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Cl.1 HYBRID2

1. Program Description

HYBRID2 computes the fuel and energy consumption of a hybrid
vehicle with a bi-modal control strategy over specified component
driving cycles. Fuel and energy consumption are computed
separately for the two modes of operation. The program also
computes yearly average fuel and energy consumption using a
composite driving cycle which varies as a function of daily travel.

The modelling techniques used include the following:

Heat engine - represented by a map of bsfc as a function of

bmep and rpm, together with a curve of maximum torque

versus rpm. The displacement of the engine for which this

data is supplied is used as input; the program has provisions

for scaling the data to other displacements.

Electric motor/controls - electrical input represented as

a constant load plus shaft power divided by a fixed efficiency,
in both driving and braking modes. Maximum (driving) and
minimum (braking) torque as functions of rpm are also required.
Batcery - modelled by a fractional depletion technique using
the power averaged over a specified time interval rather

than instantaneous power.

Engine accessory load -~ represented by a curve of torque

required vs. system output (torque converter input) rpm.
Included in these is the transmission front pump, in addition
to belt-driven accessories.

Torque converter - represented by curves of speed and torque
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ratios (output/input) as functions of an output speed-torque
parameter equal to output speed/output torque. An input speed-
torque factor, (input speed)z/ (input torque), at stall must also
be specified.

Gearbox - represented by a set of gear ratios with different
efficiencies for each ratio. Spin loss coefficients

(exclusive of the front pump) may also be specified.

Differential - same treatment as gearbox.

Vehicle road load - represented by a combination of an
aerodynamic load (proportional to speed squared) and tire
rolling resistance. The rolling resistance coefficients
can include a constant term and one which is linear with
vehicle speed.
The program structure is modular, with the control strategy
and shift strategies being contained in separate subroutines.
A breakdown of the program routines and their functions is as
follows:
1. HYBRID2 (Main Program)
- Input of case data
- Output
- Numerical integration
- Computation of yearly average fuel and energy
consumption from individual driving cycle results.
2. VEHIC
- Computation of road loads, power flow through the

vehicle system up to the torque converter output.
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- Computation of derivatives of all variables of
integration.
3. HYREAD
- Input of fixed, detailed component data.
4., GRSHFT
- Controls transmission gear ratio in accord with a
pre~set shift cstrategy.
5. PMOVR
.- Controls heat engine/motor power split in accord
with a pre-set control strategy.
6. TQCON
~ Computes torque converter input speed and torque
i given output conditions, or output torque and
input speed given input torque and output speed.
7. FILTER
- Filters battery output pcwer to proviéé a smoothed

battery output power curve.
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8. INT1, INT2
- One and two dimensional interpolation routines,

respectively.
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Cc-39
GCLETA FCRTFaN 1,3 ® SEVI-2LTN SFL * (01-10-72)

FRRIOGPAM WYORERTIC?

HYRRINZ MCCELS CPFEATICN CF MYERTC YEHYTICLE CVER SPECIFIEC CRIVI
CYCLCS.,

'
]
OoOMNaOn

CATA IN CCMMCH -

000603 - - COMMCM CISSL,FPF(20) ,TAMAX(20) 4BMEP (20),BSFC(20,20) \NOPH;NVER,
1EMUM,EMUG,FINNLE,SP¥C(20), THCMAY (200, THOMTA(20) ,NSFHO, |
2CTC7FO.TSFI20),TGR120),SFR(27) ,TSP2(20),NTSP, J
INLOCK(S) 3 TRATICIS) ,RT1(5),CT2(5) FHUT(E) ,
LHB EBMAX FMUFG L EMURG2
SCRATIN,CO1,002,FRUN,FITRE,CTIREL,CTIREZ, V¥ASS,NLT,CCA, \
ETFCMIN,MANAX REVINL,YMASS2,FEONTN, |
7FURLSGSKALE yTHSKL NTH,NCOSCH 4CHGFFF NCYGLE,NGCMP,0STAV, |
BNUNITS, THEFT(E) ,UPSHFT(S),CNSHFT(5) , DDISCH(22) , CYCLES (207 4 ATC (3

- SNFRTC(3) 4CTC(3),TFC(3),0SUP(20),ONC(33),D8AR (30) l

1,RF¥BST,PRECT,FECF(20) ,RFYECF(20) ,ROMOPM,EMUCYT ,RATUC ,OATON,NOF

P 2 PCENS (20) yEFENS (20) (NCEAS

3,VHAY, TEOMNZ,UPSEL,ONSEL ,DRACH NAX, RPHAX (20) ,TAX (21)

{ 000003 NOMMCN TIMC(2,20N0) «SFERC(3,200),GAMMA (30 ,3)
é T C VASIABLES I» CCVMON -
| 000103 SCMMCN FA,FRGFACFUET,TCC,TTL,PP¥N0,RPHTO,TSC,ROMSC,RENTCO, TTCC

IRPMTONGTHC G TEC, TMC? 4 TEC2 43 TSCWPSCoPEDO,PT02,EMC,PMN2 ,OGC,FFRK,FC,
290 P T4CFRH,L,PLTC,THRFC ,TTC IN

3yROMEQEBVEC2,FL TC2,VYFS

Ly TSC2,°EMSTP4FSC?,08MTCY,2FMTC2,PAMED ,ARMED?

C
nNoCco3 SEBL YRCT(20),Y(20) g INTL ,INT2,VIE) A (31, YTHUO(20)
| gocaos REAL Ew(£n)
| nonng3 CEAL DISTII) LFLONSIT) JFLONSP(3),S00MSIT) ,ENCNS? (2)
| oneon3 REAL FEBAF(2D),SFC8C () ,TIME(Z00)SCITN(20M ,
LFCIAF2(30) ,SCRAG(TN) ,ErBAR2 (1) ,CANAE(3IN) ,FONAY (20) ,ECMAY(30)
200003 REBL SCHFIZ) ,FCSYS(3),FFTOAR(IC) ESYSO(2N)
£Noeoo3 DEAL VAVG(T)
00003 PEAL VYRAR(2F),SEEUR(25) ,SOENG( 2€) ;
o003 REAL SMCTI(2E8N0),ERGI28N0),SECL(2),R0RAR(IN)
nooon3 INTEGSR TFO(20)
| C
? 100003 SALL HYECEQ(NCE2D)
s C
| . R4 [N A]
(C: NPT RUM NATY g?IgINAL PAGE IS ]
000005 REAC 600+t CASE O0R QUALITY
200012 00 194 JCBTE=1,NCASE
Cnooi1c BRINT Z2%,JCASE
nngo22 BEAL E£10,TECVINGTECMNZ JDEVAX ,OEONT N, Y MAY
rgnnyn FRINT CS2ZN,TECMTN,TECMN2,FOMAX, EENMTM, YA Y
390056 UMAX=YMAX/3,F
NGCOED READ A10,CTFLTP
n o Nec RO 190 JCYC=1,MCYCLS
n. JE?7 SRINT 700
napnT 2 TSNTIVE=MTCULICYD)Y
100070 MPONT = FUTA (JCYL)
10CN7E PELT=NTI (IR IC)




nnoe7?
r~n101

10k
NCo0110
nnoity
000117
coo121
000122
000123

00012¢
000127
noo130
0001231
000133

] N0013L

ggo1:cs
000136
600137
GN0140

000141

142
L.ull3
000151
ngnice
NDC1£3
nan1es
0001€¢
000170
900171
000174
non47s
n0g203
N00213
N00217
gonz22
00022¢

g3Cc231
000232
£ogant
£on243
030247
prAa2ca
v 2FE
gnc7et
nagzel
D202€c

kmmmw‘

§—

OO0

aOMNO

~—

CCLETA FCRTFEN

En

70

€n

C-40
1,3 ¥ SEMI=-2AUTL €FL * (01-1N-717) HYCES 102

TFEYFCLJCYE)
MCT=IFIXY(TF/CELT+2,*(CTFLT/1,0)+1.,)
CP L7 J=1,NTIVME

TIME(J)=TIMCIICYC D)
SFEEC(JY=SFECC(JCYC , N

CONTINUE

no ¢8 J=1,MCT

PHOT (J)=0.0

CCNTIMUE

INITIALYZF VAFRIARLES CF TINTEGRATION

Te &0 J=1{,2¢C
Y(J)=0,0
I2e(Jy=0
CCNTINUE
T=0.0
ITIRF=N
K=NPENT
JGrEAR=]
JGEAR2=1
NTM=0

COMPUTE VFLCCITY ANR ACCELERATICH

SEZCEQNTIVE)
FCANTTHE)
ME,SPESC,NTTME)

V) =TNTL(CELT/2,.,TIVE,
VIS) =TNTII(TELT  TIME,CHE
VIE) =TNTLUT *CELT/24 477
VI2)y=sv (31 4y (2)=-yY (L)

GC To 70

vity=viezy

V3Y=vy (1)
VI2)=(vil1)ysv (V) /2,
V(4)=V1F)
VIS)=INTI(T40FLT ,TIMIGSFFECD,NTINME)
VIB)=TMTL(T 4T, ¥PCLT /2, TIMNELSPCEN , NT M)
ALY =(VIL)=VIRY)7(ZL,E*NELT)
L(1)=EMTN1(A(1),8,9%)
AL2)=(V(8)=VIDY /(2,20 FLT)
A(2)=aMTMLI(R(2),%,2)

CCMPUTE VRHICLE ROZRATINGC COMDITIOMS 8T MAJCR TIWE PCINT

TFLArR=N
TALL VFEFMIC(IVIZ) 8 (1) 4yT,YCCT,Y,JGELR,,JGTAF?)
NT¥=MT™4+1

TFA(CPMD ,CEW QB )FHUCTINTMI=FNYC/ENMUMEFINMLD
TFIRGR MEF o Re T)PNAT(MTM)=FGR*EMUMEDTMNLN
TFIIFLAG.FRL1)NGC TO <97

CALL GFESREFTI(TIFLEG ,JGERR,,JGEAR2,,NFEAFR)
TF(IFLERWENLG1)Er T 2N

ARPT=YNOT(1P)*1 0NN,

AT =L%S (2R 1)




GOLETA FCERT=LN

00c2ev7
1270

4271
000310
000312
000316
000320
000321
goo32u
000324
000326
000320

000322
000324
00032¢
c03337
000340
000343
0Q034E
gan2us
0003¢0
0003%1

LudWst
000LEY
& 000LEe
; 000457
000LEL
NOOLEZ
0ONLES
N00u70
080472
ongsn2
£00504
; gogcos
; 00cs11t
| N00c1L
100517
gges21
000522
00053
coosa?
000S41
nN0NEL3
NOn34E
0eess0
P €E3
L ecE
nooss7?
NOREEL
gonNceEL

DA

(31

0

190

101

ice
152

i0€

C-41

¢ 1 & CIMI-2UTC FL * (01-10-77) HYORTC?2

no ¢4 J=1,2n,?

JTH=J

IF(ARPIGT,2%J0=L NN, AFPTLEL2%JIGO TN GF
CCNTINUE
IFIPFI+2.,0,CT.0.N)GC TC CE
IBP(JUTH+ 1) =TIEP(JTH+]) ¢

GC T7C 97
IBP(JTH)I=ISF(STH) +1
CONTINUE

00 ©8 Jv=i,1I¢
EKIJVI=YCOT (JUV)

CCNTIMUE

TIME TC FPINT RESULTS -

IF(TLEN.TF)GC TC 100

K=K+ 1

IS(KLTLNERNT)GEr TO 110

K=9

EXIN=YVAGS28YMFE*2/2.

EB=Y(13)

FB2=Y(19)

JG=JGEAR

JG2=JGFAF2

PRINT 710, T,V{11),Y(12)FRULFBRKZY (1) ,Y L), ,EXIN,
1JG,RFMTCL, v'?),v(-),Y(7),Y(O).Y(13).Y(19).¢SC.°=C.°“P DCC,
2IG2,FPVYTC?4Y (), Y(E),Y(2),Y(10),Y(18),FSC?,PEC2,PHMC?
IF(TLT,TFYCGD 77 140

PISTOIrYCYI=Y1L2)

TC 101 J=1,rT¥

PMCT (J)=PMrT () *10190,

CONTINUF

CALL FI1. TES(NTN,0,F,DT=LTR,P¥0T)

OC 102 J=1,ATH

TF(PMOT(J)LT,.0,.7)5C TO 10%

ERGUI =INTL(FVYOT(J) /WE,,FLENSLECENS,,NDENS)
FRGUJI)=EPG (I *HE

GC Y0 102

GUJY=WRIFEMAX/ENUOC

CONTINMUF

CDEPLEINYC)=2,%*P¥OT (1) /=CR (1)

NTMS=NTV=

CC 106 J=1,MNT¥FS
CEPLIJCYC)I=CEFLIJCYC)I + (2t (=11 2*(J=-1))*FMCT(J+1)/ERG LI+ D)
CONTINUE

TEPLIICYC)=CIFLUICYC) /(2 4*2ECD,)
DEPLIJCYC)=CEFLLICYC)/RTISTLICYD)
VAYG(ICYC)=CIST(JCYT)Y*2E00./TF
FCCNSTJCYM)Y=Y (16) /Y (1L2)
CCCNSUJCYC)=ER/(3,6%Y(12))
FCCHNS2(JCYCI=Y(17)/Y(12)

ECCNS? (JCYTI=E2Z2/(3.€*Y(12))
CSCHELJCYCY=Y (Y /Y (12)

ECSYSEJCYCI=IYIFI4Y (PY)/Y(12)

POTINT OLA,Y(12),SNCNS(JCYC) ZFCINT2(JCYN) ,E0OMSIJCYC)yECC1e20(dT”




C-42 4
GCLETA FCRTFAMN 1,3 * SEMI-AUTN QFL * (01-10-77) HYRRID?2
000601 CIAINT O45,VAVEIJONYC) JNEELLJCYC),YI1L),V (15} |
T 0e13 nOo 108 J=1,19©
- J€17 . ITIPF=ITICE4IEP () 1
000621 106 COMTINUE
000523 PRINT *020,IPC(218),I°6(1F),IPP(1L),T8P(12),IR0(10) ,IRC(P),IRF( |
1IBP (L) ,IBF(2),(18P(J),J=1,12,2),ITIAP i
; 000EED ' 00 109 J=1,1¢ 1
. 0006E2 18P(J) =0 1
. 00CEE3 10S CONTINUE 1
i 00NEBS ITIEP=C |
‘ 0006EE IF(T.HELTFIGC TC 150 i
c
U c g TV | N
| g INTcGQQT_ TC KEyT T;;-F ST-F ())ISIGL\Y/XL PA()‘,” IS
00CE7D 110 TTMF=T U POOR QUALITY
000€72 £0 177 Jv=1,3
000673 JAZMAXQ(2,JV)
000676 IFIJV.EQ.21GN TO 121
000677 TTMP=TTME4DELT /2.
| 000702 121 AT=TTMP=T
| 000704 IF(JVeNEL3)CC TC 122
; 000706 A(3)=(VI(E)=(VTMF+VTMEL) /72, )/(3.E*DELT)
; 000715 A(3)=AMINL(2(3),9.8)
| 000720 127 VTMPL=VUTMF
000722 VTMP=Y (11)4EK(11+(JV-1)*10)*CT
000721 TFLAG=N
1722 130 FALL VEHIC(VIMP ,A(JL) TTMP,YNCT,Y,JCEAT, JGEAE2)
L0703 TF(TFLAG.FN,.1)GA TO 180
| Co074s CALL GFSHFTUIIFLAS,JEAP ¢ JUGEAR2ZNGEAR)
i g007¢<¢0 IF(TFLAGL,EN,1)GC TN 13N
| 000752 160 0C 170 Jv=1,1¢
| 00C7°54 ER(JKELS®JV)=YIO T (JK)
| 00C7€1 170 CCONTIMUE
| 0007€S CC 180 JK=1,1¢
0007€¢€ YJK)=Y(JK)4CELT®IFY (JUK) +7 % (CK(JK+1O)+EK(IK+3) ) +EKIIK+ET Y /6
000777 180 CCNTIMUF
no1001 T=T+CELT
co1002 GO TC €91
0010902 190 COMTINUF
‘ 00100¢ FCAV=0,0
y 71007 CCAV=0,0
N01010 FRZAV=0, N
c01011 ESYSAY=T,0
101012 £n 300 JC=1,MCCME
[}
c COMPUTE FUSL AND FNEEGY CCONSUMFTION CN CCMFCSTTE COIVING CYCLF
q FCR ¥RCF<i &n[ 2,
r .
£010132 PARARP(JCI=N.O
n01014 FCEAR(JC)I=N.T
roUn1s FCRA%2(JC)=0.0
. 016 ECRAF(JCI=.0
r11017 ZCRAF2(JCYI=0.0
891020 CHTOARTJC)=C4N
n71021 CSYSPR(JNY=C4N




001022
nnigez3
028

001040
001045

001060
C010€6
001073
001101
001103
00110€¢

001112

001120~

- 1123

.12¢

00112€

, 0101126
; 001130
; 101134
| 00113¢S
; 001125 .
| 001143
00114¢
n0114€
101154

:

§ 001170

| 002171
90117¢

n01175
n01203

210
Qui2ilb
N101217
001223

‘oMo

Lul033 77T

031083~ 77

a0

o000 N

s N NN

S OO0

GOLETA FCFTF2

{3

4 3
2€¢

rd

2710

27 ¢
2€10

1.3 * CEMT-AULTr SFL ® (P1-10-72) HY3RTD?2

VRECIP=0,0

CO ?€0 KC=1,CYCLE
VRECIP=VRFIIF+GLYMA(JC,KT) /VAVE(XC)
P0BAR(JC)I=RCPLAR(JC)I+GAMMBIJYC,KC)*DEFL(KC)
FCBAR(UJUC)=FCELR(JC)I+GAMME(IC,KCI*TCONSIKC)
FCRARZ(JUC)I=FCEAG2(JCI+GCAMVA(JC KC) *FLCNS2(KC)
ECBAR(JC)I=CCELAR(JC)I+GAMMA(JC,KC)*ETONSIKC)
ECRAF2(JCY=ECFAR2 (JC)I+GAMYA(JC \KT)*ECONSR(KC)
FHEBAR(JC) SEHERRAR(JC) 4GAMVL(JC ,KO) *ECHE(KC)
ESYSEBR(JCI=ESYSERIJYC)I+GAMMA(JIC ,KC) *ECSYS (KC)
CONTINUE

VBAR(JC)=1,/VFZCIP
SPPHRIJCI=1CANL*SrAPAR(JC)I*VRAR (JC) /W8

LCRPECT FUEL CCANSUMFETICM FCR NCN-7ZRN ENERGY GCNSUMPTINN NN MCE

FCEAR2(JC)=IFCRLR2(JCI*ECRAR(JCI-FCRAR(JCI®ECRAR2(JCII/ (ECELR(.
1-ECBARZ2(JC))

CCMEUTE RANCE FCR NEW BATTERY CISCHARGE LIMIT
RANGEU(JCY=CFMEYX/ANRAR(YC)

CCHMFUTE FEACTICN CF TCTAL CRIVIMG DCNS ON MODE 1 FCR EACH
CCYFOSITE CYCLE,

IF(JCLMEL1YES T 2€F
cLeH=2,

6C TO 2€¢

BLCHW=NSUF (JC=1)

IF(MBOV LE L CSUF(JCHIBE TC 27

SFRAC(JCI=N,

GC TC 28n

IF(RANGE (JC)CT.DLCW-THAFM)GC TC 270

RFRACCJCI=RANGE (JC)/CFAF (JC)

GC TC 2AQ -

TF(28MGE (JC)GT,OSUF(JC) -0WASMIGD TO 275

RFRACIJC)= (RANGF (R} /TSAR(IC)) * (1= (RAMGE(JC) =DLOUACYARV) 2 X2/
102, *PANGE(JICI#ICSUR(I0) = CLAWIY)
50 TC 289
RFRAC(JC)=1,-0NASNM/NBAD (JC)
CONT IMUE

-

COMOUTFE MPOE-AVYER8CED FUEL AND EMNECGY CONSUMETICM FCR CCMPCSITH
ORIVING CYCLE.,

CCHMAVIJCI=RFRACIJCI*FCAF( YOI+ (1,~RFRAC(JM))*SCRAF2(JC)
ECMAV(JLI=RFRECUJCHIAFCAAR(JCI+ (1., -RFRAC(JC)) *ECO 2R Z2(JC)

CCHYPUTE CQVFRALL FUEL ANT ENERGY FONSUMPTICN.

FCAV=FCAVHDNC(JIC)»CECMAY (UD)
ECAV=EAY+P A CLICHYYEr ML (J0)
FMEAYSERELY4TANC (RIS gRERAD ()
ESYSAY=FSYSRVETNC (JCHY*FSYS2E(Jr)




L=44

GCLETA FCRTFEN 1,3 * SEMI-ALTC RFL * (01-10-72) HY3PIN?

001226 FEAV=100N,*FLELSG/FCAV

Tt WP AV=ECAV/CFCESF

. .23 300 CONTINUE

00122¢ HESF=EHE AV/ESYSAY

ESTIMATE FATTYERY LIFE,

001237 COAV=08MAY

001241 ALIFE=CSTAV*IMT1(0QCAV,0CTISCH,CYCLES,NDNSCH)

00124€ PPINT c50

001251 PRINT QFR O, (FCEAE(J),FCOPAR2(J)LECPAR(J),RANGE(J) (FOMAV(J) ,ECHAVI
1VEBAR(J) 4SFERR(J) ,J=1 ,NCr VD)

001302 ERINT Q70,FCAV,ECAV,RLIFE

001316 ERINT 975,FEAV,WOAY

001324 PRINT 1010,FECF

001222 - 194 CCNTINUE ORIGINAL PAGE IS

001335 200 <TOP OI' POSR QUALITY

FCRMAT STATEMENTS

001327 €00 FCRMATI(I10,6F1044)

n101327 €10 FORMATI(7F10,.,L)

001327 700 FORMAT (AP0 U4 X ylii¥ TIVE g BX 4 EHSFEE L4 SX, BHOISTANCS yL X, QHO, L FCOWEP,3X
18HBR POUEF 3 IX 31 0HR L FMERGY ,3XsOHBR 4ENERGY 42X 1 OHKINLENERGY/
21X 9g2HGNy 2Y y THROM s 1X 4y 10FC e ToENERGY 4 2% y 10HSYS,FNERGY 42X, 10HFFNGLEN
IY, 4%, 1
ICTCR SHEFT ENERCY LY 1NHPAT ENEFCY 33X 4 OHTYS,POWF 7, IX,O0HENG, PONWT
LEX,17HMCTCY SFAST PORES)

tu1327 710 FORMAT (IHP 4 2E12 U/ T2 4FF 04 10F12,L/T2,FRy N LEL2,L,17%,4512,4)

N01327 820 FORMAT(1H ,281f.F)

001227 €2% FCRMAT(1H1,27HCCNTRECL FATANETERS FAP (CASC,I2)

001322 €30 CORMAT (LHNEX,20HMIN, ENCINE TCPPUS =,"11,4,3H (¥0OTF 1)
1/725%,E11.L,SF (MGDE 2)/FY4,20HRATT, DISCH. LIVIT =,F11.4
2/8X,21HMNOMINLL MATAP OCWER =,f11.4
I/BX,18HTFANSITICN SPEEC =,Ff11. &)

01327 CEC FCIMAT(LHO,L7FFUSL AND ENEGGY CCASUMPTITCMN CN COMFOSTTE CYCLFES/:
113HFUEL = MCTE 1,3X,12HFLSL = MOPRE 2,2X, 15FENERCY = VYCOIE 1,1Y,
PIHHRANGE = MCUE 1,48X,1NHFUEL = AV, ,EX,12HENEOGY = 8V, ,AY,0FAV,
IFO,SX,13HSF, FOWTR = 1)

0012327 CEO FCRVATI(IH ,B8F1&,4)

001327 €701 FORMAT (1HD,2CSFYSARLY 2V, FUFL CCNSUMFTIOM =,515,3/1X,36HYTARLY

.1 SATTESY ENETCY CUTFUT = ,E1€.,A/1Y,23IHEXCECTED RATTFEY LIFE =,E¢
2)

001327 CTS FCRMAT(1HO,2%FYFAGLY AV, FUEL ECTNOMY =,S1€,5/1Y,
1294YTA°LY 2V, WEZLL FLLE CUTFUT =,E16,A)

001327 CLQ FOPMAT (1HO,1EFCYCLE CISTANGE =,51244/1%,23HFYCL CCNSUMPTICN CM
1F 1 =,F12.L/21XAPYCLE 2 =,E12.L/1X,3RHRATT, ENERGY CCNSUMFTICI
2 VYOLE 1 =eE12.L/32CX,8KVALE 2 = ,F12,4)

111337 1010 FCRUAT(1HO,2%FHFAT EMCINE FMNTRAY FRACTION =,T15,%)

001337 CLE FORMAT(1H L1SHAVTRAGE SFEED =,F12.,L,1X,1CHEATTERY CEFLETION =,¢
1A 41X, 21FHEAT EMCTINE ON TIME =,E1F.H,3H(MAONE 1),1%X,C1E,6, E4 (¥COY
2)

. .37 1000 FCRMET (1HO,LF12.4)

001327 1020 FOPMAT(1WN,*CATTEOY COUEC NISTEIQUTINN®, /SOX,*NFGATIVE*,IX,*F(C

1ye e, /1y, BIE=TL™ g 1X 42 2L=T0%,1X,*30=26% 1Y ,%2C=22%,1X,*27-10>
21X %1147 1 Xy P LNy 2X P IN-L P T PE=2% AN, #2203, X ,%2-F",2X,




C-45 4
GCLETA FCRTFRAN 1,3 ® SEYI-AUTO OFL * (N1=-10-77) UY3gIN?
TPE 10 1Y P 0-4L% 1Y, 1L =12% 1 X,*123=22%,1%,*22=-2F*%,1X,*2€-170",

LE3N=20L",1Y,%2L=-R%, 1%, *TCTAL?/1(201IR)) -
1337 . £END

()HI(H‘:.\L PAGE IS
% o e CTPOOR QUALITY




LCLETA

goooie

jgonie

"goote

700012

200012
70001¢€
mnoez2n
7gen22
no002¢
nggne?
700021
ngEnis
70002¢
700042

270046
2000¢%1
2000E3

2000°%4
7000€E1

s XeNeReNe Re]

(o NeNe]

(@]

o N

OO

(e N Ne)

C-46

FCFTITAM 1.3 ® SEMT-AUTC 2°L * (C1-1n=77)

SUBSCUTINE VEFTIC IV AT YCOT,Y,AGTAD NRTLADD)

VEHIC FOMPUTES FOWFS FECUIREMENTS BNOD LOSSSS FOCY TEAR WHEELS
THRCUGH ENGTME

CATA IN CCYMCN -

COMMCN CISPL,OPM(20),TOMAX(20) ,SNEP(20),BSFC(2N,20) ,NRPM,NMEP,
1EMUMGEMUG,FINNLN 4SPMQ(20),THCMEX(20) , TMCMIN(20) 4NSFMO,
2CTCZIRN,TSP(2C0),TOR{(20)4SFRI(2C) 4TSP2(20),MTSP,
INLCCK(S) yTRATIO(®) 4CT1(Z),CT2(%) ,EMUTI(Z)Y,
LWE ,EEMAX ,EVMURG,~YUPG?, )
CORATIOZCN1,Clr2,EMUn,RTTIEE,CTIRFL,CTIRT2, VMESS,OL I, (A,
F TEQMIN,DRMAY ,RF¥TOL,YVASS2 ,FEONMIN,
TEUFLER SKALEZTHSKL JNTH ,NCNSCH L CHGEFF G NOCYOLE,NCONMP ,TSTAY,y
ANUNITS,yTHSETIE) yUPSHFTIE) yONSHET(E) ,ONISCH(20) ,CYCLES(2NT, *MTOH
GHPSTG(3) yCTCUI) 4 TFC(2Y,L,LSUO(29),ANC(30),C2LR(3D)
1,RPMPST,FPEST,,FEQP(?20) ,RFMECF(20Y,RPMOOM ,EMUCYT,RATUP ,RATANLNC
2POFNS(20) yECENS(20) 4 MCENS
Iy VHMAY, TEQMN2 JUPSEL 4CNCSEL yOCWARM JNBX,REMAX (20) ,TAX(21)

CCHUMON TIMC(I,200) 4SPERC(3,200),GAMMA(30,3)

VARIABLES IMN CCMHCN -

GOMMON FAyFRyFAC,FNET,TCC,TTC,RP¥DC,RONTC,TSC,RPHSC,POMTCO,TTC
1PPYTCN,THC,TEC,T¥02,TEC24,TCC,PSC,PSQ,PEC2,FHC,P¥C2,FG0,PERK,FC
260 ,PT,0RPW,CLTC, THRE", TTCTN
T,ROMEN,ROVEC? L TC2, YMES
by TSCR2,5FNEC2,FSO2,PENTLY,RFMTC2,PE 70 20 vEED

REAL YEOT(20),INTL1,INT2
COMPUTE SFEECS AND LCAC-TNCFCSALCENT LNSSES TUPOUGH DOIVE TEAIN

YMOS=AMAX1(0,0,V/3.¢€)
NLCYX=NLCCK(NCF2F)
NLCX2=NLCOCK{NCTARD)
CEMNC=0,CLC2CE7*YMFS/RTIRE
SOUTQ=RPUCCHTFLTTO e -
9DMIC=OPMTO¥TEATTO (NGEAT)
RPHSC2=RPMTCYTRATIC(NGELF2)
TLED=CC1ACC27FEN TR
TLFT=CTL(NGEAR)4CT2(NGRAF)®REMSO
TLFT2=CT1(NGEAR2Y+CT2(NGFAR2)*¥RFEMSC2
COMPUTE RCLC LCAD PCWFR PECUIREMTNTS
EERCLYNAMTIC -

F8=0,6125*CCATYNESH??

FAzFASVEES/1NC0, o
CY¥3CT 1) =PE/ 1080,

FOLLINC PESISTANRE -

ER=Q,B807*VMESS*(CTIPEI4+C TIRF25 V)
PR=FP*y4PS/100L,




C-47
TCLETA FOPTEBMN 1,3 & SFMT-2UTO SEL * (N1-10-77) yEUTC
90003 YOCT(LY=(FA+CF) /10N0,
c
C CCCELERATICN -
c
NOOOES FAC=yMASS2*2 Lo 19
N000E7 FNET=FA+FF+FAC+FG . il VL
000073 TOC=FMET*RTIRE ~ )
00007¢ PHW=0,0001047137%TDC*RFMCN
000077 TF(FNET,LT.C.C0)CO TC 200
o .
C NON=-NEG, NZT CRIVING FCECE TC THF WHEELS IS NEECEN
c RIFFEIENTIAL ~-
C
000100 TTO=TOC/(EMLN*DRATIC)+TLFD
C
C TRANSMISSICN =
C
000103 TSC=TTO/(EMUT(NCEARY*TRATICINGEAR) ) +TLFT
000110 FSO=TSP*REMSC*N,NNNL0L71C7
000112 TSO2=TTC/(ZPUTINGEAE?)*TZATIC(NGTAR2))+TLFT2
900120 PSO2=TSC2*RFMEN2%¥ (0, 0NC10L71QT
¢ )
C IS CAR AT REST ANC ICLING -
C .
000122 IF(ABS(VMFS) oLTeNe 24 ANDLAOSIB) LT, 0.1)G0 TC 300
c
C12% CALL PMCVRI(1,JBFK,NLCK,NLCK?2)
001327 1LC GO TC tAaQ
c
y NET CRIVIMG FCRCFE AT WHEELS IS NEGATIVF
o
100143 200 TTO=TNN*EMUC/CRATIQ+TLFM
900147 TSO=TTC*EMUTINGTAG) /TRATIC(NCEAS) ¢ TLET
100153 PSC=TSN*REVEC*N,N0N1NY7 187
0001¢8¢ TSO02=TTO*EMUTINCEAR?2)/TSATICI(NAEAR?) +TLFT?
noot1e? PSC2=TSO2*CEMSC2*0,NNNIOLT7 17
7001€E NGZAP=NGEAS?
NoN1&E IF(FS0.GEL0.,0)GC TN 210
2001€7 CALL PYCVYPI(=1,JEFRK,NLCK,*LCK?)
100172 IF(JB7X,EN, 0ICN TC LNG
c
o
700177 PSA=T3C*SFMSCo*N.NNNINLTICY
700201 £302=2SC
n002n02 TTO=(TSO-TLFT)*T2ATIC(NCEAR) /EMUT(NGELR)
J0020¢ TCO=(TTC=-TLFC)*r2ATYIC/EMN
nng212 GC TC 00
“nn21? 210 CALL PMOVF (1 ,JRFK G NLAK,P1LNKD)
n0021°¢ 260 GO TO ugn
C
o CAR IS AT 2EST ENC IALTINC
c
100221 e A=Q,0
nNQg222 yMES=0,0
1907223 CALL PMCUE([4JOCK AL CK)




GCLETA FCRTFAN

000225
0226

000227
000234
00022¢
00022°¢
go02u0
000247
0002%1
000256
0002%7
0002¢7
0002€2
000271
000273
00027€
goo3co
goc3ce
000320
000323
00033¢
000337
fNO34N9

J3u2
unC34t
goe3us
000347
g002c1
nge3c3
noo3ce
goec3ce
1003€6
00C3€0
N0C3€EL
aon3e2
0003e4
200232¢<6
goo37n
goc377
NgnNLoe
goou07

e NgNe!

Loo

¢10

t20

639

4L

LL?

Ly

C-48

1¢3 * SEMTI=-2UTN RFL * (01-10-77) VEHIC

"1 i LT 1A LENRY
pSC=0.ﬂ {" d. .L)I‘ J;x(ll‘, L\
PSG2=0, 0 O PuuR QUALITY

CCMPUTE EMGINE FUEL FATZ ANC CEFTVATIVES CF VARTABLES

IF(PEC.NEs0.8)GC TC 410

FC=0.0 " . .

GO TC w240

BRMEP=128,FEL*TFO/NISEL :
SFC=INT2(RFFEC,PRVEF 4REM,,AVEE,ESFT,MRPM, NVEP)
FC=SFC*PEC

IF(PEO2.NELD0,CIGO TC 430

FC2=10.0

GC TC tLwun

3RVEP2=128 . EEL*TEN2/DISFL

SFC=INT2 (RFPEC2,0RNEF2,RFMBVYEF,PSFCHyNRP My AVEPR)
FC2=SFC*PEC?2

PO=TrO*RPMCC*C.0NNLOLYLCY

PRRK=PRW=-FN

PT=TTO*FP¥TC*C,CN01CL7127
YOOT(2)=(ARS(FT=-ON) +LBS(FSC-PT) +43S(PLTC)) /1000,

CYDCT(3)=(AESTIFT=-CD)+ARS(FSC2-PT)+AQS(PLTC2))/710C 1,

YOCT(4)=AES (PERK) /1000,
YocT(5)1=Pc0/1C0C.
YOOT(6)1=PSC2/71000.
YOovT(7)y=PEC/7100C,
YNCT(8)y=neg271nan,
YCCT(3)=P¥VC/I00OD,

YOCT (10)=kMC2/74C0N,
YCOT(11)=£*2,.¢
YBCT(12)Y=VV¥FS/I 0NN,
Ynov(12)=c6C/7100n,
YoOT(LtL)=C,
IF(FECLEGeN ICC TT LL2
YDOovT(14) =1,

YDeT (1) =0,
IF(PENP.ECsC)GC TG LUG
YCGT (1) =1,
YIOT(16)Y=FC/2en0,
YOCT(17)=FC2/36C0,

T YDORT(LA)=(SINMLIM+PMC/EMUNMSFGC®FMUG*EMURG) /10107,

YDCT(LC) = (OTNMLD4EMC2/EMLY+FCRACMYCEEMIP2) /1000,
RETUFN
ZNO




}

GCLETA FCETF2M

c00003

£00003

gonaa3

gooag3
p3co2l

LOCOST
pgen7t
000106
co00110
£0G111
7001123
goc11¢
cgo0117
Jog121
noci123
J0012¢
00012°¢
nno1sl
000144
0001E7?
ano17s
230202
c10211%

ag022é6
0302¢<0

OO Nn

[ Ne el

12

C-49
1.3 ® SE~T-ALTP 2FL * (01-10-7D)

SURPCUTINF KYREAD(NFCAR)
PYREAD IMPUTS BRATA FCE HYORIC?

CATA IM CCMMCHh =

CCMMCON DISFL,FF¥(20)4TCMAX(20) ,P¥EP(20),BSFC(20,20)yNRPM,NNMEF,
1FMUM ,EMUG,PINNLD,SONMO(20), TMCMAX(2D) , TMOMIN(20) 4 NSFMC,
2CTCZRO,TSP(2Z2M) ,TAS(2N) 4 SFR(20) ,TSP2(20)Y,NTSP,

INLCCKI(S) ,TRATIC(E),CT1(S),CT2(E),EMUT(Z),
LWE JEBMAX,EMURC,ENMURG?,
® NRATIN,CD1,C02,.,EMUN,RTIRE,CTIREL,CTTRE2, VMASS,DOLT,CCA,
ETECMIN,CEBYAX,RP¥ICL,VNASS2,FECKIN,
TFUELSH 4 SKALE s TMSKL yNTH,NLDSCH 4CHGEFF,NCYCLE ,NCCV¥P,CSTAV,
EMUNT TSy THSETIE) ,UPSHFT(E),CNSHFTIS),DNTISCH(20),CYCLES(20T,NTCH
SNPRTC(3),CTC(2),TFC(3),CSLP(30),0NC(30),CRAR(3D)
1,RPMEST,PEESTPECP(2N),RFMEQF(Z0),RP4NPM,E¥UCVT,RATUP,RATNON,NC
24FDENS(20),ECTENS(20) ,NCENMNS

34VMAX, TEOMN2,UPSEL CNSEL ,ONARY ,NOX,OPMAX (20),TAX (20)

COMMCN TIMC(I,200) 4SCECC13,2C0),~aM¥»A(30,3)

VARIARLES IN CCMMCN -

COMMOCN FALFR,FALC ,FNET ,TOC,TTC,SP¥DO,RPMTC4TSC4RFMSC,LROMTCOLTTC
1RPMTCN,TMC,TEC,THMN?2,TEC? ,TGC4PSC,PEQ,0502,FMC,PMC? ,FRC,PERK,FC
2FCWPT oy FPWNYyPLTCy THP2L,TTCIN
JyRPMED 4RFIMECZ,PLTC2,VMFS
L,TSCP?,RPMSC2,FSC2PFMTL1,RFMNTC24ORMEP,IPMEF2

INPUT ENGTKE CATA

READ ENE yNPFM NVMEB,FUFLSC,0ISPL,KALE
READ BING(RENM{J) (TANBX(J) 3 =14 NFPY) L (MEC LYY 4 J=1NVEF ), ((BSFCH
14J=1NVMEP),I=1,NRPY)

ECAN KRN0 LMCF,SFV¥BET,,FEFSTY

REAC K10, (FECF(J),PEVMECP(J) ,J=1,V0")
PISPL=0ISFL*SKAL=

FRBECT=FPEST*SKALS

cC 11 J=1,NRF¥

TOMAY (J)=SKALEYTNUAX (L)

CCNTINUE

TC 12 Jd=1,MCF

CFECE (J)=PECFE(J) *3KALLE

CCNTINUSE

ERINT BC00,FLELSG,PTCEL

PRINT 8ans

CC 1 J=1,NRFV

FRINT S10,FF™(J),TOVYLEY({J)4EMEL(1),8ScC(J.1)
BRINT BNHy(BMFEIK) 4BSFC(JyK) 4Kz2,NMEP)
CCNTINUE

ERINT 307 4RFMPST,FRECTY

PRINT Q10,(FECP(J)RFPMECFI(J) J=1,40P)

INSUT MCTCR/CGENERATCS CETR

REAT 500, MIFNCLFYUM,EVUL (TMEKL (PINMILD, PP ICL,00v Py
REAC 510, (TF¥COJ) ,TVORAY () THONTH L J) 22 1 ASEND)




c-50
GCLETA FCSTFAN 1,3 ® SEMT-LUTR SFL * (03=-1C-77) wYCcEAn ;
0002€7 L0 2 J=1,MSFVC 1
0272 TMAMAX (J) 2THCr AX (J) #TVSKL |
= w0274 TMCMIN(J)=TMCFIN(J)*TVSKL o
000276 2 CONTINUE Lo Thore |
000300 PPINT 911 S Sl |
000303 PPINT B12,FMUMEMUG,FINNLD,RFMNICL,RPMDON |
000321 - PRINT 843 = |
00032¢ FRINT 814, (SPMC(J) 4T¥CMAY(J) yTMCHINI(J) yJ=1,NSEMQ) |
c ‘
000344 READ 6190,JCVT
c .
C JCYT=n FORF TCRAUE GCNVEFTCR, =1 FOR COVT
c
600352 IF(JCYTLECL.B)GC TC &
000354 REAC &4N EYUCVT,R2ATUP,RLTON
00D3EER PRINT 208,EVUCVT,PATUF,RATCN
000400 GC T €
c TNPFUT TCRCUE CNMYFRTNR CATA
c
0ooLg?2 L READ 620,NTSF
00CL10 SEAD %10,CTC7SC,(TSF(J) 3 TRR(JI) +SCRIJ) 4J=1,RNTSP) |
0o00L2y PRIMT BE0
gnouL3s CRINT ReS,CTCZFC
000443 POIMT 270
g 000Ly7 PRINT 814, (TSF{J)4TNP(J) 4SPRIJ)4J=1,NTSP)
1 ~OLEE CO 3 J=1,NTSF
1 Ju71 TSP2( ) =TSO (N 2*TART(TA=(J))
ﬁ noow7? 3 CONTINUF
> c
| c INPUT TRPANSMISSICN £aTa
i o
ﬁ nggen? € SEAD 60F ,NGEAF,NTH,USSFL,CNSEL
i N00S1eE REAN AN, (NLECKIJY gTCATICIJ)WOTL(J),CT20J) ,EMUT(J) 4J=1,N(FAF)
1M0EL7 READ BIN,(TFSET(J) ZUPSHFT () ,INSUFT(J),J=1,NTH)
NOOSER FRINT 8uLQ
C00E?2 SRINT 21
y NODE7E FRINT AL2,(NLCOK(J) 4 TRATTO(JI)GCTI(I) CT2 (1) ,EMUT(J)+JI=1,NGEAR)
i %0uc27 PRINT SLL,UFSFL,ONSFL
| NNOEI? PRINT 8LZ
f NODEL3 FRINT AL, ITFSET(JY,UFSHFT (J),ONSHET(J) 4 J=1,NTH)
; o
c IMEUT PATTSRY 7478
; C
: 00CEE? PEAD 60E 4 MOTSCH,NRENS U (SEMAX ,EVMURG,,FY¥UPG2,CHGEFST
{ 000704 BEAD B10,(TCISOH(J) ,TYNLFS(J),J=4,NCASCH)
| noo7a: BEAD 510, (FCENSCJ)JFCENS(J) 4 J=1,NDENS)
, cnaov7an PRINT 250
: neo7u2 FPIMT acc
1 NNOTULE PRINT 815 ,HELEPMAX,EMURG 4EMUFG2,CHGEFF
f 000754 FRINT ¢80
§ 1770 PRINT Q1N,(CTISCH( 1) 4AYNLES(J) 4J=1,M0NSCH)
i Lo 100¢ FRINT 925
1 no1011 PRINT 91N, (FFENS(J) ,ECENSL)) 4J=1,8ND6NS)
¢
C TMEUT CIFFCCSFMNTTAL AMC TIRE TATA
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Cc-51

142 * SEVI-AUTO °FL * (R1-10-77) 4YIE 80

RELC 510,CRLTIC,C0L,CC24EYLLWRTISZ,CTI?EL,CTIRE?R
PRINT A7S
PRINT R8E,NRATIC,CC1,CN2,SMUC,RTIRS,CTIPEL,ATIRE?

INGUT ACCESSCRY CATA

REAN 600,NAX
REAC 610, (SFNAX(J) ,TAX(JVoJ=1,NAYX) > Cr ot
PRINT 1030 oL TAGE TS
PRINT S10, (REMAXY (J),TAY (J) yJ=1,NEX) ALY

INPUT VEHICLF CETA

QAN AiC.VMESS,CLI,LNOR
FRINT 89N,VMASS,NLT,CCA
VMASS2=VMACSSH+CLTI/RTIRE®®?

INPUT CPIVING CYCLE QAT

READ 520,MCYCLE

FRINT o91€

CC 4t JC=1,N0YCLE

REQD 22%,8TC(JC)yNPRTC(JC) yNUNTITS,DTC(IC),TFC(JC)
NT=NTC (JC)

CEAD RINL(TIMCHIN 4 J) 4 SFFOCIICy )0 J=1,KM)
IF(NMUNTTSOMEL1)ZN TP 1y

CCNVERT MPH TC WTLCMETFRS EES PCUR

CO 40 J=1,N7

SPEDCUIC 0 FECCUC,JY*¥1,EN03

CONTINUE

cQINT 23219

ERIMT G105, (TIFCOICWJ) 4 SPFECC (SN 4J) 4 J=1,NT)

CCNTINUF

PEAD AN0,NTCYF,TSTAY,TURACY

PRINT 2g9n,DcTRY

ONINT Qg=

"0 320 Jo=1,rCCVE

READ AIN,TSLE(IC) yDAC(IC Y, (CAMMBIIC, U)W d=1,NCYOLE)
CRINT PLFZNCUCIUN) ,ONC (S0 L (GAMYALIC,J) 4 21, MCYOLE)
COMTINUE

PRINT 91 ,Chervy

CBAR(1)=CSUF (1) /2,

CC 4& J=2,NCCM=

C2LR(JI=(CSUF(J)+0SLEI-1Y)/2,

CONTINUE

PETUCN

FCIMAT STATFWEMTS
SMAT(T10,EF10,4)

FORMIT(IL0,L71.4)
FOOMLET(2TI10,5°117,4)




C-5¢

GOLETE FCRTFE} 1,2 ¢ SEMTI-BUTFR FEL % (091-10-77) MYREAD

001420 F10 FORMETI(7F10,4)

P"eu20 £20 CORMAT(7I10)

20 €25 FORMAT(3I10,2F1N.L)

001420 80N FORMAT(1FO0,11PENGINE DATL/1X,23HFUEL SPECIFIC GRAVITY =,E12.4/
11X, 1LHOISFLACEMENT =,E12,4)

001420 E0Z FORMAT (1HO,7YX43HGEM OX, 1 1HMAX, TORNUE ,8X ,4HEMEP 412X, LHISFC)

001420 RDE FORMAT(LH ,32X,2E1E,€)

001420 807 SCRMAT(1HO,INHBEST CFESATING PCINT = SPFED =,E12.4 4EX47HFONES =
1E12,4//EX,SFFCHER,8X,10PCPTs SFEED)

001420 POE FORMAT (1HN ,4TKCVT CKARACTSRISTICS//1X,12HFEFFICIENCY =,E1244,4%,
115FSPECDUF FATIC =,E12,L,4Y,16PSLOWDCHY BATIC =,51244)

001420 £10 FCRMAT(1H ,LE1€.5)

001420 B11 FORMAT(1HN,20FHCTAP/GENERATCS CATA)

001420 812 FORMAT (1M, 13IPEFE, (MOTOR) =,E12,L,6X12HEFF (GEN,) =,E12.5,46X,
121HNC LCAD INFUT FOWER = ,E12.4,€X,12HIOLE SPFED =,E12,4/ 1%, 22HF
2 CPEPATING SFEEF =,F12,4)

001420 812 SORMAT (1HO,7XyTFROM,OX, 1 1HMAY, “ORNDUE,SX,11H¥IN, TCRGUF)

001620 814 FORMAT (1H ,ZE1F &)

001420 B1E FCRMAT(1H ,EE1£.4)

0014620 ELN FORMAT (1H0, 12FGEARSOY GATA)

001420 PLY TCRMAT(1HO ,EX47HLOCKUP~,10X,5HSATIN,10%,22FSFIN LCSS COEFFICIEL

" 12X,11HTCPCUE EFF,) '

001420 8L2 FCR™AT(1H ,T18,BX 4F1€,€)

001420 BL3 FCRMAT (1F0, 4 X, 1NHENG, FARER,3X,11HUPSHIFT ROF,4X,1 IHCCHNIHIFT *

001420 Plie FORMAT (1HP, I7HSHTET ECINTS FCo ELSCTRIC OPERATICM =,2E12.4)

001420 8EN FCRMAT(1H0,12P38TTECY NATA)

420 SEC FOAMAT (1HO, FU,4HMASS 7Y, 14HENERGY DENSTITY,2X, 15KV, BEGEN, EFF.
11X,154MaY FEGEY, EFF,,2X,13HSSCHARGE ESF.)

001420 PED FORMAT(1H0, 21HTCROUE CCNVERTOR FATA)

001420 PES FORMAT (1H0, 17FNTI*=2/TT(STALL) =,816.6)"

001420 ETC FORMAT(1HN, 3%, 11HND/SAGT (TS) 48X, SHTO/TT, 11X, EHNC/NT)

001420 875 FCRAMAT(1HO,16HAYLE ANC TIRE raTa )

001420 °fC ECEMAT(1HP,17HDTEF, CATIC =,E1F.F/1¥24HSEIN LNSS CCEFFICTFNTS
1261€.6/1Y,13HTAEAUE EEF, =,E15,6/1X,164P0LLTING QANTUS =4 E1€.€/
21X, 374RCLL ING SFSISTANCE COFEFTICIENTS =,2516,5)

001420 PG0 SOSMAT (1HO, 1LFVEHICLE “2SS =,E16.5,5X,19HCRIVELINT INSRTIA =,E°
1,5%, 19K (DEAC COSF,)*85CA =,E16,F)

91427 C10 FORMET(IH 4 2E1F,5)

0014290 C1E FCP¥AT(1HD ,1LKENETVING CYCLFS)

0N1L20 €27 FO3MAT (LHN,EX,4HTINE ,12Y ,SHSEZFN)

001420 CZE CORMAT(1HNL1X,4LHSOECTFIL FORERL2Y, 1EHSPENIFIN ENSOGY)

101L290 CBC FCAMAT (1HD,1X,1FHNFCTY CF CISCH, 16X, 104CYCLF LIFF)

N01420 €COQ FCOMAT (1HN,2LFTSAVEL TISTRIBUTICH NATA/LX,11HAV, USACE =,512.4

001420 €O FORMAT(1HO,*HARVUR CISTANGE =% ,612,4)

001420 CCT FORMAT (1HO 4IXLINKVYAXY, DICT. LX415HFRACT, CF TCTAL, 14X,21H0ORIVI
1YCLS WEIGKTS)

N01621 1000 FCR™AT (L1HO L 1LNECCESSNREY LCAD/E X, THSPEED, 11X, EHTCROUF)

N01420 FND
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C-53

GOLETA FCETFAN 1,3 ® SEvT-2UTC 9FL * (C1-10-77)

SURBRCUTIME CCSHFT(IFLAG,JGEAR,JLFARZ,NGE AR)

CATA IN CCM™FMCH =

COMMCN NISEL,FPY(20) ,TCMLEX(20) ,PVERP(20),8SFC(20,20) yNRP¥,NMEP,
1EMUMLENUG,FIMALE,SF¥C(20), T¥CMAX(20) , TMCMIN(20) ,NSF¥O,
2CTCZFN,TSP(20),TAP(20) SFRI20) 4TSP2(20),HTEP,

INLCCK(T) yTRATICU(E) 4CT1(E),CT2(E) ,EMUTI(Z) ,
LWBEBMAXLEYURG,EMURG 2, ’
“CRATIO,CD1,nC2,FMUN,RTIFE,CTIREL,CTIRE2, VMESS,OLTI, CCA,
ETECMIN,ZCOMAXRFIYINL, VMBS S2,FIONMIN,
7FUELSG ySYALE,TMSYL JNTELNMPCSCH HCHGREFFL,NCYCLEJNCCVF,0STAV,
ENUNTITS ,THSETIE) yUPSHFT(E),OCNSHFT(5),00ISCH(20),CYCLES(20),NTCH
CNPRTCII) 4PTC(T) 4TFCLI),CSUP(2N0YLCNC(30Y,CRARPI30DY
1,RFMBST,FREST,FEQP(20N),RFMECF(20),RPMNPM,EMUCVT ,RATUP,RATON,NC
2+PCENS{20),ECENS(2N) 4, NCENS

TyVMAY, TENMN2,UCTEL yCNSEL 4CHAPM NAX,PPH“AX (20) 4 TAX (20)

COMVYCN TIMC(3,200)+SFECC(2,200),5AMMA(3C,T3)

VARIAZLES IM CCMYCN -

" COMMCN FA FR,FAC,FEET,TCCHTTCySF¥D0,QPMTC,TSC4RPI¥SC,RPVTTO,TTC
1PPMTCNyTMC s TEC 3 TMN2,4,TEN2 4TGCyPSC4PEQLPE02,4,PMC,PVLC2 4FGCHPERK,LFC
CPOWPTyPRWGPLTCy THRPD,TTCIN
I JRPYEL,RPMZIC2,PLTC2, VMES
LyTSC24BPMSN2,FSC2,RFMTCL9FMTC2,RRMEF AP MEP?

PEAL THT1

IF(CFQ,.GTL.C,NIGC TO €
MOCE 1 SHTFT CETERMINIC FY MOTCR/GEM. CHARACTEOISTICS

SHFETUO=UFESEL
SHETFN=TrSEL
Gn Te (N

VCOE 1 SHIFT CETFEMTINED EY HEAT ENGINF CHARACTECISTICS

SHFTUBR=TINTL(FED s THSETZURSHFT,NTHY
SHFTCM=INTL(FFC ,THEFTL,CNSHFTLNTH)
IFIFEC2.CTCel)EC TO 1E

MCNE 2 SHIFT CETEPVINED EY POTCR/GEN, CHARACTERTSTICS

SHFUF2=110SCy
SHECHZ=QMNSEL
C0 TC 20

YO0OE 2 SHIFT PSTERMINED BY HIAT ENGRINF CHARACTESTSTICS

SHFUE2=TNTL(FEC?,THSET ,UFSHFT,NTP)

SHFNE2=IMTI (FEC2,THSC T, TNSHF T, NTH)
IF(RPMTCL.GE.SHETUP L AND  JGEATL LT NGFARIGO TO 2%
TF(OEMTCl o LELSHETONGAMCJGEASLCTL1)GO TO 20
IFLAG=N

6P TP un

JGEAC= Jr=po4y

IFLAN=1

Py S




GOLETS FCRTFAN

0o0007¢
nANove

100
qu0109
000112
N00124
goc12u
00012¢€
00012€
90127
000131
ngo131
000122

C-54
1e3 ® SEMT-AUTF CFL & (01=-10-7) GRSHFT

60 TO 4N

JGZAF=JGELO-]

IFLAG=1

IFIRFMTC2e GF ¢ SHFUP?2 (ENT,UGEAR2,LTL,NGEAR)GE YO LE
TF(RPMTC24LE,SHEOINZ2 AN, JGEAS2.,GTL, 1160 TN S0
GC TC 1009

JOEAR2=JUGFAF2+1

IfLAG=1

G TC 100

JGEAS2=JCGPARZ2-1

IFLAG=1

RETUPN - NAL PAGE IS
END i OR QUALITY
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GOLFTA FCFIFAM 1.3 ® SEMI-AUTC OFL * (03-10-72)

‘ano?

gocanoz
goqaoz

c0gogoo7
goonaz
noao10

co11
500012
000013
gn0013
focote
n3C015
nognzo
goanzs
2pcoze
tcogo27
1000729
21C024
700040
200042
100044
190047
590020

7070
.0071
120072
7102373

(o NaNa]

10

SUBSCUTINE FMCVF (NPPY, 18RKNLCK,NLCK2)

CCMMCN CISFLLRFM(20),TRYEX(20)4OYEP(2N0),3SFC(20,20) ,NOFMNUEF,
JEMUMZEMUG, FINNLE ,SEVL (200, TMOMAX(20) 4 TYOMIN(ZN) JNSFHN,
2CTCZFO,TSF(20),TN°(20),SF5(2N),T322(20),NTSP,

INLCCKIS) 4 TEATICIS),CT1(E),CT2(8),EMUT(E),

LUP  EEMAX FMURG,FYURG2,
£CRATIO,CN1,CC2,EMUD,RTTRPE,CTIREL,CTIRE2, V¥ASS,0LI,CDA,
ETECMIN,D3MAY ,FP¥ICL,YMRASS2,PECHIN,

TFUELSG 9y SXALE,)TMSKL yNTH,NCDSCH LCHGEFF NCYCLE,NCCMP,CSTAV,
BNUNTTS s THSETIE) yUESPFTIE),CNSHFT(5) ,D0ISCH(20),CYCLESI2NY 4 NTCH
ONPRTC(3),CTC(3),TFC(3X),CSUP(2N),CHNC(3D),0B82R(30)
1,RFMPST,FPEST,FECP(20) 4RFYECFE(20),RPMCPM,,EMUCYT,SATLUPRATON,NC
2,FPOENS(20) 4ETENS(20) 4 NCENS

T UMAX, TEOMN2,UFSEL,,CNSEL 4OWARM NEX ,ROMAX (20),TAX (20)

CCM¥CN TIMC(2,200),SFEDRC(3,200),GAMMA(TN,3)

CCMYCN FA,FR,FAC,FNET,TCL,TTC,RPYN0O,RPUTC,TSCHRPFSCHRPHTCO,TT
1RPMTCN,T™N, TEC,TMC2,TEC2 ,TGC,PSC,PEN,PEQN2,EMC,0MC2 ,PGC, FERK4FC
2FD,PT,POH,FLTC,THRPN,TTCIN
I,RPMEG,PFMTC2,PLTC2, VMFS
LyTSN2,FPMSC2,FSC2,RFEMTRL ,RFMTC2,0RMEP ,IRMEFD

REAL INT1,INT2

CC=",00010471¢S7

IF(NCRV)ED, 80,10

SYSTEM FCOWSR CUTPUT TS NCN-MNFGATTVE

FBOK=0,0

TGn=0,1

Jagx=n

TTCO=TS<C

TOMTLQO=ORMSr

CALL TACOM(1,1.,NLPK)
TACC=INTL(GFMTAN, IEMEY, TLYNEX)
TTCIMV=TTCINSTACC ’
RPMTCL=PPVTCVN

TTONI=TTCIN )
THEMAY=TMNTL (CENTON ,CEEM  TAMAX (NRFM)
TNMAXSTIMTY (GRNTON,SONC, TVOVAY L NSFYO)
EHCMAY=CC*TFENMLYR2CENMT(CN
FMMAY=CC*TVYMAXRCPRNMTCN

 PCM=CC*TTCIN*FEMTON

BHEMINZGO*TEANTNSOENT N
PNCHM=AMINL(FECYIN,PM™AY)

IS FPCWFR PECUIREN MCEF THAM NCMINAL MCTOF SATING
IF(OCOMeGT o FMNCMPEVIES,CT (VVAXIGO T 1F

NGO - TRECTICN MCTOR HEANCLES EVERYTHINCG

TEN=NeN

RevEC=N.0

TNA=TTC I
O T 3
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600143

014¢
~wa 0147
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00012
ngote?2
0001€4
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n00171

nnei171
100172
N0017=x
000174
500175
000175
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100200
530291
gso0c203
c 1207
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C-56
1e3 * SEMI-LLTC ZFL * (N1-10-723) eucve

YES - HEAT ENCINE rUTS I

RPMEC=REMTS
IF(FCOM,GT,FHEMIN+PYYAX)C TO 20
TEC=AMINL(TTCIN,TECYIN)
TMC=TTCIM-TEQ

GC T0O 30

YES - TEACTICN MOTOP AT MAYX, HEAT ENGIME OICKS UF REVAIN(ER

TEN=TTCIN-THMAX
TMC=TMMAX

PODRE 2 CALCULATICNS

TTCC=TSN?2

RPMTLO=RPMSC?

CALL TACON(1,1,NLCKX2)
TACC=INTI(CFNMNTON,RFVAY ,,TAX ,NAYX)
TTICIN=TTCIMNSTACC

RPMTC2=RPMTCNK

TTCN2=TTCIN

THEMAX=TMTL (RFMTCMGRFPVM,TONAX,NFF¥)
TMMAX=TINTL(RFMTCN,SF¥C,TMCMAY, NERMN)
PHEMBX=CC*THFMAX®ORMTCN
EMVMAY=CO*TNNMAY*REMTON
FCQM=CCsTTCIN®EENTAN
PHEVIN=CO¥TECMNZ ¥RENTON
IF(PCOM,CT,FHENMTIMIGA TN L)
TEC2=0,0

SeveEC2=0,.0

THR2=TTCIY

5C 7C 190

CPMERD=CPMT(C?
TENZ2=ANINI(TEFNAX,TTCTN)
TMC2=TTCIN-TFC2

GO TC 1040

SYSTEM FCWEF CUTSUT IS MNISATIVE

TEC=n, N

TEN2=N.10

TMC=0, D

T"0?=000

RP“EC=0,0

°PHI(2=0,0

PPNMTCO=PEVS(

COMTC=SEMICC

0C A0 J=1,1C
TMMINZTIMTL(FFMTC s SPMC,TMIMINGNSFVD)
TACC=INTL(RFNTC ¢ROMAY,T2AX,NLYX)
TTCIN=TYMINTLCC

FALL TRCO*(=1+14NLTK)
TF(LPS(EPMTC=ROPTIY) (LT.5,0)7 TN 6F
CENMTCSERMTOA




GOLETA FCSTREMN 1,3 ® SEMT=-2HTL °OFL % (01-10-72)

000221
roNels
.. 237
000237
000240
000242
00024€
000247
0002¢0
goczace
0002¢3
goo2cy
gog2ce
goo2en
goo02e2
0002¢£3
0002€4L
00026°
0002¢5
0002€7
000270
000271

ong271

272
Guyg273
000274
n3027¢<
g0027¢
000277
000300
000301
ano3n3
J00307
000319
goclil
gon3t2
00031t
1 URS B
50C31€
nno317
ggc322
00032°¢
noc327
goraz?
ngn3IL
ngo327
00034tk
Fo28l
L .2°%1

e EeNe)

€0
€<

740

PO

106

CCNTIMUE
IF(TTICR.GT.TSCYE? TC 71
TTCC=7¢<0

TS02=T¢<C

CALL TACOM(1,1,NLEX)
TACC=INTL(RENMTONRFMAX, TEX,NEX)
TTCIMN=TTCINGTRCC '
TGO=TYCIN
RPMTCL=FPMT(CN
RPMTC2=RPMTCNM
TTCNI=TTCIN
TTCN2=TTCIN

-0 TOQ 100

TSC=TTCC

TS02=TTCO

TTCNY{=TMMTIN
TTCN2=TMMIN

TGC=TYMIN
RPMTCL1=REMTCN
EPMTC2=PEVMTCN

JARrRK =1

GO TC 1019

CAR IS AT REST AND TICLTNC

PRANRK=N,0

EGN=N, 1N

TEC=0.0

TEN2=0,0

TTCC=

QPMEC=N.N
RENEN2=1,0
CruTrnzbenQ(

caLL TRCCM1Y,0,NLCK)
TACC=TNTI(CENTOr ,CRMAYX, TfX,NﬁY)
TTOIN=TTCTIM*TACC
TMC=TTCOTM
TMO02=TTCIM
RPMTC1=fBMT(CA
GEPMT(2=CPMTCR
TTENL=TTCTY
TTAV2=TTRIN

JER¥=0
PEQ=CC*TEC*FrPVESr
PEQ2=CC*TFN2*RCNMEO2
BHMO=CC*TMC*RENTTY
CMC2=CCRTMC245EVTR?
"GC=CCYTHCPREVTCY

PLTC=CC*LPS{TICNL*PEVTL1=-TSC*QFY<SO)
FLTC2=CC APS(TTrN233CENTC2=-TSCR2*RPMS0?2)
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SUBSCUTINE TRCCM(JENC,ISTOF,MLCK)

COMMAMN DISPLFEMI2N),TAMAX(2D) ,AMER(20),RSFC(2N,2N0) ,NRFV ,NMEF,
1EMUM EMUG,FIMNKLT 4SPV¥C(20)y TVCHAX(20) ,TVOMIM(20),NSF¥C,
2CTCZRNDGZTSFI(2N0),TAR(?2N),SFR(20),T<P2(20),NTSP,

IMLCCKI(S) yTEATIC(SYLCT1(EY,CT2(E),,EMUT(E),
LWBJERYAX L, EMYURGLENURC2,
€CRATIN,CD1,CC2,EMUC,FTIRF,CTIGEL1,CTIRE2,VMESS,DLI,CA,
ETECMIN,OBMAXJRPMICL,VVMASS2,PECHIN,

7SUELSG ySXALE L TMSKL JNTHONCOSCH JCHGEFF,NCYCLE,NCOVMD,PSTAV,
ENUNITS,THSETI(E) yUPIHFT(S) ,CNSHFTIS) ,D0TSCH(20),CYCLES(20),NTC
SNPATC(3)CTC(3),TFC(3),CSUP(2D),TMC (30}, D3AR(3IN)

1,PPMPS T, PRPESTLCENP(2N) ,FFMECF(20) 4RPPMCPM,,EMUCVT,RATUP,RATNN,GNC
?yPRENS(20) JEPENTS(20),NCENS

3yUMEX, TEOMN2,UFSCL yCNSEL JCWARMGNAX G PFMAX (20) ,TAX(210)

COMMCN TIMC(2,201),SPERC(3,200),GAMMA(RD,3)

COMMON FA,FR,FAC,FNET,TCC,TT,RFMDORPMTC,TSO,4RF+?SC,REMTCO,TTC
1RPMTCN G TMC ,TFC 4 TY¥N2,TEC2 4 TECHFSCyPENLWFEO2,FMCyPN¥C2,7GCHFERK,FC
2PN WPTyPRWLELTC,THPPL,TTCIN
3oRGqEOvFP"SC?quTCZyVVcS
LyTSQ2,RFMSC2,4FSC2,PFMTCT,RCMT(C2,°RMEF,RRNMEP2

PELL INTL1,INT2

IF(JSTOP,NELO)GE TN S

PRPMTCN=PPMICL

TICIM=rRPMIDL**2/CTC7REC

GC T 100

IF(JEND,EQ.=2)C TC €0

HAVF QUTFUT SEFEC ANG AUTPLT TCOrUR,

IF(MLCKLECQLOYIGTC T2 7
TTICTh=TTCC

IPMTON=CRPMTCC

ceoTe o190

TF(TTCO.MC,C, M) TC 11
TTOIN=0,0

BPNTCHN=OFMTCC

650 70 100
TSOAR=RPPMTCC/SICN(SART(RAES(TTLCYY»TTZO)Y
IF(TSPAR, ", 0, 0)1GC TO 20
TTCIN=TTCO
TORAT=1,N/TANTL(LISITTEAR) ,TEF, SPP,L,MTSP)
CC TC up

IF(TSRPAR T, 0G0 T 2F
IF(TTCC.GT«0sCIC? TC 27
EPVTCN=OPMICL
TTCIN=FPMICL?*2/CTC75C
TTICO=TNR(L)Y*TTCIN

50 TC 101

TTICIN=TTICC/IGF (1)
RPATCMN=SORTUTTCIN®CTC7Er)

GC TC 109

TORAT=THNTI(TSFLE ,TSE,TAG ZMTSF)
TTOIN=TTCC/TIGCRAT

SPRAT=TKTI (TSFAC,TSE,S0% (NTSE)
SPVMTCON=GFMTCC/SESAT
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1e3 * STVMY=-2UTN SFL * (01-10-73)

GC T 1ng
HAVE QUTPUT SFFFED AND TNFUT TCRGUE

IF(NLCK.EC,0)CN TO SS

TTCO=TTCIN

OP¥TCN=RFMTCO

GO TO 100

IF(TTCINGNELC.0)G7 TR &N

TTCO=0.0
RPMTCN=AMAX1(RPMINL,FFMTCC)

50 TN 100 .
TSPAF2=PEMTCC/SIGNISORT (ABS(TTCINY) ,,TTAIN)
IF(TSPAR2,GE,0.0)6G0 TL 70
TTCO=TTCIN
SPRAT=140/INT1(LSSITSFARZ) ,TSP2,SPR,NTSP)
GO TG 70

TF(TSPAP2,AT.C.N)GO TC 7€
IF(TTOINGGT.0,0) GO TC 72
OCPMTCN=FBEMTICL )
TTCIN=RPUICL**2/CTCZRC
TTCO=TAR (1) *TTCIN

GC TC 100

TTCO=TTCIN®TGR(1)
PPMTON=SRFT(TTCIN*CTC7SC)

50 TC 10N
TRAT=INTI(TSFAR?,TSF2,Tr3 NTSF)
TTEC=TTCIN®ICFRET

SPRAT=TNT1 (TSFAR2,TSF2,SER,NTSF)
FPMTCN=CPMTCC/SERAT

FOMTONZAMAX] [CONTOL,PONTON)

PETIENY

END

TACCN
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SUSPCUTINE CILTFC(MNP,DTP,CTFLTR,C)

SMCCTHS A GIVEN PEQICCIC FUNCTIC* 3Y
pEaL o(2anm)
TFP=FLCAT(NF)*NTP
JOT=IFIX((CTFLTR+0,001)/CTF)
JULAST=NP+JOT

CO X J=1,MF
PINP#JCT+1=J)=P(NP+1=-])

CCNT INUE

0C S J=1,4C7

Pl =P(JLASTH+I-JOT)
PLIULAST+U)=F(JCT+D)

CCNTIMNUFE

NINTM=2%JCT-1

NINT=2%J0T7

N0 20 JP=1,hP
FTEMF=P(JF) 4P (JF+NINT)

0C 10 K=1 ,NINTM
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AVERAGING CVERP SUR-INMTERYV

TUINAL PAGE IS
rooi QUALITY

ETENF=CTENF4 (344 (=1,)1*2(K=-1))*F(JP+K)

CCNTINUE
F{JP)=PTEMF*DTP/ (R, *DTSLTR)
CONTINUFE ‘
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1.3 * SET-AUTR SFL * (G1-1N=-70)

ECAL FUMCTICN TNTLIFY X ,4Y NY)
FEAL X(200),Y(200)
TFIEY,CE«X(1))Gr TO €

JRT=?

GC TC 20

PO 10 J=1,NYX

IF(EXLLTAX(JY)IGC TN 15
CONTINUE

JRT=J

INTL=Y(JPT=1) ¢ (EX=X(JPT=1))* (Y (JRTI=Y(JRT=-1))/(X(JRT)=-X1JPT-1
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FEAL FUMCTICN INT2(EY HHY X, Yy 7,NX NY)

INT2 INTEFFCLATES IN TWC VASTAYLFS INTEPPOLATION SURFACE IS A
PULZC SURFACE,

REAL X{20),Yv(20),2(20,210)
IF(EX.GEsX(1))RC TO ¢

JLEFT=1

GO0 TC 20

NC 10 J=1,4MX

IF{EY LT X(J)IGC TC 1F

TOMTINUE

JLEFT=J-1

IF{WHY GE.Y(1))CO TC 2°%

JROTM=4

GC TO 41

NG 30 J=14NY

TFINHY LT Y (J))EO TC 3%

CONT INUE

JBCTM=J=-1
SY={EXY=X(JLEFTI) /(X (JLEFT L) =X (JLcFT))
SY=(WHY-Y(JEQTMY)Y /(Y ({JBCTM4+1{)~=Y(JSNTMY)
RYXRY=RX*PRY

W1l=1,~RY=-RY+EXCY

W2 =RY=-PXRY

W3I=NXRY

WG =0Y=-RXYBRY

INTO=2W {22 (JLEFT ,JPCTY Y+ U T(JLFFT L JROTML 1)+ W IXT (JLEFTH+L 4 JRCTM
LeWL*Z(JLEFTHL,JPCT™)
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c-71
Cl.2 HYBRID SYSTEM STARTUP STMULATION PROGRAMS (VSYS & VSYS2)

1. Program Description

The programs VSYS and VSYS2 simulate the response of a hybrid
system to a power demand. Initially all of the power requirements
of the vehicle are being met by the electric motor under steady
state conditions. The vehicle is travelling at a constant speed,
the heat engine is disengaged from the drive train and is turned off.

In response to a demand for increased power output, a clutch
between the engine and the motor is closed and the engine is
started. The resultant torques, rpms, vehicle speed, and vehicle
acceleration, are determined over time scales on the order of a
second. The simulation terminates when the engine rpm reaches
motor rpm.

The heat engine is modelled as a engine output torque curve
that is a function of crankshaft displacement. The engine clutch
is modelled as a torque curve as a function of time. Over the
range of rpm's considered in the startup simulation, the motor
is modelled as a straight line of motor torque versus rpm. The
torque converter is modelled as two monotonic functions serving to
completely determine input torque, output torquz, input rpm,
and 6u£put rpm, from any combination of two of these variables.
The VSYS2 program version has no torque converter. The transmission
has gearing, spin losses, and efficiencies. The differential has
a diiferential ratio, spin loss, and an efficiency. The vehicle

itself has aerodynamic, rolling resistance, and grade forces.
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/EM'eme
DATA

ENGINE
DATA

i
i

( CLUTCH
DATA

4

CLUTCH
DATA

u

\

v
(" MoTor
DATA

—

MOTOR
OATA

!

(" TORG UE
CONVERTO R
0ATA

\

TORGQWE
CONMVERTOR
DATA

§

TRANSMISSIOM
OATA

VSYS

TRANSMISSION
DATA

——

(D\FFERENT)RL

AND
TIRE DATA

V

DIFFERENTIAL
AND

TIRE OATA

VERICLE
DATA

y

VERHICLE
DATA

COMPUTE
EFFECTIVE
VEHICLE MASS

~ R

. COMPUTE
GRADIENT

FORCE

(DELT » TF
NPRHNT

COMPUVTE
STEADY STATE
RPM AND
TORQUE LOSS

(DIFFERENTIAL)
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COMPUTE

RPM  AND

STEADY STATE

TORQUE LOSS
(TRANS MISSION)

RPM

IGERR
2 NGEAR

< SHFTULP

YES

UPSHIFT

COMPUTE
AERODYMNA MIC
FORCE AND
ROLLING
RESISTANCE

y

COMPUTE

|{™NET FORCE

FOR
STEADY STATE

"

COMPULUTE

STERDY STATE
TORQUES,

OIFFERENTIAL
AND

TRANLMISSION

y

COMPUTE
STEADY STATE
MOTOR TORQUE

e
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c-77

HEADER FOR

K=0
1
INITVALILE
VARIABLES £OR
TiME
‘ :
% SIMULATION CALL RKTTA2
@, vpor,
DELT,T,4)

TIME SiMU~

LAT\ON
VARIRBLE

|
g .

| | T
|

YES < FiNAL

<1

2
S -
\-‘-”V\E

RKTTAL NO
(¥,vDoT, T, 4)

STO P

Y

K= NPRNT

N

TIME .
HEAT ENGINE
. RPM

MOTOR RPM

TORGQUE C(ON-
VERTOR RPM

ENGINE TORQUE
CLUTLH TORaLE
MOTOR TORQUE
K=K-1 VELOCITY
ACCELERATIO




( START )

v

COMPUTE
CLUTCH
TORQUE

(Now)

COMPUTE
ENGINE
ANGULULAR
DISPLACE ~

iMENT (Now)

COMPUTE
ENGINE
TORQVE (NOW)

v

COMPUTE
YooT (1)

V/SVYS

YDOT (1)
<0.0

NO

<

Subrovtine DER IV

S_

Cc-78

YDOT (1)
= 0.0

\/

VDOT(2)
= v(2)

COMPUTE
RPMTCO
TYCO

TTCIN

/

COMPUTHE
YDOT (3

Y DOT (4)

N
( RETORN )

T TR e ——y




c-79

[ ke
\Yi,EKi,T,N )

RETURKN >
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Cc-80
DEFINE
VARIABLES
i
14— J] ' YU =Yg |
HEK () e |
N TEK2 (3) ¢ (EX3 1)
| e Exa)e
l - YoELTA
YTEMP U - ; |
Y1 (J) e DELT® |
- iK - ‘
TT=T+0ELY/2 " END |
,é
END >____J
:

&

-

J41
N

YTEMPLY)
Yilde
OELTEX22

END e

!
=

YTEMP) =
Yi)e
DELT* EX(3)

=

T=ToDELT|
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Ex, x, v Nx

)
]

|

JRT =Q

C-81

DEFINE
VAR'A BLES
NO X 2 x(1)
J & 4
NX
JRT = 7T
J
£

INTL Y(:rkr-‘ﬂ
r(Ex-x (nr-z))o}
(r(zar)-Y(rar-n)/

(Y (TRT) = X (3Rr=1))

KTue w>

EX < X ()

e

e



\
t

‘ALL UNITS IN MXS EXCEPT
THETA, THETAW (REVOLUTICNS)

. Cc-82
GOLETA FCETFPAN 1,3 * SEMI-ZAUTC °FL * (01-10-72)
DRG]
oAl PI\G“.‘
Q . . ‘-,“.,\“\\Y
: PROGSAM VYSYS T
\
. THIS PPOGFAM MOCELS A HYPRID VEHICLE PROPULSION SYSTEM,
A, APL . (G)
RPMD0O, RPPMTC,y °PPMTCC, PPFMTCN (PEVe PER MIN,)
i
1?
f
i
!
;

THE ELECTRIC MCTOR IS FRCNUCING TORNUE UNDBER STEACY STATF
CCNNDITICNS ANC THE HEAT ENGINE CLUTCH IS ENGAGEC.,

RPMHE, RPMEM (REV., PER MIVN,)
WPL, UPL ) (REV., PER MIN,)

CH (MEWTON®METERS/QP M)
¢cr2, CD2, SHFTUF, CTIRE2, TSF, TSPAPR, CCA

0O0NNONOO0O0OBAONO

000G03 COMMCN RTIRELCO14C024CRATIC,CT1(8),CT2(E),TRATICI(6),C0A,CTIREL
1CTIRE2 yWMASS EMUDLEMUT(E) yNGEAR,CLT 4 GRAC yCMyHET 4 EMT
2VMASS2,FGyYV4yJGEAR,
3TSP{20),TCR(20),SPR(20),NTSF,
GNTCL,TCOL(10)4,TIME(L10),NTHE,THE(10),THETA(10),
CVMPS,RPMOC, TLFD ROMTO,TLFT,PPMTCN,FA,FR, FNETO0,TCO,TTQ,TTCO,TSF
ETORATWTTCINL,SPRAT,,RFMTCN,TEMN, THETAN,
TTCLNZTHEMNZTEMGFINET,FAL

ooonod REAL YOOT({L) 4YILYLINTY
C
‘ C INPUT EMGINE CATA
C
gocQo3 READ BLONTPELZHET
000nN13 FEAD BIQR(TFE(J),THFTA(U) 4 J=1,NTHE)
| 000020 PRINT 4L20,HEI
K gonn3e PRINT R20,(THE(J),THETA(J) =1 ,NTHUT)
| C
| C INPUT CLUTCHK CATA
C
goons’? READ 620,MTCL
IN02FY READ A104(TCLIJY,TIME(Y) yJ=1,NTCL)
91N07F PRINT 4nNQ
F 00102 FRINT 82046 (TCLJ) s TINME(Y) 4, J=1,NTCL)
| C
% c INOUT MCTCOS CATA
| C
; 000117 QEALC A10,CM,EMT
| 000127 FRINT L3J,CVM,,EMT
| C
|
Cc INFUT TCPRPOUF CCMNVFRTCR NATA
c
05050137 FESAD 620,4,NTSF
00014°% READ S104,CTCZROL (TSP 4 TRI(J) 4SPR(J) 4 J=1,NTSPO)
0001€EE PRINT 8¢0
{ 172 PRINT B8€EE,CTCZFr
0,200 PRINT R7G0
90204 ERINT RBLL G (TSF{IV,TOC(J) sSPR(J)yJ=1,NTSP)
C
c INFUT TRANSMISSTIAN CATE




e .

GOLETA FCFTRAN

1223
4233

000254

000260
000264

000305

000313
000335
000341
00034E

000367
000405
000617
000427

000432

00044}

gnn4se
00C4LE3
nooL4Es
00r4LE?7
N100ur?2
gnouLed
oo0LES
acoL7n

000472
0go0c0z
000504
goo0sne

505

gg00cio

el Nel OO0

TO0

o NeoNe]

NaXaXe)

OMmO

[a N e Xe]

1¢3 * SEMI-AUTE RPFL * (01-10-73)

READ HLOMGEAR,ySHFTUF

c-83

READ 610, (TRATIC(J) 4CT1(J) 4CT2(J),EMUTIJI) ,J=1,NGEAR)

PRINT RLD
PRINT 8LS

PPINT 810, (TRATIC(J)4CT1(J)40T20I) 4EMUT(I) 3J=1,NCEAR)

 PRINT OAF0,SHFTUF

1°

18

INPUT CIFFEFENTIAL AND TIRE CATA

PEAD 610,0RATIC,CD1,C02,EMUD,RTIRELCTIRE1,CTIRE?R

PRINT 875
PRINT 880

PRINT 885,0RATIC,CD1,C02,EMUC,RTIRE.CTIREL,CTIRE?

INPUT VEHICLE DATA

RPEAD 510,VMASS,CLI,CCA,GRAC,V
PRINT 890,V¥ASS,0OLI,CCA '
POINT 925,GRAC,V
VMASS2=VMASS4+CLI/RTIRE®*?

RAOIENT=-
FG=9.807*VMPESS*SIN(ATAN(GRAD))
INPUT RUN DRAT2

READ B30,CELT,TF,NPENT

COMPUTF ST ALY STATE CONPITICNS

JGEAR=1

VMPS=V/3.€

RPMNO=9,5LC2C€7 *YMPS/RTIFE
TLFD=CD1+CC2*RPMOC -
RPMVC=RPMCC*NRATIO

CONTINUE
TLFT=CT1(JCEARY4CT2(JGELF) *FPMTC
PPMTCO=RPMTC*TRATIC(JGFAF)

UPSMIST IF NECESSARY

TF((POMTCCLLE.SHFTUF) +OR, (JGEARL.GENGEAFR)IGO TO 138

JGEAR=JGEELR+1

G0 70 1€

CONTINUE

AERQCYNAMIC -
FA=0.612E*CCA*V¥OSE®?
ROLLING RFSISTANCF =

FR=Q,3N7*VYMASS*(CTICEL+LCTIRE?®Y)

e




GOLETA FCRTEAM

000514
000517

00052°F

000€32
000€E 3¢
000c42
000544
000550
00ps5€c2

PRgESS

1856
UJ0S57
1005€0
000SE1
0005¢€3
00056
700571
000571
100576
10060y
190607
NJ0E LS
100€n3

200606
000€10
000612
gaoels
000616
000ELL

v.ubllb
0l0euL7
ngoec?
nnoece

oo

e NeNa o000 OO0

ACIO»

DTO0

NeYeXa

an

107

1ce

1€

1e¢3 » SEMI-2UTHO 9FL * (N1-10=-720)

ACCELERATICHN -

FNETO=FA+FGAFR
TOO=FNETO*RTIRE

DIFFERENTIAL -~

TTO=T0O/ (EMUC*RATINI+TLFC
TRANSMISSION -

TTCO=TTO/(EMUT(JGEAR) *TRATIC(JGEAR)) #TLF T
HAVE OUTPUT SPEED AND QUTPLT TCROUE,
TSPAR=RPNTCC/SART (ABS(TTCC)Y)
TQARAT=INTI (TSFARL,TSPLTARGNTSP)
TTCIN=TTCC/TCRAT
SPRAT=INT1(TSPAR,TSPL,SPR,NTSP)
RPMTCN=RPMTCC/SFRAT
TEMO=TTCINSCN*REMTCN

SET INTITIAL CCNCITICNS

<< 44X
~e—~uH
wno

N =00

)=0,0

y=0,0
Y(3)=,10L71C7ER*IPMTCN
Y{uy=y/3,.,¢

PRINT 700

COMTINUE

CALL RXTTAL(Y,YCOT,T,4)
IF({TeGELTF)CR, (K ECoNYIGC TO 107
K=K~-1 :
50 TO 109

COANTINUE

K=NFRNT

TIME TO PFINT RESULTS -

ROMHE=Y(1)/.,10L7197¢EF
RPMEM=Y(3)/,.10471297¢%¢C
V=Y{4) *3,¢
A=YDCT(4)/9,807

ySYS

ORINT 8864 T,RPMHE,OPHEM, ERUTCO  THE N, TCLN S TEM,V, A

CONTINUE
INTEGRATE TC MEXT TIME STEO

TF(Y{1Y.GE.Y(3))5C TC 1¢°©n
CALL RMTTA2(Y,YTOT,,RELT,T,L)
IF{TLT,TFIGE TO 80

CCNTTINUF

C-84

T ———
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Cc-85

GOLETA FCRTFAM 1,3 # SEMI-AUTL RFL * (01-10-71) VSYS
"NOESE 200 STIP

C

c FORMAT STATEMENTS

000657
..000657

000€57

000657
200657
600657
000€S57
000657

000657
000657
0006S7
000657
000€57

000657
000657
0006hE7
06E7
LO0EET7
00NE57

000657
000€c7
0N0Es7
0006¢%7

N10€ES?

C

LON FORMAT (1HO, *CLUTCH DATA*//5X,*CLUTCH TQ. ®4EX,*TIME®)
420 FORMAT (1HOL*ENGINE CATA*®//SX,*ENGINE INERTIA =%,E16.6//
© 15X, ®ENGINE TCQe*,6X,*THETA®) "~~~ =" '~ '
L30 FORMAT(1HO,*MCTCR DATA®//5X,*MCTOR SPESD CROCP =*,E15.644Y,
1*MCTCR INERTIA =*,E16.6)
610 FCR¥AT(7F10.4) 7
620 FORMAT(7I10)
€3N FORMAT(2F10,4,27110)
ELD FORMAT(T10.€EF1044)
700 FORMAT(LHO,4X,*TIME®, 7X,*ENGINE RPM®,3IX,*¥0TOR RPM¥,4X,*TCO R
16X, *ENGINE TCe*,3X, *CLUTCH TG, *y3X,
2*MOTCR T0.*,u4X,*SPEED®,AX,*ACCEL.™)
819 FORMAT(1H ,LE1646)
A14 FORMAT (1H , ZE1%,5)
£20 FORMAT (1H ,2E1R.€)
8L FCRMAT(1HO,12HGEARROX DATA)
84S FORMAT(iHO,4X,10HGEAR RATIC,6X422HSPIN LCSS CCEFFICIENTS,10X
~ 1,*EFFICIENCY®) " 7 7~ ‘ |
850 FORMAT (/TE,*UFSHIFT ®FM = *,E1€,€)
PE) FORMAT (1H0,21HTCRQOUE CCNVERTCR CATA)
PES FORMAT (1HO U4X,17HNI**2/TI(STALL) =,E15.6)
870 FORMAT (1HO,4X411HNG/SARTITC) 4SX,SHTO/TI, 11X,SHNC/NT)
B7€ FORMAT(1HO,18HAXLE AND TIPE CATA )
88N CORMAT(1HO,4X,1LHFIN, OR, RATIC,2X,22HSPTIN LOSS CCEFFISIAMTS,
1, *EFFICIENCY®*,6 X, *ROLLING PACIUS*,2X,*ROLL. RESIST. CLEFFICTIEN
88T FORMAT(1H ,7E1F,.6)
PEE FORMAT(1H 4E12,2,9€13.4)
PO0 FCRMAT(1HN.1LHVEHICLF MASS =,E1€,6
1,5X,#*0RIVE LINE INERTIA = *,F1E€.¢
245Xy 19H(0PAG CNEFs) *AREA =,F16,€)
€25 FORIMAT(L1HO,1EHCYCLE GFACTIENT =,E1043,
1*STEADY STATF SPEED =*,E11,3)
END

i,




GOLETA FCRTFAM 1,3 * SEMI-AUTO OFL * (N1-10-73)

000007

gogaor

egugo7
000015
000017

000023

800021
nooo34

00 3€
200040
goQou2
000040
000047
poone3
nNoos7
00090€4
3000€6
00nNo7a4
0a0ing
go00Lny
00010¢€
0ngtito
gog1tte
00n011d
Jo0011¢

AOOOON

i NeEe]

SUEBPROUTINE CEFIV(Y,YDCT,THN)

Y{i) IS ENGINE SOFED

Y(2) IS ENGINE BNGULAR CISPLACEMENT

Y(3) IS MCTCR SPEED
Yt4) IS VEHICLE SPEEC

T T e —————

C-86

COMMCN RTIPE,CO1,CD2,NRATIO,CT1(E),CT2(E),TRATIC(6),CCALCTIPE

REAL Y(2),YCCT(2),INT1

TCLN=INT1(T,TIME,TCL,NTCL)
THETAN=Y (2) /€.2831852
THEM=INTL(THETAN, THETA, THE,NTHE)
YDOT (1) = (THEN+TCLN) /HET

NO NEGATIVE ENGINE PCTATICANAL ACCELERATION

IF(YDOT(L)4LTe0.0)Y0CT(11=0,0
YONT (2) =Y (1) '
PPUNO=Q,SLCO20E7%Y(4) /RTIPE
PEMTC=PPMOC*CRATIC
EPMTCO=RPMTC*TRATIO(JGEA®)
SPRAT=,10L71Q7EE*REMTCC/Z YD)
TSPAR=INTL(SFRAT,SPR,TSF (NTSP)
TORAT=INTL(SFRATLSPR,TAR,NTSP)
TTCO=(PFMTCC/TSFAR) **2,
TTCIN=TTCC/TORAT
TEM=TEMO=-CM*Y(3)/,10L718755
YDOT(3)=(TEVM=-TCLN-TTCIN) /ENMI
TTC=TTCO*EMUT(JCEAR) *TRATIC(JGEAR)
TOC=TTN*EMUC*CRATIC
FNET=TCC/PTIRE

FAC=FNET=-FNETO
YDAT(L)=FAC/VYMATS?2

- RETURM

FND

1CTIRE2,VMASSEMUC,EMUT(E) yNGEAR,CLT,GRAD yC¥,HET JEM I,
2YMASS2,FG4eVsJGEAR,
3TSP(20),TOR(20),SPR(20) 4 NTSP,
LNTCL,TCL(10),TIMEC10) NTHE,THE (10) ,THETA (10),

EUMPS yRPMOC, TLFC s RPMTO4TLFT yRPMTCO,FA FR, FNETO,TCC,TTO,TTCO,TS!
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SUSRCUTINF RKTTA1(Y1,EX1,T,N)
REAL Y1(20) ,EK1(?20)

CALL DEPIVIY1,EK1,T,N)
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SU3RCUTINF RKTTAZ(YL1,EK1,CELT,T,HN)

REAL Y1(20),Y2(2%),YTE¥P (20)4EK1(20) ,EK2(20) ,EKI(20) ,EKLI(2M)
0N 50J=1,N
YTEMP(J) =YL (J)+CELT*EKL(J) /2,
CONTINUE

TT=T+DELT/2,

CALL DERIVIYTEMF,EX2,TT,NY
CO 60J=1,N
YTEMP(J)=Y1 (J) +DELT*EK2(J) /2.
CONTINUE 7 -7 ;
CALL DERIVIYTEMF,EX3I,TT,N)

CO 70J=1,N
YTEMP(JY) =YL (JI+CELT*EKI (J)
CONTINUE

T=T+DELT

CALL DSRIVIYTEMFPEKL,T,NY
00 80J=1,M

Y1(I)=Y1(I) 4 (EKL(J)#2,*(EK?2(J) +EKI LI V+EKLIJ) I *(NELT/6,)
CONT INUE o
RETURN
END
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REAL FUNMCTTCN INTHL(EX,yXyYaNX)

, o
o _INTL INTEPSCLATES IN CME VARIARLE
c .
000G07 REAL X(1m),Y(10)
000607 IF (EXeGE.X(1))GC TO S o
000011 JRT=2 T T T o
0noo12 GO TO 20
0008613 & 00 10 J=1,NX
000015 IF(EXeLT.X(J)IGC T 15
000020 10 CCONTINUE
000022 1€ JRT=J
000024 20 IMTL=Y (URT=1)4(FX=X(JRT=1))1* (Y (URTI=Y (URT=11) /(X (JRTI=X(IRT-1)
000040 PETUFN
000041 END
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GOLETA FCRTRAM 1.3 * SEMI-2UTO SFL * (01-10-7 )

'
e

0ngoo3

000003

gocoo3
noog13
n50021
000036

ngoneEs3
0J0061
neaozs
gg00102

000117
ggnt127

000137
000147
000179
r=N174

200
nanez21

OO0 NONNON

OO

MDMOO

PROGOAM VYSYS2

THIS PPOGRAM MGCILS A HYRRID VEHICLE PROPULSION SYSTEM,
THE ELECTRIC MCTGR IS FRCCUGING TORQUE UNCER STEACY STATE
CONOITIONS ANC THE HEAT ENGINE CLUTCH IS ENGAGEC.

VHYSYS2 VERSICN 4AS NO TCROUE CCNVERTER.

ALL UNITS IN MKS EXCEPT 1

THETA, THFTAN {REVOLUTICNS)

Ve VPL {KM. PER HR.)

Ay, APL (G)

RPMQO, ROMT(C (PEV, PER MIN,)
RPMHE, RPMEV (REV. PER MIN,)
WPL, UPL (PREVe PER MIN,)

CH (NEWTNN®*METERS/PPM)

cv2, CN2, SHFTUF, CTIREZ2, TSP, TSPAR, CDA

COMMON RTIPF.CD1,002,NRATIC,CT1(£),CT2(6),TRATIC(6),C0A,CTIREL,

ACTIRE2 yVHASS JEMUDLEYUT(E)YNGEAR,DLTI,GRAD 4CHyHEIEMI,
2VYMASS2yFGeVeJIGEAR,
37T5C,EMNIZ2,
LNTCLGTCLC10),TIVFE(10YNTHE,THFE(10),THETA(10),
EVYMPS yRPMCC s TLFOWRPMT O TLFT .PPMTCC,FA ,FPLFNETO0,TCO,TTO,
ETEMOLTHETAN,
TTCLN,THEN,TEVY,FNET,FAC

REAL YNOTU(3),Y(3),INTY

INPYT ENGINE CATA

PEAD 64D, MTHELZHNET

READ H10,(THE 1) 4 THETB(J) 4 J=1,NTHE)
ORINT 420,HE!

BOINT R20, (THF({J) ,THETB(J) (J=1 ,NTHE)

INPUT CLUTCH [ATA

READ B20,NTCL

REAN 65105 (TCLUJY 4 TINME(J) yJ=1,NTCL)
PRINT &L

PRINT 820, (TCL(IY G TIME(J) ,I=1,NT L)

INPUT MOTCR CATR

READ 610,CM,EMI
PRINT 430,CV EMT

INPUT TRANSMISSIJIN DATA

READ SLOLMGEAR,SHFTUF

PEAD AR10,(TRATIC(I) +CT1{J) +CT2U(I) o EMUTII) yJ=1,NCFAFR)
PRINT 2LuLQ

PRINT 84S

ORINT 8104, (TRATIOC(SYI ZCTL (I 4CT2(J) 4 EMUT(I) oJ=1, NCEAR)
PRINT PEQ,SHFTUE




GOLETA FCFRTFAM 1,2 * SEMI-AUTO RFL * (C1-10-73) vsSYS?
C INPUT DIFFEFENTTAL AMC TIRE NATA
c
0227 READ 610,CRATIC,CC1,CC2,EMUC,RTIFE,CTIREL1,CTIRE?
vboz2el ORINT 875
00025¢% CRINT 8817
000261 ERINT 48€,NRATIOLCD1,CM2 4EMUD, RTIRELCTIREL,,CTIRFE?2
C
c INPUT VEHICLE CATA
c
000303 REAN 610,VNMASS,CLILCDA,GFRAC,V
000221 PRINT ROQ,VMAST,0LI,CDA -
000333 PRINT 925,GRAC,V
000343 YMASS2=VMASS+CLI/RYIRE**?2
c
C GRANIENT=-
c
00034E FG=9,807*VMASS*SIN(ATAN(CRAD))
C
C INPUT RUN DATA
C
000355 READ 6304CELT+TF,NPRNT
c
C COMPUTE STEFACY STATE CONTITINNS
c
0003¢&F JGEAPRP=1
000367 YMPS=V/3.¢
000371 PPMDC=Q,5LO2CE7 *YMPS/RTIRE
1373 TLFC=CPL+CL2*FP¥CC
-.0376 ROMTC=RPMON*CRATIN
000400 1€ CONTINUE
g0oouLgn TLFT=CTLIJGEAR) +CT2(JGEAR) *PPMUTC
190604 ROMEMzPPMTC*TRATIN(JREAR)
C
c UPSHIET IF NECEFSSAOY
C
0noug” IF((PPMEM ,LELSHFTUPR)Y ,OF L (JGEAR,GE.NGEARYIICGE TN 13
anee1?v JGEAP=JGEAP+]
ance2n GO0 TO {F
030421 12 COMTINUE
Cc
C AEROCYNANMILG -
-
000421 €A=N,6125*CCA*YMOS*42
o
c FOLLING RESISTANCE -
C
go00L2¢t FR=9,807*VVASS*{CTIREL+CTIRE2*V)
C
C ACCELEPATICAN =
C
000430 FNETR=FA+FG+FR
000423 TOO=FMFTO*RTIR®
‘ C
C DIFFEQRENTIAL -
¢

C-103

g




GOLETA FCFTREN 1.3 ® SEMY=AUTO OFL * (N1-10-77%)

0004235

000441
00044E

000451

00046€
000LE?
000470
000471
000472
8004?75
000509
000500
000503
000S13
000514
0g00ctL
" %14

goegc1s
000€17
000€21
0005268
000533
000Fce

000cE3h
000€¢¢F1L
No056es
000ce?
00057

goocs71
n00571

go0o0c71

E71
Hunt71
nnoc7t

a0 e ReNel

OO0

YO D

S NeNe]

eo

107

1819
200

TT0=TD0/ (EMLCNGATIC) ¢TLFN
TRANSMISSICA -

TSC =TTO/(EMUT(JGEAR) *TOATIO(JGEAR)) +TLFT
TEMD=TSO+CM*RFMFY

COMPUTE ECUIVALENT INERTIA CF CRIVE TRAIN

CMI2=EMI+(VMASS2*RTIRE®**2,

SET INITIAL CCMDITICMS

?

< - X

-~ 0 1

0
8.
1)

o

0.0

Y{2)1=0,0
Y(3)=e10471Q07CEC*NPMFM
ORINT 700

CONTINUE

CALL RKTTAL(Y,YCOT,T,3)
IF((TeGE«TF)aCRe(xeFN,0))IGC TO 107
K=K=1

GO TC 109

CONTINUE

K=MNPENT

TIME TN PRINT RESULTS -

RPVUF=Y(1)/.10L7197€F

REMEM=Y(3)/,10L7197CF

V=Y (3V*RTIRE*IE/(TRPATIC*TRATIC(JGEAR))
AzYDOT(3) *RTIPE/(NDRATIC*TRATIC (UGEAR) *S, 817)
PRINT 8864 T REMHE ,QPMEM, THEN,TCLN,TEM,V, 8
CONTINUE

INTEGRATE TC NEXT TIME S7c°

IF(Y(L)eGELY(3)IH0 TO 12N
CALL AKTTA2(Y,YrOT,CELT+T7,3)
TF(T,LTLTFIGND TC AN

CCNT IMUE

STOP

FORMAT STATEMFMTS

C-104
ysSyYs?

1/7(EMUD*EMUT (JGEAR) * (CRATTO®TRATIC(JGEAR) I ®*2,))

LDN FORMAT(L1HO,*CLUTCH [ATA*//SX,*CLUTCH TN. *,€XY,*TINME®)

429 FORMAT(LHC,*ENGINE DATA*//SX,*ENCINE INERTIA

15X *ENGINE TCe*,6Y,*THETA®)

=¥ ,E16.67/

L3N FCRMAT(1HO.*MCTCR NATA*//"X,*MCTCR SPEED NRQO0P =*,E16.E.LX,

£10
£2cC
€3e

1*MOTCR INERTIA =*,F1€.%)
FORMYAT(7F1N,4)
FOPMAT(7T110)
FOAIMLET(2F10.4,2T1M)
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C-105

GOLETA FCFRTFAN 1,3 ® SEMT=-AUTO OFL * (01-10-72) vVSYS? i
000571 FLO FOIMATITI0,€EC10,4)
0571 T00 STPAAT(IRC «UX,*TIMF®, 7YX, *ENGINE RPM®,3X,*vY0TCR QP Ms, ‘
14X g *ENGIME TQe®y3X,*CLUTCH TGe 33X, :
2*MOTOR TODe*3UX,*3PEEC®,RX,*ACCEL.*) i
000571 810 FOPMAT (1M ,4E1646} |
000571 829 FORMAT(1H ,2E18.6) !
000571 RL0 FORMAT(1HO0,12HGEARROX CATA) |
000571 BLE FORMAT(1HO,4X,10HGEAR RATIC,6X +22HSPIN LOSS CNEFFICTENTS,10X |
1, *EFFICIZNCY*) |
000571 8BS0 FORMATI(/TF,>UPSHIFT RPM = % ,E1£,F)
000571 A7T FCRMAT (1HO,18HAYLE AMD TIRE CATA )
000€S71 880 FORMAT(IHN 4Xo1LHFIN, NR, RATIN,?X,224SPIN LCSS COEFFICIENTS,10X
1,*EFFICIENCY®46X,*QCLLING RADCTIUS*,2X,*ROLL., RESIST, COSFEICIENTS
000571 8PE FORMAT(1H ,7E16.5)
000571 286 FORMAT (LK 4F12¢2,9E17,4)
000571 90] FORMAT (1HD,14HVEHICLE MASS =,E1E,6
1,5X,20FIVF LINE INERTIA = *,F1€,.€
245Xy 19H(DRAG CCFF,)*ARFA =,E16.5)
000571 92t FORMAT(1HD,16HCYCLE CGRACTIENT =,E1N,. 3,

30071

1*STEADY STATE SPEED =*,£10,3)
END

e e e
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GOLETA FCFTFEN 1,3 ® SEMI-LUTN SFL * (01-10-77)

gocoo7

ggogaz

000007
000015
000017
200023

000031
00003°%
00002¢
0042
go4uv
onoou?

O0O0OO00

TO0

SUSRCUTINFE CEFTIVIY,YDCT, T,N)

Y(1) IS ENGINE TOEED
Y{2) IS ENGINE ANGULAF CISPLACSEMENT
Y{3) IS MCTCR SFEFD

COMMOM RTI'E,CD1,CD2,0RATIC,CT1(€E),CT2(6),1RATIC(6),CCA,CTIREY,
1CTIRE2,VMASSHEMUNGFMUT(A) yNGEAR,PLT ,GRAD ,C¥,HET ,EUI,
2VMASS2,FG,yY,JCELS,
3TSO,EMT2,

LNTCL,TCLU10),TIVME(LO)NTFE,THE(1N) 4 THETA(10),
EVMPS 4O OMDOy TLFORPMTC,TLFT 4yRPMTCO,FALFR, FNETN,TCN,TTO,
ETEMD,TRETAN,
7TCLMyTHEN,TEM,FNET,FAC
PEAL Y (2),YCOT(2),INTt

TCUN=INTI(T,TIMELTCL.NTCL)
THETAN=Y(2) /€,2A314€8?2
THEN=INTI(THETAN,THETA,THE ,NTHE)
YOOT(1)=(THEW+TCLN) /HEY

NO NEGATIVF ENGINE ®NTATICMAL ACTELERATIGN

YNDOT (1)=AMBXL1(0L,0,YCOT(L)"
YOST(2Y=Y (1)
TEM=TEMO=-CM*Y(3)/e10471975¢
YEOT(3)=(TENM=VOLN=TSO)/EVI2
RETURM

END




GOLETA FCFTFEN 1,3 ® SEMI-AUTC QFL * (01-10-70)

“teo007

jgo?
000010
goo011

SUBRCUTINE OKTTAL(Y1,TK1,T,MN)
REAL Y1(20) ,Exit2m

CALL DERIVIY1,EX1,T,N\)

RETURN

ZND
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GOLETA FCRTF/\ 1,3 ® SEMI-AUTA SFL % (N1=-1)2-72) ORIGINAL PAGE I¥
OF POOR QUA! T
SUIRCUTINE 9KTTA?(Y1,EK1,0ELT,T,N)
) 10010 REAL Y1(20),Y2(20),YTEMP (20) 4EK1(20) 4EXZ (200 4FK3I(20),EKL(20)

.00010 L0 50J=1,N
000011 YTEMPIJ) =YL (J) +CELT2EKL(J) /2, |
000017 £0 CONTINUE
000022 TT=T+0ELT/2, |
000024 CALL DERIVIYTEMF,EK2,TT,N)
000027 00 60J=1,M |
000034 YTEMP(J)=Y1(J)+0ELT*EK2(J) /2,
000041 €0 CCNTINUE
00004S CALL DERIVIYTEMF,EK3,TT,¥)
000050 20 70J=1,M
000055 YTEMFIJ) =YL () 40ELTHEKR(Y) |
000061 79 COMTINUE |
000064 T=T+0ELT ,
0000€S CALL DERIVIYTEMF,EKL,T,N) |
000070 $O 80J=1,N |
000075 YLUIIZYL (IV 4 (EKL L) 42, % (EK2(J) 4EXILINI4EKGL L)) * (NELT/R,) |
enoto7 80 CCNTINUE
000111 RETURN
000112 END




GOLETA FLRY®LN

ooogcaz
000007
000011
000012
000013
000015
n00020
0u2022
n00024
000040
000042

e NeNa

\n

10
it
20

C-109
1.3 ® SEMI-BUYD REL * (01-10-773)

REAL FurcTIce TNTL(EX Yy YeNX) ‘[‘ Ik‘
:‘;‘«“N.‘\‘J I”:\(X ‘1/ ..s‘
TNTL TMTERFCLATFS TN CNE vmmet..c(‘»}‘\ S GUAT D

REAL X(10),Y(10)
IF(EXsGE.X{1))GC TO S
JRT=2

GO TOQ 20

00 10 J=1,NX
IF(EY.LT.Y(Y)IGC TO 1S
CONTIMUE

JRT=J

[IMT1=Y (JRT=1)4(EX=X(JRT=1) 1* (Y (URTI =Y (JRT=1) ) /(X (JRTI=X(2RT=1))
RETUPN

ENC




(o]

4

— .
13

(&) —
= ==
7o —
N’
< Mﬂ
P[

o

'
—

-~
<=
< =<
Pt e
Z A
et
o =
loRe]

du~detol*c~
ARFITE LS
<u=30123%¢~
2u =320 "¢~
¢b=sseli®c-
eU-3nvv0) %2~
cU=-eetybce-
cd=-str9s* i~
Cw=-305le° 1~
IA TS T A B
Cu=3uva3°t-
[{'AFTATE A R
<b~3lYec’l-
Cu=-35L31°%~
“U-3Fecli®l-
slU-2ecad’-
[WERES PRy
Lu-3lcol®5-
cu=3d3nt-
<¥-Jelub¢~
s0-36u0%°*1~-
3l-alitnes-
AR FIE] )

lu-3ubbece®t

Tues%e40°Y
LhedrLwL*y
BLedccen®y
1be33840°%
1t+33500°5
tloscewt®d
lee52ebt*s
Ibesilei’y
1Le35tEt S
Ibeaccob’y
1Us3einb*Yy
tbe3bheb*9
Ibe34d5aL°S
Ibe3e5e6°9
Ile3320bt"S
ILeilebt y
Tues 20068
1613coob*S
10¢3=2bbb"%
10¢34506°%
1be3bote"y
f0e3300u°2

© 0a39S

= ¥acV¥el®430LL 3V

°0 2U~330L0Lau ")

SIN31UL34300 *131S3e

*Ive SN

10+330¢b ¢
13439388 °¢
Thedsiat®e
103€30¢ 2
103133 ,.%
10e3vd22°¢
100397052

Toedubuc®y
TLealuble
LRI AT
LT ZFTTTE SN
ToveaLudn®,
TLe30b0Le )
1CesLLlD®y

tbeavrctn®l

“Lvabrlbe Y-
LRI P /RS Y
TLezbibl®) -
TLesudtL et -
TLesbutL*l -
LRI PO VLY

avralsLs®e
Abedlei oy
[YIETOTE S A4
(W RETIN B sy
abesells®,
bLeascla®
ave g lath

20 e3Yaln’, 14-N ¢y
PR FL TR A 10-duv s
Cutiobb’s 13-3a0°]
MH'EFTS 1) R 13-3uv*t
20432300 13-+
2Lrzuily®y to=-3ce s
CLozbsrfL %y 13-330°4

1oea%¢3%*, TLe3LDob ¢ loesBuLlo®t= aiedivise, b eacatv’e -3¢ ¢
Tve3ec2inv’e thedivuy*e Tus Bt duszeals’, [ TEF TN 10-3)s¢
10031909° thesbugnt2 buesdllb*y- ileaaala®, CLezacen’l 10-30%°2
TLed06ES Vbe3bUIc ¢ VooauaLU® i~ SLedlatidc; ZLeataul ‘g -3 2%¢
Tus3ITR38°¢ bvesblLLe ToezUBLL Y- ale33213°; I6eam005%¢ 19-30C *¢
10+39208°¢ tueadlIv* TLesUUCL Y~ 2 Le3lgY3°% LUEEYZ-TY Bl ] ta-306°*y
10+39215°%¢ Tueatouy*y TLeablLI* = $Ceaalld bLe32052°% 1b-313)
L FEXT FY LA 10+30LUGL"Y TUe300GL 1~ LLe36213°F tbedtce2*t 13-3)9"°1
tuedEDen ¢ Toe3luude* TuesabUbL®l= ausafbl)de, Y0 esv3ED "L f0-320¢°)
lus3alyng Lbe30000°1 TUe3LabL T~ t0s3%583°F ‘b 13-328°1
10+¢493549°2 00 +30LOL" & 0250040~ tLe36u1I°F ‘0 20-300°y
10¢33s9n°¢ ule3000u°y LRI TTRS o Y RPN TS B L ‘o0 29-330°s
Tue3sennc G0e50000°% EFITIA RS LR T P PN '] 20-380*n
ILe3bdLn"2 BLesbuLL®2 T0e300L0°)~- $Le320l1s° ‘0 20-3)0°2
10e32s0 %% ‘0 TueaubuL*t- aiesibid%n ‘v M1
‘L oliun Ul nanN) U1 InluYns a3z 8liua” 430 sIvus 3411

WUsdbbu e = wiaooo 31708 auiidls 0 oz 14dlavdd 31340

[11) BosaLbILLY Y = $1485u1 3817 snlow FUeILVVLec e 2 L4304 31JIN3A
TU-300005C °y Tu-30u0009°s *0 ‘L GO 303030 %y

1lsc INITIILR

AON31302 333

10-3600LLY"6
1U-3600LL2%
T0-3vubiu2’e

ADNGIO1 403

t0-3u00030°3 = v1a83nl adlla

S49515133300 3527 NleS

AbeIDIDLUL

oy .y
*u °0
‘L *u

$1+31313230) 3321 uldS

10-3000039°n
GI+203LULOY
‘e
3nil

vdeNOLUILO S
GueIuwdUUVO“ e
Le*330000G*
: o
flani

2U=3000332°*3

ulivr *95 *uls

V1ivy a13ls uNvY 3ay
= wdd 231HSoN
0043002333t
8343000052 °)

C0e3ug00Sy2
Jiley sv3°

¢3 x03dv39

= g000G V3343 ¥I1O0N

vivo ¥01Gw

2043032330 °%
‘6
Ul 4N

173 n10N

10¢ 3400300 °$
T0e U258
buedaddduu*i-
10¢3930303°1~
*91 INIIN]

= ¥11a341 341IN3

) 3ANIUNI




C-111

Cu=amabe sy~
éU-debas*t~
2¢I~Anre5°a-
20~Jown'i-
20-4963V L~
20-393%32°1~
A0 =33291°C~
2u-300620°C~
28-31916°2~

TLednlab®y 10+352U%"s

Lheall96°% 10309y
The39c9E*9 10+ 35
10433596°% 106382

28t
$c’e
ict

10033456°9 1030 LL1%L

10033696°% 10329
Le31246°9 100382
Tuedangdey 13e32¢8
Led9(b6"*9 t0e333

21°¢
40t
20
2

Vhe30000L°3
The3LDUL"S
10e5L00%y
tbealuun“s
10e308¢c° g
tDe300UL*S
10+300CLe "y
1843L00LY %
to+3000%°

10esubLb®s
TUe200006°5
L ITE TN
1Le50000°s
TUe30060°s
1030060 °S
TUeabdLu s
TUsab0LL %3
Bue3u0ueti

Lussceba®k
tvedsnesci
ile3dobies’r
1Le32105°¢
abeangly ey
fuedisur L
1003wy
REELTTERM Y

AGeduLus s

[UREIT AR
PURE FANPY 30dY
ED03E9uF ¢
ibe3natiace
E0edlvel °¢
£0+302106°1)
TU*33609°1
fLedinif g
fbea32M0 )

te-3u0°9
10-306"°S
13-33¢°g
10-320°S
10-302°5
13-300°%
10-308°y
10~3L9°n
13=3un’y




Cc-112

ORIGINAL PAGE I8 ;
OF POOR QUALITY ‘

Cl1.3 CRASH SIMULATION PROGRAM (CRASH)

1. Program Description

CRASH is a program which simulates the impact response of a
general non-linear spring/mass system. The masses are constrained
to translation along one axis; i.e., planar or 3 dimensional
translation and notations are not simulated. The springs which

interconnect the masses can be nonlinear and have different

e A o T

characteristics in unloading than they do in loading; i.e., they

can dissipate energy in heat as well as storing it. The equation

of motion of the masses are solved using a Runge-Kutta integration

routine. By appropriately modelling a vehicle (or vehicles) as such
a spring/mass system, the vehicle response in a barrier or vehicle-

to-vehicle impact can be simulated.

A 3.2 Equations

Equation of Motion for ith Mass

2
d"x e
M, i _ L F.- TF 7 i=1, n,
; 13e2 " 418 g7y 31 j=0,""'n

where n is the number of masses in the system and Fij is the force
generated by a spring coupling mass i to mass j. The sign convention
on thg‘Fij is such that Fij >0 if it is in a direction to accelerate
mass i and decelerate mass j. See Figure A 3-1 for an example of

the nomenclature and sign conventions.

Generation of Spring Forces

>

Fi = fij (xj—xi), loading with xj—xi = Xy
) MAX ( 0,f (x )-ﬂ (x - (x,-x%.))
’ sav dx sav j i i
unloading or loading with x,-x.< % .
j i Tsav
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xij Changes

Sign (+ to-)

dF
ax
. . - X
. 1) i
X.. Changes J

ij
Sign (- to +)

Figure A3--1 Generation of Generalized Non-Linear
Spring Forces
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where x is the last value of x, - x, at which unloading started
sav 3 i dF
(i.e., ij - *i changed sign from positive to negative) and dx is the

unloading slope. See Figure A for an illustration of how Fij is

generated. Note that, if there is a spring element between Mi and

M3 such that the force car go negative for negative values
of deflection, it is necessary to represent it as two springs.

For example, the coupling between M1 and M, in Figure A would be

2

represented by two functions f1 and 521

2




CRASH

C-115

- . —— - ——— - —

DESCRT PTI OM

MASSE .
DPNAMIC AMPLICATION FALCTORL

CONTAIN MASS
Num@BeRs OF COUPLED /MASSES, TH1RD
CotumN CONTAINS NuUMmBER oF VALUELS
IN F AND X ARLAYS FOR SPECIFIED

DEFLECTION VALUES FOR EACH CouPLING
FoRes VALuss FOR Forcg DEFLEC.TIoON
CHRL ARCTERL ISTICS FOP EACH CouPllNG
SCOPE OF CINE ALONG WHICH UK -

DADING QOCCURS FoR EACH CoOUDLING

FREQUENIY OF OuTPui PLINTING

(ZN RELATION 70 Tims STEP)

PNRAMETE LS
UNzITs
EQUATTON | PROGRAM
NCASE NumBER of CANSEL
NMASS NumBeR OF
NCoOwP NumBER orF CouPLINGEGS
DAF
m emass(1e)|  KG MASS OF ELEMENIS
NeouPT 8 (ss72) CotumNs 2 AND &
COURPLING
¥ X (50,10 ) m
F;_; ;F(‘SO,ID) N/m
d F/dx SLoPE (52)
TF sed FINRC TIME
| DELT sec TIME INCREMENT
NFRNT
- |
Ve mfsec. ' INTTIAL

VELOLCTITY
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VAKIA BLES ] ,
éOu-/-)‘-T;IaN PROGRA M UNITS DESCEIPTION
DoeLY m/éea, INSTATANEOUS VALUE OF VeLne1ly Folk EACH CouPll,
Y,-¥, | DELx(s0)| mL INSTATANEOUS VALUE OF DEFORMATION
FoR €ACH COuPLING
{D‘;’(/,s,,..ﬁ) Mfsec VELoerTy OF mAss (1,2, ... 10)
4oy Y1(24 ...2) mlsec
”‘*/dt DP(3,4,...22) ’“lsa‘ AcceLeX ATION OF MASS (1,3, . ,,10)
$0.,) | Fsav(sa)| "lm VALUE OF FoRCE AT POINT WHERE
UNLOADING BEGINS
Fr(se) | "Im INSTANTANEOWS VALUE OF FORCE.
EXELTED FoR €ACH CouUPLING
IFLAG(ss) FLAGS OCCuRRENCE OF UNLOADING
FoR EACH CouPLING (UntoADING =-1,
LOADING = 1)
K1 (30) STORAGE Fok VALLABLES OF INTEGRATL
NMmAassT A¥ NumBER OF MASSES
NTIMES NumBEKX OF TImE SIEPS
Laay XSAV(se) | m VALUSE OF DEFORMATION AT WHICH
| UNLOADING BEGINS
Y1(,3,..18) ™ DISPLACE MENT oF mAss (2,2,... 10)
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START

DEFINE
VARIABLES

l

HEADING

/

/VCASE

L

JeAse& 1) 1]

L

NCRSE

NMASS, NCOoU P

Lo e e

(I, EmAass (1),

I=4, NMASS)

{(NCOUPT B(T,K),
Ks1,3),T=1, NCouP)

CRAS H

JTed 2
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QAR AT RAGIY oo

Pace J

NCou P

'

®

—

e

v

NPTS *
NeourTs (5, 3)

il

((w/.s:x), F(TK),
K=zt, NPTS

L

SLoPE(T)

Ke 1 1

AL 2 B SV SR W 1 M §)
1

Lo QUALLTY

NPTs

SLOPE(T) -
SeoPE (3 ) # /000,

Nouprrg (7,2),
NeouPTB (T,2),

(x(z.k), FO,k),
K3/ NPTS)

END

L

FlrK)= ;
FIIK)* /000, » DAF!

[ 227
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ConTROL PARA-

meTeRs, INITIAL
VELOCTTY

INITIACIZE
VARIABLES

Jrmes€&1i |l 1

NTIzZ/nES

loo
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INCLEMENT
PEINT
FLAG

/

NO.

:
QA% NMASS
L 1

D15 PLACEMENT,
YELOCITY

+ ACELERATION

OF Jth /MASS

Y1,K1,DEer,
T1,NmASSTr

END ‘00

L

CoNNECIED
MASSES AND
FORCE BErwesN
THEM

PhGE 7

e
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DEFINE
YARIABLES

J= 2

NX =
NCOUPTB(N,2)

NO
ENTPz=z FIN,T=4) ¢+
(DELX(N) -(r o le)) £ND¥———
*((F(N 3)=F(NI-1)) /

/(e (N 3)-2(N,3%))

1

J

ARETURN

e,



FLAG \

/
\

Y, N /

|

DEFINE
VARIA BLES

T« 1 1

SUBROWTINE FLAG
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RETWRN

NO

ComPuitE
ruocaw(nneu)
OF THE MASS
FOR THE Jth
QouPLING

comPUTE
DIFFERENCE(DDELY
BETWEEN YELoCITIES
OF & MASSE S FoR
Jen Courting

K‘\
HAS -
UNLOADING
Jus T
~. s'mere o]

YES 1

IFLAGI) = -1

FsAv(x)= Fr(3)

l

Y3AV (T) » DELX(S)

UNLOADIAJ ~
NO LONGEK

NO)
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SUBROUTINE DERIV
| DERIV \
\ Y KT, N /
DEFINE |
VARTABLES .
J 1
Ted 1 :
" !
|
K(3)=o0.0 |
%
K(s)=:DYQ)!
\
END >___.___.
— \ .___/
Je 1 1
NeouP |
; N
YES NeouPTEED ,_No__
=g ’
(A) o~ .
QELX @)= Dfmcaulre(n)
Y({(NCowPT8(3,2) v-ivcollﬁ
*(NCOWPTE(T,2)) Y ncoupTd (3, 1)
-1) : - NCouPTE(T,1) 2
T I
-1 >"n j_———-_.i
Frir)z= Ampy i
Fr(X)= ENTP(T) (s. anv(:) -
(mvcg-oux(xm -
l
?
END -
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RETURN

FIT=00
FIT 20.0 |

L

Ir=J/a |

L< 1 1

NeOU™P

SRR, P

X

DY(T~1) = ¥(T)

b e

l
beisy: |
(F13 - F3T) Jemnrssl)

N

FII:FYL + FT(3)

FIY= FLT v FT(3)

END

€ND
L
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RETURN >
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DEFINE
VARIABLES
sy |l 0
S N §
I YTEmMP (e
Y1)+ OELT®
TT=T+0ELT/2 ex12

.

B

YTEMPL)®
ALK
DELT*EKIN

5

A

|

YYEMP{)) =
Yihe
DELT® EX()

!

T-TO0RT)

L

'RETURN-

YI) e vi (e
HEKY () 02
(EX2 (J) « (EXI ()]
1o EX& (J)
YoELT/S

s ah A
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GOLETA FCRTFEN

s XXX Xz X2 X2 X3!

000003

. 0oo003_.._ __ .

000003
000003
000003___. _

000003
000007
pocoi17 _ _. .
C
C
..-C
000022
000024
70033
y00041
0000°%¢6
0000¢&0
000074
000100
goegoi2n
000122
000124
000143
0901€3
0001LEF
g001€2 . = 1F
03016t
0001€7
09023: 10
00022%
000234
000242
0002¢%n
000238
110273
600277
000313
000317

—— -

OO0

000323

C-126
13 ® SEMI-AUTO RFL * (01-10-73)

o A )\L pz\G IS

(4 Puxh .
PROGFAM CRASH W QUALITY

. CRASH SIMULATES THE BEHAVICR..OF UP TO 10 .CCNNECTED MASSES IN AN

TMPACT SITUATICN, CALCULATING THF DISPLACEMENT, VELOCITY, ANC
ACCELERATICN COF EACH MASS AND THE FORCE EXERTED ON THE CCUPLED
MASSES....__.. e e e m e e o e =

CEFINE VARTABLES

e ——— - ——— . ® - ——— - —— e b wmm emmte—t e e

COMMON EHASS(lﬂioF(=0.10),X(Sﬂolﬂ).FT(‘O).XSAV(SU)'FSAV(‘O).
1SLOPF (50) {NCOUPTB(50,3),IFLAG(50),05LX(50),0Y(20),NMASST,NCOUP
REAL Y2(20).,K1(20). . .

REAL TPL(2032),XPL(10,200),XPL1(203),0XPL(203),COXPL(203)

OIMENSION NPMASS(10),NSYMB(10)

mmem e w wme tem e e m  cwm -

.OATA NSYMB/192+€+7+10+12,5144+11,8,26/__ ___ e m e i e

PRINT HEADINGS
PRINT 500 T
READ 400,NCASE,NPLOT

..IFJNPLOT.EooilCALL PLATS . el -

CASE LOGP

LO 300 JCASE=1,NCASE

READ 4008, NMASS, NCCOUP

SEAD L20,0AF

RZAD L20,(EVYASS(JY, J=1,NMASS)

PRINT &0¢

®RINT 503, (I, EMASS(I), I=1,NMASS)

PRINT =05

GEAD 400, ((NCOUPTR(J,K), K=1,3), J=1,4C0UP)

00 10 J=1,NCOLP '
MPTS=NCCUPTE(J, 3)
READ L20, (X{JyK), F{JyK), K=1,NPTS)

. . READ &2¢, SLOPEC(YY . ... ‘ i

00 1F K=1,NPTS

FUJyKI=F (J,K)*1000, *DAF

CONTINUE N

SLOPE(J)=SLCFRE(JY*1000
PRIMT S0€, NCOUPTR(J,1) yNCCUPTS(J,2) ,SLOPELY)
PRIMT 507, (X{JyK)y FlJIyK)y K=1,NPTS)

PEAD 420, TF, RELT

READ 400, MNFRNT

REAC 428, VO

READ 400, NPM, N3PV

READ 400, (NFMASS(J) 4J=1,NFM)

PRINT €08

PRINT 509, CELT4TFoaVO,MPONT

PRINT 510

PRINT £165

INITTALIZE VARIASLES

T1=C."
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\\JD)

000336 ___

GOLETA FCRTFAN

000324
00032¢
000333 __

000334
00033¢

000337 20
000342
~000346
000 34¢€
000359
000351 _ _.

000353
000354
0003535__.
0003S6

i
o000

ooo3e1. _
000362
000363
0003€6
000370
600371
000373
000375
000376
ooouou
000406
0004611

e NeNel

g0o L1l
00041E
pooa2e
00042¢
000427
000446
goouc2
000L5E
g004e2
0004ES
000455
000477
000c0Q32
a00s4@¢
go0c10
000514
gogs17

10¢€

120

120
140
110
109

'3 XXz

e YL WISVO_
2% CONTINUE

T

1.3 * SEMI-AUTO 2FL * (01-10-73)

NMASST=NMASS*2
NTIMES=(TF/CELT+0D.5) +1
JPL=0 |

JPRNT=0

00 20 J=1,NMASST
— YL =0.0__

0Y(J)=0.0
DO 25 J=2,NMASST,2

00 30 J=1,NCCOUP

- .1FLAGUY =1
DELX(J)=0.0
FT(J)1=0.0
XSAVIJ)=0.0_ .
FSAV(J)=0.0

._...LOOP TO INTEGRATE EQUATIMNS, STCRZ _PLOT RECORDS ANT

RECCPOS

JPRNT=1_ _
0O 100 JTIMES=1,NTIMES
CALL RKTTAL (Y1,K1,T1,NMASST)
._ __CALL FLAG(Y1,NCCUF).
IF(NPLOT.EQ.0)GC TO 104
JPL=JPL ¢1
TPL(JPL)=T1
07 105 K=1,NDM

e m— mes e e me s = e -

c-127
CU]/SH

XFLIKyJPL) =YL ((NPMASS(K)+NPMASS (K))=1)

CONTTNUE
CXPLIJBL)=YT (NIPMENTFM)
COXPLIJPLY=CY(NIPMeNIPY)

PRINT RCUTINE

TF (JPRNTLMELJTIMFSIGC TC 110
PRINT 520, T1
L=1
0O 120 J=1,NMASST,?2 ] _
FFINT €25, Y1(J),Y1(J+1),0Y(J+1)
PRINT 640,
PRINT SE1
L=L+t
IF(L.GT.NCOUPIGC TO 140
.02 130 X=L,NCCUF
PRINT 540,
PPINT €30
CONTIMUE
JPRNT=JPRNT +NPIMT
CALL FKTTAZ2(Y1,K1,0ELT,T1,NMASST)
CONT INUE
IF(NFLOT.EN.OIGE TN 300

PLCT

NCCUFTBIL y1),NCOURPTI(L,2),F T(L)

NCCUFTR (K1) NCOUPTA(K,42) +FT(K)

—
-

SELEG

L
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GOLETA FCRTFEN 1,3 ® SEMI-AUTO RFL * (01-10-723) CRASEH
10020 CALL SCALE(TPL,1%.0,4,JPL, 1)
400523 CALL SCALE(OXPLy10.0,4JPL,1)
. 000826 . _ .. CALL SCALE(CCXPLy10.0,JPL,1) . —_—— . :
00021 CALL AXIS(N,0,0, ﬂthTIPEv'“vlﬂ g,0. UvTPL(JPL*i)vaL(J°L42)90)
000545 CALL AXIS(04040e0,23HVELCCITY CF MASS 923,10.0,90., 0y
¢ —— e ADXPLGUPL+1) 4 OXPLIIPL A 2, O e e ———— . -
0005¢€1 CALL AXIS(~0s€40.0,27HACCELERATICN OF MASS vZ?le 0»90 0,
100XPLIJPL+1),COXPL(JPL+2),0)
000575, e —CALL_NUMBER(=e28,5.2+0.1EyN3EM,20.0,2HI2). ... ... ..
000601 CALL NUMBER(=e78y5¢S40.15,N3FM,30,0,2HI2)
000605 CALL LINE(TFL,OXPLyJPLy1,5,0)
000614 _ .. . _CALL.LINS(TFEL,CCXFL.JFPLy1,5,5) e e e e e mm—— e =
00061¢ XAXIS==-
000617 00 200 JPM=1,NPV
000620_ ... DO 210 _LEL= 4P o e et e e e e e
000621 XPLL (LFLYISXFL(JFM,LPL)
000625 210 CONTINUE
000€27........ .. XAXIS=sXAXIS-0.% . _. ... A e -
000631 200 CALL PLOTI(TvaJPL'XpLI’NPPASS(JDW). NSYMR(JPM) ,XAXIS)
0006423 CALL PLOT(15.,0,040,-3)
000645 __ _ 300 CONTINUE . .. _ ... -, . .- e - e+ =
000650 STOP
000652 L10 FORMAT({10F10.,0)
000652_ . . _LOO0_FORMAT(8I10) — . e . . e
000&52 L20 FORMAT(O8F10.4) :
N00EE2 €00 FORMAT(1H1,58X,*CRASH SINMULATICN®)
00652 . €02 FORMAT(1H=~,10X¢*MASS*,10X,*HWEIGHT*)
000€EE2 FOS FORMAT(IH 12X Fl0eby7XoF10e62)8%XyF10.2,186%X,T2)
gooes2 €03 FNARMATIIH +11X,12,9X,F10.4)
po0ese €0E FCORMAT(1H=,10X,*COUPLING®*,5X 4*UNLOADING SLCPE*,SX,*DEFLECTICN
1FCRE*)
000&52 EO0E FONMATILIH 210X, 72,3X43T24EX,F1k.2)
000€s2 €07 SORMAT(1H ,38Y,F1N,3,3Y¥,F10.2)
go00€c2 €08 FORMAT(1H-,10X,*TIME INCREMENT*,%X, ’FIVAL TIME*,EX,*INITTAL VEL
1TY*,SX,*PEINT INTERVAL*)
nooes2 10 FORMAT(1H=yEX LFTIME 413X 41HX 416X ,2H0Xe16X,3HNDXy10X,6HMASS T,5X

14ASS J,10X%X,21HFCRCE BETWEEN I AND J)

300€es2 €4S FORMAT (1HO)

gn0€Ec2 £20 FORMAT(L1H+,2%,E8,.2)

000€S2 £2F FORMAT(1H+,10%,3(6X,EL2.,L))

go0E=?2 SLN FORMAT (1H4+, TOXeI249X,I2416X4ELD.6)
000652 €€Q FCRMAT(1H )

00062 ENC
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GOLETA FCRTFAN 1.3 * SEMI-AUTO RFL * (01~-10-723) |

SUBPCUTINE FKTTALIYL,EK1,T oN)

c
---C—. . |KTTAL SETS EK1. €QUAL TC INITIAL CONDITIONS FOR USE IN
C INTEGRATICN RCUTINE

c
000007 .. _ ___REAL Y1(50),EK1(EN)

e e et e e e . 1
000007 CALL DERIVIYL1,EK1,T,N) j
000010 RE TURN |
00001 . END j

VREHA?T PAG
. Ly 11‘? =
Ul IUUR(HLMJTY
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GCLETA FCRTFAM 3,3 * SEMI-AUTO RFL * (01-10-73)

SUBRNUTINE RXTTA2(Y1,EK1,0ELT, TyM)

c
e eeie .. EBKTTA2 USES SUMGE-XUTTA. TECHNIGUE. FOR NUMERICAL INTEGRATION.
- c
000010 REAL Y1(E0),Y2(S0),YTEMP (50) ,EK1(50) 4EK2(50) yEKI (50),EXKL 150)
000010___ .. NO.SO0J=1.N __ . et e e e c.
000011 YTEMP{U) =YL (J)+CELT*EKL1J) /2,
000017 €0 CONTINUE
000022 . .. TY=2TA0ELT/20 . e o e e e e s -
600024 CALL OERIV(YTEMF,,EK2,TT,4N)
000027 DO 60J=1,¥
000034 _ ... __YTEMP(J) =YL(JI+DELT2EK2(JV /2. . _— _... — - -
000041 €0 CONTINUE
0a00u4S CALL DERIVIYTEMPLEXISTTHN)
00C0S0 __. _. --00.700=1,M___ . - et e e = -
000055 YTEMP(J)=YL(J)+RELT®EK3I ()
000061 70 CONTINUE
0N00EY . T=T+OELT e i am e - .. -
000065 CALL DERIVIYTEMF,EKL,T,N)
ogoo7o DC 2Q0J=1,N
00007¢<. L XL UD=SYLIU) 4 (EXKL(J) $242 (EK2 (I +EXI (I I +EKLII))I* (DELT/6.)
000107 80 CONTINUE
0co111 RE TURN
000112 ___ €50 FORMAT(1H ,8EiL.6) ___ . _ ... . e -
gooi12 ' END

i T




C-131
GOLETA FCPIFAN 1.3 * SEMI-AUTC RPFL * (01-10-712)
SUBROUTINE CERIVIYK,T,4k)
: c
- e—. L ____OERIV COMFUTES. FCRCE VALUES FOR SACH.COUPLING AND ACCELERATION
c EACH MASS
C
-00000Z . ... _COMMCN_EMASS(10),F(50,10),X(50,10),FT{50),XSAVISQ),FSAV(SD),

1SLCPE(E0),NCCUPTBI(50,43) y IFLAG(EOD)4DELX(E0),0Y(20),NMASST,NCOLP
ggoo07 REAL Y(20), K(20)

000007 . ... 00 5_I=L9N__ . . . .. .. e e J
000010 K(I)=0,0 |
000012 € CONTINUE
0N0043 ___ . _0C Z ISLN . e . e . !
000015 K(I)=DY(T) |
000017 7 CONTINUE |
000021 _ ____ .00.10 JS1,NCOUP.. . . . o\t e o |
000022 IF (NCCUFTE(J,1).EG.0)GC TO 1€ |
000024 DELX(J) =Y ((NGOUPTB{J,2) +NCOUPTB(J,2)1=1) =Y ( (NCCUPTR(J,1)¢NC
Ll LTBWIM-LY L L - |
000034 GO TO 20 |
00003S 1t DELX(J) =Y ({NCOUPTB(J,2)+NCCUPTI(Jy2) ) =1)
000043 ____ 20__ _ IFAIFLAG(J)EQe=1)6GC. TC 25 ... . . ... .. __ .. __
00004 FT(JI=ENTP (J) |
000051 GO TO 10
000054  _ 25 _ __ET(J)=AMAX1(04,FSAY(JI)=SLCPE(J)*(XSAV(J)-DELY.(J))) ]
000066 10 CONTINUE
000071 GO 30 J=2,N,2
00072 F1J=0.0
400073 FJI=0.¢
000074 . JdT=a/2
000075 00 L0 L=1,NCOUP
000077 IF(NCCUFTE(L 1) o NELJTL ANDLNCOUPTB(L,2) o NELJTIGO 0 4O
1 00010¢ IF(ACCUSTRIL,2),CT.JTIGE TO 50
000112 FIT=FJT+ET(L)
000114 GC TC O
000114 g FIJ=FIJ+ETIL)
000117 L CONTIMUE _ _. o -
000122 DY (J=1) =Y (J) ;
000125 OY (J)=(FIJ=FJI) /EMASS (JT)
000131 30 CONTINUE
000133 €25 CORMATI1H L10X,4(EX,E12.4))
000133 . RETUPN
000133 ENT
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GOLETA FCRTFAMN 1.3 * SEMI-AUTO °FL * (01-10-72)

oooaoc
_0opooo%

goooo0c
000006
000010

c
S
C

- -

000015 _

000016
ggo022

00003%  _.

000035
ooo040

000042

ooo00ue
0onas7

0013052,

gogoc2

SUQRCUTINE FLAG(Y,N)

FLAG CHECKS EACH COUPLINC FOR_UNLOADING

REAL Y(20)

COMMON_EMASS(10),F(50,y10)9X(50,10),FT(50),XSAV(5C)4FSAVIEO0), _

1SLPPE(50)qNCCUPTS(=0 3) yIFLAG(E0) ,DELX(S0),0Y(20)yNMASSTHyNCOUP
00 10 J=1,%

~.IFANCOUPRTE(J,1).EQ.0)GO_TO_15_ _ _ .
COFLX=Y (NCOUPTB(J,2) +NCOUPTE(J,2)) - =Y (NCOUPTR(J,1) *NCCUPTR(.

1 )
- GO YO B o
1€ DDELX=Y (NCCUPTB(J,2) +NCOUPTB(J,21)
1€ IF (DDELXeGEeN +CRs YFLAG(J).EN.-1)GO TO 20
. TFLAG(JYE=1. e
FSAV(JI=FT ()
XSEV (J) =CELX (J)
20 IF(DELX (J) . LE.XSAV(J))GO_TC 10 i
IFLAGIJ) =1
10 CONTINUZ
_RETURN___ e e e
END
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TEAN 1,3 * SEMI-AUTO RFL * (01-10-73)

SEAL FUNCTICM ENTP(N)

ENTP._INTERPCLATES FORCE FOR SPECIFIED COUPLING .

COMMOM EMASS(10),F(50,10),X(50,10),FT(50),XSAVIE0),FSAVIED),
. .1SLORE(S50),NCOUPTR(50,3), IFLAG(S0),0ELX(50),0Y(20),rMASST,NCOUP

IF(DELX(N) ¢CE«X(Ny1))1GO TO 110

J=2

e GO _T0 30, o e e e e e e s

10 NX=NCOUPTE(N,2)
00 2C J=24NX
e e = JIF(DELXAN) W LT X(NyJIIGO TO 30 . .. .. .-
20 CONTINUE
30 ENTP=FINsJ=1) ¢+ (CELXIN) =X (NyJ=1))* ((F(Ny,J)=F(NyJ=1))/IX(NyJ)~
IR ALPNLINRRE e e e e e e . : .
RETURN
ENC
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Cl.4 HANDLING PROGRAMS (HYSIM and HYSSG)

1, Program Description
HYSIM and HYSSG are programs designed to provide a coarse i

indication of how changes in mass distribution, vehicle dimensions,
and tire characteristics affect handling properties. HYSIM
simulates the transient response of an automobile to a step in
steer angle, and HYSSG computes the steady-state gain of yaw

rate to steer angle as a function of forward speed. Both programs ‘

are based on a mathematical model which represents the automobile
as a single mass with 3 degrees of freedom: 1lateral displacement,
yaw and roll.

In HYSIM, the dynamics of tire force buildup are neglected,
which means the front and rear tire force equations become

algebraic expressions for the tire forces Yf and Yr' Thus, if

it ¥
Y= ¢ and Z =Y
o r

the above differential equations can be written in the form

AY = BY + CZ
Z = DY+ E
or Y =2l + o) Y + cEs)
This is the form in which HYSIM solves the differential
equations of motion for the vehicle.

For KYSSG, yl, v, ¢ Yf, and Yr are all set equal to zero

and the steady gain of the vector Y, (and hence of its component

v, the yaw rate), to s, is computed as follows:
: 1 -1
BY = -CZ = -C (DY + ES), or 8§ Y= - (B + CD) CE




C-137

swa3lsks 23eUFpP100) pue L132w0d) ITITY2A

SIXV 1IN

[-%V @indtyg

5{‘:1“;]’4 PAGFJ IS

(EIYI)‘\.IJ‘PY

~

i

.
~

- are i

view goer




Cc-138

S(J.mmary o-f E7aa-1"'(on5 -par- (,/'nea_r, C’aﬂs{an{ -5,oeed /hodc/

Laienilz
m, g m,Ah,.cb--(mnigL)zf AR
B3

; Roll:

; M. dh. § —dr"_é)' * (I,x+mr4hf)<'b° = |
~m ok 5,9 = (Cu +Cy. )¢ + (M.gbh, - Ky, ~Ky )¢
~(h.-2e)Y, = (h. +be) Y.

| Front Tires

e Vo= -%-C,Z - C.Z £+ CpZof
X, X, X,

Kear Tires:

7 M S A IR A} 4
: % %,

[

Vseellanesus:
Fo= 0.6125 C A Y’

Z,=6.M.qg-Fh, Z,.=/M. g -2,
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PARAMETERS . .. .
EEQ’JJ?TJ ON|PFLOGCT fiiv, UNITS :i-_'_'_l?_l NS "\_m o o
NCAS: - NumBe Il oF CAz:z:
NSPD - NumBEL OF SFEIL:
NSTEPS — NUMBEL OF INIEGLATINN S1IELS
NPSTEP — POINT FREQUENCY
DeLT sl TIME INCREMENT
speep(10)| KM SPEEDS
7;,21) i'__L' {2'2’:7:}:_/‘?’%—:”2%?;’% 174, YAwW RATE, RoLL BN1E,
m Em KG MASS oF VEHICLE
I, ENRT Y KG-m? MOMENTS OF INERLTIA (i1 TH FESFELT
I, ENRTY KG-m# ro X, ¥ AND T NYes
I ENRTZ KG-m 2
Crrie dxz KC-m? RoDUCT 0FINERTIA WITH RESPECT TO K+Z AYes
2, L m WHEEL BASE LENGET K '
A L 7 LENGTH FRONT AULE To CENTER OF GLALITY
h, | H . RoLt QENTEL HEIGHT |
Ah, |1 QK m (Cen1EL OF GENVIVY = RoLt QENIE ) HETA N T
e ’ THETA - FRACTION WT. ON FRONT WHEEL (W]STATIC CoNDITIONS
€ EPSLN KAD INCLINATION oFRoLL AY TS
R | £ m WHEE T FRTiNT
h, | HhA m PELD-DYNAMIC CENTER OF EFFoRT
C A | cor - DENG Nrcii? 2oNT « TN AL AFER
J DELTA - #AAD STEER ANGLE
Copr ePF N/ Brz foi. DNMPIN: - FLionrT
Cor CPk N/EPT ROLe DAMPING- LSl
Kes EXKPF NjERZ RoLl STITFNESS - FLONT
Kor ERPL NjREZ Kor! 57111 NES— - RERF
Cr QAF N/ ERL LATELAL FORCE -~FRONT
Co. | CnK N /RAD ATELNL Fokes - REAR
ra | S1EmeT m CECAYATION LENETE - FLon~
ar | SIGMAF m ASURY J110 0N LENETH = KEEF
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HYs1m C-140
VARLABLES | e o7 R T TN
SMitIoN |PLOILEN Iy
ACeLAT | Theer | (ATECAL AdCELER 11100
AINY (4,4 ) - INVERSSE OF A,
Am(4,4) - COSFFICIENT /MATELIY
b B m EL]-£L ("5Cc: 1est g ,,,,/«_,-,’ pTa wrh'/.‘/
BED (4,4) - Bm- mAailiy 7 ED-MATLT X
Bm(4,4) - C'_an;:zc.zwvr MATRIY
BmT(3,3) - {/um/: 10F UWUSED IN MATEI X
Bmrr(33)| INVELSION Rowil NE
c(4,4) - ATNY-mATLIY * BED- mrTETY
C.Z; | charzr N/BHD LATEBAL FORCE X (ATELN L LOAD dNFEsNT T1E
CeZ, | 2Rz | N/RAD | (ATERAL Fopes ¥ LATELAL LOAD ONREAL TTRE
DD(2,4) - COEFFICISANT MMKT .
ED (4.4) - ES-mAILiIy ¥ LD-MATLIX
££(4,2) — COEFFIQUIENT MATEL)
EF(4) - EE-MATELIK ¥ F-MAILIY
M.Ah. | EmeH - MASS ¥ (CENTER GLAVITY -RoLL CENTER) HETG HT
emt(33)l — MATCIV L3ep IN MATLIY T NVELSIAN RuTIng
ENRTYFR | Ke-m?3 “RoTR TIONAL INsﬁmq OF WHEELS
l F(2) — ANEFTIQIEN" sip=
A rA — FACOEF % SPELD
0.612C, A | rﬁ Gt S 0.612 * DRAG COEFFTCTENT ¥ FRONTAL AL A
g <  N/RAD RV
I G—:- (4) —_ AINV-MAI L1y v E5-re=ily
% K2(12) — VALIAELSS oF INTSEFATI
: , Suisn('a,i) - ‘, M7 L2058 = SSLOIIN Tl L
| | susAnv(zz)  — | ZNGET i st s
| "TRAN (3,2 -
) TET /-J,J/ - \
PoOX, L XDoT Y5¢ Siv=+D FOR SRPECIFICIED —‘;Ps':‘-'h oy
- Y (e — YIELGBLES OF INTEGL A :
Ze TF KG LATELARL LOAD ON Féa/vr TLQES
Z KG LATELAL LORD ON KEAR TIFES

2t .
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- HYSIM (MAIN PROGRAmM) |
|
STAART j
, —— [ —— g
, PRELIMTINAR ‘
DEFTNE | conrira'r:ﬂro:s! SPee0(3SPD) |
VARTABLES I \{— 1
r NCASE, ComPure | SPEED l ‘1
NSPD AM-MATRIY DEPENDENT I |
- EFFI Ll ’ :
p —T CotFFICIENTS l eomPu‘rﬁnoM]
NSTEPS, J{
nPsTEP ComPure !
mpPL
Am-mATR 1 X BM-MATRIY ’
FEiCIE
( DeLT, AP S W
SPEED(T), Tsl, - -
nVSPD Jr
) L ; . mArInY
m, ; BM-MATRIL
Y(3),3=1, ¢
| IV CASE, NSPD, | eompure ,
E NSTEPS, AINV-MATRIY DO-MATAIx
; NPSIEP COEFFICIENTS
| \_/K— \/r_— (sPee D DEPEN D2 A1)
]
| QELT, ) o e J{‘P \
: SPEED (1), mpars \m’"m L
; TEl, NSPL BM-MATR I X A
; L. .
‘ - COEFFICIENTS /EE, bo,eD,
\/l ‘(smi:wp?wwfﬂ ¢, 4
Y, T4 comPuUTE J/ ;
| - BeO(3,K)= |
— EE-MATE 1Y am(s ; |
—] | COEFF 1CIENTS co “,'K)) '
i X '
JeAseel |1 ¢
; b
MAT mPy :
N \ \
CASE ] EE-MmATRIY P —
I i /V£mcaa / AJ,';%&D' c.
( STop A cugfcgcrez I1s- [
' JSPD&L | 4 |
VEHI CLE NSPD Th¢ /——l
CHARACTEEISTICS
Eno 3590 |
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CompPare
F-MATRIY

COEFFICIENTS
(sr&€D DCI!‘NW')

L

NG
[z ]

EF(3),IT=1, ¢

G6(3), .ﬁ;_J
N

— o

HEADINGE

-

NSrepPs

b -

Y
}
]
KSTEPe L | 2

\s,(rmz“\
/n K4, r:, +7

rtm%_
PRIN r '

i

1S

ComPure
LATELA L
RACCELERATION

78, Y1(3),Tw44,
CATERAL
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RRTrra2

Ye, k3, DELT,
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SUBROWTINE DERIV
[ DERIV \
\v, K, T, N /
ITéd 1
N
RETURN ) K(T)=0.0
T e 1 1
N
K(r)s=K(I)r
QLT) « ¥ (3)
+G6(I)
END
END
|
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[ MATINY

>

K ETEIAPE, BTEMP,
€ TRI, TRAN A

|
Y
DEFINE
VARIABLES
!
\ 4
NeM
|
4
" et JI 1
¥ ]
A4
Jet |V K
m N |
NN\ v
M Eit, ) = 0.0 ELN =10
x4 1 [ T
1IN N ) |
END D—
END )—
11 JL,
IMIN 1
] . 4
o1 ||V K&
i
v
MESSAGE Yes
MATRIX IS
SINGULAR®

.

END )

8(, 1)+ 00

v
i

B(NOTZRO, NOTZRO) »
0.0

]
I A

B(NOTZRO, )
1.0

v

B(I, NOTZRO) =
1.0

1

MATMPY

8, TRI, ATEMP,
NN, N

B, TRAN,
BTYEMP, N, N, N
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Q MATIPY

PLUS .
tet

|
. 4

JeiPLUS 1]1 =

N ama——— ]

L N N\
ATEWP 1 AL
m ATEMP (1)
7 N1 N
= | >

A 4
END EEER .
h 4
R " I
N SINGULAT h 4
8iJ,J) =
MAlIsHIX 1.0/TRIL, 3}
SINGULAR ]
‘= END
END )
h 4
Je1 [ 0 B TRAN,
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IMIN
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RETURN
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RETURN >

R
A 4
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e
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SUBROUTINE IDENT

|
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&
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Afl, )= B(, J)

END

e
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|
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\ DERIV
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GOLETA FORTRAN 1.3 * SFMI-AUTO RFL ¢ (01-10-73)

000093
090003

0000063

030003
000003

090003 °

000003
000013

c
c
C

000023 ~

000031
803044
000069
00006
000100
000121
000133

02137

099141t
000156

030276

Jo323%2
200236
003254
0302861
00G300
030304
to0323
003325
NN0340
0303u5

002363

OTO0O0O0 eNeNe]

e XeNe!

a0

— _DEFINE VARIABLES

TCOMMON C(L,4),66 (%)

. amemem - - i — . ———— . —— = e —— e

T READ LOGL,IELT

"TPARINT S05

FRCGRAM HYSIM

REAL A" (L,4%) 4AM(L L) AINV(L,L)4SUBA(I3),SUBANV(3,3)
REAL EE(4,2)4C0(2,4)¢F2)4ED(LyL)LEF(4),8EDIL,4)

TTREAL hnrts 3) s ONTT (3,371 EMTI3, I L TRI(3,3), TRAN(3,3)

REAL SPEED(10)
REAL Y1(10) ,K1(10),Y(10)

READ INPUT

REAQ %4104 NCASE.NSPD

READ QIUQNSTEPS EPSTEP L
RFAD LOCL(SPEED(J)+ J=1,NSPD)

REAN QUUQ !o!Y(J)yJ=Q,{L L .
PRINT SO0

PRIMNT 4984 NCASE 4NSPDSNSTEPS,NPSTEP
PRINT 499, D'EL‘."(SPEEU(J’QJ 19NSPD) e
PRINT S20, (Y (J)yd=1,4)

PRIMTY S©197

CASE LOCO°
N9 350 JCASE=t,NCASF

IMPUT “MASS FROPERTIES

INFUT GEOMETRICAL °PROPERTIES
READ LOOLZEMGENRTX,EMRTY, ENRTZL,CXZ
READN L20,SEL1,EL,H,CH,THETA,EPSLN,RyHA,CNDA,DELTA

TTRE PQOAPERTIES
READ 490,CPF,CP2,EXPF,EKPR,CAF,CAR,SIGMAF,SIGMAR

PRINT VEHICLE CHARACTERISTICS
FRINT 5117

PRINT S20,EMENRTXENRTY,LENRTZ,L,CXZ
PRINT S30

PRINT 35209 ELLIIELHyCHeTHETALEPSLN
PRINT &43

POINT 52044HA,CCA,DELTA

FOINT 537

PRINMT 520,CPF,CPR,EKPF,EKPR

PRINT 560

PRINT 529,CAF,CAF,SIGMAF 4SIGMAR

ORILTMIMARY COMPUTATIONS

8=€L1-FL .

et et ca fme [OOSR

B
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GOLETYA FORTRAN 1.3 * SEMI-AUTO RFL * (01-10-73) HYSIM
000362 FACCEF=0.5612°CDA
00364 6=9.8%807
000366 EMCH=EM®CH L .-
b C A-MATIX COEFFICIENTS(SPEED INDEPENDENT)
C
“000373 No 100 J=L,4 -
00371 00 100 K=1,4
009372 AM(J4K)=0.0 e .
009376~ 183 CONTINUE -
Q00400 AMI1,1)=EM
600412 AM(1,3)=EMCH L i )
000403~ BM(2,2)=ENRTZ
000405 AM(2+3)=-CX2
000406 AM(3,1)=EMCH L ~
goau0? - T TAM(3,2)==CXZ oo T e
00041) AM(3,3)=ENRTX+EM*CH*»*2
003413 AM (L L)=1,6 o
000415 T PRINT 57 T T 7 ST T
000429 FRINT 580'((AH‘I'J,QJ‘:J”“,’I:].'“,
c
T T UTTTET UTTINVERSE OF ASNATRIX T T TT— - T TT T T TTT
c
000435 0N 119 J=1,3 o
000440 T 00 110 K=1,3 T T T T
0004bL1Y SUFA(J.K)=AM(J,K)
B INYS 110 CONTINUF
JOOWLSY CALL MATINV(SURA,SUBANY,BMT,BMTT ,EMT,TRI,TRAN,3)
0094EL 00 127 J=1,4
000463 0N 120 X=1,4
104664 IF(JeLE3.AND.K.LE.3)GO TO 13¢C
0310474 ATINV(JX)=0oC
070476 GO TO 120
09476 136 ATNV (J,K)=SUBANV (J,XK)
2090503 129 CONTINUE
000507 AINV(L.L)=1.0
093511 T PRINTY EQeT T~ T T ¢ T T T o
NN0514 PRINT S804 ((AINV (L yd) oJd=144),1=1,%)
C
c 9-MATRIX COEFFICIEMTS(SPEED INDEPENDENT)
C
013532 NN 14) J=t.b
09052y DO 140 K=1,4
090535 ARM(JeK)=0,0
000549 140 CONTINUE
020543 RM(3,3)=-CPF-CPR
000546 BM(3,4)=EACH*G-EKPF=-EKP®
030552 8M (44 3)=1.J
c
c E-MATRIX COFFFICJENTS(SPEED IMDOEPENDENT)
c
*00553 0N 150 J=1,2
ynscesg N0 15) K=t.4
03555 FE(J K)=Col
010561 159 COMNTIMUF

gy



GOLETA FORTRAN 1,3 * SEMI-AUTO RFL * (01-117-73)
' n03564 EE(1,1)=1.0
10566 EE(1,2)=1.0
000587 EE(2,1)=EL e e
000€70 EF(2,2)=-13
090572 EE(3,1)=-H+EL*EPSLN
.000575 _.EE(3,2)=-H-B%EPSLN __ -
000577 PRINT 4904 ((EE(T4J)9J=1,2) 4I=1,4)
c
. .G ___ SPEED LOOP e e e
i c
000614 DO 370 JSPD=1,NSPD
g00616 _  _ _JoeL=e o _
" 000617 T1=TM
000621 0O 165 J=1,4
000622 _  _ Yuth=vwy
000624 165 CONTINUE
000626 X00T=SPEEN(JS2D)
900530 PRINT 673,X0N0T
| ¢ 023, X00T
; c SPFEN DEPENDFNT COMPUTATIONS
f .. .C e s e e e o e e
( 0023635 FA=FACOEF*XDCT**2
i 00064 ZF=THETA*EM*G~-FA®HA/EL L
| 000645 ZREEMRG=ZF
| 090647 CAFZF=CAF*ZF
! 000653 CAR7?9=CAR®ZR
§ 10552 ENRTYR=ENQTY/Q#*?2
| .105553 PRINT 611y 2F 2R
: c
o A=-MATRIX COEFFICTIENTS(SPEED DEPEMDENT)
C
C005654 QM (1,2)==XDOT*(EM+ENRTYR)
5 000657 R4(2,1)=XJ0T*ENRTYR
| 000673 AM(2,4)=FA® (CH+H=HA)
F 000FR7% BM(3,2)==XDOT*ECH
000678 PRINT 20
090792 PRINT 580, ((BM(I,J)4J=1,4),I=1,4)
c
c D-MATQIX COEFFICIENTS(SPEED DEPENDENT)
c
| 003729 N 173 J=1, 4
f 070722 N0 179 K=1,2
‘ c13723 0N(J,KI=0,2
039725 170 CONTINUE
000731 0N(1,1)==CAFZF/X00T
, 0397733 OD(1,2)=-CAF2F*EL/XDOT
f 070735 CN(2,11=-CARZ/XDOT
? 2107237 DN (2,2)=CARZR*R/XDOT
c
c COMPUTE C=-MATRIX
c
- tg761 CALL MATHOY(FE,DD,EDy4,244)
745 0O 190 J=1,4&
019747 N0 189 K=1,4
000759 QED(JoKI=3H(JyK) +E0(JyK)

R

C-153
HYSIM




.. e e e e T Y
GNLEYA FORTRAN 1,3 ® SEMI-AUTO RFL * (01-10-73) HYSIM |
!
00757 189 CONTINUE
. .0a763 CALL MATMPY (AINV BED 4Cols oo olks)
oun’s7 o ___ _PAINT 630 e _
090773 PRINT 5RO, ((C(Iyd) od=1o4)I=1,4)
c
_ C _ F=MATRIX COEFFICIENTS(SPEED DEPENOENT) e
c
. 001011 F(1)=CAFZF
01013 F21=0,0_ _ . _ . - R
c COMPUTE GG=-MATRIX
c
Tod1014 CALLU MATMPY (EELFoEF Gqe2,1) -
001029 FRINT 491, (EF(J) ,d=1,4)
001632 CALL MATMPY (ATNV,EF,GGololst) o
0010736 TPRINT 492, (GG (I L d=1, u)' T
001059 NN 160 J=i.%
001052 GG(JI=6G(J) *QELTA o )
001954 ~ 163 COMTINUE T, T
001056 PRINT 492,(GG(J) 4J=1,4)
c
T T T 76 T TTUPRINTY HEAOINGS T T - T ) -
C
| 001067 __ PRINT 64§ o .
| c e e
| ) c INTEGRATE EGUATIONS
c
| ug1973 ‘ XKPSTEP=1 -
| 001074 00 203 KSTEP=1,NSTZPS
‘ 031078 CALL °XTTA1(Y1,K1,T1,4L)
l 071101 " IF(KSSTFP.NF.KSTEPYGD TO 210~
ﬁ 001103 ACCLAT=XNOT*Y1(2)+K1(1)
g 091115 CPRINT 650,T1,(Y1(J)yJ=1,4),ACCLAT
= 001124 KPSTEP=KPSTEF+NPSTEP
001126 210 CALL RXTTA2(Y1,K1,0ELT,T1,4)
001132 209 CONTINUE , L
001135 ° 300 CONTINUE ~~—~—~~ — 77— "—Tmr omerom o oTmr e
| 091137 350 CONTINUE
; 001142 SToP
; 0011064 L03 FOOMAT(7F10.4)
301144 L10 FORMAT(2I13)
031144 498 FNMAT (1H , L14)
001144 499 FORMATI(1H , 105164.5)
00114k 490 FORMAT(LIH ,*EE-MATRIX*/B8E14.H)
00114% 491 FORMAT(1H , ®*EF-MATRIX*/8Ei1L.8)
001144% 492 FOPMAT(1H ,*GG-1ATRIX*/B8E14.56)
0012064 500 FORMAT(1H1,*VEHICLE CHARACTERISTICS®*)
07114% €05 FNOMAT(L1H3, *Y-YECTOR®)
001144 507 FORMAT(1H-, *FRAME®*)
001144 510 FORMAT(1HO 48X *MASS* 39X,y *X-INERTIA®,7Xy*Y-INERTIA®,7X,*2Z~INERTIJ
, 16¥%,%X=-Z PROOUCT®)
114y 520 FORMAT(IH ,8€16.6) - -
J1144 S30 FORMAT(1H],*GECHFTRY*//6X,*WHEELBASE® 46X4*FR. AXLE CG*,6X, *RC H¢
LHT*,5X,%(CG - PC) HT.*,3X,*THETA®*,11X,*EPSLN®*)
001144 €43 FORMATI(1HO,5X,*dKL., RWMD.*,4X,*CG - AERO. LOAD*,5X,*C0O AREA®,9X,"
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GOLETA FORTRAN 1.3 ® SFMI-AUTO RFL ®* (01-10-~73) HYSIM

001144

001144

001144
001144
00114y
001144
001144

001144

001144
001144

‘580 FORMAT(IH ,4WELL.8) -

610 FORMAT(LR ,%ZF =%,E10.6,5X %2R ="4Eib.6)

1LTA*)

559 FORMAT(1HO, *SUSPENSION*//10X,*ROLL DAMPING*,23X,*ROLL STIFFNESS

60 deﬁhrtxﬂn,'rr?e PQOPFRTIES'//QX , *LATERAL FORCE*,19X,*RELAXATIO
1ENGTH*/8X, *FRONT*,12X,*REAR®,11X,*FRONT*,12X, *REAR®*)

S70 FORMAT(1HJ,®A-MATRIX*) e

590 FORMAT(1HO,*A-INVERSE MATRIX*)

600 SORMAT(LH=-G*SPEED =*,E1L4.5) e

620 FORMAT(1MO, *8-MATRIX*)

630 FOOMAT(LHY,»C-MATRIX®) ___

640 FORMAT (1HC, 3IX,*TIME*,6X, *Y1D0T*
16X ,*LAT, ACC.*)

650 FORMAT(1H ,EB8.2,10E12.4)

eng o et IREASLA e e i et ———

DOT *,7X 4 *PHI

Nl
b4
-
*,
e
(%]
b4
al
per]
-
g
x|
- !
¥
’°l
Hl
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c-lse
(}.[' ' l[ ]) ‘
GOLETA FORTRAN 1,3 * SEMI-AUTO RFL * (01-10-773) u” hg./
4 /l ‘
SURBROUTINE MATINVI(ALATEMF,B,BTEMP,E, TRI, TRAN; 1) ,
c MATIMY DFTERMINES THE INVERSE OF A REAL MATRIX i
o __..C____ aTEMP IS THE INVERSE CF THE INPUT MATRIX A.
000013 QF AL AUMI M) JATENF (My™M) 4B (Mg M) o BTEMP(H, M) f TRI(IMy M) o TRAN(M, M), |
1E(M,M)
000013~ N=¢ e
c STORPE THE ICENTYITY MATRIX
000314 00 20 I=1,N
000036 _ D00 20 JEt.N_ _ s
gooo17 1IF(I.EQ.J)G60 TO 10 ;
000029 E(I,J)=C.
go0gd24 GO _TO _2C — e e - ———— e
000025 10 €(I,J)=1.
0009213 20 CONTINUE
C e
TOTTTET UUTINITYAUIZE TRANSFORMED AND TRANSFORMATION MATRICES
c
000040 CALL TIDENT(TRI,A,N) _ _
000043 CALL IDENT(TRAN,E,N)
c
R TRANSFORM A-MATRIX TO UPPER TRIANGULAR FORM
c
000051 IMIN=N-1
000053 N0 125 I=1,IMIN . o
' C T T LOCATE NONZERO ELEMENT IM I-TH COLUMN
000060 DO 160 J=I,N
10061 IF{TRI(JsI) «NEL0.)GO TO 113
30265 100 COMTIN' £ ‘
001079 PRINT 500
000074 GO TO 20¢ )
000109 110 NATZRO=J B
030102 CALL IDENT(9,E,N)
099194 a(I,I)=C.
000114 B(NCTZRO,NOTZ20) =0+
€70120 B(NCT7R0,I) =1,
020124 (I ,NOTZR0) =1, L o N L )
c GET MNONZRD FLEMENT IN (I,I) LOCATION) :
090127 CALL MATMPY(B,TAI,ATEMP,N,NyN)
009133 CALL MATMPY (B,TRAN,BTEMP 4N,N,N) o
c GFT ZFROSS IN (I+1,I)=-(N,I) LGCATIONS
09C143 . CALL INENT(B,F,N)
3001514 IPLUS=I+}
006153 NN 120 J=IPLUS,N
00016) BlJ,I)==ATENP (I, I)/ATEMP (I,1)
010173 120 CONTINUE L
000175 | GALL MATMPY (B,ATEMP,TRI, M, N, M)
270291 125 CALL MATMPY(B,BTEMP,TRAN,N,N,N)
c
c TRANSFORM A=-MATRIX TO DOIAGONAL FORM
c
c CHECX DIAGONAL ELEHMENTS _
0217 N0 139 I=g,M T
.n221 IF(TRI(ILI) «ER.J)GO TN 143J
003225 139 CONTIMUE e
002719 en TA 150 UikiINAL PAGE IS :

C 1 POOR QUALITY
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GOLETA FORTRAN 1.3 * SEMI-AUTO RFL * (01-10-73) MATINV |
|
000232 140 WRITE(6,500) ’ ?
9002 34 GO TO 200 i
0002u0 150 00 170 I=1,IMIN ) ~ i {
C GET ZEROFS IN UPPER TRIANGLE q
) 000242 NMI=N-1
000244 CALL IDENT(8,E,N) _ . A
“g002ve T 00 160 J=1,NNMI
) 000253 BRIJyN#1=T)==TRT(JyN+1=1) /TRI(N+L =T ,N+1-T)
000274 _ 160 _CONTINUE o )
000277 ~ T TCAUL MATHPY(B,TRI,ATEMP, N,N,N)
000303 CALL MATMPY (B,TRAN,BTEMP ,NyN,N)
000313 CALL IDENT(TRI,ATEMP,N) e .
030321 {79 CALL I0ENTUTREN,BTEMP,N)
c
c NORMALIZE THE OIAGONAL ELEMENTS
— g e _UIPGURAL ELEAENIS .. - —_
000335 CALL INENT(B,E,N)
009337 N0 180 J=t,N )
03034, 777 8(JdydV=t/7TRItY, N~
000354 180 CONTINUE
000356 CALL MATMPY (8, TRAN,ATEMP +N,N,N) _ .
000363 TTROGTRETURN T R T oTmTm T T
003364 500 FORMAT(1HD,18HMATRIX IS SINGULAR)
030364 ENN i

T e TR T T O T T T R e R T T e
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GOLFETA FORTRAN 1.3 ®* SCMI-AUTO RFL * (01-10-73)

SUSFNOUYTINE ICENT(4,8,N)

X3

IDENT EGUATES MATRICES _

000076 REAL A(MIN) ,BINyN)
0ogoo6 __ _ 09 10 I=1,N __ e e
000007 N0 19" J=1,N
000010 B(I,J)=RLL4d)
000017 10 CONTINUE e -
000922 RETURN
000022 END
URIGINAL PAGE 18
I POOR QUALITY- --
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GOLETA FORTRAN 1.3 * SEMI-AUTO RFL * (01-10-73)
SUBROUTINE *ATMPY(A,B,Cy NRA,NCANRB,MCB)
c
....... C MATMPY MULTIPLIES MATRICES e
c
000011 QEAL A(MRA,NCANRE),B(NCANRB,NCB),C (NRA,NCB)
000011 D0 10 J=1,NRA . . o
000012 N0 10 K=1,NCB
030013 C(J,K)=0,
. 000017 _...DO_18 I=1,NCANRB _ _ e
000023 ClJUyX)I=ClJIyK)*A(Jy I)*B(I,K)
000035 10 CONTINUE
000044 ~ RETURN . . .
000044 END




S T e T T TR T T T T

w3007

000019

000011

- ———

- - — o ————— s 05 © ——— — —— —— — o ————— o vo———————r" [
- - - e = e e b e—— e —— i —— . - - - - - -

RETURN
END

CALL DERIVIY1,EK1,T,N)

‘e - ——— -

{
i T ) Cc-160
' GOLETA FCPTRBN 1.3 * SEMI-AUTO RFL * (01-10-73)
SUGROUTINE RKTTAL(Y1 ,EKL,TyN) ?
10007 REAL Y1(20) 4EX1(20) |

om a————t .
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GOLETA FORTRAN 1.3 ® SEMI-AUTO RFL * (31-10-73) !
SUBSOUTINE RKTTAZ2(Y1,EKL1,0ELT, 4N}
c J
. . C_ _°KTTA2 USES RUNGE=-XUTTA TECHNIQUE FOR NUMERICAL 'INTEGRATION
c :
020010 REAL Y1(50),Y2(50),YTEMP(50)4EK1(50) EK2(50) +EK3I(50) 4EKL(50)
009010 00 S59J=1,N L R . .
000011 YTEMP(II=Y1 (J)+0ELT EKI(J) 72,
000017 S0 CONTIMNUE
_090022 _ TT=T¢0ELT/2. L -
; 000924 CALL DFRIV(YTEMFEK2,TT4N) ;
000027 00 60J=1,N
000034 ___ YTEMP(J)=Y1(J)+DELT*EK2(J)/2. o
00C0L1 60 CONTIMUE
000045 CALL DERIV(YTEMP,EK3,TT,N)
000950 00 70J=1,N L i
000855 TYTEME(II =YL (J) +0ELT*EK3(J)
000061 70 COMTINUE
} 000064 . . Y=TeneELT e .-
| 000065 CALL OERIVIYTEMP JEXL,T4N) ;
E 000070 N0 89J=1,N
f 000075 Y1 (J)ITYL(J)#(EKL(J) +2.*(EK2(J) +EKI(JII+EKL(J) ) *(DELT/B.)
| 600107, 80 CONTINUE
| 000111 RETURN
| 090112 650 FORMAT(1H ,8E14e&)
r 030112 ENG
\
f
|
%
|
]

c T T T T e T
[
.

INAL P AGE IS
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GOLETA FORTRAN 1.3 * SEMI-BUTO RFL * (01-10-73)

SUBROUTINE DERIV(Y(KyT,N)
- C __ _DERIV_SETS UP K=-MATRIX FOR USE_IN INTEGRATION ROUTINE __

000007 COMMON C(lyb),GG (%)
000907 REAL Y(10),K(10)

000007 TTTT00 10 I=1.4
000010 (I)=GG(I)
ooeorz DO 10 J=i,6 e e
000014 K(T =k (I)+C(1,J)4Y(J)
000022 10 CONTINUE

000026 PZ TURN

SR TY CF f S— Eiio -~ .- e e e e em e s

———— . ——— - —— i ot - .- - - —— e ——— —— b —
-— — —— . o — - - - —— ——————— = S S —— “—  —— —— o o ——— ———— s S0 o — — — e mm——

et et ke

e e
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10-35929°9
18-32929°9
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PALNMETERS - ,
EownTlon |PROGRA m UNTTS ODESCARIPTION
NOASE - NumBeL ofF (Ass:=
NSPD — Num BeR ¢F SPEEDS
sreep ()| Misee | srEeDs
m, Em KG. /MASS OF VEHICLE
I, ENRT X KG- m# MOMENTS OF INERTIN W1TH ReSPeECT
I, ENRTY kG m? T XY AND T ALES
I, ENRTZ AG-m =
.. lcxz Ke-m2 | PRobuet oF INERTIA WITH FESPECT T0 X +Z AXEs
Z, ELL 1 WHEEL BASE LENGTH
£ EL m LENGTH FRONT AULE To CENTEL OF GEAVTTY
h, H m RotL CENTER HEIGHT
Ah, CH m (CENTEL OF GRAVITY = Lot CENTER) HEIGHT
e THETA — FRACTION WT. ON FRONT WHEEL Ly STATIC CONDITIN
€ EPSLN PAD INCLINATION OF RoLL ARXIS
R R . WHEEL RADI US
ha HA m AERDDYNAMIC CENTER OF EFFORT
¢GA | ¢oA — DRAG CoSFFIQIENT + FRPONTAL NPER
4 DELTA RAD STEER ANGLE
Cos aPF i N/eap | RoLL DAMPING - FEONT ((ogFFICTENT)
Cor APk i NJpaL | TRott DAMPINCG - FENLC (CoeFEICIENT)
Kpe €KPR  N/LAD | “Rote STTFENESS- FRONT (Cos FFLCIENT)
Kor EKPE jeac | RoLL STTFFNEss- REAR (CoEFFICTENT)
Cas CAF | N/ReD LATELAL FORAE - FRPONT(Cre FETCTENT)
Cur | CAR ! NIKARD LATELNL FoR2E - REAR (CocFFICIENT)
3 | SIGMAF: /i RELAY ATZION LENETH =~ FRan7
Py SIGMAR N RELALATION LENGTH = FEAL

Y\YA.L, i)AGE IS
TUTALITY

R
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HY556C
_ YARIASLES UNITZ DESLRIMT L EN
EQURTION [PROGLAN.
b B m S11-EL (sec list 710 pud TEERERERTY )
BeD(3,4)| - Bm-mAaTRYY + ED-MATELY
BeDINV(44) — INVELSE OF BED- MATLIY
Bm(s4)| - COEFFICIENT MATLIY
amT (4,4) - {/771,’7?10?5 usep IN mmeiy INVERSTON
BmTT(44) — RouTINE
CZ, |CAFZF N/RAD C, *Z,
C.-Z. | CARzZE | NféaD | C.. *2Z.
oo(24) - CPrEEFLOLENT MATLIY
£0(4,4) - ES-MATRLY % DD- mA1 R/
eF(¢) - ZE-MATRIY ¥ F-MATRIX
ee (4,2) - COEFFICIENT MAILLY
Em7(4-,4) - MATRIY USED 2N MATLIY I NVEK S1ON Lewr] K
M.Ah, | Emcr - /MASS ¥ (CENTER GRAVITY = LoLL CENTE £ HEIGH:
ENRTOE | KG-m? | ROTATILONAL INERTIA OF (WHEELS
F(=2) - IPEFT 20 ENT /NN LY
£ EA - FALOEF ¥ SPEED
0.612aC, A | FACDEF - 0.612% DRAG COEFFICTIENT ¥ FRONTAL REER
g i - Njgep | G-
! ' ?‘f:/?/\(i,’,-{) - MATLT OF s USST TN e gay INVERST oN
| g (44) | — ROWT I N
X, X057 Mfses | VEHICLE SPEED FOE SPFca FLEL SPEED ook
| ) — BEDINV-MATLIY + EF-MATLIY
' v1(1s) ~ Y-mA1L1IY [ DELTA
Z; zs KG. LATELAL LOAD ON FRONT TIRES
Z,_ 43 KG. LATERAL LOAD ON KEAR TIKES
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START

DEFINE
VARIABLES

SPEED(Y),
J= 1, ¥SPD

1y

JeRSE €1 | 4

NCASE

‘ STOP }

It

HEADINGS

—1

/
VEHICLE
CHARACTELISTITS

VEHICLE

ALACTELTS -
Cﬂn_&fi

—1

PRELIMINARY
2omMPUTATLIONS

CommPare Bm-
MATRLY COEF-

FLOLENTS (5PEed
INDEREN DENT)

ComPure EE€E-
MATRIY CoEF -
FICTENTS (SPecD]

INDEPENDE Nr!

HYsS6

|

((ec (z,3),

J=14, 3)

JsPo& L | 1

NSPO

-®

)

SPEED (TSPD)

SPEED
OEPENDENT
COMPUTATIONS

M
. ComPureE
8m-mATRI Y

COEFFICTIENTS
SPEED DEPENDEN

M

((8m(T,7),

J=1,4
I"I‘l’ ):

—1

compuré

e

DD-mMATRIY

COEFFLCIENTS
(SPESD DEPENTENT)

.

/&E,ao,eo, 4,/
=, 4

———

J&
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5 3 i
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4
-
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BED(3,K) =
Bmi3, k)+ en(TX)

=
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I=,

ComPuTE
F-MATRIV
Qe FFX CQIENTS

(spssb DerEnCENT)

il

-
maAaTmpy \

<3 |

Y1(3),J=1,4

i
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GOLETA FOITAN 1.3 ® SEMI-AUTO FFL * (01-10-73)

000903

000003
000083

000003

000003

goocts

000025

e
c

iOOO

c
c

000003

(o]

i
iaoao

gddc30

030033

ng0037

03N72€5

000135

200131
00013¢
303153
600157
030177
003233
6217
020223
000237
0310243

0219257
0902¢1
n00263

1285

o Q0o

HeXel QOO0

OO0

"CASE LooPr

90 350 JCASE=1,NCASE _

TTPRINT 500

TO9RINT 510

PROGRANM HYSSG
NFFINE _VARIABLES

RFAL AM(L L) 4SEDINV (Lyt)

RFAL EF(4,2),00(2,4),F (2),ED(Lyk) gﬂflﬁl&ﬁng£ﬁlﬁL______“_~
T REAL RMT(LTE) S BMTT (4 b) o EMT(Ly4) y TRITay &) 4 TRAN (4 y &)

REAL SPEED(12)
REAL Yf10),v1(10)

a
I

READ INPUT

— —— — ——— . —— ——— <+ P— - — ———— - ® —w s

TREAD 410, NCASE,NSPD
RFEAD LGCL,(SFEED(J), J=1,NSPO)

PRINT HEADINGS

PRINT 507
IMFUT MASS FROPERTIES
READ LICHEMLENRTXLEMRTY, ENRTZ,CXZ

IMPUT GECHMETRICAL FROCERTICS
RFAD 40C,SL1,FLyFosCHyTHE TA,FPSLN,3XyHA,CDA,DELTA

TIRE DROFERTIES
OEAD L20,CPF,CPRGCKPFLEKFR,CAF,CARySIGMAF,SIGMAR

PRINT VFHICLE CHARACTERISTICS

PRAINT S20,EVM,ENRTXL,ENRTY ,ENRTZ,CXZ
PRINT £32

PRINT S20,SL1,ZLyHeCHyTHETALEPSLN
PPINT 549

PRINT Z234R4.HA,CDA,DELTA

PRINT 55¢C

BRINT Z20,CFF,CPR,EKPF JEXKPR

PRINT 560

PRINT 3521,C0F,CAF,SIG“AF,SIGMAR

PRTLIMINARY CCMPUTATIONS
A=EL1=FL
FACCEF=0.612%CNA

6=9.937

EMCH=E“*CH

B-“AT2IX COEFFICIENTS(SPEEC INDEPENDENT)




R

L

A

GNLETA

.00267

000270 - _
000271

000274
000277
000302
900316

- - a—

000307

000311
000312
070315
000329
000322
090323

000324

00032¢
000332

000333

n098359
30352
013354

000361
039364
000371
000373
003374
000376
000601

032419
000413
000414
000421
googu22
990420

ELFT:

19645
_ACLL7
009451
003455

S . - o c-171

FORTRAN 1.3 * SEMI-AUTN RFL * (01-10-73) HYSSG

00 1L0 J=1,4
00 140 K=1,4
BHIJKI=0.0
140 CONTINUE
BM(3,3)==CPF~-CPR e e
T T T BN Y EENCH R G-ERPF=-EKPR T T T
BM(4,3)=1.0

- —

C )
TCTTTT T E-MATRIX COEFFICIENTSI(SPEED INDEPENDENT)
c
00 150 J=1,2
00 150 K={,4
EE(JyK)I=0.0

150 CONTINUE
T TEELIGINELL 0
EE(1,2)=1.0
EE(2,1)=FL
EE(2,2)==3
EE(341)==H¢EL®EPSLN
EE(342)==H=-B*EPSLN . o
PRINT 490, ((EETILVJUN,J=1,2),I=1,06)"

- - c—— - —— et me cemm = m———— . .-

SPEED LGOP

(e NeNe!

09 300 JSPND=1,NSPD
XNNT=SPEED(JSPN)
PRINT ADN,XDOT

SPEEN NEPENDENT COMPUTATIONS

OO0

FA=FACOFF*XCCT**?2
JF=THFETA®EM*C=-FA*HA/EL L
IR=EM*G-2F o ’
CAFZF=CAF*2F
CARZP=CAR*ZR
EMRTYR=FNRTY/R*%2 ~
PRINT R10, ZF,ZR

i e e e mem——— - —

9-41ATIX COEFFICIENTS(SPEED DEPENDENT)

3300

GM(142)==XNCT*(EM+ENRTYR)
BM(2,1)=XNOT*ENRTYR XORS
GML2,4) =FA® (CH+H=HA) ORKHNAJ‘gEALUI
BM(3,2)==XDOT*E4CH OF POOR QY
PRINT K27

PRINT ER0, ( 'BM(I 4J) s Jd=1,y4) 'I=1'l’)

D-MATRIX COEFFICIENTS(SPEED OEPENDJENT)

(e XeNe!

00 179 J=1,4
70 173 K=1,2
oNtJ.K1=0.3

170 CONTINUE
ON(1,1)==CAFZF/X00T

e e



Cc-172
GOLETA FORTRAN 1.3 ® SFMI-AUTO RFL * (01-10-73) HYSSG
‘00457 NNI1,2)==CAFZF*EL/XDOT
00LEL DD(2,1)==-CARZR/X00T
0094E3 _0ON(2,2)=CAR2ZR*B/XD0OT L B .
c
c COMFUTE BEDINV MATRIX
c — .
00¢465 - CALL MATMPY (EE,DDSEDsbe2 o4)
000471 00 180 J=1,4
000473 DO 180 K=1,4 e _
090474 BED(JIK)=AM (J,K) +EDTI LK)
000503 180 CONTINUE
000507 __CALL MATTINV(BED,BEDINV,BMT,BMTT,EMT, TRI, TRAN, &) o
. 098516 PRINT 5090
000522 ORINT 580, ((BEDIANV(I,J)eJd=1sb) ,I=21,0)
c
T T TTC T T F=MATRIX COEFFICIENTS(SPEED OEFENDENT)
c
| 000540 F(1)=CAFZF L o i )
, 000542 F(2)1=0.0
c
E oG _  COMFUTE Y-MATRIX e e e e e e e
[
| 000543 CALL MATMPY (EEoF yEF gty 2y 1)
| 000547 PRINT LOL,(EF(J)4Jd=tyty
| 000551 No 190 J=1,%
; n00563 EF(J)=EF(J) *0ELTA
| 10585 20 197 K=1,4
; uni1567 PEDINV(J, %) ==REDINV (J,K)
E 000572 190 CONTINUE
03857¢% caLL “ATHPY(RFDIP\V'EF Yolbolboel) _
[ 870601 N0 200 J=1.4
g 0170503 Y1(J)=Y(J)/CSLTA
| 009606 200 CONTINUE
f 030607 PRIMT H4%
000613 PRAINT 8%5. 1Y1(J)4Jd=1,06)
000625 303 CONTINU- e
100639 359 CANTINUY
i 000632 STOP
COCE 34 LOO FORMAT(7F L0, ¢, B
0002 34 410 FNRMAT(2I1C) .
| 000634 430 FORMAT(LHG 4 *EE-MATRALX*,2 (/LF14,6)) - (GINAL PAGE In
; 07CE 24 L91 FORMAT(1HG, *FF=MATRIX*/2(4E14.5) 0. POOR QUALITY
070534 €90 FORMAT(1H1,*VEHICLE CHARACTERISTICS®)
070634 5907 FORMAT(1H=-, *FRAME*)
091634 517 FORIMAT(1HI, BX o *MASS*, 93X, *X=-INERTIA* 47Xy *Y=INERTIA*,7X,*Z-INERTI
; 16X ,*X=7 PIIOUCT*)
| 0096 34 529 FORMAT(1H ,9€16.6)
000534 53) FORMAT(1H], *GEOMETRY*//6 X, *KHEELBASE®,6X,*FR. AXLE CG*,6X,*RC M
LHT* ,5X ,*(CG = RC) HT.*,8X,*THETA*,11X,*EPSLN*)
000634 E40 FORMAT(1HO ¢S5Xe*HWFLe RAD.*oL4X,*C6 = AERO. LOAD*,5X,*CD AREA*,6X,
1EER ANGLE™®) , ,
T N 0h34 550 FORMAT(1H]I, *SUSPENSION®*//10X,*ROLL DAMPING*,23X,*R0LL STIFFNESS
LXy *FROMT*, 12X, *REAR* L 11X y*FRONT*, 12X, *REAR*)
070634 €60 FOIMAT(1HO0,*TIRE PROPERTIES*//9X,*LATERAL FOQCE‘.&QX.‘RELAXATIC

e

LENGTH®*/8X, *FRONT*, 12X, *REAR®* 11X, *FRONT* ,12X,*REAR*)
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GOLETA FORTRAN 1.3 ® SFM[-AUTO RFL * (01-10-73) HYSSG !
N906 34 580 FORMAT(IH ,4YE1k+6)
006 34 590 FOYMAT(1HO,*BED-INVERSE MATRIX®)
_ 000634 =~ 600 FORMAT(1H-,°*SPEED =%,E14.6) L
0006735 610 FOIMATIIH , 82F =#,E14.58,5X,%2R =% ,E14.6)
0706 34 620 FOOMAT{1H3,*B-MATRIX®)
000634 64O FORMAT(1HO,4X,*Y100T*,7X ,*PSIDGT®,6X,*PHI0OT*,7X s *PHI®)
000634 650 FORMAT(LIH ,10EL2.%) 1
000634 END
, -— - - — ——— ——— e = — - et ——————— - e oaie - -- -— — f
]
E
E
i
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GNLETA FORTPAN 1,3 * SEMI-AUTO FL * (01-10-73)°

SUBRNUTINE MATINV(A,ATEMF,B,BTEMP,E,TRI,TRAN,M)

C MATINV DETERMINES THE INVERSE OF A REAL MATRIX
. c ATEMP IS THE INVERSE _OF THE_INFUT MATRIX A,
0093013 REAL A(MeM) gATEMP (MoM) JB (Mo M) g BTEMPIMyM) 4 TRICM, M), TRAN (M, 4),
1E(M,M)
. 000013 _N=m e e
T TC T STORE THE TOENTITY MATRIX
000014 00 2C I=1,N
00001 DO 29 J=i,N e e - e e
600017 IFt(I.E0.J)GA YO 10
000020 ECI,J)=0.
n.080024 GO TO 20 _ e e e e,
000325 10 E(I, =1,
000033 20 CONTIMUE
c
TTTTT €T O IMITTALIZE TRANSFORMED AND TRANSFORMATION MATRICES
c
000047 CALL ICENTU(TRILA,N) L
000043 GALL IDENT(TRAN,E,N)
C
—. .C_____TRANSFORM A-MATRIX TO UPFER TRIANGULAR FORN
c
£00051 IMIN=N-1
090053 ) no 125 I=1, IMIN L
c LOCATE Nouzrao ELEMENT IN I-TH COLUMN
000063 00 183 J=I,N
30051 IF(TRI(J,I) o NELO.)GO TO 110
un 0968 100 COMTINUE
000079 ERINT €09
000974 GO Tn 209
0001900 110 NDT7P0=J
000102 CALL INENTID,E,N)
009104 B(I,I)=C. )
070114 A(NCT.720,NDT280) =3,
000120  GINCTZRC,I)=1.
000124 R(T,NOTZRO)=1. o o )
c GET NONZRO ELEMENT IN (I,I) LOCATION)
000127 GALL MATMPY (R, TRILATEMP,NoNyN)
003133 CALL MATMPY (RByTRAN,ATEMP yNyNyM)
C GFT ZFROES IN (I+1,I)=-(N,I) LOCATICNS
N9014L3 "CALL TDENT(84F,N)
0991651 IoLUS=T+1
300153 CO 123 J=IPLUS,N
000163 ACJ s IV==ATEMF(Jy 1) Z/ATENP (I,1)
000173 129 CONTINUE
003176 CALL MATMPY (24,ATEMP,TRI+AysNoN)
099201 125 CALL MATMPY (S,BTEMP,TRANyNyNyN)
c
c TRANSFORM A-MATRIX TO OIAGOMAL FCRM
c
c CHECK NIAGOINAL ELEMENTS
10217 00 130 I=1,N C
19221 IF(T2I(TI,I) .€N.0.)G0O TO 140
119225 139 COMTINYF
000233 GN TN 150




GOLETYA FORTRAN

090239
000234
009249

000242
000244

iuLg

15¢

c

goo02ué "

000253
000274

. 000277

000303
000313

P D

0017335
010337

000344

000354
000356

009383

000364

000364

000321

DOO

v ———

"GET 7ZR0ES IN UPPER TRIANGLE

C-175
1.3 * SFMI-0UTO RFL * (01-10-73) MATINV
WRITE(R,500)

GO TO 200

00 179 I=1,IMIN

NMI=N-I
__CALL TINENT(B4EsN)

T 00 160 J=t,NMI T
BUJoN*L=T)=<«TRI(JyN+1=T) /TRI(N+1 =T ,N#+1=-T)

_180 CONTINUE

TT17¢ CALL IDENT(TRAN,BTEMP,N)

— - e m— —— ———  — [ ——

CALL MATNPY (B, TRI, ATEMP, NyN,N)
CALL MATMPY (B,TRAN,BTEMP yNyNyN)
CALL TIDENT(TRI,ATEP,N)

NORMALIZE THE DIAGONAL ELEMENTS
CALL IDENT(B,E,N)
00 180 J=i,N
B(JyJI =1/ TRI(S, )

1A3 CONTINUE

_CALL MATMPY (B+TRANJATEMP,NyNyN)

200 RETURN
501 FORMAT (1H) 1 BHMATRIX IS SINGULAR)

END
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GOLETA FORTRAN 1.3 * SEMI-AUTO RFL * (21-10-73)

000095
_on00gs
000007
000019
300017

elieNe]

SUARNUTINE ICENT(A,B8,M)

INENT_FQUATES MATRICES _ _

- —— = - — b

REAL A(NyN) 4BINyN)
00 19 I=1,N

C-176

10 CONTINUE

00 10 J=1,N
AlI.J)I=B(I,J)

000022 —3gFgoN T T T TTTTTT T weT—t T T -
000022 END
|
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GOLETA FORTRAN 1.3 » SEM[-AUTO RFL * (01-10-73) |
SURRNUTINE ¥A4TMPY(A,B,C,NRA,NCANRB,NCB) i
c 4
————— ._C__ . MATMPY MULTIPLIES MATRICES __ .. . - i
c |
000011 PEAL A(NRA,NCANRA) A(NCANRE,NCB) yC(NRAJNCBE) 5
goootr 00 10 J=1,NRA - e |
000912 5010 K=1,NCB |
009013 C(JyKI=0.
000017  0C 10 I=1,NCANRB
009020 C(IIK)ECTI, K1 +8(d, 1i%B (T 1K)
090035 10 CONTINUE
0ooo0us  _RETURN . - e —_ j
00004b END |
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Cl.5 'Life Cycle Costs

Two changss have been made in LYFECC since its summarization
appeared in the report from Phase I, '"Mission Anhlysis and Per-
formance Specification Studies Report". First, the method of
computing the discount factor now matches (iie one described in
"H.brid Vehicle Potential Assessment Interim Progress Report',
Appendix C, Electric and Hybrid Cost Handbook, R. Left, S. Heller,
Draft #5030-162, Jet Propulsion Laboratory, Pasadena, California.

The second change involves the inclusion of replacement
batteries down payment. This was omitted from operating aad

life cycle costs in the first version of the program.

ORIGINAT

iy o1y,
i 1)‘.)“.,

4 -PA (;E IS
CUALITY




GOLETA FORTRAN 1.3 * SEMI-AUTO RFL * (01-10-73)

- 000003

000003

000003
000007
000815
g0Q023

000025
000027
00037

00001
000043
000NLL
000045
000046
000047

000051
000071
000107
000125
000140
000144
000164
530170

go00206
‘00210
.g0212
000215

‘o000 oo

aoon QOO

aOo0n

(e Xo Ky]

OoO0Oa

PROGRAM LYFECC

IFUEL CAN ECUAL 1 THRU 5 WITH THE FOLLOWING RESULTS _

IF IFUEL=1, PETRCLEUM ANT ELECTRICITY ARE B80TH NOMINAL
IF IFUEL=2, PETROLEUN IS ¢30%

IF IFUEL=3, PETROLEUM IS =-30%

IF TIFUEL=4, ELECTRICITY IS #307%

IF IFUEL=5, ELECTRICITY IS -10%

INTEGER XBR(11)

REAL EKPY(11),RKF(11),TRCKF(11),A0C(5,11),YLCC(5,11),0F(11),
10AOC(11)'DYLCC(5911),VKT(11l.PFCKH(ll)'PFCKN(iil,PFCKP(il)o -
1EFCKM(11), EFCKNTll),EFCKP(ii)oTFCK(Soil).TAOC(S).AOCK(S)-
1TLCC(S5) ,ALCCK(S) ,TOLCC(5),0LCCK(5)

PRINT HEAOING

PRINT S00

READ 4LO0O,NCASE™
READ u4OO,NYEARS
NYRM1=NYEARS -1

DISCOUNT FACTOR

00 1 J=1,NYEARS
OF (JV1=1./7(1e4.02)%%(J=-1)
1 CONTINUE

CASE LOOP

DO 350 JCASE=1,NCASE
TK=8.
BR=0.
DU S J=1,NYEARS
KBR{J)=0

5 CONTINUE

INPUT

READ 410,CV.HV,HB,PHE,PM,POP ~  ~

READ 410,GGPK,GOPK,EKHHPK,BOEM,BRK
READ G410,{VKT(J) yJ=1,NYEARS) yAVKT,EKT
READ 410, (RKF(J) ,J=1,NYEARS) =~
PRINT 510

PRINT 529,CV,HV,HB,PHE,P¥,POP

PRINT 5390
PRINT 520, GGPK, GUPK'EKHHPK’ERK.BOEH

MILEAGE T

FACT=EKT/AVKT

00 10 J=1,NYEARS

EXPY(J)=FACT VKT (J})
10 CONTINUE
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GNLETA FORTRAN 1.3 ® SEMI-AUTO RFL * (01-10-73) LYFECC
c SET BATTERY REPLACEMENT FLAG ~— = 7
c .
000217 00 15 J=1,NYRM1 e
000220~ ' BR=BR+EKPY{ J)
000222 TK=TK+EKPY (J)
000224 IF(BR.LT.BRK)GO TO 15
000227 KBR(J)=1 - T 7
000230 BR=8R-BRK
000231 15 CONTINUE .
000234 ' IF (BR+EKPY ( NYEARSY . LE. BRK-OR-PM.EQ.0.1G0 TO LB
000245 EKPY(NYEARS)=BRK=8R
000247 BR=BRK i o
000247 GO 'To 19 T T T
000250 18 BR=BR¢EKPY({NYEARS)
000253 19 TK=TK+EKPY(NYEARS) o L _
000256 PRINT 533~ =~~~ 7~/
000261 PRINT 534 fﬂqhi\xr PAGH
000265 PRINT 590, (EKPY(J) ,J=1,11),TK ; - PAGE I8
¢ Y S LT e Y e i \)()R-QUA-T-U‘ :
c MAINTENANCE COSTS
c
000301 HEMC=PHE/.746%.003106¢+.111818
000304 CMC=HWV*.000006+.021742
000307 EMMC=PM/.746%.0012L2¢.037273 L
000312 IF(PM.EQ.0)ENMC=0.
000314 BMC=WS*,.000248
100316 FMC=0. o o
J00317 TMCK=HEMC*CMC+EMMC +BMC+F MC
c
c REPAIR COST
c
000324 HERC=PHE/.746%*.00497+.173939
000327 CRC=WV*,.000124+.59015
000332 EMRC=PM/.746%,00124L+.05591
000337 ARC=WV*,00005 L
000341 TRC=(PHE+PM) /. 746%.000808+,.031061
000345 TRCK=HERC+CRC+EMRC+ARC+TRC
000352 DO 20 J=1,NYEARS L
000354 TRCKF(J)-TRCK‘RKF(J) -
000357 20 CONTINUE
c
c FUEL COST o
c
000361 IF(GGPK.EQ.0)GO TO 30 o L
000362 D0 25 J=1,NYEARS ~ oTTTT
000363 PFCKN(J)={20.90¢.7479%(J=1)) *GGPK
000371 PFCKP(J)=(27.17+.9723%*(J-1)) *GGPK
090377 PFCKMUJ)=(14 .63+.5235%*(J-1))*GGPX
000405 EFCKN(J)=(e23¢+.01U8%(J-1))*EKHHPK
000413 EFCKM(J)=(3.81+.C097*(J-1)) *EKWHPK
N004L21 25 EFCKP(J)=(5.50+.014* (J=-1))*EKHHPK =~
10631 G0 TO 36
000432 30 D0 35 J=1,NYEARS
000430 PFCKN(J)=(19.36+.6599* (J-1)) *GOPK -




] TToTTTTT T T T T T C-182
GOLETA FORTRAN 1.3 * SEMI~AUTO RFL * (01-10-73) LYFECC
000442 PFCKP(J)=(25.174.8579%(J~-1))+GOPK
) JO0LSEo PFCKMEJ)I=(13.55¢.4619%(J-1))*GOPK
000656 EFCKN(J)I=(4o234.0108%(J=1))2EKWNHPK _ o
000464 = T T T EFCKMUJY=(3.81+,0097%(J-1))*EKWHPK
; 000472 35 EFCKP(J)=(5.50¢.014%(J~-1)) *EKWHPK
000502 36 PRINT 540 e e
- 600506 " PRINT SSO0,HEMC,CMC,EMMC,8MC, FMC, TMCK o -
; 000526 PRINT 550
000532 PRINT 550,HERC,CRC,EMRCy ARCsTRC,TRCK _
~ 060552 PRINT 570 — h
) . 000556 PRINT 571
' 000562 ___PRINT 572, (PFCKN(J)9J=1,11) e
000574 T PRINT S73,(PFCKP(J) ,JU=1,11)
000606 PRINT 574, (PFCKM(J) 4J=1,11)
000620 PRINT 575, (EFCKN(J) yJ=1,11) B R o
000632 PRINT ‘576, (EFCKP{U),J3=1,11) - T
0006LL PRINT S577,(EFCKM(J) yJ=1,11)
000656 D0 37 J=1,11 . .
; 000660 TFCK(1,J)=PFCKNCJI #EFCKN(J) '
g 000664 TFCX(2,J)=PFCKP (J) +EFCKN (J)
| 000670 TFCK(3,J)=PFCKM(J)+EFCKN{J) L
% 000674 T O TTFCK L, N=PFCKN(JI)Y FEFCKP(J? T
e 000700 37 TFCK(S5,J)=PFCXN(J) +EFCKM (J)
; 000706 PRINT 578 o e
| 000711 PRINT S84, (TFCK(1,J),J=1,11V
| c
c COST LOOP o L
c _ - — . -
i 000724 D0 300 JCOST=1,2
000726 TOCC=0. ) ) _
000727 DOCK=0. - T oo )
000730 00 38 J=1,5
000731 TAGCtJ} =0, i
0007 32 A0CK(J)=0. T Tt -
0007323 TLCC (J) =0, _ I T T T
600734 ALCCKEJI=0. e e e e
000735 TOLCCIg)=0. ~ ~ - T TTTTmom oo e e A 2
000736 38 DLCCK(JY=0.
: c
i c PAYMENTS Tt mmmem e mmmmees s "
| C
§ 000741 PV=CV®2
: 000743 IF(JCOST.EQ.1)PV=7646.+1.25%(CV=-3825..)
000751 PV=PV+PV*,05
000754 AL=PV=-PV*POP )
‘ 000756 AP=(AL+AL* . 065%4.) /74, i -
c
c YEARLY DEPENDENT COST
o . - - -
000761 YOC1=33.+PV*,01+125,
000766 YOC2=33.4PV* _1006+75S.
‘ c 2. - -
c BATTERY REPLACEMENT COST
c
600772 BRC=2.*BOEY ’ o -
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GOLETA FORTRAN 1.3 * SEMI-AUTO RFL * (01-10-73) LYFECC
100774 IF(JCOST.EQ.1)BRC=1.,25%8CEM
00777 BRC=8BRC+BRC*.05
001002 ADPBR=KERC*POP e
001003 ALBR=BRC-ADOPBR -~~~ ~— T~ "7
001005 APBR=(ALBR+ALBR*.065%*3.)/3,
001010 PRINT 585 i
001014 PRINT S8~ ~~—— —~——~-——"~"——— "7~
001020 PRINT 590,BRC,ALBR,APBR,yBR
_ (o
o C ~° ~ "OPERATING COSTS - - -
c
001034 00 39 IFUEL=1,5 i
001036 ~ AOC (IFUEL, 1V=YDCYL T
001040 YOC=YOC1
0010041 00 4B J=2,NYEARS i
001042 IF(J.BE.7)YDC=YDC2™ —  ~— ~—— T T T/
00104E AOC(IFUEL,J)=({TMCK+TRCKF (J) +TFCK(IFUEL+J))/100.*EKPY(J)+YDC
001061 40 CONTINUE ) L ‘
001064 AOC({IFUEL,NYEARS)=AOCtTFUEL,NYEARS)Y-YDC2
001070 IF (NYEARS.LE.6)AOC{IFUEL yNYEARS) =AOC(IFUEL,NYEARS) +Y0C2-YDC1 ;
001076 " 00 50 J=1,NYEARS _ e
001100 ~ " IF (KBR(J).EQ.0)GO TO S0~
001102 L=J+2 |
001104 00 60 K=JyL i
001105 IF(K.GT.NYEARS)GO TO 50"
001110 ADC(IFUEL,J)=A0C(IFUEL,J) +AOPBR
91114 AOC (IFUEL,K)=AOC(IFUELK) +APBR o L
.01120 60 CONTINUE =~ ~~ 7~~~ =77 =T/ 7"
001122 50 TAGC(IFUEL)=TAOC(IFUEL)+AQC(IFUEL,J)
001131 39 AOCK(IFUEL)=TAOC(IFUEL)/TK o
e AULRAFPVELY IR
c DISCOUNTED OPERATING COSTS
c
001135 00 80 J=1,NYEARS )
001137 DAOC (I =A0C (1,J) *OF ()
001143 80 TDOC=TDOC+DAOC(J) L _
001147 DOCK=TBOC7TK ~ Tt/ T et T
c 1
c LIFE CYCLE COSTS COMPONENTS
o - LOSTS LUAFUREN'S . . .- .- —
001151 VSV=.01*PV
001153 BSV=.5*BRC* (1.~-BR/BRK)
c _ SRR
c LIFE CYCLE COSTS
c
001157 00 85 IFUEL=1,5 T T T
001161 YLCCUIFUEL,1)=A0C(IFUEL, 1) +PV*PDP
0011665 YLCCUIFUEL, NYEARS)=AOC(IFUEL NYEARS)-8SV-VSV¥
001174 TLCCUIFUEL) =YLCC(IFUEL,1)+YLCC(IFUEL,NYEARS)
001200 DO 90 J=2,NYRM1
0012901 YLCC(IFUEL, J)=AOC(IFUEL,J)
11206 IF (JeGE.2. AND.J.LE.S)YLCCIIFUELTUI=YLGCC (IFUEL, J) ¢+AP
11222 90 TLCC(IFUEL)=TLCC (IFUEL) *YLCC(IFUEL,J)
001231 ALCCK(IFUEL)=TLCCIIFUEL) /TK '
c Aainl A — - .
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GOLETA FORTRAN 1.3 ® SEMI-AUTO RFL * (01-10-73) LYFECC ;
|
c " DISCOUNTED LIFE CYCLE COSTS f
c .
001234 0O 100 J=1,NYEARS _ - e . !
001235 OYUCCCIFUEL yJI=YLCCC(IFUEL,J) *0OF (J) |
001243 100 TOLCC(IFUEL)=TOLCC(IFUEL)+DYLCCIIFUEL4J) |
001250 OLCCK ITFUEL) =TOLCC(IFUEL) /TK . |
"001252 85 CONTINUE ~— — ~ {
) C ‘
el .G _ourRUY_ . e |
, c
; ¢ 001254 PRINT 535, JCOST !
' 001262 _PRINT 588 e
001286 “PRINT BOY
001272 PRINT 590,( AOC(1,J),J=1,11),TAOC(1), AOCKI(1)
001311 PRINT 595 L ’ _ . N |
001315 PRINT 591 '~ ~ 7
001321 PRINT 590, (DAOC(J) 4J=1,11),TD0OC, DOCK
001337 PRINT 600 s i
001343 PRINT 591
001347 PRINT 590, (YLCC(1,J),J=1,11),TLCC(1) ,ALCCK (1)
001366 00 120 IFUEL=1,5 i - et e
001370 PRINT 610 ,
001373 IF(IFUEL.EQ.1)GO TO 125
001375 IF(IFUEL.EQ.2)PRINT 579 i
091492 IF(IFVEL.EQ.3)PRINT 580
001410 IF(IFJEL.EUHLIPRINT 581
| 701416 IF(IFUEL.EQ.5)PRINT 582 .
; a01424 125 PRINT 591
E 0a1430 120 PRINT 590, (OYLCC(IFUEL 3J) yJ=1,11),TOLCC(IFUEL) ,DLCCKI(IFUEL)
E 0014651 300 CONTINUE L _
! 001453 350 CONTINUE
; 001456 sToP
g 001460 400 FORMAT(7I10) o o
[ 001460 405 FORMAT(1H0,10T4)
. 001460 k10 FORMATI7E10.4)
001460 S00 FORMAT(1H1,*LIFE CYCLE COST ESTIMATION®) L o
001460 510 FORMAT(1HL, *VEHICLE CHARACTERISTICS¥/9X,*COST*,11X,*WEIGHT*,7X
LTTERY WT.*,3X,*HEAT ENG. RATING*,1X,*ELEC. MOTOR RATING*,2X,*X%
| 1N*) ..
| 001460 520 FORMAT(1IH ,8E16.6)  ~~~ = ™~
, 001460 530 FORMAT(LH ,5X,*GAS LT/KM®*,6X,*0IESEL LT/ KM®*,8X,*KWH/KM*, 4X,*3A
| 1Y REPLACE/KM*,4X,*EB0EM*®)
| 0014EQ 523 FORMAT(1HO ,*ANNUAL MILEACE®*) ™
001460 53k FORMAT(1H o GXo*YEAR J%,4Xs*YEAR 1®%,UX,*YEAR 2% ,4 X4 *YEAR 3% ,4X,
1R L% ,6X,*YEAR 5% 4Xs*YEAR 6% 44X, *YEAR 7% ,LX,*YEAR £€%,4X, *YEAR
i 1Xy *YEAR 10% ,4X,*TOTAL®Y ~~ '~ "~ — =7~
| 001460 535 FORMAT(1HO0, *COST CASE=*,12)
; 0014EQ S4LO FORMAT(1H0, *MILEAGE DEPENDENT COSTS(CENTS/KM) */2X ,*MAINTENANCE
| 15X 4 *HEAT ENGINE® y7Xo*CHASSIS*47X,*ELEC. MOTOR*,7X,*BATTERY *, 9X
1YHHEEL®* 306X 4 *TOTAL*)
001460 550 FORMAT(1H ,8F15.4) ) )
No1L60 560 FORMAT(L1H o 1X, *REPAIR*/5X,*HEAT ENGINE®,7X,*CHASSIS®*,7X, *ELEC.
10R® ;65X ,* ACCESSORIES® 45X *TRANSMISSION®, L X, *TOTAL®)
001460 570 FORMAT(LH ,1X,*FUEL®)
001460 S71 FORMAT(1H# 17X *YEAR 0%, 4Xo*YEAR 1%,4Xs*YEAR 2%,LX,*YEAR 3%,LX

h‘ e .

LI
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GOLETA FORTRAN 1.3 ® SEMI-AUTO RFL ® (01-10-73) LYFECC

1AR U2, UX,*YEAR 5%,4LX,*YEAR 6% ,4X,*YEAR 7*,4X,*YEAR B*,LX,"YEAR
13X,*YEAR 10%)

0014€0 572 FORMAT(1H , *PETRO(NOMIN) *,1Xs12F 10.4) L — |
T 001460 ‘573 FORMAT(LIH 5 *PETRO(+30%Z1%,2X,12F10.4) |
001460 S74L FORMAT(1H ,*PETRO(=30%Z)*, 2X,12F10.4)
001460 575 FORMAT(1H L *ELECT(NOMIN) *,1X,12F 10.4) L
001468 = 575 FORMAT(LH L *ELECT(#+307)% ,2X,12F10.0)
001460 577 FORMAT(IH ,*ELECT(-10%)*, 2X,12F10.4)
001460 578 FORMAT(1H ,*TOTAL®). _ .
001460 ' S79 FORMAT(LH#,27X,*(PETROLEUM +30%Z)*)
001460 580 FORMAT(1H¢,27X,* (PETROLEUM -30%)*)
001460 581 FORMAF(1H®,27X,* (ELECTRICITY +307%)*) L
001460 582 FORMAT(1H#* 27X, ¥ (ELECTRICITY -107)*%)
001460 584 FORMAT(1H#,13%X,12F10.4)
001460 585 FORMAT(1HO,*BATTERY REPLACEMENT*) I
001469 586 FORMAT(1H &, 3X,*BR COST*, 3X,%8R LOAN*,2X,*BR PAYMT*,1iX, *MILEAGE-
1T BATTERY SET®)
001460 588 FORMAT(1H , ®ANNUAL OPERATING COSTS*) L B
001460 589 FORMAT (1H ,11F10 4y T
031460 590 FORMAT(1H ,12F10.2,F10.5)
001460 591 FORMATULH LXs*YEAR 0% y4Xy*YEAR 1%,4Xs*YEAR 2% JLX4*YEAR 3% ,4X,*
o IR U4* JLX,*YEAR S¥FLX, *YEAR B¥,LX, *YEAR 7%, 4X,*YEAR 8% ,4X,*YEAR ¢
1Xs*YEAR 10%,4X,*TOTAL*,5X,*PER KM*)
001460 595 FORMAT(1HO,*DISCOUNTED ANNUAL OPERATING COSTS*)
001460 600 FORMAT(LHO, *LIFE CYCLE COSTS®)Y ~— =~
001460 610 FORMAT(1HO,*DISCOUNTED LIFE CYCLE COSTS*)
01460 END o N
i g e e
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ENERGY AND MATERIALS - CURRENT MODEL AUTOMOBILES

Materials Composition

Excellent agreement has been obtained among the several recent studies
which describe the materials composition of modern automobiles. (1-5)
compositions of ferrous metals, aluminum alloys, copper and copper alloys,

zinc, glass, rubber, and plastics are changing slowly due to the gradual

substitution of lighter materials. In any given year, however, the mass fraction

of each particular material appears to be reasonably constant over a range of
car weights.

Table I shows the estimated weight breakdown for automobiles as estimated
by a 1975 study. (2) The same table gives the author's estimate for 1979
moqgl cars, in the form of a rounded-off interpolation. * These estimated

1979 values will be carried forward to the manufacturing energy estimates.

Energy to Manufacture Automobiles -

The investigators Hirst and Herendeen have estimated that it requires

(6)

123 million Btu to manufacture a typical American automobile. This figure

is similar to a value of 126 million Btu ¢ited by Berry and Fels. (7) -McGowan
and Kirchoff, by contrast, calculated the manufacturing energy per car to be

only 34 million Btu. (8)

-

* The author of this section was also a principal contributor to the materials
accounting in Reference (2).

Percentage
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Table I - Weight Percentage Materials Composition of Automobiles
(Based on Estimates from Reference 2 for 1975, 1980%

and 1990 and an updated estimate by the author for 1979)

I P

Author's

Est. for Projections for Est. for
Material 1975 1980 1990 1979
_ Low carbon and alloy steel 61.2 56.9 54.2 60.0
Cast and malleable iron 16.2 - 13.6 7.9 14.0
Aluminum alloys 2.9 6.3 11.9 4.5
Copper and copper alloys 1.0 1.0 0.6 1.0
Zinc 0.8 0.4 0.3 0.6
Lead 0.7 0.8 0.7 0.8
Other metals, incl. magnesium 0.3 0.7 1.4 0.5
| Rubber ' 4.6 5.1 5.0 5.0
‘ Glass 2.4 2.6 2.8 2.6
; Plastic 3.5 6.7 9.2 5.0
| Other non-metal . 6.5 5.9 6.0 6.0
Totals 100.1 100.0 100.0 100.0
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Energy requirements to produce basic materials and components has not
been a subject of close agreement. References differ, of coursi‘on the
basis for the estimates; some include only the energy fo; smelting or processing,
while others include the activities of mining, ore transportation, rolling
and component fabrication. One must also distinguish between electrical
energy and powerplant fuel consumed.

Table II identifies manufacturing energy estimates from several sources,
and ulso sets forth the figures which will be assumed for this present task.
These last figures represent our best present estimates of total energy typica)l
for components made of each material, from mine or petroleum feed stock to
finished parts. Actual total energies can vary widely with the characteristics
of the ore, transportation, method of fabrication, and percentages of scrap
vs. virgin mat.rials used.

A final step is to do a trial accounting of the total energy to produce a
complete automobile. We have taken as a 1979 baseline a U.S. -produced
automobile of 3,620 1b. curb weight, such as the Ford LTD 4-door sedan. This
is a six-passenger vehicle with a 302 CID V-8 engine and a wheelbase of 114.4
inches. The results of the energy accounting are given in Table III. A
subtotal of 122.6 million Btu {s the estimated energy to produce the parts from
which the vehicle is assembled. To this must be added the energy to transport
the components to the assembly plant, and then the energy to assemble and
paint the vehicle. If subassemblies and parts equal to the car's total mass
were transported an average of 100 miles, the fuel energy for truck transportation
would be about 430,000 Btu. This is based on a referenced figure of 0.0176
gailon of diesel fuel per ton-mile of freight hauled. (15)

A rough estimate of energy expended at the assembly plant can be based
on an assumption that about 10 kW might'be expended over a ten hour period per

car. This is for conveying“and hoisting, welding, power tools, paint drying,
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Table II - Estimates of Manufacturing and Processing Energy
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for Materials and Components Used in Automobile

Production

Material or Component

Alloy Steel

Stainless Steel

Steel (Material Processing)

Iron (Material Procrising)

Steel (Material Processing)

Steei Auto Hood (Mine to formed part)
Aluminum Hood (45% virgin mat'l)

Aluminum - Primary (Mat'l Processing)
Aluminum - from Scrap (Mat'l. Processing)
Aluminum smelting (Present processes)
Aluminum smelting (New Alcoa process)
Alum (Total energy of metal, from 50% bauxite)
Copper (Total energy metal, from 1.5% org)
Copper (Total energy metal, from 0.6% ore)
Copper and Alloys

Zinc Castings

Lead

Plastics

Plastics (Incl. feed stock)

Fiber Glass-Reinforced Plastic Hood

Fde] Value, Resin Raw Mtl.

Rubber

Glass

(Table II continued on next page)

Quoted Quoted Value Used,
Energy, from This Study,
Btu /1b  Reference Btu/lb
22,300 (9)
34,000 (9)
21,500 (3)
15,500 (3)
13,250 (10)
28,000 (11)
108,300 (11)
110,000 (3)
10,000 (3)
" 22,180 (12)
15,350 (12)
140,900 (13)
26,780 (13)
49,540 (13)
65,700 (9)
45,500 (9) 45,500
14,700 (14) 15,000
25,000 (9)
78,500 (10) 78,500
40,100 (11)
20,000 (11)
37,000 - (3) 37,000
13,000 (3) 13,000

o e = e s e




Table Il - Continued

Material or Comporont

Other Materials

Stamped Steel Parts

Cast Iron Parts, Incl. Machining
Formed Aluminum Parts (45% Virgin)

Finished Copper and Cu Alloy Parts

<.

Quoted

Cc-191

Quoted Value Used, |
Energy, from This Study, f
Btu /1b Reference Btu /1b
37,000 (3) 37,000
- - - - 28,000
- = - - 209000
- - - - 108,000 é
- - - - 50,000 |




Table I1] - Estimate of Manufacturing Energy for an

Automobile of 3,620 1b Curb Weight

(1979 Model Year 4-Door Sedan)

Specific

Mass Mass, Energy,

Haterial, Component, or Process Fraction,% _1b Btu/1b
Stee! Components 60.0 2,172 28,000
Cast and Malleable Iron Parts 14.0 507 20,000
Aluminum Alloy Parts 4.5 163 108,000
Copper, Cu Alloy Components 1.0 36 50,000
Zinc Castings 0.6 22 45,500
Lead 0.8 29 15,000
Rubber 5.0 181 37,000
Glass 2.6 94 13,000
Plastic 5.0 181 78,500
Other Materials and Parts 6.5 235 37,000

Subtotals 100.0 3,620

Transportation, Parts and Subassemblies
Assembly Plant Energy

Est. Total Manufacturing Energy

(Or Approximately 124 million Btu per Car)

-
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Total
Energy,

Thous. Btu

60,816
10,140
17,604
1,800
1,001
435
6,697
1,222
14,209
8,695
122,619

430

1,140

124,189

s
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and general utility supply to the plant. The electrical energy required
is about 100 kWh or 341,200 Btu this is raised to 1.14 million ?t“ fuel
energy input if the conversion of fuel to delivered elegtricity is 30%
efficient.

Our estimate of total manufacturing energy per car is 124 million Btu.
It is interesting how close this independent estimate is to the 123 million
Btu calculated by Hirst and Herendeen. (6)

The energy to produce batteries is of interest frowu the point of view of
manufacturers and owners of electric or hybrid vehicles. From estimates
given by Williams in Ref. (14), we calculate that the energy to manufacture
an advanced lead-acid battery will be about 15,700 Btu per 1b of battery
weight. Williams has identified suéh a battery as having a specific energy of
18 Wh/1b. It should be noted that since 15,700 Btu is the equivalent of the
4,600 Wh of energy to manufacture a pound of battery, the battery would have
to undergo the equivalent of over 250 complete disc5arges before the cumulative
stored energy would exceed the original manufacturing energy. In other words,
the manufacturing energy is very significant in relationship with the totai

energy the battery will store over its lifetime.
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THE SCRAPPING AND RECYCLING OF AUTOMOBILES:
MATERIALS AND ENERGY IMPLICATIONS

Materials Recovery

The materials composition of present and possible future automobiles
was given in Table I, and is discussed in detail by References (2) and (5).
Anproximately ten years after the date of manufacture, cars of these compositions
wi11 appear in large numbers in the junkyards. ‘

Ford Motor Co. investigators have stated that the motor vehicle regis-
trations are terminated on about 9 miliion cars/yr at this time, and that about
90% of these are now being recycled for their metal content - primarily the
ferrous metals. (5) These authors further estimate that of the available

automotive scrap (in 1974), 85% of the ferrous metal was recovered. Similarly,

the recycling ratios for copper, aluminum, and zinc were 62%, 53%, and 27% respectively.

It may be inferred that with currently improving techniques for the separation
of shredded scrap, the recycling ratios for aluminum and copper will improve.
Zinc, since much of it is in the form of galvanized panels and trim, will
continue to be difficult to recover.

Not much in the way of plastics is now being recycled, although in the
future some economical methods of doing this may be developed. At least two
alternatives are to somehow reconstitute the ccrab by chemical means, or else
to use the scrap plastic as fuel. The average heating value of such material
is probably in the range 15,000 - 20,000 Btu /1b. A present objection to
burning many plastics is the toxic nature of the combusticn products.

The lead from storage batteries is eminently recyclable, and each automobile

»
-
L

uses about three or four batteries during its lifetime. Most of the replacement
batteries are salvaged in the trade-in process, as are those finally ending up

in wrecking yards.
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Steps in Resource Recovery

Usually the steps involved in recycling automobi1e§ are:

1. The vehicle is transported to a local wrecking yard (dismantlerj.

2. A dismantler salvages parts worth reselling, which is a larger
fraction in the case of late-modei wrecks than for worn-out obsolete
cars. In the latter instance, the tires, battery, radiator, and
other easy-to-remove parts with a high scrap value are removed.
Sometimes the engine and drive train are also removed at this point.
The bulk is then flattened or compacted for efficient transport.

3. The bulk is shipped to a processing center, where it is either baled
or shredded. Shredding is becoming the preferred technique since it
results in a higher grade of ferrous scrap and allows segregation of
the other materials. Many shredding plants can take engine blocks
and all. .

4. Recovered materials are shipped to smelters or foundries. Not all of
the material finds its way back to Detroit; much of the ferrous scrap
(for example) goes to regional steel mills to be turned into reinforcing

bar and structural shapes.

Energy Conéuhpiidn'in ﬁesouréé Recovery

Transportation- The average number of ton-miles of transportation is not known

to us, but one scenario might be the following:
e The entire car, 3620 1b is shipped 20 miles to dismantler.

o After removing 300 1b of material, the remaining 3320 1b is forwarded

.

& to shredder, 100 miles away.
o Non-metallics and some lost metal are landfilled near the shedder;
assume 2,700 1b metal to be reclaimed is shipped 500 miles further to

regional smelters.

k“‘— W 13 s P R - N N e e e L e pnmn ;! T ——
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o If most of the ferrous material goes to regional steel mills, this
might still leave about 1000 1b. smelted metal to be sent another

1000 miles to new users including the auto industry.

The above shipments total 1377 ton-miles. Again using a payload-specific

fuel consumption of 0.0176 gal diesel fuel/ton-mile, (15) the aggregate trans-
portation fuel energy would be 3.27 million Btu per recycled automobile. Other

assumptions or conditions could alter this outcome appreciably.

Dismantler's Activities - Since dismantling is a labor- intensive activity,

not much fuel energy is expended during this part of the process. Hoisting,
flame-cutting, in-yard movements, and flattening of the hulk may consume

4 kWh per car at 20% efficiency, or a gross expenditure of 68,240 Btu per
car. If 3,620 1b scrap is handled, the specific energy would be 19 Btu /1b.

Shredder - Based on conversations with the operators of shredding plants, one

automobile can be shredded in 15 seconds to one minute even with engine block
and drive train still in the vehicle. This is a very energy-intense operation,
since around 4000 hp is used to drive a hammer mill. Another 2000 hp or so

is dedicated to segregation of the resulting scrap particles, and this process
is expected to keep pace with the shredding. Our very provisional estimate,
based on an assumed 20 seconds for a "car" to pass through each process and then
adding 20% more energy for plant idling and overhead consumption, is 339,000 Btu

per huilk.

Total Energy for Resource Recovery - The above energy elements are summed up

ih Table IV. ‘The total energy for scrapping a 3620-1b passenger car and
recovering an appreciable fraction of its resources is roughly estimated as 3.7
million Btu. This does not include smglting or process energy to be charged

against the next use.
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Table IV - Provisional Estimate of Energy Required to Recover

Resources from a Junked Automobile

-~

Basis: Original curb weight 3620 1b, and assumptions
given in text. These assumed conditions are

subject to wide variations.

Energy for Activity

Activity Thous. Btu
Shipping, aggregate of 1408 ton-miles ' 3,270
Dismantling and Flattening 68
Shredding and Sorting 339
Total Energy Required 3,677

(Approximately 3.7 million Btu. Does not include

smelting or process energy for the next use.)

Approximate Mass Accountability:

Removed by dismantler for materials recycling - - - 200 1b *

Removed by dismantler for parts resale - - - - - - 100

Metal salvaged by shredder - - - - - - = - - - - 2,700

Lost metal and non-metal to landfill - - - - - - 620 "
Original Curb Weight - - - - - - - - 3,620 1b

*
-
[}

* iﬁc]udes some eventual loss such as battery case materials.

** Includes 5% loss of iron and steel, 25% loss of aluminum, and 12 1b loss
of zinc.

L amma e e a
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-

The largest energy element by far in this total is transportation fuel.
Even if :his transportation component were assumed to bg much less (perhaps
through the gconomies of rail shipment, rather than by truck), it would still
dominate the recycling enérgy requirement.

2 vacycling energy of almost 4 million Btu per car is to be compared with
124 million Btu to manufacture that car. While the 124 million Btu already
includes the energy benefit of some scrap metal recycling, further study
could reveal something of the sensitivity to ratio of recycled to virgin

materials.

-
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