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Development of Micro-—- Computer
Simulation Programs for the Various Vibratory Systems
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Gvumahn Lee

Abstract

This paper presents a micro-computer simulation package for the various vibratory

systems.

The Package consists of 10 programs which describe the dynamical characteristics

of the vibratory system. The programs have been written in BASIC (Applesoft) language
and programmed on the 6502 CPU with 48 KRAM. This simuiation package is stored in
5 ]/4inch floppy disk. The user requires no simulation expertise on the part of designer.

Through a process of disk operation, the user can easily understand how to use this package.
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TEXT : CLEAR

DIN Di4,4),E1(10),FRE10),L(10) ,M(10),T(4,4) UNC4,4) ,X(2),Y
12), 144,11} ,6¢4,4)
11,10 = 0:1(2,1) = 0:2(4,1) = 1

HOME : VTAB 3: INVERSE
PRINT* ) ENTER
YTAB B

INPUT *ND. OF STATIONS .vevvevvnnanrens
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT
INPUT *ALLOWABLE ERROR RATID ..........
VTAB 20: INVERSE

PRINT *----) 1§ THIS CORRECT ? ¢ Y/K ) (----*;: BET 4§
NORMAL : PRINT

IF &8 = *Y* THEN GOTD 119
E0T0 103

HOME : VTAB 3: INVERSE
PRINT® I ENTER
PRINT : PRINT

PRINT : PRINT *{ LENGTH DF SPAN BETWEEN STATIONS L{I) 1°
PRINT *[ FLEXURAL STIFFNESS OF EACH SPAN EI(1))®

DATAE X ": NORMAL
I;N
*WAX, ND. OF ITERATIONS ......... ";NI

*INITIAL INCREMENT IN - *

* - FREGUENCY ESTIMATE .......... "M

"shL

batTa I *: NORMAL

124 PRINT "[ VALUES OF PODINT WASS M(D) ]*
125 NORMAL

126 PRINT : PRINT : FORI1 =2 TO N

127 PRINT * L { "I1* ) = *;: INPUT LUID)
128 NEXT 1f: PRINT

129 FORI1=2TON

130 PRINT * EI ( *I1" ) = ®;: INPUT EIUID)
131 NEXT Ii: PRINT

132 FOR 11 =2TON

133 PRINT * M ( "I1® } = *;: IRPUT M(ID)

134
135

136
137
138
139

140
14
142
143

KEXT Itz PRINT : PRINT

INVERSE : PRINT *--—-> IS THIS CORRECT ? ¢ Y/N » (-—-";: BET
A$

NORMAL : PRINT

IF A$ = *Y* THEN 6070 139

6070 119

HOME : VTAB S: HTAB 11: PRINT * #+# SOLUTION #°: PRINT : PRINT

FOR 10 =1 T0 4: FORJO=1T04
UN(10,30) = 0

NEXT 30,10

FORI0=1T04
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144 UN{IG,10) = |

145 NEXT 10

146 REM #stee I1.APPROXIMATE FREQUENCIES. ##sss
147 D¥ = D1

148 FORJ =2 TON

M9 IR=1IR+1

130 IF IR > NI THEN 6070 174
131 W =W+ DN

132 GOSUR 229

133 FORI=2T0N

134 60SUE 236

135 60SUE 308

136 NEXT 1

157 DT = D(3,3) & DA,4) - D{3,4) # D(4,3)

158 IF ABS (DT) < 0.001 THEN BOTD 170

159 56 = DT / ABS (DT)

160 K = INT (S6)

161 IF {ID + K) = 0 THEN GOTD 166

162 1D = K

163 DW = 1.6 & DN

164 WL = W

165 BOTC 149

166 IF {DW - DL) ¢ = 0 THEN EOTD 170

W7 10= -«

168 DN = (W - K1) / 3.2

169 6070 149

170 FRL) = W

17110 =0

172 04 = 2 5 I

173 NEXT J

174 PRINT *TOTAL ITERATIONS FOR APPROX.FRER =*;IR

175 REN s+ee GET MORE EXACT FREQUENCY BY INTERPOLATION,#ieés
t 3 R

176 FORJ = 2 TO N

177 X410 = FR(D) - DL

178 1(2) = FRWI) + DL

179 FORK =17T02

180 BOSUS 229

181 FORI1=2TON

182 GOSUB 240

183 GOSUR 308

184 NEXT ]

185 Y(K) = D(3,3) & D(A,4) - D(3,4) & D(4,3)

185 MEXT K

187 IF ABS (Y(2) - Y(1)) ¢ = 0 THEN GOTO 189

188 FALI) = (X(1) # YI2) - X(2) ¥ Y(1)) / (Y42 - ¥iD))

189 NEXT J

190 REM sess 1V.CALAULATE STATE VECTORS FOR EACH FREGUENCY,s
#E41

191 PRINT 1 PRINT

192 PRINT *STATE VECTORS FO STATIONS (1) TO (N)z-*

193 PRINT : PRINT * .

194 PRINT *[YI:DEFLECTION, V1,Y2,...YN"

195 PRINT *[P13:SLOPE, PI1,PI2,....PIN"

196 PRINT "[NI:MONENT, M1,M2,H3,....HN*

197 PRINT *[V1:SHEAR STRESS, Y1,....VN"

198 PRINT * '

199 PRINT : PRINT

200 FORJ=2TON

201 PRINT *3[ FREGUENCY *F@(J)* RAD/S. 1L *: PRINT
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TS

202 60SUB 229

203 FORI=2T0K

204 60SUB 284

205 G0SUB 30B: NEXT I

206 1(3,1) = - D{3,4) / D{3,3)

207 60SUB 229

208 FOR1=2T0ON

209 EOSUB 284

21¢ 60SUB 308

211 FORK=1T704

212 1K, 1 = 0

213 FORJK=1T0 4

4 KD = LK, D+ TKJIK) # 10K, 1)

215 NEXT JK: NEXT K: NEXT ]

216 FORKX =1T0 4

217 ON KX 6070 218,219,220,221

218 AA$ = "[Y] :*: 60TO0 222

219 ph$ = "[P1):®: BOTO 222

220 pA$ = "[A) :*: 60T 222

221 AAS$ = "[V] :*: BOTO 222

222 PRINT AA$;

223 FORIX=1TON

224 PRINT TAB( IX & 7); INT (Z{KX,IX} # 1000} / 1000;
225 NEXT IX: PRINT

226 NEXT KX: PRINT : PRINT

227 NEXT Y

228 END

229 REM wsess § SUBN wees

230 FORI1=1704

234 FORJIL=1T04

232 T{IL,31) = UNLIL,d1)

233 NEXT 34,11

234 RETURN

235 END

236 REM ssees § CAL seass

237 FORAl = 1 TO 4: FORBI =170 4

Z38 6UALLBI) =0

239 NEXT BI,Al

240 FORCI=1T703

41 6(CI,CI) = 1

242 NKEXT C1

143 6(1,2) = LD

284 6(1,3) = L(D) ~ 27 (2 ¢ EI(]))

245 6(1,4) = - 6(L,3) ¢ L() /3

2446 6(2,3) = L{I} 7 EI(D)
247 5(2,4) = - 6(1,3)
248 6(3,4) = - L{1)
249 Gid,1) = - WD) ¢ N~ 2
250 6(4,2) = G4,1) & L(1)
251 6(4,3) = 6(4,1) & 6({,3)
252 6(4,4) = { + G(1,4) & (4,1}

253 FORI2Z=1T0O4: FORJ2=1TD 4
254 D(12,02) = 0

255 FORK2=1T104

256 D(12,32) = D(12,J2) + 6(12,K2) ¥ T{K2,32)
257 NEIT K2,32,12

258 RETURN

25 END

260 REM  swvsss § CAL esss

21 FORAI =1 T0O4: FORBlI =170 4
262 G(AI,BI) = 0
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277 FOR12=17T04: FORJ2=17T04
278 D(12,32) = 0

279 FORK2=1T04

280 D(12,32) = D(12,32) + 6412,K2) + TiK2,d2)
281 NEXT K2,d2,12

282 RETURN

263 END

204 REN  wever § [AL eeess

265 FOR Al = 1 T0 4: FOR BI = 1 70 4
286 G(AI,BI) = 0

287 NEXT BI, Al

288 FORCI=1703

289 (CI,C) = 1

290 NEXT CI

291 §t1,2) = LD

292 611,31 = L) ~ 2/ {2 % ELLIN)

293 6(1,40 = - 641,30 ¢ 4D /3
294 6(2,3) = LD / END

295 62,41 = - 6(1,3)

2% B(3,4) = - LID)

297 {4, 1) = - M(I) & FRUD) * 2
298 6(4,2) = 614,1) ¢ LD

299 644,31 = 6{4,1) # §{1,3)

300 6(4,4) = 1 + B(1,4) & §(4,1)

301 FORI2=1T04: FORJ2=1T04
302 D{12,32) = 0

303 FORK2=1T04

304 DGI2,J2) = BU12,d2) + 6(12,K2) & T(K2,J2)
305 NEXT K2,02,12

306 RETURN

307 END

308 REN  #s68t § GUBN eses

309 FOR [1=1T04

310 FORJL =170 4

31 T = BILIN

312 NEXT 31,18

313 RETURK

314 END

]

52 2. CANTILEVE ] A# o

UNIFOEREM CANTILEUER EEAM
L WHICH HAS N+1 STATION ]

Station

o] 1 ] H-1 be |
M M bt M
3 t— =t t—
 L-H | { L-H
i T
3 L -

* CANTILEUE SYSTEM MODEL #*

2% A-1. CANTILEVE System Model
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®

X A-1

CANTILEVE 2] vlele}l 9J = 4

H ENTER PATA X
NO. OF STATIONS vivvevnennnenses §
MAX. NO. OF ITERATIONS ......... 200

INITIAL INCREMENT IN -
- FREQUENCY ESTINATE ....000uee

ALLONABLE ERROR RATID ..0.ueuus. 0,001
====) 1§ TKIS CORRECT 2 ( Y/K } (==~

I EXTER DATA X

[ LENGTH OF SPAN BETMEEN STATIONS L(]) 1
[ FLEXURAL STIFFNESS OF EACH SPAN EI(I))
[ VALUES OF POINT MASS W(D) )

L{2)=720.125
L(3)=20.25
L4} =2.25
Li5) =22
El(2)=7
E1(3)=7
El(4)=2
EI(5)=2%
H{2)=720.25
K(3) =225
Hid} =22
A(5) =225

===} IS THIS CORRECT ? ( YIN ) {-—--

66

¥ A-2 EA-19 " g &

# SOLUTION #+

TOTAL ITERATIONS FOR APPROX.FREQ =102

STATE VECTORS FO STATIONS (1) TO (N)s-

[Y1:DEFLECTION, Y1,Y2,...YN
[P13:SLOPE, PI1,PI2,....PIN
[N): NGHENT, M1,M2,M3,....MN
[V1:SHEAR STRESS, V1,....WN

10 FREQUENCY 3.5470918 RAD/S. 3{

Yl:0 SE-03 L0841 .099 167
P11: © 081,198 .258 .27%
(N} :.716 591 .345 .133 0
vi:1t 583 .85 .532 ¢

10 FREQUENCY 23.1824411 RAD/S, )

Yi: ¢ {E-03 SE-03 4E-03 -SE-03
P1l: 0 017 .01 -023 -.048
(M1 :.202 077 -3 -4 0
Vi1 B3 039 -.56 -1E-03

[ FREQUENCY 66.3158108 RAD/S. 1(

1z 0 1E-03 -26-03 0
PI1: 0 6E-03 -7E-03 -4E-03 ,011
(M3 : 116 -9E-03 -.097 .12 ¢
w1 354 -.B4B .48 -1E-03
J[ FREQUENCY 140.980398 RAD/S. )

Yi: o 0 ~1E-03 0 -1E-03
[P13: 0 1E-03 -2E-03 ¢ -1E-03
¥ : .075 -.05 026 -.012 ¢
Wi:1 =307 .151 ~-.045 ¢
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E A-3 DFVIMPEDN dlele} ¢]&q)
W DATA INPUT X
DANPING FACTOR {1)0) = %),1
STARTING FREQUENCY RATIO (RI=0} = 20
ENDING FREQUENCY RATIO (RX(=3} = 73

FREQUENCY RATID INCRESEMENT(QT(=0.1) = 20,1
-===) 18 TRIS CORRECT 2 ¢ YIK ) (~—

E A-4 X A-32 g B3
DFVIMPEDN 2] &#

& SOLUTION ##

FREG. RATID ANPL.RATIO PHASE ANG(DEG) WAKT GRAPIC 7 <Y/ )
L aR 3
0 1 0 A
A 1.00989495  1,15733752 a
2 LOKT&%2  2.3859532 / \
3 10952023 3.77229813
4 118511366 5.44035297 +3
S5 L3206372  7.5946726 / \
6 LSISTITIY 106196962 s
. 1.89083559  15.3501956 / \
8 253836542 23.9625812 O
9 3.82080351  43.4520097 N
1 5 89,9996543 S~
1.1 326797974 133.667602
1.2 1995272 151.38943 8 +1 +2 *3 L R 2
1.3 1.35618936  159.35293 AMPLITUDE RATIO [ AR 31 - UERSUS -~
1.4 .999999995  §£3.739733 FREQUENCY RATIO [ R 3
L5 77790984 166.504215
1.6 .627950446  168.40778 c PH 1 —
1.7 .520741521  189.80186 P
1B 440772486  170.849789 ice .7
1.9 379144364 171,716258 1z@
2 .330409299  172.405327 !
2.1 291055761 172.978319 Qe
2.2 J2SBT23768  173.46334
2.3 (2377165 173.879757 s /{
24 20902393 174.241718 .
2.5 .1B9618185 (74559447 = [~
26 .A72907934  174.BA14Z8 o v = 5 TR 3
2.7 .1SB399855  175.093138 E ANGLE C PH 1 - CERSUS
28 45711301 175.319538 PHAS - S -
2.9 .I34541256  175.524418 FREQUENCY RATIC [ R 3
3 124649914 175.71083 ,
30 .115844062 175881245 Y A-42] Graphic 4§ o
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X A-5 =273 MULTMODAL dlelel 1= o

L DATA 1KPUT ]

NUMBER OF DEGREE OF FREEDOM((=J)...3

NUMBER OF TIME STEP ( <= 100 } ...20

ALLONABLE ERROR FOR EIBENVECTORS..0.001 IRPUT DATA [ BIL 3,0 BAIL 1, COLT

NODAL DAMPING RATID (GAMMA).......
GAMMA (1)=0.05
6ANNR (2)=0.03
GAMNA (3)=0.05

=) TYPE OF INDICATOR{-~-—— -

[ (1) 1 : MASS VECTOR
[ B(I} 1 : INITIAL DISPLACEMENT

H TY
£ INPUT MATRIX IS STIFF.OR FLEX.] [ C(D) 3= INITIAL VELOCT

{0:STIFFNESS, 1:FLEXIBILITY)......0

H(1)=9

I EXCITATION FORCING FUNCTION 1 Hi{2)=7
1 : STEP FUNCTION Ki3)=0
2 : RAMP FUNCTION ’
3 : ARBITARLY FUNCTION Bt1)=2%
Bi(2)=7%

TYPE {,2,3-—) B(3)=7
—-=} 1S THIS CORRECT 2 { YIN [ (—=— Ci(t)=7
Li2)=2

C(3)=%

\ ENTER THE DATA OF STIFFINESS OR
FLEXIBILITY MATRIX : M13[ \

====) IS THIS CORRECT ? ( Y/H ) {(----

RUL,1) =22 INPUT DATA : STEP FORCING FUNCTION
AC1,2) =21
AC1,3) =%
[ P(I) 3 : VECTOR OF LOAD FACTOR

2,10 =2 [DT) : TINE INCRESEMENT
A(22) =72 [ FO ) : FORCE MAGNITUDE
A(2,3) =%

TP ] vveenensdd
A(3,4)=2% [P ] vevennennd
AE3,2) =21 TP ] wveennennnd
AC3,3) =7 [DT]  vvvenennsd

TF0T  vvvvenennnd
====) IS THIS CORRECT ? ¢ Y/N ) (-—- ===} 18 THIS CORRECT ? { Y/R (-~
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X A-6 X A-52] il HE MULTMODAL A& o

RESPONSE IN ORIGINAL CODRDINATES (PRINTED COLUMN-WISE)

MULTMODAL: DYNAMIC RESPONSE OF FIRST THREE MODE OF DAMPED TINE
MULTI-DEBREE SYSTEM TO PIECEWISE-CONSTANT FORCING FUNCTION

| 12 3

1 3.045B491BE-03 .0425409327 449311548
THREE EIGENVALUES AND VECTORS BY ITERATION

2 0753878392  .450470856 1.4233209

3 ™051256 1.36132644 2,41768225
[ MODE 1. ]

4 1.19426633 2,37027383 3.340885616
EIGENVALUE ............ 5.05095542

ANBULAR FREQUENCY...... 444952071 5  1.B5733253 3.16343263 4,24438319
NUMBER OF ITERATIONS... 4

6 2.01475666 3.69304241 5.02031155

7 1.8798048% 3.0861289 3.43155943
[ WODE 2. ) B 1.B1076519 3.64939377 3. 27435373
EIBENVALUE ...ovuvvuune 644060711 9 1.7408B3%9 3.22671759 4.54876717
ANBULAR FREQUENCY...... 1.24405323
NUMBER OF ITERATIONS... 10 10 1.44056461 2,63674832 3.56268994
11 .93326203 1.83185093 2,66920145
12 .422546238 1.02711138 1.94871485
[ MDDE 3, 1

13 .113041699 3254621 1.34874427
EIGENVALLE ............ .308802905
ANGBULAR FREQUENCY...... 1.79953091 14 104453843 4235382396 « 984248905
NUNBER OF ITERATIONS... 2

15 .283211379 392920148 1.05793954
16 457540443 9085600462 1.99311428
[ HGDAL MATRIX 1 17 .643897282 1.46470893 2.40264212
18 .984702094 2.1121408 3. 24076933

445145019 -1.24808935  1.78410357

802017655  -,55264864 -2.2383115 19 1.4243953¢ 2.73106063 3.92920209
{ 1 |

20 1.73232512 3.20731764 4.40‘34714
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-4

-6

i st 8% we ®® we ma Bs s W e e B e ea ew ma se en .-
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2

0 TIME RESPONSE OF MODE 2 1[
-2

) S8 @m 6w em Sn eu @8 B4 Ue WS Bm d& sm B 8 N8 SR 68 an  ww

§ GCALE FACTOR (—-- 0.3

19 ¢
20

%

fwEle] Graphic
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