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APPENDIX A
PROGRAM FULL INPUT PARAMETERS AND LISTINGS

The Program FULL input deck consists of the following: 

Card 1 UNITS: MPH

V = Vehicle velocity

UNITS: FEET

spacing (T ruck wheelbase)

UNITS: FEET

2a = Truck spacing (Vehicle wheelbase)

Card 4 UNITS: LBS/IN
|FR.4|
K1

K1 = Primary suspension vertical stiffness (Equalizer 
spring constant)

Card 5 UNITS: LBS
|F12.4 |

Wl
W1 = Truck frame assembly (not including wheelsets)

Card 6 UNITS: LBS/IN
|F12.4|

K2
K2 = Secondary suspension vertical stiffness (Bolster spring 

constant)

Card 2
|F7.3|

E
L = Axle

Card 3
I F 7 .3 1 

Za
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Card 7 UNITS: LBS
|F12 .4|

WT
W2 = Car-body weight

Cards 8,9, 10 (Frequency Control Variables)
(8) UNITS: NONE
I 12. | 12 
i f REq RdF“

(9)

714
~DFTN)

DF ( 1 )

N=1, NDF FOR IFREQ = 1 
FOR IFRBO = 2

CIO)

|8F10.4|
FL(N) N=1, NDF+1 FOR IFREQ = 1 
FL(1) FOR IFREO = 2

UNITS: NONE

UNITS: HERTZ

IFREQ selects one of two methods for specifying the frequency 
points at which the response wiTl be found. With IFREQ = 1, 
logarithmically evenly-spaced points are generated for a set of 
frequency ranges. NDF gives the number of frequency ranges (max
imum of seven). DF(N) specifies the number of points for the 
range FL(N) to FL(N+1). FL(N) gives the lower limit of the Nth 
frequency range, and FL(N+1) is ph? upper limit for the Nth range. 
FL(NDF+1) gives the upper limit for the last frequency range,

With IFRE0=2, logarithmically evenly-spaced points are 
generated for a set of octaves. NDF specifies the number of 
octaves. DF(1) gives the number of points per octave, and FL(1) 
gives the starting frequency of the first octave. Note that the 
remainders of the DF and FL fields, are left blank.

Card 11 UNITS: NONE

z*'

U
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N1 = The number of BETAS (BETA is the damping ratio
associated with the secondary suspension) to be used 
in the response computation of vehicle response. (A 
maximum of 7 values)

Card 12
I7F10.4 I UNITS: NONE
B(J) ’

B(J).= Values of BETA (secondary suspension damping ratio)

Card 15 UNITS: FEET
|F12.4|
RHO

RHO = Radius of gyration of car-body

Card 14 UNITS.: NONE
| L6 | L6 | L61 
OPT! OPT2 0PT3
OPT 1 controls displacement' plots

0PT1 = TRUE for plots ,
0PT1 = FALSE for no plots •

0PT2 controls acceleration plots 
0PT2 = TRUE for plots 
0PT2 = FALSE for no plots

0PT3 controls acceleration response due to track irregularity 
of the form vQ = a^X (amplitude promotional to 
wavelength)

0PT3 = TRUE for plots 
0PT3 = FALSE for no plots

Card 15 UNITS: NONE
|L6 | L6 | L6|
OFT! OPT2 0PT3
0PT1, 0PT2, and 0PT3 have logical values identical to those of 
Card 14, and control printing or non-printing of results 
for displacement, acceleration and acceleration spectra 
responses.
The following pages contain the listing for Program FULL.

1 0 9
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** FULL (7-29-75)
#• FOLLOWING t e x t PRINTED _fRQM F1UE..QSKB)FULIPS.F4 C4351.5333 29-JUL-75
_____ DIMENSION Sa VEM(200. 40), I1 TYPE (A0.)_______ _____ ___-........

DATA 11 TYPE/ 25*1.15*2/
LOGICAL PRINT ______  .
LOGICAL OPTl .OPT2.OPT3
DIMENSION BB (5 > .... ..........
DIMENSION B (5 )

DIMENSION PF(200)
DIMENSION l a m (2001- -__ ______ __________/_. ___
INTEGER OF<7)
niMENSION F L < 8)_ _ . . .
DIMENSION 2200V<200»5)

________ d i m e n s i on s (200)____ ____________________ ._________________
DIMENSION APDDV<200,5>
DIMENSION 22A (200.5)_______,______ ___  . . ........ ....
DIMENSION APA(200i5)
D IMENSION 2 A DO V (2 00. _ 5). 1 ZAP A (200,. 5)
DIMENSION 22V(200, 5),AAPV(200, 5),22VN(200,5 ),AAPVN(200,5) .

__ lf2AA(20fl.5)___________________ ______________ ___________________
r e a l m
REAL LAM_______ . _ ___ ...
EQUIVALENCE (SAVEM(i.l),iZV),(SAVEM(1,6).AAPV),

X (SAVE M (1.11).22VN).(SAVEM(1.16),AAPVN).(Sa VEH(1.21),22AA),
X(SAVEM(1,26).22D0V) , (SAVEM(1»31),APODV)»(SAVEM(1,36),2AQ0V)

________ REAL Klx—K2__________________________ :________________-....  _ —  .
CALL PLOTS(IBUE,360,16)

__CALL PLOT (0 . t »ll.,-3 )_________  .....
CALL PLOT(0,»1.1,-3)

______  PI ■3.14159265_________ ____ ____ 1_I____ ____ __ ___________
c F i r s t d a t a c a r d  is v e l o c i t y  in m p h  

____ . READ(20j-ll_Vl___________ _ _ __ _____________ _ _____ _ _____________
1 FORMAT(F7,3)

V>Vl*52fi0.0/3600•0 _____ ____ ____________
c s e c o n d  d a t a c a r d is l in f e e t
_  READ (20.2) XL____________ ________ ___________________

2 F0RMAT(F7.3)
c t h i r d  Da t a c a r d  is l l in f e f T ____________ _ ___________ ...............

READ(20» 3) XLL
_ _  3 PQRMAT(F7.3)_________ ___________ ___
c f o u r t h  “d a t a Ca r d is ki

REAd (20 > 4 ) K1 __________ ________  __ _ _ _  _
c f i f t h  d a t a c a r d  is wi

_________READ(20.4_I_M1________________ _ . . '____________________:_1_____ _ _
c s i x t h  d a t a  c a r o  is k 2

________ R£Ao ( 20.4) K 2 __________________________ : .......... ......
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c * # , * * * * # * , . . * . * . . . . . * , * , * * , . , # ,
C#* FULL {7-29-75)....... ............... ■ ■ __C»*»»«*«•*##**#*##*#**»•«•••••*

...... 47..F.ORMA.TJ1M0,5X, 16MNUBaEB.-&E-_.BET.A5_a_iJ-2->-_ . ... .
C COMPUTE FREQUENCIES

___ ___QO 53 Jaj.Nl _________ , __________________ ...
WRITE(6,48) B(J)

. ..... . . . .
SB C J»«B C J >

____55-JTQNIINUE__ :_________________ _
SQ2sSQRT<2.)

______ HO 437 J»1,N1_______ ______ ________________ _______
R <J>*B<J)/SQ2

.-_4.g7 CONTINUE_______________=,_____ :____ . . .
WRITE (6* 5ll) IP-REQ.NDF

___5il F.QR.MAT.(/3X* 6HJ-EREQ?* »1.2j 5X» 4HNDF12> .
WRITE{6» 513) OF

___§15 FqRhAT</?Xi4hDF «»7H?______________________________
WRITE(6# 5l5) FL

___Si 5 PORMATI/SX.BHFLIHZ) »«lgFl0,4) _____ ____________
WRITE <6*516> XRH
WRITE (6»406> 0PTi,0PT2.QPT3__.____WRITE (6,408) PRINT ______ _̂____________________

406 FORMAT(1M0,5X,7HOPT1 m ,L3«11H V 0PT2 a ,L3,UH , 0PT3 a ,L3)
__408 FQRMAT(1M0.5X,8HPRINT « . L 6 ) __________ ______  . .

CALL FTA9G<IFREQ»NOF#DF,FL»F»NF)
c compute lamboas ■ _______ _ ___  _ ____

00 80 N«1,NF
______ LlN___________ ________________ '__________________________ -LAM(I)»V/F(N)

B0 continue '______" • • :______ : ____...
C COMPUTE H2/VM FOR EVERY S FOR ALL BETAS

__ . DO 100 J H . N 1 ........................._.
DO 100 I"1* NF

C COMPUTE S for EVERY LAMBPA . _________ _________
S(I)=210#PI#F< I)

______ C1«2.0»B(J)/W2Z____:__ L_______ ________________________
C2BW12**2+(2.0+M)*W2Z**2

_______C3«(2.0*H)«B(J) ___ _________________
C4"2.0*(WiH##2)*(W2i*«2)

__ ___C S a W 2 Z » W l Z * » 2 _____________________ ___  .
A1*C2/C4

______ A2BC3/CB ____ ;__________
A3*1.0/C4 '

c Real terms in denominator_______ _________________ ____
OR*1.0-<41*S< I )*»2>*A3»SU >*»4C IMASINARY TERMS IN DENOMINATOR ____________ .________
0I*C1*S(l )•(A2*S<I>**35

„  0M«DR**2*01 » * 2 __' _________ 1___s. .....
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c*»•••»•••»«•••»••••«#•««•••••*
C*» FULL (7-29*75)___ ___.__ ,_____ _____________  _... .

. n  ̂  ̂  ^ ^  ^ ^  ̂ ^  ̂ ^ ##♦ # Q # '

.....   AAPVNd . J)«APVN_____ _ _ ____________
C COMPUTE 22/V0 ♦ A PHI/V0 •

_____ P1*22VR»A1____________a__________________ ______ _____
P2*Z2Vl*Bl

. . . . P3«Z2VUAl__ _____________ ___ :________  .
P4*Z2VR*Bl

_ ____saRi«pi.-p2 ____ :__;___________  -ZAI1*P3+P4
P5aAPvR»A2______:__________________ ________________  . .
P6aAPV1*82_____ P7*APVR*82 ________ j....___..... ........ ...... . .
P8*APV!*A2ZAR2aP5-P6____ ._____ j_____ _  ■ .................
?Al2*P7*P8
ZAR3*ZAR1»ZAR2____ :______ ;____,__________________________
ZAI3*ZAI1*ZAI2ZaVN*SQRT(ZaR3»»2»2A!3**2) /4 ,0______
?ZAA(I»J)*ZAVN

. . . PF(I)*((2.0»PI*F(I)> »*2)/3B6» _____ ___  _____ __
Z2DOV(IfJ)*PF(T>*22VN
APDnvn.j)Mprn?*APVM ___________ ___________
1ADOVII,J)iZAVN*PF(I) •
APA(I,J)iAPDDV(I> J)*LAM(I> *12.___
Z2APAJI, J)*ZAODVU. J)*LAM( I )*12.
Z2A(I,J)»Z2D0v(I,J)»LAM(I)*12,_____________________  ____

100 continue_____ IF (.NOT.PRINT) GO TO 408 ______________________
601 FORMAT(iH0,4X,9HFREQUENcV»10X,7HAPHI/V0,4X,12H(Z2*APHI)/V0)
603 FQRMAT(1H0.3(2X,E13.6.2X>)___ ________ ________./
600 FORMAT<iH0,4X»9MFREQUENCY.9X»9HAPHIDD/A1.i1X.5H22/VB,10X,7HAPHVVO

X.)______ ,______ _ __ ' . _______________ __________  . .125 FORMAT(1H0,4X,9HFREQUENCY,5X,16H(Z2DO*aPHiDO)/V0,IX,16H(Z2DD*APHID
XD)/Al«gXi5HZ2/V0L__i__— __:__________________________________ ____

112 FORMAT(lH0,4(2XiEi3.6*2x)>110 FORMAT(1H0.4X.4HFREQUENCY.9X«7HZ2DD/V0,9X.9HAPHIDD/V0,9X,7HZ2DC/Ai
X)___04 FORMAT(1 HI,3X,5HBETA*,Fav4 ) __________ :________ ___ _
00 120 JP1*N1WRITEC6.94) BB(J? _________________________  ______
WRITE(6,110)_ 00 119 IP1.NF________ ____ ______________________
WRJTM6,U2> FU ) *Z200V{I # J) # APDOV (I > J) # Z2A (I» J)

119 CONTINUE______ ______________ _ ______________ :... _______________
120 CONTINUE______00 156 Jil.Nl _________________ ______  ... . _

WRITE(6»94> BB(J)
.......WRITE 1.6«600D_________ _ - '■___ _ •__ _̂___ __ . .....

t-
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C*#**###*ott**#***»***«*#*#*****
C»» FULL (7-29-75)____________________ v ____ . _
C• * • • • • • « • » • » • » » « « « » • » * * « « » • • • «
____ DO. 157 Xll̂ NE_____________— :_____ _... - WRITE<6,112) F CI> #APA<I,J> *ZZV(I#J> »AAPV<i , J>

__i«?7 roNTiNUr________________ :________ :________
156 CONTINUE

... -00 140- JRl.Nl _............_ .. __  - .-
WRITE<6,94) BBCJ)
y.RI TE (6j.l25) .. . . , ___ .
DO 130 1*1iNF

130 CONTINUE
140 CONTINUE - - - - - - -  - . - .

DO 166 J*l,Ni
N RIT E (6 * 9 4) BBCJ) .................. ...
NR ITE(6,601)

____DO 16.7 Ig-1̂ME_______________________
WRITE(6,603) F (I > ,AAPVN(I,J),HZAAU,J)

167. CONTINUE______________________  __
166 CONTINUE
405. CONTINUE.................................-

--- ___!PSD = 0____ _____ ____ ____ ____  ..
READ(20.810,END=815) PSD

_810-__EflBMAj-UJJ____  _____  .. - .. ___ ___ - .IF<PSD .EQ. 'RAILP') IPS0=1
_815__CONT-LNU.E_________________________________ __ -IF ( IPSO ,E0, 0 ) GO TO 820

- ...CALL RAILPL(F,V#12i,NF,40,IITYPE,SAVEM,200,.20,6>’
820 CONTINUE

_ _____ B*»0001___ .. . ... ...RIB,00001
_______ 928.001___________ U___________________ ' ___

DO 200 1*1,NF
- ..... F-U )*ALQ5l0(F( I) )

00 300 Jil#Nl
__ ____ IF (Z2DDV( I (U).LT.R) Z2D0V(I. J) *R________ _____

120DV(I,J)«ALOG10(H2DDV(I.J>)
APDDV(I,J)«ALOei0<APDDV(I,J))- 
IF<Z2A(I,J),LT.R2) 22AU. J)«R2 
Z2A(I,J)iALOG10(Z2A(I,J>)
IF ( APA (. I , J ) ,.LT. R2) APA<IiJ)«R2 
APA(I»J)sALOG10(APA(I»J)>

_U1( 22A-PuU-U-JJ-.-Ur-.R2J-- H2APAXI .J) =R2______
Z2APA(I,J)»ALOG10(Z2APA(I.J))
IF<HADDV< I. j) .LT.R) ZADDVCI.J)=R

:.UUZ2A,0A(UJ) , Z-ZUN-U.

cC____ T-E5J. FOR-PSO-PILOTS
c
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» ••
C»» FULL ( 7»2q«75 )_______ :______________
____  ZAODVU,UllALOG10(ZAOQV(IrJl>_̂ _______IF<2ZV(11J),IT,Ri) ZZV(IfJ)*R1 '
__.__ ?ZV( I . J)»ALOG10(ZZV(I . J) )_____________

IF (AAPV< I # J > »LT. Ri) AAPVJCI »■ J> «Ri
._ _ A AP V(l> J)bALOG10(AAPV( I.JJ)______  . _ .

XFCZZV'N(I, J) .LT.Rl) IZVN'U .■ J)»R1
______Zivin (iiJ)«ALOeia(gzvw(i.-j))___  ____

!F<AAPVN(I«J>.LT.Rl) AApVNU # J)=R1
______ A A P V N11. J)PALOG10-(AAPVN( I. J)) ___ i__ :

IF<ZZAA(I.J).LT.Rl) ZZAA<I.J)sRl
______OAiJ,UJla ALOfil0lZZAAJX̂ Jii _ ____

300 CONTINUE
__ 2g0 continue____________________ ________ :__________

F(NF+1)■»!•
F ( NF*2) ■ 15________ _____ _____ .____
FDELaF (NF+l)

_______FSCA«F(NF»g)_______________ _______
. Gl"-4.

______S2*”3._____ ------------ -----------------------
Slls-5.

______ no 500 J«1.N1________ -__________
22DDV(NF*1»J>*G1

J_____Z 2 0 D.V < N F ♦ 2». J J Al.*____________ ,_______
AP00V<NF*l»J)«6l

_____ APPDV(NF»2»J) > 1 .__________________Z2A(NF*i,J).G2
______ Si2A(NF»g. J>al. ___, ■ .•_,____ _____

APA(NF+iiJ)bG2
__ APA(NF*2tJ)»i._____ __:__^

Z2APA<NF*1,J)«G2
Z2APA(NF*2.J?»1.________ ________ ...
ZADQV(NF*l»J)«Gl

_____ ZAPDV(NF*2i J) 8,1,.____________________ZZV(NF+i»J)«G11
_____ PZV(NF»9i J)■!. ________

AAPV(NF+1,J)iGllAAPV(NF*2,J)«1.____ _ _ ______ ______
ZZVN<NF*i,J>«Gll

______ ZZVN(NF»2» J)»l.______■' , ________
AAPVN(NF*i»J)»G11

_ A APVN (NF42, J) ■! ■___ ____ ..._________
ZZAA(NF*1,J)«G11ZZAA(NF»2,J)«l._______________

500 CONTINUE______ IF(OPTl) GO TO 401_____ _
!F<0PT2) GO TO 402

__IF (QPT3) GO TO 403 __________
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o »• FULL (7-29*75 )_________________ _______
____SQ TO 400_______ j .. ■_'■■■ '_
401 CONTINUE

_____ CALL LAXlS(0.,0,,3,9HFREQUENCY,9,6. , - i ,2)___________
CALL LAXIS(0.,0,,7.1SHH2/VB UN/IN),13,7,,-5,1)

__ CALL HVGRlD(0tl0.,2.,l.,3#7)
CALL SYM8OL<0.3,8.75,0.14,36H VERTICAL TRANSMISSIBILITY

____X0.0.36)________  ____  .. .
DO 1070 1*1,N1

_____ CALL CL I NEC F»ZZ V (1. I), NF»FOEL.,£ScAtZZV.<NF*li 1). ZZV.<NF*2, I) ,_1)
XP«<F<NF)-F<NF*1))/F<NF+2)

_____YP§<2ZV_(NF,I)-ZZV (NF*li.m/_ZZ V < NF+2»I >_____
CALL SYMBOL<XP,YP, ,07»3HB s,0.,3)

. - __CALL -NUMBeR(999.,999.« .07.BB(I),0.,2) ____ __
1070 CONTINUE

__=__ CALL GPR{Vl.XLL,XL.XRH.m.W2tKl,K2̂ VJ_________ :___ — ___ L_
CALL PLOT<12.,0.,«3)

_ .....CALL LAXIS(.0.»0. i 319MFRE-Q.U£NCY.i 9,__6J t,-1,2)___ . 
CALL LAXlS<0.,0.,7,13HAPHI/V0 <IN/IN),15,7.»-5,l)

___CALL HVGRID(0.,0.,2..1.,3,7)
CALL SYMBOL(0.5,8,75,0.14,38HROTATIONAL (PITCHING) TRANSMISSIBIUT

____XV,0.0,38)____________________ _________________________ ■_ . .
00 1080 1*1,N1

____ CALL CLlNUF-tAAPVXl, 1 ),NF.FQEL.FSCA , AAPV < NFtL»_U , AAPV < NF*2, I), 1)
XP*<F(NF)-F<NF+i))/F(NF*2)

____ YP*( AAPV.(NF,.I) -AAPVINF+1, I>.)/AAPV (NF*2,I)___________ ..
CALL SYMBOL(XP,YP,,07,3HB =,0.,3)

_____CALL NUMBER(999., 999., ,07xBB.< I.) ,g. ,2>_______:__________ _
1080 CONTINUE ■
____CALI_GRR_( Vi, XLL*-XLxXRHlW1j W2, Kl».K2, V.) 1.......

CALL PLOT(12.,0.,*3)_____CALL_LAXIS(0. .0. .3.9HFRE9UENCY,9.6 . , - 1 . 2 ) _____________
CALL LAXIS<0.,0.,7,13H22/V0 <IN/IN),13,7.,-5,1)

_____CALL. HVGRIO <0..0.. 2. .1 .,J,_?)__________ - ' ■
CALL SYMBOLS.5,8.75,0.14,36H VERTICAL CAR-CENTER DISPLACEMENT ,

__ XS.0,36)_____  _ . . _ _________
CALL SYMBOL<0.5,8,55,0.14,36H0UE TO SINUSOIDAL TRACK IRREGULARITY,

____X0.0.36X_____________ ^ ___-1 ___ . '
DO 1090 I*1* Nl

J____CALL. CL INE (F, ZZVNtl, I), NF, FOEL ,.FSCA > ZZVN ( NF + 1* n.ZZVN(NF*2 ,Jj ,1)
YP*(HZVN(NF,I)-ZZVN(NF*l»I))/22VN(NF+2,I>

____JtP* <FXNF,) • F <NF♦ 1)) / F <NF♦ 2) ... ___
CALL SYMBoL<Xp,YP,.07,3H8 »,0.,3)

__ CALL NUMBER(999._«999,,__,07,BB( I > ,0, ,2) ... . . _ -1090 CONTINUE
__— CALL GPR(Vl,XLL,XL,.XPĤ MlJ_W2,Kl,K2,V)__ LJ____ ____i___

CALL PLOT(12.»0,»«3)
CALL-LAXIS<0. ,0.,.3,9HFRE5)UENCY,9,.6 i ,-1,2)_____
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flt» FULL ( 7 - 2 0 . 7 5 ) ____________ ____ _
O M M t t M M M t M ^ M t f M * * * * * * * *

CALL LAXlStg,,0., 7,1SHAPHI/V0 i IN/IN),15,7■,-5,1)CALL HVC«IO(0.,0.,2.,1.,3,7)
__  -CALL SYMgOUg»f.8.m.eL.l4u36H _ ___gj_TCHING_RE,Sj»CNS.S-T.O.. ..... ,

X0.0.36)CALL SYMBOLIC.S.8.55.0.T4.36H__SINUSOIDAL TRACK IRREGULARITY ,
X0.0,36>
CALL CLINE(E»AAPvN{1»I > ,NF,FDEL,FSCA, AAPyN(NFn, I) ,AAPvN(NF*2, I»»1

_U_
XP«(F < NF >-FTNF+1) }/P(NF*2)

AAPMlNFi-Il-AAPVN.CNF»l>I ) >/AAP VN(NF*2, 1) 
CALL SYMBQLIXP.YP,.07.3HB *,0.,3)
CALL NUMBER(999.»999., .07,86(1),0,,2).....

2000 CONTINUE
CALL GPRIVI,XLL.XL,XRH, Hi, W2-,K1,K2, V)__________________
CALL PLOT(i2.,0.,.3>

__-CALI . L AX IS ( 0 ., -gMMEQUENCY, 9 - 1  1 21 _
CALL LAXIS(0.,0.,7#20H(28*APHI)/V0 (IN/IN),20,7 , ,-5.1>

___ CALL_HVgRiO<0. >0.,2. »1»,3,7)______  ____
CALL SyM8OL(0.5,8,75,0.14,38HVERTICAL CAR DISPLACEMENT (OVER TRLCK

X),0.0,36)___ __:________-________________________________CALL SYMBOL(0.5,8.55,0.14,SfiHDUE TO SINUSOIDAL TRACK IRREGULARITY, 
____Xg,0-t_36?.-

00 2010 1*1,N1_ __ CALL CLlNE(F,Z2AA(l,n,Nr,FDEL,FSCA,Z2AA(NF»l, I), 2ZAA < NF*21 1), 1)
XP*<F(NF)-FCNFa1))/F(NF+2)
YP*IZZAA(NF,I)-ZZAA(NF*1«I))/ZZAA(NF*2, I) _____________ . _  .CALL SYMI0L(XP,YP..07.3HB *,0.,3>
CALL NUMBER(999.,999 . ,__i0_7, BB<I),0., 2 L_

2010 continueCALL GPR(V1.XLL,XL,XRH,W1,N2,K1,K2,V?__ _____________
CALL PLOT(12t >0,»»3) ir(0PT2) GO TO 402
!F<0PT3> GO TO 403 
CO TO 400

402 CONTINUE
____CALL. LA_XlS(g.,0.,3»9HFRCQUENCY,9,6.»-l,2) ________________CALL LAXIS<0.,0.,7»10HZ2OD/V0 <G’S/IN),16,7,,-4,1>

■ CALL HVGBlOIg., 0 . , 2 . , 1 . . 3 , 7 ) ______ ________________
CALL SYm8OL(0.5,8,75,0.14,36h VERTICAL CAR-CENTER ACCELERATION ,

xb.0,36)__ ____________:_________. _____________________CALL SYMBOLIC.5,8,55,0.14,36H0UE TO SINUSOIDAL TRACK IRREGULARITY,
X g .0 ,3 6 )_________ :_____________________________________
00 1010 1*1,Nl
CALL CLINEIF,Z2D0VI1,I),NF,FQEL,FSCA,Z2DDV(NF»1>I),Z2DDV(NF+g, IJ,1 

1)___ XP*_(.F (NF_) -F_( NF»1)) /FINF»2 )________________ _____  _
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c#»»*«»#*********#»*»*****#*»«*
C** FULL (7-29-75) ___________c*»****************************

YP«(22DDV(NF» I)-22D0V(NF*1Ji I > >72200 V (NF*2 ,1) 
CALL SYH90L<XP,YP,.07.3H8 <*,0.,3>____ CALL -NUM9LR(999. ,299__,07,BB_OJ,0.,..2)_____

1010 continue—. -CALLGPR(Vi,XLL,XL,XRH.Wl,W2,Kl,K2,V> 
call PLOT(12•,0,,-3)
CALL LAXLS(0. * 0., 
CALL LAxIS(0i, 0,

3.9MFReQUeNCY*9,6.i-1,2) 
7.1SHAPHIDO/V0 (G*S/IN),18»7.

____ _________________
■4,1)

CALL SYM8OLI0,5,8.75,0.14,36H ANGULAR (PITCHING) ACCELERATION
-X 0 .-0 -U 34J__________________________________ ____  ___________ i _____

CALL SYM9OL(0.5,8,35,0.l4,36HDuE TO SINUSOIDAL TRACK IRREGULARITY,
X0.0.36)________

00 1020  l « l , N l

1 )
______XPP(F(NF)-F(NF*1))/F( NF+2)________  ___

YP*(APDDV(NF.I)-AP00V(NF*1,I))/APDDV(NF*2,I>
----CALL- SYMBOL(XP, Y_P_,407,3HB *,0.,3> __

CALL NUMBER(999.,999.i ,07,BB(I)*0,.2)
_1020- CONTINUE__________ :__________ _________ ___

.A£00-V(NF*2,I).l

CALL 6PR(V1,XLL,XL.XRH,W1.W2,K1,K2,V) 
- CALL PLOT 112.-#-0-.3)___

CALL LAXIS(0.,0.,3,9NFREQUENCY,9,6.,-1,2)
----CALL -LAXlSAO*-»J2U»-7, 25H C22DD* APHI DO),/V0 (G’S/IN) ,25,7. ,-4,1)

CALL HVGRIO(0.,0.,2.,1..3,7)
38 HVERIXCAL -CAR.AJJOLER AllON-IQV ER TRUCK

X),0.0,30)
. - CALL SYMBOL!0 . 5 , 8 ,55,0. 1 4 , 36HQUE TO SINUSOIDAL.. TRACK IRREGULAR ITY,

* 0 .0 , 36)
J O - 1 0 5 0 - U X .J J 1 -  -  ________________ ____________ _______________BALL CLINE(F,2ADDV(1,I),NF,FOEL,FSCA,2AOOV(NF+1,I),2ADDV(NF*2,I),1
____ l ) ________________________________________ ___ _________________XP»(F(NF)-F(NF+1))/F(NF*2)
YPJMIAQDV CNF*!) -2A0DVINF *111 > >/2ADDV (NF*2.4-)- CALL SYMB0L(XP,YP,,07,3HB *,0.,3)
CALL NUMBER(999.,999.,. ,07,BB(I),0,,2) ___

1050 CONTINUE
CALL PLOT(12.,0,,-3) 

—IF(0P.T3) GO TO. 403 
GO TO 400

W2,K1,K2,V)

403. CONTINUE . ____  .. . -...  . . .
CALL LAXlS(0.,0.,3,9HFREQUENCY,9,6.,-1,2)

_______CALI__L A X l S ( 0 . , 0 . , 7 , 1 3 H 2 2 0 D Z A J L . ( O L S ) ,  1 3 , 7 . . , - 3 , 1 )
CALL HVGRIO(0.,0.,2.,1.,3,7)
CALL SYMBOLIC.5,9,00,0.14.36H VERTICAL CAR-CENTER ACCELERATION ,
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0«* FULL C7-29.7.5) C#**««*#********»*
. . ___X0.0.361____________ __________:___________

CALL SYM8OL(0.5,8,80,0.14»37HDUE TO TRACK IRREGULARITY OF THE FORM
______X ,JII . 0-»-3 7 )_______________:___________________ _

CALL SYMBOL(0.5,8.60»0.K»36H V0 « A1 • WAVE LENGTH ,
—-   .X0.B.36)_____  ... - _______

DO 1030 I®1# Nl
---------- CALL CLINECF.Z2A(1 ,-t4-tlJFl-FJlEL.-FSCA,-l2A (NF + 1,1) ,22A(NF*2,1). 1)

XP»(F(NF)-F(NF+1)>/F(NF*2)
CALL SYMBOL (XP» YP. .07.3H0 «?,0.,3)

_____ CA-LU-NUMBER < 999.,  999 .-,__ .07^08(1 ) i . 0 , ,2 1
1030 CONTINUE

i.V)
CALL PLOT(1 2 . *0 . * • 3 >
CALL: L A X I S I 0 .  ,0. ,3 .9HFREQUENCY-.9.6. i "1 .2)  
CALL L A X IS< 0 . ,0 . ,7 ,1 SH A P H ID O /A 1  ( G ' S ) , 1 5 , 7 «» 3,1)
CALL SYMBOL(0l3»9»00»0»14»36H ANGULAR (PITCHING) ACCELERATION ,

X0.0,38)__________________________ _ _CALL SYMBOL(0,5,8.80,0,14»37W0UE TO TRACK IRREGULARITY OF THE FORM 
X,0.0.37)
CALL SYMBOL(0,5.8,60.0.14.36H 

Xg.0.36)
V0 s A1 * WAVE LENGTH

DO 1040 l»l,Nl
X P « (F (N F ) -F (N F + 1 ) ) / F (N F * 2 )
V P * ( APA( N T , I  ) « A P A ( N F » 1 . \ ) ) / APA( N F » 2 . I ) 
CALL SYMBOL!XP»YP..07.3HB « , 0 . , 3 )
CALL NUM-3E.R (999 . .  990. t__ , 0 7 - iM U  > ,0 . ,2 )

-t-NF-jFOELjFS CA.APA<NF + 1 .1 ) ,  APA <N F + 2 . I ) .  1)

1040 CONTINUE
HlLW-B_.KltK2 ,-V) _ -

CALL PLOT(12•«0•.*3)CALL LAX IS(0. .0. .3.9HFRFQUENCY.9,6. . -1 ,2)______ !_____________ ;___
CALL LAXIS(0,,0.,7.22H(22OO»APHIOO)/A1 (G*S>,22,7,.-3,1)
CALL HVGRI-D-10-.-. 0.12. i l^L l)______________ _______________CALL SYMBOL(0.5.9,00,0.14,38HVERTICAL CAR ACCELERATION (OVER TRUCK

X)jg.0,3a>_____________________________ ______________________CALL SYMBOL(0.3,8.80,0.14,37HDUE TO TRACK IRREGULARITY OF THE FORM
X tiL. 0-i 321________________________ ____________________ _ „
CALL SYMBOL<0.3,8,60,0.14.36H V0 * A1 * WAVE LENGTH .

X 0.0, .3 6)______ ________ _________________________________DO 1060 1*1.Ni
CALL CLlNE(F.ZgAPA(l.I).NF,FQEL.FSCA, Z2APa <NF + j , 1), Z2APA (NF*g, I), 1 

1)XP* t F(NF)»F< NF»1))/F(NF*2)________________ ____________________
YP*(Z2ApA(NF,I)-Z2APA(NF*l.I))/Z2APA<NF*2. I)

___ CALU-SYH80L-(-XP-.-YP-,-.02-.JSM3-°,0. , 3 ) _____
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*
_- - C * *  -F-UU. 17 -2 9 .7 5 )  

C o * * * * * * * * * * * * * * * *

C•••*••••••*••••••

1060 CONTINUE 
*00 CAUL PLOT(10,»0 ,, -3)

_ STOP ______END

5UBRO.U.HN-E-GP-R_(Yl ,.X.LL, XL. XRH. Wl. W2. K1. K2. V) 
r e a l  k i , K 2
.18 0._____________________________________________ :______________
CALL PLFORMf.50,8,00,.07*VI,I#0,1,21H(4HV *#F12,2>4H MPH)#20,e.)

1 0 . )

CALL PLFORM<.50,7.55,.07*XL,1,0,1,20H<4H2a «,F12.2#3H FT),19#0.| "
CALL PLFORM(3,5 ,8 ,00#.0 7 , Wl,I#0#i,20H(4HWJ s,F12.2,3H LB>#19#0.) 
CALL -P-LF-ORM (3.5,7.85#. 0Z,Ji2jJ.,.0J.U2aHX-4HW2 ■, F_12.2,3H LB) # 19,0,1 
CALL PLFORM(3,5#7,70#,07#K1,I#0#l,25H(4HKi a,Fl2.2#8H LB/INCH),24 

l . z . ) ______________________________________________________ :___________ ___. _______
CALL PLF0RM(3.5,7.55#.07#K2,I,0,1,25H<4HK2 *,F12.2,BH LB/INCHJ.24

■ JU iU J_______________________________ :________________________________________________
RETURN

... END________ ___ _______ __________ . .

r#N,NF.QPM,.NCHAR,ANG)

SUBROUTINE PLFORM 
m A L ^ L tJ l£ f iE S _ _ V £ R S im

THIS SUBROUTINE ALLOWS THE USER TO PLOT A MIXED STRING OF 
RFAL/!NTCrfgR NUMBERS AND HOLLERITH TEXT WI.Th JUST ONE CALL PEP LIML„
THE MODE, REAL or INTEGER, cannot be mixed during anv one call.
HOLLERITHV!dENTIFIERS?MHE TOESYMBOL
and AS many CA1 LS TO NUMpgR as he HAS_NUMBERS ..TO ..PLOT.: THIS routine. 
ELIMINATES all THOSE CALLS.
__THE CALLING SEQUENCE IS----- -------------------------- -̂------------------:--------
______CALL PLFORM(Xr Yf MElp-HT. A R RAY. I ARRAY»loRF, N.FORM AT# NCHAR, ANGLE )

Y .. ...ARE- THX-COCROINATES, IN INCHES, OF THE LOWER LEFT HAND
CORNER (BEFORE ROTATION) OF THE FIRST CHARACTER TO BE 

________ PRODUCED-.------------------------------------------------------=------—

PLOTTED,
INCHES, .OF THE CHARACTERS TO BE
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C*«*Hl*«f*»*«**M 
C*» FULL (7-2I-7SJ

ARRAY IS the assay, containing the real numbers to be PLOTTED, 
-SINCE THE-aaaE-flt-lHE-HUWBERS.BEING PRINTED CANNOT BE MIXED IN ANY ONE CALL, THIS IS A DUMMY ARGUMENT IF 
INTEGERS ARE BEING PRINTED' ON The PLOT,

IaRRAY is the array containing the integer numbers to be printed 
on the plot, this is dummy if Reals are being printed on

---- . THE PLOT,_______ ____
I0RF IS 1 IF INTEGERS ARE BEING PRINTED ON THE PLOT — JT IS 

NOT 1 IF REALS ARE BEING PRINTED,
N IS the number of values desired to be plotted from array,
FORMAT is The format of THE LINE TO BE PLOTTED. THE ARGUMENT IS

-  __..IN AN.H-TYPE FORMAT, FOR EXAMPLE. IF ARRAY CONTAINS.1,0
AND 2.0 AND THESE ARE TO BE PLOTTED ON A LINE IN THE FORM 

. X«t*0 Yb2.0
format WOULD BE

. - _______ -_21MX-2MXaF3.1,2X,2HYsF3.1)
WHESC THf FORMAT IS ENCLOSED IN PARENTHESES, PRECEOEO BY 
AN PRECEDED BY THE NUMBER OF CHARACTERS BETWEEN ANC 

___  .. INCU01NeJtME_.PARENTHESES C IN. THIS CASE 22).
mqHaR is THF NUMBFR.flF CH.ARAC_TERSl INClUDJNG BLANKS,. TO BE

PRINTED ON THE PLOT LINE. THE NUMBER MUST NOT EXCEED
____.130— -JHE_.£XACt NUMBER OF CHARACTERS IS DETERMINED BY THEUSER BY COUNTING THE NUMBER OF HOLLERITH CHARACTERS
___ . (INCLUDINĜBLANKS SUCH AS gX) AND SPACES SPECIFIED FOR

NUMBERS (SUCH AS 3 SPACES FOR F3.1) IN FORMAT. IN THE
. ________ ABOVE FORMAT EXAHPLE-. NCHAR«12. -  ------
. ANGLE— THE. ANGLE. IN DEGREES AT.WHICH ThE LINE IS TO BE PLOT1EO.

01 MENS ION ARRAY(1)» I ARRAY< 1 ) . WFORM( 2 6 ) , RFqRM< 2 6 ) , R ITE < 2 6 ) , RDFORM <1
____ U _____ _ ________ ________ -_____:__________________________________ :________ •_---------------  .

REAL»8 RFORM,RDFORM
0AiTA_J?FJ}RN/6H.( _  AS)jAH(.JA5>#6.H(. 3a 9>.6H< 4A9),AH< 5a5),6H( AA5 >.

• 6H( 7A9>.AH< 8A9>»6H< 9A5) . 6H<10A9) , 6h <11A5) . AH<12A5).
• . ..: . _ AH (13A3l).AH (14A5 >. 6H ( 15A5),  6H < 16A5). AH ( 17A5). AH ( 18A5),• 6HC19A9)*6H(20A5).6HC21A5),6H(22A5>.6H(23A9).6H(24A5)•
• 6H(gSA5) ,AH(gAA5)/ _______  ________ _ .... _

I F ( IORF ,E0. 1> WRITE< 1 . WFORM) ( I A R R A Y ( I ) , I *1#N)
t r d O R F  tN E^ ^ l). WRXTE_(_1j WFORM) <ARRAY( I.),. I8l i N )
NW0R0S*NCHAR/9 •IF(MOD(NCHAR»5> .GT, 0).NWORpSnNWORpS*l 
RDFORM(l)aRFORM(NWOROS)
REWI ND_1____________________________:____________________ ___________________
READ< 1 . RDFORM) < R I T E < I ) » I«1.NN0RDS)
. REWIND 1 ..........1- ..................
CALL •YMS0L(X#Y,HT,RITE,ANG,NCHAR)
RETURN . ___
CNO
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C»« FULL (7«»20«7S)

Y0*YS 
X F * X* X S*.F L5. A_T.( M_)

(U -X S jY S .iU N L

X0»X
CALL PLOT.(.X0,Y0,3>. 
DO 5 1*1.N
CALL PLOT (XF» Y5?»2) 
Yja*YH-*Y5_____ _ -
XTb XF
XFbX0
X0sXT
XflaXS
Y0»Y

. Xz .b Y ±.Y £»R J3A 1(U L
Call PLOTCX0.Y0.3) DO 10 I * 1j .M___________
CALL PLOT(X0.Y0.3) 
CALL- RLOT(-X0»-XF_,-2 ). 
X0»X0+XSXT = XF....... .....  ......

4SL
XF*Y0
-Y-01.XI-
RETURN 
END..

\
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c » * FULL ( 7 « 2 q «*75)

SUBROUTINE FTABGIIFREQ.  NOF. OF.  F L . F . N F )
c

THIS SUBROUTINE COMPUTES THE FREQUENCY Ta r LE___
c

. c . . _ . 
c  
c

i f R E Q « i  Ranqe  i n p u t s ,. » 2  o c t a v e  i n p u t s  
mof -  number  of r a n g e s  or o c t a v e s  
of  -  f r e q u e n c y  p o i n t s  v e c t o r

c
c

FL -  FREQUENCY LOWER LI MI TS VECTOR 
F -  FREQUENCY TABLE RETURNED

c
G

NF * number  of p o i n t s  i n  f r e q u e n c y  TABLE

C

INTEGER OF( 7 )
DIMENSION F L ( 8 )  . F ( ? 00 l >  
I F l I FREQ . EQ,  2 )  GO TO 500

C
c

RANGE INPUTS

NF*0
DO 200  1 * 1 . NOF ____  ...... ____ _____ _
C « E X P ( A L 0 G ( F L ( I + 1 > / F L <  I ) I / D F U  ) )
NFb NF*! . .  _ . ____ ____ •

------ _
F ( N F ) « F L ( I )

___ no  100 j * i . D F m  __ ... . ... . . ..............................
FT*C*F( NF)

__ IF (FT . GE.  F L ( I + l ) - 0 . 0 0 f l 0 0 l >  GO. TO 2 0 0  ..................
n f " n f * i
F ( wF ) « F t________________ u_______________________

100
200

CONTINUE
CONTINUF

c
' r e t u r n

c
c

OCTAVE INPUTS

300 C l 2 * * ( l . / D F ( 1 ) ) 
NF*1
F ( N F ) i F K l )

_________no  7 flg i m . N D F ________  ' ...
no 700  J * 1 » 0 F ( 1 >
NP*NF*1_________  ■ . . .  . . . . . .

700
F( NF) * F ( NF- 1 > * ' C
CONTINUE
RETURN

............. ........£NO_ ... .. . • ... . _______
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APPENDIX B
PROGRAM FLEX INPUT PARAMETERS AND LISTINGS

The Program FLEX input data deck is arranged in 21-card 
groups. Most of the groups do not have a fixed number of cards - 
the actual number will depend upon the user’ s choices. In some 
cases a group will have no cards at all for a particular run.
The following is a card-by-card description of the input deck:

Card Group 1 UNITS: NONE
No. of Cards = 1 Required

| 12 | 12 | 1 2 | 12 |
PRINT D lSP  A'CC SPEC

These variables determine which of the possible outputs are 
produced. The displacement responses are always calculated and 
printed. All other output is controlled by these codes:

0, Intermediate results not printed.
1, Intermediate results printed.

0, Displacement responses not plotted.
1, Displacement responses plotted.

0, Acceleration responses not calcualted.
1, Acceleration responses calculated, printed, 

and plotted.

0, Acceleration spectra not calculated.
1, Acceleration spectra calculated, printed 

and plotted.

PRINT = 

DISP = 

ACC

SPEC =

Card Group 2 UNITS: FEET
No. of Cards = 1 Required

|F10.5|F10.5]F10.5[F10.5|F10.5|F10.5| 
b x L d l  a

The following designators describe the physical dimensions of 
the vehicle. Note that 2*(a+d)=L.
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b Position of hanging mass, 
x Position of car, center of gravity.
L Length of car.
d Inset of truck center from each end.
Il Truck wheel base, 
a One-half of vehicle wheel base.

Card Group 3 UNITS: LBS
No. of Cards = 1 Required

| F10.5|F10.5|F10.5 |
— WT  W2 WT

Wl, W2 , and WT are the weight of the trucks, the weight of the 
car body, and the weight of the hanging mqss, respectively.

Card Group 4 UNITS: NONE
No. of Cards = 1 Required

1F10.5 |F10.5 1

$2 is the damping ratio associated with the truck suspension. 
It can be calculated from the damping constant C2 :

Bt is the damping ratio associated with the hanging mass 
suspension. It can be calculated from the damping constant,C^:

3 2. ST

Card Group 5
No. of Cards = 1 Required 
| F 1 0 . 5 | F1 0 . 5 | F 1 0 . 5 |

UNITS: LBS/IN.

XT K 2  KT
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K1, K2 , and KT are the spring constants of the wheel 
suspension, truck suspension, and hanging mass suspension re
spectively.

UNITS: NONE

UNITS: NONE

UNITS: HERTZ

IFREQ selects one of two methods for specifying the frequency 
points at which the response will be found. With IFREQ = 1, 
logarithmically evenly-spaced points are generated for a set of 
frequency ranges. NDF gives the number of frequency ranges 
(maximum of seven). DF(N) specifies the number of points for 
the range FL(N) to FL(N+1). FL(N) gives the lower limit of the 
Nth frequency range, and FL(N+1) is the upper limit for the Nth 
range. FL(NDF+1) gives the upper limit for the last frequency 
range.

With IFRE0=2, logarithmically-evenly spaced points are 
generated for a set of octaves. NDF specifies the number of 
octaves. DF(1) gives the number of points per octave, and FL(1) 
gives the starting frequency of the first octave. Note that the 
remainders of the DF and FL fields are left blank.

Card Group 7 UNITS: FEET/SEC2
No. of Cards = 1  Required
[ F1 0 . 5  |

g
2g is the gravity constant, usually 32.167 ft./sec.

Card Group 6
No. of Cards = 3 Required 

(1st Card) Ir e q INCF*

(2nd Card) ^  J q  ̂ n =1, NDp F O r  ifREQ=1
DF(2) FOR IFREQ=2

(3rd Card) pL(-N) * Jj^NDF+l FOR IFREQ=1
FL(1) FOR IFREQ=2
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U N I T S :  NONECard Group 8
No. of Cards = 1 Required
I I I  I 
ECCEN

ECCEN is the code for wheel eccentricity. Set ECCEN=0 to 
assume that the wheels are round. In this case, omit groups 9, 
10, and 11. Set ECCEN = 1 to enter information about eccentric 
wheels in groups 9, 10, and 11.

Card Group 9 
No. of Cards = {j’ if ECCEN 

if ECCEN
0
1

|F1 0 . 5 | 
IT

UNITS: FEET

Card Group 10 
No. of Cards = ’ if ECCEN = 0 

if ECCEN = 1
F10.5|F10.5|F10.5|F10.5| 
EPS1 EPS2 EPS3 EPS4

UNITS: NONE

UNITS: -DEGREES
= 0
=i 1

IF10.5 IF10.5 |F10.5 |F10.5|
THETA1 THETA2 THETA3 THE'i'A4
R, EPS1, EPS2, EPS3, EPS4, THETA1, THETA2, THETA3, and THETA4 

describe the eccentricity of the wheels. These are needed only 
if ECCEN = 1. R is the wheel radius. EPS1, EPS2, EPS3, and EPS4 
give the eccentricity for each wheelset as a ratio of the 
eccentricity to the amplitude of the sinusoidal input. THETA1, 
THETA2, THETA3, and THETA4 give the wheel eccentricity phase 
angle for each wheelset relative to the sinusoidal input.

Card Group 11 
No. of Cards = 0 ,

1 ,
if ECCEN 
if ECCEN

Card Group 12
No. of Cards = 1 Required

UNITS VLTEST NONE 
V MPH
X INCHES/

CYCLE
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| II F9.2
VLTEST VORLAM = / V, if VLTEST = 1 

1 A, if VLTEST .= 2{
VLTEST and VORLAM specify either the velocity or wavelength. 

The user has the option of fixing either the rail vehicle velocity 
or the wavelength of the track irregularity. Since V=f*X, for a

sweep frequency. For a fixed wavelength, the velocity must be 
adjusted. Set VLTEST = 1 and VORLAM = V to specify a constant 
vehicle velocity. Set VLTEST = 2 and VORLAM = X to specify a 
constant track wavelength.

INCODE determines the manner in which car body flexibility 
properties will be input. There are four options. INCODE = 1 
when the user wants to assume uniform beam characteristics for 
the car. In this case, only the bending frequency of the car 
needs to be supplied; the program provides the uniform.beam; 
properties. In the other three cases, the weight distribution and 
car bending mode shape are given by tabular values. Taking the 
direction of motion as positive, these input values are specified 
as functions of distance from the rear of the car. The tabular 
values must be specified at equal intervals along the length of 
the car. With INCODE = 2, the car bending frequency is still 
given. If INCODE = 3, the elasticity and moment of inertia are 
used instead of the bending frequency. With INCODE - 4, the. 
elasticity and a tabular distribution function for the moment of 
inertia are used in the coefficient calculations. INCODE de
termines which of the remaining card groups are needed according 
to this scheme:

If INCODE = 1, use group 14.
If INCODE = 2, use groups 14, 15, 17, and 18.
If INCODE = 3, use groups 15, 16, 17, 18, and 19.
If INCODE = 4, use groups 15, 16, 17, 18, and 20.

fixed velocity, the wavelength must be adjusted, in order to

Card Group 13
No. of Cards = 1 Required

UNITS:. NONE
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UNITS: HERTZ
No. of Cards = YO, if INCODE = 3,4 

\ 1, if INCODE =1,2

Card Group 14

|F1 0 . 5 |
f  B

FB is the fundamental bending frequency of the car. It is 
input if INCODE = 1  or 2.

Card Group 15
No. of Cards = (0, if INCODE = 1 

(1, otherwise

UNITS: INTDIM NONE
INTDEL FEET

| 110 | F10.2 |
"IN T D IM  INTDEL

INTDIM and INTDEL describe the tabular functions and are 
needed with INCODE = 2, 3, or 4, The independent variable for the 
tabular functions is x, ranging from 0 to L, the length of the car 
body from rear to front, INTDIM is the number of points in the 
tabular functions (no more than 25). INTDEL is the increment of x 
between each point of the function. For 20 evenly spaced points 
with one at each end of the car, there would be 19 intervals, 
and INTDEL would equal L/19.

Card Group 16
No. of Cards = ./0, if INCODE 

\l, if INCODE
F10.

T

1 ,2
3,4

UNITS: LBS/IN2

E is the modulus of elasticity of the car body material and 
is given only when INCODE =. 3 or 4 .

Card Group 17 UNITS: LBS/FOOT
No. of Cards = (0, if INCODE = 1

(INTDIM/8, otherwise
| F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  |

M~(T), "1=1, I N T D I M ' -----
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M (I) is the linear weight distribution of the car body 
(LBS/FT) and is needed when INCODE = 2, 3, or 4. It is entered 8 
values to a card for as many cards as necessary.

Card Group 18 UNITS: NONE
No. of Cards = j 0, if INCODE = 1

| INTDIM/8, otherwise
| F10.5|F10.5|F10.5 j F10.5|F10.5|F10.5|F10.5|F10.5|

Wtlj, 1=1, INTDIM
W(I) is the tabular function which describes the bending mode 

shape of the car body. It is given when INCODE = 2, 3, or 4 and 
should be entered 8 values to a card, for as many cards as 
necessary.

Card Group 19 UNITS: INCHES4
No. of Cards = '\ 0 , if INCODE = 1,2,4 

j1, if INCODE = 3
|F10.5 [
TCOTTST
ICONST is the centroidal cross-section:moment of inertia of 

the car. It is needed when I.NCODE = 3.

Card Group 20 UNITS: INCHES4
No. of Cards = (0, if INCODE =1,2,3

jINTDIM/8, if INCODE = 4
| F 1 0 . 5  | F 1 0 . 5  | F 1 0 . 5  | F I 0 . 5  | F I 0 . 5  | FI 0 . 5  | F l  0 . 5  1 F I 0 . 5  [

I(J) , J=l, INTDIM .
I(J) is the tabular distribution function for the centroidal 

cross-section moment of inertia of the car, This should be given 
only when INCODE = 4, and entered 8 values to a card for as many 
cards as necessary.

The following pages contain the listing for Program FLEX,
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I A M J L i . 5 3 3 3  2 9 - J U L - 7 5

c # * # * # #  m a i n  p r o g r a m  f l e x  * * * * * *
__ C____________________:_______ :____________________________________

c
____d ________TH I S PROGRAM COMPUTES THE VE R T I CAL- RESPONSE— _______

C CHARACTERISTICS o f  a F L E X I B L E  t r a i n  c a r  s u b j e c t e d

____C____  TO A. SINUSOIDAL TRACK I RREGULAR I T Y ,_______ _______ __________
C

____C_________SUBROUTINES REQUIRED! ____P L Q T I T . D I F F 2 , I N T E R M , Q S F ,  _
c m i n v . g m p r o , i n i p l t . f i n p l t . l a x i s . l o g s c a , a l i n e ,

____C  ___________ JLRI O, SYMBOL. NUMBER , P L OT________ _____________ ________________
C
C T NPUTI FOR01 . QAT
c
c OUTPUT: L I N E P R I N T E R ( U N I T  3 ) , PLOT T APE( UNI T  1 6 )
c .

INTEGER N V A R . I N . O U T , I N T D I M . E C C E N . M A T S  I Z,NVAL,
X F C OUNT , P L T NUM. PL T E M, P COD E,J,INCOOE, FCY CL E, FKVAL 

INTEGER P R I N T . D I S P . A C C . S P E C . V L T E S T . F O E L _____ =____________ !____
REAL B » X 9 a R , L L » D » L » A . M i , M 2 . M T
REAL C 2 .  C T . K 1 . K 2 . K T , L A MB D A , E ,  MASS,  H,  I . .WPX9
REAL M , C r K , M i l , 1 2 . K l i . F , O M E G A , F B . F M
REAL F L , M i i F CT , l 2 F C T , K n F CT______________________________________:________________
r e a l  w d , w l l d # w b , v o r l a m , W
REAL T W Q P I . C Q N S T I , C O N S T ? . C 0 N S T 3 , C Q N S T 4 , C 0 n ST5_____________ _ _ _
COMPLEX C E , C Z 2 , C P H I > e Y l , C Y 2 , C Z l
REAL ALPHA, BET A.  I N T Q E L . U W,  I C O N S T . X ,  I NTERN_______ ________^ ________
REAL W t , » 2 * W T , B E T A 2 , B E T A T , G , P L T F , C F
r e a l  PL T C G , P L T T C , W X B a R , L L D X B A , P L T M Z 1 _________________ _ _ _ _ _  ______
COMPLEX O. OVAR, MAT , WORK, DET ER, WORKN, ERR
COMPLEX W Q R K2 ( 3 6 )  . IDEN' <«6>___________;___________ :__________________ ______________
REAL A C C 8 , A C T C , A C Z 1 , S P C G . S P T C , S P Z 1
REAL R > E P S 1 , E P S 2 , E P S 3 i E P S 4 , T H E T A 1 , T H E T A 2 , T H E T A 3 , T H E T A 4 , F W  
r e a l  WORKL. w O R K M . X A X I S , Y A X I S
0 ! MENS ION M ( 3 A ) . C < 3 6 ) , K ( 3 6 ) , Q ( 6 ) , Q V A R ( 6 ) , F R R ( 6 , 1 0 g > , M A T ( 3 6 ) 
DIMENSION F L ( 0 > , F D E L < 7 > , W 0 R K < 3 6 ) ,

X W 0 R K L ( 6 ) , W 0 R K M ( 6 ) . W 0 B K N < 6 )  ___________________________________:____________________
D i m e n s i o n  m i i f c t < 2 5 ) , I 2 f c t < 2 5 ) , k i i f c t ( 2 5 > , m a s s < 2 5 ) ,

XW( 2 g ) , I c 2 5 ) . W DX2 ( 2 g ) ___________________________________________ _ _ __________________
DIMENSION O F ( 2 0 0 ) , C E ( 2 0 0 ) , C Z 2 ( 2 0 0 ) , CPH1 ( 2 0 0 ) ,

X C Y 1 ( 2 0 0 ) , C Y 2 ( 2 0 0 ) . C Z l ( 2 0 0 ) , P L T N U M ( 3 )  ___________ ’
DIMENSION P L T C G ( 2 0 0 ) , P L T T C ( 2 0 0 ) , P L T M Z 1 ( 2 0 0 ) , P L T F ( 2 0 0 )
DIMENSION A C C G ( g 0 0 ) . A C T S ( 2 0 0 ) , A C Z 1 ( 2 0 0 ) , _______________

X S P C G ( 2 0 0 ) , S P T C ( 2 0 0 ) , S P Z l < 2 0 0 )
DIMENSION S A V E M ( 2 0 0 . a ) . I I T Y P E ( 6 ) _______________________________________________

C«•«•••*»*•«•«»»••
. C o *  FLEX ( 7 - 2 R - 7 5 )

C
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G»» FLEX ( 7 - 2 9 - 7 5 ) ___ _____________ -  -  ....................  .............
C « « * * » * • # * # * # # # * * * » # * * * * « * # # * * •

________ EQUI VALENCE ( SAVEM( 1 , 1 )  . PLTCG L I )  ) , J  S A V E M { l , 2 ) j _ P L T T C  < 1 > ) , (SAVEM
X ( l # 3 )  . P l T M Z K D ) , ( S A V E M ( l , 4 > , A C C G ( i >  > , ( S A V E M < 1 , 5 > , A C T C ( 1 > ) #
X ( S A V E M ( 1 , ^ )  ■ AC I I  ( 1 )  )_________________________ _______ „____ _ ____________1.___________________

CQ MMON/ S U B/ I NT D EL » w
___________ COMMON / C Q P L O T / F C Y C L E  * X A X I S  * FKitALj NVAL,  Y A X I S ________

X . V L T E S T , V V . W 1 , W 2 , W T , K 1 , K 2 » K T , F B , 8 E T A 2 , B E T A T » I N C O D E
X jE C C E N , ^_____  __  . :..........  ..........

DATA I l T Y P E / 1 , 1 , 1 , 2 , 2 , 2 /

X A * ( 0 . » 0 . ) » ( 1 . , 0 . ) , 6 * ( 0 . , 0 . ) *  < 1 . , 0
u ± * 10 .-, 0 J i...
) ,6*(0. .0, ), (1, ,0. )/

_ . C
C DEFINE uw t o  BE t h e  UNIFORM b e a m  b e n d i n g  m o d e  f u n c t i o n

~  UW ( X ) aCOSH<BETA*  xY +  C 0 S~(BETA*X ) - A LPHA* ( SINH<BETA~*X) 
___________ X » S l N ( B E T A » X ) ) ______ :_______________________ _____________ :__________^ _____ _______

c
c  ___ S ETUP CONS T A NT S .  INPUT_ ON_ FOR01_ , PAT.  OUTPUT ON L I NEPRIN,TE.R
c UNIT 3 . X A X I S  a n d  Y a X I S  DETERMINE T H E ' S I Z E  OF THE PLOTS.

MATS I Z * 3 6
___________N VAR * 6 _________ ,__________________ :______________________________ _____________________________

i n * i  ■
......... ..........0 U T * 3 ________________.____________ __ _______ ,____^ _______________________ —  - ....— ■ -

X A X I S » 5 . 5
________ V A X I S a 8 . 0  __________________________  _____________________________:______________
C
C READ FI XED I N PUT DATA____________ ________ ___________
C

READ ( I N . 1 0 5 )  PR I NT.  D I S P .  ACC.  SPEC ..... ....
1 0 5  FORMAT( 4 1 2 )
______ READ < I N .  1 1 0 )  8 .  XBARf  L L .  Di L#  A . _____ ____________

1 1 0  F O R M A T ( 8 l l 0 . 5 )
_________   B E A H( I M U  1 0  J - M l * .  t ________________________ - ______

R E A D ( I N , 1 1 0 )  BE T A 2 . B E T A T
.........  .  READ ( I N *  1 1 0 )  K l ,  K2» K.T _________  _______  _____ . .

READ < I N * 1 1 5 )  I F R E Q . F c ODE
... 1 1 5  F f l R M A T ( 2 l 2 ) ___________ _________ _ ___________ ___, ,  j ....

READ < I N , 1 2 0 )  FDEL
_ _ 1 Z 0  FORMAT ( 7 1 4 ) _____________________________ _____ — :____________

R E A D ( I N , 1 2 2 )  FL
_ 1 2 2  F O R M A I ( 8 F 1 0 . 4 ) ________ ______ _____________  __________ .

R E A D ( I N , 1 1 0 )  G
....................... RE-A0( I N ,  1 1 5 )  Ec c F N ___________  ________

C
____C GENERATE FREQUENCY TABLE___________________________

C
__________  CALL F TA3 G (1 F R E Q , . F C O P E , F D E L , F L , C F * NFRED)
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c « » FLEX ( 7 - 2 0 - 7 5 )

IF( ECCEN . N E .  1 )  GO TO 1 2 5
c
c READ WHEEL ECCENT RI CI T Y  PARAMETERS IF ECCFN = 1
c

REACH I N ,  1 1 0 v  R
R E A D ( I N , U 0 ) E P S 1 , E P S 2 , E P S 3 i EP S 4 
READ( I N . 1 1 0 )  T H F T A l . T H E T A 2 . f H E T A 3 . ' IHETA4

1 2 5
C

CONTINUE ■

C
C

READ VELOCITY OR WAVELENGTH INPUT

1 3 0
R E A D ( ! N , 1 3 0 )  VLTEST, VORLAM  
FORMAt ( I 1 . F 9 . 2 )

1 3 3
R E A D ( I N , 1 3 3 )  INCODE 
p ORm a T ( I I )

-

C
C READ CAR BODY PROPERTIES ACCORDING TO INCODE VALUE
C

I F ( INCODE; . L T . 3 )  R E A D ( I N . 1 1 0 )  FB
I F U N C O O E  , E Q , 1 )  GO TO j .4 5
,READ( I N .  1 4 0 )  I N T D I M . I N T o E L ________ ________________________

1 4 « PORMATI U 0 » f 1 0 . 2 >
I F ( INCODE . G T .  2 )  READ( I N , 1 1 0 )  E
READ( I N * 1 1 0 )  ( M A S S ( J ) * J » l * I N T D I M ) 
R E A D ( I N . 1 1 0 )  (Hr J ) , J * l . I N T D I M )
I F U N C O D E  , E Q ,  3 )  REAO( I N , 1 1 0 )  ICONST  
I F U N C O D C  . E Q .  4 )  R E A D ( l N , 1 1 0 )  ( I ( J )  . J a l ,  INTDIM)

1 4 5
C

CONTINUE

C
C

CALCULATE FM» THE FREQUENCY OF THE 
THIS LINE FOR THE FOLLOWING ONE TO

h a n g i n g  m a s s , s u b s t i t u t e  
r e m o v e  u n i t  ASSUMPTIONS.

C
c

F M * ( SORT( K T # G / W T ) ) / 6 . 2 8 3 1 8

F M « ( SORT ( K T * G * 1 2 . / W T ) ) / 6 . 2 8 3 1 8
IF( ECCEN . E Q .  0 )  GO TO 1 4 9 ___________ _  _  ______ _ _  _______

C
C CALCULATE* F u . THE FREQUENCY OF THE ECCENT RI CI T Y
c
c

CONTRIBUTION,  SUBSTI TUTE THIS LINE FOR T he  
FOLLOWING ONE TO REMOVE UNIT ASSUMPTIONS.

c
c

F W » V 0 R L A M / ( 6 . 2 8 3 1 8 » R )

c
F W * V O R L A M * 1 7 . 6 / ( 6 , 2 8 3 1 8 * R * 1 2 , )

c
c

FIND THE POINT IN THE FREQUENCY RANGE CLOSEST TO FW

rxx«i.0Ei0
F A 8 » F W ______
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»
B*« FLEX JX -2 .9 .7 5 )
C * • # « ♦ # # # # # # * # # # # « # # • * * # « • # # # # #

_____ no  1 4 8  FCOUNTp I t NF-RE9_______
F b CF( FCOUNT)
I F < A R S ( F « F A B >  . G T , F X X)  GO TQ 4 4 9

1 4 B .
C

C

FW«F
F X X a A B S ( F - F A B )

-V tB U E -A  U . - I  HP U T-- -V  A U J £ S ^ --F tlt_ A  NQ_F_M-. 

WRl T E j O Ut ^ g g.) - 8 ,  XBAP , L L »-P >L»-A-
i S 0  FORMAT( 1 H 1 / 2 0 X ,  ' INPUT VALUES ' / / / 1 0 X , ' B * P O S H O N  OF HANGING

_________ X MASS-  » » »-F-l0.2 - t -  F T i y / l g ) L ,  VXBAR8____P O SJ-U D n ...0 F- CENTER... OF _.GRAVIT Y
X OF CAR * ' , F l 0 . 2 , '  F T ' / / 1 0 X , ' L L *  LENGTH OF CAR a » , F 1 0 . 2 , '  F T * / /

_________ X 1 0 X , ' D* I N S F T OF TRtj CK CENTER g ' , F1 0 . 2 , '  F T * / / _______ ._______ ,1 .
X 1 0 X , * L S  TRUCK WHEEL BASE p ’ » F l 0 , 2 , '  F T ' / /

VEHICLE WHEEL. BASE a ' , F i g  ,2+'-£l±n_______________________________  .X 1 0 X
W R I T E ( OUT« 1 6 0 )  W 1 . W 2 . W T

. . . . .  _________  TRUCK. ■. U E 1 J U 1 * ± _ L a s * / / .
WEIGHT 0F CAR ■ ’ . F 1 0 . 1 , ’ I B S ’ /

185

X i 0 X , ' W 2 *  - w - - . .  -  • ______ ____ __
-  X / 10 X , MI  1- --WET-GH-T— ZF-HANG-ING MASS...=_L, F -i-0 -..i ,- '-  L B S ' /  )

W R I T E ( OUT, 1 7 0 )  BE TA 2 . BET AT  
r f l ^ M A T ( 1  f t * » f B £ T A 2 *  SFCQ^

X F 1 0 , 3 »  ' D I M E N S I O N L E S S ' / /
X l p X ,  'BET-ATJ____HANG IN G -H A S S - OAMPJ-NG—RAJXO -■ » . ,F 1 0 . .3 ,  ______
X* D I M E N S I O N L E S S * / )

W R I T E ( O UT , 1 8 0 )  Kl r K 2 >KT_____________ ,........... .................................... .................... . .....
F O R M A T < 1 0 X , ' K i l  PRIMARY SPRING CONSTANT s ' , F l 0 , l , '  L B S / j N ' / /

X1 0 X , * Kgt ____g p O OMDARY S PR IN G  CONSTANT a ' . F l f l . l , '  L RS / 1 N ' / / | 0 X .
X * KTs HANGING MASS SPRING CONSTANT b ' , F 1 0 . 1 , '  L B S / I N * )

FORMAT ( / 1 0 X , ' FMT FREQUENCY OF HANGING MASS S ' , > 1 1 . 4 ,  ' H Z ' / )  
WR I T E C O U T . 1 9 0 )  FCO fll., IFRE.Q.

1 9 0  F o r m a t ( i 3 x • 1 2 »*  f r e q u e n c y  r a n g e s *
W R I T E ( O U T , 2 0 0 )  f o e l

IFREQ a ' , ! ? / )

200

202~

F O R M A T < 1 0 X , ' F O E L  ■ ' , 7 1 4 / )  
- WRI T e ( QUT , 2 0 2 )  f L
F O R M A T ( 1 & X , * F L  a * . 8 F 1 0 , 4 / J

- WR I-TE-t 0 U-T-^-20 5 ) - -G------------------------;------- --------------- r- — ------- --------------- r-------------- —
F O R M A T ( / 1 0 X , ' G *  GRAVITY CONSTANT ■ * • F 1 0 . 2 , '  F T / S E C * * 2 ' / )
IF tE CCEN . N E . 1 )  GO - T O 2JLS---------------------------- = :--------------------------------- --  — L.
W R I T E I O U T . 2 1 0 )  R.FW
F Q RHA-T (1-O X , * R r  - ..WHE-EL R A 0 J U S sj  , j ^ g - , 2 , ^ - F - T L / / 1 0 X .

2 0 5

X . ' F W *  FREQUENCY OF WHEEL ECCENTRICITY * ' , F 1 0 . 4 , »  H Z ' / )



C « * • • * • « * • » • • • » » • • • • » » » « • • • • «
C # * _  E L E X .~ (.7 .-2 9 »3 5 J __________ ________
C # « # • * * # » * • # • * • * • • « • * • « • • • • • •

____________ X ...F 1 0 « 3-i ' D I MENSI ONLESS LAI____________________________
W R I T E ( O U T , 2 1 5 )  T HE T A 1 , T HE T A 2 , T H E T A 3 , THETA4

____2 1 3 _____ FORM A T M 0 X , ' T H F T A H  . ECCENTR I C ITY PHASE ANCLE—1 _  = ' , ___ , ______ ___
X F 1 0 . 3 * ' D E G R E E S ' / /

_____:........ ..-X L 0X ..A T H E T A 2 i___EC C £K TJU C IT.YP H A-S£_AM G  L E 2  = ' » F 1 0  . 3 ,  ' DEGREES ' / /
X l 0 X , ' T H E T A 3 S  ECCENTRI CI TY PHASE ANGLE 3 s ' » F l 0  « 3 ,  '' D E G R E E S ' / /

-------------X 1 0 X ,  ' T H E T A 4 : ___ECCENT R lC  i-T-Y. PHASE ANGLE 4 = ’ , F 1 0 . 3 , '  .DEGREES' / )
2 1 8  c o n t i n u e
__________ I F ( VLT E S T . E Q .  D  WRI TE ( OUT« 2 1 9 )  VQ.RLAH________
2 1 9  F O R M A T ( 1 0 X , ' V E U  ,  VELOCITY s ' , F 1 1 . 2 ,  ' . M P H ' / )

VORLAM.
2 2 0 *  F O R M A T ( 1 0 X i ' L A M B D A I  WAVELENGTH OF TRACK IRREGULARITY

Xf l l . ? , '  I N ' / )  ________________________________ ' _ ......
I F C d ISP 1 E O , 1 )  WR I T E ( O U T , 2 2 2 )

I F ( A C C  . E O ,  1 )  W R I T E ( OUT1 2 2 3 )

XCALCULATED AND P L O T T E D ' / )
__________ IF ( SPEC . E G ,  1 )  W R I T E ! O U T , 2 2 4  )__________ ______________
2 2 4  r O R M A T ( 1 0 X , ' A C C E L E R A T I O N  SPECTRA WILL BE CALCULATED
---------- X AND P L O T T E D ' / )  ---------------- - ____________________________________________

l F ( I N C O D E  , N E .  1 )  GO TO 2 3 0  
__________ WR-I T_E-(-Q.U-T. , .2 2 5 .)___________________________________________________
2 2 5  F O R M A T ( / 1 0 X , ' A UNIFORM BEAM WILL BE U S E D ' / / )
_________ GO-TO. 2 5 2 _______________ :___________________________________ ______- - ..................

9

2 3 0  , W R I T E ( O U T , 2 3 3 )
2 3 3 _____ F , O R M A T ( / 1 0 X i ' WEIGHT AND BENDING, MODE F u NCt I QN.S_Ll / ______

X / 1 2 X , ' C A R  SEGMENT N O , ' , 5 X » ' X  F T ' » 1 0 X , ' M( X ) L B S / F T ’ , 
________ X&X, ' W ( X ) D I M E N S I O N L E S S ' / ) _____________________________ ,  . . . . . .

X n 0 , 0  ,
___ _ , 0 0. 2 4 0 J l l r l NTD I M_________________ _______

W R I T E ( O U T , 2 3 3 ) J , X , M a S S < J ) , W ( J )
2 3 5 ____FORMAT ( l f l X . , J j . 0 , 3 E 2 0 . 4 / )_______________ :

X i X * I N T D E L
2 4 0 . __ CONTINUE

IF ( INCODE , E 0 ,  2 )  GO TO 2 5 2  
WRI T F ( OUT. 2 4 3 )  F

2 4 3 F O R M A T C / 1 0 X , ' £  1 MODULUS OF E L A S T I C I T Y  OF CAR M A T E R I A L . * '  
X . E 1 1 . 5 , » L B S / I N » » 2 ' / ) ______________

I F ( I N C O D E  . E G ,  4 )  GO TO 2 4 6  
____W R I T E ( O U T . 2 4 ^ )  I C O N S !  :

2 4 5 F O R M A T ( / 1 0 X , ’ ICONSTI  Ce NTROIDAL C R O S S - S e c TIONAL MOMENT of  
X INERTIA s ' . E l l . 5 ,  ' I N # # 4 ' / )

2 4 6
5 0  TO 2 5 6
WRI T E( OUT, 2 4 7 )  .

2 4 7 F O R M A f ( / 1 0 X , ' C E N T R O I D A L , C R O S S - S E C T I O N A L  MOMENT O F V 1 0 X ,  
X ' I N E R T I A  n i S T R l B U T I  0N-_FUN C-T I.Q.N.l.'. /  / 1 2 X , J CAR. SEGMENT . N O , ' ,  5 X ,
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'(•####«#*#*###*#«•#**#**•*•***#*
C * * _ E L E X  ( 7 - 2 9 - 7 5 J __________________________ :___________ _________ .________ ___ 1.........
£••••«####*#**•***•*#»**•

________X > X F T ' . 1 0 X .  U _ ( X ) M M » 4 ! / ) _________ J______________ ___________ ............... - -
X « 0 , 0

___________ 0 0  2 9 0 J > 1 , 1 NTD I H________ :_________________ .____  J__________
WRITE <OUT, 2 3 5 )  J , X , I ( J >

___________ XjlX * I N T pEL_______________________________________________________________ - -
2 5 0  CONTINUE

__________ GO--T O 2 5  6 -----------------------------------J--------^ -------------- ■■ ---------------------- - • - •
252 WRI TE! OUT * 2 5 4  > FB
S>54 r P R M A T ( / l f l X . ' F B ! ____FUNDAMENTAL BENDING EREOUEMBL-0F CAR

X F 1 1 . 4 , ’ H Z ' )
256_____ CO N T I NUE----------------------------------------------------------------------- :--------------------- — -----------------------
c

_C_________W _ I S  USED -1 N_T-HE_-PLOX—RQU X I  N E _ _______________,_____________________
C

___________ VV * V QRLAM_______________________________________ _ __________ ------------- .-----------------------
c ....
C- « - — - r R E M O v l N G ^ T H E  STATEMENTS BETWEEN THESE L I N E S —
C ( I N A D D I T I ON TO THE TWQ_JCHANG.E.S_N.Q.tED ABOVE> ...... .......
C— — - -  ALLOWS THE PROGRAM TO ACCEPT ANY CONSISTENT —
C —  : »  — :  SET OF INPUT UNI TS USING SEQ.  HOWEVER _____ ,______
c — i  THE PRINTED LABELS WILL NOT BE" CORRECT : — —

.C___________________ :_____ :_________________________.______ :------------------------------------- --- -------------------------
C CONVERT INPUT DATA TO I N - L B S - S E C  U N ITS
C-----------------,--------------------------------------- ----------- ------------------------------ --------------------------------------- :--------------

B » B * 1 2  *
____________XBAR « X Ba R» 1 2  »---------- -------------------------------- -----------■---------- ---------------- :------------ ,------------

L L * L L * 1 2 ,
........ .......... P « D » 1 2 . ------- ---- -----------------------------' --------------------------------- ~------------------ ■—   ■—■----------

L * L * 1 2 .
_________ A * A # 1 2 . __________________________,_________ ---------------------------------------------------------- -

G » G » 1 2 .
____________ IF ( VLTEST , £ Q .  1 )  VQBL A M l V Q R L A M * ! ? ^ _____ ___ ___ ____ __ __________

IF<ECCEN , £ Q .  1 )  R « R * 1 2 .
___________ I F ( I N COOE . E Q . 1 )  GO TO 2 5 7 ________ Ji____ : ________ r________ :_________

! N T D E L » I N T 0 E L * 1 2 .
- _____g o  2 5 5 -J .l l 4 -L N I 0 .l i l ___________________ ____________ _______________________—

2 5 5  M A S S < J ) « M a S S ( J > / 1 2 , 0
2 5 7 .  CON T I NUE_________ _________ ___ _______:  ______— — 1---------- :----------

c __________;________ ,__________________________ ,_______________ - ___________ :  i— — —
C COMPUTE HASSES f r o m  WEIGHTS

_ c __________ :______________________ '------------ -------------------------------- ------------------------------------------------------- --
M1 8 W1 /  G

_________ M2 i W 2 / G ___________________________________:_________— ----------------------------- --------- ----------
h t * w t / g

G

si
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..c.________ c a l c u l a t e  d a m p i n g  c o n s t a n t s  .............. .............. ............
' c

C 2 « 2 . » M g » S Q R T ( K 2 / M 2 ) » B E T A 2 ____________________________ ___________  _
C T * 2 . * M T » S Q R T ( K T / M T ) « B E T A T

___________ALPHAb 0 , gB 25— _____________ : __________ -_________  _____ .
R E T A * 4 . 7 3 0 / l L

___________ I F U N C O D E  . L T .  3 )  0 M E G A « 6 . 2 B 3 1B * F B_______
I F U N C O D E  , E Q .  1 )  CO TO 2 5 9

_ C _____-_________ :------- ■ ■ ------ ;------:------------------------------------------------------------
C CONVERT M ( X ) FROM WEIGHT TO MASS

, _c___ —___:________ -_:____ .__.____ -_________
DO 2 5 8  J * i » I N T O I M

2 5 5  Ma S S ( J ) « M a S S ( J ) / G  _______:___________________1, .  .
2 5 9  IF<ECCEN , E Q .  0 )  GO TO 2 8 1

_ C___________:___ :_______________________________________________ __________________________________
C CONVERT ECCENTRICITY PHASE ANGLES TO RADIANS
C________________________________._____ u_____ -  _______ _____________________________  .. -

T H E T A 1 « 0 , 0 1 7 4 5 3 3 « T H E T A 1
. THETA2«TME T A 2 » g ,  0 1 7 ,4 5 3 3 „ „  ___________________________________

T H E T A 3 « 0 . 0 1 7 4 5 3 3 * T H E T A 3
____________ T H E T A 4 « B . B l r7 4 B 3 3 » T H E T A 4 ____ !_______________ ____________

2 6 1  I F U N C O O E  , N E , 1 )  GO TO 2 6 0
c___ _________ :__________ ____________ - .... - -
c c o m p u t e  v a l u e s  f o r  m u , k u , a n d  12  ( e l e m e n t s  o f  t h e
C MASS MATRIX)  UNnrR UNIFORM BEAM ASSUMPTIONS
C

.__________ J i l l *  M2____________ L,______ ____________________________:________________ _____________
K 1 1 * ( 0 M E G a * # 2 > » M 1 1

:__________ J 2 BM2 - « ( L L » * 2 ) . / I 2 . f l ________ !_________________._____________
GO TO 2 9 9  .

.C_____ :___________ __________ ■■■- -________________:_____ _________________________________________ ..
C FOR INCOOE* 3 ,  4 SUBROUTINE D I F F 2  COMPUTES THE 
C SECOND DERIVATIVE OF W ( X )  ______ :_____________________________
c
9 6 0  I F ( INCOd E . N E .  9 )  CALL D I F F g ( W, WQX g , INTO I M . I N T D E L ) . 

X » 0 , 0
..... C____________________________________ __________ _______________________________________ _________

C M i l ,  K U ,  AND 12 ARE CALCULATED USING INTEGRATION
C SUBROUTINE QSF a C C O R M N S  TO THE VALUE OF T NCODE_____ ;
C

_____________ no 2 7 0  J « l ,  INTOIM____ ;________________________________ .
M l l F C T ( j } a M A S S ( J ) « ( W ( J ) # * 2 )

______________T 2 F C T ( J ) * M A S S ( J ) * (  ( X » X B A R ) * * 2 ) ____________________ .
I F U N C O d E , E0 .  4 )  K U F C T ( U ) s I (  J ) # ( W 0 X 2 (  J ) * * 2 )

______________T F ( INCODE . E Q . 3 )  K l l F C T ( J ) * W D X 2 ( J ) » » 2 ..................................
X f X + I N T D E L

___ 2 2 0 _____CONTINUE___ :____ ,_________________________ _______________ .___________

C«* FLEX <7 -2 9 -75V_____ ___________ _________  _________
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C«* FLEX.. ( 7-j»29«7.51

C
C-

3 0 0
C - - 
C
C ■

c
C-

CALL Q S F ( I N T 0 E L , I 2 F C T . l 2 r C T , I N T D I M )
i r U N C O P t i  ~;NE.  2> C A L L  Q S F ( I NT D E U K i a F . C T > k U F € T ,  INTDIM-L  
H l l s M U F C T C  INTDI M)
I 2 * I 2 F CT < I NTD4-H4
!F< INCODE- .EQ. 4) 
IF(INCOOE »EQ. 2> 
JFtINCODE .EO. 3)

295--- CONTINUE

K l i s R l l F C T ( I N T D I M ) » E
KU.3X0M£GA»>2) _____  ____
K l l * K l l F C T < I N T D I M ) * E * I C O N S T

g g RQ THE COE F F I C I E N T - MAT R I CES

0 0 - 3 0 0  J i l > 3 6  
H.C J ) 8 0 . 0  
C(J)»0.0
K<J>*0.0
SET MASS MATRIX VALUES

M ( 1 ) « M 1 1  
H ( B ) a M2 —
M(15>*l2
M ( 2 9 ) » M l-M(36UMX-
CQMPUTE CONSTANTS FOB- MATR I C E S .  FUNC T I ON I NTERN I S-

C
C

USED TO INTERPOLATE W( X )  FOR INCODE »  2 * 3 ( 4

l l o k b a « l l - o - x b a r

WD«UW(D)  
Wt.L0«UI>LCL4^

M Z

lOJ_
WB " U W ( 8 )

__ JOflAfilU W <XBAR)
6 0  TO 3 1 0

3 0 5 - ------UP*  I N T ERN ( 0 )
w l l o « i n t e r w <l l -
I4 B» I NTERN( B )

D>

3 1 0
C
c..
c

WXBARx INTERW( XBAR)
c o n t i n u e __________________

.s E lu P  PA-MP-lNG- AND -ST-IFFNESS C O E F F IC lE N T  J4AT R ICE S  

C ( 1 )  8 C 2 » (  WD»» 2 » W L L 0 * * 2 ) * C T »  ( W B»*2-)--------- -------------- ---------:—
C < 7)»C2* < WD+WLLD)*CT*WB 
€ (8 )g2-« »C2*CT.
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«
................ .
C t *  F L E X -X 7 -2 9 * 2 5 1  
( > • • • • • « • » • • « • • » • •

_____________ K ( 4 )  »K (1 9 .)____
K ( 5 ) * K < 2 5 )

_______ ______ K ( 6 ) i K ( 3 1 >
K ( 9 ) * K ( 1 4 )

_____________ K ( l 0 ) 3 K l 2 0 1 -
K ( 1 1 ) b K ( 2 6 )

-__ __________K ( l 2 1 i K < 3 2 )  -
K ( l 6 ) * K ( 2 l )

_____________ K ( 1 7 ) » K ( 2 7 )
K ( 1 8 ) * K ( 3 3 )

_  ____________________________________________

C WRITE INTERMEDIATE OUTPUT IF REQUESTED
— C---------------------------------------------------------------------------- -------- ------------------------------------------------- .------------------- ----------  - -

I F I P R I N T  . E Q .  1 ) W R I T E < O U T , 3 2 0 )  < J . M (  J ) » J#C< J ) » J » K ( ' J ) » J * l » 3 6 )
3 ? 0____ F O R M A T ( / / / 3 6 C 1 0 X .  »M(■«. 1 2 .  ' ) «  * » E 1 5 . 6 . _ ? _________ C. ( 1 > 1 2 . -------------------------------

X f ) ■ ' , E 1 3 • 6 • '  K < ' . 1 2 , ! >  a ’ # E 1 5 . 6 / > )

C COMPUTE CONSTANTS FOR MATRIX OPERATIONS
- f l _ ----------------------------------------------------------------- ------------------------------------------------------------------------------- ----------------------

T W O P H 6 . 2 8 3 1 8______ CQNSTIbKI/2-.______ :------------ ' ------
C 0 N S T 2 » T W 0 P I * L

___ . ______ CQ N ST_3»2» »T  W 0 PI  »A____________________________________________
C 0 N S T 4 » T W 0 P I * ( L + 2 . » A )

___________ CQNST8.t j H 0 P I * * 2 /G ____ ___________ ;____________ -______________
0 ( 1 ) 3 ( 0 . 0 1 0 . 0 )

____________ Q ( 2 ) 3 ( 0 . 0 . 0 . 0 ) __________________________    _
Q ( 3 ) 3 ( 0 , 0 . 0 . 0 )

.  ________0 ( 6 ) 3 ( 0 . 0 . 0 . 0 ) . _____________ :____ ;--------------------- ----------------------
LAMBDA3V0RLAM

C • _________________________________________ _________________ ,______________ -c matrix calculations are performed for each
g POINT IN THE FREQUENCY RANGE________ _ _____________ „
c

_ f c  BEGIN .FUEBUEMCY-LQflg____________ _______ _________________
C.

_ _  :____  DO 5 0 0 ...N V A L i l^ M R E Q ________________ _ _______________ _PhCF(NVAL)
___________  i F I V L TEST . N E .  VLAMBO *)  L AMBDA3VQRLAM/-E_____

C
G
C
t

ADO ECCENTRI CI TY CONTRIBUTION a t  F 3 FW

I F ( EC CE N . E Q .  0 . O R .  A B S ( F - F W )  , G T .  0 , 0 0 0 1 )  GO JO 3 6 0  
Q < 4 > » C 0 N l S T t » (  f i  . g i . g ] . f l ) + r P S l » C E X P { C M P L X ( 0 , f l L . T H E T A l )  ) ♦  

X ( ( 1 . 0 , 0 . 0 ) # E P S 2 # C E X P ( C M P L X ( 0 , 0 , T H E T A 2 ) > ) *  
X C E X P ( C M P - L X - ( 0 . 0 , C Q N M 2 / L A M B D A ) . ) J ____________________________ :--------------
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G:*# . FLEX ( 7 - 2 9 - 7 5 )

Q ( 5 ) ■ C O N S T 1 * ( C E X P ( CMPLX( 0 . 0 , CONS T3 7 L AMBDAJ ) *  ( ( 1 . 0 , 0 . 0 ) ♦
X e P S 3 * C E X P ( C M P L X < 0 . 0 , T H C T A 3 ) ) ) ♦ < ( 1 , 0 1 0 . 0 ) * e P S 4 * CE XP ( CMP LX  

__________ X ( 0 . 0 .  THETA4 ) > ) » C E X P ( G M P L X ( 0 . 0 ,  C Q N S T 4 / L A M B n A ) ) ) .. _ . „

3 * 0
5 0  TO 3 6 5
0 ( 4 ) - C O N S T i * ( ( 1 . 0 . 0 . 0 ) * C E X P ( CMPLX( 0 . 0 . CONST 2 / L A M B O A ) ) )
Q ( 5 ) * C O N S T 1 » ( C E X P ( C M P L X ( 0 . 0 , C O N S T 3 / L A M B D A > ) +  

X C £ X P ( G M P L X ( 0 . 0 . C O N S T 4 / L a MBDA ) ) ) ... ............_ „ _  .......... .
o
c FORM COMPLEX CO E F F I C I E NT  MATRIX FROM M. C . AND K

<cv 
u

 »

0 0  3 7 0  J V l i M A T S l ?  _____

3 7 0
M A T ( J ) « C M P L X ( K ( J ) - < ( T W 0 P ! « F ) * * 2 * M ( J ) ) , T W 0 P I * F * C ( J ) ) 
W O R K ( J ) « M a T ( J )

C
c INVERT C O E F F I C I E N T 1 MATRIX WITH SUBROUTINE MINV
c

CALL MINV ( WORK. NVAR.  BETER, WORKL-, WORKM J

e
|F( OETER . E Q .  ( 0 . 0 , 0 . 0 ) )  GO TO 4 0 1 0

c
c

W0RK2 IS  FOR ERROR VECTOR CALCULATION

CALL C MP R D ( MAT , WOR K, WORK S , NVA R, NVA R, NVA R)
C .. _____ ■_ . _________ • ■ - _____
c
c

MULTIPLY INVERSE WITH FORCING VECTOR Q. To  
8ET COMPLEX SOLUTION VECTOR QVAR

c
CALL G M P R O ( W O R K . Q . O V A R , N V A R , N V A R , l i

c
c SAVE SOLUTION VALUES AND FREQUENCY POINTS
c

C E ( N V A L ) R ( QVAR ( 1 )  >
C * 2 ( N V A L > * < Q V A R < 2 ) > !
C P H I ( N V A L ) r ( Q V A R ( 3 ) )
C Y 1 ( N V A L ) * ( 0 V A R ( 4 ) )  
C Y 2 ( N V A L ) r ( Q V A R ( 5 ) )
C i l ( N V A L ) » ( Q V A R ( 6 ) )
p l t f ( n v a l ) « f _____________________________ :_____________ _ • _

c
c COMPUTE DISPLACEMENT RESPONSES AT
c
c

THREE POI NTS ON CAR

P L T C G ( N V A L ) « C A B S ( 0 V A R ( 2 ) * W X B A R » Q V A R ( 1 ) ) 
P L T T C < N V A L > « C A B S ( Q V A R ( 2 ) * W L L D * Q V A R ( 1 >

X « L L D X B A « Q V A R ( 3 ) )
PLTMI 1  (NVAL ) «CABS'( QVAR ( 6 )  ) -
I F ( A C C  . E O . 0 )  GO TO 3 7 2

c
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#•###••***«#*#**##*««**#**«*##**«**##*»#«**#«##*«*«*#**»***###**«******* 
* PROGRAM FLEX *
a####*###*#**######*###################*####*##########*#############*#*
C COMPUTE ACCeLfPATION RESPONSES. .
c

_ JVCCGCNVALj.sPLTCG tNVAL0*C-ONSI5*F##2 i - 
ACTC(NVAL)sPLTTCCNVAL)*CONST5*F##2 
ACZlCNVALjsPLTMziCNVALi#C0NST5#F**2

372 IF(SPEC .EQ. 0) GO TO 373 
C
C COMPUTE ACCELERATION SPECTRA
C___________________________ -____ _ __ - •

SPCG(NVAL)aPLTCG(NVAL)*LAMBDA*CONST5*F##2 
SPTC(NVAL)pPLTTC( NVALJ #LAMBDA#C0NST5#F*#2 
SPZ1(NVAL)aPLTMzi(NVAL)#LAMBDA*CONST5*F*#2

373 CONTINUE 
C
C CALCULATE ERROR VECTOR-_________________ :__________
C

. DO 375 Jal.MATSIZ 
375 WOPK2(J)aWORK2CJ)-IDEN(J)

CALL GMPRD(W0RK2,QVAR,W0RKN,NVAR#NVAR,1)DO 3B0 J*1,NVAR
380 _ERR(J,NVALI.=WPRKN(J)/QVARCJ) ....-
500 CONTINUE

_ nval«nfreg
c .
c print intermediate RESULTS if requested
c

___IF_CPRINT .EQ, _OJl GO TP__64i _
WRITE(OUT, 605)

605 FORMAT(lHl,55X,'QVAR VALUES'//)
WRITE(OUT #610)

610 _ FORMAT(' FREQUENCY'(10X,'REAL(E) IMAGINARY(E)*,9X,
X'REAL(Z2) IMAGINARY(Z2)*, 8X,'REAL(PHI) IMAGINARY(PHI)'//) 
WRITE(QUT,620) (CF(J),CE(J),CZ2(J),CPHI(J),J«1,NVAL)

620 FORMAT(1X»E17,5,6G17,6)
WRITE(OUT , 630)

630 FORMAT(/////8X,'FREQUENCY*,-9X,*REAL(Yl) IMAGINARY(Y1)*,9X,
X*REAL(Y2) IMAGINARY(Y2)*, 9X,'REAL(Zl) IMAGINARY(Zl) *//)
WRITE(OUT,620) (CF(J),CY1(J),CY2(J),CZ1(J),J«1,NVAL)

_ WRITE (OUT, 6_40)__ _ __
640 F0RMAT(lHi,55X,'ERROR VALUES*//)

WRITE(OUT,610)
WRITE(OUT,620) (CF( J) ,ERR(1,J),ERR(2,J),ERR(3,J),Js i ,NVAL)
WRITE(OUT,630)
WRITE(OUT,620) (CF(J),ERR(4,J),ERR(5,J),ERR(6,J),J»1,NVAL)

c ___________ _ _______......................... '
C PRINT DISPLACEMENT RESPONSES, ACCLERATION RESPONSES,
C AND ACCELERATION SPECTRA
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It* * .* * * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * * * * * # * *
* . - - - PROGRAM f l e x  *
•#«*.**»««##««##«««*«»«#*««•»«**##«««*#»«•«»*«*#««»•«****«#«#•«**«*«*««**
c ......... - - ------------ -----■' •
641 WRITE(OUT,642)
642 FORMAT (lHl.*ASX,.'DISPLACEMENT.-RESPONSES (IN/IN) '//)

WRITE(OUT,645)
645 FORMAT(19X,'FREQUENCY* >9X,'CXR,QF GRAVlTY',7X,

X'TRUCK CENTER',8X,'HANGING MASS')
WRITE(OUT#647)

647 FORMATC22X,'(HZ)',16X,'CG/V0M5X,'TC/V0M5X,'Z1/V0'/) 
WRIIE<-QlW^W)-^Tr-ta)-^PLTCG(-J-)fPLTTC-(J)r —  -

XPLTMZ1(J),J®1,NVAL)
700 IF(ACC- ,EQ, 0) 50 TO 725---

WRITE(OUT,710)
710 F0RMAT(lHl,36X+31HACCELEBATI0N RESPONSES (G'S/IN)/)

WRITE(0UT,645)
WRITF(OUT,660)__________________________________________

660 FORMAT(22X»*(HZ)',1SX,'ACCG/VO*,13X,'ACtC/VO',
X13X,'ACZ1/V0'/)....................
WRITE(OUT,650) (PLTF(J),ACCG(J),ACTC(J),ACZ1(J),J«1,NVAL)

725 IF (SPEC .EQ. 0.) GO TO 800 ......
WRITE(0UT,740)

740 FORMAIXAHIj .37X,32HACCELERAT10N_ SPEC T R A (G'S/CYCLE)/) . . .
WRITE(OUT,643)
WRITE.(OUT, 670)......... .

670 FORMAT(22X#'(HZ)',15X,'SPCG/A1',13X,'SPTC/A1',
X13X,'SPZl/Al?/) _____
WRITE(OUT,650) (PLTF(J),SPCG(J),SPTC(J),SPZ1(J),J*1,NVAL)

650 FORMAT (10X»4E2Q*.6J.______ :_____:____________ -
800 CONTINUEC __________  ... -.... —  . . -.. ....C TEST FOR PSD PLOTSC .. ______ :............... .... ..

XPSDb O
. READ(IN,8lO.END«815) PSD............ . ........... ...............

810 F0RMAT(A5)
JFtPSD .EQ, 'RAILP') IPSDsil 

815 CONTINUE
C PWTTTNG ROUTINE
C . ______ :_________________________ -_____----------------------
C SUBROUTINE PLOTIT IS CALLED ONCE FOR EACH PLOT DESIRED
C XF(DXSP+ACC+8PEC+XPSD .EQ.O) STOP

CALL INIPLT(I.O)............... .
CALL LOGSCA(PLTF,NVAL,XAXlS,FKVAL,FCYCLE)

...  1F(DISP .EQ. Q-l—fiflL.TQ. BID______________ ________ _ . .
CALL PL0TIT(PLTF,PLTCG,29HDISP.RESP0NSE-CTR, OF GRAVITY,29, 

X13HCG/VQ (IN/IN),13) . ........
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#*•*#**«•*#•***••**####•#•«#**#*•*##•«•»*•**«*««#•***«#«#####**«###**««*
# . ....... - ________ RROcaAM_rj»EX. . .. . .. •.....  *
*#*##**■»**##*##*##*♦*##**#**#**###*##*#*#**#■*#*###*#****#*#*###*«■*#*#*■**

.... CALL-. EL0TITtPjJ|\*pLTTC*26HaIlP*a£AP0NsE-TRUCK- CENTER^*,
X13HTC/V0 (IN/INj,13)
X13HZ1/V0 (IN/IN),13)

620 -IFUCC *£Q«.-.0-).-G0 TO .8*0 - ______ __  ____ ________________
CALL PLQTIT(PLTF,ACCG,29HACCEL.RE5P0NSE-CTR,OF GRAVITY,29,

X16HACCG/V0 CGfS/IN},ifiJ.. ............. .....
CALL PLOTITtPLTF,ACTC,27HACCEL.RESPONSE-TRUCK CENTER,27,

JOSHACTC/VQ (G'S/INl,16) _______________________________ __ -
CALL PLOTIT(PLTF,ACZl,27HACCEL,RESPONSE-HANGING MASS,27,

X16HACZ1/V0 (G'S/INJ.,1*)___________
840 XFCSPEC ,EQ. 0) GO TO 8*0

CALL PLQTITlPLXE**PCG»28HACCEL.SPECTRA-CTR^QF.GRAV-IIY,28, 
X19H5PCG/A1 (G'S/CYCLE),19)

___ CALL PLOTITtPLTF,SPTC,2AHACCEL^SPECTRA-TRUCK CENTER,26.________
X19HSPTC/A1 (G'S/CYCLE),19)
, _CALL P L.Q TIT ( P LTF,SP2i-,-2*HACCEL,SPECTRA-HA NflIN G .MASS,26,___  -
X19HSPZ1/A1 (G'S/CYCLE),19)

860  I FXl P S &_*£ Q * _Q 0 R*_YLII1M_ *_E2, 2.) G 0_I&_fl-U3________ _____
CALL RAILPL(CF,VORLAM,NVAL,6,IITYPE,SAVEM,BOOrIN,OUT)

8.10__ CALL FINRL.T______________________________________________ :_________
STOP

C " DETECTED ERRORS :
*000 WRITE COUT,4001) INTER ......  ..... ”
4001 FORMAT!////* ****** INTEGRATION UNSUCCESSFUL ****•*•/_______

X10X,'INTER ■ '»«)
■.s t o p _______ :_____________ ______________ __________ ________ __-

4010 WRITE(0UT,40in MAT,M,C,K
4011 FORMATjC/_/y/!„****##_MATRIX INVERSION UNSUCCESSFUL ******* 

X//10X#,MAT,M,C,Kl*//36(10X,Gl0.5rGl0.5/)/
X3(//36(10X,Ell,5/)))_______________________________________________
STOP
END____  _ ____ ... . ...
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Cm FLEX ( 7 - 2 9 - 7 5 )

SUBROUTINE P L O T I T t P L T F . v R A Y , t i t l e . n c h a r . L A B E L , K A R )
c
c SUBROUTINE PLOTIT PRODUCES ONE PLOT FOR E.a CH
c
c

t i m e  i t  i s  c a l l e d ,

c
c

ARGUMENTS;

c
c

p l t f  x - a x i s  a r r a y  ■ . .
YRAY Y . A X I S  ARRAY

c
c

TITLE HOLLERITH T I T L E  FOR THE PLOT 
NCHAR NUMBER OF CHARACTERS IN TITLE

c
c

LABEL Y - A X I S  LABEL
KAR NUMBER OF CHARACTERS IN LABEL

c
____REAL V R A Y ( l ) , T I T L E ( 1 ) . L A B E L ( 1 ) , Y S T , Y C O O R D r 3 0 0 ) .

X X A X I S , Y a X I S . P L T F ( 1 ) , F I N C , P O S X , P O S Y , H I G H ,  X,  Y 
REAL S X . S Y
REAL F W , V 0 R L A M , W 1 , W 2 , W T , K 1 , K 2 , K T , F B , B E T A 2 . 8 E T A T  
i n t e g e r  n g h a r . n v a l . f k v a l . f c y c l e . k v a l . n c y c l e . i d u m . i n c o d e

INTEGER Vl T E S T . E C C E N . K A R
c o m m o n  / C O P L O T / F C Y C L E . X a X I S . F K V A L . N V A L . Y A X I S

X , V L T E S T , . V 0 R L A M , W 1 , W 2 , W T , K 1 , K 2 , K T , F B , B E T A 2 , B E T A T ,  i n c o d e
X. ECCEN. FW

F I N C - . 1 6
. V S T a l . 9_______________ . _______________________ __________ _______________ ____ _ _

posy«yst
__________ HI GH» . 0 8 ___________________________________________ ,______________

P O S X * , 1 5
__________ 0 0  5 J J J t j . N V A L _____________ :________________________________
5 Y C 0 0 R 0 ( J J J ) « Y R A Y ( J J J )

. TFtVLTEST , E Q .  1?  GO TO 1 0 ___________________________
CALL S Y M B O U P O S X , P O S Y , H I G H , 8 H L A M B D A *  , 0 , 8 )

__________ CALL N U M B E R ( 9 9 9 . , 9 9 9 . . H I G H , V O R L A M . 0 ,  JJ_______
CALL SYMBOL( 9 9 9 , , 9 9 9 . . H I G H » 3 H  I N , 0 , 3 )

__________ BO TO 2 0 ___________ :_______________________________________________
1 0  CALL S Y M 8 0 L ( P 0 S X , P O S Y , H I G H , 5 H V e h  , 0 , 5 )
__________ CALL NUMBER( 9 9 9 . , 9 9 9 . , H I 6 H , VORLAM, 0 , 1 )

CALL S Y M B 0 L ( 9 9 9 . , 9 9 9 . , H I G H , 4 H  M P H . 0 , 4 )
2 0  P 0 S Y » P 0 S Y - F I N C _________________________________________________

CALL S Y M B 0 L ( P 0 S X , P O S Y , H I G H , 4 H W l a  , 0 , 4 )
__________ CALL NUMBER( 9 9 9 . , 9 9 9 . . H I G H , H I , 0 , 0 )_____________

CALL S Y M B 0 L ( 9 9 9 , , 9 9 9 . , H I G H . 4 H  L B S , 0 , 4 )
__________ P 0 S Y « P Q S Y - F I N C ________________________________________________

CALL S Y M B O L ( P O S X , P O S Y , H I G H , 4 H W 2 *  , 0 , 4 )
__________ CALL NUMBER( 9 9 9 . . 9 9 9 , . H I G H . H 2 , 0 , 0 ) _____________

CALL S Y M 8 0 L ( 9 9 9 . , 9 9 9 . . H I G H , 4 H  L B S , 0 , 4 )
. P O S Y a P O S Y - H N C ___________________________ ____________________
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C*»***««»«e**»»**»<H
_&**_■  FLEX..(7 -2P j -7-5)

CALL S Y MBOL < P 0 S X . P 0 S V » H I g H . . - 4 H W Ts .0 , - 4 4
CALL
CALL.

NUMBER( 
SXM 9.QL (

5 9 9 . , 9 9 9 .  
9 9 9 .  .9 9 9 .

H I 8 H . H T . - 0 . 0 )  
H IGH .-4H LB S . 0 . 4 X

POSYsPOSY-FlNC 
CALL S YMBOL ( P D S X i POSY HI-SMjJ H K I s . 0 , 4 )
CALL
CALL-

NUM8EP(
S 1 M O U

P O S Y s P O S Y - F I  
CALL SYM8QLC

9 9 9 . . 9 9 9 ,  
9 9 9 . > 9 9 9 ,

R I C H . K l » 0 . 0 )  
Hl6H,7jLLBS/IlyU-a^7J-

NC
P O S X . P O S Y H I G H ,  4HK2t» > 0 . 4 )

CALL N U M 8 E R < 9 9 9 . . 9 9 9 .

p o S y « p o s y - f i n c
CALL S Y M B O L ( P Q 5 X . P 0 SY

H I 6 H . K 2 . 0 . 0 )

JL..4 l
CALL N U M 8 E R ( 9 9 9 . , 9 9 9 .  
CALL a i M f l 6 L ( 9 9 9 . , 9 9 9

H I G H , K T , 0 . 0 )
HIQH< 7H L B S / I N i 0.J1

I F t I NCO OE . G T .  2 )  
P Q S V P O S V - F I N C

GO TO 1 0 0

!0iL

CALL S Y MB OL ( POS X , P OS Y  
CALL NUMBER ( 9 9 9 - . - 9 9 9 - . -
CALL S Y M 8 0 L < 9 9 9 .  
P 0 S Y »P 0S .Y-F  INC

9 9 9 .

H I G H . 4 H F B *  # 0 , 4 )
HI GHj.EfljL04-2J_____
H I 6 H . 3 H  H I , 0 , 3 )

CALL SYMBOL<POSX. POSY  
CALL N U M B E R ( 9 9 9 . . 9 9 9 .

HI GH# 7 HBETA2 b , 0 . 7 )  
H I G H . BE T A 5 . 0 . 3 ) _______

P f l S Y a P O S Y - F I N C  
CALL S Y MBOL ( POS X . P OS Y HI GH, 7 HBET AT «  , 0 , 7 )
CALL N U M B E R < 9 9 9 , . 9 9 9 ,  

rnPQS Y - F i
H I G H . B E T A T , 0 , 3 )

P QS.Yi ■I-MC-
f F<ECCEN . E Q .  0 )  GO TO 
CALL S Y MB O U P O S X . P O S Y

190
H I G H . 4 H F W b . 0 . 4 )

CALL N U M B E R ( 9 9 9 . , 9 9 9 .  
CALL S Y M B 0 L ( 9 9 9 . . 9 9 9 .

H I G H , F W . 0 , 2 )  
H lG H ,_3H _H Z_i_0,l)_

1 5 0  CALL L O G S C A ( Y C O O R D . N v A L . Y A X l S . K y A L . N C Y C L E )
___________ S X « P O S X » 2 0 . * H IGH+ 0-.-3_______________________________________________________________________

S Y p Y S T + H I G H * 0 . 1 + 0 , 3
___________CALL LAX I S ( 0 . 0 . 0 . 0 . FCYCL£«-1AM FRE Q U EN C Y _1H 2) ,  1 4 , _ X A X I S , F K 1 A L , 2 )

CALL L A X : S ( 0 . 0 . 0 . 0 , N C Y C L E # L A B E L , K A R . T A X I S , K V A L . l )
___________ CALL G R I P , X A X I B . Y A X I S , F C Y C L E . N C Y C L E . 3 . g . 0 . . S X . 0 . . S Y)

CALL SYMBOL( < X A X I S - N C H A R * . 1 5 ) * . S . Y A X I S * . 3 , . 1 5 . T I T L E # 0 . N C H A R )
___________CALL ALINE ( P L T F , YCQORQ,.N-VAL#0 . 0 , 1 . 0 , 0 . 0 . 1 . 0 - ? ______________________________

CALL P L 0 T ( 1 2 . 0 , 0 . 0 , - 3 )
RFTURN_______________________________________________ :______________________________
END

14T -



C»» FLEX (7-29-75)____________ ________
C*******»*****»******o*********
_______ SU8R0U.T.IN£ DIFF2(W«W0X2 , INTDIM,INTDEL)
C
C niFF2 COMPUTES THE SECOND DERIVATIVE OF THE
C FUNCTION W(X)

~~REAL WiW0 X 2 , IN T DEL ......
____ _ . niMgNSIQM W(l) ,WDX2 (1 ).... .... .............. .

WOX2(1)«0,0

- -103--

H p X 2 ( I N T p I M H 0 . 0 _____
DO 100 J*2.INTDIM-1
r e t u r n  
l n d___

) / I  N T 0E L #.#2

_________ REAl__ FUN C T10 N _ IN.T.ERW iX )_____________ ___ ______________________________________
C
C f n TERW PERFORMS A LINEAR INTERPOLATION ON F UNCTI 0 ( 0 (X).  
C
__________ BEAL I N T D E L . W ( g g ) _______________ =_______ :__________________ ______________ :________

c o m m o n / s u b /  i n t d e l . w_____ ! Bb ( XZINT.QEL ) +J-.___-__ ___________ ____________—
n E L T A i W ( I B * l ) - W ( I B >

. J NTe Rh b h  1 1 B ) ♦ ( t ( ( I P - H  * 1 NTDEL) /  I NTDEL > »nELTAJ______________
r e t u r n

__________ END— __________________________________________________,________ ______________
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C** FLEX ( 7 - 2 9 - 7 5 )  . . . ______
C * * * * # # # * # * # * # * » * # * # » * » * * « # * # # »
C______  - . - . - __....................._ . ___ _______
c ..................................... ...................................... ............................................................................................
C____ __________________________________________________________________________________
C SUBROUTINE qsf
c .. . . . . .............. . .
C PURPOSE
c to compute the vector of i ntegral  values  for a gi ven
c e q u i d i s t a n t  table of functi on  v a l u e s ,
c___________________________________________ ___
c usage
C ___________ .CALL QSF (H>.¥.,2,NDIH)_________________ _________ __ _...........
c
C ^DESCRIPTION OF PARAMETERS
C H -  THE INCREMENT OF ARGUMENT VALUES,

jG_______________ V__________ -  THE INPUT VECTOR OF FUNCTION VALUES. .
C Z -  THE RESULTING VECTOR OF INTEGRAL VALUES. H MaY EE
C ______________________ LDENTiCAl__WITH_Y* __
C NDIM -  THE DIMENSION OF VECTORS Y AND Z.

C REMARKS ........
c _____________ no acti on  in c as e ndi m l ess  than 3..____
c
C.  SU&ROUTINES-ANQ. FUNCTION.SUBPROGRAMS REQUIRED
C NONE
c_______________________________________________ .. . __________
C METHOD

__.C_______________ BEGINNING WITH Z(1 ) =0,  EVALUATION OF VECTOR Z IS DONE BY
c MEANS of SIMPSONS RULE TOGETHER WITH NpW'fQNS 3 / 8  RULE OR A

..j:________________combi nati on  of theSf t wo rulfS. trumcatiqn ^ rror j s  of ..
C ORDER H*#5 ( I . E .  FOurth ORDER METHOD). ONLY IN case NDIM=3

_ C_____: _________ TRUNCATION ERROR OF Z (2)  IS OF ORDER H#*4.____________________
0 FOR REFERENCE, SEE

_C________________ (1 ) F . B . H T LOEBRAND. IN TROPUCTION TO N U.M E RICAL AN ALVSIS.
C MCGRAW-HILL# NEW YORK/TORONTO/LONDON, 1956,  PP. 71 * 7 6 .

_ £ ________________ (2)  R.ZURMUEHL, PRAKTISChE MATHEMATtK FUER INGENlEyRE UNO
C PHYSIKER, SPRINGER, BERLIN/GOETTINGEN/HEIDELBERG, 1963 ,
C_____________ P P. 2 1 4 - 2 2 1 . ____________________:_____________________________________________
c  ...

c
__________ SUBROUTINE QSF(H.Y.Z.NDIM)_______________  ______
c
.c ________ .__________________________________________________________________

DIMENSION Y( 1 > , E(1)
_jc_______________________ :________________________________________________________ : _____________________

HT«.3333333»H
_____IF ( NDI M -5  ) 7 . 8 , 1  ____________________________________ _ . . .  __  . .

0###*####*#***#«#*«*•»«•»**•«*»
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c#*•••»•••#»»»»»•«««»»*••••••••
_ C * * -  F - U X - t 7 » .2 * » 2 5 J .________________________ __________________

C « • * * * « • « • » • • • • • * • • » * • « « » • • • • » »

c m o i m  i s  g r e a t e r  t h a n  5 .  p r e p a r a t i o n s o F I n TEg r a t I o n l o o p
---------------l .S U M l ,s X ( 2 > + Y .( 2 ) ___________________________________________________________________ ___

S U H l s S U M l + S U M l
---------------JSU M lsH IgX Y X 4J-»-SU M 4*Y -(3) )___________ .. -  .

A U X 1 * Y < 4 ) + Y ( 4 )
...........-  - -A U X i-sA U X i+ A -U X i------- --- -------------  ---------------------

Au X1= SUM1 + H t * < Y ( 3 ) + A U X 1 * Y < 5 > )
--------------------A H X 2 a H T » ( Y < l ) * 3 . 8 7 S « ( Y < 2 > * Y ( 5 ) ) + 2 . 6 2 5 » i X U ) * Y 1 4.) ). *  Y ( 6  ).) -

S U H 2 = Y ( 5 ) + Y ( 5 )
--------------SLMtes SUM 2*S U M £--------------------------------------------------------------------------------------

S U M 2 » A U X 2 - H T * ( Y ( 4 ) * 8 U M 2  + Y ( 6 ) - )
- — 2 m = a . -  ----------------------------------------------------------------- ------------------ -  - -

A U X s Y ( 3 ) * Y ( 3 )
------------------- AUXsAUX»AUX--------------------------------------------------------------------- „______________________________

2 < 2 ) s S U M 2 - H T * < Y ( 2 ) * A U X * Y < 4 )  >
.. _______ 2x a j a .s u  M l_________________________________________________________________

2 ( 4 ) * S U M 2
—  -  lF X N O IM -6 -)_ 5 ,5 > 2  -------------------------  -

c
--C --------------1-N-l E.G.R.AXtQN -tOQP--------------------------------------------------1 - ............ ............

2 DO 4 I = 7 i N 0 I M , 2
- ^ U M i » X U X l - _______ - ____________________ :________  . - .... .. . .

SUM23AUX2
_____  ____ A U X l s Y U « l ) - * X X U U ____________ _____ _ _ ................................................

A U X l s A U X l + A U X l
_______:  A U X j x SUH lA H X a.U X l-«t2 .)-4  A U X1 1 Y ( I ? j ____ :___________________________  _____

2 ( 1 - 2 ) s SUMl
----------I F ( I - N D I M ) 3 # 6 * 6 ------------ ------------

3 AUX2 b Y ( I ) + Y ( I )
... i u X g s A U X 2 * - A U X 2 ____ :___________________ -_____  ,

A U X 2 = S U M 2 * H T * ( Y n - l ) * A U X 2  + Y(  1 * 1 ) )
_________ 4 - ! ( . - ! - 1 ) « S J M 2 ____:________________ _ ____________ _____________ ____________________________

5 2 ( N D I M - i ) b AUX1
- __________2 ( N D I M ) s A U X 2 _____________ __________________________ . . ... - . ____________________  _

r e t u r n

________ A _ .K N O I M -1 )  *SUM2___________________________- _______ :______ _______________ ________ ____
8 ( N D I M ) « A U X 1

_____________RETURN___________________________________________________________________ ____________________
C ENO OF INTEGRATION LOOP ,

7 ! F < N D I M - 3 ) 1 2 . 1 1 , 8

C NDIM IS EQUAL TO 4 OR 3

SUM1s Y < 2 ) + Y C 2 >
------------SUM1b SUM4*SUM1------------------------------------------------------------ ---------------------
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c#•##•#•***#**•#***•»**#•*#**#•
B # * _ F L t X _ l . 7 - 2 9 - 7 5 )  ._ . . ...............
C#*«»#*•*#*•***»#**•*»*•****»»•
_______ S U M je H T  # 1 Y I 1 . ) + S U  M l  *  Y ( 3  U _____  _______________ '

2 < l ) s 0 .
_________A U X l » Y ( 3 ) + Y ( 3 ) ___________________ ___________________

* U X 1 * A U X 1 + A U X 1
2 ( 2 _ ) = S U M 2 - H l #- < Y t 2 ) + A l ) X l * Y ( 4 )  ) __________  .
I P ( NO I M - 5 ) 1 0 , 9,9

_____ 9 A U X l a Y ( 4 ) + Y ( 4 )  ... . __________  ..
A U X l s A U X l + A U X l

_________2 ( 5 ) g- S U M l + H T * ( Y ( 3 ) » AUX1+ Y15JJ_____.___________
10  ? < 3 ) = S U M 1

_________2X 41SS U M 2____________________________________________
9ETURN

C MOIM I S  EQUAL TO 3
____ 1 1  S U M i g H - T » ( i , 2 5 » Y ( l ) »Y ( 2 )j*lY (2  )  -  ■ 2 5 * Y X 3 1 X ,—

S U M 2 a Y ( 2 ) + Y ( 2 )
_________S UM 2 ■ S U M 2.+-S-U-M2__________________________ ___________

? ( 3 > s H T » ( Y ( l > + S U M 2 * Y ( 3 ) )
_______ 2 (1 ) = 0-»------- ------------ ----------

? < 2 > s S U M l
— I S  RE T URN___________________________________________ __

e n d
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... C«JL F L F *  f 7 - 2 0 « 7 a i

SUBROUTINE F TABG( 1FREQ. N D F . Q F . F L . F . N F1
c
c t h i s  s u b r o u t i n e  c o m p u t e s  t h e  f r e q u e n c y  t a b l e

c
______ I F R F Q p I  RANGE I N P U T S ,  ■ ? OCTAVE I N P U T S

c
_A___

n d f  -  n u m b e r  o f  r a n g e s  or  o c t a v e s
OF -  FREQUENCY P O I N T S  VECTOR

c
c

FL -  FREQUENCY LOWER L l N l T S  VECTOR 
F -  FRFQUFNCY TAPI E RETURNED

c
_____c______

NF -  NUMBER OF POI NTS IN FREQUENCY TABLE

XNTEtSER O F <7> 
n T MFNSI  flN F L i a ) . F ( 2 0 0 )

C
IF < IFREQ . E Q .  2 ) GO TO 5 0 0

C
_e. . .

r a n g e  i n p u t s

NF» 0
0 0  2 0 0  1 * 1 . NDF
C » E X P ( A L 0 G ( F L ( I + 1 ) / F L ( I ) > / 0 F U ) ) 
W F * N F * l
F ( N F ) * F L ( ! )  
no 1 0 0  J i l . D F M  )
F T » C * F ( N F )

NFPNF+l
F < N F ) * F T

100
. 2 0 - 0  -

CONTINUE
CONTINUE

C
r e t u r n

C
_ f l ____

o c t a v e  i n p u t s

5 0 0 0 r 2 * » ( 1 . / 0 F ( 1 > )
NE*1_____
F ( N F ) p F L ( 1 >
150 7 0 0  1 * 1 . NDF
0 0  7 0 0  J i l i O F ( l )

_______  N F* N F  » 1 ________

-*00
F ( N F > » F ( N F - 1 ) * C

____CgN-T-I-NUE...... .................______
r e t u r n

___ t u ft

/
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APPENDIX C
PROGRAM LATERAL INPUT PARAMETERS AND LISTINGS

The P rog ram  LATERAL in p u t  d e ck  c o p s is t s  o f  th e  f o l l o w in g  
f i f t e e n  c a rd s :

Ca rd 1 UN ITS : NONE

i16AS| ' -
RUN'

T h is  i s  an 8 0 - c h a r a c t e r  ru n  d e s c r ip t io n  w h ic h  w i l l  be p r i n t e d  
on th e  l i n e p r i n t e r  o u tp u t  and a t  th e  b e g in n in g  o f  a sequence  o f  
p lo t s .  The ru n  d e s c r ip t io n  n o m in a l ly  used  c o n s is t s  o f  th e  L a t e r a l  
T e s t Run N o . ,  th e  IOPT No . and th e  d a te .  O th e r d a ta  may be i n 
c lu d e d  as deemed n e c e s s a r y  b y  th e  u s e r .

Card 2 UN ITS : NONE
|15II|
DTAG (N ), N = l,  15
T h is  i s  a c o n t r o l  v e q to r  w i t h  an e n t r y  f o r  each  o f  th e  f i f t e e n  

c o o r d in a te s  f o r  w h ic h  d is p la c e m e n t re s p o n se s  a re  r e q u e s te d .  F o r  
th e  N th  c o o r d in a t e :

DTAG(N) = 0 ,  No O u tp u t
1 , P r i n t  D is p la c e m e n t Response
2 , P r i n t  and P lo t  D is p la c e m e n t Response

Card 5 UN ITS : N0NE
| 15.11 |
ATA'GTN) , N=1 ,15

T h is  i s  a c o n t r o l  v e c t o r  w i t h  an e n t r y  f o r  each  o f  th e  f i f t e e n  
c o o r d in a te s  f o r  w h ic h  a c c e le r a t io n  re s p o n se s  a re  re q u e s te d .  F q r  
th e  N th  c o o r d in a te :

ATAG(N) = 0 , No O u tp u t
1 ,  P r i n t  A c c e le r a t io n  Response.
2 , P r i n t  and P lq t  A c c e le r a t io n  Response 1
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Card. 4 UNITS: RADIANS

ALPHA i s  th e  w hee } c o n i c i t y

Card 5 UN ITS :
| F10.4 | F10.4 | F10.4 | F10 .4 | F10.4 1 

C l C2 ' C31 C4 C6
C l - A x le  P r im a ry  S u s p e n s io n  L a t e r a l  Dam ping
C2 - P r im a ry  S u s p e n s io n  Yaw Damping
C3 - S e conda ry  S u s p e n s io n  L a t e r a l  Damping
C4 - S e conda ry  S u s p e n s io n  Yaw Damping
C(p - S e conda ry  S u s p e n s io n  V e r t i c a l  Dam ping

LBS -SEC /IN  
IN -LBS-SEC /RAD  
LBS -SEC /IN  
IN -LBS-SEC /RAD  
LBS -SEC /IN

Card 6 . UN ITS: FEET
|F10.4|F10.4|F10.4|F10.41F10.4|F10,4|F10.4|

LL ' 2L—  2HL  D "  W "B  E1

LL - Ca r Body L e n g th
2L* * - Gage
2HL* - A x le  S p a c in g
D -. D is ta n c e  fro m  C e p te y p la te  t o  end o f  c a r  
W - T ru p k  ( C e n te r p la te )  S p a c in g
E - C a r -B o d y : C e n te r  o f  Mass H e ig h t  above S econda ry  

S u sp e n s io n  L a t e r a l  S t i f f n e s s  A x is  
E2 - S e co n d a ry  L a t e r a l  S u sp e n s io n  H e ig h t  above T ru c k /W h e e ls e t  

C e n te r ’ o f  Mass

*The q u a n t i t i e s  2 L , 2HL, and 2B c o r re s p o n d  t o  t r a c k  gage and a x le  
s p a c in g  d is t a n c e s ,  and th e  l a t e r a l  s p a c in g  b e tw e e n  s e c o n d a ry -  
s u s p e n s io n  v e r t i c a l  s t i f f n e s s  e le m e n ts . These q u a n t i t i e s  r e 
p re s e n t  th e  p r o p e r  in p u t  d a ta  (a s  opposed  to  th e  c o r r e s p o n d in g  
h a l f  d is ta n c e s  f o r  th e s e  q u a n t i t i e s ) ,
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Card 7

| F 1 0 . 4 |FXO . 4 |F IO . 4 | F I 0 .4
5 KO 2B I ZERO

UNITS : IN /S E C 2
FEET
FEET ?
IN -LBS -SEC

G - G r a v i t y  C o n s ta n t
RO - W heel R a d iu s
2B * - L a t e r a l  S p a c in g  Be tw een  S econda ry  S u sp e n s io n

V e r t i c a l  S t i f f n e s s  e f fe m e n ts .
IZERO - W h e e ls e t S p in  A x is -M a s s  Moment o f  I n e r t i a

Ca rd 8 UN ITS :

|E 1 2 .4 |E 1 2 .4 |E 1 2 .4 |E 1 2 .4 IE 1 2 .4 I  
Kl--- K2~ T T  K4--- K5---

K1 - A x le  P r im a ry  S u s p e n s io n  L a t e r a l  S t i f f n e s s  ,
K2 - P r im a ry  S u s p e n s io n  Yaw S t i f f n e s s
K3 - S e conda ry  S u sp e n s io n  L a t e r a l  S t i f f n e s s
K4 -  S e co n d a ry  S u sp e n s io n  Yaw S t i f f n e s s
K6 - S e conda ry  S u s p e n s io n  V e r t i c a l  S t i f f n e s s

LB S /IN
IN -LBS /RAD
LB S /IN
IN -LBS /RAD
LB S /IN

Card 9 ' ' UN ITS :
|E 1 2 .4 |E 1 2 .4 |E 1 2 .4 |E 1 2 .4  | E l 2 . 4 |E l  2 . 4 | .

I F  IT  I  BY IBR FSUBL FT

IW - A x le  Yaw I n e r t i a
IT  - T ru c k  Frame Yaw I n e r t i a
IBY  - C a r-B od y  Yaw I n e r t i a
IBR  - C a r-B od y  R o l l  I n e r t i a
FSUBL - C reep  C o e f f i c i e n t  ( L a t e r a l )
FT - C reep C o e f f i c i e n t  ( L o n g i t u d in a l )

C a rd  10 UN ITS : LBS
LBS

|E 1 2 .4 | E 12 . 4 ] E 1 2 . 4 |E 1 2 . 4 |E 1 2 .4 | LBS
MWG MTG MBG kA T E  LBS -IN /R AD

L B S /IN '
MWG - W h e e ls e t W e ig h t  
MTG - T ru c k  Frame W e ig h t  
MBG i  C a r-B od y  W e ig h t
KA - W h e e l-R a il G r a v i t a t i o n a l  Yaw S t i f f n e s s  
KG - W h e e l-R a il G r a v i t a t i o n a l  L a t e r a l  S t i f f n e s s -

IN -LBS -SEC
IN -LBS -SEC
IN -LBS -SEC
IN -LBS -SEC
LBS
LBS
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Card 11 UNITS: NONE

1 12 |
I  OPT

IOPT i s  a c o n t r p l  v a r i a b le  t o  s e le c t  tfce f o r c i n g  f u n c t io n  
a p p l ie d  t o  th e  l a t e r a l  c a r  m o d e l.

IOPT = 1 , S in u s o id a l l a t e r a l  d is p la c e m e n t o f  th e  t r a c k  c e n te r -  
l i n e  i p  th e  h o r i z o n t a l  p la n e  ( a l ig n m e n t  p e r t u r b a t io n )

IOPT = 2 , C r o s s le v e l p e r t u r b a t io n .
IOPT = 3 ,  E q u iv a le n t  f i x e d  base  i n e r t i a  f o r c e - e x c i t e d  s y s te m ,  

i d e n t i c a l  t o  th e  c r o s s le v e l  ( b a s e - e x c i t e d )  p e r t u r b a 
t i o n  ( i . e . ,  a f i x e d  base  f o r c e - e x c i t e d  s ys tem  o f  
I0 P T = 2 ) . The s y s te m  i s  i d e n t i c a l  i n  th e  sense  t h a t  
i d e n t i c a l  re s p o n s e s  a re  g e n e ra te d  r e l a t i v e  t o  
th e  t r a c k ,  f p r  o p t io n s  I I  and I I I .

IOPT = 4 ,  As p r e s e n t ly  coded  O p t io n  4 a p p l ie s  i n e r t i a  fo r c e s
and to rq u e s  o n ly  t o  c a r  b o d y , w i t h  a l l  o th e r  f o r c i n g  
f u n c t io n s  s e t  t o  z e ro .  T h is  o p t io n  i s  in te n d e d  to  
p r o v id e  th e  c a p a b i l i t y  o f  a p p ly in g  i n e r t i a  f o r c e s  t o  
a p a r t i a l  s e t  o f  c q o p d in a te s . C o d in g  changes w i l l  
be r e q u i r e d  t o  a l t e r  t h a t  s e t  o f  i n e r t i a  fo r c e s  i f  
f o r c e s  o th e r  th a n  c a r  |3ody fo r c e s  ( l a t e r a l ,  yaw , 
and r o l l )  a re  d e s i r e d .

Card 12

1 11 F 5 .2
ILAMB v ;  ' i f I  LAMB 

LAMBDA, i f
= 1

ILAMB = 2

UN ITS : ILAMB NONE
V MPH
LAMBDA FEET/ 

CYCLE

S e t ILAMB = 1 t o  s p e c i f y  a c o n s ta n t  v e h ic le  v e l o c i t y ,  and  
ILAMB = 2 t o  s p e c i f y  a c o n s ta n t  t r a c k  w a v e le n g th .

Cards 1 3 , 1 4 , 15

I 12 | 1 2 |
IFREQ NDF

CARD (13) UNITS: NONE
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CARD (1 4 )
1714 1
T5F[N) , N=1 ,NDF 
DF(1)

I f  IFREQ = 1 
I f  IFREQ = 2

UN ITS: NONE

CARD (1 5 ) UN ITS : HERTZ
18 F 1 0 .4 1
FL (N ) ’jN = l ,NDF+1 
F L (1 )

I f  IFREQ = 1 
I f  IFREQ = 2

IFREO s e le c t s  one o f  tw o  m e thods f o r  s p e c i f y in g  th e  f r e q u e n c y  
p o in t s  a t  w h ic h  th e  re s p o n se  w i l l  be fo u n d .  W ith  IFREQ = 1 ,  
l o g a r i t h m i c a l l y  e v e n ly - s p a c e d  p o in t s  a re  g e n e ra te d  f o r  a s e t  o f  
f r e q u e n c y  ra n g e s .  NDF g iv e s  th e  num ber o f  f r e q u e n c y  ra n g e s  
(maximum o f  s e v e n ) .  DF(N) s p e c i f i e s  th e  num ber o f  p o in t s  f o r  th e  
ra n g e  FL(N ) t o  F L (N + 1 ) . FL(N ) g iv e s  th e  lo w e r  l i m i t  o f  th e  N th  
f r e q u e n c y  r a n g e ,  and FL(N +1) i s  th e  u p p e r  l i m i t  f o r  th e  N th  ra n g e .  
FL(NDF+1) g iv e s  th e  u p p e r l i m i t  f o r  th e  l a s t  f r e q u e n c y  ra n g e .

W ith  IFREQ = 2 , l o g a r i t h m ic a l l y  e v e n ly - s p a c e d  p o in t s  a re  
g e n e ra te d  f o r  th e  num ber o f  o c ta v e s .  NDF s p e c i f i e s  th e  num ber 
o f  o c ta v e s .  D F (1 ) g iv e s  th e  num ber o f  p o in t s  p e r  o c ta v e ■, and  
F L (1 ) g iv e s  th e  s t a r t i n g  f re q u e n c y  o f  th e  f i r s t  o c ta v e .  N o te  
t h a t  th e  re m a in d e rs  o f  th e  DF and FL f i e l d s  a re  l e f t  b la n k .
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............
C«* FOLLOWING TEXT PRINTED PROM PILE DSKB|LATER,F4 [4351,5311 29-JU1-75 
C•»**»**•*»#*»*«•**»*«•#••»•••#
c •
c
c *•««•« MAIN PROGRAM LATERAL »«»#*«
c .................................. ........................................
C THIS PROGRAM COMPUTES THE LATERAL RESPONSE
C CHARACTERISTICS OP A TRAIN CAR SUBJECTED
C TO A CROSS-LEVEL OR ALIGNMENT TRACK _ _ ______

C « *  L A T E R A L  ( 7 - 2 9 - 7 5 )

C PERTURBATION,

c SUBROUTINES REQUIRED! LATERP, MINV,GMpRD, INIPLT,
c FINPLT , symbol, maxmin,
c
c

LOGSCA, LAXIS'PLOT, GRID

c INPUT! FOR02.DAT
c
c
c

OUTPUT! PRINT FILE (FOR21.DAT), PLOT TAPE (UNIT 16)

L
c
c
c

SUBSYSTEM ITEM SYMBOL UNITS TYPICAL VALUE

c
c AXLE AXLE WEIGHT MWG POUNDS 5220
c LATERAL DAMPING Cl LBS-SEC/IN 116
c LATERAL STIFFNESS K1 LBS/IN 27860
c AXLE SPACING 2HL FEET 8,5
c AXLE YAW INERTIA IW IN-LBS-3&C2 8125
c TORSION YAW DAMP C2 in- lbb- sec/rad 0
c TORSION YAW STIF K2 IN-LBS/RAD 36E7
c TRUCK WEIGHT/NO AXLE mtg POUNDS 12610
c LATERAL DAMPING C3 LBS-SEC/IN 171
c LATERAL STIFF K3 LBS/IN 3385
c YAW INERTIA IT IN-LBS-5EC2 55000
c YAW DAMPING C4 IN-LBS-SEC/RAD 0
c YAW STIFF K4 IN-LBS/RAD 60E6
c carbody weight- total MBG POUNDS 127600
c YAW INERTIA IBY IN-LBS-SEC2 %, 87E7
c ROLL INERTIA IBP IN-LBS-SEC2 655220
c SECONDARY STIFF K6 LBS/IN 3900
c CAR BODY LENOTH LL FEET 85
c TRUCK OFFSET D FEET 12,9
c WHEEL BASE LENGTH W FEET 59,5
c GAGE 2L FEET 4,7
c BODY C.G, HEIGHT E FEET 2,0
c secondary height E2 FEET 2,5
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c»*
c»» LAT&RAjj (7-29-75)

SECONDARY.DAMP r/'CS = LBS*«BC/XW . ,57,5
SEC., S P A C I N G ! , 26 •’ FEET . ' 8,00

WHEEL ' YAW GRAY,STIFFNESS .^.KA - IN-LBS/RAD 3750
LAT.GRAV,STIFFNESS ‘ ' KG' LBS/IN . <• 7917
CREEP COEFFICIENT FSUBL LBS' „ 3E6
CREEP COEFFICIENT FT * LBS 3E6
CONJCITY ALPHA- RADIANS . ,05
WHEEL RADIUS RO FEET . 1,3
WHEELSET MOMENT IZERO . IN-LBS-5EC2 ; . .700

DEGREES OF FREEDOM  IN PROGRAM LATERAL

SYMBOL
1 XI
2 PSI1
3 X2
4 PSI2
5 X3
6 PSI3
7 X4
8 PSI4 
4 THETA
10 X5
11 PSI5
12 Xb
13 PSIS
14 X7
15 PSI7

c o o r d i n a t e . ■ '
LEADING TRUCK FRONT AXLE LATERAL DISPLACEMENT (SWAY) 
LEADING TRUCK, FRONT AXLE YAW.
LEADING TRUCK' BODY LATERAL DISPLACEMENT'. (SWAY)
LEADING TRUCK BODY YAW
LEADING TRUCK REAR AXLE LATERAL DISPLACEMENT (SWAY) 
LEADING TRUCK, REAR AXLE YAW - ' ■'
CfR BODY LATERAL blSP.LA.C.EMENT (SWAY).
CAR BODY YAW •- f . , "
CAR BODY ROLL’ . ;
TRAILING TRUCK FRONT AXLE, LATERAL DISPLACEMENT. (SWAY) 
TRAILING TRUCK FRONT AXLE YAW ''
TRAILING TRUCK LA.TEpALr'DISRLACEMENT.(SWAY)
TRAILING TRUCK YA'W 'v '
TRAILING TRUCK REAR AXLE LATERAL DISPLACEMENT (SWAY) 
TRAILING TRUCK REAR AXLE YAW ^

DIMENSION IPPRC3)
.•DIMENSION ALFA (2),PEG(;2) i IQ(2.) ,
DIMENSION MUUG(2)#MTEEG(2)»MBEEG{2)#HEL(2)

,-D IMENSIQN IUU (2)»IBER (2), IBEY (2) , PSPl ( 3), j»PK 2 ) , PSSI t 3) 
PTMENSION FLBS(2)»PPF(2),FSBEL(2)»PSPR(3). ■ ;!

DIMENSION SAVEM(200,30),IlTYPE(30) ■
DIMENSION LDUM(I5),MDUM(V|) , ' '
DIMENSION FC2oO),FL(8) , ..
DIMENSION M(225)#CC22S),*C225) '
INTEGER DTAG(15),ATAG(15),BLANK,BLANKA,DF(7)
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C## LATERAL (7»29-75)
C»#»»•#*»*•#**«»#«*»#«•**#«***•

DIMENSION DISPLC2QQ,iS),ACCEbC200,15),NAME(6.15).INAME(15), 
XRUN(l6)#MAME(l5),JHOLD(15)#ARRAA(200),NAME1Cb) #NAME2(6)

DIMENSION ILABD(4,4),ILABA(4>4)»KLAB(2»4),JIABD(3,4)
DIMENSION JLABA(3V4)»LArANO(15),DNORMt4J,ANORM(4)
COMPLEX SOLD(200»15)
REAL L,L2,IW,MW,MT|MB
REAL MWG,K1,IN,K2,MTG,K3,JT,K4,MBG,IBY, IBR, K6, K6X 
REAL M,K,KA,KG,IZERCi
complex DET»ZDUM
COMPLEX BMAT(225)#CMAT(225),SOLU(15)
COMPLEX MAT(225)»EYE 
COMPLEX X,Y,Z,XA,YA,G(15),Y1,X1,Z1,Z2 
COMPLEX CEXP1,CEXP2#CEXP3,CEXP4,CTFM1,CTPM2,CTRM3,Xl2 
COMPLEX Yl2»CEXP5,CrACl,CFAC2*CFAC3#CrAC4,CFAC5,CFAC6#CFAC7 
EQUIVALENCE (SAVEMC1, 1 ) ,DISPL(1 , 1 ) ) , (SAVEM(1,16)*

XACCEL(1»1))
DATA IITYPE/1,3 , 1 , 3 , J , 3 , 1 , 3 , 3 , 1 , 3 , 1 . 3 , l , 3 ,2 ,4 ,2 ,4 ,2 ,4 ,2 ,4 ,

X4,2 , 4,2*4,2,4/ I
THE FOLLOWING DATA STATEMENTS DEFINE THE INPUT PRINTING LABELS

DATA ROW/*RD ■  »/,IPPR/*. IN-L*, »BS/PA% »D •/
DATA 10/* IOPT*i* ■  */
DATA VEE/» V ■  */,MpH/» MPH*/
DATA ALFA/'ALPHA',* * »/,DEG/» RADI * ,*ANS*/
DATA MUUG/'MWG ■  »,* »/,MTEEG/*MTG ■  »,» »/,MBEEG/*MBG ■  »,» »/,

2 IBEY/'IBY ■  %» */,IBER/*IBR ■ *,* »/,PND/* LBS»/»
3 PSPIA* LBS-*,»SEC/I»,*N*/,ppI/» LBS/*,»IN*/,
4 FOOT/* FT*/,PSSl/» .IN-LBS-SEC**2 »/,PSPR/* IN-LBS-SEC/RAD»/,
5 FLBS/» FT«L*,»BS'*/,PPF/* LB8/',* FT»/,CONE/»C1 * ' / ,  
b  CT0l)/»C2 ■ */,CTPEE/»C3 ■ *7,CF0RE/».C4* ■ »/,KONE/»Kl ■ •/,
7 KT00/*K2 ■  >7,KTR£E/»K3 ■  »/,KF0RE/.»K4 * »/,KFIVE/»K5 ■  */,
8 KSIX/'KA • */,KAY,E/*KA * */,KAGE/*KG ■ »/,POW/'FO ■
9 FSBEL/*FSUBL»,* * »/,FTEE/*FT ■  */,HEL/*2HL ■  *,» */

DATA IWW/'IW ■  » /»ITEE/* IT ■  »/,ELT00/»2L *. »/,
2  DEE/* D ■ * / , U U / »  W *  */,EEE/* E *  »/,BEE/»2B ■ » /

DATA EL/»LL ■  */
DATA CSICK/*Cb * */,EE2/*E2 ■  */

THESE DATA STATEMENTS DEFINE THE LABELS FOR PRINTED O U T P U T VARIABLES, i
DATA KLAB/ioH/ YZERO' ZZFRO ,lo«/ YZERO , 10H/ THETAO /
DATA JLABD/15H (IN/IN) ,15.H (IN/IN) ,

X15H (DEG/IN) , 15H(DEG/DEG) /
DATA JLABA/15H (G»S/IN) , 15H (OfS/IN) ,

X15H(RAD/SEC2/1N) , 15H(RAD/SEC2/DEG) /
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— c ###*######***##**############# ~ :
C*« LATERAL (7-39-753
c*«#***««*«»*«**»«*«#*#«»»*«*«* : : "
C LATANG SPECIFIES WHICH VARIABLES ARE LATERAL(O)

“ C ----- AND WHICH ARE ANGULAR(2)
C

--------- DATA LATANG/0, 270,2>0,2,0,2,2,0,3,0,2,0,2/
C
C
C

TffET FOLLOWING “DATA NTATirMENTr DEFINE THf LABELS FDR PLOT VARIABLES

DATA"
X20H/ YZERO (DEG/IN) 
DATA TLABA/26H/ YZERO

t j w t z e r o
,20H/ THETAO (DEG/DEG) m(G'g/IN) i20H/ ZZERO 

X20H/YZERO (RRD/8EC2/XN),20H/THETA0(RAD/IEC2/DG)/

("IN/IN)
/
fG»5/lN)

DATA “NAWE/5HLEAO ^THTRUCKiT H  TRON 
2 5HLEADIfSHNG TR»SHUCK F
T ----------- 5RLEADlf5HNfj TR,5HUCK TT
4 SHLEADIfSHNG TR,SHUCK B

SHLEAD ,5HTRUCK,|H REAR 
JHLEADI,5HNG TR,SHUCK R 
SHCAR B/SHODt L ,fHATERA 
SHCAR B,5HODY Y,SHAW 
SHCAR' B75H0DT R ,SHOLL 
5HTR, T,5HRUCK ,SHFRQNT 
5HTRAIL»5HING“ T#5HRUCK 
SHTRAIL#8HING T,$HRUCK 
5HTRAIL,SWING T ,SHRUCK 
$HTR, T,SHRUCK fSHREAR 
5HTPAIL,5HING T,SHRUCK 
j.uv. •««*• ,|HX2

5"
6
T
8
r
X

DATA MAME/SHXl 
1 ----------- 5HXA

#SHPSll 
,5HPSI4 
, 5HX7

i SHTHETAfSHXS 
,SRPSI7 /

5HT A XL,5HELAT 
5HRONT rSHAXLE 
SH0DT“L75HAT,DI 
SHODY Y,5HAW 
S H  AXLE,5H LAT,
SHEAR A 
SHL DIS 
SH 
5H
SH AXLE

,5HXLE Y 
,SHPLACE 
#SH 
,SH
,SH LAT,

5HYAW
BHAXLE
s h r e a r
SHPSIa

R,5HAL D1 ,SH8P. «
,SH “ ,5H i
,SHLAT,D ,5HlSP, t
,5HAXLE ,SHYAW /
,BHX3 ,5HPSI3 9
,sHpSls , sHXt 9

5H.DISP
SHYAW
SHBP.
SH
SHDI5F,
5HAW
5HHENT
5H
5H
5HDISP,
SH YAW

2 5HPSI6
“DATA T N A M E / 3 D *"28728722»3 0127"r29^12,13,30*29,28,18,29,21/ 
DATA BLANK,BLANKA/SH ,SH A/

c ..... .... .. ..”
C INITIALIZE MATRICES AND DEPINE CONSTANTS
t

C 
C 
~C

READ(2,2) RUN
2 ’FORMAT (ISAS') '

READ(2,3) DTAG,ATAG
3 --- FORMAT(15II/1511 7

READ(2#S) ALPHA
--  “ 5 FORMAT(F5,23

READ(2«10) Cl,C2,C3,C4,C6

d a t a  M/225#o,o/,c/22s#oto/,K/225*ofo/

EYE*(0,1.)

READ INPUT VALUES
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C*»#***###****«#««»#*«•«•«**«»# '■ ~
10 FPRMATC7F10.4)

READ(2#10) L,L27HL,D,W,E,£B
____ REAP(8,10) C,RQ,B, I EERO__________ ■ ___

READ(2,15) Kl,K2,KJ,K4rKS 
15 FORMAT(6E19,4)

READ(2,15) IW,IT,IBY,IBR»FSUBL,FT 
READ(2,18) MWG,MTG,MBG,KA,KG ____________

OPTION I SELECTS A FORCING FUNCTION BASED ON TRACK ALIGNMENT 
p e r t u r b a t i o n , OPTION XI SELECTS A FORCING FUNCTION BASED 
QN _TRACK CROSS LEVEL_DEVIATION,

C # *  L A T E R A L  C 7 - 2 f * » ? 5 )

READ(2,18) I OPT _ _  
18 F0RMAT(I2)
___ READ(2,183) ILAMB,V
183 F0RMAT(I1,F5,2)
““  PRINTS INPUT VALUES

WRITEC21, 
WRITE(21, 
WRXTE(2l, 
IF(ILAMi 
IF(ILAMB 
WRITE (1.1 
WRITE(21 
WRIT E Q l
WRITEC21 
WRITEC21 
WRITE(2t 
WRITE(2l 
WRITE(21 
WRITEC21
WRITE(21 
WRITE*21 
WRITE(21 
JJRITE(2t 
WRITE(21 
WRITE(21
WRITE(2l 
WRITE(21 
WRITE(21 
WRITE(21 
WRITE(21 
WRITEC21
WRITEC21
WRXTEC21

6000)
6009)
7050)
.NE,
7021)
6002)
7010)
7020)
7020)
7020)
7020)
7010)
7020)
6008)
7010)
7020)
7020)
7020)
7020)
7020)
6006)
7010)
7020)
7010)
701_0)
7020)
7020)

_RUN ___ ;_______
iO,IOPT

1) WRITE(21,7020) VEE,V,MpH 
1) WRITE(21i7023) V
. G__________________ ,____ .
MUUG,MWG,pND ____ _
cone,c i ,p ip i
CT00,C2,P8PB 
KQNE,Kl#PPI 
KT00,K2,IPPR 
HEL,HL,FOOT
IWW,IW,PS8I_________________
MTEEG,MTG,PND 
CTREE,C3,PSPI 
CF0RE,C4,PSPR 
KTREE,K3,PPI 
KF0RE,K4,IPPR
it e e , i t ,pDs i

MB E EG,MB G ,P N D 
_KSIX,K6,PPI
IBEY,i b y ,p b s i
IBER,IBR,PS8I______________
EL,L,FOOT 
ELTOO,L2,FOOT
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C## LATERAL C7«2ft«7»)
WRITEC21,7020) DEE,D,FOOT
WRITEC21,7000) uu,w,roaT
WRITE(21,7020) EEE#C 0fQOT
WRITEC21,7020) EE2,E2,FOOT
WRITE(21,7020) BEE,B,FOOT
WRlTE{21,7020) C8lCK,C6,P8PI
WRITEC21,6007)
WRITE(2l,7020] KAIE,KA,IPPR
WRITE<21,7020) KAGE,KG,PPI
WRITE<21,7040) F8BEL»F8UBL,PND 
WRITE(31,7030) FtEE,FT,PND
WRXTE(2l,7040) ALFA,ALPHX,DEG 
W R I T E Q 1 ,7020) ROW,RO,FOOT

6000
WRITE(21,7022) XZERO 
FORMAT(lHl,61X,l2HINPUT VALUE3///)

6001
6005

FORMATt///66X,4HAXLEA) 
FORMAT(1H ,///66X,SHTRUCK/)

6006
6007

FORMAT ( 1H , ///66K,8H&AR BODY/) 
FORMATC1H ,///66X,5HRHEEb/)

6 0 W
7010

FORMAT ( 2tX,16A5/ )
FORMAT(1H , 57X,AS,A1,E12,4,3AS)

~ T 0 W

7021
F O R M A T U M  798X,A5,El2(4,lA$) 

FQRMAT(S9X,SH G *  ,E12,4,10H IN/8EC**2)
7022-
7023

F U R MA T ( 55X,9M iZE.RU *  ,E12,4»14H JN*LBS»SEC**2 ) 
FORMATX5SX,9HLAMBDA *  ,E12t4,5H FEET)

7040“
7050

FORMATC1H ,55X,A5,A2,E12,4,3A9) 
FORMAT!1H ,S5X,2A5,£S)

C
C THESE THREE INPUTS ARE NEEDED AS 0NE»HALF OF THE VALUE ENTERED
C
C

NOTE THAT "Db* IN THE PRINTOUT CORRESPONDS TO 
PROGRAM CODE AND *2L» CORRESPONDS TO * 1 2 * t

* L * IN THE
c

B m B / 2 ,

HL*HL/2, " “ 
L2*L2/2.

C
C CONVERT ALL INPUTS TO IN.LBS-SEC UNITS
c

HL*HL«12.0
L*L*I2,0
L2*L2*12tO
DiD*l2t0
W«H#12,0
E«E#i2t0
E2lE2*12,0
B«B«12,0
R0*R0#12 |0
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C » »  L A T E R A L  ( 7 » 2 > » 7 S ?

IFCILAMB ,EQ, 1) V*V#t7,6
ifcilamb  , me, n  v» v *ia ,
ZEE«L/2,-D

CONVERT HEIGHTS TO MASSES

MWaMWC/G
MTb MTG/G
MBaMBQ/C

CALCULATE THE COMPONENTS Or THE 15X1S MASS(M), 
damping(S ) , ano s t i f f n e s s c K) MATRICES

. M(l)aMW : ^  '......
M(17)fIW

- M(33)«MT ~ : ^
MC49J9IT
M(6S)«MW ' ‘ 7 -- - -... -
M(81)*JW 
M(91)HMB 
M ( i m « I B Y  
M(129)aIBR “
M(145)aM(l)
Mil6l>iM(iT) :
M(i77)«M(33)M(l93)aH(49] - -  
M(209)*M(1)
M (228 J i m  V ~  “
K (J)»K1+KG
■^n'Jia.iRTSACPHAiiia/ro “ •—
K(3)a-Kl
K(4Ji»Kl*HL : .. ' '
K(16)*»2,#F8UBL
K (17 IfaKTaKA
K(19)«-K2
K(3i )*“Kl
K(33)«2(« K U K 3
K(35)a.Kl
KC37)iaK3
'fros)ii-x3¥znr'~ T ;
K(39)*K3«E 
K{46 JUKI 4)
K (47)t»K2 _ _ ____
K (4 9)a 2,#K 2+K4+2,#Kl#HL## 2
K(50)*K1*HL
K C S n a ^ K l
K(53)a-K4
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{!••*#»#«•••»###*»•••••
C#* LATtPAt (7-29-»§)

K(63)»«K1 
K ( 64 J iKI'AHE 
K(6I)PK1+KC

------- Kt56)nT{2) ----
K(79)«*K2 
KC00)UK(I67 
K(81)iK2-KA 
K(93)*»K3 
KC97)«2.#K3

---------K(09Si»9".'*KJ«*E
K(102)*-K3
K(i08)«KC38)

___
K(U7)«-K(3I)
K(118)«-K4 ~ ~  :
K(123)«K(39)
K U 2 7 J - - 2 . #K3#E 
K(129)*4t#K6#B*#2+2.*K3#E##2 

“ K(132>»K3#E 
K(140J«Ki+KG 
K(146)nK(2)
K U 47)«»K1
Ktl40)»»Kr#HL“
K (160)«K(li)
■K (161) *K2»KA
K(163)«-K2 
K(172)«*K1 "
K(173)»-K(30) 
KCl74)iK(3f) 
KU7 S ) » * K 1  
'KtT7TT»Kt33) 
K(179)«-K1
K (18 B >* •K'4---------
K(190)»K(4)
K ( i 9 n * - K 2
K(193)b K(49)
KU94)*-K(4)
K(l90)»-K2
KC207JB-K1
K (208)*»K(4)
KX209)*K(1)
K(210)«K(2)
*T223)«-K2
K(224)«K(16)
K(225)*K2^KA
C ( n « C l  + 2 t*F*UBl,/V
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".c ##»*##*#*#***«#**#*####*######
C»« LATERAL (7-2*»?S)c #####«####*•*##*#####***##***#

C(191)»-C2
--------- C~Tl93)*C<4T) ~

C C194)
^  C(19S)— C2

C(207)«»C1
CTC20 6 3 *C 1 *HL " "
C(209>«C(1)
C(223)R«C2 
C(225)*C(l7)

~ C  ' : " " 1
C READ:AND WRITE FREQUENCY INRUT
c

READC2,203 XPREQ,NDF
20 FORMAT 1212) ’ ' “

WRITE(21#21) IFREQ,NDF
“ IT FORMATC ///1 OX ,  6HIFREQ*, Z2 ,  SX/4H.VDT17I2)

READ(2,30) Df______________  _ _
WRITE(21#313 DF 

3i~FORMAT(7//IOR,4HDT *,714)
READ(2,40) FL

40 FORMAT (8FT074T ' " ■
WRXTE(21,41) FL

_— — .— w r i t e (2 1 #SI)------------------■— ’; - -r—---• —7 —
51 FORMAT(////10X» 16HREQUESTED OUTPUT, 32XiSHPRINT#5X,4HPLQV)
” ‘--- DO 59 JJJ*1 # 15-------------!— ^ ------- ~ -rT  : 7-•

*£? « °? ,G° ■■■ : ; ■ ■■ ;
52 ^^OR^T^/IoX ^ T s H D I f l P L A c l M E N T ^ ^ S A i T l X f  1HX)
------ IF(DTAG(JJJ) tEQ, 2 ) WRITET21#S3) : . 1 -'
53 FORMAT(lH+ ,69XrlHX)
¥4---- CONTINUE------ ■------ - .---V--------"..... — ..■ • ■ .. :.” •

IFCATAG(JJJ) ,EQ, 0) GO TO 59

55 FORMAT{/10X,15HACCEL£RATI0N • ,6A5,JX,1HX) 
IF(ATAG(JJJ) ,EQ, 2) WRITE(21VS3)
CONTINUE59

C
C
C

p r i n t  m ,c , a n d  k m a t r i c e s

NUMr O
KNT«0 “
WRITE( 21,9005)
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€«•*«««*»«#*«#*««»«*«««««*•***•
C»» LATERAL (7«29»9B ) _______ , ' ■■■
€*«»»•#*«•««««««*«•#•#»«««»«*««
9005 F O R M A T ( 1 H 1 ) ____ _____  _
9010 NUMiNUfl+l " ~

IF(KNT,GE,225) GO TO 9040
' WRITE(21,9020) NlTM ~ “ ■ ~

9020 F0RMAT(//10X,11HC0LUMN NO, ,IJ/>
9 0 28 KNTnKNT +1 ......~.........

WRITE(21i9030) KNT#M(KNT),KNT,C(KNT)#KNT»K(KNT) 
90 JO FORMAT (V1 OKrJHM' (r n V 2 H y »  rt 12 » 4 ~

__ 2 5X,3HC (,I3,2H)Hf El2t4, _______ _ ___. , . . .
3 5X,3HK (,IJ,2H)«,Ei2,45 ~  ~ ^
IF(MOD(KNT,lS).EQ.O) 00 TO 9 0 1 0 _____
GO TO 9028 - ^

9040 CONTINUE
c........' ■" ' ~ ' ' ~ :
C GENERATE FREQUENCY TABLE
C — AND STORE VALUES IN ARRAY F ^  ^
C '
^  CALL FTABGCTFRlQ,NDF,Dl*,'F'L,F,NF f  -

C
c t w i t rsLizir k a t r i c e i  _ -:
c

DO 80 JJ«1,15 
CMATCJJJiO,
Q(JJ)b 0 9 

80 CONTINUE
c
c COMPUTE CONSTANTS FOR FORCING VECTOR.

— jr 
c

L2 IS H A L T ~ T H r I J O C T GAGE'

r * “ M * rA *• fwiv ; H . v ■ v. . • . • ■ • / //'■ ' ./
ZZ«2t*B#B
HL2»2#*HL
XL2D«L»2,#D -*
Y1«EYE*XL2&*PI2
yi 2 ■ Yl/JT,
Zt*EYE«CXL2D+HL2)«Pl2
Xt«EYE#HL2«PI2
X12PX1/2.
K6X1ZZ#KS-E#E2*K3.
C6X«ZZ»C6»E«B2*C3

/ 7 p ., 1 _ ■ ’ . r, (

C
ZEEBL/2(«D

e
c

DEFINE SOLUTION VECTOR ffORBALIZATlDfr ^

DNORMCDiil.O
DN0RM(2)*TN0L
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C# # # # # #«* ##****«##*«#
C*» LATERAL (7-29*75)

DNORM(3)«57,19577 
DN0RH(4)il,0 “
ANORH(1)«1,0/G 
AN0RR(n«TK0L7G “ _
AN0RM(3)«1t0 

-JOTOW m  ■ l.T/57,29577 
ICHECKflOPT 
IGFTil "
IFCICHECK ,GT, 1) I0PTR2

■ XLAMITV
c
c
c

BEGIW FREQUENCY~XOOP

T i T H T

c
c

c
c
c

OMEGA IS ANGULAR FREQUENCY’

I F d L A M B  ,EQ, 1) XLAM«V/FCI)
TiYi7XLAH
IF(I0PT,NE,1) GO TO 150
DEFINE FORCING VECTOR FOR ALIGNMENT PERTURBATION
X«X1/XLAM
ZtfZl/XLAM -
XY»ALPHA*L2/RQ

------Q(fJ«KG ' ” "
Q(2)«2,*FT*XY
Bt5)llCG#CEltPTXT~
Q(6)«Q(2)*CEXP(X)

----- QC 10)«KG#CEXP(Y)----  ^
Q( 11)»Q(2)*CEXP(Y)

----- Q(14)*KG*CEXPrZj------------- --------
Q(13)«G(2)»CEXP(Z)

------GO TO 160-----------     “ ..............
150___CONTINUE________
C DEFINE FORCING VECTOR FOR Cr OB8*LEVEL PERTURBATION
c '—  -----------------------------------^  ..... ........ .. “

XAPX12/XLAM
ZDUM«CEXP(t)
CEXPIp CEXPCXA)

— «ntP2*i.7CExpi
CEXP3«ZDUMPCEXP2
CFAC2»RO»(EYE»9MEGA«C3*K3)
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C **»*»**»*•»**«»»**••»••«»«*#*#
C## LATERAL (7-29»78)_____________ _____ _______
C «•»«*«*«•*#«#*••*»#*#««*»#**#«

Q(3)«Ea#(K3+CYEwOMEGA#C3)*(-1.0)
X»l,+gDUM
Q n a ) > Q C 3 ) » Z ! ? U H __________________________ _______
Q(7)*»Q(3)»Q(12)
22«K6X+EyE*uHEGA#C6X 
Q(9)«E2#X " ~
CTRMi*R0«(MW#OMEGfc*OMEGA«E?E#Cl#OMEGA«Kl)
C TR ̂ 2 «R0 # (KI+EYE*C1#QMEGA)
CTRM3«ZERQ#V/R0#(♦EYEHOMESA)
Q(i)pCTRMl#CBXP2 
Q(2)cCTRM3»CEXP2 
Q(3)»Q(3)+CTRH2*(CEXP14CEXP2) 
Q(4)*CTFM2*(CEXP2-CEXP1)#HL 
Q (5 >»CTRM i*CEXP1 
Q(6)pCTRM3»CEXP1 
Q (8)■ZE£#E2*CFAC2/RD#(1.-ZDUM)
Q(10)aCTRMl«CEXP3 
Q(11)«CTRH3*CEXP3 
QJ12)bQ(12)+CTRM2*(CEXP3+CEXP4)
0(13)«CfRM2*(CEXP3-CEXP4)#HL 
0(14)»CTRM1#CEXP4 
QC15)«CTRM3#CEXP4 
IF (I C H E C K , Edn 2) GO TO 160
FORCING FUNCTION FOR OPTION 3
YA«Y12/XLAM 
CEXP5«CEXP(YA)
0MEGA2«0MEGA#0MEGA 
CFACl*RO*(EYE#OMEGA#ClVKi)
CFAC3«OMEGA2*MT#RO 

^CTAC4p (RO+E2)#CFAC2/BO 
CFACS«0MBQA2»MB»(R0+E+E2) ___
CFAC6«IBR#0MEGA2 
CFAC7*4#B#B#(K6+EYE#0MEGARC6) 
q e nvoi n + C F A c r
0(3>PQC3)+CFAC3«2,*CFAC1♦CFAC4#CEXP$*CFAC2 
Q(5)p Q(5)+CFAC1
Q(7)pQ(7) VCF-AC S #C EX PS +C FAC 2 # (1 ,+ZDUM*2,*CEXP5) 

X-CFAC2*E2#2,*CEXPS/R0 
Q(l)cQ(8)tCFAC2#(l.«ZDUM)«ZEE 
G (9 )VG( 9) +E#E2*CFAB2* (1 ,+ZDlJM) /R0+ (CFAC6-CFAC7) 

X#CEXP5+EM(RO+E)#CFAC2#<2l#CEXPB»i,-ZDUM)/R0 
QC10)*Q(l6)+CFACl«Z0UM 
Q(12)*QC12)+(CFAC3*2t#CFACl)«ZDUM+CFAC4 

X #C E X P5»C FAC 2 # ZD U M 
Q(14)PQ(14)tCFACl*ZDUM
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(;*##»##«***#•*#»*«»•***«*#•#**«
C«« LATERAL (7-29-75)
Cl## ##################•########

I F C C H E C K  ,EQ, 3) 00 TO 160
€
C FORCING FUNCTION FOR OPTION 4

DO 151 LMPt,*
T O  Q(LM)«(0,0,0,0)

DO 155 LMplO,15 
T55 Q(LM)«(0,0,0,0)

160 DO 170 LMplflS 
CMAT(LM)«Q(LM)

170 CONTINUE 
C
C FORM COMPLEX COEFFICIENT MATRIX

DO 100 MMp I,225
-T' MAT(MM)p-0MEGA*«2«M(MM)♦EYi#OMEGA*C(MM)♦K(MM) 

BMAT(MMJPMATCMM)
100 CONTINUE ^

IF(CABSCDET)) 200,1100,200

C
(T------- MULTIPLY"!NVERSE UF“d E F F I C I E N T  "MATRIX’ BY FORCING
C FUNCTION TO OBTAIN SOLUTION VECTOR
c 1 1 ' " ' ~ ~  ■' : :

CALL GMPRD<BMAT,CMAT,S0LU,15,15,1)
C ' ---- ----- ■ ■ ..
C ADJUST SOLUTION VECTOR FOR OPTIONS 3 AND 4

IFCICHECK ,LT, 3) GO TO 210
80LUC3JPS0LUT3TFRO------ ---------
SOLU(12)PgOLU(123»RO»(gDUM)

SOLU(7)p SOLU(7)+CEXP5*(R0+E+E2)
C SAVE MAGNITUDE OF SOLUTION FOR PRINTING AND PLOTTING
t)—  ̂ NORMALIZE OUTPUT VARIABLES--------- ----'~
C

DO 225 JJJPl,lS 
“ SOLD (I , JJJ ) pSOLtirJUJ7»DNORMrIOPT^tATANG( JJJ)T 
DISPL(I,JJJ)p CABS(80LD(I,JJJ))

225 CONTINUE
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c*«**#«»**»«**«»*»»«*»«*»*«##**
C«« LATERAL C7-25-75)c « «» » ***««* * «« « « « ####*#*## * * ««•----------------------  ------
1000 CONTINUE
c. ....... "
C PRINT THE MAGNITUDE OF THE COMPLEX SOLUTIONS
CT •g e n e r a l i z e d  c o o r d i n a t e s
C

JNUMb O ' ..
DO }305 J«1»15
I F C D T A G C J ) . E Q . O )  G O T O 1 3 0 5  
JNUMb JNUM+1 

" JHOLDCJNUMJpJ 
1305 CONTINUE

IFCJNUM ,EQ, 0) GO TO 1100 
DO 1450 JfliJNUM,3 
JinJHdLDCJ)
J2*JHQLD(J+l)
J3«JH0LD(J+2)
IFCJ+1 ,GT, JNUM) J2«0 
IF(J+2 »T>T, JNUM} J3§0 
IF(IOPT ,EQt1) WRITEC21#1310)

1310 ' FQRMAT(lHi,l3X/66HDlSPLACE«£NT AND ANGULAR RESPONSES 
- X BASED ON ALIGNMENT PERTURBATION//)

IF (IOPT",EG, 2) WRITE C 21,1120 )~
1320 FORMAT(1Hi,12X# 68HDISPLACEMENT AND ANGULAR RESPONSES 

X B A B E D  ON CROSS-LEVEL PERTURBATION//)
JLl-IDPT+LATANGCJl)
I?(j2 ^ Eg oy JL2PT0PT*LATANG(J2)
IF(J3 ,NE, 0) JL3*I0PT’»LATANGtJ3)

1330 F0RMATC9X,14HFREQUENCY (HZ),Jx!3A5 ) *
IFTJ2 ,NE, 0) WRTTE(2l#1340) MAMECJ2),KLA8C1#JL2)»KLABC2#JL2) 

1340 F0RMATC1H+,49X,3AS)
“TF i r j y ^ , f r r , ^ y x ^ m c 2 r v i 350) m a m e c  m , k l a b c i ,j l 3),k l a b (2,j l 3)

1350 FORMAT(lH+,69X#3A5)
WRITE(21#1351) "(JLSBD C JKL#JL1),JRLii#T)

1351 FORMAT(3OX#3AS)
ITCJ2 .NE, 0) SPITEC 21 #11401 "(JL ABBi J K L #'JL2)»JKL«1# 3 5 
IF(J3 ,NE, 0) WRITE(21#1350} (JLABD(JK L ?JLJ)#JKL*1#3)

“ WRITE (21 #1158)
1355 F0RMATC5X)

W -1400 X bT , NF..... '
WRITEC21#1360) FCI)#DISPL(I#Jl)

1360 FORMATC iX,2E20.51
IF(J2 ,NE, 0) WRITE(21#1370) DISPLCI,J2)

1370" FORMATCrH+,40X,E 2 0 , 5 1 '
IF(J3 *NE, 0) WPITEC21#1380) DISPL(I#J3)

1380 FORMATClH+,BOX # E2 0.5)
1400 CONTINUE
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C** LATERAL (7«2B»75)
1450 CONTINUE
C “ ~
C PRINT THE ACCELERATION REfPONSE 
C ^
1500 JNUMaO

001 5 0 5  J*1,15
IF(ATAGCJ) ,EQ, 0) 60 TO 1505 
JNUMmJNUFT+1 
JHOLD(JNUM)»J 

1505 CONTINUE
IF(JNUM ,E0, 0) GO TO 1700

--  DO 1690 Jal.JNUM.J
JlaJHQLD(J)
J3aJH0LD(J+2)

-------IFCJ+t rST, JNUM) J2aO
IF(J+2 ,GT, JNUM) J3«0

— IF (I0PT .50, l ) W R I T E W i  1510) ^
1510 FORMAT(lHl« 20Xf53HACCELERATI0N RESPONSE BASED ON

1520“
IF(IOPT ,EQt2) WRITE(21.1520)

XCROSS-LEVEL PERTURBATION//)
-------JLlalOPT+LATANCtJl)^ :

IF(J2 ,NE, 0) JL2*I0PT+LATANG(J2)
“ IF(J3 *NE, 0 ) JL3aI0PT+LATANTTf J3T 
WRITEC21>1530) MAME(Jl)#KLABCl,JL1),KLAB(2#JLl)

T5T0— FO R M A K PX^IAHFREQUENCY (H2D~»6X » IHA.IAS)--- ------T~  "---- "—
IFJJ2 .HE, 0) WRITE(21#1540) MAME(J2)#KLAB(1«JL2)#KLAB<2»JL2) 

1540“ rORMAT CTHTFtfXTl1tA7lA5)
IF(J3 ,NE, 0) WRITE(2l«1550) MAMECJ3)fKLAB(l,JL3)»KLABt2#JLl?

1550 FORMAT CTH+,6tX#lHAf3A5)------------ ^ ------ ------- ------
WRITEC21 1 1351) (JLABA(JKL,JLl).JKLal#3)

-------- IFTJ2 .Nr . 0? WRIT E (21»1345 ) (JLABA(JKL,JL2 ?«J*Lai,3 ) -----
IF(J3 .NE, 0) WRITE(2i»1350) {JLABA(JKL, JL3), J K L » W 3 )

------WRITEC21»135$)-------------------------— ----r----- --------~ -------
DO 1600 Ial.NF

—  ----WRIT E (21T1360) F (I) ,ACCEL(lYUT)— — ~--------------  ----- ------
IF«J2 .NE, 0) WRITE(21#137o ) ACCEL{I#J2)

-------- IF(J3 .Nr , o) WRITE (21> 13801 ACCEL(I»J3) -----~— ” 7-----
1600 CONTINUE
1650 ^CONTINUE------- ----------------- - ' "—  " ^ “
C ________ _____ ______
C OF GENERALIZED COORDINATES
c ~ ~ T' .
1700 H a l
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€•«•«**«••«#*»*««««••«»«««••*«#
C»» LATERAL (7«29»75) ____________ _______ - '
C "#######*##•*###**##*##*###*#*##

do 2 1 0 0 j w i a s ___________ :_____ ____________
IF(DTAG (J) ,NE, 2) GO TO 2090

______IFCII ,EQ. Q) GO TO 2 0 1 0 __________ - .___________ .
IIbQ
CALL INIPLT(l.l)

2010 DO 202^ N«iVNF 
2020 ARRAA(N)*DISPL(N,J)

DO 2030 Nb1,6
2030 NAHE1 (N)bNAME(N,J)___________________ __________ \___

NAME2(1 j•BLANK
NAME2(2)«MAME(J) __ ______ _______ ___________
NCHO2*I0PT+LATANG(J)
DO 2047 Nfl_,4__ ____ ______

2047" NAME2(N+2)«ILABD(N#NCH0Zi
CALL LATERP(Nr,F,ARRAA,NAMBl,lNAME(J),NAME2>30#1#_IOPT 

C
C CALL LATERP FOR REQUESTED ACCELERATION PLOTS 
C
2050 IF(ATAGCJ) J t NE,2) GO TO 2100 

IFCII ,EQ, 0) GO TO 2060
____ IIbQ _  __________ __  _

CALL INIPLTCi.l)
2060 DO 2070 N«1,NF 
2070 ARRAA(N)■ACCEL(NfJ)
__ DO 2080 Nb1 , 6 _______ ________

2080 NAME1£N)«NAME(N,J)
___name2Q?*blanka _ __________ j___________  __

NAME2C2)^MAME(J)
NCH0Z«IOPT+LATANG(J) - 
DO 2097 Nb1#4

2097 NANrE2(N + 2)»ItABA(N,NCH0Z)
"CALL LATERP(NF#F,ARRAA,NAMBl,INaME(J},NAME2,30,2,lOPT)

2100 CONTINUE
C
C TEST FOR PSD PLOTS
C

IFtILAMB ,NE, 1) GO TO 2190 
IPSDbO
READ(2#2110,ENDb2115J PSD

2110 F0RMATCA5)
IF(PSD ,EQ, *RAILP'J IPSDal

2115 CONTINUE
IFCIPSD .EQ. 0) CO TO 2190
IFCII " , E Q. 0 ) "GO TO 2130 
11 »0
CALL iNIPLT('l,ir 

2130 CCCCb97,29577#TWOL
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C*«****#**»*»**»»#ft»#«*«#*«##** 
fl«# LATERAL (7-29-75)

IF(IOpT ,NE, 2) GO TO 912B
DO'JItr J«r,T5IFCLATANG(J) ,NE, S) GO TO 2121

" DO 2120 Nb1,NF ~  ....  "
DISPL(N#J)«DISPL(N,J)*CCCC

2120 «CERTrrJ)«AeCirCN,J)*CCCC
2121 CONTINUE 
2125 CONTINUE

CALL RAILPLCF?V^NF#30»IITYPEf8AVEM,200>2>21) 
2190 IF111 ,EQ, l) GO TO 2200

CALL GYMBOLCO^OrO.OfO.lISfRUN^O.fBO)
CALL FINPLT 

2200 STOP 
1100 WRITEC2111800)
1200 F0RMAT(1H1,24H MATRIX AMAT IS SINGULAR)

STOP ' ■ ‘
END
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C## LAT&RALC7-29-75)

SUBROUTINE LATERP(NEM,IAV,ARRAY7YTTLE,¥CT,LABL7NCL,----
XICODEiIOPT)
PLOTTING ROUTINE FOR PROGRAM LATERAL 
NEM NUMBER OF POINTS

.SAV frequency a r r a y-
ARRAY DEPENDENT VARIABLE ARRAY
TITLE LABEL FOR TOP OF PLOT
NCT NUMBER OF CHARACTERS IN TITLE
LABL LABEL FOR Y-AXlS
NCL NUMBER OF CHARACTERS IN LABL
~iei3T5E *1 DISPLACEMENT PLOT 

*2 ACCELERATION PLOT 
TtfPT" ' iiniUirSCE PERTURBATIW'

■8 ALIGNMENT PERTURBATION
DIMENSION ARRAY(200)»SAV(200),TITLE(80),LABL(20) ,
XFEQ(200),'PL'TF IL(20 0)
XAXIS«6,0
YAXISil.O
PLUT ONLY THE FIRSTS SIGNIFICANT DECADES
CALL ¥AXWT¥(ARRAY,NEM,DMAX,DMIN) “
CUT*DMAX«1,0S»05 
DO 10 I«1, NEM 
FEQ(I)iSAV(I)
PLTFIL<I5iARRAY(I)
IF(PLTFIL(I) ,LT, CUT) PLTriLd)*CUT 
IF(PLTFIL'd) ,LT, f, ir-03) PLTFILd)« 1. lE-03 _
IF(PLTFILd) ,<3T, 9,0) PLTFIL(I)*9.0 
CONTINUE 
LaNEM
PLOTTING DONE BELOW
CALL L0G8CA(FEQ»LfXAXISfIXVALiIX)
CALLL0GSCA(PLTFIL,L,YAXl3,mAL,in
CALL LAXlS(0,,0.,IY,LABL,NCL,YAXIS#mAL,l)CALL LAXIa(0 .,0 .,IX,MHrREQUENCY (HZ),14,XAXIS,IXVAL,2) 
CALL SYMBOL(p,5#(XAXIS-(NCT#Ol15))fYAXlS*Oe25».IS,TITLE 
X0,,NCT)
IF(IOPT ,EQ, 1) CALL SYMB0L(0,45iYAXlS+0,55*,IS,
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G*#####**#*#*#****#****##******
C«# LATtRAL C7-39-75)

.
X2JHALX0NMENT PERTURBATION.,0,,33)
IF(IOPT , JT CALL SYMBOL(8, 3, YAXIl+O. 55,,IS, 

X2SHCRQ88*LEVEL PERTURBATION.,0,#25)
----IF~( I CODE .T0.1TCALL IYMB 0L{99 9,#9• 9 1 5 7

XllHRESPONflE OP,0,,11)
IF(ICODE ,EQ, 2) CALL SYMBOL(999,,999,,,IS, 

X13HACCEL,RE8PtOF,0,,13)
CALL PLOT(PEi(J),PLTFIL(i),3)
DO 30 K«a#L

10 CALL PLOT(FEfl(K) ,PLTFILf)T)V3T “
CALL CRlD(Ot,0,,XAXIS,¥AXI6#IX,1Y,3#0,D,D,D,D) 
CALL T*LOT (l3,,G,,•!)
RETURN
END
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C*#*»«*««*##****«*«***«*»**»«tt«
C*« LATERAL {7-2«-t5) __ ___ _
0##*»##*#**#*######*#####*####*

SUBROUTINE FTABG(IFREQ,NDF,DF,FL,F,NF)
C ..........~
C THIS SUBROUTINE COMPUTES THE FREQUENCY TABLEc
C IFREQf l_RA_NGE1 INPUTS, *2_ OCTAVE INPUTS
C NDF ~ * NUMBER OF RANGES OR OCTAVES :
C DF • FREQUENCY POINTS VECTOR
C FL • FREQUENCY' LOWER LIMITS VECTOR
C____ F • FREQUENCY TABLE RETURNED ■
C NF • NUMBER OF POINTS IN FREQUENCY TABLE
C __ _ ________ _ ____

INTEGER DFC73 
DIMENSION FL(8),F(200)
IFCIFREQ ,EQ, 2) GO TO SOO

C ______ •___ _ __ _
C RANGE INPUTS
C

NF*0
DO 200 1*1,NDF
CaEXP(ALOG(FL( 1 + 1) /FL(I)) /DF CD)
NFaNF+1
F(NF)*FLCI)
DO 100 J*1,DF(I)
FTpC*F(NF)
IFCFT ,GEt FL(I<U)«o,000001) GO TO 200 
NF*NF+1 
F(NF)iFT 

100 CONTINUE 
200 CONTINUE 

RETURN 
C
C OCTAVE INPUTS
C __
500 C*2*#Cl./DFlij)

NF«1
F(NF)PFLCl)
DO 700 1*1,NDF 
DO 700 J*1,DF(1)
NF*NF>1
F(NF)iFCNF-l)#C 

700 CONTINUE 
RETURN 
END

178



APPENDIX D
PROGRAM HALF INPUT PARAMETERS AND LISTINGS

T h e  P r o g r a m  H A L F  i n p u t  d e c k  c o n s i s t s  o f  t } i e  f o l l o w i n g  

e i g h t e e n  c a r d s :  . ,

C a r d  1 U N J T S :  L B S / I N 2

| F 1 0 . 2 |
IT"

k  = T r a c k  f o u n d a t i o n  s t i f f n e s s  p e r  u n i t  t r a c k  l e n g t h

C a r d  2 . U N I T S :  : L B S / I N

| F 1 0 . 2  |

K 1

K-^ = S e c o n d a r y  s u s p e n s i o n  v e r t i c a l  s p r i n g  c o n s t a n t

C a r d  5 . U N I T S :  L B S / I N

| F 1 0 . 2 | ‘

• ' % 2  =  P r i m a r y - s u s p e n s i o n  v e r t i c a l  s p p i n g  c o n s t a n t :

C a r d  4  U N I T S :  L B S

. | F 1 0 . 2 |

* 1 .  ■-

W-  ̂ =  O n e - h a l f  c a r  b o d y ’ w e i g h t  . .

C a r d  S ' U N I T S :  L B S

| F 1 0 . 2 |

W2 .  _ . ■

W2 = T r u c k  f r a m e  a s s e m b l y  w e i g h t
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Card 6 UNITS: LBS
IF10.2 |
— r -^
W = W h e e l  s e t  w e i g h t

C a r d  7 U N I T S :  L B S / Y D

| 1-10.2 |
Pt

p t  = S i n g l e  r a i l  w e i g h t  p e r  u n i t  l e n g t h

C a r d  8 U N I T S :  I N C H E S 4

|F10.2|
I

I  = S i n g l e  r a i l  a r e a  m o m e n t  o f  i n e r t i a

U N I T S :  L B S / I N 2C a r d  9

|F10.7| .
E

Y o u n g ' s  M o d u l a r s  f o r  s t e e l  r a i l

C a r d  1 0

| F 1 0 . 2  |. 4 x  | I I 1 
X 1 F V = 1  [ C o l u m n  1 5 )  
V  I F V  = 2 [ C o l u m n  1 5 )

U N I T S : *  I N C H E S / C Y C L E  
I N  /  S E C  ..

I F V  s p e c i f i e s  t h a t _  a  c o n s t a n t  t r a c k  w a v e l e n g t h  ( I F V = 1 )  o r  a  

c o n s t a n t  v e h i c l e  v e l o c i t y  ( I F V = 2 )  i s  t o  b e  i n p u t .  S i n c e  V = ? f * X ,. 

f o r  a  f i x e d  v e l o c i t y ,  t h e  w a v e l e n g t h  m u s t  b e  a d j u s t e d  i n  o r d e t  t o  

s w e e p  f r e q u e n c y .  F o r  a  f i x e d  w a v e l e n g t h ,  t h e  v e l o c i t y  m u s t  b e  

a d j u s t e d .

C a r d  1 1  U N I T S :  I N C H E S

|F10.2|
Z

l  = T r u c k  w h e e l  b a s e
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Card 12 UNITS: NONE
|F10.2|
— er-̂
3 = V e h i c l e  ( s e c o n d a r y  s u s p e n s i o n  d a m p i n g  r a , t i o

C a r d  1 3  U N I T S :

|F10.2|
l

£ = T r a c k  s t r u c t u r e  d a m p i n g  r a t i o

C a r d  1 4  U N I T S ;

|F10.2|
wt

Wt  = W e i g h t  o f  a  s i n g l e  r a i l  t i e

C a r d  1 5  U N I T S :

|F10.21 
^ t

L t  = D i s t a n c e  b e t w e e n  r a i l  t i e s

C a r d s  1 6  , 1 7 ,  1 8  ( F r e q u e n c y - .  C o n t r o l  V a r i a b l e s )

( 1 6 )  U N I T S :

1 12 |12 |
I F K E Q  N D F

( 1 7 )  U N I T S :

1714]
D F  ( N ) , N = 1 , N D F  F O R  I F R E Q  = 1

D F ( 1 )  F O R  I F R E O  = 2

NONE

L B S

I N C H E S

N O N ?

NONE
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I 8 F 1 0 . 4

(18) • UNITS: HERTZ

F L ( N ) N = 1 , N D F + 1  

F L  ( 1 )

F O R  I F R E Q  = 1 

F O R  I F R E Q  = 2

I F R E Q  s e l e c t s  o n e  o f  t w o  m e t h o d s  f o r  s p e c i f y i n g  t h e  f r e q u e n c y  

p o i n t s  a t  w h i c h  t h e  r e s p o n s e  w i l l  b e  f o u n d .  W i t h  I F R E Q  = 1 ,  

l o g a r i t h m i c a l l y  e v e n l y - s p a c e  p o i n t s  a r e  g e n e r a t e d  f o r  a  s e t  o f  

f r e q u e n c y  r a n g e s .  NDF g i v e s  t h e  n u m b e r  o f  r e q u e n c y  r a n g e s  

( m a x i m u m  o f  s e v e n ) .  D F ( N )  s p e c i f i e s  t h e  n u m b e r  o f  p o i n t s  f o r  t h e  

r a n g e  F L ( N )  t o  F L ( N + 1 ) .  F L ( N )  g i v e s  t h e  l o w e r  l i m i t  o f  t h e  N t h  

f r e q u e n c y  r a n g e ,  a n d  F L ( N + 1 )  i s  t h e  u p p e r  l i m i t  f o r  t h e  N t h  r a n g e .  

F L ( N D F + 1 )  g i v e s  t h e  u p p e r  l i m i t  f o r  t h e  l a s t  f r e q u e n c y  r a r i g :e .

W i t h  I F R E Q  = 2 ,  l o g a r i t h m i c a l l y  e v e n l y  s p a c e d  p o i n t s  a r e  

g e n e r a t e d  f o r  a  s e t  o f  o c t a v e s .  N D F  s p e c i f i e s  t h e  n u m b e r  o f  

o c t a v e s .  D F ( 1 )  g i v e s  t h e  n u m b e r  o f  p o i n t s  p e r  o c t a v e ,  a n d  

F L ( 1 )  g i v e s  t h e  s t a r t i n g  f r e q u e n c y  o f  t h e  f i r s t  o c t a v e .  N o t e  

t h a t  t h e  r e m a i n d e r s  o f  t h e  D F a n d  F L  f i e l d s  a r e  l e f t  b l , a n k . .
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C#****#e*«*#***«<Mnnnxnnn*#*#*e*
C** HALF (7-2?-75>C«*#*****«HH*** **»**#**«**»*»*«*
C»* FOLLOWING text PRINTED FROM FILL OSKB!HALFPSiF4 [4351*533] 29*JUL-75 ••«•»»»»«»«•««««•»««»«•

DIMENSION SaVEM(1 0 2,6).IITYPE(6)
DATA IITYRE/6*1/COMPLEX 3C0MP<64),BBC0MP(64)COMPLEX 3LI,8LK,BLJ.RLN,PLM 
COMPLEX AC0MP(64>.CC0MP(B).S0LU(8)
data ACOMP/(0,,0 . > , (*. ,0,).(0.,0.),(0.,0.),(0,,0,),(1,,0,),<0,,0,) 

1*(0.*0.>*
2 f0..0,>,(0..Pi.),(0.."!.),<0.*0.).<0..0.)i(0.*0.)i(0.*0.Ml*i0.) *
3 (1 •« 3. ) # < 0. • 0. ). ( 0 . . 0. ). ( 0. * 0. )» (0 . I 0 . ) * (0. * 0. ) * <0 . * 0 , ) » (0 •» 0 , ) *4 < 0 . , V . ) , ( 1. , 71. ) , ( 0 , , 0 . ) i ( 0 . , 0 . ) , < H , , 0 , ) , < 0 . , 0 , ) , ( 0 . . 0 . ) , ( 0 . » 0 . ) »
5{ - 1 ..0.)I( 0.* 0 .) . { - 1 .* 0.)*(0•* 0.)»(0.,0.),C 0,* 0 *)»(0.* 0•)*(0 •* e.)* 
6(0., a.>,C-1 .»0 .)»(3.,0 .)*<-1 ..0.),{0.*0.),C0,»f*.)*. (0 .*0.)*<0 .■*!?.)* 
7(2>i?i)i(!?ii0.)i(0.i'l'*)«t0.i0.)p(l.f0i)«(0t»0<)i( I, • f 0 <) i (0 t »0 f ) i 
8(0.,0.).<0.,0.),(0 .,',.),(0.»0.).(-i..0 .).(0 ..0 .).(i.<0.)»<0.»e.)/
data CCOMP /(l.,0. ) .7*(0.*0.)/DIMENSION LDUM ( 8 ) . MDl.'M ( 8 )
complex oet 
INTEGER OF(7 ) 
nimension fl<3>DIMENSION FC200)
.DIMENSION AF1(100).TF1(100).AF2(100)»TF2(100)
DIMENSION ADEL1(100),TOEL1(100)»ADEL2(100)*TDEL2(100)DIMENSION AYK100) ,TY1<100). AY2(100) ,TY2(100) - 
DIMENSION AY3(100),TV3(100)*AY4(100),.TY4(100)
-.nlMENSlO-N. AG1C100) .TG1(100).AG2C100).TG2t100)
COMPLEX FK100) ,F2(1 0 0) ,OEL1(100) .DEL2U00)
COMPLEX Yl(100),Y2(100),Y3(100),Y4(100)
COMPLEX 31(100),G2(100)COMPLEX 3l.B2.B3.B6.B7 
COMPLEX Al.A2.A3.A4 

. .. .... ..COMPLEX as -COMPLEX X,X1,X2,E1,E?»E11.E22,E12
complex 5B.GC
EQUIVALENCE(SAVEM(1 ,1 )aYl),<SAVEM(1,2),AY2)*<SAVEM<1,3), AY3), 
X(SAVEM(l»4),AY4),(SAVEMtl.5).ADELl)*<SAVEM(1.6).A0EL2)

call assdev(2 0, 'dsx' )----  .call assoev(16,.*osk')....... ............
call assdev<6,'dsk'>

CALL PLOTS(I0UF.360.16)CALL PLOT(0.,-1 1 .,-3)
CALL PLOT(0..1.i.w3)SQ2sSQRT(2, >

____ _______ G * 3 8 6 .  .......... ........... .............................................................. .........................................................................
°I33.1*159265 EPSW=,01
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c###*###*»##»#*#***#•*******#*#
.C»» HALF (7- 2 ? - 7 5 ) ____ ________ ____________________
c«*«•*«*•«»«•»•••»••*««•»*«••«•
..C____READ 1MPUT VAR I A B L E S___________________ ____________

r e a d  (20.9) XK
_________R E AP .(20.9) XK1_____ ________________________________

READ (20.9) XK2
_ .. . r e a d  (20.9) XMJ________  . ________ ______

r e a d  (20.9) XM2
..- ..___READ (20.9) X M __________ ____________ ___  .

READ (20.9) WT
________ REAP ._(20.9) X I______________________________________

READ (20.7) E
_____READ-± 2 0 ^ 1 )  X X . J A___________  . ____  . .

READ (20.9) XL
REAQ (20.9) -BE-T________ . ..
R E A D (20» 9 ) ZETA

____, READ (20. 91— WIIE______________ __ _______ 1_________
■ R £ A d (20.9) XLTIE
7..Ett?MAT_.(El0..7.).^____  . _ . ....
9 FORMAT .(Fi 0,2)

. il FORMAT (F10.2.4X. I D  
C WRITE INPUT V A R I A B L E S
________iiRJ X E . _ U j.10J_________ __ _______ :____________ _______

10 FORMAT ( 1 H 0 . 1 3 H I N P U T  VARIABLES)
WRITE <6.12)-XK

12 FORMAT (1H0.5X.4HK = . E 1 3 . 8 . 1 0 H  L B / I N « * 2 ) 
_  WRITE (6.13)_XK1

13 FORMAT U H 0 » 4 X , . S H K 1  e .E15.8. 7H L0/IN)
WRITE (6.14) X K 2_______________ ___ _________:....

i'4 FORMAT (1H 0 . 4 X . 5 H K 2  ? . E 1 5 •8. 7H LB/IN)
WRITE (6.13) XM1

15 FORMAT ( 1 H 0 . 4 X . 5 H M 1  s .E l 5 ,8, 4H LB)
WRITE (6.16) XM2___  .

16 FORMAT (1H 0 . 4 X . 5 H M 2  ■ .E15.8. 4H LB)
____ WRITE (6.17) X M ____  ________,_________ _______
17 FORMAT ( 1 H 0 .3X.4HM s .ElS.8* 4H LB)

. WRJLT£ _ i 6. i .1 §J _.W T ______ .. ____ .
18 FORMAT ( 1 H 0 .5X.4HW * »EiS,8. 7H L B / Y D )
____ WRITE <6.22). E_______  . _ - .. .. ______
22 FORMAT (1H0 5 X . 4 H E  = »ElS.8» 10H LB/IN**2)
____ WRITE (6.23) XI_________________________ _____ _____ ___________  .1
23 FORMAT ( 1 H 0 . 5 x .4HI = .El5,8. 7H IN*«4)

WRITE (6.24) BET .
24 FORMAT ( 1 H 0 . 2 X . 7 H B E T A  a .E15.8. 17H N O N - q I MENS I-ONAL)
___ W R I T E (6,122 ) ZETA _______________

122 F OR M A T (lH 0,2 x » 7 H Z E TA a ,Ei5.8, 17H N O N - D I M E N S I O N A L )
WRITE (6.27) XI_____________ I__________________________ ____  _

27 FORMAT ( 1 H 0 .5X.4HL ■ .ElS.B. 4H IN)
■ J4RITE. (6.28) WTIE ______ .
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ci
nn

_i8_X0R MAT- ClH0.4X*5MM3f.-B . E 1 5 . 8 .
WRITE (6.29) XLTIE

IF (JA.EO.l) CO TO' 73
73 rnNTTNUr_________________ ;

!F<JA,E0.i> GO t o  3i
.1 FJ-JA_.iLQ-.-2X. G0 jJL 32 -
! F < ( J A . N E . l ) . A N D . (J A . N E . 2 ) ) G 0  TO 6 

32-. W R I T E (-4-J-23J XX
21 FOR M A T  (1H 0 . 5 X . 4 H V  * »El3.8»5H

JHL-X£_34_
MPh )

31 WRITE (6*19) XX
i9L£.0BMAI^iafiLtmJdflflQA._i_»llS. 8*5H TEED. _______

SO TO 34
.. 6 _ W R I T E ._(6J.8)______________________________r____ :___________ :

8 FORMAT (2 X * 3 2 H E R R Q R  ON V/LAMBDA I D ENTIFICATION)
34 „CONT I NU£_ _ __  _ _ -

C O N V E R S I O N S  a n d  
IF (JA.E3.1I 
4-F— (JA-. E 3 .

C O M P U T E O C O N S T A N T S
XX=XX*12.

V M 2 s XM2/386.
X M l s X M l / 3 8 6 , ________________
X M s XM/386.
WT"WT/36. - ______ . ....
W T * 2 . * W T * H T I E / X L T I E
JdJ2_.*XI________________ .____
X U L s XL
W A = S Q R T ( X K » G / W T )
X L A M 0 s 2 , # P I # ( 4 . * E * X I / X K ) # » . 2 5
W1«SQRT(XK1/XM1)___  -----

„C G E N E R A T E  F R E Q U E N C Y  T A B L E _______ ____  ..
R E A D (20.20) IFREQ.NDF 

. .20 F O R M A T  (212) . . .
RE^D (20.30) OF

30 F o r m a t  (714)... .....  _.: .
READ (20.40) FL

____  40— j-O-RMA-I— (_8F-l0 . 4 1  - .. ____________ _____:;...
CALL F T A 9 G < I F R E Q . N D F . D F . F L . F . N F )

C . D O  LOOP TO CO M P U T E  F U N C T I O N A L  VALUE? 
1000 FORMAT ( 1 H 0 . 2 ( E 1 5 , 8 . 1 0 X ) )

. DO 80 U l . N F  
X X s I

—   ------1 F(JA, Efl. 1) XLAM s.X X ________________ - -  - .
I F (J A , E Q . 2 ) X L A M = X X / F ( I >

5 V»XLAM*F(KK)
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,C**_ _HALf__( 7 - 2 ? t25> ___________________________

________ W«2.»P I » f t K K ) _______________________ _____
WW«W-WA

_________ AWWaABS( HW)____________ :______ ____________
IF (AWW.LT.EPSW) GO TO 23

... ______LF1.WJW.lGT_,0.0) GO T O _ 3_l_:______________
GO TO 2

______25 WRITE <6#26)_______  ____________________
26 F 0 R M A T ( 3 X , 5 H E R R 0 R , 5 X . 4 H W * W A )

__C._____CJ1M.E11IE-G11, Gil -FOR W LESS TiiAN.Ji.A_
2 WB»W/WA
__ DAP-l^J-WBJiWa-______________________________

O B a 2.* H E T A » W R
PHUA.TAN2. (D.BxDA)._______ ____________
n C B ( D A * D A + D B * D B ) # « 0 , l 2 5

________ r e t a i » 2 . * p i » o c / x l a m o ____________________
? A b P I / ( X K * X L A M 0 * D C » * 3 >
.IB = COST3.<>PH 1/ 4 , )________.....
I S S2B*2A

. 2 C BSINI(3,*PH.I/4, .).....
I C * ( - 1 . ) » Z C * H A

G l < I )b -Gl( I )
. X*CMP_LX(.0..,-0l 2.5*P_I.) . ..

X 1 * C M P L X ( 0 . , 0 . 7 5 » P I + 0 . 2 5 » P H I ) 
_X2 s C M P L X ( 0 . x 1 , 2 5 #P I * 0 , 25*PHI) 
E C b S Q 2 # B E T A 1 » X L L

_______ Fi aCEXP(Xi )»EC_______________________________
E 2 » C E X P ( X 2 ) o EC

. E U  = CEXp(El>. _____
E 2 2 s C E X P ( E 2 ) » ( 0 . ,1.)
_El2R = R E A l < E l l > + R _ E A U E 2 2 )  ___
a 2 l  = AiMAG(Eli) + A"iNAr,(E22)
F l 2 a C M P L X ( n 2 R . F l 2 I ) __________ ____________
5 2 ( I ) * G l ( I ) * E 1 2 # C E X P ( X ) / S Q 2
50_T0 4 _______________________

C COMPUTE Gil, G12 FOR w G REATER THAN WA
3 ..WBp W/WA___________________ __ _ ____  _____ __

6 a » w b * w b - i ,
_______O B 8 2 . * Z e T A * W B _____  _______

PH I = A T A N 2 (OB > D A )
__DCe ( DAj*D_A + DB«DB ) « * 0 ,125 

R E T a 1 * 2 .*P f « D C / X L A M O
___ 5 A 1 < - 1 ' 1 ? P L / 1 S Q 2 « X K * X L A M 0 * D C * * _ 3 J_____

PHlN = 3 .»PHI/4.
DFanOSCPHIN)_______________________________J__
D F F » S I N(PHIN)

5 B b C H P L X (0E,DFF)
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c
-C»» H A L F -  ( 7 - 2 9 ? 7 5)___________________
............ .
________ QF_Fs_-D££________ ________________

G C a C M P L X ( D F F »D E )
_________r.i ( I ) aGA* (G B + G C )_______________

G 1 < I ) * - C 1 U >
. _  X1«CMPLX(.0.».<4«»Pa~PHl)/4..>

X 2 * C H P L x ( 0 . , ( 6 . t P I » P M I )/ 4 .)
. PC*SQ2»-BEli 1»XLL______________

F„isCEXP(Xi)*EC
_______ E 2 a C E X P (X 2 )»EC__________________

E l l = C E X P < E l )

Fl 2 R  = REAl.(Ell)+REAL(E22)
112I s A I M A G ( E l l ) + A I M A G (E22)...
F 1 2 = C M P L X ( E 1 2 R . E 1 2 I )

_____G2X L 1 S  G AJUS-B»E12___________________
G 2 U ) « - G 2 ( I )

4. D 7 a2 • • B E T # W / W 1_____ ____________
D Q a i . - ( W / W l ) » « 2  

... C l ? { D 8 + D 7 # # 2 ) / ( D 8 o # 2 * D 7 * t 2 )  
C 2 a < D 7 * D 8 - D 7 ) / ( D 8 » * 2 * 0 7 # » 2 )

_____BlMCiSP-LX LC1+C21____________ _______
C S l s C 0 S ( 2 , « P I * X L / X L A M )
C S 2 s S I W  (2. tPi.#XL^XLAMJ____
A 5 a CMP L X ( C S l , C S 2 )
X M D U M b XM1*W*.*2...........
A C 0 M P ( 7 ) a C M P L X ( X M 0 U M  *0.)

____ ACPhIP-iS) g C M P L X  {-XHD.Uiii Z .l ___
A C O M P {14)a-Bl 
XH D U H g  X M2»W**2 
A C 0 M P ( 1 5 ) = C M P L X  ( XMDUH.0.)

. XM D U M i  X < 2 - X M 2 * W * * 2  .
ACOMP (16 ) s CMPLX (XMnClM.0.)

:___ _ X M O y M a X H # W # * 2 ______________________
A C O M P ( 2 3 ) s C M P L X ( X M O U M # 0 , )

_ X M D U M * X K 2 / 2 .  ______________
A C O M P ( 2 4 ) * C M P L X ( - X M D U M , 0 , >

____X M 0 U M « X M » W # # 2  ___  - - ......
A C 0 M P « 2 l ) s C M P L X  (XHDUM,0,)

_____ A-CCMP (29l=CMPLX ( -XMQUM-,.0-,1____
A C 0 M P ( 3 l > s A C 0 M P ( 2 3 )  
A C Q M P 4 3 2 ) s A C 0HP{24) ... 
A C 0 M P ( 5 l ) = G l ( I )
A.C0MP(52)=G2( I > 
A C 0 M P ( 5 9 ) = A C 0 H P ( 5 2 )

----- A C O M P (60)s A C 0M P ( 5 1 > ______________
DO 201 MH»1,64 

2Z1 R C O M P ( M M 3 s A C O M P ( M M r
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no
n

c * •»»•#•••«»»»»*•«»«»«<> •«*•«<>«•
CM.. HALF- ( 7 - 2 ? - 7 5 ) _______________________________ .. . .
C«ftftftftftftftft*ft**ftftftftft• • « • • • • • • • « #
. ____CC0MP(2)»a5___________

CALL HINV<BC0MP.,8»0ET,LDUH,MDUM)

§00 CONTINUE
- CALL. G M P R d (BC.Q.MP_,.CCOMP,.SOLU, 8. B. 1 )

401 FORMAT (1H.0.8E15.8)
_____ Y1 ( I ) ■ S O L U C D _________________  _ . .

Y 2 U  >"S0LU(2>
_____m-l-LaS0LU(3)___________________________________ ____

Y4 C I )b S O L U (4)
. nE LHIJ-3S OLUI5 ) _________. . . .

O E L 2 (I )= S O L U (6 >
Fl( U i S Q U l U J ____  ____ __
F2( I )*S0LU(8)

___ Q L l = Y 3(I1-DEL1 ( I M 1 . . I I . ) ____________________ :_____  . ......... . . ..
R L K = Y 4 ( I ) - D E L 2 ( I ) - A 5  
.RLJ = GliU*Fl.(.I >+G2(I )*F2.U )-DELl(I > .. 
9 L M « G i n > * r 2 ( I ) + G 2 ( I ) > F l t I ) - D E L 2 ( I >

.9LN=XK2#£Y2(I.)-.(Y3(I)+Y4(I) )/2 , ) - ( X M 2 * Y 2 ( I ) + X M l * Y l (i )>»Wft#2 
IPRINTs0
R E M O V E \ C Y FROM CQ_MMFNT COL U M N  LN NEXT S T A T E M E N T 
IF F O L L O W I N G  P R I N T O U T S  DESIRED.
IPRINT»1 . _
IF (IPRINT.EO.05 GO TO 732 
HR LIE (6.1000) G1JI)...
WRITE (6.1000) g 2 ( I )

____ aai.T.E(6,40U-D7_____________ ____________  __________ ...........
W R I T E (6,401) 03 

..WRITE <6,4.01) Cl ... .
W R I T E (6,401) C2

. _wR.I_TE (6,40.11..81...........
W R I T E (6,401) CSl

____ MflU£Jt.(Uiai.LX&2____________________  __________________________ ~ ....
WRITE ( 6 . 9 0 D  F(I)

R 0.1 -FORMAT... (I X - ^ S S X ,  S H F r ELq s  , F 7 ,2 / )
WRITE (6.10000) B L I . P L K . B L J
WRITE. J 6 ._1®000 L. BUM .JIN___

782 CONTINUE
10000 FORMAT (1M0 . 1 0 X . 2 E 1 5 . S . 1 0 X . 2 E 1 5 . 8 . 1 0 X . 2 E 1 5 . 8)

80 C ONTINUE
■C CO N V E R T  C OMPLEX NOS, TO M A G N I T U D E - P H A S E  FORM 

00 150 1= 1 , NF
CALL P0_L4 R (.FI (Ij £_AF 1 ( I ) , T F 1 ( I ) )
CALL P 0 L A R (F 2 (I ) , A F. 2 ( I ) , T F 2 ( I ) )

....._ CALL P O L A R ( D E L l ( I ) , A n E L l ( I )  ..TQEL1 ( I ) ) ........ ...
CALL P 0 L A R ( D E L 2 < I ).A 0 E L 2 ( I )» T 0 E L 2 ( I ))
CALL P O L A R C Y K D . A Y K D . T Y K D )
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o
a
o

«^  ^# # # ♦ ####»##«»#
i * *__ half l i - 21-731

«

CALL P 0 L A R ( Y 3 ( I ) , A Y 3 ( I ) , T Y 3 ( I ) >  
C ALL P Q L A R ( Y 4 ( T ),AY 4 ( I),T Y 4 ( I )?
c a l l  P 0 L A R ( g 1 ( I ) i A G 1 U ) , T G 1 ( I ) )  
.CALL POL.AH1 G2_(_LL«.AG2-1-I)., TG.2X1U.

150 C O N T I N U E
____ PR1NTEEL.QJTPUT.

WRITE (6.102)
...F.1/V0,4 X, 9 HP.RS .fl/vq, 4.X,

F7.2.5.X 1 ) ___,• ______ .

F ( Ij j.AFill).» TFUJ.). iAF.2 ( I )» TF211) ,.
HO 110 1 * 1 , NF 

... WRITE (6.105)
110 continue
______iaLRl-T-E— (-6-.-103 )______________________________________ _____ _j_____________
103 F O R M A T ( 1 M 0 , 2 X , 4 H F R E Q , 5 X , 1 2 H M A G N  DEL1/VO. 2X. U H R H S  P P L l ^ O '
. 12X.12H.HASN OEL2AV0.2X.11NPHS DEL2/.VQ)._______  ___ ___

HO 111 I* 1 , NF
____W R I T E . (6.105) F ( L ) ,AP.ELl ( I >»T D E L 1 ( I ).A D E L 2 ( I ). T D E L 2 ( I >
111 continue
. . _ _ R B H £ _ t .6_._10.7J________________________________________ 1 _ .
107 F O R M A T ( l H 0 . 2 X , 4 H F R E O , 5 X , i 0 H M A G N  Y l / V O ,4 X »9HPHS Y l / V Q , 4 X f 

1 1 0 H M A G N  Y 2 / V 0 , 4 X » 9 H P w S Yl/VO)
DO 112 1* 1 , NF

____ 'WRITE, ( 61.105 ) F (I) . AY1 ( I > . TY1 ( I) , AY2 ( I) . TY2 ( I )
112 C O N T I N U E
_____JWRUE„l6iJia8J__________________________________
108 FO R M A T  ( 1 H 0 , 2 X , 4 H F R E 5 . 5 X . 1 0 H M A G N  Y 3 / V Q ,4 X ,9HPHS Y3/V0.4X,
■ 1 1 0 H M A G N  Y 4 / V 0 , 4 X , 9 H P H S  Y4/V0) . .

DO 113 1 * 1 , NF
WRITE (6.105) F { I >,A Y 3 ( I ) , T Y 3 ( I J , A Y 4 ( J ) . T Y 4 ( I ) .

113 C O N T I N U E
___yR.IT.E_ (_6.1.1051_____ ________________ :____________ ___ ; _

10.9 F O R M A T  ( 1 H 0 , 2 X , 4 H F R E Q . 3 X . 8 H M A G N  G1J.', 6X, 7HPHS G i l , 6 X . S H M A p N  Gt2,6>! 
1 7 H P H S  Gil)
DO 114 i*l,NF
WRITE (6.105) F ( I ) , A G 1 ( I ) . T G 1 ( I I , a G 2 ( I ) , T g 2(I)

114 C O N T I N U E

9

TEST FOR PSD PLOTS 

TPSD*0
R£AD(20,.8l0,ENDsai5) PSD . 

8l« F 0 P M A T < A 5 )
_______ IF (P SO . .  E Q ,  'RAILP' ) . lfSD = 1_.
815 C O N T I N U E

I F d P S D  ,EQ. 0). GO TO 820
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c •###*##*#*###*#«»«■## » * # * * * » * * •
H a l f- (7-29-75)

...CALL RAILPL < F i XXj NF , 6»_I.I T Y P E » S A V E M ,100 >20,6)..
82?) CONTINUE
________ C A U __R LOT (0.._,-._6, - 3)___________________________________
c S c a l i n g  f o r  p l o t  r o u t i n e

QQ 1 5 5 . Iil.NF
P<I) = ( A L O G 1 0 ( F U ) ) * 1 . ) * 2 .

. . .. ...A Fill ) = ( ALOG10 (AF1 ( I ) ) +l_t_) . .
A p 2 (I) s (ALO g 1 0 ( A F 2 < I ) ) + l , )

_________AOEL11.U «.(.AL.QG101AI1£L1( I ) 1*6 . J___________________ _____ ___________  .
A0EL2< I )»'<ALOG10(ADEL2<I >>*6. )

__A_Y_1.( I) = (ALDG10 U.Y1.MJ.) *7 • ) ... ____
A Y 2 ( I ) a ( A L O G l 0 ( A Y 2 { I 5 ) * 7 . J 

. . AY3(I.)s(ALOGl0(AY3U.) )+7t) . . .
AY4( I ) s ( A L O G 1 0 ( A Y 4 ( I ) ) + 7 . )

____ AG1 ( I )« ( A L O G 1 0 C A G1CI ) ) +4..J * 4 , ________________________ ___ ..
AG2 ( !.) = ( ALOG10 (.AG2U ) )+6* >*4,
I F U F K  I > .LT.0. )AF1.< I )S0.
I F ( A F 2 ( I ) , L t .0.)AF2CI)«0,
I F (A Y 1 (I ),L T .0,)A Y l ( I)=0.
I F U Y 2 U  ) .LT.0. > A Y2 ( I >*0.
I F„t A Y 3 < I ) ..LT .0..) AY.3J.I )=0i . _ .......  ....
IF<A'V4n ) ,LT.0, )AY4(I>=0.
I F U G K  I ) . L T . 0 . ) AG1( I >=0.
I F U G 2 (  I ) .LT.0. ) AG2 ( I ) =0 .
I F I A O E L K I ) .LT. 0 , ) A D E L 1 ( I ) = 0 .
I F ( A D E L 2 ( I ) . L T . 0 . )A D F L 2 ( I ) = 0 .

. 155 C O N T I NUE__________________________________ _________ ___________
c - - - - — - - - - - p l o t  r o u t i n e

IF (JA.E3.1) X L a M F T =XX/!2.
IF (JA.E0.2) V F P S s X X * 8 8 . / 6 0 , / 1 7 . 6  
I F (JA ,E0. ,2)-VsVFPS*60./88,
CALL L A X I S ( 0 . , 0 . . 3 . 1 4 H F R E Q U E N C Y  (H H ).14.6.,-1#2)

._ CALL LAXIS (.0....J.... 9 . 2 3 H Y 1 / V 0  7 2 /V0 Y3/V0 Y 4 / V 0*23* 9. ***7*1)
• C A L L S Y H 3 O L ( 0 . 4 , 9 . 9 ,  ,2*2<SHCAR BODY, TRUCK, AND WHEEL, 0, *26) 
CALL S Y M 9 O L I 0 . 2 . 9 . 5 5 , . 2 . 2 8 H D I S P L A C E M E N T  AMP L I T U D E  R A T I O , 0.,28) 
CALL P L W A V E (V F P S * 9 , » X L A m F T *J A )
CALL GRlO(0»»0»i6i*9»*3,9»l»2»0..*3,76*l*»_2*26)
CALL C L I N E ( F . A Y 1 , N F , 0 ,  ,1. *0. *1. , D
CALL CL I N £ ( F ,A Y 2 . N F i C ,,l , , 0 . » 1 . , 3j _....
CALL CL I Ne (F > A Y3 * NF . 55. »1. » 0 • * 1. * 5 )
CALL C L I N E ( F , A Y 4 » N F . 0 . *1**0.*1..2)
CALL NOMEN( .14.1.98,1* .1 4 , 15HCAR BODY ( Y1/V0 ) . 15 )■
CALL N 0 M E N ( . 1 4 , 1 . 7 0 , 3 * . 1 4 , 1 2 H T R U C K C Y 2 / V 0 ) ,12)
CALL NOMEN( .14*1.42*5. . 1 4 , 17HREAR" WHEEL ( Y3/V0 ), 17 )
CALL N_OMEN( .11,1.14,2, .1 4 , 1 8 H F R 0 N T  WHEEL(Y4/V0) ,18)
CALL S Y M 8 O L ( 0 . 2 5 , 7 . 7 5 , 0 . 1 4 , 5 H B E T A s ,0". ,5)
CALL N U H 8 E R ( 9 9 9 . , 9 9 9 . , 0 . 1 4 , B E T , 0 . ,2)
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c # # # # * # # * • * # * # # * # * * #
_ C jl*_HjU X  (7-29-75J_____________. _____ ;____:________ ' . .
C # # # # * • # * * * * • * # * * * • • » # » • » * • » « • #

----------4^-UA.. .EO. l) CO TO 160---- :---------- ----:_______ -____  _____
CALL S Y M B O L <0 .2 5 .7 . 5 0 . 0 . 1 4 » 2 H V a , 0 , ,2)

----------CA-LL-Mim a s R-< 9 9 9 .*$9 9 ..0.14,V ,0 .. -4 >--------- ----------- ------
CALL S Y M 8 Q L < 9 9 9 , . 9 9 9 . , 0 . 1 4 . 3 H M P H .0..3)

- -...  r.C T-Q— 17-0-----------------. ------------- ------- ----- ' -
163 CALI S Y M 9 O L < 0 . 2 5 . 7 . 5 0 . 0 . 1 4 . 5 H W A V E s . 0 , ,5)

----  C A L L - N U M B E R  (-9-99 r ,999-.-*0T 14,-XLAMFT, 0,*1 ) -
CALL S Y M 3 0 L < 9 9 9 . , 9 9 9 . , 0 . 1 4 » 2 H F T .0..2)

172-- CALL P L O T (-12..0.-,-3.)-----1---------------.. ....
CALL L A X I S <0 . ,0 , . 3 . 1 4 H F REQUENCY ( H Z ) .14.6.,-1.2)

---C A L E - U - A X l S ^ ^ 4 ) ^ S ^ l - l H F l X V £ L - F 2 ^ a ^ l l ^ 8 + »^i,l)
CALL S Y M B O L < 0 . 1 . 8 , 9 , . 2 . 2 9 H W H E E L  RAIL F O R C E S  P R O D U C E D  BY,0.,29) 
CALL S Y M B O L  (-0-.1-, 8,5R, .2.30HUNIT TRACK I R R E G U L A R  ITY ( L B / I N ). 0. , 30) 
CALL P L W A V E ( V F P S ,8 ..XLAMFT,JA)

llALL C L I M E ( F . A F 1 , N F , 0 . . 1 . . 0 . . 1 . , 1 ) "  ’
- - C AU.--OL I-NE-(-F^AF2-, NF.*fl+-.l-,-*.0 ..1, ,3)

CALL N0M E N ( 1 . 1 4 ,  .92.1. .14,17HREAR WHEEL ( FJ./V0 ), 17 >
CALL N O M E N d . 1 4 ,  .64.3. .-14.1BHFRONT W H E E L (F 2 / V 0 ). 18)
CALL S Y M 9 O L < 0 . 2 5 , 7 . 7 5 » 0 . 1 4 , 5 H B E T A « , 0 . ,5)
CALL . NUMBER (999.,999., 0,14. BET, 0.„, 2) ____
!F(JA .EO. 1) GO TO 180 

- CALL SY M B O L  (0.25>7-« 50.-3., 1 4 , 2HVs. 0. ,.2)
CALL N U M B E R ( 9 9 9 . , 9 9 9 . , 0 . 1 4 , V.0.,-1)
CALL SYMBOLS 999.. 999.,-0,14.3HMPH.0,, 3)
GO TO 190

. .18-0___CAL L - S  YHaOUgL. 2 5 , 7-.50-. 2U14.5Hi>LA V,E=-, 0 J ,.5 ? 
CALL N U M 3 E R ( 9 9 9 . , 9 9 9 . . 0 . 1 4 , X L A M F T , 0, ,1)
CALL SYMB-0L(999. ,999. ,0.14,2HFT, 0. ,2)

190 CALL PLOT < 12 0 , « -3 )
. CALL-4AX1S(^,,0.-,.3,14HFREQUENCY- ( H Z ) . 1 4 ,6 .,-1,2)
CALL L A X I S ( 0 . , 0 . . 8 . 1 5 HOEL1/V0 D E L 2 / V 0 , 1 5 ,8 .,-6 ,1>

- -rrA44.-^Y^B-OL4-1^4^9-.^2,l6MTRAcK d £FXEC^-1-OM,-0-»*141 •
CALL S Y M B 0 L < 1 . 5 , 8 , 5 5 , .2,1 5 H A M P L I T U O E  RATIONS- 
CALL P L W A V E ( V F P S ,8 . .XLAMFT., JA)
CALL G R 1 0 ( 0 , , 0 . , 6 . . 8 . , 3 , 8 , 1 , 2 , 1 . , 5 ,08,.5,1.2)
c a l l  c l -INe\(f ,-Ao £ L i , n f ,0. i 1 .,0 .-,.i .»i )- ■ .
CALL C L I N E < F , A D E L 2 , N F , 0 . ,1.,0.,1.,3)

----------CALL N O M E N U . 14,,92.1. .14,1 9 H R E A R  W H E E L ( D f L 1 / V0 ) ,19) _____
CALL N 0 M E N ( 1 . 1 4 , . 6 4 , 3 , .14.20HFRONT W H E E L <O E L 2 / V 0 ),20)
CALL SYMBOLX0.-25*7 . 7 8 , 0 . 1 4 , 5 H B E T A S . 0 . , 5) .
CALL N u M B E R ( 9 9 9 . , 9 9 9 . , 0 . 1 4 , B E T , 0 . , 2 >

. I F (JA .£3. 1 ) -GO TO 200 
CALL S Y M B O L ( 0 , 2 5 . 7 . 5 0 , 0 . 1 4 , 2 H V = , 0 , , 2 )

--------- CALL- N U M B E R  (-999-.-, 999 .»0 .l4-» V » 0^_,jl11______  .. ...........
CALL SYM 9 0 K 9 . 9 9 .  ,999. , 0 . 1 4 , 3 H M P H , 0 , ,3)
GO TO 210 - -

191



-G**. HALF (7 - 2 J - 7 5 ).......
C * * * * * * * * * * * * * * * •#* • * * * * »
20?

210

CALL SYM3OL-C-fiU25-»7.50»0-.14,5HWAvEs.0. ,5 ) 
CALL N U M B E R (999..999., 0 .14,X L A M F T ,0, , D

2HFX,_0_.-,_2-)
CALL PLOT(12.» 0,,-3)
CALL LAXISI0.-.-0. .-3.14HFREQUENCY- (HH ) »14, 6 .-1» 2)
CALL L a X I S ( 0 . ,0 . ,2, 7 H G l l  G 1 2 .7,8 .,-6 ,1 )

CALL SYMBOLi0-»5^45^2-,25HTRACK COMPLIANCE FUNCTION, 0 . . 
CALL P L W A V E ( V f P S »8 .»XLAMFT.JA>

CALL C L r N E ( F , A G i , N F , 0 , , i , , 0 .
__C A L L CL I N r(P,AGP,N F ,0.,1 .,0 .f1 .> 3 )____

CALL N O M E N < 0 . 2 5 , 7 . 1 6 . 1 » . 1 4 , 3 H G 1 1 . 3 >  
C A L L N0HEN-<-.-25,.6.a 8 . 3» .X4.-3HG 12,31 .
CALL S Y M 9 O L ( 0 . 2 5 » 7 , 7 9 . 0 . 1 4 , 5 H B E T A « . 0. ,5)

I F «JA .e Q. 1 ) GO TO 220
— CALL sY-MaoU-0-,25,7-.J0,0-.-14. 2H V s ,0 , ,2) .... .......
CALL NUMBER <999. .999. »-0.14. V.0, »-l)
C A L L - S Y M B O L ( 9 9 9 . » 9 9 9 . » 0 , 1 4 » 3 H H P H # 0..3) . .
GO TO 230

CALL N U M B E R < 9 9 9 , , 9 9 9 . . 0 . 1 4 . XLAMFT.ffi,,T>
--CALL -SYM3OL-(999.J -9-99,-.0,14,2HFT,0.,2)

23« CALL PLOT (12 < > 0..*3)
___ CALL P L O T (0,»0 . ,999)

GO TO 400
.. 5 0 1  W R I T E U . 5 0 2 ) _____ __________________________________________ _

502 FORMATt 1 H 1 »2 4 H M A T R I X  ACOMP IS SINGULAR)
400- STOP . . . --

END

25)
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..C#« —HAL£_.(7*2J?»Z5 >________________________
. ____SUBROUTINE CLINE(XjY*N»xMiDELX»YMiDELYi NCj. .

DIMENSION X (1)»Y (1)»I PEN(4 >
_____REAL L U , 4),LLC4) _____________________________

DATA lPEN/2.3,2,3/
OA-T_A--L/-« 3.» 5j-3**05j_»3» 3* «.3Li.. 1 • • 05* • 1 * #05/
IC8NC-1

. XPls(X(lJ-XM)/DELX___________ ,...........
VP1«<Y<1>-YM)/DELY

------ BALL PLOT(XPIj-NPl-t-3.)__________________________  -
IF<IC.EQ.0JGO TO 1000

__ K x l________:_____________ -______________
! *2

. XP2s(X(2)"XMJYOELX______
YP2=(Y(2)-YM)/DELY

- l.UtKliL(.<.ICJ___________ _____________________
10 OlFFX*XP2-XPl

QJFFYJIYP2-YP1________
DIS=SQRT(OIFFX*DIFPX+OIFFY*OIFFY)
IFCDIS.GT.LL(K))G0 TO 100 
CALL PL0T(XP2,YP2.IPEN(K)>

. XPlsXP2 ... . ... __  - .... . . . . .
vplsYP2
1*1+1 . . .
IF U •GT,N)RETURN 
XP2s(X(IJ-XMJ/DELX 
YP2s(Y(I>~YM)/DELY

. __LL-CXJ.BLUK.iaO.lS. ______ ________________
GO TO 10

100 oaTIObDIS/LUK)
XPIsXPI+DIFFX/RaTIO
ypi*ypi+oiffy/ratlo
CALL PL0T(XP1,YP1,IPEN<K)>

. . KsK + 1___ _____________ . .... •_ . .....
!F<K.EQ.5)Ksl 
GO TO 1

1000 DO 50 Is2 * N
XPls(X<IJ-XMJ/DELX 
YPlsCYd )«YM)/0ELY

50 CALL PL0TCXP1.YP1.2J............ ........ _
return
END
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C*«* HALf (7-2!-75)
SUBROUTINE: n o m e n  <x *y .n c .h t *-b c o »n c h a r > 
DIMENSION BCD(l) , XL(2> »YL<2>

_ XL<-l>iX__________________________ -XL<2>»X«.i,
YL(1)■Y+HT/2«
YL(2)*YL(1)
SAUL CL I NEC XL* YLi 2.0.1.1. i0.'»1. .NC> 
CALL SYM3Ol(X*i.l,Y#HT,BCD*0,»NCHAR)
-RETURN__________ :________ _________

ENO

_ SUBROUTINE. P L W A V E ( V F P S , Y » X L A M F T , J A )
D I MENSION WAVE<4>
ir C JA-̂ EÔ -lr). CO--TO -120 . -. . . - - _____
DO 100 J * 1 » 4

100 W A V E ( J ) s Vf P s / ( 1 0 . » 0 ( J - 2 ) )
GO TO 160

120 DO 140 J*l#4
140 WAVE <J) = X l a M F T # ( 1 0 , * » < J - 2 )>» 6 0 ,/ 8 8 .
163 -5ALL-PL0TC6-^-Y>3) -- - -- ____ ______•—  . . ____ . .

CALL PLOT (0,«Y» 2)
DO 200 J"l»4 
Y«(J-1)#2
CALL P L O T (X , Y * , 0 5 i3)
CALL P L O T (X . Y + ,05 * 2)
CALL- N U M B E R ( X  _ . . 0 7 * Y. ̂ l f_WAVE(.J) »0, ,2J ...............

200 CONTINUE
I F <JA ■E Q • 2) CALL S Y M B O L * 1 . 1 1 . Y * . 2 , . 1 4 . 2 7 H I R R E G U L A R I T Y  W A V E L E N G T H  

X ( F T ) . 0 , ,27)
IF <JA ,E0. 1) CALL S Y M B O L C 2 , 1 1 * Y * , 2 » . 1 4 * 1 3 H V E L 0 C I T Y C M P H ) ,0.,13)
RETURN
END . _ ____ . _ - ......
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H A L E _ a - 2 Z s > . t i ___________L __________ — _____________________

__________ S U B R O U T I N E GRI D ( X 0 . Y g t XS R l D . Y G R I D i K X » K Y , L A S T . I O P N ,
X X L O W . X U P . Y L O W . Y U P )

C ,  -  :  -  -  -  w *  .* —  + -  -  -  -  -  — .....................
c

_f i _-  T H I S -  SUBROUT I N E  DRAWS GRI D L I N E S  I N S I D E  S P E C I F I E D  
C BOUNDARI ES WI TH AN OPTI ONAL b o x  l e f t  OPEN f q r  l a b e l s .

U _ I S _ M E A N T  t o _ b e  u s e o  w i t h  A X I S  ROUTI NE S  a n d  c a n  
C ADO- THE OUTER L I N E S  a T THE TOP a N0 R I GH T  OF A GRAPH
C I F  THESE ARE D E S I R E D .  ___ :___________ ______ _____________
C
C. . ___ A RGUMENTS. ! ^_________ _ ____ _______: ...  .........
c
C X 0 , Y 0  -  COORDI NATES OF LOWER LEF T  CORNER QF GRAPH 
C X G R I D , Y G R I D  -  LENGTH OF X A N D Y  AXES

_ C _______ K X . K Y -  NUMBER OF CYCLES ON EACH A X I S .  ONp LESS L I N E
C W I L L  BE DRAWN,
c. .. l a s t ..*.0 no„  o u t l i n e s  ,p r a w n  .
C 1 R I G H T  O U T L I NE  DRAWN ■
C 2 UPPER OUT L I NE  DRAWN
C 3 BOTH O U T L I NE S  DRAWN

. . C   .. . - I  Q -P N -^ -g  --NCLBQX .LEE.T - ._____i_i_L _ _ _ _ ......... ............
C 1 BOX WI TH NO BORDERS
C 2  BOX WI TH BORDERS DRAWN j
C X L O W. X U P ,  -  COORDI NATES OF BOX BOUNDARI ES R E L A T I V E
C YLOW. YUp TO X0 i  Y 0 j DUMMY VALUES I F 1 I Q P N ? 0 . . .
C

_ C . _______Slifi-RO UTI NES C A L L E D t , . P LOT-______................... ______________ i ______ ~  __ .. .
C _ . _  ■

C
C -  "  -  -  — CHECK I N P UT S  “ "'■* — -  »* — - - - - - -

~ I F I K X  ~ , L T , ’  l >  GO TO. 9 0 0  ' ^
__________ I F <KY . * L U _ t )  GO. T.O.. . .9 0 0 - . . . . .___ ' . . ___________________L______  .. . J '

I F ( L A S T  , L T .  0 . O R .  LAST . G T .  3> GO TO 9 0 0
_ . .  I F U O P N  ,L T _ . 0. . O R I O P N  : . S T ,  2 )  5.0. TO 9 0 0  _______

I F I X G R I D  , L E .  0 .  . O R ,  YGRI D , L E .  0 . )  GO To 9 0 0

X T O P s X 0 * X G R I O
_V TOP * Y 0 + Y  G R ID .___
A X < * X G R I D / F L 0 A T ( K X )  
A Y * Y G R I D ^ F L 0 A T ( K Y )  
N X 8 K X - 1  
M Y a K Y ■1
I F < I OPN , E 0 .  0 )  GO To 50

_XL = XLOW + X 0 __________
XUBXUP*XS5
Y L 8YLOW* Y0
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C * *  HALF ( 7 - 2 2 - 7 5 ) _____________________________________
C # * * » # * « * # * * * * * * * « * # * e  » • « ' • • • • • . « :  .

YU»Y.UP*JtSL_______'_________ ______ _______________
HO TO 7 5

_5J3_____X L « 5 0 0 0 0 . ___________________________________________
X U » - 5 0 0 0 0 .

. Y L » 5 0 0 0 £ U _____
Y U * - 5 0 0 0 0

75  C O N TINU E________ ____
C -  — — ---------DRAW v e r t i c a l  GR I D  I F  n e c e s s a r y

__________ LFJ N X  . EQ.  0 ) GO TQ 4 0 0 ______________________
DO 3 0 0  N i l * N X

. .  ___P.X®AX*F-LOAT.(N)+X0- _ ..........  . _.
I F  <PX . C T .  XL . A N D .  PX . L T .  XU)  GO TO 2 0 0  

F_11LL_L-INES
I F < M O D ( N * 2 )  . E Q .  0 ) , 5 O  TO 1 5 0

. _____ CALL P L Q. I ( PX >Yg > 3 )____________________________________
CALL P L O T ( PX * YTOP*  2 )
SO TO 3 0 0  _ ......................................... . .

1 5 «  CALL P L O T ( P X # Y T O P *  3 )
. CALL P L O T ( PX* Y 0 . 2 )  _

GO TO 3 0 0
C - - - - - - - v — -  -  -...9R0.KEN._L.1NE S _ -  -  — ---------— - - ------- ---- -
2 0 0  j F ( MOD( N * 2 ) . E Q .  0 )  GO TO 2 5 0  

_ CALL P L O T ( PX*  Y0 * 3 )
CALL P L O T ( P X *  YL * 2 >
CALL P L O T I P X . Y U , 3 )

__C A L L  _P L 0 J ( P X*_YT0 P_ j_ 2 1 _________________ __ _........... ..
GO TO 3 0 0

2 5 0  CALL P L O T ( P X *  YTOP * 3 '  .
CALL P L O T ( P X * Y U » 2 )
CALL P L O T ( P X , Y L .  3> . .. •_____ ___
CALL P L O T ( P x * Y 0 , 2 )

3 0 0  .....C O N T I N U E ______ _:■ ■■ ■ • _____• ____
c — - — — ,  — . d r a w  h o r i z o n t a l  g r i d  i f , n e c e s s a r y

4 0 0  I F ( N Y  . , E Q .  0 ) GO To 70 0 . .
DO 600_ N®1j .NY . . .  __________
P Y ® A Y * F L O A T ( N ) + Y 0

- I F I P Y _ .  C -T _ .-Y L -.-A N D_._ PY__.LT_. - Y lD . GO_TO...5 .0 0 -
C - - - - - - - ................ FULL L I N E S  -  — * ------------------------------------- - -

I F ( MOD( N * 2 )  . E Q .  0 )  GO TO 4 5 0 ......................
CALL P L O T { X0*  P Y , 3 )
CALL P L 0 T ( X T 0 P , P Y , 2 )  .
GO TO 6 0 0

4 5 0 -  CALL P L 0 .T L X T -0 P *P Y ,3 .)__________________  ____________
CALL P L O T ( X0 * P Y , 2 )
GO TO 6 0 0

196



C»«  HALF ( 7 - 2 9 - 7 5 ) ____ ;______________________ .............. .....; \ . .
■ c # * # « » # * * * * * * # * * * # * * » » * * « * > # * # # »  • .

£ m rnj* i rw im m 1*  BROK E N L |  N E_S "* T  *  «* ■> 7» •» — «■ — — ** ** — *• -r •* — —• ^ ^ « «•
3 0 0  I F ( M O D ( N » 2 )  . E Q .  0 )  CO TO 5 5 0  - -

_________ c a l l  p l o t ( X 0 . p y ,.3J_________...___ l _ _ ___________ .;____ ________________
CALL P L O T ( X L »P Y , 2 )

.1  . .......CALL PLOT ( X U # P Y , 3 )  . _
CALL P L 0 T ( X T 0 P , P Y , 2 )

..... GO TO. 6 0 0 _______ _ ____ -
5 5 0  CALL P L 0 T ( X T 0 P , P Y , 3 )

_____ CALL P L O T ( X U . P Y , 2 ? .................. ________ - . ____ i _ \ _ ___ :_____ .
CALL P L O T ( X L f P Y , 3 >

• . CALL P L O T ( X 0 * P Y * 2 )  . . .. ..r. :  .. ........ ......... ....  _______
6 0 0  CONTI NUE
C - — - - - - - - - -  DRAW. END L I N E S  I P  WANTED — - - L - -  — -------- — — —
7 0 0  I F ( LAST , E Q .  0 )  GO TO 8 0 0

___________I F < L A S T  , E Q .  1 )  GO TO 7 5 0  ______ ____ ___________  '  _____
CALL P L O T < X 0 f Y T 0 P » 3 )

____ _£.ALL. PLO.TlX;i.OP f YT0.P.»2 ) ______ :  .L i  J ■
■ I F  < LAST , E O .  2 )  GO TO 8 0 0  

go to 7 6 0  . . ■
7 5 0  CALL P L O T C X T O P , Y T 0 P , 3 )

C - * - - - - - - - - - - - p R A  W BOX.  I F  WANTED
« 0 0  J F U O P N  i N E . 2 )  GO TO 9 0 0  ...J: J . ,

CALL P L O K X L .  Y L , 3 >
___-C.ALJ__PLOt_(  X L t YU j-2 1 .;__ .

CALL P L O T ( XU» Y U i 2 )
_______  CALL P L Q T C X U.  Y L . 2 ) ______..... ...______ ____ ____ ! . . . . . .

CALL P L O T ( X L . Y L . 2 )
. 9 0 0  . RETURN

END

SUBROUTI NE.  GMPRD. . . I A . Bj R, N* M#W^  
D I M E N S I O N  A ( l ) , B ( i ) » P ( l )

..COMPLEX. J u B .,.R ______________ :___ ■
I R B 0
i k b - m ____  _■ . ' .......
HO 10 K a l , L
I K B I K ♦ M .......
00  10  J ® 1 » N
I R P L R + 3 ___________________ !_____
J i ® J - N
18? I K  ______  _____ .. . .  C . . . . . . . . .
P ( I R ) b ( 0 . , 0 . >
00  10  1= 1 , M 
J 18 J I  + N. ’

___ 4-B8IB.tl....._________________
10  R < I R )  = R ( I R )  + A ( J I  ) * 9 < I B )

RETURN ........ ............
END
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1020
30
4 0

50
60
7 0
60
90100
110120
130
1 4 0

150160
1 7 0
180
190200
210220
230
240
250
260
270
260
290
300
310
320
330
3 4 0

350
360
370
380
390
400
410
4 2 0
430
4 4 0

450
4 6 0

HALF (7-29-75)
4 1 N V  
4 I N V  

4 I N V
S U B R O U T I N E  M I N V  M J N V

M J N V
P U R P O S E  M J N V

I N V E R T  a  m a t r i x  m i n v

M J N V

U S A G £ ................................................................ . . . .  4.1 N V
C a l l  m i n v ( a , n , d , l , m > m i n v

M I N V
D E S C R I P T I O N  o f  P A R A M E T E R S  M I N V

A . -  I N P U T - M A T R I X ,  D E S T R O Y E D  I N  C O M P U T A T I O N  A N D  R E P L A C E D  E Y  4 I N V
r e s u l t a n t  I N V E R S E .  M J N V

N -  O R D E R  O F  M A T R I X  A M J N V
D -  R E S U L T A N T  D E T E R M I N A N T  4 I N V

L -  WORK V E C T O R  OF  L E N G T H  N I N V
M -  WORK V E C T O R  OF  L E N G T H  N 4 I N V

M J N V

R E M A R K S  4 I N V

m a t r i x  a  m u s t  b e  a  g e n e r a l  m a t r i x  m i n v

M I N V

S U B R O U T I N E S  A N D  F U N C T I O N  S U B P R O G R A M S .  R E Q U I R E D  M I N V
N O N E  M J N V

M I N V
M E T H O D  m i n v

T h e  S T A N O A R Q  G a U S S - J O R O A N  m e t h o d  i s  U S E D ' .  T H E - D E T E R M I N A N T  m i n v

I S  A L S O  C A L C U L A T E D ,  a  D E T E R M I N A N T  o r  z e r o  I N D I C A T E S  T H A T  M I N V

t h e  m a t r i x  i s  s i n g u l a r . m i n v

M I N V
..................................................................................................................................................................................................  . . .  .................... .  . M I N V

M J N V
S U B R O U T I N E  M I N V ( A , N , D , L » M )  M I N V

D I M E N S I O N  A ( 1 ) , L < 1 > . ‘> < 1 )  m i n v

C O M P L E X  A , D , B I G A , H 0 L " !
M J N V

................................................... ... .......................................................................................................................................................... ...  .  ,  ,  . M J N V
,■ 1 * M I N V

I F  A D O U B L E  P R E C I S I O N  V E R S I O N  O F  T H I S  R O U T I N E  I S  D E S I R E D ,  T H E  M I N V
C I N  C O L U M N  1 S H O U L D  B E  R E M O V E D  F R O M  T h E D O U B L E  P R E C I S I O N  M I N V
s t a t e m e n t  W H I C H  F O L L O W S .  M I N V

M J N V

D O U B L E  P R E C I S I O N  A . D ,  B I G A , H O L D  M I N V
M I N V

T H E  c M U S T  a l s o  B E  R E M O V E D  f r o m  d o u b l e  P R E C I S I O N  S T A T E M E N T S  m i n v  
A P P E A R I N G  I N  O T H E R  R O U T I N E S  u s e d  i n  C O N J U N C T I O N  w i t h  T H I S  m i n v

R O U T I N E ,  M J N V
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C#****•*****»•**••*
C** Halt ( 7 - 2 i r 7 5 >

THE DOUBLE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO 
CONTAIN DOUBLE PRECISION FORTRAN FUNCTjpNS. A'BS IN STATEMENT 
1? MUST BE CHANGED TO DABS.

....f ......... . . . ■ . • <
SEARCH FOR LARGEST ELEMENT

pid.fia.B)
NKP-N
00 60 Ksl.N 
NKSNK+N
UK)=K

..M.lKIaK . . .. . . .
<KaNK*K
9IGA=A(KK)
^0 20 JsK.N
1 Z°N<* ( J - i )
00 20 l * X» N 
IJ»1Z*I

10 JF(CABS(9lGA)-q-ABS(A(lJ) I') 15.20,20 
15 BIGA = AUJ)

L«K)=I
0 <K)sJ

?0 rONTINUE ,

INTERCHANGE ROWS 

J ■ L C K )
IF( J-K> 35.35,25 

?5 *J«K-N 
.. DO 30 I s 1» N 

"XJFKI+N 
hQLDb-A<XJ)
JJ=KI-K+J
A( K I ) oA < Jl  )

30 A( J I ) “ HOLD

INTERCHANGE COLUMNS

35 IiM <
IEU-^)  45,45,36 

3« jP«N*U-l>
___3<)_40 J s l . N ......... ...........

JK»NK*J
JI*JP+J

M I N V 470
M IN V 460
M I N V 490
MJNV 500
M I N V 510

520
M J N V 530
M I N V 540
M I N V 550

M I N V 970
MIN V 560
M j N V 590
M I N V 600.
M IN V 610
MJNV 620
M I N V 630
M j NV 640
MJNV 650
MJNV 660
MJNV 670

MJNV 690
MJNV 700
MJNV 710
M I NV 720
MJNV 730
M I NV 740
M j NV 750
MIN V 760
MJNV 770
MJNV 780
MJNV 790
MJNV 600
MJNV 610
M I NV 820
MJNV 830
MJNV 640
M IN V 650
MIN V 860
MJNV 870
MJNV 660
MJNV 890
MJNV 900
MJNV .910
MJNV 920
MJNV 930
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C** HALf (7-2C-75)

-I0LD=-A( JK)A(JK)*A(JI )
42 4<JP *H0lD

DIVIDE COLUMN BY m JnliS PIVOT (VALUE OP PJvOT ELEMENT IS 
CONTAINED IN 8 IGA >

45 fiIGXscABS(RIGA)
IF(BIGX) 48i 46 # 48

4 A 1« < 0 . , « . )
RETURN

48 03 55 Isl.N
IT < I —K > 53.58,50

5 A J K»NK*I
A(IK)«A(lK)/(-BIGA)

55 CONTINUE

REDUCE MATRIX

oQ 65 1 = 1 . N 
I K * N •< ♦ I 
-iOLD = A( 14)
IJ=I - V 
03 6C Jsl.N 
IJ*IJ*"
IF(I-K) 50,65,60 

6* Ir < J-K ) 62,65,62 
6? 4J»1J-1*<

»(Ij)»HOWO*A(KJ)*A(IJ>
65 (*p NT INUE

DIVIDE Rom qy p i v ^t

*J sK-N
'•o 75 Jsl.N
5J*Kj*‘
fF(J-K) 70,75,70 

77 A(KJ)s A(4J)/RI5A
75 CONTINUE

PRODUCT of PJVOTS

Oi0*5IGA
REPLACE PIVOT BY RECIPKOCAL

A(KK>«(1.,0,)/PIGA

M J N V  9 4 0  
M I N V  9 5 0  

M J N V  9 6 0  
M I N V  9 7 0  

M J N V  9 8 0  

M I N V  9 9 0  
M I N V 1 0 0 0

M I N V 1 0 3 0  

M I N V 1 0 4 0  MINV1050 
M J N V 1 0 6 0  
M I N V 1 0 7 0  

M J N V 1 0 8 0  
K J N V 1 0 9 0  
M I N V U 0 0  
M J N V 1 110  

M J N V 1 1 2 0  

M J N V H 3 0  
M I N V U 4 0  

M J N V 1 1 5 0  
M I N V 1 1 6 0  

M I N V 1 1 7 0  
M I N V 1 1 8 0  MINVU90 
M J N V 1 2 0 0  

M I N V 1 2 1 0  
M I N V 1 2 2 0  

M I N V 1 2 3 0  
M I N V 1 2 4 0  

M J N V 1 2 5 0  

MIN V12 6 0 
M J N V 1 2 7 0  

M J N V 1 2 8 0  
M I N V 1 2 9 0  

M I N V 1 3 0 0  
M J N V 1 3 1 0  

M I N V 1 3 2 0  
M I N V 1 3 3 0  
M I N V 1 3 4 0  

M I N V 1 3 5 0  
M I N V 1 3 6 0  
M J N V 1 3 7 0  

M J N V 1 3 8 0

4
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Cl 
Cl 
o** Half (7-29-75)

B 0  C O N T I N U E

• c
C F I N A L  ROW A N D  C O L U M N  I N T E R C H A N G E

C <5»
1.00 Kr < K-1)

IF( K) 152,150.105 
1 0 5  t » L ( K )

. i r d - K )  i ? 0 . i 2 0 , . i 0 a  . .  ..............- - .....

103 JQSN*(K-l)
JRSN*(It 1)
*0 110 J81.N 
,J K *  J  0  +  J  

H O L Q s A ( J K )  -

a ( J K ) » - a ( j d  

110 A ( J I ) =hold
132 J»M(K)

I F ( J - K )  1 0 0 , 1 0 0 , 1 2 5  

1 2 5  K I » K - N  •
no 180 U l . N  .......................................

HOLOsA(KI)
J I S K I - K + J  

A < K n « - A ( J I )
130 a ( J1) shOLD 

5 0  T O  1 0 0  
1 5 0  R E T U R N  

E N O

MINV1400 
MINV1410 
MINV1420 
MINV1430 
MINV1440 
MINV1450 
MINV1460 
MINV1470 
mINV14B0_
MINV1490
MINV1500
MINV1510
MINV1520
MINV1530MINV1540 ..
MINV1550
MINV1560
MINV1570
HINV15B0
MINV1590Mj.hiy i600_ ..
MINV1610
MINV1620
MINV1630
MJNV1640
MINV1650

. -MIMV1660__
MINV1670 
MINV1680 .
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G••••••••••••••••••••••••••••••
C * * ___HALF ( 7 - 2 9 * 7 5 ) ___________________________
............... *..... .
_________s u b r o u t i n e  POL A R C X t A B S X « T N X )______

COMPLEX X
_________A B & X » C A B 3 m ______________________________

X 2 » R E A L ( X )
_________X 3 * A I M A G ( X ) _______________________________

T N X * A T A N 2 ( X 3 . X 2 ) # 1 8 0 . / 3 . 1 4 1 5 9 2 6 5
_________RET URN __________________________________

END

SUBROUTI NE L L I N E ( X . Y . N )
o i mens ion x <d , y<i >

____ g a l l  P LO T ( X ( l ) , V t l ) , 3 )
00 10  I * 2  . N

_  -CA-LL- PLOT ( X ( I ) > Y C l )  , 2 )
10 CONTI NUERETURN____________________

end
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............... ............ ..... .
C § *  HALP ( 7 - 2 9 - 7 5 ) _____  ___

SUBROUTINE F T A B G U F R E Q , NOF, OF, F L . F ,N F )
C
C TH IS  SUBROUTINE COMPUTES THE FREQUENCV Ta B L E 
C
c j f r e q « i  Ra n g e  i n p u t s ! «2 o c t a v e  i n p u t s
c mqf  -  n u m b e r  of  r a n g e s  or o c t a v e s

C OF _ -  |-R£QUENc Y p o i n t s  VECTOR
C FL -  FREQUENCY LOWER L I M I T S  VECTOR
C_____ F______ -  FREQUENCY-JA B LE  RETURKEO._______  ___ ___
C NF NUMBER OF POINTS IN FREQUENCY TABLE
c

INTEGER OF (7)
D IMENS ION  F L ( 8 > i F (200)
I F U F R E Q  . EQ . 2) GO TO 500

. _C__________________________ _______ ___________________ ____
C RANGE INPUTS
C

NF8 0
00 200 I a 1» NOF
C « E X P ( A L 0 G ( F L U + 1 ) / F L (  I ) )/DF( I ) )

. __________________ _ _ _ _______________________ ...
F ( N F > a F L < I )
DO 100  J * l i D F ( I )
F T » C * F ( N F )
IF  (FT ,GE. FL.( I + 1 ) - 0 * 0 0 0 0 0 1  > GO TO 200 
N F ■  N F ★  1

__ E1_NFJ l£I_______ _________________________ _____
10 * CONTINUE 
20M CONTINUE 

r e t u r n  
c
C OCTAVE INPUTS
c ............... ...................... _ .....................
50 • C * 2 » * ( 1 . /OF (1 )  )

V F *1
F ( N F ) « F L ( 1 )
0 0 7 0 0  L i L *N O F  
00 700 J « 1 , D F ( 1 )

_ ..... NF«NF*3________________  _ ....... .......  ...
F ( N F ) « F ( N F - 1 ) * C

700 CONTINUE. 
r e t u r n
END
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