials are
trained volunteers and maximum human effort will be made to settle problems in an equitable,
professional manner.

Unsportsmanlike Conduct
In the event of unsportsmanlike conduct, the team will receive a warning from an official. A second
violation will result in expulsion of the team from the competition.

Official Instructions
Failure of a team member to follow an instruction or command directed specifically to that team or
team member will result in a twenty five (25) point penalty.

NOTE: This penalty can be individually applied to all members of a team.

Arguments with Officials
Argument with, or disobedience to, any official may result in the team being eliminated from the
competition. All members of the team may be immediately escorted from the grounds.

Alcohol and Illegal Material
Alcohol, illegal drugs, weapons or other illegal material are prohibited on the event site during the
competition. This rule will be in effect during the entire competition.

Any violation of this rule by a team member will cause the expulsion of the entire team. This applies
to both team members and faculty advisors.

Any use of drugs, or the use of alcohol by an underage individual, will be reported to the local
authorities.

Parties
In the interest of responsible citizenship it is expected that any disruptive parties, either on or off-site,
will be prevented by the Faculty Advisor.

Trash Clean-up

Cleanup of trash and debris is the responsibility of the teams. The team’s work area should be kept
uncluttered. At the end of the day, each team must clean all debris from their area and help with
maintaining a clean paddock.

Teams are required to remove all of their material and trash when leaving the site at the end of the

competition. Teams that abandon furniture, or that leave a paddock that requires special cleaning, will
be billed for removal and/or cleanup costs.
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ARTICLE 11: GENERAL RULES

D11.1

D11.2

DI1.3
D11.3.1

D11.3.2

D11.3.3

D11.4

D11.5

D1l.6

DI11.7

DI11.8
D11.8.1

D11.8.2

D11.9

Dynamometer Usage
If a dynamometer is available, it may be used by any competing team. Vehicles to be dynamometer
tested must have passed all parts of technical inspection.

Fuel, ignition and drivetrain tuning will be permitted while testing on the dynamometer.

Problem Resolution
Any problems that arise during the competition will be resolved through the Operations Center and
the decision will be final.

Forfeit for Non-Appearance
It is the responsibility of each team to be in the right place at the right time.

If a team is not present and ready to compete at the scheduled time they forfeit their attempt at that
event.

There are no make-ups for missed appearances.

Drivers Meetings — Attendance Required
All drivers for an event are required to attend the pre-event drivers meeting(s). The driver for an
event will be disqualified if he/she does not attend the driver meeting or course walk for the event.

Personal Vehicles
Personal cars and trailers must be parked in designated areas only. Only FSAE competition vehicles
will be allowed in the track areas.

Motorcycles, Bicycles, Rollerblades, etc.—Prohibited

The use of motorcycles, quads, bicycles, scooters, skateboards, rollerblades or similar person-carrying
devices by team members and spectators in any part of the competition area, including the paddocks,
is prohibited.

Self-propelled Pit Carts, Tool Boxes, etc. - Prohibited
The use of self-propelled pit carts, tool boxes, tire carriers or similar motorized devices in any part of
the competition site, including the paddocks, is prohibited.

Starting
Push starts are prohibited.

The use of auxiliary batteries is prohibited once a car has moved to the starting line of any event.
Footwear

Everyone in a “dynamic” area (an area where cars can be moving under their own power) must wear
closed-toed shoes.
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ARTICLE 12: PIT RULES

D12.1
D121.1

D12.1.2

D12.1.3

D12.1.4

D12.1.5

D12.1.6

D12.2
D12.2.1

D12.2.2

D12.2.3

D12.2.4

D12.3

D12.4

Vehicle Movement
Vehicles may not move under their own power anywhere but on the practice or competition tracks, or
as otherwise directed by the organizers.

Electric vehicles must be de-activated when being moved around the paddock.

Off track vehicles must be pushed at a normal walking pace by means of a “Push Bar”, (See D12.2)
and with a driver in the cockpit and with another team member walking beside the car.

The team has the option to move the car either with (a) all four (4) wheels on the ground or with (b)
the rear wheels supported on dollies, by push bar mounted wheels, or other means as long as the
person in the cockpit has full control of vehicle movement and can steer and brake normally. The
external wheels supporting the rear of the car must be non-pivoting so the vehicle travels only where
the front wheels are steered. The driver must always be able to steer and brake the car normally.

When the pushbar is attached to the car the engine must remain off.

Cars with wings are required to have two team members walking on either side of the vehicle
whenever the vehicle is being pushed.

During performance events when the excitement is high, it is particularly important that the car be
moved at a slow pace in the pits.

The walking rule will be enforced and a point penalty of twenty five (25) points will be assessed for
each violation.

Push Bar
Each car must have a removable device that attaches to the rear of the car that allows two (2) people,
standing erect behind the vehicle, to push the car around the event site.

This device must also be capable of decelerating, i.e. slowing and stopping the forward motion of the
vehicle and pulling it rearwards. It must be presented with the car at Technical Inspection.

A fire extinguisher has to be mounted to the push bar in a way that it is quickly accessible.
Electric Vehicles only: Two pairs of high-voltage insulating gloves and a multimeter have to be
attached to the push bar. The HV gloves must be protected by a case or similar means from
mechanical damage, humidity and sunlight.

The case must also be able to be opened without using tools.

Smoking — Prohibited
Smoking is prohibited in all competition areas.

Fueling and Refueling
Officials must conduct all fueling and refueling.

180

© 2015 SAE International. All Rights Reserved 2016 Formula SAE® Rules — May 11, 2015



S

INTERNATIONAL .

D12.5

Engine and Vehicle Running Requirements
Engines may be run in the paddock provided the car has passed Parts 1 and 2 of Technical Inspection
(S2.7) and the following conditions are satisfied:
a. The car is on sturdy and adequate stand, and
b. The drive wheels are at least 10.2 cm (4 in) off the ground, or the driver wheels have been
removed.

ARTICLE 13: DRIVING RULES

D13.1
D13.1.1

D13.1.2

D13.1.3

D13.2

D13.3
D13.3.1

D13.3.2

D13.3.3

D134

Driving Under Power

Cars may only be driven under power (a) when running in an event, (b) on the practice track and (c)
during brake test or (d) during any powered vehicle movement specified and authorized by the
organizers.

For all other movements cars must be pushed at a normal walking pace using a push bar (D12.2).

Driving a vehicle outside of scheduled events or scheduled practice will result in a two hundred (200)
point penalty for the first violation and disqualification for a second violation.

Driving Off-site - Prohibited
Driving off-site is absolutely prohibited. Teams found to have driven their vehicle at an off-site
location during the period of the competition will be excluded from the competition.

Practice Track
A practice track for testing and tuning cars may be available at the discretion of the organizers. The
practice area will be controlled and may only be used during the scheduled practice times.

Practice or testing at any location other than the practice track is absolutely forbidden.

Cars using the practice track must have all parts of the technical inspection sticker.

Situational Awareness

Drivers must maintain a high state of situational awareness at all times and be ready to respond to the

track conditions and incidents. Flag signals and hand signals from course marshals and officials must
be immediately obeyed.

ARTICLE 14: DEFINITIONS

D14.1

D14.2

D14.3

D14.3.1

DOO - A cone is “Down or Out” - If the cone has been knocked over or the entire base of the cone
lies outside the box marked around the cone in its undisturbed position.

DNF - Did Not Finish

Gate - The path between two cones through which the car must pass. Two cones, one on each side of
the course define a gate. Two sequential cones in a slalom define a gate.

Entry Gate -The path marked by cones which establishes the required path the vehicle must take to
enter the course.
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D14.3.2 Exit Gate - The path marked by cones which establishes the required path the vehicle must take to exit
the course.

D144  Staging Area - An area prior to the entry to an event for the purpose of gathering those cars that are
about to start.

D14.5 OC - A car is “Off Course” if it does not pass through a gate in the required direction. Please
reference the sections on Autocross and Endurance for further definitions of OC as applied to those
events.
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Car# 29 /Team Name: GARUDA UNY RACING TEAM (GURT)
Analysis of Market Data

There are 72,153 potential customers which are non professional drivers in US Weekend Racing, for example SCCA,
NASA, etc. According to the Department of Numbers, median household income of the potential customers in US is
$54,156/years with the purchase power a car costs $25,000 is 80%. According to Global Automotive Consumer Study
from 23,000 customers in 19 countries, there are 80% of the consumers who need a car with an affordable price, high
performance and drivability. On the other hand 75% of the consumers need a car with low cost repair & easy maintenance.
Formula Ford, KTM X-Bow & Ariel Atom have high performance cars, high safety but they offer the price of car more
than $50,000. Therefore we create Formula Garuda-16 in order to fulfill the need of non-professional driver. FG16 is an
easy handling and drivability car, high performance car, affordable and easy to maintenance, and absolutely ready to be the
champion in racing circuit that costs $24,999/unit. As the result, non profesional drivers as our potential customer can
spent money and time more efficiently while achieving satisfaction at the same time to be profesional driver with FG16.

Company Strategy

GURT LLC has several strategies to win the market. First, we adopt low investment-just in time strategy (JIT) to maximize
the efficiency of budgeting without put aside the quality of the car. Next, our company has long term commitment to
evolve the quality of our project on future. We will also give after-sell services to the customers, such as product guarantee,
insurance and GURT Apps to help customer for maintenance and tuning the car, one stop service solution,video instruction
and help desk. In order to implementing the strategies that will enhance the overall consumer experience, we launch
Formula Garuda Game, Formula Garuda Challenge, test drive and also Charity Events. GURT LLC applies some
promotional strategies include Social Media, Websites, YouTube Video, and Media Releases (TV, Newspaper, Magazines
or E-Newsletter). Furthermore, we will minimize production cost by repurchase the cars (buy back program) from the
owners and process it by using 3R (reduce, reuse, recycle) concept. We need you to be an investor of our company to
make it all work. You will get 35% ownership from your investment in GURT LLC.

Target Selling Price $ 24,999
Target Vehicle Production Cost $ 18,800
Target Production VVolume /year (from Table 1) 175 unit
Target Annual Profit $ 1,084,825
Target Return of Investment 51 %

Vehicle Strategy & Performance

We build Formula Garuda 16 as a high performance car with light weight single cylinder engine 46 HP controlled by
MOTEC M400 ECU, traction and launch control to maximize power and grip. On aerodynamic package we instal
undertray to maximize downforce. We use light weight adjustable limited slip differential that can enhance car drivability
and tire grip and by using paddle shifter and quick shifter for effortless shifting. We apply tubular chassis which can make
the maintenance process easier. FG 16 body component is carbon, aluminum upright and wheel hub to lighter the weight.
In conclusion, FG 16 is an easy handlina car with the high drivability consists of high performance and ease of

Plans for Efficient Design (and Manufacture)

GURT LLC prepares strategies to achieve target performance, price and profitability. First, we implement forecast market
expectations to estimate potential sales with some reliability. Then, we apply some standardized steps and time for
manufacture and assembly process and also we use operational efficiency/lean manufacture principles to eliminate waste,
shorten the process, reduce labor costs and improve on-time deliveries of products. Moreover, we are concerning the
availability of equipment and human resources to leave room for the unexpected priorities and changes that may arise.
Furthermore, we consider the risk factors, where risks are significant, we conduct a failure mode effect analysis method
(FMEA), poka yoke, supply risk management and ensure that control are put in place to eliminate or minimize them.
Above all we implement inventory control strategy to reduce inventory costs by decreasing the need of safety stocks and
excessive work-in process inventories.

Key Design Features Key Performance Targets
Chassis/Body Type Steel Tube Space Frame AISI 4130 | Accn. 0-75 Metres 4.0s
(JIS STKM 11A)
Power train type Chain Drive, Adjustale Limited Slip | Lateral Accn, (9) 1359
Differential
Power / engine Husqvarna SM630, 600cc, 1 Cyl, Fuel Economy 285 mpg
46hp @8600rpm, 42.3Nm/7200rpm
Target weight, kg 220kg Part Durability Zero part Failure In 400 km
Special Features Padle Shifter, Launch & Traction
Control, Undertray, Telemetri
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A. Presentasi bisnis
Berikut hasil dari penyusunan teks presentasi beserta materi
presentasi Business Logic Plan Formula Garuda 16.

1. Pembukaan

RACING TE

Gambar 1. Pembukaan Presentasi

Ambltlon I§*~a Dream

.. -with FG 16 = |

UNV \NnoN\ S\A

FORMULA GARUDA-16

GarugaUNYs-

Gambar 2. Kalimat Pembukaan Presentasi
"Ambition s a dream with GURT FG 16. Ladies and
Gentleman.Good afternoon, my name Is Bondan, marketing

director of GURT LLC and this is my colleague, Teguh our business



development director and Laila, as the administrator of GURT
LLC”

2. Gambaran Umum

==

OVERVIEW

e e Garuda UNYay

Gambar 3. Gambaran Umum

"I will take the lead thorugh the market and product overview,
while Teguh will be covering the marketing plan, the production

plan and the financial plan.”



3. Gambaran Pasar ( 7arget Market)

MARKET OVERVIEW

Target Market

JHON
Market Validation

Competition Analisys

Garuda UNY3s

Gambar 4. Target pasar
"Now, lets begin with the market overview. We have many

weekend races participating in SCCA and NASA competition all

over the US.”

MARKET OVERVIEW

e
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Target Market
JHON
Market Validation

Competition Analisys

.. Garuda UNY¥%s

Gambar 5. Target Pasar



but there even more responses out there, watching all reactions
from distances and wishing they could be there on the track.
These people are our target market.

4. Gambaran Pasar (Jhon)

MARKET OVERVIEW

Target Market
v/ Motorsports arge ar ot

Enthusiast ‘

Market Validation

v Competitive guy
with age 19 - 36
yearsold.

Competition Analisys

v/ Median household y
income >/= K
$54,156/year

Garuda UNY=:y

Gambar 6. Contoh Pembalap Weekend Racing

"And John here, he is one of them. He thinks he gets one of the
chances to be, on the next day. He is a very competitive guy
about 35 years of age and he’s got a lot access of competitions to
spend. John wonders what it would be like to be in a racing
machine of his own and dreams to become a champion one day.

But John has a problem; he has no idea where to begin.”



5. Gambaran Pasar (Market Validation)

Perf 59%
erformace Target Market
JHON
38 3%
F A X Market Validation
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www.autoalliance.ogr

Garuda UN Y5y

Gambar 7. Validasi Kebutuhan Konsumen
"From market service we understand that John is looking for 5
main aspects in his racing. Looking on the top-three-winner that
he wants his car to perform, it needs to be something he can
handle and it needs to set him apart from everybody else.”

6. Gambaran Pasar (Competition Analisis)

MARKET OVERVIEW

Drivability Target Market

Easy T \
Market Validation

- Performance

Low Moderate High

Garuda UN ¥z

Gambar 8. Analisis Persaingan Pasar



"Looking of what'’s out there right now John is going to bargain
karting, excellent drive ability but the performance isn't enough
for him. He could try racing with modifying road cars, Ford
Mustang, Good drive ability good performance, but it's not that
unigue. An open wheel race car is not just too difficult for John to

handle and it’s not something he'd like to begin with.”

MARKET OVERVIEW
Drivability
A Target Market
Easy
JHON
7 Market Validation
° Competition Analisys
P Performance
Low Moderate High

Garugda UN

RACING TEAM

Gambar 9. Analisis Kebutuhan Konsumen
"So are you thinking what I'm thinking? Can GURT LLC provide

both? Good drive ability and good performance? Yes we can !1!”



7. Gambaran Produk (Video Profil Formula Garuda 16)

Gambar 10. Tampilan Video Profil

PRODUCT OVERVIEW

Performance Packages

Garuda App
Ergonomic
Safety Packages
Garuda FLY HIGH

Garuda UN Y33

Gambar 11. Formula Garuda 16
"Behold the dream with GURT FG16, a brighter performance

unlike anything before, but wait, listen up to The FG16.”



8. Gambaran Produk (Peformance Packages)

PRODUCT OVERVIEW

Performance Packages
Garuda App

Ergonomic
Safety Packages
Garuda FLY HIGH

.. Garuda UNY¥%%

Gambar 12. Paket Peforma FG 16

"The FG16 is fast and once John is comfortable with it he can take
it up enough with GURT performance packages. He can go for the
power and gearbox package for more sky-rocketing performance,

the aero package for excellent drivability, and the traction control

package for easy sharp handling.”



9. Gambaran Produk (Garuda App Video)

‘ PRODUCT OVERVIEW

Performance Packages

Safety Packages

Garuda FLY HIGH

Faruda UNY: 7

Gambar 13. Gambar Video Pengenalan Garuda App
"Wow the FG16 comes with proprietary, GARUDA App that is
compatible with android and I0S mobile platform. The app allows
John to monitor John his own performance and then the FG16.
Now that John can perform to the limit.”

10.Gambaran Produk ( Ergonomic)

PRODUCT OVERVIEW

Performance Packages
Garuda App
Ergonomic

Safety Packages

COCKPIT £

Garuda FLY HIGH

Garuga U5

Gambar 14. Gambar Video Pengenalan Ergonomi FG 16



"Ergonomic is frugal. And that's why we at GURT take the human
machine interface very seriously. Pedal assembly and steering
wheels has been set up in many configurations to subtle furious
driver. Customized seat ensure that the driver is at his most
comfortable posture throughout the race”

11.Gambaran Produk (Safety Packages)

PRODUCT OVERVIEW

Performance Packages

Garuda App

Ergonomic
Safety Packages

EFFORTLESS RACING EXPERIENCE Garuda FLY HIGH

Garuda UNY¥:

Gambar 15. Effortless Racing Experience
"And all of this sum up to an effortless racing experience for

John.”



PRUDUCT OVERVIEW
gg;ﬁﬁ’es %

Performance Packages
Turbular space Compact 5 point
frame alumunium  camlock Garuda App
impact harness
Ergonomic

attenuator
Safety Packages

Garuda FLY HIGH

ooy Garuda UNYEs

Gambar 16. Fitur Sistem Keselamatan FG 16
"Now safety is one of the most important. That's why FG16 has

been tested and retested in complies to all safety regulations.”

PRODUCT OVERVIEW

Safety
Features
Performance Packages
Turbular space Compact 5 point
frame alumunium  camlock Garuda App
impact harness
Ergonomic

attenuator
Safety Packages

{ Y Garuda FLY HIGH

Gambar 17. Ketahanan Kendaraan

"And due to our attention to details, the 400 km in testing that we

have achieved without any part failure.”



12.Gambaran Produk (Garuda FLY High)

PRODUCT OVERVIEW
GARUDA
FLY HIGH e
FACE THE CHALLENGE ety e

Garuda FLY HIGH

WITH YOUR HELPFULL PARTNER
T0 IGNITE GREAT ACHIEVEMENT

Garuda UN Y33

Gambar 18. Garuda FLY HIGH

"And now let me present you the conation of dream, GARUDA FLY

HIGH.”
PRODUCT OVERVIEW
j e m ‘ Performance Packages
e et D
GARUDA b

F I. Y H I G H Garuda FLY HIGH
- FinandalPlan
o Question

Drag &drop Delivery
Customization Logistic

Garuda UN Y=y

Gambar 19. Penawaran Garuda FLY HIGH

Car Coaching

"It's our duty to ensure John is living his dream and its your
solution to a low credit investment. GARUDA FLY HIGH is a hope

for people like John to ignite the FG16 journeys. John’s passion



can be intensified with the tour of the production line. With FG16
Simulator John gets to taste of the adrenaline rush, he will be
popping through his veins during his first test drive. And once he
Is driving, nothing is gonna stop him combined with his own FG16.

Personal coaching and tuning guide are available on GARUDA FLY
HIGH ONLINE to make sure that John can improve his timing and
to make sure that he can customize and upgrade his car with an
intuitive drag and drop customization system. Moreover, the
GURT logistics team, is always ready, all stand by to make sure

that John’s FG 16 is race-ready anytime.”

PRODUCT OVERVIEW

244) 24/7 Online Support
Performance Packages

Garuda App
Maintenance Guide Ergonomic

Safety Packages

O i

GARUDA FLY HIGH % Forum
ONLINE

Garuda UN Y=
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Gambar 20. Penawaran Garuda FLY HIGH Online
"Now with GARUDA FLY HIGH ONLINE, John is always just clicks
or type away from any kind supports he wants and a community
of GURT enthusiast on a forum; and that's GARUDA FLY HIGH,

living your dream has never been so easy.”



PRODUCT OVERVIEW

Performance Packages
Garuda App
Ergonomic

Safety Packages

Garuda UN Y%

Gambar 21. Impian Konsumen & Garuda FLY HIGH

"And now I will let Teguh blow your mind with how your
investment will reach tremendous profits. Please, Teguh — Thank
you Bondan”

13.Strategi Pemasaran

MARKETING STRATEGY

Brand Strengthening

Brand Expansion

Garuda UN Yy

Gambar 22. Launching Formula Garuda 16
"A goal without a plan is just a wish. An excellent marketing

strategy is just as important as excellent product as such GURT



LLC will be putting up by three point approaches: brand

awareness, brand strengthening and brand expansion.”

MARKETING STRATEGY

=

Hﬂ@ 1\

Brand Strengthening

Brand Expansion

Garuda UN Y%y

Gambar 23. Roll out Formula Garuda 16

“Firstly, our focus will be on racing brand awareness. Topic goals
will be set up on all race events to extract our target customer
into motorsport racing.”

14.Strategi Pemasaran (Online Advertisement)

MARKETING STRATEGY

Brand Strengthening

Brand Expansion

Online Advertisement

Garuda UN Y=y

Gambar 24. Online Advertisement



"In addition there will be online advertisements on relevant
websites to expense or maximize our reach.”

15.Strategi Pemasaran ( 7elevision Show)

MARKETING STRATEGY

B
Brand Strengthening

Brand Expansion

Television Show

Garuda UN Y=y

Gambar 25. Tayangan Televisi

"Furthermore, our car will be feature on automotive shows like
Top Gear USA”

16.Strategi Pemasaran (Formula Garuda Racing Games)

MARKETING STRATEGY

Brand Strengthening

Brand Expansion

Racing Games

Garuda UN Y33

Gambar 26. Formula Garuda Game



7”

"and we also release GURT racing games on Playstore.

17.Strategi Pemasaran (Brand Strengthening)

MARKETING STRATEGY

Brand Awareness

! ‘

Brand Expansion

Garuda UN Y%y

Gambar 27. Penjalinan Hubungan Baik Dengan Konsumen
"On the second year, we achieve all focus towards brand
strengthening, as we believe that there will be a considerable
FG16 honor; therefore, GURT LLC pledges to meet the good
customer relationships.”

18.Strategi Pemasaran (Formula Garuda Competition)

MARKETING STRATEGY

“FORMULA GARUDA [EEERS
e

INTERNATIONAL SERIES

Garuda UN s

Gambar 28. Formula Garuda International Series




"We organize a new race, the Formula GARUDA CHALLENGE,; an
amateur racing series to showcase our specs car from all over
states. This will serve the opportunity for our customers to
compete against each other.”

19.Strategi Pemasaran (Facebook)

MARKETING STRATEGY

FACEBOOK

Race Cars - Yogyakarta
4.6 Jdk ko

Sade

Garuda UNY
Racing Team

1,936,291 people like this

AAAAA

b Brand Awareness

Brand Strengthening

Brand Expansion

7 people have been here

vvvvv Invite friends to like this Page

Poss

@p 40T revews

Garuda UNY>y

Gambar 29. Iklan Online Menggunakan Facebook
. “Social media like Facebook”

20.Strategi Pemasaran ( Youtube)

MARKETING STRATEGY

YOUTUBE

Yoo

GarUda U“Nmaw Brand Awareness

Brand Strengthening

Brand Expansion

Garuda UNY%y

Gambar 30. Iklan On/ine Menggunakan Youtube



"voutube”

21.Strategi Pemasaran (Instagram)

MARKETING STRATEGY
INSTAGRAM

© | nstagram.

gurt_fsae |Gl
Garsdatry

e DR

"

Brand Awareness

Brand Strengthening

Brand Expansion

Garuda UNY:y

Gambar 31. Iklan Online Menggunakan Instagram
"Instagram”

22.Strategi Pemasaran ( Website)

MARKETING STRATEGY

WEBSITE

Garuda UNVzz T N i i, (e e o

Brand Awareness

Brand Strengthening

Brand Expansion

GarugaUNsr

Gambar 32. Website www.garudauny.com

"website”


http://www.garudauny.com/

23.Strategi Pemasaran (Twitter)

MARKETING STRATEGY
TWITTER

Brand Awareness

Brand Strengthening

Brand Expansion

Garuga UNYs-

Gambar 33. Iklan Online Menggunakan Twitter
“and Twitter YouTube will be utilize to keep our customers up to
date on the new upgrade and the competitions.”

24.Strategi Pemasaran (Brand Expansion)

MARKETING STRATEGY

JAPAN Brand Awareness

CHINA Brand Strengthening

5

Brand Expansion
INDIA "\ LTS

SOUTH

AMERICA v

GarugaUNsr

Gambar 34. Target Perluasan Merk
"Finally to ensure the continuity of growth GARUDA LLC brand

expansion will be carried out across Japan, China, India, Midle



East and South America. These are potential market where
motorsport is beginning to gain popularity.”

25.Rencana Produksi ( Factory Location)

PRODUCTION PLAN

Factory Location

Assembly Floor Plan

Eco Friendly

Garuda UN Y33

Gambar 35. Lokasi Perusahaan

“For our manufacturing plan, our head factory will be based in

Virginia for 5 reasons.”

PRODUCTION PLAN

Excellent machining technology, | | precise workmanship
and manufacturing support

D ! Factory Location

J N
I wis )- Assembly Floor Plan

Eco Friendly

Strategic place to distribute

Raw material support the product

)

B o
Garuga UNYs3-

Gambar 36. Alasan Pemilihan Virginia



"They have excellent machining technology and manufacturing
support, precise workmanship, , raw material support, and
strategic place to distribute the products.”

26.Rencana Produksi (Assembly Floor Plan)

wy D ] Keyteatues | Market Overview |
OO O 0 1. Poka-Yoke
O T= 1= 1T~1 2.Just InTime
L e o —
B s o B Y production
I‘Aih iﬁ m ;&S = awrr] 3. Qutsourching
(INTIII]L to reliable Factory Location
*E," partner ’
B FINAL INSPECT e 4.1n house Assembly Floor Plan
manufacturing Eco Friendly

facilites for

' felieefor  FinancilPlan
Yoosier [EEamm KA poren: | Question

I'yuasa MOTUL FUKAI NSK 5. Sustainability

Garuda UN ¥z

Gambar 37. Gambar Animasi Rencana Produksi FG 16
"A 1,500 mZ2 facility will be set up to produce FG16. Production of
FG16 will be based on Just-In-Time and Poka - Yoke
manufacturing concept to maximize cost effectiveness. Majority of
all components will be outsourcing the local reliable partners while
critical components will be manufacturing in house. Quality of
components will be ensured and lastly GURT LLC will keeping our

sustainable production practices.”



27.Rencana Produksi (Eco Friendly)

PRODUCTION PLAN

S

Factory Location
Assembly Floor Plan
Eco Friendly

40% Green energy suplier

Garuda UN Y3y

Gambar 38. Pemasangan Panel Surya Pada Atap Perusahaan
"We commit to use 40% green energy supplier by using Solar
panels energy installd in the rooftop of the company.”

28.Rencana Produksi (3R & Buy back Program)

PRODUCTION PLAN

Y
o
-

BUY BACK
PROGRAM

Factory Location

Assembly Floor Plan

Eco Friendly

Garuda UN YV

Gambar 39. 3R dan Buy Back Program
"There are 2 programs that we propose to support the eco-

friendly princpal: buy back and reduce, recycle, reuse. buy back is



a program to repurchase car components which are no longer in
use. Then, we select them, recyle and reuse them to produce raw
materials.”

29.Rencana Keuangan (Market Sizing)

Compound Annual Growth Rate
CAGR: 6%
445
44
435
43
425
42 B CAGR
‘:51 Cost Analysis
405 Business Model
W Projected Sales
2018 2020 2022 2024 2026 2028 Fu“ding

Garuda UNY%y

RACING TEAM

Gambar 40. Compound Annual Growth Rate
“For, our sales plan. The US motorsport market is valued about
$40 billion, it is expected to grow the range of 4% by bring the
motorsport market to more than $60 billion within the next 5

years”



30.Rencana Keuangan ( Cost Analysis)

FINANCIAL PLAN
Direct cost-per year
1.Manufacturing cost $ 16,994
2.Labour cost $ 5,655
Total cost of production
Market Sizing
Undirect cost-per year | CostAnalysis |
1.Large Billboard (Promotion) $104,000 Business Model
2.Large Digital Billboard $ 65,000 Pmim::::::;

3.Social Media Promotion $ 6,800 _

Garuda UNY¥~

Gambar 41. Rencana Keuangan

"Based on our car condition, it will cost about $19,200 to build

FG16.”

31.Rencana Keuangan ( Cost Analysis)

FINANCIAL PLAN

$24,999 ==

Business Model

Projected Sales
Funding

Garuda UN Yz

Gambar 42. Harga Jual Formula Garuda 16

"GARUDA FG16 with end price is affordable $26,500, wish fit

nicely into John’s budget.”



32.Rencana Keuangan (Business Model)

FINANCIAL PLAN

v

Profit $8.004

FGC $21.950

Spareparts $ 500

Market Sizing

Cost Analysis

Business Model

Projected Sales

Funding

Garuda UN¥:s
Gambar 43. Jumlah Persen Margin
“For every FG16, there is a profit of $ 8.004 covered with
additional profits from others channels. And it presents 32% unit
profit margin can be made.

33.Rencana Keuangan ( Projected Sales)

~

10.000000
2000000 | BEP AFTER
8000000 2YEAR
7.000000
6000000 /
5.000000 T Tocal Cost Market Sizing
T000 200 f — Sales Income 5
Cost Analysis
2000000 /r
2000000 // Business Model
7/
1000000 7 Projected Sales
° 2017 2018 2019 2020 2021 2022 Fl.ll'ldil'lg
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Gambar 44. Proyeksi Break Even Point



"Within the first 2 years, GURT FG16 sees a steady growth
business sale and by the end of two years your investment would
breakeven.”

34.Rencana Keuangan ( Funding)

FINANCIAL PLAN

v" Funding : $ 1.000.000
v/ Cooperate Ownership :35%

v’ Return of Investment is 51%
with Payback Period : 1,9 Years

Market Sizing

Cost Analysis
Break down of Startup Cost Business Model

Manufacturing initial cost: $ 1.699.465 Projected Sales
Wages : $ 565.500

Garuda UNY3s

RACING TEAM

Gambar 45. Tinjauan Rencana Keuangan
"Thanks to regressive marketing campaign, FG16 will grow an
exponential rate making even more profits as GARUDA racing
becomes a well established premium brand. Now, what is in for
US investors, we fund initiation funding for $1,000,000 you obtain
a cooperate ownership of 35% GURT LLC. And after 1,9 years you

see the return of your investment of 51%.



35.Ringkasan dan Kesimpulan (Summary)

SUMMARY

GarugaUNr

Gambar 46. Mobil Impian Konsumen
"Now, let me summarize the whole idea. This is the dream, a high
performance and competitive car.”

36.Ringkasan dan Kesimpulan (Summary)

SUMMARY

Sl

Gambar 47. Great Racing Team
"we are the team, a group of professional you can rely on. And

what we need right now, is for you can join the dream team.”



37.Ringkasan dan Kesimpulan (Summary)

SUMMARY

LET'S FLY HIGH

LET'S FACE THE CHALLENGE
WITH YOUR HELPFULL PARTNER
T0 IGNITE GREAT ACHIEVEMENT

oo
Garuda UN s

Gambar 48. Kesimpulan
"LETS FACE THE CHALLENGE WITH YOUR HELPFULL PARTNER
TO IGNITE GREAT ACHIEVEMENT 11!
Now it’s time to relax. Please enjoy our special beverage. It’s a
Indonesian traditional drink from ginger.”

38.Pertanyaan (Market Overview)

QUESTION

MARKET OVERVIEW

A. 72,153 Potential Customer (non profesional Criver)

64580 USA www.soca.com

1500 usa WWW.nascar.com

e
St ar Auta
Racing (MASCAR)
Onie Daylona Slvd.

Total 72,153
Garuda UNY%y

Gambar 49. Data Potensi Pasar




39. Pertanyaan ( Purchasing Power)

QUESTION

B. Purchasing power for car FG 16 with selling price $24,999

2014 1 Year Change 3 Year Change

[US  |[$53.657 1 04% [+0.93%
2017 = 853,657 + ($53,65770,93%)|

=$54,15601
Purchasing Power = Tertiary/Selling Price
= $20556 / $24999*100%
= 82%

L ——
Garuda UN¥3z

Gambar 50. Kalkulasi Kemampuan Daya Beli

40.Pertanyaan (US Household Income)

QUESTION

C.Population in US with household income more than or same as $54,156

Net Compensation Interval Wage Earners
Nurnber Cumulative Number Percent of Total
55.000.00 — 59,999.59 1846517 124,102,440 7845510
60,000.00 _ 64,999.59 4,201,232 126,303,572 8210897
65,00000  69,999.59 3573471 131,877,143 8336799
JO000L0 — £4,999.59 3,001,739 131,971,882 522037
75,000.c0 — 79,399.29 2,684,681 137,556,363 8702180
50,000.00 — 84,999.59 2.297.538 138,353,701 £8.47570
85.000.00 — 59,99 1,975,200 141,929,101 8972745
20,000.00 0499950 1714370 143,643,471 20.60624
95,000.00 — 99,999.69 1,436,636 145,130,107 9274604
100,000.L0 — 107,999 99 1,309,068 16,135,175 928 /358
105,000.00 — 109,999 99 1117,128 147,556,303 93 27979
110,000.00 — 114,999.99 977,055 148,533,358 9589745
115,000.00 — £19.999.99 865,889 14¢,399,247 94.44483
120,000.00 _123,99999 772,330 9493371
125,000.00 — 129,999 99 673,971 95.35977
130,000.00 — 133,999 99 U582/ 9573643
135,000.C0 — 139,999 99 527301 151,965,725 96 06950
140,000.00 — 244,999 93 455,992 152,436,717 96.56501
145,000.00 — 149.99993 413.003 152,855,720 96.62989
150,000.00  153.099.99 284,581 152,240,301 96.57301
15§,000.00 — 159,009 99 335,301 152,575,502 97.08502
160,000.00 — 161,999 99 295048 153,871,740 97.27118
165,000.00 — *69.999 99 765309 154,137,049 97.43990

B
Garuga UN 6

Gambar 51. Data Populasi Penduduk Amerika



41. Pertanyaan ( Number of US Potential Customer)

=

~ QUESTION

D.Number of US if (prod people within 19 - 36 years old)
Characteristic 2014

Number (thausands) _Estimate Margin of error
15 to 24 years 6,370 34,605 1,296
25 to 34 years 20,075 54,243 1,315
35 to 44 years 21,121 66,693 1,024

Source

)
Garuda UNY3s
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Gambar 52. Jumlah Populasi Konsumen Potensial (19-36 Tahun)

42. Pertanyaan ( Global Automotive Consumer Study)

QUESTION

E.?ollo’ndal buyer (19y.0-36y.0 )- Global onsumer Study -
in

Garuda UN Y=y

Gambar 53. Data Kebutuhan dan Keinginan Konsumen



~ QUESTION

across Gen Y for ratowning 3 vehicle. I adc tion 5
Wfestyle needs can be met by walking or publc transportation.

Top three reasons Gen ¥ dossn't buy o
teve they

303 '
Afforcebiny a L-"Mm buy?
O

rece nne ol

Top three things that would get them into a vehicle

@R

Cheape Mot fuel ellivent

Dvere 24 e oo oneurer ey

Sourre : Delaits 7014 Global Automative Cansumer Study

Gambar 54. Data Keinginan Konsumen

43.Pertanyaan ( Customer Preferences)

~ QUESTION

A Cusiome preferences

Rank Purchase Reson %
1 Overall Safety of the Vehicle 63%
2 Overall Driving Performance 5%%
3 Overall Value for the Money 56%
4 Overall Impression of Durability/Reliability 58%
5 Price/Deal Offered 56%
6 Safety Features 56%
1 Riding Comfort 54%
8 Handling 53%
8 Braking 52%
10 Comfort of Front Seat 52%
n Affordable to Buy 50%
17 Road Holding Ability 50%
13 Front Visibility 50%
" Engine Performance 50%
15 Warranty Coverage 50%
16 Dverall Scat Comfort 48%
I} Overall Exterior Workmanship 1%
38 Maneuverabllity Aoy
19 Fun To Drive 46%
20 46%

Garuda UN Y&y

Gambar 55. Customer Prefernces



44.Pertanyaan ( Competitor Data)

QUESTION

Competitors Data (KTM X-Bow, Ariel Atom, Formula Ford, Ford Mustang)

Price  $94.323 $89,750 $32,845
Size 3738x1815x1202 mm | 3410x1195x1830 | 4784x1916x1367 mm
mm
Weigh 847 Kg 613 Kg 1602 Kg
t
Engine 2000 CC- InLine Honda 2.4 LI 5.0L THVCT V8
Vtee
Power 285 HP @6400 rpm 370HP @7500 | 435 HP @6300 rpm
rpm
Accele 4.1 5econd 2.8 Seconds 6.5 Second
ration
i0-100
Kmh)
Source  httpsffwwrw - hitp-//arielatom. | http://www. ford com/cars/mus
bow.jp/img/CATALDG/Fold | com/models- tang/specifications/viow-all/
er XBOW GT GB.pdf atem3/

B
Garuda UNVzz

Gambar 56. Data Pesaing

45.Pertanyaan (List of US Race Track)

QUESTION

List of US Race Track

1. Big Country Speedway 23. Magic Valley Speedway

2. Tull Threttle Speeduiay 24. Tirehird Internationan Raceway
2. Dillan Motor spaedway 25. Rullring ar | a5 Yagas MaTar Speedway
4. East 3ay Raceway Perk 6. Douglas Country Speedway

5. Harderd Motor Speedway 27.1-10 Speedway

6. llavasu 95 Speedway 28. Wotanlex Speedway

7. 125 Speedway 29. Penticton Speedway

8. Illiana Motor Speedway 0. Stateline Stadium and Speedway
9. Inde Motarsports Ranch L. Lvergreen $peecway

10. Lonzseme Fine Racewsay 32 saratoga speedvay Ltd,

11. Marshfield Supsr Spesdway 33. South Sound Speedway

12. Meridian Speedway 3. Agassiz Speedway

13. Norway speedway i, Western Speedway

4. Newsport Speedway 3. North Horida Spesdway

15. Kocky Mountzin Kaceways 31 Kelowna Speedway and hobby
16. Shangri-Lz | Motor Speedwsy 38. PGARA Speadway — Prince George
17. Skagit Speedway 39. Thunder Mountain Speedway
18. Suulhern Oregon Speedway 10. Gold Pe1i Speedwey

19. Stule Purk Spuedway 41, Shusla Speedway

20. Virginiu Molor Speedway e 42. Aricona Molursper L Raceway
1. Yarkitna Speerfunry 23, Paarlvllo Ricw.zy

22 Inde Motarsport Ranch 44. Spakane Conntry Raceviay

Bl oo
Garuda UN Y33
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Gambar 57. Daftar Lintasan Balap di Amerika



46.Pertanyaan (CAGR)

QUESTION

1. RumusCAGR

{ 1
Ending Valuc ‘\# nfyeals)
caGR = (o LA ) -
Beginning Value.

Rumus Hasil
foy 2018 4,123480039
Ending Value . of |s] 2019 4,161405387
GR= ! [ ST ] 2020 4,161405387
Beginning Value ) 2021 4,198302195

2022 4,234186419
2023 4,269076013
2024 4,302990772
2025 4,302990772
2026 4,335952179
2027 4,367983258
2028 4,399108427

B o
Garuda UN %5

Gambar 58. Kalkulasi CAGR

47.Pertanyaan (Equation Margin Percentage)

QUESTION

Equation margin percentage

Selling Price — Manufacturing Cost

Margin P tage =
arpin Tercentage Selling Price

Selling Price § 24999
Manufacturing
cost $16,994.65

Margin Percentage = (Selling Price-Manufacturing cost)/Selling price
=($24,999- $16,994.65)/ $24.999
=32%

Source ; wwwistrategiccfo.com/margin-percentage-calculation/

B o
Garuda UN Y%
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Gambar 59. Kalkulasi Persen Margin



48.Pertanyaan ( BEP)

QUESTION

BEP

www.cara.aimyaya.com/2014/10?m=1
Selling Price $24,999
Variable Cost $16,994.65
Kapasitas normal 175 unit
Fixed Cast $138993.64

Break Even :sold 173 units

Break EvenPoint  =Fixed Cost /(Selling Price - Variable Cost)
BEP = $1383993,64 /(524999 -$16994)

=1383993.64/ 8005
=173 unit

B o
Garuda UN¥:

Gambar 60. Kalkulasi Break Even Point

49.Pertanyaan ( Cash Flow Forecasft)

QUESTION

= -

Grafik Finansial
CASH FLOW FORECAST
Lauu00020 S
1.000.000,20

800.000,00

us Dallar

A00.000,10

200.000,00

200.000,00

= - —— = - ..
W17 IR L 2030 021 202 2023 puus 2025 3026

B
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Gambar 61. Perkiraan Cash Flow




50.Pertanyaan ( Payback Period & ROI)

2

QUESTION

n;
25.420,36.

PAYBACK PERIOD :

LOAN/NET PROFIT =1435584,39,/732113,36
=1,9 YEARS

ROI:

NET PROFIT/LOAN CAPITAL =732113,36/1435584,39

=51%

T
Garuda UN¥:s
Gambar 62. Kalkulasi Payback Period & ROI

51.Pertanyaan (Residential Average Price)

4

QUESTION

A. Residential Average Price (Cents per Kwh)

Residantal Average Price
(Cents cer k\Vn)
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Sourca: Energy Information Adminisiraton, Form EIA31, *Annual Elactric Powsr Industry Renort

Source : Energy Information Administration, Form EIA-861, *Annual Electric Power
Industry Report.”
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Gambar 63. Rata — rata Biaya Listrik Tiap Daerah di Amerika



52.Pertanyaan ( American Vehicles)

3

QUESTION

B. Amerlica’s 20 Best Selling “American” Vehicles 2015 First Half

America’s 20 Best-Selling "American” Vehicles
2015 First Half

ToaPrathdbonsara com
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Gambar 64. American’s 20 Best selling Vehicle

53.Pertanyaan ( Sport Car Sales in America)

>

QUESTION

a
Sporty Car Sales In America
October 2015
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Gambar 65. Sporty Car Sales in America



54.Pertanyaan (Virginia’s City Data)

QUESTION

Garuda UNY3y

Gambar 66. Data Kota Virginia

55.Pertanyaan ( America’s Top States For Business)

F. America’s Top States For Bussiness 2016
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Gambar 67. America’s Top States For Business
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Car No. F—L Technical 1. /Noise| Brake 0 1 2 3 4 5 6 7 8 9 10 11 12 13 1
Inspections

2 HREN T =i KP Technical Inspections A ‘ Cost A | Presen A

3 %EEI%*% Technical Inspections B Cost G Presen B

4 BEf KE Technical Inspections C Presen C Cost B

5 NN Technical Inspections D Presen A Cost C _

6 HARBEEKER Technical Inspections E Cost E ‘ Presen A

7 BEHTRIERE Technical Inspections F Cost C Presen B

8 M TERE Technical Inspections G Cost F Presen C

9 AARTEKE Technical Inspections A i Cost D Presen D

10 King Mongkut’s University of Technology Thonburi Technical Inspections B Presen F _ Cost A

11 RIEKRE Technical Inspections C Cost F Presen E

12 BIWKE Technical Inspections D Cost A Presen D

13 Tongji University Technical Inspections E Presen G Cost C

14 FE442 T EBBERER Technical Inspections F Cost B Presen E

15 PN = Technical Inspections G Presen C

16 HERE L K Technical Inspections A Cost B Presen B

17 BEEIR K Technical Inspections B ‘ Presen C Cost E

18 HEREIKZE Technical Inspections C Presen D Cost F

19 TRIEXE Technical Inspections D Presen A ‘ Cost D

20 ZEEKRE Technical Inspections E Presen A Cost E

21 HEREATH KRS Technical Inspections F Presen B Cost F

22 THIEKRE Technical Inspections G ‘ Presen B Cost G
23 HEKZE Technical Inspections A Cost C Presen E

24 BHNITEKRE Technical Inspections B Presen C Cost E

25 HRBERKE Technical Inspections C _ Presen G Cost D

27 FEKE Technical Inspections D Presen D Cost F
28 LD KYKE Technical Inspections E Presen D ‘

29 Universitas Negeri Yogyakarta Technical Inspections F Cost B Presen F

30 FEXZE Technical Inspections G Presen B Cost A

31 FHEKZFE Technical Inspections A Presen C Cost B

32 RigKE Technical Inspections B Presen D Cost C

33 HaRE Technical Inspections C Presen A Cost G

34 KIREEKRE Technical Inspections D Presen B Cost A

35 == Technical Inspections E Presen C Cost B

36 IN=p =2 Technical Inspections F Presen D Cost C

37 ABARIEKRE Technical Inspections G Presen E Cost E

38 EmKE Technical Inspections A Cost A

39 Iz B K= Presen B Technical Inspections B Cost B

40 BEKE Presen C Technical Inspections C Cost C

41 L EFRL K Presen D Technical Inspections D Cost D

42 BHKE I Technical Inspections E Presen E Cost F

43 RBRHILKZE Presen E Technical Inspections F Cost G

44 ey = Technical Inspections G Cost E Presen A

45 WORREBRKXE Cost D Presen B

46 Institut Teknologi Sepuluh Nopember Surabaya Presen F Cost B
47 IAEERE Cost A Presen A

48 TRKE Cost D Presen A

49 S KE Presen C Cost D
50 Kasetsart University Presen G

51 LEXE Cost D Presen E

52 BAKRZFET 2 Presen E Cost B

53 B TR BEEXFER Presen C Cost A F

54 BRAXE Cost E Presen C

55 R FTHOZhIL ALy DR Cost F Presen A

56 LiEERE Presen B Cost A

57 ROETFHOZHILALYSER Cost G Presen C

58 K Cost B Presen D

59 BEKE Presen E Cost C

60 | LBTEAF Gost B "~ Designc

61 N THILKRE Presen B _ Cost G

62 FRETIE BHEKRER Cost D Presen D

63 EtLfEKRE Cost F Presen E

64 S SN Presen A Cost C

65 1y 8= Presen A Cost D

66 BEIEXZE Cost E

67 National Taipei University of Technlogy Presen G

68 FETEXRE Presen B Cost F

69 BARAKE £EIZEH Presen C Cost G

70 B/ 3PN Presen D Cost C
71 BHE K= Presen E Cost A
72 HRRIMEFHERER HESK Presen E

73 Harbin Institute of Technology at Weihai Cost D Presen F

74 Zhejiang University City College Presen F _

75 SEBELAS MARET UNIVERSITY Presen G

76 Chulalongkorn University Cost E Presen G

717 Universitas Gadjar Mada Cost E Presen G

78 Universiti Putra Malaysia Presen F

79 Ajou University Presen F

80 National Tsing Hua University Presen F Cost F _:
82 LMK Presen D _ Cost G

84 Southern Taiwan University of Science & Technology Presen G

85 Sinhgad Academy of Engineering Presen F

86 Sinhgad Technical Education Society Presen G Cost G

89 MANAV RACHNA INTERNATIONAL UNIVERSITY Presen G

90 Universiti Teknologi Malaysia Presen F

93 |UAS. Graz | DesignA Presen G

E1 HEEIFXRE-AGEBRKXEEV Presen F Cost E
E2 F4% T E BB E KFEREV Presen D Cost B

E3 BIL KEFEV Presen E Cost A

E4 Tongji University Cost C Presen F

ES —BEIXEEFEMER. EFKRE. EFRBIKFEV Presen A Cost G

E6 AN THEKRZFEV Presen B Cost F

E8 W) KEEV Presen C —_

E9 Harbin Institute of Technology at Weihai(EV) Presen G Cost D
E11 Thai—Nichi Institute of Technology EV Presen G
E12 RV College of Engineering EV Presen F




APPENDIX S-6 PRESENTATION JUDGING

SCHOOL Universitas Negeri Yogyakarta CAR NUMBER 29

The Presentation by the team should reflect back to the team’s Business Logic Plan Submission. While conditions
may have changed since the initial project commencement, these can be covered in the team’s Presentation, with
changes in business or technical factors being recognized and the team demonstrating well considered
consequential actions.

Scores should be assigned in five categories on the basis of 0-10 points each according to the following scale (any
number or fraction along this scale may be used).

0.0 inadequate or no attempt

2.5 attempted but below expectation
5 = average or expected

75 above average but still lacking
10 excellent ,perfectly meets intent

7.5 CONTENT: Was there recognition of the original BLP targets and rationale? Were the concepts
presented appropriate and adequate to explain how the car meets the wants of the customer? Were
enough technical details presented without being boring?

FEEITHLM, D LI, HBREL TV, WADVDLERL, KW, AUNIDBHLHBAICT DLk, 17

7.5 ORGANIZATION: Were the concepts presented in a logical order progressing from the initial BLP
concept? Does it show how the engineering addresses the business and functional targets in order to
deliver the concept? Was it clear to the audience what was to be presented and what was coming next?
Were distinct introduction and overviews as well as summary and conclusions given?

P~V —=2bDLIHICBLAeD, TALZEVY,

7.5 VISUAL AIDS: Were visual aids used or clear visual references made to the car? Were the
illustrations visible for the audience?

BE &> TN D, TP =X OMENEHROT, H Ll EhHTLW,

5.0 DELIVERY: Did the presenter speak in a clear voice? Did the presenter show
enthusiasm and promote confidence in the technical aspects? Did he maintain eye contact?

AR BRI A —
FRDHINRT LB N TE N,

5.0 QUESTIONS: Did the answer illustrate that the team fully understood the question?
that the team understood the answer? Did the team create a feeling of complete confidence in their
response to the questions? Did the team readily accept the validity of the judges’” question? Did they
appear to be prepared for questions?

QARIZN RV, BEEEZMFICHEZET DL LW, Ny s TF—2&HFHL, EEL TV,

32.5 TOTAL=PRESENTATION POINTS(50 points maximum)

COMMENTS:

+: The contents were fully included and the presentation flow was good. Speaker's communications were
good.

-: The presentation exceeded the regulation time. Lack of the summary in slids. It is better for the
answer to explain the point plainly.




A. List of US Race Track

Big Country Speedway
Full Throttle Speedway
Dillon Motor Speedway
East Bay Raceway Park
Hartford Motor Speedway
Havasu 95 Speedway

| 25 Speedway

Illiana Motor Speedway
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. Marshfield Super Speedway
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. PGARA Speedway — Prince George
. Thunder Mountain Speedway

. Gold Pan Speedway

. Shasta Speedway

. Arizona Motorsport Raceway
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. Pocatello Raceway
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. Spokane Country Raceway



FSAE Design Spec Sheet

Competitors: Please read the Instructions-Tips (tab below) prior to the completion and submission of this sheet.

2016

Car No. 29
School UNIVERSITAS NEGERI YOGYAKARTA
Dimensions Units
Overall Dimensions mm Length: 3100 Width: 1370 Height: 1140
Wheelbase & Track mm Wheelbase: 1600 Front Track: 1150 Rear Track: 1100
Center of Gravity Design Height mm CG Height: 310| Confirmed Via:|Software Analysis Test
Mass without driver kg Front: 99 Rear: 121 Total: 220
Weight Distribution with 68kg driver % Front: 50 % Left: 50
Suspension Parameters Units Front Rear
Tire Size, Compound and Make HOOSIER 6.0/18.0-10, LCO HOOSIER 6.0/18.0-10, R25 B
Wheels (width, construction) Keizer 6" width Aluminum wheel shells with Keizer 6" width Aluminum wheel shells with
S ion T Wishbone Unequal and Non Paralle Link with Wishbone Unequal and Non Paralle Link with
uspension Type Pull Rod Push Rod
. . Jounce (col D): Jounce (col G):
Suspension design travel mm Rebound (col 30 mm Jounce Rebound (col 30 mm Jounce
Wheel rate (chassis to wheel
N/mm
center)
Roll rate (chassis to wheel center) Nm/deg
Sprung mass natural frequency Hz
Jounce Damping % critical |81 at__ mm/sec:|20 81 at__ mm/sec:|20
Rebound Damping % critical |80 at__ mm/sec:|20 80 at__ mm/sec:|20
Motion ratio _ 1 ]o.9:1 :[linier Type:|linier
Ride Camber (Rate of Camber degim |107,12
Change)
Roll Camber deg/deg |1,184
Static Toe (- out, + in) deg 0
Static camber deg -1
Static camber adjustment method Adjudtable via shim on upright Adjudtable via shim on upright
Anti dive / Anti Squat % 12.26 4.13
RoII_ center height above ground, mm 362 53.1
static
" Height (col D): ) Height (col G):
Roll center position at 19 lateral acc mm Lateral (col E): 36.41 1.9 Lateral (col H): 52.95
Front Caster, Trail, and Scrub Caster (deg):|4 Kin Trail (mm):|10.44 Scrub Rad|8,16
Front Kingpin Axis Inchrzg;l;; 9.95 Offset (mm):|47.55
Static Ackermann % 16.48 Adjustable? yes
Suspension Adjustment Methods Cgster non adjustable, Camber adjustable via shim plate, Trail non adjustable, Ackerman non
adjustable
Steer Ratio, C-Factor, Steer Arm Steer Ratio[2.9:1 [ c-factor (mm)[50.8 | Steer Arm|56.5
Brake System / Hub & Axle Units Front Rear
Rotors Fixed, OD 190 mm, Thickness 4 mm, Stainlees |Fixed, OD 190 mm, Thickness 4 mm, Stainlees
Master Cylinder 0.625 AISIN Master Cylinder 0.625 AISIN Master Cylinder
Calipers Aluminum, Fixed Caliper, WILWOOD PS 1 Aluminum, Fixed Caliper, WILWOOD PS 1
Brake Pad/Lining Material Semi Metalic Semi Metalic
Force and Pressures @ 1g Front Pres.[27 | RearPres.[27 | Pedal Force[0,533
Upright Assembly CNC 7075 AL, Integral Caliper Mount CNC 7075 AL, Integral Caliper Mount
Hub Bearings Radial Ball Bearing 6813 Radial Ball Bearing 6813
Axle type, size, and material Independent, Solid VCL 140, Diameter 20 mm  |Independent, Solid VCL 140, Diameter 20 mm
Ergonomics Units

Driver Size Adjustments

|Adjudstment Pedal box |

27. LAMPIRAN 9. 029_Universitas Negeri Yogyakarta DSS V1 1
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Seat (materials, padding/damping)

Carbon Fiber

Steering Wheel (dia, construction)

Diamter (mm)l 250| Construction|Student Built, Fiber Carbon, CNC Finishing

Shift Actuator (type, location)

Electric Pedal Shifter On Steering Wheel and Manual Stick

Clutch Actuator (type, location)

Hydraulic Clutch On Pedal Box

Instrumentation

Speedometer, Tachometer, Lapping, Temperature Gauge, Neutral Gear Position

Optional: Driver Safety Systems?

N/A

27. LAMPIRAN 9. 029_Universitas Negeri Yogyakarta DSS V1 2
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Electrical Units
Power Management / Control All of power source is from battery. Distributed to ECU traction control, fuel pump, starting motor,
Wiring / Loom / ECM mounting SNI 04-6629.3 ETERNA CU 450/750V , 10 mm, 6 mm, and 3 mm diameter
Battery / Charging System Shorai 27A3-BS12/Alternator Charging
Grounding Grounded to steel space frame
Driver Assist Systems Traction Control
Logging / Telemetry ECU, USB to CAN, dashboard data logging
Special Sensing Technology N/A
Frame units [y
Frame Construction Steel Space Frame
Material AISI 4130 (JIS STKM 11A)
Joining method and material TIG Welded and E308L
Bare frame mass with brackets & pa] kg Target: (38 Physical Test:[37 *
Torsional stiffness N-m/deg Target:|2400 Simulated:|2423 Physical Test:|N/A
Torsional stiffness validation method simulated by FEA, N/A N-m/deg physical test
Impact Attenuator configuration Impact Attenuator Student Built
Impact Attenuator dimensions mm Width:| 250 Height:|250 | Depth:[240
Impact Attenuator energy capacity kJ Energy:|8,89 Method:[Physical Testing
Powertrain Units
Manufacturer / Model HUSQVARNA SMS 630 2011
. ! . .|95 RON
Cylinders & Fuel Cylinders: 1 Fuel Type: Unleaded
Displacement & Compression Displacement (cc): 600 Compression (_:1):{12,4:1
Bore & Stroke mm Bore: 100 Stroke:[76,4
Engine Output e Pg(v\ﬁ; 32 kW pakTorque (Nm)|42
Design Speeds rpm Max Power:| 7000 Max Torque:|5200 80% Torque: {4000
Induction (natural or forced, intercooled) Natural

Throttle Body / Mechanism

20 mm |.D, butterfly style, cable

Fuel Injection System (manf'r, and type)

EFI, Fuel rail and intake runner made by student,

Fuel System Sensors (for fuel mappi

ng)

Throttle Position, Intake Air Temperature, Engine Coolant Temperature, Manifold Absolute

Fuel Pressure bar 3,1
Injector location 68 mm before intake valve and directed towards intake valve
Intake Plenum Volume (cc):|4800 | Runner length (mm): 80,3
Exhaust Header Configuration 2-1 Effective Runner Length (mm):(610,82 Variation (mm):
Exhaust Header Diameters Primary (mm):|34,65 Collector (mm):|51,81
Ignition System Single Independent Coil
Ignition Timing 5 degree BTDC +/- 2 degree
QOiling System (wet/dry sump, mods) Wet Sump with oil pump & cartridge filter
Engine Lubricants / Friction Treatment Wet sump with lobe oil pump and cartridge filter, engine oil 10W-30, oil pressure 3 bar
Coolant System and Radiator location Right side mounted 306x400 core Aluminum radiator , 1730 cfm fan mounted to radiator shroud
Fuel Tank Location, Type Under the right side of the driver seat | capacity (L):[5
Muffler FMF Slip-On Silencer with Resonator
Other significant engine modifications Fuel tank student built, cooling bottle, plenum, fuel rail and intake runner
Drivetrain units_ [
Drive Type Chain/Sprocket
Differential System Type Clucth Limited Slip Differential
Final Drive Ratio 1 28:1
Vehicle Speed @ max power (desigrf  kph 1st gear: 61,9 2nd gear: 79,9 3rd gear: 96
Vehicle Speed @ max power (desigrf  kph 4th gear: 110,8 5th gear: 124,4 6th gear: 139,1
Half shaft size and material Diameter 20 mm, Solid, VCL 140, Milling
Axle Joint type and grease used CV Joint with Tripod Bearing
Aerodynamics (if applicable) Units
Type / Configuration Undertray with Parabolic Diffuser
Forces (at 80 kph, p=1.162 Downforce (N):[44,5 % Front:{10 Drag (N):{143,5
Coefficients & Reference Area Cl:[-0,008 Ref. Area|19,35 Cd:|0,026
Noteable Features (active, etc) N/A
Other Information Units
Body Work (material, process) Full Carbon, Lamination Process
Optional Information N/A
27. LAMPIRAN 9. 029_Universitas Negeri Yogyakarta DSS V1 3 26/09/2016



UNIVERSITAS NEGERI YOGYAKARTA
FAKULTAS TEKNIK

KARTU BIMBINGAN PROYEK AKHIR /TUGAS AKHIR SKRIPSI

FRM/OTO/04-00
27 Maret 2008
Nama Mahasiswa : Bondan Prakoso
No. Mahasiswa : 1204241011
Judul PAITAS : Business Logic Plan Pengembangan Produksi Formula Garuda 16
Dalam Ajang Kompetisi Student Formula Japan Tahun 2016
Dosen Pebimbing  : Dr. Zainal Arifin, M.T
Bimb. | Hari/Tanggal Materi Tanda tangan
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Bila lebih dari 6 kali. Kartu ini boleh dicopy.
2. Karu ind wajib ditampirkan pada laporanPA/TAS
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BUSINESS LOGIC PLAN PENGEMBANGAN PRODUKSI FORMULA GARUDA
16 DALAM AJANG KOMPETISI STUDENT FORMULA JAPAN TAHUN 2016

Oleh :

Bondan Prakoso
NIM 12504241011

ABSTRAK

Penelitian ini bertujuan untuk mengetahui proses penyusunan Business Logic
Plan dan hasil dari Business Logic Plan yang meliputi ringkasan eksekutif dan
presentasi bisnis dengan acuan regulasi Formula SAE 2016. Penelitian ini merupakan
penelitian deskriptif kualitatif yang menggunakan metode observasi dalam
pengumpulan data untuk memecahkan permasalahan. Subyek yang diteliti pada
penelitian ini adalah penyusunan Business Logic Plan pengembangan produksi Formula
Garuda 16 dalam ajang kompetisi Student Formula Japan. Teknik analisis data
menggunakan analisis deskriptif dengan menggunakan tiga langkah, yaitu reduksi data,
penyajian data, dan verifikasi data dan penarikan kesimpulan. Hasil penelitian ini
menunjukan bahwa pada proses penyusunan Business Logic Plan (BLP) dilakukan
dalam beberapa tahap, yaitu analisis pasar, analisis daya beli konsumen, analisis
penghasilan konsumen, analisis volume pasar, dan analisis persaingan. Setelah
melakukan analisis tersebut kemudian menyusun strategi perusahaan yang berisi strategi
pemasaran, strategi keuangan, strategi kendaraan, strategi bahan baku dan strategi
manufaktur. Setelah dilakukan perhitungan, investor dapat berinvestasi sebesar $
1.000.000 untuk perusahaan Garuda UNY Racing Team, investor akan mendapatkan
payback period dalam waktu 2 tahun dan ownership sebesar 35 % dengan nilai ROI
(Return of Investment) 51 % sedangkan BEP (Break Even Point) akan dicapai dalam
waktu 2 tahun. Setelah dipresentasikan dalam kegiatan Student Formula Japan 2016,
Garuda UNY Racing Team mendapatkan skor 48,75 poin sehingga mendapatkan posisi
18 dari total 92 tim yang telah lolos seleksi dokumen dari 106 World FSAE Team yang
terdaftar.

Kata kunci : Business Logic Plan, Formula SAE 2016, SFJ
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ABSTRACT

The objective of this research is to understand the process of formulating
Business Logic Plan and the result of Business Logic Plan which consists of executive
summary and business presentation under Formula SAE 2016 regulation. This
reasearch considered as descriptive qualitative research with observation data
collection method to solve the problem. The subject of this research is formulating the
Business Logic Plan of the production development of Formula Garuda 16 on Student
Formula Japan 2016. Data analysis technique consists of three steps of descriptive
analysis which are data reduction, data presentation, data verification and drawing
conclusion. The result of this research shows that Business Logic Plan formulation
requires several steps including market analysis, consumer purchasing power,
consumer income analysis, market volume analysis and competitor analysis. After those
steps are finished, the researcher prepares company strategy that contains marketing
strategy, financial strategy, vehicle strategy, material strategy and manufacture
strategy. The final data shows that investor can invest $1.000.000 in Garuda UNY
Racing Team, thus the investor will get paypack period after 2 years and 35% of
ownership with ROI point (Return of Investment) 51% while BEP (Break Even Point)
within 2 years. Garuda UNY Racing Team obtained 48,75 point on Student Formula
Japan 2016 Business Presentation, and 18th position from 92 team that had passed
document selection from 106 registered World FSAE Team.

Keywords : Business Logic Plan, Formula SAE 2016, SFJ
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