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APPENDIN A.3-1 — "SPEC 78" Coinputer Simulation Model

The mathematic model in the object (SPEC '78) was implemented in 1978 to
provide a powerful design tool for the cvaluation of performance consumption and
emissions of any type of vehicle using any combination of components in ths propulsion
svstem,

The model can now simulate the most common propulsion systems but was
designed in such a way that the simulation of any new propulsion system can be easily
added to the basic program.

The program consists of mathematic simulations of any vehicle component and
external environment effects: internal combustion engine, transmission, automatic
transmission, differential, rear-axle ratio, electric motors and controls, batteries
performances, asrodynamic drag, rolling resistance ete. An appropriate code is used
to identify any specific prdp‘u'ision svstem consisting of a given configuration made of
specific components. A second identification code is used to label the system control
logic.

The model, on the basis of inpur design parameters, calenlates the vehicle
performance parameters on a time base related to given initial operating condition.

The time base is made of a sequence of discrere time steps cycle points of the
simulated mission which can be varied from 1 msto 1s,

The traveled distance is then obtained as the integral of the speed vs/ time
function,

The program input data consists of vehicle code, propulsion system code and
mission parameters, The program output data consists of performance, consumptions and
emissions achieved in the mission. The program is also able to show the efficiency
breakdown ar component level,

The values of any variables under evaluation, if required, can also be given at
intervals not longer than 1 second,

The mathematic simulation used by CRF was validated by other calculation
methods and experimental data for conventional propulsion, hybrid M gnd electric
vehicles.

(1) See Ref, [1], Subsection 1.2, Vol. 1
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SPEC 78 - Program Index Table

Heading
Configuration block diagram

=~

Main vehicle parameters
Lead-Acid batteries map
Overall batteries data

E S 7

Electric motor maxirnum power characteristicy

~3 ON W

Paramaters for electric motor simulation

§  Current maximum values

9 Magnetization curves map

10 Parameters for the internal combustion engine simulation

11 Power and torque force characteristics of the internal combustion engine
12 Rear-axle ratio

13 Minimum values for emissions in different measurement units

14 Internal combustion engine consumptions and emissions map

15 Torque converter characteristics

16 Continuously variable ratio transmission efficency map

17 Continuously variable ratio transmission setting data

18 Internal combustion engine utilization diagram

19  Maximum CVRT input power and torque

20 ICE and clectric motor reduction gear velocity ratio

21 Table of Vehicle performance

22 Table of Consumptions on the selected rum
23 Table of Emissions during a cycle

24 Table of Total energy necessary in one cycle
25 Table of Electric energy

26 Vehicle acceleration capability instantaneous data
27 Instantaneous dam for single cycle consumptions
28 Instantancousdata for single cycle emissions.

T o




1231*b750ﬂ1231§6789?l2\4§ﬁ7b°n!?34‘67s°ﬂl?34‘575°nl23“67600l?3‘56709“!231567”9?123&5&7QQH|?3!557&0H!23156789PI?3‘567H°rOOSEﬂ N0eo B

........‘..'.".".'.".'.....'...“..".G....‘..""..‘...‘.....‘.’....'....Q‘........'.."..’.'.....'..'........'...’...

. . -
. -
. ceeetaste o"oo'oo.o'ocoﬁao.otonoao-oo-ooo..o-ooo-oot--o.o--ooooo.aoo.o-o;..o >
L .'.'.Q..'.‘....."....0..Q.'..'.".........'.......O.....‘.'...'.C'......'.. - [ ]
. (Y332 X212 sesevede sassuaee XTI YT 1] -
{ . stosee ssesnen eoe '
[ ] asttees (3 22 3 3 J s A XX A2 X sbovve CRO0POPROROEPIRNS L
N - e0608eE 099400 BOePPPeS SGacee eCoceved YXXIXY RS [
; - L X322 X2 2 2 J T3 24X XA 2 J (I3 X223 2 ) BSEEES® L3 223 323 3 21 3 % J -«
: . sasetesseey secssvedee e¢vece seees * N
E . casssoteonede TXAXTXIL} eveneee 088N ESEIEPOOSS . -
i - sSesstusetecstan etssse etestscedveddeacte osedevPdreseites AGAesiIRNGOSsEL SO [ .
» senotst wePtesed OSdosee o Seeeddets GSoeptecaveecede * |
4 - tnoeead *00BREGSY ecoooeddovedinne CORN GRS ONORE [ 3 !
’ . esestee ecodsnsevends . sesces [
* vasaoated L 2 00008 BO® *
* "‘.".'.‘.....'..".'..............'Q. L ]
» N0 008 P0Ee8EPtt0tntertoetersertsttdeeendtorsndnindnse [ ]
. *
P 3 . .
v .‘," * ) .
s . .
3 - 4P 0 a0t ettt sttt tensetesseden .
i . evoopeved I RYIIIZ2IIT S22 22 2 28 ) L]
s - etoen *
. seee eepese Sodve . i
: . etee CRGEDENEPS ooseee = [ }
{ - N XT3 2232212 2] Y i
. . 1
- L] i
. stastssssets SetetstRABE . i
. eteseeenestedece saces .
- 0020080000005 8RS0t te -
- .
i hd .
: . L ]
. SINULAZIORE .
- e
! » - i
! * .
. PRESTAZIODNT EnYISSIONY cCoONSUMN]Y .
. : ™
. .
. .
.'t.'..ta.ct.'.".'0.'0.0.'000.9....0'Q.0...".000.0...’00....0'00‘O...Q.'.‘.O...O..Q.....!40...0.‘0.0...0.0.000.'0....... i
.
B N




2000008898855 500000080CC0UELITIUBIITCTATENLTINCIGT IV 2030833848088 838s

JYOI48T Vauvd Wi vEALLIA

.."........’........'.'..'...'...'.‘...‘.’.“..‘....‘.'.'.‘..""..."

soaluINCa jQ0Jeve

."’..."...’.'...‘..“.'...'.............’.‘...&\‘."."...............

dwwtx HILO Ve 1 N Jomme== 1 L V8~
1
I ) §
| § 1
4 1
wiltitltlitilllll\lléu L Yreem=en]iN -Ul!llo&?:Cuvb@Putlllo u-..u- b 4
1 ~
f §
¢
13T

‘.""..""."'...".‘...‘.'...'...'......‘...'I"..’....".'...‘.....

eve HulL7uNYE3t.03 JAW[I3U eee

9000000080000 800000000¢0 0008000000000 00000083008000080839800008890808%css00




; (w)

(4)

(SeSeusn)
(W)

SR AR SO by o5

(w3Ienl79xn)

(%)ek279%)

(Coen)
(1)
()

(9%)

T SR R SLGat el t S I

wigte
t {3
ey’
wee’
11 ]
wer”

ase®

e’
oe'e
wig®
waete
Uz M
cee®

26wl

LA AR A A A XA LA s A LA A AT KR T TR R R RN PR NN R g g g gy

- * - - L4 Ld - .. . - . o - » a . - . > 8 LR B l““Q.N‘“’ _o uu~°°U

LA A A AAll Al Al R A d R LR R R A E L N N e S

- * - . - a = €« = & & a

(A LA N RN R RS RE R R R R R FITR YR Y RE
- - - #* » - . - . -

uT03i3A 130 0SSvd

4 4 & & 3 »& & . + sen -8 @

sSeadetesdscvacepaganse

QuinIdTave 139 vZZ3 Y

A S, A o & & . . s o

ll......l...’.l.l...lll.0‘.0....0.....‘!..!000.0

L T . I T S

G elteeteserPtrscsetostasnscsse

AR A TS CTYC RN T B TUE ¢ FPE 1 P)

. s e e % s aee » IAUNM ATVIU ¥SSVm 10 viZadnD 1G QININON

SO APGONARNBSGEET0sstedosnscnse

-« * . A .- 5 & . .

POosaseessstevatatsrasienage

L e e

LAA A E RN RS T AR NN RN YRR WE I

¢ A . R

®PtedanorsssnsotoNosensnssavonse
L s+ o a s

$90000s0ssstetofevesasancane

- L I Y

LA A S ALY T YR RY DY RYFY WP P PR TN RN e

# % ® & . & . & & =

[ X E S R AT R E TR TR EWENRY W T DI Sy

= s A e e & + B & B &

®sestsescetetetovessvesnsasee

a & e 4 o = & o a

0 S e P e At el L e PR TNt rlates et cretttnsedstototoratnaetads

. . - - 3 - - - - * * ']

AR R R R EERE R RN Y T RR Y W IR

T— % & a x & 2 & e e

VLuIWY 1008 1D GI99vy

- - . . » - . - - - 8
e 1S0ge . . [} . .

*ANYe 010N ASISI a0I93YA S0 3AN3TIT44302

-

TUUTUTITISee o o

sSevesracasasssass
- & ®» 8 & v s .

vIINTNIQOYIY YINIASISIE 1G Iin3LI14330D

ARY 0199914009 10 3INuIsSS3aa

« ®

(X R R LR R XX Y2 RN L ITW N N I ey

FRIJULFP IR FTT

« 2+ B 8 £ 9 .= BS.p s 3 evoa

PPBGsBstrssntetetavesaastrsons

saula3isSle 0§34

e & & B B s B3 4+ - ®rs a & @

320403LNY 0534

4 4 B B s 4 4 . . Beb B 2 e .

SO BGessRssecctoedgoncsaconntstatar

ATviul 0S3a

* e & 2 S.e & « + Vem & s 8 & o

GI0I3138 V40 1avo

A.3-5

& dam

i
!

b e

v
T TP




E S

6666L0°rL1 LD DT Rg ) §

WeIRILLCE VUeBRe Gy

vedegturt C L POV 1L R T

teaeraccrs wdeagaice

eegrr grt veouvan’

INOISKIL I1n3I¥s0)

s vJ1f{dvy Ig 01v1isS

Quuarr®izy PRI A T

YearIC 28 suerue’cee

LTI PV T R o

qudeer* et YT FTRRANPS §

6666L40°2CH wovavicer

Issdec Lct COETED AT |

6666CC 65T WBULtUE Gy

sederu®tiry vlevse“ag

vouvae ert eodadice

da2earori svvave’

INGLISHIY JFLNIHBOID
O
Lw
<

s YIINYD I4 Qlvis

LI T L LU TR g

566609 w21 acudud gee

6558G6°cCE ELLLTTAd 93 |

6666L0°rct couBwd TG :

6L666£°9C1 sduav’set

66661 £°uCt yuedad it

6a6659°erl JEGINTG

feacru®crt BB g

toasrr crl weanun’ce

Qpudera vt Qlueee

2015834 Fan3I¥E0I

(x)u0 w0t ® ¥YIE49D 10 ulvis *

ullOfd 17

AL410kv3 UAYLUNY Onvlg




-

(Hy) " Ea -1 £ L B Stk . . IWIZ2Einul Ju0va *

“ .

.

wv)  @s®vgi- e TETOSTTCSTTeimdsave v1130 3vkiwOn sviIdvavd

A | ® STSTTITCERINNILY [u OALINALOIUY DANINAONIa

“ .

ru.».ﬂ 3 ®eeecccane

L L S ¥IlaviS 1¢ UALANNEISY PaNaNaGeIa

T e e

epens

ok



Wbkamisie ge

s Lt 20 ‘uase

eeLst S8 apng

89L°12 S3C°Qusy

el ge U N

$a8°82 DT A8 NI

degcee Qe 0I8L

TP g Ay LR R S RY P

L P09 AN LI g UNY' 1.4

¥ 1 AN LT AdTTF

dagtrg Suuweel

1T 2§ Quu ol

qus°Ce usbegl

DR A ¢ “ed*0as .

ec*L cad’ese

wau* I0°

(AJ)Ixvi ¥ZnIL04 (w79) In0dun [u1Y

St a3 ®%OC"TecessssctessscsnrINasesnaee

XV ¥IN3ILO0g IGQ vaNN3 Y1330 [ithid OdInnn

. - s w .- x = s o=

[} [ A A d A4 L LA RIS X T RE TR PR R XX LI AR I gy

u040n 1dI1 321403

s m - & % . = E @ & X ecs 8 e A& e e 4

A

0I18083713 JEOLU4 [LvD

T T R

A.3-8




e s——

DAYY CASTRFUTTIVY

NUMERPD CPPPIE POI ARY
MUMERD CavF D] &NYNGF

COSYALYE DY mACCNIMNa

PESISTENTIA TT waArCwIna (OH™)

CADUYA DY YEMSIO™E SPal2NLE Su COLLEYTORE (V)
BUMERD SPIOE ECCIVATIIONE SFRIE

RESISTENTL TRVALE FCCITA2IUNF DESIVATA (CHM)
NUMEPD SPISE ECCITA2ZINNE GERIVATA NI UN POLD
SEY. DEEY] RAY, SOYYIN IL POLO PR, (Mee?)
SETINNE GINCH ROTORE (Mee2)

PESD DFNYY ROTOARE (XG)

PESG GI10G0D RNTNRF (XG)

SIRnA 1 PERDTYF NEL FEQRO

SIGMR P PERDYTE NEL FERRD

FAYTDRF PERDYITF PER ISYERES]

FATTNRE PERDTITE PER CONRENY] PARASSIVE
COFFFICIENTYE MAGRINRATIVA PER FORna OnNDa
SPFISORE LAMIERIND PsCCp IMNDOYYD ny
RAGGYD CDRLLEYYNRF (M) -
RARGI0 ROTGRE (M)

POTENIA BPORINALE () .

COEFF, PFSDITE ATIRIYO SPAYZOLE (W7 (®ISEC))
SEZIPNE DI UNA ESPANSINNF POL ARE (ree2)
FATTOPRE REYa PFRADIYE SUPERF_ DE! POLY
FATTORE D] CaRYER

COEFFIC, PERDITE SUPFRF, DEY POLY

PASST TRA LE CavE )

RESISTENZA OY INDOYTO (pWM)

GHADD »Inimp

TENSTONE NOMINALE (V)Y

CADUYA DY TEMSTONE Sik, CHOPPER (V)

GRADD My

R e

2

53
3.687¢
«N289
2. EPP7
2.5008
A5, 90rp
&S PR
SIP2
+Er%3
1k, 79w
1a,5008
f.200
19,6000
1.0%r8
1.1800
2. 0008
- 33PN
+REER
«PATS
20pr0_ paEn
18,4880
«CE69
«JRFR
1.40p0
2. hreRr
+PIPR
o172
JEATR
144 82300
2.7008
1.eeee




B T -

LINIYI DT CORRENTE € CnpPPla

CORRENTE MAX In YRAZIONE (A)

252,000
' CORRENTE MAY IN FREuATURA (A) =150, 00800
TENSINNE DT ECCYTAZICHE (V) Jda voen
CRPPIA aLLO SPINTQ (KGM) 23,8000
( KANFNTO DT YLERZIA (KeMeSeS) lam
GYRY MIMIM] IN FREMATURA (G/n) _ Soe rarn

GIRY LIMITE PER LA REGOLAZIONF NELLYEVENTUALE

CamRIN CORTINIO IN FRENATURA 2500, 0060

|
o : i
o o< |
o ! v Eﬁ {
v G2
, L
= 5
( L -
= B
g ep)
( =
: w4
(
; (
(
(
1
‘ e s K L ey - R N u
[ . . L. et e g e s o o e S N -
B e




206919° u
susyte® -4
eCela’ et
se29ta® et 4d- ’
2e96te”° i
QeagiIv® ot
wezrie°® e u
JeaTte” i
2e9219° Soae
weaata® oo ~
20Z6e"* ons
JorLve® e
EEUN® 0°vd» )
A0rgau® oS
el .-
e )
ossSn14
JuldSuIdny
. - 1
(v)de us s JLNINN0I d
quvste” | |
QgL a“aesy A
duzelo® 2% guay v 3 :
e, 8 8RSt Ky i
darita, AT N = !
wus9te” e . -
JuLsln” et ﬂ
yRa9te® e |
U1 F 0 oont _ A
diavgta’ a*gerl :
ducrin® oot |
ag82te” el .
! souzin® ooos
3 dewetla® oevas
eazZ6sn’® b
worgae® bt
Jucsue® oo _
dertus® et
U Bl o gere
‘.
| gassnis | |
| 341 daSaddkiv *
tv)ae® e JANINu0)
F
.
q ULLTLTAL IR LT FAan]
]
i ee— Sesporionm Yt s

" s b s L Y

. L e, N o



PO

o 50

N

(SeSeusgu)
(341l V/9x)
(1411°)

S74.2

{wsi)

(21"
e
Ws9d°4
oo vl
valLs”®

Jaue * 8w

. !lJOliOIO.IOIl.QO.'.lOM‘hNWUZﬁ Iu 01n3:04

. & &8 8 » & s . 4

2 5ttt UT3eM1sn6eH0D 021412345 G539

L L

- 0.l.-.l@il».lt..n..-00-00-0‘;0C-QO.OO..OO-OO\IMIPCWQTFJHU

- IlCOIll..i!l.‘l.Ubll;l«..'lCOQOOOCOiCIGFJcCW

s 4 £ B 4 & e e e s 4 .-+ axBra » a

- tOQOOOO,Ol,llOIi'.ll!..ll.l.l:xﬂzh; c&:w?gu

“ s o+ . & . 8 2 . e -

« i.0.0‘l0'00.l0QOOOUOOOIOOOOCCDFw-h:h: NRNU

. = e e B 8 & s a4 . s 3 8

GIIH931 Juulux v FALLYIgN T14YQ tdL)

(2]

A.3-1




A*3x  aggl 2 .”...J.U.u.u.”.HJJ.u.u.uw. Tt oungs gy Vidd0)
w
4 14 Jr°9 dude®uzss
g ¥i%6» Ca’¢ CED RSN BT
na®gy 8r®¢ WY uaGy
SL®er 95°¢ 1888 ° sy
£9°9¢ Uy 428 eAage
e Ly d332° 8368
2(%r2 " MV 4 Jdua°23g2
Je*et sr’9 Judo*ocee
16°28 19 SuBe uayt
9s°s A9 LL T PASTI Y
W (AJ)vzr3104 (We9x)vlgdud (473)1al=
m ‘- ™ .‘.....'...'.‘.‘.'u.il.).lk..«.l;l.l.l.l4‘.&l.nl..l‘!..l.ln.&”)“qwu w:-ﬁuwc hhﬂm-“ cum’:~‘
3
: ¥
¥
TId493 3 vou3nud 1y 11vd
1
L— —




........ isx\%.:........i
.o . v . . . . . e . R § e on LR
H » ¥

3
¥
Qags” 3 toSettSctescectesecs o s OLNIWIQNIS
STLE A s focetosssescecsesres3iNUd 130 OL¥uda¥s

319{In3d34210 livy :




ﬁﬂ‘l- = ltn.un.‘.liolvln..”‘.n!.n..nn.MOJ.llv!0.0“ll-..ol.u..l-l!;..-iO.O&.Qo‘.d..l!.l”llo.l.U\z GLHUddY Y )
x\u ﬁ"“. a .l.ll..b..l-lO-.“.“l,.!lO-Clb!OlO.-ll-.”.l.Ol-lOsl..-.I-OO-OO-'MO‘M.MO;”OMOO-OO.AO.QZN;ZNx ﬁQg

‘\u nwﬁtun P ..l...l:.l...ilvoloﬁ.s.t-i.-Olv.l...-l.‘p...ll..”.lnl-“.Q-ul.!l..lt-l!-'.-lMl‘-l‘.l‘-.”lcxhzhz I
x\u ‘W'lhﬂn =z D.!IO......O.”Olrt.nl050“0..00..00-00'0000!-i”l”.”.l-l”ll"olM!”J“.”O”lhy.lnnczhzb: 03

14UlSS I3 31730 L«INIW [H0¥A

1
EH
M/In P4 % 0] . u-'o-o-Jn'-o-oodouaoaﬂnuuﬂo”a”nuau-Mono“oﬂangno”oﬂcrnhzmqunm< viviylg ;
‘ncl,— - DlIOIl...tl-‘.-iMOO-.Q..I-O.O”.”!!-I.-DMOQ-OO-D”o.-l“!l.t,.t...!-li.ll-ot-.l-lU-U\: 0LEULAY S
ﬁ“conﬂ pe lltll.OlOOltoluiO..OO.Qla.lll.lI‘ll-IH'“Olutcntlsl!n!nclll!.laJO-lC»u—Nzuc v14Y 043Udg7TH I
“da ﬁ”ﬂ.hﬂ s l.‘l.‘....ll“.la,t.llt-t’-il-oua,.tvoO:Itnll..Oull-ll.'“.Jclp,lI-l-.t-tb-l.-.,.ul.-...lo-cvahuﬁﬂf X0

w4d ‘ﬁkl‘@““ a 0!..0..00."!lcl»..-l“l....isltv.”l..lt;l.-'l..”.l-..-ll-lll”b’..MO”.MOMOMQ.OQxhu&—x IM
¢ wdd lvht.ﬂ@—hﬂ - !t....l.‘..tl‘nogtl.lJIOAIJ.MOM.”IMOO.!D-IMOO-ODOO-QJOIl‘-l.solal.-b.oi.-ttal,lslﬁ:b?hnm. 03

PaufaSind 3136 Inlaia T8QtA




RSP S

(
¢

13303 1Y
cec1ce
SLvie
gz svit
66°cect
gu®2zeet
£szces
LE°6ug

Hdd
) G L

cregri
gLt
[2°8CS
cLcele
1£°rat1
sltusrt
s9°stat
Se°gel

Hdd
NN

96 re
e
S2°9u¢
Wy By
si°cuort
re°6sl
6r°g9ns6t
ert2

“dd
ROk

91°41

RN

sr°2rg
17°g¢s
ctteet
P g £ ¢
véurul
90°62¢C

4dd
K)o

r2®ioct
s Lect
L9°2s8t
t LM Y.1 Y
90°gretl
ot zuit
cetuget
rra6Ll

wdd
IH

e uert
s9°cust
19°rset
re’v6o
fe S0t
6Lt
ti°aget
99°gred

Hdd
o 1]

6g*erie
91wl
Ivtucet
IS*6691
r2gict
gicicett
L2ritl
Ir°s9ol

ddd
1l

a9 L6t
ITHMAL
N 1219
rL tait
S a4 1
s igul
reiglt
G¢ g0l

Hdd
34

L X

vetusczt
rz°acezt
s6°9los
ce L6re
te* 083
e0°¢L9¢
te gzZer
LL%21129

udd
0l

L I AFTIT S
6% w5261
74 Lous
Ly v2%¢
Zrturss
ci%vaee
£eusre
8L%yccey

Wdd

SLugcre
geulroy
Li%useld
fu'scse
9¢r9st
L°9CIC
(I PP
et Io9ry

Hdd

It*e9e
L a1 IV TN
13°Caes
cv®Lltg
S uUsLe
2¢*9v0l
23%°0C%¢
Cl%wles5s

wdd

FREETTSY

gett
£5°1
tete
99°¢
gi1°c
r9° ¢
2y
is°c

(H79%)
0:0SN0I

ezl
3
174 |
21°¢
ar°e
su’¢
rece
tr*e

(1#79%)
al adnsned

T M |
a9
62°1
rs®i
&u°1
La"2
6L°¢
g

(H/79%)
(+3] OnflsNiad

19°
99°
<"
[

gzt

i
2¢°1
Su°¢

(479x)
0) D HUTN T,

LN ]

U7 o

r9°y
9cy
ec”1t
c1°s1
ce°ot
age2
SL°r2

Al
YInN3iud

Qe”
sg°e
92’9
299
eIl
vart
19t
d0°9l

A
vlliiiud

v

c1°¢
(]
Lo’y
(4 A}
$L°6
syt
1o°ct

Ad
YINILUd

A)
Yli3iud

va"adse
M A2
a4 eng2
sa*eug2
Juveee
v uuee
23" vege
(IO Y

ridd
iNl9

a9 vane
du*évae
e uunag
W3¢
TV R T IOY
st enu
88 vue
Qe vnue

Hd¥
1419

Qutoust
da°¢ngt
sy uugt
AW ouyt
st
dutulyl
el sugl
ga’vast

Hdld
18-3 %)

V9 ueil
ya®anat
du et
o acet
Ceutul
vateact
e aunal
ﬁbos&éu

Hal
18- 78]

s

A.3-16

R et L e




i

-~

)
ole* S0 Tan=N01 *sNI *dslgH0d 0AHIHINNOIS 3401IVA )
!
usde® LU EL 806°
T d4°ause ve6’ )
pses” e ug562 as6°
ases” e ugr2 u6”
eve® W ugul - bs6° )
66" e alst vre®
nse6"® duuett ET 3
CIT Y ceucet \I 1 3 '
uea6* oe’erit 969° )
Lonu® 8°g16 uie? e !
vact®t ov ale wact — M
vuye wu gye 69 3N M
aetri wtaee 9T i ;
CISNag | vutune oor” ! .
WeLe s ¥e LY B I1 vt
(VBT TR v 899 gue*®
waeLstl ve°sry agt*® t
L1 4 o sey ol
v1ddud IU I4VIL48Vady “davd JUULILNIANOD ALV Y] Lin3nlnbuls
dN=R337 40) FJHVLLLEIANOID g ® di=4337 331048

Wl "T°%%s 340R84393A0GD V130 VILASIMILLYEYI YU Linng _

v1lasuld 10 JuuiiLin3dangd favy




L. ™
VesZ¢
acue
agvece
Jugstl
[{UT] 3
Just®
veua*

3110824

LT [
Suse ¢
vkde y
Bysee
LI
auage
U1+ B
VT I A

FL10n34

Sucte
ysGeZ®¢
veuu®e
LB
1 Tl |
weag*®
1713 B
qune”

. 311%83¢

i’y s IV}

slun°2 » yvyi

sear® s Ovi

3L10e3d 37173u 3JAaN

Qunilie0) uldiivd Igvy

eeucs
9 vuus
¥°0dur
dedat
*°vdue
U 2" HTV)
°eus

s.

Iyig

9 pags
v usue
T\
#°auat
3 enee
0°d0al
vluas

1419

"IN
¢ ¥2us
v edur
v usut
¢ ouue
v agut
F " H 1Y

CO

faly

e e



_W
|

(1lmfy) “wéoe ] xve Isly
CGilar3l) “acse o laluld [sly

0314531 801U« 13IC

300129 34 14 UdaVd

e

PP s ll‘OOUODOIOMOOOOOoul.;l-._ni,oﬂoa!”o.h& Ja3Uda?a
ﬁ"'oh.“ o ll,l...l!lll'-l.‘l,l...ol!.,..l'o..nl...' 012U0davs

A3-19




Aetaugy
h‘l cang
J3° sagy
wcauy
Cedese
S tgunt
La%vece
etevul
"I R PIT §
JetQuet

(nf3)1ald

21

(deua)ulgqud

LA SURTLY B CORNTE R BITeN

uIltdaIl Javids 149

Vi Va? $31 404 11U VAL

AV
sior
(o 1
(Y-

ETRr4N
26°92
$L°¢2
K Y 4
-ro&u
$E°%

(AJ) el 3190

4z,

OR;

A3-20



_ sl Wi

?«www:@v EEW N

P T

wed®t
FX P ¢
a4t
FEY A
A §
P LT |
Jée”t
FF7 |
=ed”t
"1% M
- 1Y &
r Y &
U1
1
4
ar®
eur®
witl”
pect”
~e2®
L T
2ut*
vel®
| 29

-
-

IS s 2z 5

dsutidedh o] Yo i alasm

i

Jea“t
FXY b §
a3l
wed®l
b B Al §
EIT A
PIY A |
el
Jea°t
a14°
ram®
{1 %
fac”
yel*
Jrt’
Cal®
230
U2
€eee
que”
Zot*®
GeC*
s12°
1 % 3 &

Ul i

(*a)
LRSI T

«l 9Zrsiusd 4 ¥ldadd 1L

9r°3
»6°9
re’¢
S0’y
CPad"
S»*y
(A
1<y
recs
| &' 2
Su’y
Su'3d
1 ¥ 2+
94°9
V'L
Ssreg
(T
rL "
[ D™
Sv°e
Cdo
e
L 10
s al
5'-&—

Cda)
Tid4aUl

IASD

7
i
i
)

A.32)

Celasy)
laix

sraesrrsng: P e



ARG LR SIC 4 A

o3
o
.
o i
<

s Uinsnllhia

w hhﬁ‘. = l.l.i..vtll - -
w
:

Swaa®y ® TTCCCTTTCOILkadi=udl a1 VE d8ULU. OLtluddYae ‘

[}
Fa s s i

; o & + watsi3laluS IAWL

i




T czeitse R R R SO L LR AL BELC |

Seseu  eirs’e T Al :

UANIWYLITS 10 Ixlaln ..u *

" ,

LY T TS £ 4 s SStctcectesctoetrRtttlNiIn wenl v vinALJuYe 4 VATI0T3A =< m

33§ oKdn“ar s *ttett i nt 3w 4adal 1 3439unl33ve B34 018YSS5IIIN (dadd @

w/ad  ACEP°1al | SORSSSSAneRtItITIT T  Hakdn W IV VANDLIIGYE 494130734 L

318 Lesetie s cretcecccctalin dev 1 SuIunlavy 83d CLuvSSIIIn Vdmds |

t S {1 T3 1+ ® SececssecestessTt itdS G IWNuveIeNS XN YINIUnIe J

ninZluis 6086°a6PS a STececscecsctctcgra +7AIJIA Vv 0liNedl INULOW lald M
aele” s teSefetesensaceseereTINIT I AYMA VYUY ULENYD OrudeVn

YIS I T 1Y @ *UestesesscescocsesncacececcertraAnnIUVe AVK (¥212013A i

InglZviSiee 31730 S22 Sl




..‘.!.v......‘..'..l.’nd"’....‘.ﬁ...l"‘...'90.00........'....'I"'..'CO.’OO..'.O’C0.00000..'OO..'0'00..'000.0'

..."'..!"’-.".‘.‘...‘....'..N'...‘”...7.‘..‘......'..'.....".'..U’..."".....'.'.“..”'...'.'.".’...’...‘.‘

£22)  vigets Bt sttt st ettt e 8US Bl e St
(e} L S § = o-n.coooootut.w;.no.o.ao.ou.eo.-..n‘“oo,oo.oaou.ns»uvon.-c->—»-u2. v2 33 NIy USa)
(a9 93s2°24 e ettt a1 lSUd YZNTLG WD urnSa0d
(a4l w2u2%8¢ LR AR A bt bbb AL DL T L PN . .
(Vwey ol z%¢} la-..-..o-.o-o:-oo.cJ»-.M-JaMuM.J-..J.J.Mono-.uo. o o . .
(mecot/ah cteces oTTITIssersscecsscatsessecsseesoeeneeee L L .
Cooruilrums 51 ] . .o..,u......c-..o'.....-o”au..-u-”.u.u.”-..m.s . . . .
(e9) »4L3° 20 » -ooo-n.on.-oc-o-.-aa:uo.nduﬂc.-nuu-nom-uonnc-ow»?¢::1nqu td FIvL02 uunSHODY
IR b A PP E e L EL T L ALLELOLEINT P I ST
Gt wEoc e Satua 3d 120

Ses0s000ss LA XX N ¥ 3

[ X XXX XY "0.0..0....O..!"O..D.OOO‘OOOQOO.'.‘OQOOCOOOlt'...'...'!.l..‘.i&..l.
tasecssns

®eddsanassbonae

6200808080000

sede ssesasan OOI.G.,O.l.....!!.l"’.l...I'!OOO‘DOO...C....O.'OO0000".0.0..0.".

ol 3% LS4 34 fall*asvia ilvl wyla

seeee O"OO'...OOIl.l”.i.""li.tIOOC0'1000!atl.&.’.l..'..’.!..' 000220 reB0080889000008eRtsssanssrtane

G e et e 00ttt rPostaNistensd s aet0800e0sscsvltesnstocsstvesnnosssaoeca

€8 R0t e TR0t NTi 000600000ttt rssanntesd

s

A.3-24

e



o, e . - ey PSS — — -

5055005008508 00008000008

seses

Claress 33110y TN I I T e
ted)  taz® R A RS

Garen  wier®z R A A A AR
tad)  ecurt AR A A A A A A A AR 1

(lared) elsetes G T e
(a2 uPy3®y . .....-.u-.o.-o.c.;..o.:........-..-n...........................,.......y.......o

.......'.‘..‘................'............. 0883000050200 0000000a0¢8assas LA LR X J

GOPBCNVOPOCEDEOOCLLE0000 0208800000800 0

Sesoadsstovs ey

L ALY N s 0908902508880 000200000800000a0000s800 ¢

42005239 L esiSsl o

(Y A I Y Y Y Y Y Y Y YY) esSascasy

8000900009000t 080003a00808000080000003 0008000 agaterenoer s

OB 200PPCOPREP08%0N00000

A.3-25




v, W - P . - - o G nidied. ¢ B,
prEiwa. E S sevme, i 3

.IO....‘O.O...l.t.’.I.t..‘...'.0'00‘...00.0'.'O.D'ilOO."O..C.O.OOO...OOO'OO.O..«COOOO....c...c.o...‘...“h’.’.a

.’........'..'..............I.’.'...,."..‘.'.......‘.".......‘..‘.O.....'.'.’...'......"..'...’.'...”'..‘.‘.

(~94] 71o.a%9paGy a co.oouoa.nuouo.-u..n-m;.-H.Moﬂuwumvu-”o--onoao.anﬁ»afuua UL ¥S4ds vlvydata
(=945 w395y et LT )23 aT0 039S TI98444
A T e ettt 44T Liiaa ade YS4AS ¥ Lav i eg
(w25) <394 Tony B L R T T LT

1M alwuaSLE YILaGnDT vlgygnd

. . a s - “ e 4 a s +

YAlgvs be 7243163 &0 1S3

(4343 Q12°3.9 - ............n.....”....g..J.J..u—znx—ccwu. ¥i-3150%3a o3 15314319 wluaduy
L% Q65140 2 ...-..........J.....u.ugw.u.”.u.u.”.H.J.n.c—:w:‘_c»cn cla 7433i4iTs vI1Sdanj
Gl g6ret e AR SRR RtTE T T CYIES S PO O e S, v1531-318 vigudsa
L) L3025l s ....................u.u.-.J.J...J.cu—:aa» azuludt C Tilwbud FIPA0L wludatey
[ S5 7 Y roxs Lol . o-..a...-.-.......ﬁ.-.ma..”...oo.-”.uo-.uPCJu 371 Tasdindia 30200 vEUngu4

TAlilsus L0y 1) 1Sy

l‘l.ll'.IOOODOUOOO0.0'..000.0!0...l.‘i.'..'.’...‘. 0"5000‘000000l.'O"OIOOOOODIIOIOCO.'IUOIOIo.c..’.t.‘!'...o..

"l......lo..’c.‘...‘..0.0....li..ui'..lt‘ .‘l.‘.'.n000000u"!OOCOOOOOOQO’DOOOIOOOO00'00.000'OUOOOCOOOOOCOOC,.OQO

-~

CFYFELLE RSN FT PRI §

8800000000400 s000b000000s0s

$%6ssctescrnssastscrorneney

A.3-26

+
)

T e et




{
i
4

.

.’l..'....'.....'.....‘.......................“.....'....".............“.......'.I.I...'...C.'....".’.’.'.'.

S0ER800000000000000000R000R0000ELRL000AICrlesrisditio io rttonstviasatittsasssetiisosetaecssastsestvossisocetsscnsan

(He¥]  wruda®Lo- L bbb SRR A €T PRI L TESTES 15 NE TEPYOL PRFRET FIE L FEUR B ERRREES |
Cog%) $3e3° LIRSS A AR AR S BT F I EN b IOV E R FIR S EEFEF)
(i34 waes® L) T IS E R RN LR PRS- LI iSO ERE R DL R
(-3%)  weea® L A A At FE B TR1 PN b ISR IR ) SR T OF

«  a B . e . . s -

s s eatrsesesesstsNtasetonntoeancantnte

(ouaed) wlos” » TeTeTESITY AANLLA L vDuaad sl ClGzaes

LEX Y XXX ¥ esscasces

S0000QLNBAC000000200002000000esEaSs casee

Sesas LI X P Y sssesssse ssessene

oooetas LE L L 2 X J

431320313 Hit3s.)

G000 00E0000000000000000000300000 001000300 a008000000000000atnNt st ntstesrstttectnnsedttansstossssnosstaorsscsnscnascse

0800800500000 06000000000000000000EltgtltitcotoEtlttotilinitdtottotnidifdtetsstittestiintetoesetetsntiotasstaeactatsonresosssegsasances

S " i 4 e e o ' v . ™ 3 ¥ - “ . % SR i L e .

it . ‘

A3-27

o A




Jiiv s

T Y3
as*Vecl
gyt
st
43°¢CGt1
va euill
Je’Srat
wataes
9s°scs
"T M PT)
€3°529
2o°¥4L
ad°G1¢L
e uy9
¢J°Cus
ad® IS
U1 4
eacer
a2’ gt
ve age
ed’see
¢s®acZ
vogyl
watsut

347Gy

12 e
£yt 92
[ 3374
eLcre
2e°¢ce
15°2¢
(1.3 ¥4
s3°te
t1eag
gL1°61
ci°9t
a1%s)
€a°9l
?6°01
ta°ct
eL2t
gct1i
6c° 9l
e2°s

€38

LL°S

ar’g

ui’e

ty°e

er°1

(n1)

S3g

et
Lates
£1°6¢

62°ve

”}
ts

L]
~
(4]

96°G¢
eure
eL°¢Ce
£9°2¢
tgte
Vit
wi®61
96° L)
1Lyl
11 a1
gt v
y9°21
(128 B}
g2 a2
g3

or°z

9a°s

oS“r

oi®g

«s°1

(Ad}

dy Lud

N
s
T
14
e
er”
oy
wt®

19

-

a-
wi®
e’

<l

»3°
r0°

[

(al)

1lad

wa®
oa®
a8°
P2 A

ad®

{a

B

dvd

e6° 3¢
su°62
vi’ee
r9°6¢
96°62
gz ec
¢9°ee
46°ug
*1 gl 3N
retie
ett2e
sr-ec
r8°2¢C
6l°¢€L
98°¢s¢C
26° €L
getre
TR 2N
LA RN
96°6C
Ly~ YL
ALy
usTLe
S IN

v9Tec

(x)

Ui dd

1 X2°] A
Crivte
s9or°e
9ues e
gers-2
g ¢
wiese -
tveg°
ers9te
wZ49°2
221Le
verete
699¢(°2
(CoL°2
vieue
112 B4
96(9°¢
it
CCu6°2
Iluw“g
TS
9L40°¢C
irit g
L£is1°¢

L£01°E

(aensn)

pPL

(a)

01Zvdy

9¢°t
or-t
vt
et
w2l
1278
LA D4}
L' D}
10°1
$6"

.

¢

s}

997 %k
s67vd
sCori
SL°Ll
13 344
wrZ1
98711
ezl
19701
c67€
9L”e
vLoe
8
67°¢
L3
279

z29°¢

(HZun)

AR et ey L L

—

o o




Ll

a° essessscegyl® 6s9¢°50- =43° wasa5° 31 ‘621l r@°le Gl 93" 2" 18°1= Lo §-
L0 6¢90°%0- ' e ‘ar ‘zec  w@ite 2ot @1’ p2¢  B5'-T ‘g 1571
s9° 6(30°50- e waeas® o6z "S9Pl o5 e 1% ed’t-  ‘co es’2
" e o~ age® $8e88°  C1NT Cgee  19‘9=-  ggis-  2v? a’ (6’ e sy c
1 3 tsse s~ el sewdc® “2rl °sCil 6676~  96f6- g g2t eefle ‘o o’y
L ' Cite°se- coud® eveaC®  “tul  ‘gacl e9faie woltie (97 ca’  ygle ‘20 or’g
e’ ssssescergyl” Sire’se- wawos® ez 209l wrlZie 19gie 647 g1° i6°e “ir e
LI sescssesogyl” L624°50~ d36us®  “SLZ  “2lel gLople GUT9L- ¢8° £2°  wel= oy et ’
e sseseessep(l® 9510°50- T e0wds® vz et gli9ie 63%cie g@’T ! c6°- ‘et or’e
a2 %"* taz° (T 6u°2 CRETL® 2wz “gcez v us’1 3 50 ST ST o ‘sc ee’s
TN "1 ce2® ude s~ 6a°2 certLt  “Zuz  °*sgee we’ 0s’t e’ ect  we’ ‘ac 09’e :
a* { 1y c32° dade’ce~ 6e°2 ees1(* “Zaz  “ggee ee” st e’y of®  we’ ‘g9¢ v’y
" e’ cuz® duduse- 6"z 2IL1s° “Zuz  ‘ggez  wad "R erit ect ot ‘se 69°9
(1} 13 Ce2® date’ce- 62°2 Tells® *2gz  “ggez ee’ TR | 211 _ec* o0’ ‘g os’e :
e’ us’ te2° TTIM1 D 63°2 2ILL® “2d2 “gg2z  we* I3 2tly T ec? e ‘¢ s9°9
w2 as* ozt 84d¢° 50~ 64°2 eoilL” “zaz  ‘ggee we" vt et’t et o’ ‘2¢ vs’s
23" % cu2* de2¢ 50~ ge-e eeils® "Zaz  “ygez ee* T3 | ¢t ee®  w2f ‘¢ 68°9
Ty €5 cez° seRe i 6a°2 SR “Zaz “9gez i es’t 353 B SANT N o 083
Lt N s’ ce2* 2u908°ga-  ¢s* *roel 62°2 4 33 YUY 1 *geee e vs°t et e es” “6e 069
ce® a5 tue* du’sa~-  4e° *voel 52°2 Zulle® ez ygez  wu? ©s’t 2t ott  we? ‘ee 6e’e F
(T “%" ez’ su2e 5o~ «9° *vezt 6w°2 CLIL “ZwZ  “usee  we” <1 (358 BN TSI ) ‘Le oa‘e -
(i es* Ce2” duze i~ 3e° ‘edel 622 ity “TeZ  ‘ysZZ el ey et og! w0 “5¢ ) -
a2 s’ g4z vede’sa-  9e° ‘raul  6e°Z €allz® "z °gyszZ  ws” st 2 50 BV T ‘ce 6e°e -
‘T 11 ce2° dede’cae  Wi"® ‘vaet 62°2 eOIL" "z "9seZ  we” 571 ¢t’l et eu’ “ve 6979
2" 1 15 cez” [ TS T LI Pl ‘reet s3°2 2oLl 2wz "gcee  we vs’t 354 TR U 0 ‘ce se‘e
Ty s tez* Badeca~ 2e0° ‘r2et 62°2 coLTL® 242 “9cez g0 0t 2191 ec® w4’ ‘2¢ 64’9
TN " e Vsde’so- 24¢° “pasel  e3°2 CALLL” 2w "ssed  ve” 61 2 5 BT S TN ‘1e 6ee
e s te2* 2943°53~ we* ‘rustl 5972 est1e”  ‘2yz °ggez wu’ vt it og? w2’ ‘oc ¢s’a
22° et Zce” W2e'si- 24° “IPOT  £4°C1 LB1eCt1 CgL2 "$612  g0” Lty et wgt gvf ‘s s9°9
(TN -T38 L T4 dede”58~ 22° *CSLI €67CE 62SCE “uvZ  “wieZ w@e” "Ch ST 0 B ST A 'l wie
22° ot {73 Ve s~ 2¢° *6921 2t°Z1  »ar9g°t “grz ‘958l we" FTOUI T T S T 2T 3 "L 1l
ca® T 6ls* 242¢°52~ wa* °S251  pLT21 6452C°H “wCZ  “wral  we? s2’6 6! 127 e’ ‘g1 s2%¢
e° cs° 2i9* 26d8°60~  34° *ICT 6638 ICIUe°l "Gi1Z  “p24l  wR" £1°s [ RIS RET X ‘st 6L°9
(T us’ 845" e24°50- o0° *azrt  19°6 £5919°8 “242  “vayl w0’ e et ettt o? ‘vt e’y
a* a9° ecs’ ded2°5a~- 22° *82¢1 o8 CERCP i “9at  “eart  wo? 29°¢ ' ToA § A Y se’s
#e* e er® 8430°4d-  J4° *urZt 2°9 Prrce®i “141 *»ecl @ ey 987  ce’  o0* ‘zs «ws
22° N zZ2» 2402°GR- a4° *2sll 15y Ciiert *331  “wrel g’ €59 v’ 2° (0! ‘11 1.3
2e® i1 69T wed2'si~ ae° “toal 9£°9 wC1%°1 “Irl  *p2il go’ e6’s s’ 3! o’ ‘ay e
e %* Zec” ele'Si- 2e° *cuel  ££°S $L4P83°1L "GLl - %§ssl el w3’ LA <A 1 3 ‘s 6t
we w5’ T2c” dete’sa- 24° *ceel yr°g LScov®l *11T ‘zew  en? 09" ers  ¢2t ot ‘a 3
wa oo sir° da00°68-  20° ‘surl £2°3 YOI e *95 NI N sy «®  e3®  o? ‘e ro’c
ee® sc* 1213 062~ ge° *2ottl  gug cdave’e “2u “tey  e2¢ 3 1! 135 o0? ‘9 «s°e
a2 s2° zic® duie ca- uve° “¢att  p2°» $2d83°¢ (% ‘vls  eo° eL’e w8’ ! o’ ‘s 1t’e
e’ 9t 9se° 2sde°53~ 24° *esul  eg°¢C s0av2%¢ *Ts “sle  we” stie ' AAPT AT A ‘v vt
e e’ ez Asd=z"g~ 32° *teet 16°2 soee” e “4g ‘ese ew’ 7$°8 2 SANPT LIS A °¢ «@’y
¢e® o 9tz 2ede’5i- 29° *eset gg-2 cecee®e “2e T £€6° w’ war ! ‘2 elf .
2¢° e’ cez® 2B 24° ‘vgel w22 wleds®e "¢ o 13 6’ 13 ! a0t o ‘1 xeT

(A2) (13) (wey) (324auv) (NIwsu)  (A3D) (relns/9) (nlaly) (A3} (A3) (Ad) €(AJ)  (3eSen) (s} (S}
“13%4de  Ulgav] ‘181 173 ¥isisivy *wall “Wads Uluavd 31048 *(373 *131s lGny “lud  “wBiv
wiGNnds Y5s9dad  UANSNOD  "adn) Iinsnag3 Inty *10a *dava 119 leiy  ‘lus “lud ‘iU “lug 33 1 A

s e B . T . -




[

W
;
|

i g e
N

S
]
4

wete
Nt $elagu®
aii: &;aemu.n_ teean’
248" eassns.n- buwan o
e sttsncon- i 1w’ 262127 é
ot es&sﬂn-n- Loved® tigue’ wodia’ mcv
i sscnns.m- Loveds eigus” wouty’ L
oete douusy® 1 febye’ aigee, suats: - |
i nmsuna.n— p elgua’ 2e210° .nn
i sa.n_o.n. Lovae’ sioqe’ asvie’ Jer
tue* sn_n.o.uu rydgo’ Bieve; teais: ._n |
T sa—n-o.M- b diviet? ST M vedia?’ ksn
twl® ah—n-o.h— vl Ecasa: e hon
i seishs m ruavy; Zceva? cl2e0” Jue )
i sn_n.o.u. vudeas . N TN ci1zud’ P
cel’ s«—n—u-u" M scaua: i uvn
te2® acigle®e redun® Zeaue, s 2
i sa“n_a.n" vodau: Zcovo? S12e0”? e
i serti-ch rudca 2ce90° ci12ue’ Jts
3t S ruasa, 2ceve? giza0? u~n . .
Cul” cn_n_o.n. TIIN Zeave; tize: i _
cw2’ Gn-nae.«- rune® Lave, ciie: i
i sn—n—aou" yuves, 2eeue?! g12vv” 8¢ Y
e ecicie:2 vy 2vaye’ TN mmn P
, e En-ﬂ-Ooh— roncn’ Nnm¢s~ NYTL N mhh n
cue® cuun—o.«" ryeaa’ (30, tisse: 2 )
ce2 weigcin et PErev” 2cege’ Ci2us, mnn
i scitis:: recad, 2eeve’ ct2ee’ Jre
T v'ncnﬂon" Ty 2eowe’ ci2ev® hnh
- | 574 SeayrL®e covco’ ecayn? Cizut it
619° 1N T T S trase: i .—h
219° nonooo.n_ teria” Zrove Crave: o
645" wnn.ao.u_ e’ 1o649° Lraue’ 3l
Ves* reLse’ 1 ervid” Loots, iesss: i ,
i mscasu-M" orv s 2s6ce? T M nu- ]
2er® rgtlrov ct auees: it e uo_ k
6uC” gtlugZo 2t voliv; shaca: i un.
205" gugeti®el 2usin® 9ivece? seses. ‘5 A
12¢° noteritet Letial redi: e .n_ ‘
ciye orgqra®el 9c6en’ vesiol tscue: it A
i e Buses cosio? to2av? St i
zZiee 61G66¢c ¢l T PEM arate; sizu: 5 _
{ 99Z° L Levgtet Yo9uu® Sistel tirse: ho m
{ fce” Uyoylo®e soru! e e un *
X viz* assroo..- t1eCu® L1evel cezsu: :
Fr A s&mﬁhc.«" CLloeu? Letru, iiees: ;
Cudubi( e sclen® dszva st un *
t ¢oaos? Lisva i :
g . Liere, totuc? ;n
| ! 9uZaa’ uw
TRTIANA{op] e i - | ! -
Jinuday rﬂcu
s AQn -
N (Y}
In
Oaw it

m

PPRPRY i
R
L
e s




o
i
4

APPENDIX A.3-2 = Propulsion System Alternatives

This Appendix provides a description of the Configuration alternatives as presented
in our Proposal with the exclusion of the series configuration not even taken into
consideration during the Trade-off Studies because of its less fuel-cfficient operation,

In all parallel configurations the engine power is applied directly to the drive wheels
and the power handled by the reversible electric machine (electric motor-generator)can be
added or subtracted as appropriate,

The interconnection between the two machines can be accomplished using various
mechanical configurations which have the function of uncoupling or altering the speed
ratios with respect to one another and relative to the wheels and can always be represented
in the block diagram shown on Figure A.3-2.1, as Subsystems No. 1, 2 and 3,

The simplest layout is shown on Figure A.3-2.2; Subsvstem No. 1 merely consists of
a clutch, Subsystem No. 2 includes a reduction gear unit between motor and engine,
while Subsystem No. 3 is not required.

An improvement of the previous system is shown in Figures A.3-2.3 and A.3-2.4
where a Continuously Variable Ratio Transmission (CVRT) is introduced in Subsystems
No. 3 and No, 1 respectively,

Obviously, the introduction of a more complex mechanical component such as the
CVRT increases the vehicle cost but significantly improves system performance and
efficiency.

The Trade-off Studies must therefore determine whether the cost increase is justified
by a significant improvement,

The choice between the two configurations using a CVRT is not significantly tied to
economic constraints as much as to the following technical considerations.

In the case of the CVRT placed immediately upstream of the rear axle
(Configuration No. 2), all the power supplied to the wheels, which is the sum of thermal
and electric power, is handled by the transmission under optimal conditions. The same
applies to the braking energy which, thanks to the stepless transmission, may be
recovered at rotational speeds corresponding to high motor efficiency. The CVRT, on the
other hand, must be capable of handling a higher torque being this requirement associated

with a more difficult coupling between the engine and the motor owing to fixed rano
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existing between the two,

In the case of Configuration No. 3, where the CVRT is placed on the engine output
shaft upstream of the fixed ratio, less severe operating conditions and ratings are required
for the CVRT while the coupling between the motor and the engine becomes much more
flexible and provides therefore the possibility of a wider choice of components. In this
case however only the engine power is delivered to the wheels in optimum conditions and
the recovery of the braking energy is less efficient occurring at motor rotational speeds
imposed by the wheel speed and by the selected fixed ratio.

A variant may be introduced on the three above configurations by introducing a
clutch between the motor and the fixed ratio. For the sake of simplicity, since the same
clutch could be used in any configuration, only the case where the clutch is introduced in
Contiguration No, 3 will be considered as shown on Figure A,3-2.5,

The function of this clutch is to isolate the motor from the drive train when only
the engine thermal power is used or required so that the energy corresponding to the
tnechanical loading effect of the electric motor can be saved.
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APPENDIX A3+ — Lead-Acid and N2-S Traction Barteries

The battery and the electric propulsion system of the H.V, will be analyzed in
greater details during the preliminary design. This Appendix provides some preliminary
assessments on the fundamental characteristics of the only two types of traction batteries
that have been evaluated during the Trade-off Studies: Lead-Acid and Sodium-Sulphur.
The Lead-Acid type is characterized by a low initial cost, is already available on the
market and is susceptable of some technological improvements, The Sodium-Sulphur type
offers much higher specific energy but, as a product, it is still under development and
therefore, while susceptable of significant technological improvement, its product
availability by 1985 has yet to be validated. The main characteristics of the selected
batteries are shown in Tuble A.3-3,1: they can be assumed as representative of the
foreseable performance range.

A.3-3,1 Lead-Acid Batteries

The maximum svailable power at a given time is function of the average discharge
power and of the total energy supplied to the load as shown in Fig. A.3-3.1 Assuming
vehicle operation in the electric mode only, the vehicle range capability can be calculated
as follows. The battery average discharge power is given by

— q.v
VW = c———
Mb

where:
q s the vehicle average energy consumption
v is the vehicle average speed

My s the battery weight

The selected maximum power aliows to determine,for a given W, the specific energv
P - -y

(E) supplied by the battery. The vehicle range is then calculated by means of

E. My

P
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TABLL A3-3.

TRACTION BATTERIES CHARACTERISTICS

Siyear

PARAMETER LEAD-ACID SODIUM-SULPHUR

OPEN CIRCUIT VOLTAGE, V 144 144
DISCHARGING VOLTAGE, V 144.110 144.72
CAPACITY {5 h), Ah 100 316
MAX DISCHARGING 260 450
CURRENT, A
RECHARGING CURRENT
{4 h), A 25 78
CURRENT EFFICIENCY:
Ahgyut/Abin > 09 !
POWER EFFICIENCY Function of ¢perating
WhoutWhin = 07 conditions
NUMBER OF ELEMENTS 12 432 (12 x 36)
SIZE, mm 775 x830x 300 794 x 976 x 400
WEIGHT, kg 300 300
OPERATING TEMPERATURE ambient 300 - 380%C
LIFE CYCLES 400 to 800 300 to 900
MAINTENANCE FREQUENCY,

6 6
mounths
COsT, 8 1,000 3,000
COST OF MAINTENANCE, 80 50
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Considering a 5 hour discharge time in a hybrid propulsion system, the maximum
energy that can be drawn from the bartery corresponds to 80% of the stored energy, For
the 1985 Lead-Acid batteries the expected spocific energy is about 40 Wh/Kg which, for a
300 Kg. battery, corresponds to a total energy availability of 12 KWh, However, at 30%
discharge the available power is much lower than the power at full charge and therefore,
to guarantee vehicle performance over the entire operating range, the maximum discharge
must be limited to about 50% of the available Ah and the initial maximum power
accordingly derated. The 1985 model batteries shall guarantee 400 discharge cycles but, if
the specific energy is kept in the 33 - 36 Wh/Kg, a life-cycle above 800 can be expected.

On the other hand Lead-Acid batteries, at discharge levelsbelow 80% have a rather
small internal resistance and provide therefore reasonably high efficiency operation,

A.3-3.2  Sodium-Sulphur Bartteries

The power that can be supplied to the load is a simple function of the discharge
current (1):
W = (Vy - RI)I

The maximum power available is then: )

Vo 1
Vmx = (37 ®

The total energy available from the batteries can be calculated as a function of the
instantaneous discharge current as follows:

E=/ (Vy - RD:-1.dt
and is therefore dependent on the vehicle speed vs/ time pattern. Considering a discharge
at constant power the total available energy is given by:

E=C'V= C(V, - RI)

where C is the battery capacity given by C=/1-dt. Thepower and energy of the battery as a
function of the discharge current are shown in Figures A.3-3.2 and A.3-3.3 Assuming a
discharge depth of 80%, a life of 300 cycles is expected for Sodium-Sulphur batteries
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presently produced is small series by the Brown Boveri Company. The technology is
expected to improve significantly and a 600 cycle life is expected by 1985 which could
reach 900 cyeles by 1990,

The Sodium-Sulphur battery operates at a temperature between 300 and 330°C. If
the temperature falls below the operating range, the 8 -allumina conductivity drops and
all the reagents and reaction by-products solidify. For a 300 kg battery, 10 kWh per dav
are required to keep the battery at operational temperature, assuming that presently
available insulation techniques are used, The battery heating encrgy is normally provided
by the energy dissipated in the battery internal resistance during the charge/discharge
cycles. In addition to the charge/discharge life, the Sodium-Sulphur battery also has a
limired life in terms of cycles of thermal cooling below the normal operating range. The

B T
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P g s

negative impact of thermal cooling on battery life is much more pronounced if cooling
occurs at low charge levels because of damages induced to the ceramic component

(B-allumina).

A343

¥

3

E

3

- i
g

#

%

T T A R S R W

L B i




o

APPENDIX A,3-4 — FIAT Procedures and Reguiation for mass production Cost
estimates,

This Appendix provides a summary of the FIAT Procedures and Regulations as used
by CRF to evaluate the production cost of a new vehicle which a mass production of
above 1,000 - 1,500 units/day is planned for, This procedure could not be thoroughly
used during the Trade-off Studies due to the limited design definition of the various
vehicle components: the actual cost analysis was therefore based on the preduction cost
of actual vehicle parts and components simiiar to those itemized but not defined at the
manufacturing level for the hybrid vehicle conceptual design to be further developed
during the Preliminary Design task.

A.3-4-1  Vehicle Breakdown

As a first step all the vehicle parts and components are broken down into four main
categories or “‘assemblies’:
-~ Engine and Transmission
—  Chassis
—  Body Frame
—  Electrical equipment,

For each assembly the vehicle breakdown is further developed throughout the
“GROUPS"” and “SUBGROUPS” level down to the “COMPONENT" level as shown on
Figure 4.3-.1,

A.3-.2  Component Cost Analysis

The manufacturing drawings of the various parts, components and subassemblies are
analyzed to identify materials characteristics and quality, dimensions, tolerances etc.

The production cost of the UNFINISHED PARTS is first calculated in KL/kg (or
$/kg): the additional costs for FIRST PROCESSING and PARTS FINISHING are then
added as appropriate together with the current cost of standard parts from EXTERNAL
SUPPLIERS.

A3-44

1
j
;
3
:
‘
i




T Ty e e

NAOONVING SLNANOIWO)D TDUEA — UF€V DL

ANAWHNOH D181DH 1 =

SUHANIIAD —

— SOINVIIDAW ANV AUNIONT —

“ﬂ
AWV — “ ”
HIDUIA < :
TRHMA L SV ;
1 rf__Jl SHVAD w
NOLLOW ,

LANSVD) e SNOLSI) = HWVAIZAAOR —

w dV) —t—  Laviis —
w !

DNIISIE —

SISSVILD —

SENANOJWOD) d00UDUANS

AOANH ATaWISSY




B

ol L
F XVI, s

A.3-+.3  Labor Cost Analysis

The manufacturing drawings are then analvzed to identify the appropriate
production cycles and define the cost effectiveness of production organization to
optimize the mix of the following objectives:
~  Short manufacturing time
- Minimum manpower
~  Simple production and tooling equipment

Based upon the existing production requirements a processing cycle is defined for
the various components which includes a list of the machinery and tooling to be used.
Processing cyvele and assembling times, as well as machine set-up time where appropriate,
are identified step by step, so that optimal work sequence and timing could be obtained,

Where small batch productions are appropriate an assessment of the incidence of
machine set-up on the total process cycle is made to determine the optimal batch size,

A.3<,4  Investments

On the basis of the expected cvele times upon evaluation of the effects of machine
set-up, rejects, replacement and machinery efficiency, the actual machine load is
evaluated for the various parts. As a result the amount of equipment necessary to achieve
the required production level and the corresponding value of the investment for assembly
lines, machinery, fixtures, gauges and tools can be defined.

The plant size, number of workers and plant related services can therefore be
identified leading to the total investment value. The projected conswuction and tooling
machinery cost must be continuously updated using the established relationships with the
various contractors and suppliers,

¢+

A.3-4.5 Manufacturing Costs
The projected manufacturing times are converted into manufacturing costs

according to the projected average hourly labor rates including both direct and overhead

manhours.
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The expenses resulting from general and specitic investments are expressed as
appropriate i yearly depreciation costs tahing into account expected interest raes.

The total production cost is obtained by adding the tocal cost of parts marerials
previously identified.

Based upon the number of vehicles to be produced on a yearly basis the towl vehiele
cost can be accordingly defined including an estimated additional cost to account for the

improvements and design changes to be experienced during or after the first vedr of
production,
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