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Abstract

In this paper some calculating methods of natural and forced vibration of internal combustion
engine shaftings are investigated and some useful analyzing methods are proposed. The important
items are summerized as follows:

(1) A new equivalent system of crankshaft is introduced so as to tolerate 4 degrees of freedom:
axial, torsional aad two kinds of lateral motion.

(2) Equations of motion are written in matrices, transformad into eigen value problems and
solved with the Jacobi-rotation method.

(3) Two direct calculating methods of forced vibration with damping are proposed, which
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provide not only amplitudes for any point of vibrating system or frequencies but also their phase
angles.

One of them’(is to solve a group of independant uncoupled equations, which are derived by
transforming the physical co-ordinates into normal one with modal matrix. The modal matrix is
given by solving the undamped free vibrating equation.

Another one is to calculate steady-state amplitudes and phases, by applying the mechanical
impedance method to the multi-degree freedom equation.

The coupled forced vibrating equation that contains two kinds of lateral motions, is so complex
for numerical analysis that another simplified equation, which excludes these elements, is
introduced.

(4) Somz computer programs are developed for calculation of the natural and forced vibrations
of internal combustion engine shaftings according to (2) and (3).

(5) To check the developed computer programs, 3 kinds of marine internal combustion engine

shaftings are analyzed numerically and the results are compared with measured ones.
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(Table 3:1 Percentage of the propeller thrust variation to mean thrust)
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(Table 6-1 Summary of the definition of the variable names used for input data and output data)
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(Table 6:2 Summary of the definition of the variable names uged for input data and cutput data)
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(Table 6+3 Summary of the definition of the variable names used for input data and output data)
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(Table 6-4 Summary of the definition of the variable names used for input data and output data)
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she B NN el Mg TS = Ee) Slme Gl
@7t 5 e
2o Al AR e A B(,7) LJ]e —(—EiNﬂ}z o g
R ey 2 AL 1] 1% N7z o) g
WEEeE ] C(L]) ]+ 135 N7kl s
FARE s (EE S 409 & | rad | Z(D) 1B Nz o) g
2 sk st el o SF A
01l HiREHE rad/sec! w
HEEAS (TR r.p.m KW
Stolmu AfRME LR HE & M| ke P(1) = 13E N7b=} o] £80%
EER Y (FAT e AN
g el A% degree | AM(I) E 138 N7= 9 Sl
sEOL (LA v B 5800) cm,rad| PH(I) I 138 N7bx 9 £

TR E 29 A% 4 B g st & EiE et ST (HERRAI = cm, B 57 &
= rad)$} {7izE(degree) & &
o} A9 IS Egiiﬁlﬁ"“lﬁlit%ﬁﬁ TERSHE st 7ol o 2] e

VI. & % 6

P iz eod e FEse #7193 2] £T 29 Hke] MRS I AT =
o] ARl St el JREEHIS FF vhg FRTIfSH FIE skl e
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— 207 —



(14)

ET2,73,7-4% # W S8 FARD

1976%F 41 WERMEKRL R0k #1198

ek FUNNE Hele
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£ 71 HABEC ER
(Table 7-1 Principal particulars of engines of which vibrational characteristics are analyzed)
Assumed Name of Ship S B M
‘*AI:nd orf;}rlipi e C;go Slilixp ; A ziargo Ship B 0il Tanker
;;;;;;;?%77 7;m5 N ki%J&VA | 72, 000
Type of Main Engine | 2-cycle Single-acting Cross-head Typem
MNOS'tr‘(’fkfy(lr‘;,“rﬂ‘)"rs‘Bore X 8-720% 1, 250 9-740 % 1, 600 10-860% 1, 600
Oﬁgﬁghﬂxs;;é—‘w 6,100 137 8,000%110. 5 23,000 115
Brake Mean Effective | a3 6.50 10.91

Pressure (kg/cm?) |

Firing Order

1-8-3-4-7-2-5-6

1-8-3-6-5-4-7-2-9

1-8-6-5-3-10-4-2-8-7

Type of Crankshaft

Propeller

Forged Steel
Semi-built X2 Pcs.

Cast Steel
Full-built x2 Pcs.

Forged Steel
Semi-built x 2 Pcs,

@
5,100 x4 Blades

(4
5,800x 4 Blades

¢
6, 6506 Blades

Thrust Block

Bolted to
Engine Block

Bolted to
Engine Block

Founded on
Engine Room Floor

Estimated Thrust Block |

Stiffness(kg/cm) 0. 500 x 107 0. 200% 107 0. 250X 107
. . Attached t
Balancing Weight None No. 1’4ajc5’eg T(k)lrow None
Engine Position Midship Midship Aftship
550 :
n— R q;
S ) [TTSls
| EL 'n"‘ S -__|”__ alurs
| S T 280190 3
h [ _i_- ! ®
— -— —— 4- -
21 3 1]
- 2 T
sz's' 150 ) ‘:{v“ i
]
1375 ] 300 380 330 /330
675 I 660

a8 7-1 SRR a=e 9
(Fig. 7.1 Crank throw of S ship engine)

a8l 7-2 BiRifikpia e s 2 5
(Fig 72 Crank throw of B ship engine)

— 208 —



PRkl IREMR AT BREDT bS] BT W%

530
4:4-1] 7 AN
SN St {1}
~od-f 5t-4
o~ 3, 7
{ . S >
b4
_..‘-“ o0
sl e _]
— O
':,*“1']"‘
3707180
410_|_ 365 1.250
775
a8 7-3 Mg 2= 2%

=
(Fig. 7.3 Crank throw of M ship engine)
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(Table 7-2 Comparison of the calculated frequencies to the measured ones of Ship S)

{Conventional Holzer method )
Meas. ko =0. 60 10'kg [cm T e e
Mode values according to Anderson’s e

=" Tor. I Axial [ Cal. /Meas, cal. Cal. /Meas.
1-node Tor. { 191. 68 ]‘ 189. 28
0-node Axi. 985 J 969. 41‘1 98% 963. 79 98%

|

1-node Axi. 1064 1103. 54 104 1034. 46 97
2-node Tor. 1101 1093. 68 99 1057. 19 96

#* 7-3 Bitinihieael EAEEM e

(Table 7-3 Comparison of the calculated frequencies to the measured ones of Ship B)

Conventional Holzer method Pyt '
Mos |0 0ugn putors metkd
Mode values according to Anderson’s e g
i V.P-M Tor. | Axial [ Cal. /Meas. | Cal. | Cal./Meas,
[ |
1-node Tor. 149. 60“ L 144. 785
0-node Axi. 513 | 549, 48} 107 % 495. 57\ 97 %
1-node Axi. 765 ‘1 760.04 101 753. 65 98
2-node Tor. 844 . 827.03 98 814. 44 97
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(16) 19764F 47 WHREGHEXRE Mg B
F* 7-4 MBEREMETRS EBRRDELE

(Table 7-4 Comparison of the calculated frequencies to the measured cnes of Ship M)

Meas. bt 10 kg Author's methed.
Mode values . accordmg to Anderson’s i
V.P.M or. | Axial| Cai/Meas. | Cal | Cal /Meas.
1-node Tor. 376 388. 30 103% 375. 03 100%
0-node Axi. 628 660. 00 105 623. 98 99
2-node Tor. 1017 1053. 40 104 1015. 18 100
1-node Axi. 1376. 40‘ 1364. 02
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. 4 y . e
] " 1 t
! ] i< HE
| | n ] [}
x 107 | | “3 H l )
g !
& osf | bz P
» i N !
= ! e Ny
» | t U ! : :
i1
@ e t 1 q ‘ .
® OBk 5,15 = KR S [E e S | B .
c i.° x| "ogx o x 3 0 o s
b3 Nl n »‘—’1: < R ]
et L3 @ ) t
o vlls gy e 3 Sl syaifs o
21|12 o B |8 31 olo)e 3T
x 2,15 z! 24z 21 z212N2 2
S oat=i[- o qrfo|| e dlsje g
o ) § t '
- 1 ,' i LA |
3 ) h I" | [
L | ! = u ] [ |
= | o< £ b
]
I M |
] 11 R .
o o
) 2lle vy
l S I
\ 4 I }
1 24 i 1
10 3} 20 2 107

Natural Frequencies of Shafting V.P.M
(Full Line S-Ship, Dotted Line B-Ship)

ozl 7.4 SHEfR BRI EiRiEfhLl =
(Fig 7-4 Frequency spectrum of Ship S and B)

Bl A b e A =P S B EHT R FRIEDY TS RESL BT
HEBSERIPE S YeEshe 21e) Whgsheh
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(Table 7+5 Natural frequencies for various firing orders of Ship S.)
thrust block stiffness=0. 90X 10°kg/cm

an)

. . . 1-node 0-node 1-node 2-node 3-node 2-node
Kinds of firing order torsional axial axial torsional torsional axial
V. P. M. B
1-8-3-4-7-2-5-6 189. 28 963. 79 1034. 46 1057. 19 1683. 47 2792. 04
1-8-3-5-2-7-4-6 189. 31 932.75 1024. 72 1088. 99 1683. 05 2708. 57
1-7-3-5-4-6-2-8 189. 28 943.73 1027. 29 1080. 77 1683. 67 2759. 38
nm
0.3} A:Measured Value
B:Mechanical Impedance
Method (k ~0.13x 107
C:Mechanical Jmpedance
[ Method (k,~0.90x 107
D:Normal Mode Method
% (k,=~0.90x 10Y
2 02
a v,=0.035
E V,=0.013
3
0.1 A Ji
0,7\ //
V. /C”li\&"
P o« v A
——4’4/ B/f\/ A ~
) SN
of T A
60 70 80 90 100 110 120 30
Engine Revolution RP.M
rad.x 10~ '

o3l i\
\

|

o
N

h

Tor. Amplitude

j

8
-«:’."/”/)

s RS

i 1
4 ‘/ 3
e

06 70 80 09 100 1o 120
fngine Revolution R.PM

oy 7.5 SHiMtaH 2@k Bl EY BRI HERE
ve s ¥l B IRTIBHEGR L)

(Fig 7.5 Amplitudes of the coupled vibration at the crankshaft fore-end of Ship S)
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et

h%o) SREIR R RED & BT Rl o] Bkt BT QSR kel Sleke] Eo] G 4
RN, AL =T FEIfEer A e o] wERRE

27 7-5% ffE - vl EEIRENY) BRKALEIT SRS SIEARMIENRl o O BRSHERE S v EE IR
e 2o T goh. SEEAREEEImNRC] Sl A = 1HIHRSR) (BHIRSIK 1064com) =t 28] &4
EH (BAREY I 1101cpm)e] 11RILRE N A sastA Hipiel 2 gl

a9 7.6 & Aol 28iu SR IRB st FHiLs = 2 2bh W) WM MRE 2
i gleh IRIEHRR-S %me A -eoks 2E Lmel —@ae] FEs e

mmfF==EE

TN
]

]\
!
i
|
|

Ll
g 7.6 STEAREEREER S 20l ERIRE) 11K =¥ 2 GhE S GEIRIE AR
(vo @ BB TERELE ve: v 52 IRGBFER B
kot HE F7 BhSE R TR £ 20
(Fig 7.6 The calculated and the measured crank-end axial amplitude induced by 2-node
torsional vibration of Ship S)

Yy
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Axial Amplitude
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1
|
!
|

O 7-7 BIRARMERD =¥ =gh Eriel Off MHEEH 9k A4 HES #iREa iEd
BRIl i A TTRIE, B.C: EHEAN

(Fig 7.7 Axial amplitudes and their phase angles of 9th order vibration at the fore-end of
crankshaft of Ship B. A:Measured value. B,C; Calculated value. Numbers fin the
parenthesis and bracket mean the engine revolution)
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Mg (1) 3YyasPErIESAc HE=20H
STIFFNESS MATRIX OF THE ENGINE CRANKSHAFT
MAIN PROGRAM
COMMON A1, A2, B1, AL, D1, D2, R, H, W, XXI, FXX, XMJ, FMX, YMK, FMY,
FYX, ZML, FMZ, FZX, PJ, XJ, ZJ, Y], PI, C, EL, ER, FXXX, FMXX, FMYY,
FYXX, FMZZ, FZXX, SXXX, SZXX, SMXX, SYXX, SMYY, SMZZ
READ (5,101) A1, A2, B1, AL,D1, D2, R,H,W,C
FORMAT (5F12. 0/5F 12.0)
WRITE(6, 102) A1, A2, B1, AL, D1, D2, R,H,W,C
FORMAT (1H1, 5E15.7/5E15.7)
CALL STIF
READ (5,103)N
FORMAT(I2)
DO 10 I=1,N
READ (5,104)Z
FORMAT (E15.7)
S11=SXXX
S12=0.0
S13=SIN(Z)*SZXX
S14=CO0S(Z)+SZXX
S15= —S11
S16=0.0
S17=-S13
S18= —S14
S22 =SMXX
$23=CO0S(Z)*SYXX
S24= —SIN(Z)*SYXX
S25=0.0
S26=—S22
$27=523
S28=S24
S33=COS(Z)#+24SMYY + SIN(Z)**2+SMZZ
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S34=—COS(Z)*SIN(Z)*SMYY + COS(Z)*SIN(Z)*SMZZ

S535= —S13

S36= —523

537 =COS(Z)##2+( —~ XMJ*SYXX + YMK#SMYY) + SIN(Z) %2 ( XXI*SZXX + ZML*SMZZ)
538=—COS(Z)+SIN(Z) ( —XMJ*SYXX + YMK+*SMYY) +COS(Z)* SIN(Z)* (XXI+SZXX +
ZML+SMZZ)

544 =SIN(Z)**2+SMYY + COS(Z)*++2+«SMZZ

S45= —S14
S46= —S24
S547=S538

548 =SIN(Z)#+2%( — XMJ*SYXX + YMK+SMYY) + COS(Z)##2#(XXI*SZXX + ZML*SMZZ)
S55=S11

S56=0.0

S57=S13

S58=S14

S66 =522

S67=—S523

S68= —S24

S77=533

S78=534

S88="544

WRITE(6,105) 1,Z, S11, S12, S13, S14, S15, S16, S17, S18, S22, S23, S24, $25,
526, S27, S28, S33, S34, S35, S36, S37, S38, S44, S45, S46, S47, S48, S55,
S56, S57, S58, S66, S67, S68, S77, S78, S88

FORMAT (1HO, 6HNUMBER, 14, 10X, 6HTHETA=E15.7/(1H, 6E15.7))
CONTINUE

STOP

END

CALCULATION OF STIFFNESS COEFFICIENT FOR ENGINE CRANKSHAFT
SUBROUTINE STIF

COMMON A1, A2, Bl, AL, D1, D2, R,H,W, XXI, FXX, XMJ, FMX, YMK, FMY,
FYX, ZML, FMZ, FZX, PJ, XJ, Z], YJ, PI, C, EL, ER, FXXX, FMXX, FMYY,
FYXX, FMZZ, FZXX, SXXX, SZXX, SMXX, SYXX, SMYY, SMZZ
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CALL FLEX
WRITE (6,111) PJ, XJ, ZJ, Y], PI, FXX, FMX, FMY, FYX, FMZ FZX
FORMAT (1HO, 3HPJ=E15. 7, 2X, 3HXJ=E15.7, 2X, 3HZJ=E15.7, 2X, sHY]=
E15.7, 2X, B3HPI=E15.7/5H]=XX=FE15.7, 2X, 4HFMX=FE15.7, 2%, 4HFMY=
E15.7/5SHOFYX =FE15.7, 2X, 4HFMZ=F15.7, 2X, 4HFZ =F15.7)
SXX =FMZ/(FXX+FMZ — FZX%%2)
SXZ= —FZX/(FXX+FMZ—FZX+%2)
SXM=FMY/(FMX+FMY — FYX##2)
SXY = —~FYX/(FMX*FMY — FY X#%2)
SYM=FMX/(FMX+FMY — FYX*%2)
SZM=FXX /(FXX*FMZ~FZX*%2) ;
WRITE(6, 112)XX], XMJ, YMK, ZML, SXX, SXZ, SXM, SXY, SYM, SZM
FORMAT (1HO, 4HXXI=E15.7, 2X, 4HXMJ=E15.7, 2%, 4HYMK=F15.7, 2X,

4HZML =FE15. 7/5HOSXX =E15,7, 2X, 4HSXZ=FE15.7, 2%, 4HSXM=F15.7/5HOSXY
=F15.7, 2X, 4HSYM=E15,7, 2X, 4HSZM=E15.7)
WRITE(6, 113)EL, ER, FXXX, FMXX, FMYY, FYXX, FMZZ, FZXX

FORMAT (1HO, 3HEL=E15.7, 2X, 3HER=F15.7, 2X, SHFXXX=FE15.7, 2X, SHFM

XX=E15.7, 2X, BHFMYY=E15 7/6HOFYXX=E15.7, 2X, S5HFMZZ=E15.7, 2X,
SHFZXX =E15.7)

SXXX =FMZZ/(FXXX+FMZZ - FZXX*%2)

SZXX = —~FZXX/(FXXX*FMZZ - FZXX*%2)

SMXX =FMYY/(FMXX«FMYY - FYXX*%2)

SYXX = -FYXX/(FMXX+FMYY —FYXXx*%2)

SMYY =FMXX/(FMXX«FMYY —FYXXx*%2)

SMZZ =FXXX/(FXXX+FMZZ — FZXX*%2)

WRITE(6, 114)SXXX, SZXX, SMXX, SYXX, SMYY, SMZZ
FORMAT (1HO, 5HSXXX=E15.7, 2X, 5HSZXX=FE15.7, 2X, S5HSMXX=E15.7/6HO0S
YXX=E15.7, 2X, 5HSMYY=E15.7, 2X, 5HSMZZ=FE15.7)
RETURN

END

SUBROUTINE FLEX
CALCULATION OF THE FLEXIBILITY COEFFICIENT OF ENGINE CRANKSHAFT
COMMON A1, A2, Bl, AL, D1, D2, R, H, W, XXI, FXX, XMJ, FMX, YMK, FMY,
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19764 45 HRBHKR HXHE HI11HE

1 FYX, ZML, FMZ FZX, PJ, XJ, ZJ, YJ, PI, C, EL, ER, FXXX, FMXX, FMY
2 Y, FYXX, FMZZ, FZXX, SXXX, SZXX, SMXX, SYXX, SMYY, SMZZ

READ(5, 120)D3

FORMAT(E15.7)

PJ=3. 1415926%(D2%+4 —~D1%4)/64. 0

PI=3. 1415926%(D2+*4 — D3+x4)/64. 0

XJ=H#x(W=%3)/12.0

Z]=Wx(H*x3)/12. 0

Y] =CsWx(Hx*%3)

EL=1.0

ER=1.0

XXI= (2. 0xB1xR*(A1+B1)/(AL*PL) + (A1+B1)*R*%2/(AL+Z]))/(Al#+3+ AL#x3— (Al

+2. 0+B1)*%3) /(3. 0+PJ*AL*%2) + ((A1 +2. 0xB1)##3 — A1#%3) /(3. 0PI+ AL#%2) + R

(A1xx2+ (AL —Al1)*+2)/(AL*%2%Z]))

FX1=XXIx*2+xA1%x3/3. 0

FX2=XXI##2%Al*(AL#+2 + AL* (Al +2. 0%B1) + (A1 +2. 0+B1%%2)/3. 0

FX3= (AL*R)**2 — 2. O*AL*R*XXI* (A1 +B1) + XXIx#2(3. 0+Alx+ 2+6. 0xA1+B1+4. 0«B

1#42)/3. 0

FX4=2 0x(AL*R)#*%2/3. 0— AL+R*XXI*AL + XXI#+2% (Al#%2 + (AL — A1) **2)

FX5=12. 0x(R—D2)/(5. 0+830000. 0xW=H)

FXX = (FX1+FX2)/(2109000. 0+PJ*AL#x2) + 2. 0+B1xFX3/(2109000. 0+PI+*AL*#2)1+R+F

X4/(2109000. O+ZJ*AL*#2) +FX5

FXXX=EL#(FX1+FX2)/(2109000. 0*PJ*AL#%2) +EL*2. 0«B1xFX3/(2109000. 0+PI+*ALx*

+2) + ER+R+FX4/(210900. 0xZJ*AL#%2) + FX5

M1 =2, 0+R+B1/(AL*830000. 0+PL+2. 0) + R¥#2/( AL¥2109000. 0+XJ)

XM2= (A1%%3+ AL#x3— (A1+2. 0%B1)#x3)/ (3. 0xAL%*2%2109000. 0+P]) + ((A1+2. 0+B

1)#%3 — A1#x3)/(3. 0*AL*%2%2109000. 0+PI)

XM3 = 2. 0+B1#R#%2/( AL##2+830000. 0+PI#2. 0) + R#(Al#%2 + (AL — A1)#2)/(AL##2x
830000. 0*YJ) +2. 0%R*+3/(3. 0xAL#x2%2109000. 0+X])

XMJ=XM1/(XM2 +XM3)

FM1=2. 0xA1/(830000. 0+PJ*2. 0) + 2. 0+B1* (AL —XMJ*R )*%2/( AL*%2%830000. 0*PI*2. 0)

FM2=XMJ##2% (Al#+3+ AL*+3— (A1 +2. 0+B1)%+3)/ (3. 0+AL*+2+2109000. 0+PJ) +XM]J
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#x2% ( (Al + 2. 0«B1)#%3 — A1%+3) /(3. 0xAL#x2%2109000. 0«PI)
FM3=2. 0*R*(AL#*2— AL+XMJ**R + XMJ#+2*R*%2/3. 0)/(2109000. 0% X ]+ AL*%2)
FM4 = XMJ##2+R+(Al#+2 + (Al — AL)*+2)/(830000. 0xY]J+AL*%2)
FMX =FM1+FM2+FM3 +FM4
FMXX=EL*(FM1 + FM2) + ER*(FM3 + FM4)
YM1 = (Al#%2x%(2. 0%A1—3. 0xAL) + 3. 0xAL%(A1+ 2. 0+B1)#+2—2. 0% (A1+42. 0xB1) »*3
— AL*%3)/(6. 0% AL**2%2109000. 0+P])
YM2= (2. 0%(Al +2. 0¢B1)*#3— 3. 0xAL*(A1+2. 0+B1)#%2 —2. 0xAl%*3 4+ 3. 0xAL*Al1x1+2
)/ (6. 0xAL**2+2109000. O+PI)
YM5=Rx(A1*(Al—AL) + A1x(A1—AL))/(830000. 0+YJ+*AL*%2)
YM6 = 2. 0%R#%3/(3. 0%2109000. 0+XJ*AL#%2) + 2. 0+B1+R*2/(830000. 02. 0+PI1*AL*%2)
YM3 = (A1#+3 + AL#%3— (Al + 2. 0xB1)*3) /(3. 0%x2109000. 0+PJ*AL*#2) + ((A1+2. 01+B
1)#%3— Al%%3) /(3. 0%¥2109000. 0*PIxAL*%2)
YM4 =2. 0+B1#R*%2/(830000. 0+2. 0+PI*AL) + R (A1#x2 + (AL — A1)#+ 2) (AL#%2%813000
0. 0%YJ]) +2. 0xR*%3/(3. 0¥2109000. 0xXJ*AL+%2)
YMK= — (YM1+YM2+YM5+YM6)/(YM3+YM4)
FY1=((1. 0+ YMK)#*%2/3. 0)%(Alx+3 + AL##3 — (Al +2. 0+B1)#3) + AL+¥2+2. 0xA1-AL
#(1. 0+ YMK)#(AL##2 + Al%x2 — (A1 +2. 0+B1)*%2)
FY2=2 0+B1+AL#+2+ ((1. 0+ YMK)#*%2/3. 0)* ((Al+ 2. 0+B1)**3— Alxx3)— ALx(1.0
+ YMK)*( (A1 +2. 0+B1)#+2 — A1+x2)
FY3=2. 0+B1xR*#2%(1. 0+ YMK)#+2/(830000. 0+PI+2. 0x AL#%2) + 2. 0¥R**3+(1. 0+ YMK)
*x2/(3. 0%2109000. 0+XJ*AL*%2)
FY4=(AL- (1. 0+ YMK)*A1)#+2 + (AL¥*YMK — (1. 0+ YMK)*A1)##2
FMY =FY1/(2109000. 0+PJ*AL#*%2) +FY2/(2109000. 0+PI+AL*%2) + FY3+FY4x/ R/
(8130000. 0xYJ+*AL**2)
FMYY =EL*FY1/(2109000. 0+PJ*AL*%2) + EL*FY2/(2109000. 0*PI*AL#**2) + ER+FY3+
ER«FY4+R/(830000. O*YJ*AL**2)
FYX1=AL*A1%x2/2. 0— (1. 0+ YMK)*A1%%3/3. 0+ AL#%3/2.0— (1. 0+ YMK)*AL#%3/3.
0— AL#{(A1+2. 0+B1)*+2/2. 0+ (1. 0+ YMK)*(A1+2. 0xB1)%+3/3. 0
FYX2=AL*(Al+2. 0+B1)*%2/2. 0— (1. 0+ YMK)*(A1+2. 0sB1)#*3/3. 0~ AL+ Al1+x2/20.
+Al#x3%(1. 0+ YMK)/3.0
FYX3=2. 0#B1#R+(1. 0+ YMK)* (AL — XMJ*R) /(830000. 0%2. 0+PI*AL#x2) + 2. 0+(YMK
+ 1. 0)*R#+2+(AL/2. 0— XMJ*R/3. 0)/(2109000. 0+X]J*AL**2)
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FYX4=A1x(AL— (1. 0+ YMK)*A1) + (A1 - AL)*(AL*YMK - (1. 0+ YMK)*A1)
FYX=XMJ«FYX1/(2109000. 0+PJ*AL%#2) + XMJ+FYX2/ (2109000. 0*PI*AL*%2) + FYX3
+R«XMJ*FYX4/(830000. 0+ Y J=AL##2)
FYXX=EL+XMJ*FYX1/(2109000. 0+PJ*AL#+2) + EL+XMJ*FYX2/ (2109000. 0+PI*AL*%2)
+ER=#FYX3 + ER+R*XMJ«FYX4/(830000. OxY J*AL#%2)
ZM1= (A1%x3/3. 0~ AL%A1%%2/2. 0— AL#%3/6. 0— (A1+2. 0¥B1)*%3/3. 0+ AL*(A1+2. 0
*B1)#%2/2. 0)/(AL#%2%2109000. 0%PJ)
ZM2= ((A1+2. 0+B1)#%3/3. 0— AL*(A1+2. 0¥B1)#+2/2. 0 — A1%%3/3. 0+ AL*A14%2/2. 0))
/(AL#x2%2109000. 0%PI)
ZM3=R#(A1x(A1—AL) + A1*(A1~AL))/(2109000. 0xZJ*AL*x2)
ZM4 = (Al#+3 + AL#%3— (A1 +2. 0#B1)*%3) /(3. 0«AL*%2+2109000. 0+P))
ZM5= ((A1+2. 0%B1)=#3 — A1%x3) /(3. 0xAL%+2%2109000. 0*PI)
ZM6=Rx*(A1x+2+ (AL — A1)%%2)/(2109000. 0+ZJ* AL#%2)
ZML = — (ZM1+ZM2+7ZM3)/(ZM4 + ZM5 + ZN.6)
FZ1=AL#%2xA1—AL#(ZML + 1. 0)#A1%+3%(ZML + 1. 0)##2/3. 0— AL*+3*ZML + AL#%3%
(ZML +1. 0)#+2/3. 0= AL%#2%(A1+2. 0%B1) + AL*(ZML + 1. 0)%(A1 + 2. 0+B1)*%2 — (ZML
+ 1. 0)*+2x(A1+ 2. 0xB1)*%3/3. 0
FZ2= ALx%2+(A1+2. 0+B1) — AL+(ZML + 1. 0) *(A1+2. 0+B1)*x2+ (ZML +1. 0)#2% (Al
+2. 0%B1)#+3/3. 0— AL#%24A1+ AL*(ZML + 1. 0)*A1%+2 — (ZML + 1. 0) #%2xA1%%3/3. 0
FZ3=(AL--ZML +1. 0)*A1) %2+ (AL*ZML — (ZML + 1. 0)*A1) %2
FMZ=FZ1/(2109000. 0xPJ*AL#+2) + FZ2/(2109000. 0+PI*AL#2) + R*FZ3/(2109000. 0+7)
*AL#%2)
FMZZ=EL+FZ1/(2109000. 0+PJ*AL#+2) +EL+FZ2/ (2109000. 0*PI*AL#%2) + ER*R+F73/
(2109000. 0*ZJ*AL#%2)
FZX1=XXI*A1#+2x(A1#(1. 0+ ZML)/3. 0— AL/2. 0)/(2109000. 0+PJ*AL*%2)
FZX2=2. 0+Blx(AL#x2+R — (A1-+B1)*AL*((1. 0+ ZML)*R + XXI) + XXI*(1. 0+ ZML)#((
A1 +2. 0%B1)#*2 + A1#(A1+2. 0«B1) + A1%%2)/3. 0)/(2109000. 0xFI*AL+%2)
FZX3=XXIAT#((1. 0+ ZML)#(AL#42 + AL#(A1+2. 0+B1) + (A1 + 2. 0+B1)#%2)/3. 0— AL
*(AL+A1+2.0+B1)/2. 0)/(2109000. 0PJ*AL#%2)
FZX4=R+((AL - (1. 0 +ZML)*A1)*(AL*R/2. 0 — XXI*A1) + (AL*ZML — (ZML + 1. 0)*A1
*(XXIx(AL-- A1) — AL*R/2. 0))/(2109000. 0+ZJ*AL*%2)
FZX=FZX1+F7ZX2+FZX3+FZX4
FZXX =EL*(FZX1 +FZX2 +F7X3) + ER*F7ZX4
RETURN
END
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EIGEN VALUES AND FIGEN VECTORS OF THE CRANKSHAFT
VIBRATION

MAIN PROGRAM

DIMENSION A(52, 52), B(52,52), X(52,52), XL(52)
READ(5, 101)M

FORMAT (I8)

DO 11=1,M

DO 2 J=1,M

AL D)=0.0

CONTINUE

READ(5,102) ((A(I,]),%1=1,8), J=1,12)
FORMAT (4E15.7)

DO 3 KK=1,10

L1=4*KK+1

L2=4+KK+12

L3=4+KK-+5

L4=4xKK+8

READ(5,103)((A(LL J), 1=13,14), J=L1,L2)
FORMAT(4E15. 7)

CONTINUE

READ(5, 104) ((A(L, J), [=49, M), J=47, M)
FORMAT(4E15. 7)

DO 6 1=1,M

DO7J=1M

B(,J)=0.0

CONTINUE

READ(5, 105)(B(L, 1), I=1,M)
FORMAT(5E15. 7)

CALL DIRNM(A, M, B, X, XL)

WRITE(6, 106)
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FORMAT (1HO, 14HVIBRATION MODE)
WRITE(6, 107)((X(L ]), I=1,M), J=1,M)
FORMAT (1HO, 10(5(2X, E15,7)/), 2E15.7)
STOP
END

F2/TC/EIGP DIAGONALIZATION OF REAL MATRIX Bsx(—1)*A
DIAGONALIZATION OF A REAL MATRIX Bs+(—1)+A

SUBROUTINE DIRNM.

DOOLEY W.W. AND LOHNES P.R., MULTIVARIATE PROCEDURES FOR THE
BEHAVIORAL SCIENCES, JOHN WILEY(1962)

SUBROUTINE DIRNM, DIAGONALIZATION OF A REAL NONSYMMETRIC MATRIX
OF THE FORM B—INVERSE*A.

A AND B ARE M BY MINPUT MATRICES. UPON RETURN VECTOR XL CONTAINS
THE EIGENVALUES OF B—1%A, AND MATRIX X CONTAINS THE EIGENVECTORS
IN ITS COLUMNS, NORMALIZED. SUBROUTINE HDIAG IS REQUIRED.

A,M,B,X, AND XL ARE DUMMY NAMES AND MAY BE CHANGED IN THE
CALLING STATEMENT.

SUBROUTINE DIRNM (A, M, B, X, XL)

DIMENSION A(52,52), B(52,52), X(52,52), XL(52)

CALL HDIAG(B, M, O, X, NR)

DO11=1,M

XL(I)=1. 0/SQRT(ABS(B(L, I)))

DO 21 I=1,M

DO 20 J=1,M

B(IL, ) =X, J)*XL(J)

CONTINUE

DO 32 I=1, M

DO 31 J=1,M

X(LH=00

DO 30 K=1,M

X(1, 1) =X, J) + B(K, D*A(K, I)

CONTINUE

CONTINUE
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DO 42 I=1,M
DO 41 J=1,M
A(L])=0.0
DO 40 K=1,M
AU D =AU D+ X, K)*B(K, ])
CONTINUE
CONTINUE
A NOW CONTAINS B-1/2PRIME#*A* B-1/2 OF THE NOTES.
TRACE=0.0
DO 10 I=1,M
TRACE=TRACE+A(], )
WRITE (6, 11)TRACE
FORMAT (33HOTRACE OF B-1/2PRIME*A#B-1/2=F15.7)
CALL HDING(A, M, O, X, NR)
DO 51=1,M
XL(Iy=A(LD)
SUMR=0. 0
DO 12 1=1,M
SUMR = SUMR + XL(I)
WRITE(6, 13)1, XL(1)
FORMAT(12HOEIGENVALUE 12,E15.7)
WRITE(6, 14)SUMR
FORMAT (22HOSUM OF EIGENVALUES=FE15.7)
DO 62 I=1, M
DO 61 J=1,M
ALD=0.0
DO 60 K=1,M
AL D =AU D +B, K)*X(K, J)
CONTINUE
CONTINUE
DO 9 J=1,M
SUMV=0.0
DO 71=1,M
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SUMV =SUMV + A(J, J) 2 )

DEN=SQRT(SUMV)

‘DO 8 I=1,M

X(L, J)=A(,])/DEN

CONTINUE

COLUMNA OF X(I,]) ARE NOW NORMALIZED.

RETURN

END

F2/TC/DIAG EIGEN VALUES AND EIGEN VECTORS OF A REAL SYMMETRIC MAT

RIX

EIGENVALUES AND EIGENVECTORS OF A REAL SYMMETRIC MATRIX

SUBROUTINE HDIAG.

PROGRAMMED BY F.]. CORBATO AND M. MERWIN OF THE M.LT. COMPUTA—

TION CENTER AND REVISED BY T.SIMIZU OF UNIV. OF TOKYO COMPUTATION
CENTRE.

THIS SUBROUTINE COMPUTES THE EIGENVALUES AND EIGENVECTORS OF A
REAL SYMMETRIC MATRIX, H, OF ORDER N (WHERE N MUST BE LESS
THAN 51), AND PLACES THE EIGENVALUES IN THE DIAGONAL ELEMENTS OF
THE MATRIX H, AND PLACES THE EIGENVECTORS (NORMALIZED) IN THE
COLUMNS OF THE MATRIX U. IEGEN IS SET AS 1 IF ONLY EIGENVALUES ARE
DESIRED, AND IS SET TO 0 WHEN VECTORS ARE REQUIRED. NR CONTAINS
THE NUMBER OF ROTATIONS DONE.

H,N, IEGEN, U, AND NR OF THE ARGUMENT LIST ARE DUMMY VARIABLES
AND MAY BE NAMED DIFFERENTLY IN THE CALLING OF THE SUBROUTINE.
THE SUBROUTINE OPERATES ONLY ON THE ELEMENTS OF H THAT ARE TO THE
RIGHT OF THE MAIN DIAGONAL. THUS,ONLY A TRIANGULAR SECTION NEED

BE STORED IN THE ARRAY H.

SUBROUTINE HDIAG(H, N, IEGEN, U, NR)

DIMENSION H(52,52), U(52,52), X(52), 1Q(52)

IF(IEGEN, NE, 0) GO TO 15

DO 14 I=1,N

DO 13 J=1,N

IF(L NE.J) GO TO 12
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UL D=10
GO TO 13
U, 1)=0.0
CONTINUE
CONTINUE
NR=0
IF(N. LE. 1)GO TO 1000
SCAN FOR LARGEST OFF —DIAGONAL ELEMENT IN EACH ROW
X{I) CONTAINS LARGEST ELEMENT IN ITH ROW
[Q(]) HOLDS SECOND SUBSCRIPT DEFINING POSITION OF ELEMENT
NMI1=N-1
DO 30 I=1,NMI1
X({I)=0
[PL1=1+1
DO 20 J=IPL1,N
IF(X(1), GT. ABS(H(, J)))GO TO 20
X(I)=ABSH(, D))
Q=]
CONTINUE
CONTINUE
SET INDICATOR FOR SHUT —OFF, RAP=2#+—23, NR=NO. OF ROTATIONS
RAP=1. 192093E—7
HDTEST = 1. 0E38
FIND MAXIMUM OF X(I)) S FOR PIVOT ELEMENT AND
TEST FOR END OF PROBLEM
DO 70 I=1, NMI1
IF (LEQ. 1) GO TO 60
IF (XMAX. GE. X(I)) GO TO 70
XMAX=X(D)
IPIV=1
JPIV =1Q(I)
CONTINUE
IS MAX. X(I) EQUAL TO ZERO, IF LESS THAN HDTEST, REVISE HDTEST

— 225 —

(31)



(32)

90

110

148

153

19764 R4 BEWRIEXE Rcs B11
IF(XMAX. EQ. 0. 0) GO TO 1000
IF (HDTEST. LE. 0.0) GO TO 90
IF (XMAX. GT. HDTEST) GO TO 148
HDIMIN=ABS (H(1,1))
DO 110 I=2,N
IF (HDIMIN. LE. ABS(H(LI)) GO TO 110
HDIMIN = ABS(H(I, 1))
CONTINUE
HDTEST = HDIMIN*RAP
RETURN IF MAX. H(I, J)LESS THAN (2%x—23) ABS(H(K, K)—MIN)
IF(HDTEST. GE. XMAX) GO TO 1000
NR=NR+1
COMPUTE TANGENT, SINE AND COSINE, H(LI), H({J,])
TANG=SIGN(2. 0, (H(IPLV, IPIV) — H(JPIV, JPIV)))*H(IPLV, JPIV)/(ABS (H(IPLV, IPIV)
—H(JPIV, JPIV))+SQRT((H(IPLV, IPIV) —H(JPIV, JPIV)#+2 + 4. 0«<H(IPIV, JPIV)*%2))
COSINE=1. 0/SQRT(1. 0+ TANG#*%2)
SINE=TANG=+COSINE
HII=H(IPLV, IPIV)
H (IPIV, IPIV) = COSINE#+2+ (HII + TANG*(2. *H(IPLV, JPIV) + TANG+H(JPIV, JPIV)))
H(JPIV, JPIV) = COSINE*#2+(H(JPIV, JPIV) = TANG+(2. «H(IPIV, JPIV) — TANG=*HII) )
H(IPLV, JPIV) =0.
PSEUDO RANK THE EIGENVALUES
ADJUST SINE AND COS FOR COMPUTATION OF H(IK)AND U(IK)
IF(H(IPIV, IPIV). GE. H(JPLV, JPIV))GO TO 153
HTEMP =H(IPILV, IPIV)
H(IPLV, IPIV) = H(JPIV, JPIV)
H(JPIV, JPIV)=HTEMP
RECOMPUTE SINE AND COS
HTEMP=SIGN(1. 0, — SINE)*COSINE
COSINE = ABS(SINE)
SINE=HTEMP
CONTINUE
INSPECT THE IQS BETWEEN I+1 AND N—1 TO DETERMINE
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WHETHER A NEW MAXIMUM VALUE SHOULD BE COMPUTED SINCE
THE PRESENT MAXIMUM IS IN THE I OR J ROW
DO 350 I=1. NMI1
IF(I-IPIV)210, 350, 200
IF (IQ(I). EQ. IPIV)GO TO 240
IF(IQ(I). NE. JPIV)GO TO 350
HTEMP=H(, IPIV)
TEMP=H(I, JPIV)
H({L IPIV)=0.
H(I, JPIV) =0Q.
IPL1=I+1
X(H=0.
SEARCH IN DEPLETED ROW FOR NEW MAXIMUM
DO 270 J=IPL1,N
IF(X(I). GT. ABS(H(,])))GO TO 270
X(I) = ABS(H(L, ]))
Q=]
CONTINUE
H(I, IPIV)=HTEMP
H(I, JPIV) = TEMP
GO TO 350
IF(L GE. JPIV) GO TO 350
IF(IQ(I). NE. JPIV) GO TO 350
K=IQ()
HTEMP=H(, K)
H(L,K) =0,
IPL1=1+1
X(H)=0.
SEARCH IN DEPLETED ROW FOR NEW MAXIMUM
DO 320 J=IPL1,N
IF(X(I). GT. ABS(H(, J))) GO TO 320
X(D)=ABS(H(L, J))
Q=]
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320 CONTINUE
H(I, K) =HTEMP

350 CONTINUE
X(IPIV) =0.
X(JPIV) = 0.

C CHANGE THE OTHER ELEMENTS OI 11

DO 530 I=1,N
IF(I-1PIV) 370, 530, 420

370 HTEMP=H(I, IPIV)
H(I, IPIV) = COSINE* HTEMP*SINE+H(I, JPIV)
IF(X(I). GE. ABS(H(IPIV)))GO TO 390
X(1) = ABS(H(L, IPIV))
(D) =1PIV

390 H(I, JPIV) = — SINExHTEMP + COSINE#H(1, JPIV)
IF(X(1) — ABS(H(I, JPIV)))400, 530, 530

420 IF(I-JPIV) 430, 530, 480

430 HTEMP=H(IPIV,1)
H(IPIV, I) = COSINE+HTEMP + SINE+H(1, JPIV))
IF(X(IPIV). GE. ABS(H(IPIV,1))) GO TO 450
X(IPLV) = ABS(H(IPIV, I))
IQUIPIV) =I

450 H(L, JPIV) = —SINE+HTEMP + COSINE+H(I, JPIV)
IF(X(D). GE. ABS(H(I JPIV)))GO TO 530

400 X(I)=ABS(H(I, JPIV))
QD) =JpPIv
GO TO 530

480 HTEMP=H(IPIV, I)
H(IPIV, I) = COSINEXHTEMP + SINExLI(JPLV, 1)
IP(X(IPIV). GE. ABS(H(IPIV,1))) GO TO 500
X(IPIV) = ABS(H(IPLV, 1))
IQUIPIV) =1

500 H(JPIV, I) = — SINExHTEMP + COSINE=<H(JPIV, 1)
IF(X(JPIV). GE. ABS(H(JPIV,1)))GO TO 530
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X(JPIV) = ABS(H(JPIV, 1))
IQUPIV)=I"
CONTINUE
TEST FOR COMPUTATION OF EIGENVECTORS
IF(IEGEN. NE.0) GO TO 40
DO 550 I=1,N
HTEMP="U(I, IPIV)
U(I, IPIV) = COSINE+HTEMP + SINE*U(I, JPIV)
U, JPIV) = - SINExHTEMP + COSINE=+U(I, JPIV)
GO TO 40
RETURN
END
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SOLUTION OF MULTI-DEGREE FREEDOM EQUATION OF CRANKSHAFT
COMMON A(30, 30), B(30,30), C(30,30), P(30)
DIMENSION E(30), G(30), Q(30,30), T(30,30), V(30,30), X(30,30), Y(30,30)

Z(30,30), SI(30), SO(30), XI(30), PI(30), PO(30), D(30,30)
READ(5,101) L, M, N, NN

FORMAT(4I8)
READ(5,102) ((A(LD,I=1,N), J=1,N)
FORMAT (5E15.7)
DO 11=1,N
DO 2 J=1,N
B(LJ)=0.0
CONTINUE
READ(5, 103) (B(I,I),I=1,N)
FORMAT (5E15.7)
DO 31=1,N
DO 4 J=1,N
C{L, =00
CONTINUE
READ (5,104) (C(L, 1), I=1,3)
FORMAT (3E15,7)
DO 5 K=1,6
L1=2+K
L2=2+«K+1
L3=2xK—-1
L4=2+K+2
READ (5,105) ((C(L, J),1=L3,L4),J=L1,L2)
FORMAT (4E15.7)
CONTINUE
READ(5, 106) ((C(I,]),[=13,N), J=14,N)
FORMAT (3E15.7)
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READ(5,109) (P(D),I=1,N)
FORMAT (5ET5.7)

DO 200 I=1,L

DO 200 K=1,N
5=0.0

DO 210 J=1,M
S=S+B(, 1)*AU, K)
Q(LK)=S
CONTINUE

DO 300 I=1,L

DO 300 K=1,N
R=0.0

DO 310 J=1,M
R=R+A(J,D+Q, K)
T(LK)=R
CONTINUE

WRITE(6, 110)

FORMAT(1HO, 17HMODAL MASS MATRIX)
WRITE(6, 111) ((T(L, ]),J=1,N),I=1,N)
FORMAT (1HO, 6(5(5X, E15,7)/))

DO 400 I=1,L

DO 400 K=1,N

U=0.0

DO 410 J=1,M

U=U+C(, D*AJ, K)

V({LK)=U

CONTINUE

DO 500 I=1,L

DO 500 K=1,N

W=0.0

DO 510 J=1,M

W=W+A(J,D*V(J,K)

X(LK)=W
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CONTINUE
WRITE(6, 112)
FORMAT (1HO, 21HMODAL STIFNESS MATRIX)
WRITE(6, 113) ((X(L, ), J=1,N),I=1,N)
FORMAT (1HO, 6(5(5X, E15.7)/))
DO 6 I=1,N
DO 7 J=1,N
D, J)=0.0
CONTINUE
READ(5, 141) (D(L,1),1=1,3)
FORMAT (3E15.7)
DO 15 LL=1,6
M1=2+LL
M2=2+LL+1
M3=2+LL—1
M4=2+LL+2
READ(S5, 142)((D(1, J), I=M3, M4), J=M1, M2)
FORMAT(4E15.7)
CONTINUE
READ(5, 143)((D(L, J),1=13,N), J=14, N)
FORMAT(3E15. 7)
DO 600 I=1,L
DO 600 K=1,N
SD=0.0
DO 610 J=1,M
SD=SD+D(I, )*A(J, K)
Y(I,K)=SD
CONTINUE
DO 700 I=1,L
DO 700 K=1,N
RD=0.0
DO 710 J=1,M
RD=RD+A(J,)*Y(J,K)

— 232 —



700

114

115

120

121

800

810

999

108

REARRS] IRBIARAT S BREES ko BT W%
Z(I,K)=RD
CONTINUE
WRITE(6, 114)
FORMAT(1HO, 20HMODAL DAMPING MATRIX)
WRITE(6, 115) ((Z(1, ]), J=1,N),I=1, N)
FORMAT (1HO, 6(5(5X, E15.7)/))
DO 999 KK=1, NN
READ(5, 120) WI, KR
FORMAT (E15.7,15)
WRITE(6, 121)KK, WI, KR

(39)

FORMAT (1HO, 18HCIRCULAR FREQUENCY, 5X, 3HNO., 12, 5X, E15.7, 2X, I3)

CALL FORCE(E,G,L,M,N)

DO 800 I=1,N

SICD = (XL, 1) = T, DxWEet2)%%2 + (Z(I, D¥WI)#%2
SO(I) =SQRT(SI(I))

XI(D) =E(I)/SO()

CONTINUE

DO 810 I=1,N

PI(D) = Z(I, D*WI(X(L, I) — T(L, I)*WIx2)
PO(I) = ATAN(PI(I))

CONTINUE

CALL COORD(XI, G, PO, N)

CONTINUE

STOP

END

SUBROUTINE FORCE(X, T, L, M, N)
GENERALIZED FORCE

COMMON A(30, 30), B(30,30), C(30,30), P(30)

DIMENSION X(30), GC(30), GS(30), G(30), H(30), T(30), F(30)

READ(5,108) (F(I),1=1,N)
FORMAT (5E15.7)
DO 600 I=1,N
HC=0.0
— 233 —



(40) 19764 47 WENGHEAR RCE BTG

DO 610 J=1,N
610 HC=HC+A(J, D+COS(P())+F ()
GC(I)=HC
600 CONTINUE
DO 700 I=1,N
HS=0.0
DO 710 J=1,N
710 HS=HS+A(J, D*SIN(P(J))+F(J)
GS(D=HS
700 CONTINUE
DO 800 I=1,N
G(I) =GSI)**2 + GC(I)**2
X(I) =SQRT(G(I))
800 CONTINUE
DO 900 I=1,N
H(I) =GSI)/GC(D)
T(I)=ATAN(H(I))
900 CONTINUE
RETURN
END

SUBROUTINE COORD(W, Y, Z, N)

COMMON A(30,30), B(30,30), C(30,30), P(30)

DIMENSION W(30), Y(30), Z(30), ZI(30), WI(30), WO(30), DI(30), G(30),
1 Z)(30), ZO(30)

DO 8 I=1,N

5=0.0

DO 9 J=1,N

ZI) =Y () ~Z(J)

S=S+SIN(ZI(J))*A(L 1)*W(])
9 CONTINUE

WI(D) =S
8 CONTINUE

WRITE(6, 105)
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FORMAT (1HO, 13HSIN COMPONENT)
WRITE(6, 106) (WI(I),I=1,N)
FORMAT (1HO, 6(5(5X, E15.7)/))
DO 10 I=1,N
T=0.0
DO 11 J=1,N
2N =Y\U)-ZU)
T=T~+COSZI(NY+A D«W ()
CONTINUE
wo) =T
CONTINUE
WRITE(6, 107)
FORMAT (1HO, 13HCOS COMPONENT)
WRITE(6, 108) (WO(D), I=1,N)
FORMAT(1HO, 6(5(5X, E15,7)/))
DO 99 I=1,N
DI(I) = WI(I)%%2 + WO(I) ¥x2
G(I)=SQRT(DI(I))
ZI(D) = WI(I)/WO(I)
ZO(I) = ATAN(ZJ(I) )*57. 29578
CONTINUE
WRITE(6, 101)
FORMAT (1HO, 21HPHYSICAL DISPLACEMENT)
WRITE(6,102) (G(I),I=1,N)
FORMAT (1HO, 6(5(5X,E15.7)/))
WRITE(6, 103)
FORMAT (1HO, 11HPHASE ANGLE)
WRITE (6,104) (ZO(D),1=1,N)
FORMAT (1HO, 6(5(5X,E15.7)/))
RETURN
END
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v 101

102

103

104

105

STEADY STATE SOLUTION OF MULTI~-DEGREE FREEDOM
MAIN PROGRAM

COMMON A(30, 30), B(30, 30), C(30,30),Z(30)

DIMENSION D(30, 30), E(30,30), F(30,30), G(30,30), H(30,30), R(30), Q(30),
AP(30), AM(30), PS(30), PH(30), P(30), GC(30), GS(30), HC(30), HS(30)
READ(5, 101) L, M, N, NN

FORMAT(418)

DO 11=1,M

DO 2 J=1,M

B(,1)=0.0

CONTINUE

READ(5, 102) ((B(I,]),1=1,20), J=1,20)

FORMAT(5E15. 7)

READ(5,103) ((B(I, J),I=21,22),]=19,20)

FORMAT(2E15. 7)

DO 5 KK=1,4

L1=2+KK+17

L2=2+KK +22

L3=2+KK+19

L4=2+KK+20

READ(5, 104) ((B(1, J), I=L1,L2),J=L3,L4)
FORMAT(3E15.7)

CONTINUE

READ(5, 105) ((B(L J), I=27,M), J=29, M)

FORMAT(4E15. 7)

DO 6 I=1,M

DO 7 J=1,M

AL D=0.0

CONTINUE

READ(5,107) (A(LT), I=1,M)
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FORMAT (5E15.7)
DO 8 I=1,M
DO 9 J=1,M
CLH=0.0
CONTINUE
READ(5,108) ((C(L,J),J=1,4), I=1,2)
FORMAT (4F15.7)
READ(5,109)((C)L, J), J=1-2, 1+2),1=3,28)
FORMAT(5E15. 7)
READ(S5, 110) ((C(1, J), J=27,M),1=29, M)
FORMAT (4E15.7)
READ(5,202) (Z(I), I=1,N)
FORMAT(5E15. 7)
DO 999 KK=1, NN
READ(5, 203)W, KW
FORMAT(E15.7,15)
WRITE(6, 204)KK, W, KW

FORMAT (1HO, 18HCIRCULAR FREQUENCY, 5X, 3HNO., 2X, 12, 5X, E15. 7, 2X, I3)

READ(S, 201) (P(I),I=1,N)
FORMAT(5E15. 7)

DO 200 I=1,N

DO 211 J=1,N

D(L, J) =B, J) —W=2+A(], J)
CONTINUE

CONTINUE

CALL MATINV(D, N, Z, 0, DETERM)
DO 300 I=1,L

DO 301 K=1,N

S1=0.0

DO 310 J=1,M
S1=S51+WxC([, D*D(J, K)
E([,K)=S51

CONTINUE
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300 CONTINUE
DO 400 I=1,L
DO 401 K=1,N
$2=0.0
DO 410 J=1,M
410 S2=S2+E(, D*C(J, K)*W
F(I,K) =52
401 CONTINUE
400 CONTINUE
DO 500 I=1,N
DO 501 J=1,N
501 G(I,J)=B({,J) —Wx2+A(L J) +F(L )
500 CONTINUE
CALL LAMINV(G, N, Y, 0, DETERM)
DO 750 I=1,N
RC=0.0
DO 751 J=1,N
751 RC=RC+G(], J)*P())*COS(Z()))
GC(I)=RC
750 CONTINUE
DO 760 I=1,N
TS=0.0
DO 761 J=1,N
761 TS=TS+H(, J)*P(J)*SIN(Z(J))
HS(I) =TS
760 CONTINUE
DO 600 I=1,L
DO 601 K=1,N
$3=0.0
DO 610 J=1,M
610 S3=S3+G(, D+E(J, K)
H(I, K)=S3
601 CONTINUE
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600 CONTINUE
DO 20 I=1,N
R(I) =GC(I) +HS()
20 CONTINUE
WRITE (6, 130)
130 FORMAT(1HO, 14HREAL COMPONENT)
WRITE(6, 131) (R(I),I=1,N)
131 FORMAT (1HO, 6(5(5X,F15.7)/))
DO 850 I=1,N
RS=0.0
DO 851 J=1,N
851 RS=RS+G(, J)*xP(J)+SIN(Z(]))
GS(I)=RS
850 CONTINUE
DO 860 I=1,N
TC=0.0
DO 861 J=1,N
861 TC=TC+H(, J)*P(J)*COS(Z(]))
HC(I) =TC
860 i CONTINUE
DO 30 [=1,N
Q) =GS() —HC(D)
30 CONTINUE
WRITE (6, 132)
132 FORMAT (1HO, 19HIMAGINARY COMPONENT)
WRITE(6, 133) (Q(D,I=1,N)
133 FORMAT (1HO, 6(5(5X,E15.7)/))
DO 10 I=1,N
AP(D) =R (I)##2 + Q(I) **2
AM(I) =SQRT (AP(I))
10 CONTINUE
WRITE(6, 121)
121 FORMAT(1HO, 18HTOTAL DISPLACEMENT)
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WRITE(6, 122) (AM(I), I=1, N)

122 FORMAT (1HO, 6(5(5X, E15.7)/))
DO 11 I=1,N
PS(I) =Q(I) /R (1)
PH(I) = ATAN(PS(I) ) 57. 29578

11 CONTINUE

WRITE(6, 123)

123 FORMAT (1HO, 11HTOTAL PHASE)
WRITE (6,124) (PH(I),1=1,N)

124 FORMAT(1HO, 6(5(5X, E15.7)/))

999 CONTINUE
STOP
END

SUBROUTINE MATINV (A, N, B, M, DETERM)
DIMENSION. IPIVOT(30), A(30, 30), B(30), INDEX(30,2), PIVOT(30)
EQUIVALENCE(IROW, JROW), (ICOLUM, JCOLUM), (AMAX, T, SWAP)
DETERM=1.0
DO 20 J=1,N
20 IPIVOT(J)=0
DO 555 I=1,N
AMAX=0.0
DO 105 J=1,N
IF(IPIVOT(}). EQ. 1) GO TO 105
DO 100 K=1,N
IF(IPIVOT(K) —1) 80, 100, 740
80 IF (ABS(AMAX). GE. ABS(A(J,K))) GO TO 100

IROW =]
ICOLUM=K
AMAX=A(J,K)

100 CONTINUE

105 CONTINUE
IPIVOT(ICOLUM) =IPIVOT(ICOLUM) +1
[F(IROW. EQ. ICOLUM) GO_TO 26Q
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DETERM = —~DETERM
DO 200 L=1,N
SWAP=A(IROW, L)
A(IROW, L) = A(ICOLUM, L)
A(ICOLUM, L) = SWAP
IF(M. EQ 0) GO TO 260
SWAP=B(IROW)
B(IROW) = B(ICOLUM)
B(ICOLUM) = SWAP
INDEX(I, 1) = IROW
INDEX(1, 2) = ICOLUM
PIVOT(1) = A(ICOLUM, ICOLUM)
DETERM = DETERM=PIVOT (I) /1000000000. O
A(ICOLUM, ICOLUM) =1,0
DO 350 L=1,N
A(ICOLUM, L) = A(ICOLUM, L) /PIVOT(I)
IF(M. EQ. 0) GO TO 380
B(ICOLUM) =B(ICOLUM) /PIVOT (1)
DO 550 L1=1,N
IF (L1. EQ ICOLUM) GO TO 550
T=A(L1, ICOLUM)
A(L1, ICOLUM) =0.0
DO 450 L=1,N
A(L1,L)=A(L1L)—AUCOLUAM, L)+T
IF(M. EQ. 0) GO TO 550
B(L1) =B(L1) -BUCOLUM)*T
CONTINUE
CONTINUE
DO 710 I=1,N
L=N+1-I
IF (INDEX(L, 1). EQ. INDEX(L, 2)GO TO 710
JROW =INDEX(L, 1)
JCOLUM =INDEX(L, 2)
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DO 700 K=1,N
SWAP=A(K, JROW)
A(K, JROW) = A(K, JCOLUM)

700 A(K, JCOLUM) =SWAP

710 CONTINUE

740 RETURN
END

SUBROUTINE LAMINV (A, N, B, M, DETERM)
DIMENSION IPIVOT(30), A(30, 30), B(30), INDEX (30, 2), PIVOT(30)
EQUIVALENCE (IROW, JROW), (ICOLUM, JCOLUM), (AMAX, T, SWAP)
DETERM=1.0
DO 20 J=1,N
20 IPIVOT(J)=0
DO 555 I=1,N
AMAX=0.0
DO 105 J=1,N
IF(IPIVOT(J). EQ. 1)GO TO 105
DO 100 K=1,N
IF(IPIVOT(K) ~1) 80, 100, 740
80 IF(ABS(AMAX). GE. ABS(A(J,K)))GO TO 100

IROW =]
ICOLUM=K
AMAX=A(,K)

100 CONTINUE

105 CONTINUE
IPIVOT(ICOLUM) =IPIVOT(ICOLUM) + 1
IF(IROW. EQ. ICOLUM)GO TO 260
DETERM = —DETERM
DO 200 L=1,N
SWAP=A(IROW, L)
A(IROW, L) = A(ICOLUM, L)

200 A(COLUM, L) =SWAP
IF(M. EQ. 0)GO TO 260
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SWAP=B(IROW)
B(IROW) = B(ICOLUM)
B(ICOLUM) = SWAP
INDEX (I, 1) = [ROW
INDEX (I, 2) = ICOLUM
PIVOT(I) = A(ICOLUM. ICOLUM)
DETERM = DETERM*PIVOT (I) /1000000000. 0
A(ICOLUM, ICOLUM) = 1. 0
DO 350 L=1,N
A(ICOLUM, L) = A(ICOLUM, L) /PIVOT(I)
IF(M. EQ. 0)GO TO 380
B(ICOLUM) = BUCOLUM) /PIVOT (1)
DO 550 L1=1,N
IF(L1. EQ. ICOLUM) GO TO 550
T=A(L1, ICOLUM)
A(L1, ICOLUM) =0.0
DO 450 L=1,N
A(L1,L)=A(L1,L) — A(ICOLUM)*T
IF (M. EQ. 0)GO TO 550
B(L1) =B(L1) —BUICOLUM)*T
CONTINUE
CONTINUE
DO 710 [=1,N
L=N+1-I
IF(INDEX(L, 1). EQ. INDEX(L, 2))GO TO 710
JROW = INDEX (L, 1)
JCOLUM = INDEX (L, 2)
DO 700 K=1,N
SWAP=A(K, JROW)
A(K, JROW) = A(K, JCOLUM)
A(K, JCOLUM) = SWAP
CONTINUE
RETURN

END
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