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COMPUTER SUBPROGRAMS FOR THE COMPUTATION OF THE SCREW PARAMETERS
OF A RIGID-BODY MOTION

1
Jorge Angeles

INTRODUCTION

Two computer subprograms, SCREW and INSCRU, are contained here,
The first one computes the screw parameters of a rigid-body motion
with finite separation; the second one, in turn, computes the
corresponding parameters when the motion is specified through two

infinitesimally separated positions.

Each subprogram is self-contained, its comments describing in
detail each stage of the computational procedure. SCREW is based
upon D]2, whereas INSCRU is based upon Dﬂ. In each case, a main
program is included, in order to illustrate how these subprograms
can be used. The¢ subprograms are written in the FORTRAN IV version
of the Burroughs 6700 computer, of the computing center of the

University of Mexico (UNAM), Subsidiary subroutines are also included.

The editing, debugging and testing of the subprograms was carried
on by Mr. Angel Rojas, a student of the Graduate Division of thé

Faculty of Engineering, UNAM.

1Professor of Mechanical Engineering, National Autonomous University

of Mexico, C. Universitaria, Apdo. Postal 70-256, México, 20, D.F.
México.
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THTS PROGRAM COMFUTES THE SCREW FARAMETERS OF GIVEN RIGTI RODY
MOV LONS. THE MOTIONS ARE SFECIFIED THROUGH THE INITIAL AND FIDAL
FOSITIONS OF THREE NONCOLLIMEAR FOINTS,

REAL AINCI) yBINCI) yCINCZ) v AFLH I s BFINCE) yCFINC3) v EC3) s RHU S
COMMON ZERO
RALI=180.0/(4. 0XATAN(1.0))
NUM=0
READCS y / » END=3) N
ZERO=0.00001
NUM=NUM+1
Do 2 I=1sN
REATIC(S s /DAINCI) yRENCID) »CINCID
REAI(S» ZDAFINCID) s RFINCT I G TROT)
CONTINUE
WRITE (&) NUM
WRITE(6910)
WRITE(Ay11) (ATNCI) »yI=19N)
WRITE(As12Y (RINCIY » =Ly N)
WRITE(6¢13)YCCIMNCT) » T=1yN)
WRITEC(A214) (AFINCI) »yI=1yN)
WRITEC(Hy 1T (BFINCI) » I=19N)
WRITE(6216) (CFINCE) »T=19N)
Call, SCREW (AINyBINyCINyAFINyBFINyCFINEyRHO» THETAy DI
IF (ZERO.LT,.0.0) GO TO 1
WRITE(S6918)(EC(L) » I=19N)

WRITE(Ss12)(RHO(I) »I=19N)

THETA=THETAXRAD

WRITE (&2 20) THETA

WRITE(6921)DISPL

GO TO 1

caLl EXIT

FORMAT(B(/)y?X;'FXAMPLE'yI?/)

FORMAT (99X "FOINT®* » 20Xy "COORDINATES " /722X " X" » 16Xy "Y" 916Xy " 2" /)

XS]

FORMAT(2Xs "A(1)= "yF12.5¢SXeFL12 . GrGXeF12,8)
FORMAT(9X s "B(1)= "y F12, 995Xy F12.85y0GXyF12.5)
FORMAT(OX» *CCLd= " pF12. 595X F12, 59X F12,.570
FORMAT (X "A(2)= "9 F12,.5 UX!FIM.Q9:X9FI?QU)
FORMAT(PXy "R(2)= " yF12.5y 55Xy F12.GeHXeFL2000
FORMAT(9X» "C(2)= "y F12.5¢5 XyFlJouyuX9F]J.H"
FORMAT (15X *THE SCREW AXIS HAS THE FOLLOWING DIRECTION COOSITHEGT

15Xy "(VECTOR E) 1" sF12.0e5XsFL2,0 5% sF 12,55

FORMAT (15X *THE FOINT ON THE SCREW AXIS CLOSEST TOQ THE ORIGINM
*HAS" /15Xy *THE FOLLOWING X-sY-AND Z COORDINATES®/
15Xy "(VECTOR RHO) $"sF12,.395XsF12,.5+5XsF12.5)

H

FOFRMAT(15Xy *THE ANGLE OF ROTATION (THETA) IS"yF12.5¢" DEGREES")

FORMATC(1SXy "*THE DISFLACEMENT ALONG THE SCREW AXIS (DISFL)Y f[u™.
F12.57)
END
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SUBRROUTINE SCREW(AINsBINsCINsAFINsBFINsCFINsEyRHOs THETA»DISGFL)

THIS SURROUTINE COMFUTES THE SCREW-FARAMETERS OF A RIGID ROIY MOTION.

INFUT:

THE X» Y AND Z-COORDINATES OF THREE NONCOLLINEAR FOINTS OF THE
RIGID ROLY IN EOTH ITS INITIAL (AINsBINsCIN 3~DIMENSIONAL VECTORS)
AND  FINAL (AFINyBFINyCFIN 3~DIMENSIONAL VECTORS) CONFIGURATIONS.

QUTFUT:

1. THE DIRECTION Ey OF THE SCREW AXISr A 3-DIMENSIONAL VECTOR.

2. THE LOCATION RHO OF THE FPOINT ON THE SCREW AXIS LYING CLOSEST
TO THE ORIGIN.

3. THE ANGLE OF ROTATION (SIGN WITH RESFECT TO E
INCILLUDED) » THETA.

4, THE SCALAR DISFLACEMENT DISFL»y ALONG E (SIGN WITH RESFECT TO
E INCLUDED) .,

SURSIDIARY SUBROUTINES:S

CROSS (AYEYC) COMFUTES THE CROSS FRODUCT OF VECTORS A ANID By IN THIS
ORDERy AND STORES THE FRODUCT IN VECTOR (.

SCAL(AYEsS) COMFUTES THE $SCALAR FRODUCT OF VECTORS A AND B AN
STORES THE FRODUCT IN THE SCALAR 9,
EXCHGE(ArR) EXCHANGES FIELNOS A AND R.

3-DIMENSIONAL VECTORS Ay Ey C ARE AUXILIARY FIELDS.

REAL AINC(I) »BIN(3)sCINC3)sAFIN(3) s BFINC(I) yCFINCIE) s UAC(E) sUR(C3)
- rUC(3) vy AC3) yR(3) »C(3) »E(3) »yRHO(3)

LOGICAL LOC(3)

COMMON ZERO

COLLINEARITY OF GIVEN FOINTS 1S VERIFIED., WHEN FOINTS ARE COLLINEARSy
ZERO IS SET EQUAL TO ~1 AND SURROUTINE RETURNS TO MAIN FROGRAM.
DO 10 I=1,3
LO(I)=.FALSE.
AC(I)=AINCI)~CINC(I)
10 B(ID=BINC(I)~CINC(CI)
CALL CROSS(AsEsC)
CALL SCAL(C+C+S)
S=8QRT(S)
IF(S~ZERO) 20+20y30
20 ZERO=-1,
WRITE(6r1000)
RETURN

NONE
COMFARILITY IS VERIFIED. IF THIS IS NOT METy THEN ZERO IS SET EQUAL
TO -2y -3y OR -4y DEFENIING UFON WETHER DISTANCE AC» BCy OR AE NOES
NOT REMAIN CONSTANT THROUGHOUT THE MOTION.
30 D0 40 I=1,3

CCI)=AFINCI)-CFINCI)
40 CONTINUE




CaLl SCAL(ArAsSL)
§1=SART(S1)
CALL SCAL(CsC»S2)
§2=8QRT(S2)
IF (ARS(S1-52)..E.ZERO)Y GO TO S0
ZERO=-2., ,
WRITE(S6¢1010)
RETURN
50 DO 60 I=1+3
C(I)=RFINCI)~-CFIN(I)
60 CONTINUE
CALL SCAL(EByEsS1)
CALL SCAL(CsC»S2)
81=SQRT(S1)
§2=8ART(S2)
IF(ARS(S51-82) .LE.ZERDO) GO TO 70
ZERO=~3
WRITE(691020)
RETURN
70 TI0 80 I=1,3
ACIH=AINC(I)-BINCI)
80 R(I)=AFIN(I)-RFINCI)
CALL SCAL(AsA»S1)
CALL SCAL(RsyRyS2)
§1=SQART(S1)
' 82=SART(S2)
] IF (ABS(S1-62) . LE.ZERO) GO TO 90
i ZERO=~4,
WRITE(&91030)
RETURN

LIONE

DISFLACEMENT VECTORS ARE COMFUTED

90 0 100 I=1,3
UACTI)=AFINC(I)~-AINC(I)
UBCI)=RBFINCI)-RINCI)

100 UCCIN=CFINCI)~CINCI)

00

DONE
NUMBER OF VANISHING DISPLACEMENTS IS DETERMINED AND STORED IN NUZE.
NISFLACEMENT MAGNITUDES ARE STOREDR TEMFORARILY IN E. IF NUZE.EQ.O
THEN NUZE IS SET EQUAL TO 4.
CALL SCAL(UAs»UAsE(1))
CALL SCAL(URBSURSE(2))
CALL SCAL(UCsUC,E(3))
NUZE=0
D0 110 I=1,3
E(I)=8QRT(E(I))
IF(E(I).GT.ZERO) GO TO 110
NUZE=NUZE+1
LOCI)=,TRUE.
110 CONTINUE
&
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DONE
WRITE(6y1060) NUZE
IF(NUZE.EQ.0)NUZE=4

EACH CASE (NUZE:=1+2y3 AND 0) IS NOW INVESTIGATEL.
GO TO(111,211,3115411) NUZE

IF ONE», AND ONLY ONE» VECTOR VANISHESs THE SURROUTINE INVESTIGATES
WHETHER THE REMAINING ONES ARE FARALLEL OR NOT. FIRST» THE
VANISHING VECTOR IS DETECTED RY SETTING THE INTEGER VARIARLE IN
EQUAL TO 1,2 OR 3y DEFENDING UFON WHETHER UA>UR OR UC, RESFECTIVELY:
IS THAT WHICH VANISHES.
111 DO 1320 I=1,3
IF(LOCID) ) IN=I

120 CONTINUE

GO TO (121,131+141) 1IN
121 CALL EXCHGE(UAsULC)

CALL EXCHGEC(AIN»CIN)

CALL EXCHGE(AFIN,CFIN)

GO TO 141
131 CALL EXCHGE (UERsyUC)

CALL EXCHGE(EINyCIN)

CALL EXCHGE(EFIN»CFIN)
141 CALL CROSS(UArUERsC)H

CALL SCAL(CsCyS)

S=8QRT(S)

THE FORMULA TO COMPUTE TH DIRECTION OF THE SCREW AXIS I$
CHOSEN DEFENDING UFON WHETHER THE TW0O NONVANISHING VECTORS
ARE FARALLEL OR NOT.

IF(S.GT.ZERO) GO TO 1350

WRITE(46y1070)

GO 70 509
150 WRITE(4,1080)

GO TO 600

IF EXACTLY TWO VECTORS VANISH, IN IS SET EQUAL TO 1,2 OR 3» DEFEND-
ING UPON WHETHER UAs UB OR UCy RESFECTIVELY» IS THE NONVANISHING
VECTOR.
211 00 221 I=1,3
IFCLOCINIGO TO 221
IN=1
221 CONTINUE

ALL VECTORS ARE RELARELLED S0 THAT THE NONVANISHING VECTOR IS
STORED IN FIELD UC, VECTOR E IS THEN COMFUTED USING THE
FORMULA REALISED IN STATEMENTS 501-520.
GO TO (231,232+233)y1IN
231 CALL EXCHGE(AIN»CIN)
CALL EXCHGE(AFINyCFIN)
CALL EXCHGE (UAsUC)
GO TO 233
CALL EXCHGE(RINyCIN)
CALL EXCHGE(BFINyCFIN)
CALL EXCHGE(UE»UL)

3
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UA-UC AND UR-UC ARE STOREDI IN UA AND URy RESFECTIVELY.
233 10 240 I=1,3
UACTI)=UAC(I)-UC(I)
240 UB(I)=UR(I)-UCC(I)
GO TO 509

IF ALL THREE VECTORS VANISH»A MESSAGE IS WRITEN ANDI SCREW RE-
TURNS TO MAIN FROGRAM.
311 WRITE(691040)
ZERQ=-5
RETURN

[ONE
ONE-~y TWO~- AND THREE~ VANISHING-DISFLACEMENT CASES WERE ALREADY
DEALT WITH. NO-VANISHING~DISFLACEMENT CASE IS NEXT INVESTIGATEID.,
FIRST IT IS INVESTIGATED WHETHER THE GIVEN VECTORS ARE
COFLANAR ANDy IF SOy WHETHER THEIR DIFFERENCES ARE FARALLEL.
THE FORMULA EMFLOYED TO COMPUTE VECTOR E IS DECIDED UFON
ACCORTIINGLY . ’
411 CALL CROSS(UAsUESC)

Cal.l. SCAL(UCCy»S1)

UAa-UC AND UB-UC ARE STORED IN UA AND UR RESFECTIVELY.
D0 420 I=1+3
UACT)=UACI)-UC(I)
420 UB(I)=UBR(I)~UCC(I)
GAaLL CROSS (UAsUEsC)
CALL SCAL(CsC»S2)
S2=8QRT(S2)
JUMP=1
IF(ARS(S1) .LT.ZERO) JUMF=JUMF+1
IF(S2.LT.ZERO) JUMF=JUMF+1
GO TO (421,422,423)y JUMF
421 WRITE(691090)
GO TD 600
422 WRITE(691100)
GO TO 600

IF VECTORS ARE COFLANAR AND DIFFERENCES ARE FARALLELy INVESTIGATES

WHETHER MOTION IS A FURE TRANSLATION.

423 CALL SCAL (UAsUA»UAUA)
CALL SCAL (UEBsUByUBUER)
UAUA=SART (UAUA)
URUBR=SART (URUR)
IF (UAUAJLE+ZERO.AND. UBUE.LE.ZERO)GO TO 200
WRITE(691110) '

COMFUTES VECTOR E. FIRST THE SCALAR FACTOR RETA RELATING
FARALLEL VECTORS UA AND UBR IS COMFUTED-VECTOR E IS STORED
TEMPORARILY IN C.
509 CALL SCAL (UAsUAyUAMAG)

CALL SCAL (UByURsUBRMAG)

CALL SCAL(UAsUByUAUR)
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UAMAG=SQRT (UAMAG)
UBMAG=SQRT (URMAG)
IF(UAMAG.LE.ZERD) WRITE(6¢1120)
RETA=URMAG/UAMAG
IF(UAUR.LE.QO)RETA=-RETA
00 510 I=1,3 :
510 E(I)=RINCI)-CINCI)-RETAX(AIN(I)~CINC(I))
GO TO 605
600 CALL CROSS(UA»UBsE)
605 CALL SCAL(EyEyEE)
EE=SQRT(EE)
DO 610 I=1+3
610 E(I)=E(I)/EE

DONE
THE ANGLE OF ROTATION IS COMFUTED.AUXILIARY VECTORS A ANDII B
ARE INTRODUCEL.
DO 710 I=1,3 ’
AC(D)=AIN(I)~-CINCI)
C(I)=AINC(ID)+UACI)
710 B(I)=C(I)~-CINCI)
CALL SCAL(AsEyAFROY)
CALL SCAL(RyE»EFROY)
D0 720 I=1,3
AL =A(I)~AFROYXE(I)
720 B(I)=R(I)-BFROYXE(I)
CALL SCAL(AsRsyAR)
CALL SCAL(AsAyAA)
THETA=ARCOS (AR/AA)
CALL CROSS(AYE»C)
CALL SCAL(CyEsCE)
IF(CE.LE,O)THETA=~-THETA

DNONE
COMFUTATION OF RHO AND DISFL.
COTH=COS(THETA)
DIF=1+COSH
DIF=ABS(DIF)
IF(DIF.LE.ZERO) GO TO 830
Do 810 I=1,3
UACTI)=AFIN(I)~AINC(I)
810 C(I)=AFINC(I)+AINC(I)
CALL CROSS(E»C»rA)
CALL CROSS(ErAYRB)
CALL CROSS(EsUAyRHO)
0o 820 I=1,3
RHOC(I)=COTAN(THETA/2.)¥RHO(I)
820 RHOCI)=(RHO(I)~B(I))/2.
GO TO 8490
830 DO 850 I=1,3
850 RHOCIN=AINC(I)+UACI)*0.5
CALL SCAL(RHOYE»S)
DO 860 I=1+3
860 RHO(I)=RHO(I)-S¥E(I)




840 CALL SCAL(UAYESDISFL)
RETURN
200 00 20T I=143
COH HACD =AFINCII-ATINCT)
WRITE(H91050)(UACT) »yI=1,3)
ZERQ=~§4
RETURN
1000 FORMAT(SXy "FOINTS ARE COLLINEAR.MOTION IS UNDEFINED®/)
1010 FUhHﬁT(aX;'MUTIUN IS NOT RIGIDJLLENGTH AC INDES NOT REMAIN®,
* CONSTANT."/)
10’0 FURNAT(JX;'NOTION IS NOT RIGID.LENGTH EC DOES NOT REMAIN',
- * CONSTANT."/)
1030 FORMAT(SXy *MOTION IS NOT RIGIDJLLENGTH AR DIOES NOT REMAIN",»
- ' CONSTANT."/)
1040 FORMAT(SXy *NO MOTION.ALL THREE DISFLACEMENTS VECTORS ARE"s
- * ZERQ."/)
1050 FORMAT(9Xy*"VECTORS DIFFERENCES ARE ROTH ZERO "/
- Xy *THE MOTION IS FURE TRANSLATION. "//13Xs“THE *»
- *DISFLACEMENT HAS THE FOLLOWING X~yY—~AND Z COMFONENTS "
- Z1GXeF12.S98XsF12.593XeF12,5y/)
1060 FORMAT(9Xy *NUMBER OF VANISHING DISFLACEMENTS IS*"yIS)
1070 FORMAT(9Xy*DIFFERENCES ARE FARALLEL"/)
1080 FORMAT(9Xy "LIFFERENCES ARE NONFARALLEL"/)
1090 FORMAT(9Xy "VECTORS ARE NONCOFL.ANAR®*/)
1100 FORMAT(9Xy "VECTORS ARE COFLANAR ANI DIFFERENCES ARE NONFARALLEL*/)
1110 FORMAT(9Xy "VECTOR DIFFERENCES ARE FaRALLEL®/)
1120 FORMAT(1Xy "THE MAGNITULD OF THE NONVANISING VECTOR UA Was
- *"COMFPUTED AS ZERO BETWEEN STATEMENS S09 aND S10",/)
END
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: C THIS FROGRAM COMFUTES THE FARAMETERS OF THE INSTANTANEOUS E
) C SCREW OF GIVEN RIGID-EODY MOTIONS. :

C
REAL A(3)»L(3)»C(37yVA(3)»VE(3)yVC(3)yRHO(3) ySFIN(3)
COMMON ZERO
NUM=0
1 READC(S»10yEND=30)N
ZERO=0.,00001
NUM=NUM+1
00 2 I=1»N
READC(S»20)ACI) s BC(I) s C(I)
READC(Sy20)VACI) yVR(I) »VC(I)
CONTINUE
WRITE(6y30)NUNM
WRITE(6931)
WRITE(6y32)CACI) »I=1yN)
WRITE(6y33)C(ECI) s I=1yN)
WRITE(6934)(CC(I)sI=1yN)
WRITEC6935)C(VA(I)yI=1sN) E
WRITE(S6y36)(VER(I)yI=1sN) 3
WRITEC(6937)(VC(TI)yI=1sN) )
CALL INSCRUCAYEsCsyVAsVB,VCyRHOsSFINySFEELD)
IF(ZERO.LT.0.0) GO TO 1
WRITE(6538) (SFINCI)sI=1sN)

P
1

1° WRITE(6939)(RHOC(I)yI=1sN)
' WRITE(&y40)SFEED
] GO 70 1
g 10 FORMAT(IZ2)
20 FORMAT(F7.3)
30 FORMAT(SXy ‘EXAMPLE v I3/)
31 FORMAT(SXy “FOINT’ s 20Xy “COORDINATES /18Xy ‘X’ 9v16Xr 'Y 916X ’2°/) E
32 FORMAT(SXs’'A = ‘yF12.5sS5XsF12.5,3XsF12.5)
33 FORMAT(SXy’'B = “yF12.5y5XrF12.59,5XsF12,3) 2
34 FORMAT(SXy'C = ‘yF12.5+5XsF12.5,5XsF12,5)
35 FORMAT(SXy VA = “yF12,5s5XsF12.5,5XsF12.5)
36 FORMAT(SXs VB = “yF12,5s5XsF12.5s3X9F12.5)
37 FORMAT(SXs VL = “»F12.5,9XsF12.595XsF12.5)
38 FORMAT(9Xs ‘THE SFIN HAS THE FOLLOWING COMFONENTS‘/
- ?Xs (VECTOR SFIN) $‘sF12.5s3X»F12.5¢5XyF12.5)
39 FORMAT(9Xs ‘THE POINT ON THE INSTANTANEOUS-SCREW AXIS CLOSEST-

- v’ TO’/9Xs’THE ORIGIN HAS THE FOLLOWING X-» Y- AND Z7,
-  COORDINATES‘/9Xs/(VECTOR RHO) $/»F12.5s5XsF12.595Xy

- F1205)

40 FORMAT(9XsTHE VELOCITY COMPONENT ALONG THE INSTANTANEOUS-SCREW’»
- 4 AXIS 1//9Xs/ (SPEED) $/9F12.5)

50 CAaLL EXIT

END
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SUEROUTINE INSCRUCAYEYCyVAYVEsVCyRHOYySFINYy SFEED)

THIS SUBROUTINE COMFUTES THE PARAMETERS OF THE INSTANTANEQUS
SCREW OF A RIGID-EODY MOTION.
INFUTS
THE <yY AND Z COORDINATES OF THREE NONCOLINEAR FOINTS,
Ayl ANDN © OF A RIGID BODY AND THEIR CORRESFONDING
VELOCITIESy VAYVR AND VC. FIELDS ArByCrVAYVR AND VC ARE
THREE DIMENSIONAL» THEIR ELEMENTS BEING THE X»Y AND Z
COMFONENTS OF THE CARTESIAN VECTORS STORED IN THEM.
OUTHUTS
Lo~ THE FOSITION VECTOR RHO OF THE FOINT ON THE INSTANTANEOUS
~SCREW AXIS LYING CLOSEST TO THE ORIGIN.
2.~ THE SFIN. THIS VARIARLE IS LABELED *SFIN".
3.~ THE SLIDING SFEEDy I.E THE FROJECTION OF THE VELOCITY FIELD
ON THE AXIS OF THE INSTANTANEOUS SCREW. THIS VARIARLE IS
LABELED *SFEED".,
SUBSIDIARY SUBROUTINES!?
EXCHGE(AyB) -EXCHANGES FIELDS A AND E.
CROSS(U»VsW)-COMFUTES THE CROSS FRODUCT OF VECTOR U TIMES
VECTOR Vy IN THIS ORDER» AND STORES THE FRODUCT
IN VECTOR W.
SCAL(UyVyS) ~COMFUTES THE SCALAR FRODUCT OF VECTORS U AND
V AND STORES THE FRODUCT IN THE SCALAR S.

REAL A(3)»B(3)»C(3)ryVA(I)»VB(3)H»UC(3) »yRHOC(3) »SFINCI) yAULCZ) y BUL3) 4
- Cu(3)

LOGICAL LO(3)

COMMON ZERO

IT IS VERIFIED WHETHER THE GIVEN FOINTS ARE COLLINEAR. IF
THEY AREy ZERO IS SET EQUAL TO -1 AND SUBROUTINE RETURNS
TO MAIN FROGRAM. DIFFERENCE VECTORS ARE TEMFORARILY STORED
IN THE SFIN AND RHO FIELDS, :

no 10 I1=1+3
SPIN(I)=ACI)-C(I)

RHOCI)=B(I)~-C(I)

CALL CROSS(SFINsRHO,CU)

CALL SCAL(CUyCU»S)

§=SART(S)

IF(5.GT.ZERO) GO TO 30

ZERO=~1

WRITE(&y1000)

RETURN

DONE

COMPATIRBILITY IS VERIFIED. IF THIS IS NOT METs ZERO IS
SET EQUAL TO -2.9y~3.y-4.,y DEFENDING UFON WHETHER LISTANCE
ACy BC OR AR HAS A NONZERO TIME RATE OF CHANGE.
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DONE

3
CALL SCAL(VAsSFINySA)

CALL SCAL(VCsSFIN»SC)
IF(ABS(SA-SC) .LE.ZERO) GO TO 40
ZERO=-2,

WRITE(451010)

RETURN

CALL SCAL(VE,RHOs5R)

CALL SCAL(VC,RHOsSC)
IF(ARS(SE-SC).LE.ZERO) GO TO S0
ZERD=-3.,

WRITE(Sy1020)

RETURN

D 60 I=1,3

AUCI)=R(I)~ACI)

CAlLLL SCAL(VAsAU»SA)

CALL SCAL(VE,AUySE)

1F (ARS(SA-SE).LE.ZERO) GO TO 70
ZERO=-4.,

WRITE(&y1030)

RETURN

NUMBER OF VANISHING-VELOCITY VECTORS IS DETERMINED AND
STORED IN NUZE. DISFLACEMENT MAGNITUIES ARE TEMFORARILY
STOREDY IN AU. IF NUZE.EQ.O0s THEN NUZE IS SET EQUAL TO 4.

[IONE

EACH CASE (NUZE=1,2,3,0) IS NOW INVESTIGATED.
EQUALITY OF VECTORS ARE THEN VERIFIED.

IF ONEy AND ONLY ONE VELOCITY VECTOR VANISHES»

CALL SCAL(VAsVAyAU(1))
CALL SCAL(VE»VEyAU(2))
CALL SCAL(VC,VC,AUC3))
NUZE=0
Do 80 I1=1,3
LOCI)=,FALSE.
AUCI)=SARTC(AU(I))
IF(AUCI) .GT.ZERD) GO TO 80
NUZE=NUZE+1
LOC(I)=,TRUE.
CONTINUE
WRITE(6y1040)NUZE
IF(NUZE.ER.O) NUZE=4

GO TO(100,200,300,400)»NUZE

FARALLELISM AND

THE

SUBROUTINE INVESTIGATES WHETHER THE REMAINING ONES ARE
FARALLEL OR NOT.

11
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100 no 101 I=1+3
IFCLOCI) ) IN=I
101 CONTINUE
GO TO (1102120,130)s1IN
110 Call EXCHGE (VA»V()

CALL EXCHGE(A»C)
GO TO 130

1 CALL EXCHGE(VE,VC)
CALL EXCHGE(E,C)

120 Catl. CROSS(VAVERyALD
CALL SCAL(aUrAU»S)
5=8QRT(S)

10 140 I=1,3
AUCI)Y=UACT)
BUCI)=VE(I)
140 RHOCI) =R(I)~-C(I)

¢ THE FORMULA TO COMPUTE THE DIRECTION OF THE SCREW AXIS IS
{; CHOSEN DEFENDING UFPON WHETHER THE TWO NONVANISHING VECTORS
C ARE FARALLEL OR NOT.

c
IF(S.GT.ZERO) GO TO 150
WRITE(6r1050)
GO TO 500
150 WRITE(6r1060)
GO TO 600
o
¢ IF EXACTLY TWO VECTORS VANISH, IN IS SET EQUAL TO 1,2 OR 3
¢ DEFENIING UFON WHETHER VAsSVUR OF VUC» RESFECTIVELY, T8 THE
. NONVANISHING VECTOR.
0
200 00 202 I=1+3
IFCLOCT)) GO TO 202
IN=1I
203 CONTINUE -
C

C ALl VECTORS ARE RELARELLED S0 THAT THE MNONVANISHING
(¢ VELOCITY VECTOR IS STORED IN VC.

£
GO TO(210+220,230)yIN
210 CALL EXCHGE(AyC)
CALL EXCHGE(VA»VU(E)
GO TO0 230
220 CALL EXCHGE(E,C)
CalL EXCHGE(VR,VUC)
e

C VA~V AND VE-VUC ARE STORED IN AU AND EU RESFECTIVELY.

B [0 240 I=1,3
AUCT) =VA(TI)~VC(I)
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240 BUCI)=VR(I)-VC(I)
GO TO 500

- IF ALL THREE VEIL.OCITIES VANISHy A MESSAGE IS WRITTEN AND INSCRU
. RETURNS TO THE MAIN FROGRAM.

290 WRITE(6+1070)
ZERO=-5
RETURN
C
C [ONE
C ONEs TWO AND THREE-VANISHING-VELOCITY CASES WERE ALREADY DEALT
C WITH. NO-VANISHING DISFLACEMENT CASE IS NOW INVESTIGATED. FIRST

C IT IS INVESTIGATED WHETHER THE GIVEN VECTORS ARE COFLANAR AND
C IF S0y WHETHER THEIR DIFFERENCES ARE FARALLEL.
C
400 CALL CROSS(VAyVER,CU)

CaLL SCAL(VC,CUrSL)
e
C VAa-VC AND VB-VC ARE STOREDI IN AU ANI BU RESFECTIVELY.
C

00 402 I=1,3

AUCI) =VACI) ~-VC(I)

402 BUCI)=VEB(I)>-VC(I)

Call CROSS(AUsEUCU)

CALL SCAL(CUyCU»S2)

S2=8QRT(S2)

IND=1 .

IF(ABRS(51) LT, ZERO) IND=INI++1

IF(S2.LT.ZERO) IND=IND+1

GO TO (410+420+430) ¢ INI!

410 WRITE(6,1080)
GO TO 600

420 WRITE(6y1090)
GO TO 600

¢

C IF VECTORS ARE COFLANAR AND DIFERENCES ARE FARALLELs INVESTIGATES
C WHETHER THE MOTION IS A FURE TRANSLATION.

C

430 CALL SCAL(AUrAUYVAZ)
CALL SCAL (BUsBU»VER2)
VA2=8QRT (VA2)
VEB2=8QRT (VE2)
IF(VA2.LE.ZERO.AND.VB2.LE.ZEROQ) GO TO 700
WRITE(&,1100)

€

C COMFUTES VECTOR SFIN. FIRST THE SCALAR FACTOR ALFA IS COMFUTELD.
C
500 Do 502 I=1+3

RHOCI)=R(L)-CC(I)
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SFINCI)=AC(I)-C(I)

CalLl SCAL(AUr»AU-VAZ)

Call. CROSS(RHOsSFINyCU)
CALL SCAL(CUyCUsARC)
VA2=8QRT (VA2)

ARC=SART (ARC)
ALFA=VAZ/ARC

Cal.l SCAL(AUsCU»SG) '
IF(SG.LT.O)ALFA=-ALFA

c
C  DONE :
C THE SCALAR FACTOR BETA IS COMPUTED
c
CALL SCAL(EUsEUsSE)
CALL SCALCAUsAUsSA)
CALL SCAL (AU EU»SAE)
SE=SQRT(SE)
$A=SQART (SA)
EETA=SE/SA
I ¢SARLLT.0)RETA=~RETA
»
C  DONE
C
D0 504 I=1,3
SFINCI)=RHO(I)~RETAXSFINCI)
504 SEINCI)=SFIN(I)XALFA
C
€ DONE
C KRHO AND SFIN ARE NEXT COMFUTED
C
GO TO 610
400 CALL CROSS(AU»EUyCU)
CALL SCAL (AUsRHOyDEN)
| [0 602 I=193
602 SFINCI)=CU(I)/DEN
610 CALL SCAL(SPINsSFINsW2)

CALL SCAL(SFINyA,COFW)
CALL CROSS(SFIN,VAyRHO)
00 612 I=1+3
612 RHOCI)=ACI)+(RHOCI)~COFWXSFINCL)) /W2
CALL SCAL(VAsSFINySPEED)
W2=8QART(W2)
SFEED=SFEED/WZ

C

C DONE

c
RETURN

700 WRITE(A6s1110) (VA(I) yI=1+3)
ZERO=~&

RETURN
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B AS

b

FORMAT(SXy "FOINTS ARE COLINEAR. MOTION IS UNDEFINED’/)

FORMAT(SXy ‘MOTION IS NOT RIGID. LENGTH AC DOES NGT REMAIN',

* CONSTANT’/)

FORMAT(SXy "MOTION IS NOT RIGID. LENGTH EC DOES NOT REMAIN’,

* CONSTANT /)

FORMAT(SXs "MOTION IS NOT RIGID. LENGTH AR DOES NOT REMAIN‘,

/ CONSTANT’/)

FORMAT(SXy "NUMRER OF VANISHING VELOCITIES IS :/,IS5/)

FORMAT (SXys VELOCITIES ARE
FORMAT(SXy "VELOCITIES ARE
FORMAT(SXy 'NO MOTION. ALL
FORMAT(SXy ‘VELOCITIES ARE
FORMAT(SXs 'VELLOCITIES ARE
‘PARALLEL /)
FORMAT(SXy "VELOCITIES ARE
‘FARALLEL /)
FORMAT(SXy "MOTION IS FURE

FARALLEL /)

NONFARALLEL’ /)

THREE VELOCITY VECTORS ARE ZERO‘/)
NONCOFLANAR' /)

COFLANAR AND DIFFERENCES ARE NON‘»

COFLANAR AND DIFERENCES ARE ‘s

TRANSLATION' /53X THE VELOCITIES ‘»

‘HAVE THE FOLLOWING X-sY- AND Z- COORDINATES: '/

3(S5XsF12.5)/)
END

%
SUBROUTINE EXCHGEC(AsE)

SUEROUTINE EXCHANGES THE FIELDS A AND Ey I.E. IT RETURNS

A ANDI' A AS E.

REAL AC3)sEB(3) rAUX(3)

0 10 I=1,3
AUXC(I)=ACI)
ACI)=R(I)
B(I)Y=AUX(I)

CONTINUE

RETURN

END
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SUBRROUTINE CROSS(AsEB-C)

THIS SUBRROUTINE FERFORMS THE CROSS FRODUCT A AND ByIN THIS ORIERs
AN} ETORES THIS FRODUCT IN C.

REAL A3 yB(3)yC(3)
00 10 K=143
CIRY=0,
Lo 10 L=1+3
0 10 M=1+3
N=(L-K)X(M-L)YX(K~-M)
CRY=C(RK)~NXKAL)YXB{M)Y /2,
CONTINUE
RETURN
END

SUBROUTINE SCAL(AyEsS)

THIS SUROUTINE FERFORMS THE SCALAR FRODUCT OF VECTORS A AND B
AND STORES THIS FRODUCT IN S,

REAL A(3)sB(3)

8=0. ‘

Do 10 I=1+3
S=S+ACIIXR(I)

CONTINUE

RETURN

END
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