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A conceptual model to manage supply sequences
in automotive industry for Nissan Barcelona
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Abstract This paper presents an action research experienBmuki-Seisan in
cooperation with the Nissan Factory in Barcelorfare€ suppliers are involved in
the experience to improve the way they perfeynchro deliveries of parts to Nis-
san. Supplier issues are analysed and a decisiimgntool is developed for a
supplier.
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1 Introduction: theworld of lean manufacturing

This paper discusses an action research experieniceee suppliers of the Nissan
factory in Barcelona. Each automaker may have fardifit manufacturing philos-
ophy but currently all relate to the lean manufeoty paradigm. In order to re-
build the Japanese economy after World War Il, witme of the financial re-
sources or economies of scale available to the Bame@uto giants, the Japanese
automotive industry realized that, if they wergd&e on the American automak-
ers, they would have to work in a different wayyd®t@a developed the Toyota
Production System (TPS), a low-inventory, mixed-gla@pproach in which mate-
rial was pulled “just-in-time” (JIT) through the mafacturing process, without
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wasteful activities and with a set of employeesagegl in improving the system.
(Sugimori et al., 1977; Ohno, 1988). The termafiananufacturing” -famous
through “The machine that changed the world” (Woknatcal. 1990)- is a gener-
alization of the TPS that can be extended to otle@texts. The core of lean is
founded on the concept of continuous improvemedttha elimination of unpro-

ductive manufacturing practices waste.

Adopting lean manufacturing affects the way a comyga managed and how it
structures its relations with employees, custoraassuppliers. When a firm has
achieved a certain degree of leanness, it triesxtend lean manufacturing prac-
tices to its suppliers (David and Eben-Chaime 20B®wever, different automo-
tive suppliers have different capabilities and #fere they may require a signifi-
cant reorganization in order to implement managenmethods prescribed by the
client company. In consequence, the aim of ousaeh is the development of a
methodology to (i) identify the level of leannesgiree suppliers and their capa-
bility and willingness to adopt lean tools in ordercut waste and unevenness in
their relations with Nissan; (ii) identify the nesary conditions to extend lean
manufacturing to suppliers; and (iii) develop tle®l$ to fulfil such conditions
(processes used within a facility and over distidouconnections in order to im-
prove delivery and manufacturing of parts). Thistimodology can be extended to

the suppliers of the suppliers in order to guamteeal supply network manage-
ment.

2 Understanding Douki-Seisan and the Nissan Production Way

This paper is based on a research project condadttéite Barcelona School of
Engineering (ETSEIB) promoted by Nissan Motor IbériThe Nissan production
system is far less popular than TPS, and thusfifftestep of our methodology is
to understand the particularities of lean manufaetuat Nissan. Beyond a theo-
retical background, section 2, mostly written aBawutista (2004), corresponds to
qualitative research methodology based on intervieith engineers and area
managers at Nissan’'s Barcelona plant in order josaaur investigation to the
needs of the company. Following Schwandt (200€adamics were directly in-
volved with Nissan’s participants in an attemptfady understand the Douki-
Seisan concept (DS) by means of collaborative work os firioject.

The postwar aim of Nissan was the same than thabgdta, but these compa-
nies developed different tools based in differemnibgiples, and therefore in the
1980s both manufacturing systems were differeftoaljh some methods were
the same (Cusumano, 1989). The differences incdugieference for automation
and information systems in Nissan. In 1971, Nisstarnted using a computerized
system to coordinate vehicle orders with matedald component procurement, in

house parts production, transport and final dejivar completed automobiles to
dealers (Cusumano 1989).



In the 1990s, Nissan developed the Nissan Produdtiay (NPW) to outline
its synchronized production philosophy: to manufaetaccording to the real con-
sumer order while coordinating all operations araterials. The two pillars of
the NPW are (De Goldfiem 2003):

1. Never ending synchronization with the customereimis of Quality, Cost and
Time. The termDouki-Seisan means synchronous manufacturing. It involves
sequenced and simultaneous/synchronized producfdier a customer places
an order with a dealer, there has to be synchrtoizhetween the manufactur-
er, the supplier and the dealer with an efficierdcpss flow without any dis-
ruptions. This requires sharing information andefficient procurement and
manufacturing system.

2. Never ending quest to identify problems and puplece solutions: ldentify
gaps between desired manufacturing state and presamufacturing settings.

At Nissan, DS is an ideal state of a productiomplahere all the processes get
information from the customers at same time, ineord establish a continuous
flow, free of defects without changes in the schediisequence. This means that
all processes can have advanced information on wi¢raad therefore types and
guantities of products can be scheduled and segqdefithen, all processes can
start their setup operations. In conclusion, DSlmadescribed as a manufacturing
methodology that transfers customers’ orders tahallprocesses at same time in
order to achieve a continuous and smooth produdtionm with zero product de-
fects, zero equipment breakdowns, minimal setug,timinimal inventories and
no bureaucracy in the manufacturing process.

DS has two important targets: (i) products musiragaufactured following the
scheduled order and (ii) existing defects must éeaded before products leave
the manufacturing process. These features allogliabte and smooth operation
of the manufacturing process, without much delay waith fewer inventories be-
tween stations. If all the steps of the procesddcba synchronized, then work in
process inventory would disappear.

Nissan insists on the importance of keeping the ufsaturing sequence that
was previously scheduled for its mixed-product adsg lines. This way, all pro-
cesses can manufacture parts and subassembligslingcto the same schedule
and inventories are not necessary. Nissan has swhoators to track the perfor-
mance of the manufacturing process:

Actual Production Lead Tien(APLT). This term refers to work-in-process in-
ventory {(MP) and is measured as the time that the manufagtpriocess can be
fulfilled with the available inventories (Equatidi.

WIP,

APLT = : P 1
0 ;m Daily _ production , .. (1)




Scheduled Sequence Achievement Ra88AR). Equation 2 shows the per-
centage of vehicles that keep the scheduled sequegbicles not overtaken by
other vehicles.

Vehicles_ not _ overtaken,,,
$6‘RLi ne = — — enl (2)
Total _ Vehicles;,,

Scheduled Time Achieveme(8BTAR). Equation 3 shows the percentage vehi-
cles that reach the end of the process on time {lem £1 hour margin with re-
spect to the scheduled time).

Vehicles_on_Time;
STA ) = — — ine
Riine Total _Vehicles;,, (3)

DS encompasses five different types (or categonégctivities that refer to
different elements:

« Category 1: The assembly line sticks to the scleeideadline and scheduled
sequence.

 Category 2: Parts and subassemblies manufacturina iassembly plant flow
toward the assembly line as they are processedrfagt synchronicity.

 Category 3: Suppliers produce and deliver accortnthe schedule. The as-
sembly line and the suppliers are synchronized.

« Category 4: Transportation facilities (ships, trelclare managed in order to
avoid delays in delivery and final products waittogoe shipped.

» Category 5: DS aims at synchronization with thet@mer. Order Lead Time
(Time from customer order received to customer iodidivered) has to be
short (Car assembled and delivered to customerinvithio weeks of order).
This requires a flexible manufacturing system areddooperation of the deal-
ers and the sales department.

3 Improving the capabilities of suppliers

According to the DS concept, the following stefidsextend synchronous manu-
facturing and synchronous delivery to suppliersjiag at the achievement of DS
category 3, which is about improving the capaleiitof suppliers in order to re-
move the risks associated with batch manufactuimgntories and shortages).
This improvement project requires assessing theeptesituation, defining the
desired situation and finally discovering how taak the final situation from the
starting point. The assessment of the level afrieas of the suppliers was done



by means of interviews. Currently, some models (¢momani et al, 2014) are
available to formally evaluate practices that referinventory, team approach,
processes, maintenance, layout/handling, suppketsips, quality, and schedul-
ing/control. Depending on the results of the survegnay be necessary to extend
lean thinking to suppliers in order to help thendenstand lean manufacturing and
develop the necessary work procedures. Examplé®wrto do it can be found in
MacDuffie and Helper (1999) who describe the exqreré of six suppliers of
Honda in North America. The methodology can bedusg any lean company.
Once the supplier is on the maturity path towaetn|manufacturing, the car
manufacturer may implement a supplier managemestésythat includes suppli-
er selection, improvement, certification and evaam for the objectives of con-
tinuous improvement, cost reduction and eliminatddrwasteful activities (Guo
and Xu, 2007).

Taking into account the importance of synchron@atnd keeping the sched-
uled sequence, the desired situation can be esqitess: (i) The scheduled se-
guence should not have to be changed &R (Equation 2) should be over
90%); (ii) If suppliers should know the informatiaout the scheduled sequence
in advance then suppliers could manufacture theidyrcts according to their cli-
ent’s sequence and put them in bins; (iii) Trantgi@mn to the client’s plant would
be done in sorted containers, full of sorted bihsis, workers on the assembly
line would easily find the parts that they need] amthe necessary order-.

Besides, the consecution of the above objectivaddveelp to attain measura-
ble results such as: (i) Inventory reduction; Rgduction in the amount of plant
space taken up by the inventories; (iii) Reducfiohogistic costs (Gudehus and
Kotzab 2012); (iv) Product availability and waine; (v) Reduction in the num-
ber of stock-outs (due to the synchronization betwsupplier and automaker);
(vi) Flexibility of the production process; (viiJéxibility for new product launch.

Given the above requirements, a tangible outcontkisfproject should be an
innovative model to sequence supplies such as ageament system focused on
achieving the desired synchronicity objectives etncustomer requirements by
means of a certain organizational structure; se{soticies, procedures and pro-
cesses; and human, material and financial resoureeded to deploy supplies
management.

4 Defining a conceptual model and a decision making tool

A task force made up of academics and Nissan’s ma@agers, visited Nissan’'s
plants in Barcelona and also visited suppliers Ar8 C. For the aim of our pro-
ject, suppliers are classified depending on thapability to manufacture and de-
liver part in synchronicity with the car manufa&ur



1. Suppliers such as company A, which is devoted sir8%0 to manufacturing
complete seats, which are manufactured in synctitgnivith the automaker
and delivered in synchronicity. Company A, a suiasidof an American com-
pany, has more than 250 employees and is locatad &way from Nissan’s
plant.

2. Suppliers that deliver parts in synchronicity aitgb they do no manufacture in
synchronicity with the automaker’s schedule. ComypBnperforms “synchro”
deliveries of plastic parts from a warehouse theps a couple of days in in-
ventory. The warehouse is replenished from thelgns plant, where parts
are manufactured in batches. Company B, a subgidfaa North American
company since 1999, is located 69 km away froma¥isgVith 200 employees,
Company B manufactures plastic parts for Seat imuadhly, for Nissan.

3. Suppliers that neither manufacture nor delivenjinctironicity. Company C is
a company born in Barcelona in 1947. Since 199h# been stamping parts
for Nissan (and other companies). Currently it\as chassis from its facili-
ties 27 km away from the Nissan factory. It has Bfiployees.

Four different questions of practical interest sedno be feasible:

« To compute the lot size that would yield a bettarchronicity for a given de-
mand and for a known production rate and setup.time

« To compute the transfer lot size taking into ace¢dhe existing constraints
about transportation from the supplier manufactyprant to the buffer ware-
house in order to improve synchronicity.

« To compute the transfer lot size (and the respéinse between call off and
the delivery in place) taking into account the 8rig constraints about trans-
portation from the buffer warehouse to the car m&de plant in order to im-
prove synchronicity.

e To compute WIP in the manufacturing plant and i buffer warehouse as a
function of the degree of synchronization betwees supplier and the car-
maker.

The relationship between the automaker and anylisupgan be modelled as
the relationship between two systems (Figure 1).

The automaker is considered the Main system (M}eathie supplier is consid-
ered the Supplier system (S). The Main system &asral attributes such as a se-
guence of units that has been previously sched@a), a vector of time values
(tm), including cycle time, process time, setup tinmeturn, the Supplier system
has a sequence of unitSs) that can be similar or not ®m; and their own time
vector (s). Between both systems, there is a flow of infdiareand a flow of
physical products. The Main system has to seratnmdition abouim to the Sup-
plier sufficiently in advancetifs), wheretms is the response time of the Supplier.



tsmis the transfer time vector from the Supplierttie Main system andsm s a
vector of transfer lots from Supplier to Main.

Main system

. \

gsm 3
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Fig. 1 Conceptual model of the relationship between theraaker (Main system) and its sup-
pliers (Supplier system). Relevant variables amewsh

This conceptual model is really practical: Compa@nig very close to Nissan’'s
factory. Then, frequent deliveries are possibleabsetsm is small (a 10 minute
trip). tms can be small too (every 15 minutes, a 15 minutgiseced schedule for
the following 15 minute time cube is available) ayhchronization is possible.
Short production runs and small delivery lots avegible too. However, Company
B is further away. One hour is necessary to takespa Barcelona. Besides, some
processes have long setup times. (n consequence, the response titmes)( of
this supplier is higher and thus the Main systemitbasend information enough in
advance. This hinders synchronization. It is nemgst reduce the setup time in
order to reduce lot size and response time. Medawthe information orSm
should be distributed sooner, because the reqleadi time, at the time of the
study, was shorter thams.

A final outcome of the research was a piece ofwsn# for company C. The
aim of the program was to help company C take bet&risions related to
smooth-synchronized manufacturing problems. Thenam can accept a bill of
materials (BOM) coming from any process in the eystdisplay a multi-level
BOM explosion; compute a manufacturing sequencend that ensures a con-
stant rate of consumption of all the necessary @omapts using a variant of the
Toyota Goal Chasing Method; compare the resulgguence with a user defined
sequence; compute when each component is needethydithe consumption of a
component over time for a particular sequence;laysihe deviations from regular
consumption in order to compute the necessary tovies of parts and the
amount of inventories generated by regular manufa; compute theSSAR
andSTAR indexes of a sequence and compare them with anselqeence.



5 Conclusions

Douki-Seisan aims at the total synchronicity between all thecesses along the
supply chain. Some internal processes make itcdiffto keep the sequence be-
cause they are performed in batches. Besides,viéris complicated to keep the
scheduled sequence beyond tier 2.

All the steps of the methodology described in théper can be used by any
company that wants to involve their suppliers enlenanagement. The conceptual
model to study the degree of synchronicity betw®e companies is a first step
in the definition of the necessary conditions towlsynchronicity between com-
panies. The completion of the model requires aliitliof conditions or constraints
to be logically derived. Then, it would represeither an optimization problem
or, at least, a constraint satisfaction problei8RY; which asks whether there ex-
ists a feasible solution, or otherwise, gives cloesvhere the processes should be
improved (time management, transportation mearsteh...).
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