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(Shape function)
(Boundary condition)

(Lagrange’s Equation)
6 2
(Axial deformations) 2
(Bending deformations) 4 2
2 -l
H-
2 Y ESE2A
| /I
1) (1 4

(x) = ath.x

ot)-ul 1 (1)=u.

+1<0)= 1 . <MO:
S " O _ +4 (0
()

<h(*)=i- 1 > <>4 =]
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n1

000 = A+ DXFCxXM+d.x3

O] OO
gy 1 1l
—

—

—_~
oo
N LD ©
+ V" — u—

—_ O o
(T O I

—_—~ T —
o222

N—

TV -

b2

(x,t):_6 Yx) i

1

rdT~ 0T

i=12

du
+ quf

1

duf

dtkdiiy
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T=~[a(xt)Y dx (-)
20

(-12) DEE 1 6 m.

(12) (1,3) (1,5) (1,6) (42) (43) (45)  (46)

140 0 0 0 _A9 0
0 156 221 0 54 -13.
yl 0 221 402 0 13/ -3.12
420 70 0 0 140 0 0
0 54 13/ 0 156 -22.1
0 -13./ -3.12 0 -22.1 4.2



E.l dMu
= (*.O dx
dx 2
( -10)
I
kj = E.AV8'i(x).8'j(x)dx ij = 14
0
kj = E3 M (X)W (x) dx ij = 2,356
0
(-16) (1)
Al.r 0 0 A|| 0 0
0 12 61 0 -12 6.1
EJ 0 6.1 412 0 -6.1 2i2
k
L2r All A2

! 0 0 '| 0 0
0 -12 -6.1 0 12 -6./
0 6.1 2] 0 6.1 4.2
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( )

( 1 117 X 117)
2
( )
[3]
; [A] [B] N x X
[A] {a} (Similarity)
[B] = [z]-1[A][z] ()
[A]

[#]

det [z]-'[AT(z]-x[1] =det[z]-A[/f]-"[/]D[z]
=di[ Al

[A] [B]
{«},= 12101 («)
[/] (Identity matrix) {a }1 {b }
[A] [B] (Similarity transformation)
[2\-1[A][z] = Diag[Xi] (-4

[A]
RG
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( Subroutine BALANC )

(Rounding errors) (
)
[ 1= " }[D] («)
[D]
( RADIX =2 MAINFRAME
RADIX = 16)
[B]
2615 -2615 0 0
[A] _ -656.371 1477 -656.371 -164.3093
- 0 -2615 2615 0
0 -1635 0 5481
2615 1307.5 0 0
-1312.742 1477 - 1312742 -656.372
*1= g 13075 2615 0

0 408.75 0 5481
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(D] SCALE (N )

BALBAK
10
0 0500
[D]=
0 0 10
0 0 0 2
2. (Upper Hessenberg form )
ELMHES
(Householder Method)
3 (Tridiagonal matrix) { ,} GRn
{ +.{,}=1 [P] N x (Householder
transformation)
[pl=T1/1-2{w}{w}r 01-6)
[P] [P ]
[>]=1[P]"" =[], ]r
X XX XX
X XX XX
0 XX XX
0 0X XX
0 00 xXx
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1
1 aw —0 ]=3,4 afg/):
(7=0) {'} 1=l
[P (D]
= [-20 3} (-)
( Bl K112
d = - (signazl) £9, r=f-1a 2~21«21a9
W[ =0 2=a2\r a '"w/ ANh 3 n
1
B (k+1) p(k) p(k) p(k) (-9)
| |
ALl2
a:'[sign4+l4' 249924 4
- d
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= K# ZZ,kK+ 3,

) (k) =[/]1-2{w«X{w«f

= p(n"2) p(w3) .

DO [5]1pW ..p("-3) p(n-2) ( .10)

2615 -1307.5 0 0

[B(z)]: -1312.7

1477 -1517.9 -656.37

0 -1307.5 2615 0

0

(Rounding error)
1

£0]= [p®] [z

0 89597 5481

(the OR method )

[E] = [E ML {2)LIE @) -
o+ [gO]l® (-
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[ £)] [Ai)]

(Upper - block - triangular matrix)

D X x x X x X
9 D x x x x X
9 9 D D x x x
9 9 D D x x «x
9 9 9 9 D D «x
9 9 9 9 D D «x
9 9 9 9 9 ¢ D
[Q] [R]
(Rotation matrix) [ P ]
4
PIl = Pjj = COS9  Pij=-Pji - sing (-12)
9 1"
[EJ[P] (I
[PIB ] [E] . "]
9 / y [I*][ 5]
[£(1)]=[O(D]EL]L " ! A
[R{1)]
[R(l) = [Pal[Pn-1N1PIN g0 (-13)
e 2, (P 20 e )

(2,1) P B ]
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[R] [Q]

%)= ) ( -14)
£ 0] = EOIEC ] - ]
£49)
[1 4] ..
3
2]
75.58 2615 3925 5572

0575 0707 0,629 [ 0.049
085 . 00315 005
0575 4 07207 7 8 gsae] T 0049

0.169 0 —0.331 0.996



Material

STEEL
Structural (ASTM-A36)
High-strength-low-alloy
ASTM-A242
Quenched and tempered alloy
ASTM-A514
Stainless, (302)

Cold-rolled

Annealed
CAST IRON

Gray, 45% ¢, ASTM A-48

Malleable, ASTM A-47
ALLUMINIUM:

Alloy 2014-T6 (4.4% Cu)

Alloy 6061-T6C 1% Mg )
YELLOW BRASS ( 65% Cu,
3%Zn):

Cold-rolled

Annealed
PHOSPHOR BRONZE

Cold-rolled (510)

Spring temper (524)
MAGNESIUM ALLQY (8.5%AL)
TITANIUM ALLOY (6% Al, 4% V)
MONEL ALLOY 400 (Ni-Cu):

Cold-worked

Annealed
TIMBER, air dry 4

Douglas fir

Southern pine
CONCRETE

Medium strength

High strength
Nylon, molded
Polystyrene
Neoprene
Granite
Glass, 98% silica

1 Properties of metal vary widely as a result of variations in composition, heat treatment, and mechanical

Densit
,kg/n¥

7860
7860

7860

7920
7920

7200
7300

2800
2710

8470
8470

8860
8780
1800
4460

8830
8830

525
610

2320
230
1100
1050
1250
2110
2190

Ultimate strength

Tensio  Compr

ession,
1MPa MPa
400
480
825
860
620
170 650
340 620
480
290
540
330
560
840
380
900
675
550
5
5
28
i 10
55 )
48 90
24 -
Y| 240
5

Shear,
MPa

240
30

290
1%

300

20

165

75
92

%

%

Yield strength3

Tensio

IMpa

20
3

690

50
215
230
410
2%
43
105
50
215
825

580
20

Shear,
Mpa

14
210

380
182
20
140
250

65

215

15

working. 3, Offset 0f 0.2 percent,

( SI units

Modulu
of
elastici
ty.
oFa
200

200

20

190
190

10
165

n
69
105

105

110
110

114

180
180

125

w o BB

0
65

Modulu

Ofd
rigidit
18Pay

n
7

7

3
I
28

2
2%

3

4

pis

2. For ductile metals the compression strength is generally assumed to be equal to the tension strength. 4. Timber properties are for loading parallel to grain.



FEM

ALLLL L L LRSS 2
RRRRRNY 1
o 77 T
| 3
3
FEM 7 3
)
3
7
y
Moo oo Ki+k? ~-k2 0
2 0 kK2 k2+k3 ~k3
0 m3_ 0 -k 3 k3 .
1\—m2= 3=0696.4+464.4=7424
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1
12E1 _ 12x25x109x0.00135

K = X2=1.266x 107
~ F -
U 0 o “9532  -1266 0
M]= 0 7424 o —O -1266 2532 -1266
0 0 7424 0 -1266 1266
|
I 1{x 1+ [/ ]1{ }=1{0 (-1

()

(tr1-co2f N{ y={0p ([ -*. M )M ={0} (-2

[a]=[m ] e

(Eigenvalues) (Eigenvectors)
(Iterative method)
1=18.378 ©2=51.494 3=174.41
0.328 10737 -0.591°

(X} <0591. ,.. 0328 > {2 3=" 0737
0.737 —0.591 -0.328



(Slope-deflection method)

[7])

*4

a - TFRAME

10 2.53

TFRAME

M=M= B = 6

W =2=18=5

100 = %12 = *38 = 1x 10'4 4
1,=12=13=2X104% 4
yol=yD2=yZB = 204
yu,=y2=y3 = 510

E( )= 210X 109
P=m002= 253 X 1.0 X 62.8 2= 1000
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(Longitudinal vibration)

-2
(Principle of superposition)
2 P 3 3
2( )
2()
() ()
30> 6(2,) "M |
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5 P
al al alB a0
al a2 a3 —ad
aB a3 a3 —ad
|
l = + — 2-[F2(X2)-Fx(X2)} = a22
£
al2 = h = a2
«33 = + (X2)]
2\0 220 0 <230 M
| J/4
Xi = 6. 0.0204 X(0 = 0.334.c01/2 = 2.654
21x106 xIxio-4
\1/4
o =5 0010 Xe = 0.296.c01/2 = 2.339
v21x106 X2 X 10-4
F(X)
Fi(xl) = 2.397 . F200) = 3.483
Fi(x2) = 2.229 1 F2{x2) = 3-699

F3(,2/2) = 6.058 CUR(Lfx212) = 1130



%, 5,

3675 840 0
840 3675 840
0 840 2455

£,1= 01636 X 104 , £2= -0.716 X 104 ,

(Reciprocal theirem)

P h

A3+ PVIf =
1 fo (1 2)2 3 P.Vrf
- 04
Vd = v + vd = 16642 X >6(>,2/2)
S e — 1 ] =mmmemmmenmmen

vd

16x 21x 106 X 2 X

= 563 xio-4

10"4 X 11.30

107

£3 =297 x 10

0 (-2)
3
h c
)
( -3)
A2.97 X10-4
2 H--50



2)

ELED

«11

«12

(0,

£8

i 122293 + 2.2

103.703 rad./sec

ai2
322

323
2

326

Q-22-a\3 ~

a

-a23-a\3

-a23 -

TFRAME
, Ul
0 0
323 32
a3 0
0 alh
K¢S afh
ad 0
F2{Xx)t

(

A

a33-al2

-4)

u2

35

> B

a%

[

F

A =0

u3

326

ad

a%

66

(

C02= 126.246 rad./sec. C03= 155.437 rad./sec.

4 6)

1 (X2)+F2(X2

- 223

108



«1h

«33

a36

«44

«45

«66

A LF3(h) =
R
N * 4 (* ’ 1 )

EJX
0VV12
N | )
Iy
N | )
3
%, n3
W0 840 0
80 40 80
0 80 6200
0 151 0
451 0 151
0 451 -186
4

-9.00 X 10"4

-«24 =

[Fi(X2)+F2(X2)]

EJ2 X2

ul
0
451
0
-648
-187.5
0

«26 = -«35

= «55

= «h6

u?2 u3
-451 0
0 -451
451 -186
-187.5 0
-648 -187.5
-187.5 -576

109
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CO= 841 rad/sec  Q®= 258 rad/sec. o = 42.4 rad./sec.

3)

TFRAME
SLOPE DF.
% DIFF.

0

TFRAME 1 3

TFRAMF.

TFRAME

0, ©2 @ ©4 05 06 d,max.  Vd Imax.
837 2584 4245 10374 12547 14707 593 X104 9.32X104
841 2580 4240 10370 12625 15544 563 X104  9.00 X104
050 016 012 004 062 553 511 3.50

TFRAME

FEM
FEM
FEM



THE MICROLOG DATA COLLECTORS (MPC) model CMVA

MDC SKF Condition Monitoring Inc.
(Machinery vibration)
(Temperature measurement)
LCD (Liquid crystal display)
(FFT - Fast Fourier Transform)
(Time  domain) MDC
5 Analyzer [Transfer/Battery/Temperature
oV
BT
TP
MPC ( )
11 (Input devices)
12 (Support module)
13 (Battery pack)
14 PRISM4for Windows
11 (Input devices)

Reports
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(Vibration measurements)
Handheld probe
Magnetic probe
Permanently mounted sensors
Installed monitoring system

(Temperature measurements)
Non-contact infrared sensors
Contact probe

1.2 ( Support modules)
MDC
PRISM4
CMVA 6112
(Fast charge) 2
LED 2 CMVA 6112 MDC
13 (Battery packs)
CMVA 50230-1 NiMH
(deep discharging)
8 MDC
3
14 PRISM4 for WINDOWS

MDC
MDC
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2) MPC
600 10000
(Shaft)
(Coupling)
(Bearing)
(Gearboxes)
2.1 (Velocity measurement)
1 (Imbalance) (Misalignment)
(Looseness) (Shaft bow)
App - 13 Utilities Menu
2.2 (Acceleration measurement)
2.1 10000
(Rolling element bearing) (Gear meshing)

2.1



2.3
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Type: Acceleration
Lines: 800

Low Freq Cutoff: 2 Hz
Start Freg: 0
Maximum Freg:

Maximum Freg. 56

Maximum Freq.

Shaft Speed Maximum Freg.
<=1200 RPM 1 kHz
1200 - 2400 RPM 2 kHz
2400 - 3600 RPM 5 KkHz
> 3600 RPM 10 KkHz
3
(Side-bands) 3
1600 lines Maximum Freq.
4 X y Y X + 10%

( Envelope acceleration measurement )

2.1
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Lines: 800

Type: ENV Acc

Number of Averages: 1

Detection: Pk to Pk

Low Freq Cutoff: 0or 0.5 % of full scale

Type: ENV  Acc ENV
Filter
10 Hz 1 [ S5Hz - 100 Hz ]
100 Hz 2 [50Hz - 1kHz]
1000 Hz 3 1500 Hz - 10 kHz ]
10000 Hz 4 [ 5kHz - 40 kHz |
24 ( Displacement measurements 1
2
Eddy probe

(Journal bearings - Sleeve bearings)
2.1

Type: Displacement (Eddy probes)
Detection: Pk to Pk
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AUNUINAAAUNTDIINS
Pl P2 P3 P4 P5 P6
3 ( )
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60 [ ————
| % t d
—O— ammuan 1
45 | -5 fumuaii 2
—A— AMuruan 3
30
—K— auruan 4 !
15 —¥— auruan s
; : | —O— AunuIn 6
0 - "
ANANTANANOUTHOIZIFAlHIUIUBY
1X 5X 9X
() 100sin501
(microns)
1_6 T T S T T e ‘
—— dumuan 1
—— dunuan 2

—A— aunuan 3

X — 4
5
©— 6
2Y 3Y 4y oY Y gy 10y 11y oy
() 100 §in501
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e
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[ (microns)
0.32 : : ; o B
—O— aumuan |
0.28 it —— dqumuan2
|
i —A— aMunuan 3|
0.24 o
L K= aunuan 4
0.2 ~*~~\%ﬁumm’ﬁ5-
! 0 4
: - —O— awmuané
0.16 S e
av Av o =
N ﬂmﬂnaﬂa‘ua‘ueaqaqﬂ‘lmm‘maumsmmn
1X 5X 9X
() 100sin 3001
( microns)
1.2 L 1 T T L) T 13 T i 13 1 T 1} 1} L e
: | —O— dumuan |
095 | B awunuan 2
—A— Aunuan 3
0.7 .
—K— aumuan4
045 || K= aumuan s |
—O— qumuan e
02

TananouauesgIgalumf i mmuan
0y 1y 12y

100 sin 3001

¢
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—A— Fumuai 3 ‘
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ANBABLAURIGIgAl UMY

100sin3501

--0— 1
0.75 _ 9
£ 3
05
-X— 4
0.25 -)E- 5
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2Y 3Y 4y 6Y IA¢ 8Y 10y 11y 12y
() 100in 350 t
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008
004

0.04
008
.12

012
008
004

0.04
008
.12

0.12
0.08

0.04

-0.04
-0.08

-0.12

jsolation 1 ( )

i S e v

o o0 | o 7 | B ' d s ud o o | 3 ‘4
MUAUIN T AMUNUHIN 2 ANMUIN S AUMUIN 4 MUHUIN S ?UYUIN 6

isolation 2 ( )
1 1 : :
i I
[ o y
X X - L X X X X
1 7 g $
T <5
1 1 oo 0
1 2 3 4 5 6
isolation 3 (
A -
e e % | % ' g g

_______________________

o ' od 13 ‘4 o ' d o ' d . ' d o 4
AUHUIM T ANUHUIN 2 AMUHUINS AUHUING . MUHUIN S AHNMUIN 6

10

0 iso-X

n iso-Y

A" 1stmode

X 2nd mode
X 3rd mode |
0 4th mode

- 5th mode

—6th mode

0 is0-X

d Istmode
A iso-Y

X 2nd mode
X 3rd mode
0 4th mode
“I" 5th mode
—6th mode

0 Istmode
T is0-X
A iso-Y

X' 2nd mode

X 3rd mode

4th mode

- 5th mode

= 6th mode
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0.75
0.5

0.25

-0.25
-0.5

-0.75

0.75
0.5

0.25

-0.25
-0.5

-0.75

075
05
025

025
05
075
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5 ® & & 8 B
MU 1 AR 2 uviei 3 duvuai 4 dumuei s v 6
isolation 2 (
___________________________________ B _ O
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"SR SR Sl St SRR S
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Y i RO
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_______________ fghli]-ujiﬂljﬂrihm g
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T o
1 2 3 4 5 6
-5

0 iso-X

n iso-Y

A 1stmode
X 2nd mode
X 3rd mode
0 4th mode
+ 5t mode
—6th mode

0 isox

1 1stmode

A is0-Y

X 2nd mode

X 3rd mode
4th mode

+ 5th mode

= 6th mode

10 1st mode
0 iso-X
A is0-Y
X 2nd mode
IK 3rd mode
0 4th mode
|- 5th mode
—6th mode

100
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(microns)
qK\ 2 A —0 1c=0
+ I 2,c- 0
eyl 1 -A 30
1 X 1,c-b
X 2,c- 5
3,C=5
8 =R « -k
IX 5X 9X
(microns)
7— i 00 1=
1.05 [~ ' ‘ 1 | ‘;. - - - 2,C=0
| Nﬁyﬂﬂ‘uifuf)dq&i;lxﬂ ‘Nll‘ljl’myd | A— 3’ C=o
07 | -o--| -X—  1C=5
7| X=  2,C=5:
035 Q  3c=sl
L |
2Y 3Y 4Y 6Y 7Y 8Y 10Y 11Y 12Y
I I . II 1 .
N (0.00L m.) : q rrfchmﬁx mechiney
5.75
11 1
° 1A0*I\ 315\ -
4.25 T 1
= Tid Ll Lg g
]'l 1 1 11 1 1
c=0 ¢= =0 ¢z ¢=H  ¢=h
-6.1 '

1 10 100 sin 50t



(microns)
2 T 60
e e 0— 10
e C HAARUAURIGIYAlHIIUEY ﬁ e 0= 2c=
x ' Ll s 3,C=0
152 [T S T T NS T AN TR e e EE a 36 !
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1 YCFIXIS
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310 AGE CF ML DAVPING MATRX ARAY 15:")
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¢ %_ PVENT PRCPERTIES GOVBIND ON THE LCBAL. STRUCTLRE
1

150 X [ e vEQuUIPICEQUIPY), REQUIRY)
1510 AR ES OF EQUPVENT ATTACH TO THE STRUCTURE)
1520, RV, NIDEGREE, 4X,"ATTACHVENT 5% MASS5X, DAMPING , 6X

4 Eﬁ%“%ﬂ fl RAETANLNERUP) SERUP) KEQURL)




1550
1560
1570

)
1650

i

(9/ TO THE STRUCTURE DLE TO DIRECT BLOK ISOLATION
4J]9

(1), ADVS(1)

OVBINED EFFECT CF MASS DLE TO BLOXK ISOLATION:)

. ITIONS', 6X'QUANTITY GF ACDING MASSES)
AT 12 gy LoV
COERATE FROM OFRAL EQLIRVNT
| Ly PR ) e
| g FORCES GRAGRATE FROM OVERALL EQUIRVENT)

', 12X ' AVPLITUDE , 12X, ' FREQUENCY')

REASRE R

(li%iE(§§§h4§2F [¥$B% [XSPL!¥Y QUIRJT FILE.

ARG TRES R 1R T

’ BY(IC)™*2.+(VID)Y(IC) 2

L

i
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F=GAMMA(EN) *L/420.

p=70 .*F
P2=2.*p
Q=156.*F
$=22.*L*F
T=54.*F

OTSLLF

=3 AL*L*F
meLcl, 1,en)=p2
MEL(1,4 ,EN)=P
MEL{2,2 ,EN)=Q
MEL ( ., 3, EN) =s
MEL(2,5,EN)=T
MEL(2, 6 ,EN)=-V
MEL(3,3,EN)=0
MEL(3,5,EN)=v
MEL(3,6,EN)=-W
MEL(4 ,4 ,EN)=P2
MEL(5,5,EN)=Q
MEL{5,6, EN) =-S
L(6,6 ,EN)=u
47 1 =26
1=1-1
47 J=1,IM1

agn

C RONATE SSTEMA A\
h K HCR T
G N RV

MEL(I, J, EN)=M EL(J,1,EN)

SFCRVATION MATRIX R+ A\D TS TRANSPCEE RT.

AR TR 36

All

I e P e
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o U i ) MES(1, J, BN R (LK*TM(K,J)
: TG DRQAAEL e Te
N

£ =68

o7

[

X

® ' gﬁw STIFFAESS A\D NS MATRCES
.
51 3f Gevinyicivdl
C R RS ATTRY IR E FO/6 AD

1B Eo. )@ 6

!
B O CHXNA)OTO 4
N TO &8

jfgan
5500 ! )l\lﬂ\'l'lRAL FREQUENCIES AND MIE SHAPES CF STRUCTURE'))

¢ GOVBINED DISTRIBUTED MASS FROM HIRIZONTAL. MBVERR (R POINT LOAD
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¢ DISPLAY THE NATURAL FREQUENCIES A\D MIE SHFE CF ALRE STRUCTURE

IF \%F LTN:15

THE ASSCI]ATED FCENECTER 5. )

aal)l

20 QN m - (WA
W%Y @DWN TRIX BY MDAL

%WWVFWWMW

: PN E AR e
240 :: 17 S 2T OV DIV
¢ Dl Y%{ NG DIFFERENTIAL EQUATIONS

OO

AL MASS, 9X, "MIDAL DAVP, 7X, "MIDAL. STIFFNESS

5 V! 55@§Mf5§58D|DAMP ) DISTIF(1)

CLOSE(NIT = 15

TRAN ! NG MATRIX TO DAVAING MATRIX
By ' (:? Mooy




(XC(1,J) = DDAVR)

ot !
2000

CALL MATINV(NM,TMODAL,ITMODA,NF)
CALL MATINV(NM,UMODAL,IUMODA,NF)
CALL MATMPY MN ITMODA,DSC,0SC)
CALL MATMPY(N ,0SC,IUMODA,RSC)
C
¢ CLOSE PURE STRUCTURE DATA FILE AND OPEN RESPONSE FILE
CLOSE(UNIT = 15)

REN(UNIT=15,FILE=' RESPON. DAT 1)
15,5600)

5600 FORMAT (/, 15X, 'RESPONSE OF STRUCTURE UNDER FORCE CONDITIONS'/)
Cc
¢ COMBINED PROPERTIES OF EQUIPMENT TO THE ENTIRE STRUCTURE
Eﬂw = NF + NEQUIP
T§g8 I = },COMBDF
DO J = 1,comepF
IF( I.LE.NF .AND. J.LE.NF) THEN
BRSK(I,J)  RSK(l, J)
BRSM(I ,J)  RSM(I , J)
BRSC(1,J)  RsSC(l,Jd)
ELSE
BRSK(1,J) .
BRSM (1, J) .
BRSC(l, J) .
ENDIF
1800 CONTINUE

mNEQUIP

BRSK(P,P) + KEQUIP(K)
BRSK(M,M) + KEQUIP(K)
BRSK(P.M) - KEQUIP(K)
BRSK(M,P) - KEQUIP(K)
BRSC(P,P) + CEQUIP(K)
BRSC(M,M) + CEQUIP(K)
BRSC(P,M) - CEQUIP(K)
BRSC(M, P) - CEQUIP(K)
BRSM(M,M) + MEQUIP(K)

1810 (I:R

Cc
CALL SUBPROGRAM MATMPY TO CALCULATE
CALL MATINV(NM,BRSM,BMRSM,COMBDF)
CALL MATMPY(NM,COMBDF,BMRSM,BRSK,BBA)

CALL SUBPROGRAM RG TO CALCULATE FREQUENCIES AND MODE SHAPES
CALL RG(NM, COMBDF,BBA,BWR,BWI, KATZ, RBMODA,LERR,BFV1, B IV |, BOMEGA)

DISPLAY THE NATURAL FREQUENCIES AND MODE SHAPE OF COMBINED STRUCTURE.

IF (COMBDF .LT. 16) THEN

= COMBDF
50

DO 7500 J = 1,16
WRITE(15,7200)J,BOMEGA(J)
7200 FORMATY, 1 1,5X, 1OMEGA(1,13, 1) = ',D20.8," RAD/SEC.)
WRITE(15,7400)
7400 FORMAT!/,' ',5X, THE ASSOCIATED EIGENVECTOR IS :')
DO 7800 | = 1,COMBDF
7800 WRITE(15,7700)1,RBMODA(I,J)
7700 FORMAT(7X,13,5X,D16.8)
7500 CONTINUE
C
C GENERATE MODAL MATRIX AND TRANSPOSE OF IT FOR DECOUPLING THE
¢ ENTIRE SYSTEM DIFFERENTIAL EQUATIONS.
DO 2150 J=I,COMBDF
DO 2150 1=1,COMBDF



2150 CONT
IR B 0 T o 101
c % u K11
B
U D" D &.‘JD
P H g%gﬁui FROM BO8VI BDSC A\D BOK
%lf’o N | - ’li
IlPI ING 11(]\5 AD TH CAE CF EXH
245 , MI)DL MASS', 9X, "MDAL DNVP X "MODAL STIFFNESS,
%& 6@% ), BDIDAM(I), BDISTI(1)
é FINBD { AD VELOATY KR EACH POSITION
D TS
290 @ : N
HE f ” )T(K)/BDISTI(I)
AL iy ) BOVEGA()
NN AR Y)
DY) EBDIPLIL 7 T
0 H = PVELOC) + DRBS(PDISPL(I*UNBFRQ(K))
4
004 _qﬁ) Lfﬂf}
2% @Q J =

of e ey

o DISPLAY THE RESLT IN THE FILE RESPONDAT

/‘:‘392 SITION', 10X, MAX DISPLACEVENT', 6X,' MAX VELOCITY')
ANTEREL ) S

j
%gO_CEE QUIRUT FILE 'RESPONDAT

QGE (T = 15

3
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| B TS

o B A Ry
C B NG PIVOT BBVENT
N\ NOT IN PIMOT ROV CR GALUMN
a ou
R L
i FOR P\VOT GOLUMN—EXCEPT PIVOT ELEVENT
= - I, *X%}%%%

N.A VR W, MATZ sz,IERR,IVI,FV1,SOMEGA)
’ v%(M,WN,FWN,QHUMV'

NTSTIS2IERR MATZ

@10

10 CALL BALANCINMINA,ISL,1S2, )
CALL ELMHESNMINISL, 12, A, IVI)
F (MIZ NE ) @O

20 CALL ELTRANNMINISL, 1S2,A1V1, 2
CALL HORANMNISLISZAWRWI, Z IER)
I JERR 1€, ) @O

O(‘)(‘)(‘)(‘)O



Cc CALL BALBAK(NMINISL, 1S2, VL, ZN
¢ OAL SORTIVINZ SRRz SOVEA

R

o ERUME BALAI\U(NMNALONIGHSGNE

%ﬁ% NM |GHLOWIEC

ok %Epé& Wmﬁw o TION

RADIX = 20

EA

>(!>(-'

@ RADIXRADIX
100, e _ _ R;*%MM

20 ?EA‘QE(’\QQ 114 cmosob /

@

maﬁ\ﬁ“fNE

5 @&i&&lﬁ,@)ﬂlﬁ&* ?P a % B*EHWIL@*&LQWMH**
0 | B 1) OOB)

Fhdokkkkkkkkkk m ji= L Step 1 U\”'IL 1 [D kkkkkkkkkkkkkkkkkkkk

100 EOlZO JJllJH_

K m\%%_@l:r? R‘EG(?(H%KJ 10

120 odmNE”™

CONI0 T - W ILATING A0, EICENVALLE
10 K=K+ 1

O DOINJ=K L

o mﬁ@ i hECDOB B m

O 0 00

Q00
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r aﬁ%ﬁ

alance the submatrix in rows
180 %"ﬁc ***lk

° 190 NOOOW = R,

c

0

20 1=K L

R= 00

Cc

0 |gOO

by

.,

210

7

p **@JD(Z‘BQ************* N)NRAT :
40 IF (CR | F.GE 095 * ) @020

%}%}‘%ﬁ)!ﬁm

( IG. OO 20

2 *

L8 ®02

WQ = SPLEN *F
250 R AN +
% AZ(%Ol k) + ¢

° 210 QONTINE

c

IF

NN @ T0 190

) MEE

RETURN
END

SUBROUTINE ELVHESINVINLOWIGHAINT)

%I%AM,N,LANMIGH,KPL LOANM, P
(

INTIGH

@:(El\?aﬁzﬁlh) OO

LIWORAI\Q L, LA

DO 100 J =M IGH

TI\AE oooooo r norm reductio

TO L kkkkkkkkkkkkkkk

********************

C R o R A B

kkkkkkkkkkkkkkkkkkkkkkkkkkkkk
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(W)J,MMD) LE DABS(X) ®T0 100
100 COVINE

c **lgil%*%g*m%gggge rons and colums G: A kkkkkkkkkkkkkkkkk

Q(MJ

20J'1IGH

(9N
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"1 1F & 59 ,00) ) OB

0D 160 | = MPI, ICH
IF (Y A§ 00, @T0 K0
A(LLMA) =Y

w B LEM veamg
m R LA v A

160  QONTINE
180 QONTINCE

Cc
200 RETURN
END

SUBROUTINE ELTRANNMINLOWIGH A INT, 2

) %WI@%”WIHLOMW

(é kkkkkkkkkkkkkkk _ 7 BS Im\ITITY NATHX kkkkkkkkkkkkkkkkkk

08 | =1 N
o A%HI=H N
n afﬁlxlkzl'o

Falr Poba | g um o [ eserreees
LK
1 T s

IF(MEY M @10 10

R

110
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130 QONTINCE

o0 ol = 1
200%@1

C SUBROUTINE HQR2ANMINLOWIGHHWRW, Z IERR)
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e
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T=T+X form excep

C
o PR L 2
" %%S(H(EN NA)) + DABSIHNAENMD)

* *
R E R

S NHCLTIVE VAL
i E‘§Rﬁ%| LLDD
D:M: '+LL-
i

E%:
| HIVHL N+ HVIMVH)
WW
+DABYQ + DABSR

e
& Hkﬁﬁ|l%%w%@qﬁmwn EORVLE)

140 (I)\ITI
150 M2 = M+ 2
%@il E
N@% 30 1O 160
160 Kk kkkkkxk

F %%IW*M*L*&@LM******
EQ @E 170

K+l K- I)
Z’K-S%EB
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O
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ISS
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J = MINO(EN,K+3)
o] Nkkhhhkkhkkhkhkhhkhkkhkdkdkhhkkhkkhdktxx COllen modification khkhkhkkkhkhkhkkkhkhkhkkdkhkhkhkkhkdkkkk
DO 230 =1, J

* ’ *

T= H(l,K) +Y H(l, K+l

F (ANOT . NOTLAS) GO TO 220

ZZ * H(l,K+2)

« R

H(_ 1) = H(I,Kk+2} - P

20 JKH I._lH(| JK+1) _p*Q
H(I (1 - P

20 conminug

KEkKkkkK KKK AXXK KKK FF  gocymulate transformations *****xxxxkkxkkk k%%

DO 250,/ ,= LOW, IGH
P=>;\6TZ(I,K) +Y* 20 ke
IF (. TLAS) GO TO 240
P=P+ Z\Q (1 \K+2)

Z(I 1IK+2) = Z(1,K+2) - P * R

240 (1, K+1) Z(I K+l) - P * Q
IrK) Z{ - P
250  CONTINUE
CONTINUE
C
GO TO 70

KA AKKKK KKK KKK KA AR KK **x ONE ROOT EOUND * % % % % % 5% 5k % % % % % % & & 4 4 4 K K Kk Kk
c 270 H(EN,EN) = X + T

WR(EN) = H(EN,EN)

WI(EN) =0.0

EN = NA

GO TO 60

FAKAKKKKKAK KKK XA KKK XA ARK TWO ROOTS FOUND * * % % % % % % 4 4 ko k5 k% % % & % % % % % %
P = (Y-X) / 2.0

Q=P * P +

zz = DSQRT(DABS(Q))

K(ENLEN) = X + T

X = H(EN, EN)

H(NA,NA) =Y + T

c Kok kk kekpXkokokk phkhkkokok Kk¥ REAL PAIR ** %% % % k% %k k %k %k % %k k k% k k% k% % % %

P)

¢ 280

+

00.0) WREN -x- / Z

i+

1~
52

S(X) + DABS(zz)

R

N ><¢

O W
o038

SQRT(P*P+Q*Q)

N VO
oo
O VU
- -

FON'VU]HCA\]]O\] khkdkFkkkkkdkkkkkkkkkkk

Q
DO 290 J = NA, N
zz = H(NA,J)
H(NA,J) = Q* ZZ + P * H(EN,J)
H(EN,J) = Q* H(EN,J) - P * zz
290 CONTINUE
c khkhkhkhkhkhkhkkkhkkkhkkhkhkhkhhkhkhkhkkxx COLUMN MODIFICATION khkhkkkkhkhkkkhkkkkhkkhkkkkkkkkxk

I 1 '
H(l,EN) = Q * H(I, EN) (g(l 2z

300 CONTINUE I % | * .;I * ok
c FRE kI F KKKk FxHxHxF ACCUMULATE TRANSFORMATIONS
DO 310 | = LOW, IGH
zzZ = Z(1, NA)
Z(1,NA) = Q * ZZ + P * Z(l,EN)
Z(l1 ,EN) = * Z(1 ,EN) - P * ZZ

310 CONTINUE

GRAROKBRRKkkkickkickickkickick
C - CI]\/H_E)( PAIR khkkkkkkhkhkhkhhkhkhkhkkhkhddhkkhhixk



O
0
c
C

30 ) ;é B

WI(NA) = zz

B
kkFkRE*h*kk aLL fo

340 IF (\ORVl .EQ Uet?)t"&)

nT ﬁw W*I;Qg*************

[
i F&ﬁ@ .
*kxkk w 1 STED 1 U\”'IL 1 [D kkkkkkkkkkkkkk

T
(a}'lc@”m O 60
a0 AR Homy

0 IF W) GE 00) OTOR

jﬁmo
= (WI() NE 0.0) G060

JE&)ZEQ 897 = MO * NG

'QQ******** g]_\E EAL m‘nG\B kkkkkkkkkkkkkkkkkkkkkkk

W&%l? % ¢ 4RI~ B+ Wil *wi

H(I EN) =T
IF (DABS(X) .LE. DABS(ZZ)) GO TO 650
H(I+1,EN) = (- R- w* T) / X

- 0z
**g%&************** E\D FEAL \E:"CR *kkkkkkkkkkkhkkkkkkkkhxk

m TO 8% W*‘M*’\* m\M_B( \E'lm kkkkkkkkkkkkkkkkkkkkkkkk
710 **Mc**mc**** A1 : Cdnmrrt Chosen Imaglr}c%* **************
HERRAL, (& DREHRA O t50 7
= “(HEVEN)-P) | HENNY
720 HNAEN)) | CVPLXHNANA-PQ)
0 e )
EN,EN)

T#MWEG F@éﬁ B e L ML L D e
m|790%
pi= ) -
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760

770

780

790

800

on

0

820

840

noon

860

0

00

1000
1001

SA = H(I, EN)

DO 760 J = M, NA
RA = RA + H(I,J) * H(@J,NA)
SA = SA + H(l,J) * H(J,EN)
CONT|INUE

IF [wi() .GE. 0.0) GO TO 770

M= |

IF (WI(l) .NE. 0.0) GO TO 780

Z3 = CMPLX(-RA,-SA) / CMPLX( ,Q)

H(I,NA) = REAL(Z3)

H(l,EN) = AIMAG(Z3)

GO TO 790
kkkkkkkkhkkhkkkkkkk*k SOLVE COMPLEX EQUAT|ONS kok ok ok ok ok ok ok okok ok ok okokokkokokkok ok koK
X = H (1,1+1)

Y = H(+1,1)
VR = (WR(I) - P) * WR(I) - P) + WI() * WI(l) -Q* Q
VI = (WR(l) - P) * 2.0 * Q
IF (VR .EQ. 0.0 -AND. VI 2EQ. 0.0) VR = MACHEP * NORM

* (DABS( ) + DABS(Q) + DABS(X) + DABS(Y) + DABS(ZZ))
Z3 = CMPLX(X*R-ZZ*RA+Q*SA,X*S-ZZ*SA-Q*RA) / CMPLX(VR,VI)
H(l ,NA) = REAL(Z3)
H(l ,EN) = AIMAG(Z3)
IF (DABS(X) .LE. DABS(zZ) + DABS(Q)) GO TO 785

H(1+1,NA) = (- RA - W* H(I,NA) +Q * H(,EN)) / X
H(L+1,EN) = (- SA - w * H(I,EN) -Q* H(,NA)) [/ X
GO TO 790
Z3 = CMPLX(-R-Y*H (I ,NA),-S-Y*H (1 ,EN)) / CMPLX(ZZ,Q)
H(1+1,NA) = REAL(Z3)
H(1+1,EN) = AIMAG(Z3)
CONTINUE
k ok k ok ok ok ok ok ok ko k k ok ok ok ok ok ok ok ok ok k& END COMPLEX VECTOR k ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok x
CONTINUE

Kk Kk kkkkkkkhxkhkkxkxk* END pack SUBSTITUTION
VECTORS OF ISOLATED ROQTS ****** %% %k xkkk k&

DO 840 | = 1, N
IF (I .GE. LOW .AND. | .LE. IGH) GO TO 840
DO 820 J = I, N
Z(1,3) = H(l,J)

CONTINUE

FrxxAkxxxxE MULTIPLY BY TRANSFORMATION MATRIX TO GIVE
VECTORS OF ORIGINAL FULL MATRIX.
FOR J = N STEP -1 UNTIL LOW DO kok ok ok kk ok ok ok ok ok ok ok ok kokokokokkk
DO 880 JJ = LOW, N
J = N+ LOW - JJ
M = MINO(J,IGH)

DO 880 | = LOW, IGH
zz = 0.0

DO 860 K = LOW, M
22 = 22 + Z(1,K) * H(K,J)

CO»,imEJ| ' zz

GO TO 1001
«xxxxxxxx SEL @FFOF - NO CONVERGENCE TO AN
EIGENVALUE AFTER 30 ITERATIONS % ** % %% % k% % kk % %k % %k & %k & %k &
IERR = EN
RETURN
END

SUBROUTINE BALBAK(NM,N, LOW,IGH,SCALE,Z,M)

INTEGER [,J,K,M ,N ,II, NM IGH, LON

178



non

on

o

leXer)

(e Nepl

REAL*§ SCALE(N) , z(NM,M)
REAL*8

[F (M .EQ. 0) GO TO 200
I[F (IGH ?EQ. LOW) GO TO 120

DO 110 | = LOW, IGH
— SCALE(])
*kkxxxkeeriResos | EFT HAND EIGENVECTORS ARE BACK TRANSFORMED
IF THE FOREG'(L)\ILNEG“STATEMENT IS REPLACED BY

10 / SC ) khkkkkhkkkhhkkhkkhhkrhxx

DO

100 Z(I
110 CONT
kkk*k

sexkesses EOR 1=LOW-| step -1 UNTIL 1,
IGH + 1 STEP 1 UNTIL N DO __ *#*sssesssseses
120 D0 140 11 = 1, N

| =
[F (I .GE. LOW .AND. | .LE. IGH) GO TO 140
[F (I LT. LOW) | = LOW - I

IF= (K EQ( 1) GO TO 140
DO 130 J = 1, M
=z (1))
Z(1,3) = Z(K))
130 CONTINUE
140 CONTINUE

200 RETURN
END

SUBROUTINE SEARCH(NM,RT,J 11N
THIS SUBROUTINE SEARCHES THE JTH COLUMN OF THE MATRIX RT
FOR THE LARGEST EIGENVECTOR COMPONENT. ITS ROW NUMBER IS
ASSIGNED TO THE NAME Il
REAL*8 RT(NM,NM), BIG,AB
Ill\llTEGIiR NMJ TN
BIG = DABS(RT(1,1))
D03 I = 2N
AB = DABS(RT(I,)))
IF(BIG-AB) 2,33
2 BIG = AB

=1
3 CONTINUE
RETURN
END

SUBROUTINE SORT_FNM,N,z,AOMEGA,sz,SOMEGA)
THIS SUBROUTINE SORTS THE EIGENVALUES AND EIGENVECTORS OBTAINED
FROM EISPACK SUBROUTINE.

PARAMETER ( M = 200 )

INTEGER NM N K L,I,J

INTEGER (M)

REAL*8 Z (NM,N) sz (NM,N), AOMEGA(N), SOMEGA(N)

REAL*8 SCOMP,COMP,SMCOMP

FIND MAXIMUM VALUE OF EIGENVALUS AND STORE IN SCOMP
DO 100 | = 1, N

P(I) =0
100 CONTINUE
SCONP = AOMEGA)
DO 200 | = 2,
IF (AOMEGA(I) .GT. SCOMP) THEN
SCOMP = AOMEGA())
END IF
200 CONTINUE
SMCOMP = SCOMP
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C

¢ FIND THE POSITION OF EACH EIGENVALUS AND EIGENVECTORS
C

COMP =0.0
DO 500 I =1, N
DO 400 J =1, N

IF (AOMEGA() .GT. COMP) THEN
IF (AOMEGA(J) .LE. SCOMP) THEN
SCOMP = AOMEGA (J }

P(1) =1
END IF
END IF
400
scop = Jsmcomp
00 CONTINJE

I
700 CONTINUE
DO 1200 | = 1, N
IF {DABS(sz(1,1)} .LE. 0.00001) THEN
CALL SEARCH(NM SZ,1,LN)
D0 600 K =
}EK E GO T0 800

)IDABS(SZ(L,1))
800 CONTINUE
SZ(L 1) = sz (L,I)/DABS(SZ(L,I))
END IF
DO 1000 J = 2, N
SZ(J,1) = SZ(J,1)ISZ (1,1)
1000 CONTINUE
= 1.00000

ﬁ I

1200 CONﬂN
RETURN
END 1
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