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Project Title: A Software Package on Apple Il Ceamputer for Learning the " Mechanical / Marine
Engineering Vibration Problems".

Name of Investigator: Associate Professor Dr. Ittiphol Pan-ngum.

Year: May 1994.

ABSTRACT

This Software Package on Apple Il Computer for Learning the " Mechanical / Marine
Engineering Vibration Problems" employed Apple BASIC language as major language for
writting the Software. The basic of the Software was planned upon writting graphic programs
which would provide a permanent platform on Apple high-resolution graphic-pages for
presenting two-dimensional outputs of functions and equations encountered in mechanical and
marine vibrations as well as outputs of the calculated functions. The Software is inter-active for
general users; requiring minimum computer knowledge; to input the function to be studied.
Program structures, flow-diagrams and print-outs were presented in details with full
explanations regarding the purposes and the functions of individual parts of the program so
that future modifications to accommodate the requirement of the user can be met. Examples
on vibrations were given and their results discussed in such way that an electronic-version of
text-book on the subject could be envisaged for the future. A Master Program was also written
so as to render the Software menu-driven.

The Software Package on Apple Il Computer for Learning the " Mechanical / Marine
Engineering Vibration Problems" was tested and employed in teaching fourth-year students for
a few years with reasonably satisfactory results. Since 1890, however, the obsolescense of
this version of computer at the Faculty of Engineering, Chulalongkorn University was eminent
and the memory of only 64 KB was found to inadequate for more involved problems. Initiative
was taken to seek for more suitable platform for teaching purpose. It was discovered that a
software MathCAD 2.5 run on IBM PC could do a better job in mixing text, equations as well
as outputting results in tabulated and graphic forms. Experiment was thus done in writting a
better teaching package, instructive as much as inter-active. Higher version of MathCAD, run

under MicroSoft Windows were subsequently employed and found to be satisfactory.
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2.2.2 1IPN02030887 (Vibration Isclation Under

FRESEEEEEE INSTRUCTION $dkksdihsd

This program plots the amplituds
vespotnse of a machine vibrating under
the influsnce of an harmonic unblanced
force of constant amplituods (P,
The verbtical reprasents the ratioc of
Ehe displacement amplitudes o the stat-
i displacsment under force F. The hor-
izontal represents bthe fregquency ratio
/Ly,

You ars requested o input the val -
vwes of damping facktor (ZE).,
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b e
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X _
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¥ OX3
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2,2.3 1IPNO3030887 (Vibration Isolation Under

ic Mass)
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the influsnce of a rokaking unbalancs
of the quantity mie, where m is the so-
centric mass and e the eccentricity.
The vertical represents the ratio of
(MEX Atmkad . The horizontal represents
the fregquency vabtic (W/RD.
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of damping factor (ZEI1.
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2.2.5 1IPN05030887 (Transmissibility)

Chvickdsedadnk INSTRUCTION iy
This program plots fthe transmi
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2.2.7 IPN07030887 (Dynamic Vibration Absorber)
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10 TEXT : HOME

20 VTAR 2:A% = "MECHANICAL ENGIN
EERINIZ DEFARTMENT": GOSUB 15
0

320 VTAB 4:A% = "CHULALONGKORN UN
IVERSITY": [OSUR 150

40  VTAER 6:A% = "PROGRAM IN AFFLE
SOFT BASIC": [0OSUR 150

50 VTAR 8: FLASH :A% = "RESONANC
E DIAGRAM": GOSUBR 150

60 VTAB 10:A$ = "OF A DYNAMIC AR

SORBER SYSTEM": G0SUB 150: NORMAL

70 VTAB 12:A% "PROGRAM BY": GOSUB
150

80 VTAB 14:A$ "DR. ITTIPHOL PAN
~NGBUM": B0SUBR 150

90 VTAB 16:A% = "APRIL 15, 1997"
: GOSUB 150

100 VTAR 22: FLASH :A% = "PRESS
ANY KEY TO BEGIN": GOSUB 150
: BET KL$: NORMAL

110 G(OTO 2000

150 REM CENTER STRING A%

160 B = INT (20 - ¢ LEN (A%) / 2
3): IF B = £ 0 THEN R = 1

170 HTAB B: PRINT A%$: RETURN

1B0 VTAE 22: INVERSE : PRINT *

PRESS ANY KEY TO BEGIN®: 3ET

KL$: NORMAL

2000 HOME : REM INPUT MASS RATI
0 AND NATURAL F PRATID

2010 ONERR #0OTO 30000

2020 INPUT “M2/MI = “:UM: PRINT

2030 INPUT "W11l/W22 ";WM: PRINT

2040 REM INPUT OPTIONS
2050 PRINT

2060 PRINT " IF YOU WANT TO KNO
W Xi/Xst PRESS 1 "
B 2070 PRINT " IF YOU WANT TO KNOD
i W X2/Xst PRESS 2 i
o 2080 INPUT " WHAT CHOICE DO
B YOU WANT s B

% 2090 IF D > 2 THEN 2080

: 2100  PRINT

{ 2110 TINPUT "STARTING FREQUENCY
-

= ";A: PRINT
- 2120 INPUT "ENDING  FREAUENCY
g = ";B: PRINT

2120 PRINT "WANT TG DIVIDE RY 40
INTERVALS PRESS Y

2140 POKE 26,19: RET DN$

2150 IF D$ = "Y" THEN 2190

2160 PRINT




2170
2180
2190
2200
2210
2220
2230
3000
3010
3020
2030
3040
3050
3060
3070
3080

3090

2100

3110
3120

3130

3140
3150

3160
3170

2180
2190

3200
3300

33210
3320
4000
4010

4020

4030

INPUT " WHAT INTERVAL D
0 YOU WANT ;e

GOTO 2200
C= (- A / 40

PRINT

PRINT " IF YOU WANT TO PLO

T GRAPH PRESS (Y)

POKE 36,19: GET C$
IF C$ = “Y* THEN 10000

HOME

REM MAIN PROGRAM FOR CALC
ULATIONS

REM SUB2180 AND 3200 TO DI

SPLAY TITLES OF OUTPUT

ON D GOSUB 32180,33200

FOKE 324,3: POKE 35,27

REM CALCULATION PROCESS AN
D DISPLAYING OUTPUTS
S8C=A/C:EC =B/ C

FOR W = SC TO EC
K =UM % WM ¥ WM=2J =W ¥ C %
WM
XF = (1 - WYL XWXC /
CEY 4 e ge SRR ol Nk
C¥W#®C) - KN

X8 = (1 £ £y K-8k Y ok
(1 - W¥CXWXLY =K

IF D = 2 THEN 2130

YM = INT (XF ¥ 10000) / 100
O0: B0TO 3i40

YM = INT (XS5 ®* 10000) / 100
00

POKE 36,5: PRINT W ¥ C;
POKE 36,20: PRINT YM: PRINT

NEXT W
POKE 34,0: POKE 35,24: (0TO
12450

POKE 36,5: POKE 37,1: PRINT
“Wil/W22";

POKE 36,20: POKE 37,1: PRINT
"X1/Xst"

FRINT : RETUPN

POKE 2€,5: PAKE 37,1: PRINT
W11 /W22Y;

POKF 3€,20: POKE 37,1: PRINT
"X2/Xst"

PRINT : RETURN

ON D ROTO 4030, 4060

PEM SUR FOP AMPLITUDE CALC
ULATIONS

REM OUTPUTS WILL BE USED F
OR GRAPH

Y = (¢1 - X %X XY / ((1 + K -
X ¥ X ¥ WM % WM) % (1 — X %
X



4040 DY$E = "¥X1/XETk"

4050 RETURM

4060 ¥ = (1 / i + K — X ¥ X ¥ W
Mk WM ¥ €1 - X ¥ X) — ¥))

4070 DY$ = "HXTD/YGTHY

4080 RETURN

10000 HOME :21 = 10:MN = A:MX =
B:l = UM ¥ WM ¥ WM:

10010 REM ENTRY POINT OF PROGRA
M FOR GRAPH

10020 FEM N IS THE SIGNIFTCANT
FIGURE TO BF DISFLAYED NN TH
E AXES

10030 FREM TI SHOULD BE AN TNTEG
ER NOT MORE THAN 2

10040 PK = PEEK 716384): PRINT "

PK = ";PK
10050 REM DRAW Y AND X AXES
10060 INPUT "N = “;NI: 5OTO

10080
10070 INPUT “RANGE = ";MN,MX
10080 INPUT "TOP AND BOTTOM VALU

ES"; TV, BV

10090 TEXT : HOME :M1 = MN

10100 REM SET UP HGS2

10110 HGR2 : HCOLOR= 7: ROT= 48:
SCALE= 1

10120 HPLOT 40,180 TO 40,20:A% =
"XteX = 40:Y = 22: GOSUR 111
00: ROT= 0O

10130 HPLOT 40,180 TO 260, 180:X
258:Y = 180: [OSUR 11100

10140 REM LAYOUT HORIZONTAL GRI
DS

10150 FOR I = 160 TO 40 STEP -
20

10160 HPLOT 28,1 TO 40,1

10170 FOR J = 40 TO 240 STEP 2

10180 HPLOT J,I

10190 NEXT J: NEXT I

10200 REM LAYDOUT VERTICAL GRIDS

10210 FOR I = €0 TO 240 STEP 20

10220 HPLOT I,1B0 TO I,182

10230 FOR J = 180 TO 40 STEP -
>

10240 HPLOT I,J

10250 NEXT J: NEXT I

10260 GOSUB 10200: (0OSUB 10710

10270 GOSUR 10510: GOTO 12000

10280 GET KO%: GOTO 10000

1023930 PREM SUR TO CALCULATE Y AN
D CONTROL VALUES WITHIN BOUN
D

10300 ¥YX = - 1EE:¥N = 1E6:Y0 = 1
EE

il



10310 XE MX - MN
10320 XA XE /7 200
10230 FOR I = © TO 200
10240 X = 1 % XA + MN
1035¢ [(OSUR 4000

10360 IF Y > TV THEN Y = TV
10370 IF Y # BV THEN Y =

o

10280 IF Y > ¥YX THEN YX = Y
10390 IF Y < YN THEN YN = VY
10400 NEXT

L

10410 YE = YX — YN
10420 YA = YE / 140
10430 CO = YX / YA + 40

10440 IF YE < YX THEN RETURN
10450 IF YE < ABS (YN) THEN RETURN

10460 HPLOT 40,C0 TO 240,C0
10470 RETURN

10500 REM SUB PLOT GRAPH
10510 HPLOT 40,180

10520 PY(2) =1

10520 FOR I = O TO 200
10540 X = I % XA + MN

10550 GOSUR 4000

10560 IF Y > TV THEN Y = TV
10570 IF Y < BV THEN Y = BV
10580 PX = I + 40

10590 PY = CO - Y / YA

10600 IF Y < 0O THEN Al% = "N"
10610 IF Y » = 0 THEN Al$s = "P"
10620 IF YR < O THEN AZ$ = “NY
10630 IF YR > = 0 THEN AZ2$¢ = "P

10640 IF Al$ < > AR% THEN 10680

10850 HPLOT TO PX,PY

10660 YR = Y

10670 NEXT I: RETURN

10680 HPLOT PX,PY:YR = Y: NEXT I

10690 RETURN

10700 REM SUB TO LAYDOWN TEXT
IMAGES ON AXES

10710 PI = 0:1IX = 1:1Y = O

10720 FOR I = 35 TO 235 STEF 40

10720 ¥ = 188:X = I:RI = 1: IF XE
< 0.5 THEN BI = 10

10740 IF XE < 0.05 THEN BRI = 100

10750 IF XE 4 0.005 THEN RI = 10

00
10760 A% = STR$ ¢ INT ((MN + PT ¥
40 ¥ XAY ¥ 10 % BIY / 1O
10770  IF INT ¢ VAL (As$)Y) = VAL

(A%) THEN X = T + 5



10780 GOSUB 11010

10790 PI = PT + 1: NEXT I

10800 A% = "X ¥ " + GSTR% rBI>X:IX
= 1:IY = Q:X = 208B:¥ = {73:
GOSUB 11010

10810 PI = 0:IX = t:1Y =0

10820 FOR Y = 180 TO 40 STEP -

20
10B30 X = 5:CI = 1: IF XE < 0.3 THEN
c1 = 10

10840 IF YE < .08 THEN C1 = 100
10850 IF YE < .005 THEN CI = 100

0

10860 A$ = STR$ ( INT C(C(YN + PI ¥
20 ¥ YA) ¥ CI ¥ 10 ~ NI} /7 1
0 ~ NI

10870 G(OSURB 11010

10880 PI = PI + 12 NEXT VY

10890 A = "Y ¥ " + GTR$ (CI):1X
= 1:1IY = 0:X = 2B:Y = 10

10900 30SUB 11010: RETURN

11000 REM SUBR TD CONVERT TEXT
IMAGES TO HGR

11010 REM ——PRINT VALUE ON HGRZ

11020 FROT= O: SCALE= 1= L TEY 1 2
¢ 1 THEN IY = O

11030 IF IX > < 1 THEN IX = 0O

11100 NU = LEN (A$>: FOR ID = 1 TO
NU '

11110 B$ = MID$ (A$,ID,1):AC = ASC
(R$) - 31

11120 X1 = X + 6 % (ID - 1) ¥ IX:
Yi =Y + 9 % (ID - 1) ¥ IY

11130 DRAW AC AT X1,Y1i: NEXT : RETURN

11200 REM SUB TO ERASE TEXT AND

GRAPH FRDM SCREEN
11210 NU = LEN (A$): FOR ID = | T0

NU
{1220 B$ = MID$ (A%,ID,1):AC = ASC
(p$Y - 31t

11230 X1 = ¥XC + 6 % (ID - 1) ¥ IX
Yl = Y + 9 % (ID - 1) ¥ TY

11240 XDRAW AC AT X1,Y1i: NEXT = FETURN

12000 A$ = "WANT TO CHANGE INTERY
Al. PRESS Y":IX = 1:1Y = O:X =
70:Y = 8: BOSUR 11100

12010 A$ = "WANT TO SAVE THIS GRA

PH PRESS K":IX = t:1Y = 0:X
70:Y¥ = 20: GOSUBR 11100
12020 A$ = "WANT TO STOP FRESS E"

+IX = 0:IY = 1:X = 267:Y = 8
: BOSUR 11010

12030 GET KO%$: PRINT
12040 IF KO% "y THEN 12110

12050 IF KO$ k" THEN 14000

o



12060 IF KO$ = "E" THEN 12450

12070 GOTO 12030

12080 REM SET UUP LIVE CURSIES F
OR INTERVAL CHANGES

12090 A% = "H"eIX = 1:IY = D24 =
42:¥Y = 36: GOSUR 11100: RFTIHREM

12100 A$ = "M IX = 1:1Y = Or¥ =
240:Y = 36: GOSUR 11100 2PFTLREN

12110 HCOLOR= 0: FOR J =5 7O 24
: HPLOT €5, TO 255,J: NEXT

J

12120 HCOLOR= 7

12120 A$ = "WANT TO TCHANGE MINTMU
M (Y/N) "X = 1:21Y = Oz ¥ =
70:¥ = B8: GOSUR 11100

12140 A% = ">": GET KO%

12150 IF KO$ = "N" THEN 12230
12160 GOSUR 12030:X = 42:¥Y = 36
12170 GET KO%

12180 IF KO$ = "P" THEN 12330
12190 IF KO%$ = "L" THEN GOSUR 1

2010

12200 IF 0% = "J" THEN GOSUR f{
2040

12210 IF KO% = "E" THEN 12450

12220 GOTO 12170

12230 A% = "WANT TO CHANGE MAXIMU
M C(Y/N) ":IX = 1:1IY = O:X =

70:¥ = 20: GOSUR 11100
12240 GET KO$
12250 IF KO% = "N" THEN 12370
12260 GOSUB 12100:X = 240:¥Y = 36

12270 GET KO$
12280 IF KO$
12290 IF KO$
3010
12300 IF KOD$
3040
12210 IF KO% = "E" THEN 12450
12320 GOTO 12270
12330 HPLOT X + 3,40 TO X + 2,18
)
12240 MN = M1 + (X - 37) ¥ XA: GOTO
12230
12350 HPLOT X - 3,40 TO X - 3,18
0
12360 MX = M1 + (X — 42) % XA
12370 HCOLOR= O: FOR J = 5 TO 24
: HPLOT 65,J TO 255,J: NEXT

“pP* THEN 12350
"L" THEN GOSUB 1

hon

*J* THEN GOSUR 1

J

12380 HCOILLOR= 7

12330 A% = "ARE YOU SURE (Y/N)":1I
¥ = 1:1Y = 0:zX = 100:¥Y = 14:

BOSLUB 11100




12400 GET KDO%: [F ¥N$ = "N" THEN
12430

12410 IF KO$ = "Y" THEN 100930

12420 GOTO 12400

12430 HCOLOR= 0: FOR J = 5 7O 24
: HPLOT 65,3 TO 2355,J: NEXT
J: HCOLOR= 7: GBOTOD 12000

12440 PREM COMMOM BRANCH FOF END
ING

12450 TEXT : HOME

12460 HTAR 13: VTAR 19: PRINT "E
ND OF THE PROGRAM"

12470 HTAB 5: VTARBR 23: PRINT "lA
NT TO RETURN PROGRAM PRESS R
w

12480 GET KO%: IF KO% = "R" THEN
2000

12450 END

12500 IF KO$%

12510 IF KOs

12520 RETURN

12000 PREM SUR FOR MOVING CURSOR
S ON HGRZ2

123010 X = X + 1: GOSUB 11100

13020 XC = X — 1: G0OSUR 11210

13030 RETURN

13040 X = X — 1: GOSUB 11100

132050 XC = X + {: GOSUR ti2i0

12060 RETURN

14000 REM SAVE HGR2 FROM MEMLOC
$4000 OF LT.$2000 BYTES NN
DISKE

14010 REM ERASE TEXT ON HGR2

14020 HCOLOR= 0O: FOR J = 5 T0O 24
s HPLOT 65, TO 2535,F: NEXT
J

14030 FOR J = 261 TO 279: HPLOT
J,5 TO J,182: NEXT J: HCOLOR=
-

14040 REM WRITE TEXT ON HGR2

14050 UME = STR$ (UMI:WMS = STR$

"L THEM 13010
*J*" THEN 13040

CWMD

14060 A = " " o4+ DY$:IX =
1:1IY = 0D:X = 70:¥ = 8: 1530SUB
11100

14070 At = "WI1/W22 = " + WME + "

, M2/M1 = " + UM$:IX = 1:T1Y
= 0:X = 70:Y = 20: ROSUR 11
100

14080 REM SAVE ON DISK

14090 XI = XI + 1

14100 XI$ = STR$ (XT)

14110 FRINT ©CHR$ (4); "BSAVE PIC
TURE"; XT%; ", A$4000, L $2000"



14120 A¢ = "PRESS E TO END":IX =
0:1Y = 1:X = 267:Y¥ = B: GOSHUERE

11100

14130 GOTO 12060

30000 PREM ERROR HANDLING ROUTIN
E

30010 TEXT : HOME

30020 EN = FPEEK 222): REM GET
ERROR NUMBER

30030 EL = PEEK (219) % 256 + PEEK
€218>: REM EPRROR LINE

30040 GOTO 2000
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I 1 REM FROGRAM %t MASTER &%
I 5. FEEM IFNQLI2S0187
L 10 TEXT : HOME
N NDE = THE$ (4
a0 VTAR Z:A% = "CHULALDMEEDEN UNTVERSITY": R0SUBR 800
A0 UTAR S:A® "GRAFHING FOR AFFLE TI": E0SUR BOO
[ 50 UTAR D:As "CHURVE FLOTTING FOR": GEOSUR 800
i RO VTAR 11:A% = "MECHANITAL VIBRATION FROBLEMS": GOSUR 800
.70 VTAR 14:At "REY": S0SUR 800

B0 VTAER 18:A% = "DRE. ITTIFHOL PAN-NGUM": EOSUR 800

200 HM = PEEEK (116) % 256 + FEEK (115

210 HM = HM - 76B '

220 FRINT D%; "BLDAD SHAFES,A";HM

230 MHIMEM: HM - |

240 3 4096:C2 = 256
B 250 €A 16
. 2RO D3 INT (HM / C3):RE
270 02 INT (FRE / CT2):RE
7280 0t INT (RE / ©C1):RE
290 00 FE
300 HD 03 % 16 + D2:1.D = 01 % 16 + DO

210 FOKE 232,L.D: POKE 233,HD

320  HOME DIM P$C3)

330 PECL) YIPNOLOZ0887"

340 FH(2) "IRNOROZ08RT7"

350 F$03) "IFNO3030887"

3RO PB4 "IFNO4D308R7 "

370 PES) "IFNOSO30887"

A0 BHI6) "IPNOROZOBHET"

230 PE(7) "IPNO7OZ0RATY

4ann FH(B) "IPNOROZ0NBR7"

410 FE I "PRINT-RIFILE"

0 PR "EXTIT FROM PROGEAM"

430 VTAB INVERSE :A% = "MENU FOR SRAFHIC FRDOGRAMS": GOSUB B0O0: NORMAL

o

I

HM - 03 %
BE D2 %
RE = 0L %

aowounn

wun

C3
c2
ci

T

Lol | | B | A 1|

440 YUTAR 3: FRINT "1)Free Vibration"
450 VTAR S: FRINT "?)Isclation Under Force PY
A0 VTAR 7: FRINT "2)isnlabtion Under Eccentric Mass"”
470 VTAR 9: FRINT "4)Vibrating Foundation”
AR VUTAR (1: FRINT "S)Transmissibility"
420 VTAR 132: PRINT "&)Isolation Under Force P With Numerical Outputs”
500 YTAR 15: FRINT "7)Dynamic Vibratieon Abscorbar”
10 VTAR 17: FRINT "8)Flot General Function®
G20 UTARBR {3: FRINT "31Print Hard Gopies”
30 VTAR 21: FRINMNT "0O)Fxit From Frogram'
. TM0 VTAR 23: INVERGBE :A% = "FRESS THE NUMERIC KEY OF YOUR CHOICE": S0SUR

i BOD: NOREMAL
- 550 GET K%
SE0 IF VAL (E&Y = O THEN E0TO 600
570 VTAR Z4: FLASH :A% = "LOADINS FROGRAM FROM DISK": GOSUB 80031 NORMAL

580 FPRINT CHR$ ¢4);"RUN";P$( VAL (K$))

00 END

B FEM CENTEE STRING A

B10 B = INT (20 - ¢ ILEN (A%Y / 2)): IF B = < 0 THEN B = |
. B20 HTAB B: FRINT A%: RETURN
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CHAPTER 1

INTRODUCTION TO PROGRAMMING

ART.1.1 CIRCULAR AND PERIODIC FUNCTIONS

To demonstrate the use of subscripted-range variables and user-defined function with
range-variables; derivatives of the user-defined function.

To study the nature of a simple harmonic wave. Define and assign values of the fallowing
quantities:-

vy =5 ..displacement amplitude
=10 ..angular velocity.

¢ =02 ..phase angle

To sketch one complete cycle of the wave, let  N'=50 and i=o.N then
4 :(2g}lN ...elaspe time in seconds.
y; ‘=Y-sin (m‘ti+¢) ...an harmonic function to be iterated.
5
/ \ y and t are subscripted variables.
Yi o \ //
& 0 05
|
I
FIG. 1.1

Alternatively, instead of using subscripted variable, a user-defined function, y(f), can be used.
The function is then iterated by using range-variables for the argument, t, of the function.

Let t':o.u,oz..zvg and  y(t) =Y.sin(ot+d)

5 < :
/ \ user's defined function.
AR \ 7
_5 M /

FIG.1.2

To find the velocity and the acceleration of the displacement function , y(1); the function are
differentiated twice. It is, however, more convenient to define functions to represent both of these

quantities: i.e. let

y1(t) Zzg—ty(l) _.the first-derivative of y(t),

y2(t) =:—tv1(t) ...the second-derivative of y(t).



498,082

| y()
i’ ¥}
y2(t)

-489.787
0

t T

— yi(t):displacements
"""" v1{t):velocities
s y2(h):accelerations

FIG. 1.3

VECTOR OPERATIONS.

,- The software MathCAD can perform iterative-calculation on vectors faster than to do them
element-wise with a range variable. It is important to bear in mind that seeded iteration cannot be done
L in this case.

[' Before attempting to use vector aperations for iteration, observe the followings:-

- All the subscripts in the calculation are the same;

i - If some arithmetic is involved in calculating the subscript then the operation may not work;
- If the range variable appear anywhere in the equation. otherthan the subscript,don't use the
i operation: e.g.

i 6=0.1i
! Returning to the above example,
tizzz-g-% X =5 x =X (SO 8))
]
3 <
|
o)
-'_". Xi 0 " ){(
, \ y
'T] P /
0 0.2 0.4 05 08

|

FIG. 1.4

To plot the relations between x and t, subscripted variables will have to be used as shown .




ART. 1.2 NUMERICAL APPROXIMATION OF A SINE WAVE

The numerical approximation of a sine wave: Consider a sine wave for a range of one half the period.

Let 9.=0,01.x%

- 3 5
Sine function is defined by an infinite series: sin(8)=0 — % A,-es ,,,,,,,,,

2 44
(the cosine function is defined by an infinite series: cos{B)=1—%+%—- ......... )

Three approximations will be made for the sine wave from the expression above; let

_ e . 8% g°
f1(8) =8 2(0) =0 5 F3(6) =6 - o +o-

The the percentage differences between the sine wave and the three approximations are given by:-

11(9) ~sin(B) _2(0) —sin(9) __P(0) - sin(8)
A1%(0) —W-mo A2%(0) T(9)_100 A3%(9) _m__._.wo
3.1 10
| ot
S0) 4 08 :
1(8) e, o ==
1(8) | \\\ L 3
. 13(9) —0.21 \\
. \ =10
5 0 22,5 45 67.5 90
A
-1.865 A
0 45 90 135 180 — delta1%
8. 7 T Uit A T - delta2%
_ deg -=  delta3%
- sine
-
=% 12
T trace 4 FIG.1.8
FIG. 1.5 3
1.5
0 % S s i
FIG.1.7
-1.5
-
0 2.5 5 75 10
— delta1%
"""" delta2%
-— deltad%

. To find the angle where a given value of error is specified; use MathCABnd function.

For example find an angle where the percentage error of 3% occurs,

Guess value p =1

Given [A1%(8)|=3 9 - =Find(8) 8 =24.06'deg
Given [A2%(0)|=3 0 =Find{8) B =74.03 *deg
Given 1A3%(B)|=3 0 ‘=Find(8) B = 116.45deg

" The series defining the sine and the cosine functions were discovered by Newton in the 17th century.
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ART.1.3 SIMPLE PENDULUM

A simple pendulum” of mass m' kg suspended from a light-rod of length L = 1m will have angular
displacement, velocity and acceleration determine by numerical analysis (lterative method), using the
Euler Algorithm. The Euler Algorithm assumes the rate of change of a certain quantity ( for example
the angular velocity ) is constant over an interval (of time & t seconds ) and evaluates the rate of
change of the quantity at the beginning of the intervallo initiate an iterative process for the
determination of these quantities at the next successive instances, the equations of relations are
written into an equation block.

L:=1 ... length of the pendulum, m

g-=3.31

a

2

sec

The instantaneous angular acceleration, a function of the angular position or displacement, of the
mass is

ace(0) :=- (J) sin(®) [1]
[1] becomes a User-defined function.

For small amplitude where sine @ ) is approximately 6,i.e. 0 < 5 degrees, the motion is
simple harmonic with constant period. [1] can be written as:

acc(8) '=- (%).9.

Period ™ of small vibration, t :2-1':‘/\/% ©=2.01 seca 2]

ART.1.3.1 SIMPLE PENDULUM: small amplitude
A SIMPLE PENDULUM WITH SMALL AMPLITUDE.

Initial conditions let the pendulum be released from an initial angular position 1 degree, the angular

¢ speed will
90':1-‘_;‘5 ... Initial displacement in degrees from the equilibrium position
wg =0 ... initial angular velocity which is zero upon release [3]
agFace®g) ... angular acceleration , a function of & .

Iterative Procedure

Let the problem be iterated for N intervals of t seconds

N =180 i=0.N 5t:=0.015 t=igt N&t=27
) (TR acc{Gi-'-mi-él)
The Euler Algorithm 01 1| =]y + ace(®; 40y 3t) B 4]
statements:-
e 0 1 0 +w; Bt
Quantities at Quantities at
instant i+1 th instantith

" Galileo Galilei { 1564- 1642 ) was the first to abserved the pendulum motion and concluded that the peried of oscillation

s constant, independent of the mass, and depends only on the length of the pendulum { Dialogues Conceming Two New
3 Sciences, 1638).

" The period of small vibration of a simple pendulum depends anly on the length of the pendulum and the iocal gravity.
The initial amplitude given te motion has no influence upon the period; this inherent property is call isochronism |, esentially

means keeping constant time, and were also known to the Chinese.



Note: The first iterative statement, i.e. the first row of (4], provides the instantaneous angular
acceleration atinstant (n+1) in terms of its value at the instant n; the angular velocity g is

assumed constant over the interval . Since acc’s are known from [1], it is thus employed in determing'

other quantities.
0.2 02
g p 0.1
7N il i
f3 \
0; o 4 p / o
il ] T J 0.1 - '1
¥ =/ S f'l ’ 1
|. 0 - ;. “‘-—:qj_c._.-"' % i = o 'l!l,\
o l:," - l\ f - /ll |
= =01 | . 4 % 0 —
f‘r \\ !’Ir - K ]H /
r “ VN
0.2 P \1
0 1.5 3 ek \
Y ] [
— displacement, deg 3 \
== speed rad/isec Lo A
-— acceleration,rad/sec*2 1
-0.2
-0.1 0 0.1
B,ay.8
2 . — speed vs. displacement
Displacement, speed and acceleration -~ acceleration vs. speed
2 , *~ acceleration vs. displacement
diagrams of a simple pendulum
Phase diagrams
FIG.1.8 FIG.1.9
ART.1.3.2 SIMPLE PENDULUM: large amplitude
A SIMPLE PENDULUM WITH LARGE AMPLITUDE.
The pendulum is released from 80 degrees.
~+ Initial conditions (inputs):
i s TR - =
| 8g .—so-m wg =0 o -=ace (90}
‘ o, ace(B; + ;- 36)
r : @ 41 ] =y -|-acc(Bi +-mi-6t)-6{
941 0 -+ ay Bt
10 —
/ K
5 ‘ \
8; ! By
4 / Y FIG. 1.10
@ 0 L 0 I
ey I \“'-,,*__.-/ \
| i [
z TN - \ .
i = S | Displacement, speed and acceleration
! = .
i \ diagrams of a simple pendufum
s L ’
—1ok== —
0 15 3

— displacement, deg
speed,rad/sec
-— acceleration,rad/sec*2
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5
X s ‘a FIG. 1.11
@ o= ‘_
% ' Phase diagrams
-10

=5 0

Bi Vah .9[

— speed vs. displacement

- acceleration vs, speed
acceleration vs. displacement

The period of vibration of the pendulum with large amplitue , not a canstant, is amplitude dependent.
The determination is made by an observation that the angular velocities are zero at half and at the full
period of time as well as at the initial instance.

/ \ The period of vibration is estimated to be about 2 .4s.
Compare this figure with the previous case where the

o / motion is simple harmonic with constant period of 2.1 s.
<
0 04 08 12 16 2 24

FIG.1.12 Enlarged speed vs. time

Let i1 :=150..170 To arrive at a more accurate figurdor the period of vibration,
plot the angular velocity near the region 2 < t < 2.4 as shown
on the left. The speed is zero at about 2.36 to 2.37 secconds

TABLE 1.1 Speed vs. time




ART. 1.4 COMPOUND PENDULUM

Compound pendulum of mass m, oscillates in a vertical plane about a frictionless hinge O. In order
- to study the variations of the period of oscillations the distance, a, between the centre of mass G and
the hinge O will be varied .Discuss centre of percussion.

S TIO

Compound pendulum Free-bady diagram

Ry ..

a8 {1- VB}

“Mad

FIG. 1.13

The equation of motion of a compound pendulum is:-

4.4 o\l= pmg.a:
lo-lLdl'kdlg)J -M-g-a-sin(0) (1]

For small oscillation ( 9 < 6 degrees ), approximately, sin(6) =8 :-

d_J[d_ \'= 'IM'g. ‘.

) ) '(’75 a) 0 2]
: which clearly indicates that the motion is a simple harmeonic cne; where

‘ ;' lo~lg +-M-32 (3]

= |Mga

and © g s ...Natural circular frequency in rad./sec. [4]

e e

2m

1)

= ...Period of oscillation in sec.

B
|
¢
Al
A

To find the equivalent length of a simple pendulum:-
Let | eq represent the equivalent length of a simple pendulum i.e. a simple pendulum of the length

' will dynamically be the same as the compound one.

For a simple pendulum, =g
W n—‘“—
2
| r
then | efm%=—:--+a 6]
PR . legma 1
or, in dimensionless form T 71

Tk



' Calculation and sketch
: let i-0,1.50 and the radius of gyration be unity, ¢ =1

leta vary form zero to about 4 times the radius of gyration.

X Fan =a 1 which consists of two terms, e.g.
1‘._.{'Et : Ler_r_k_ e Led-rk+3_
'k
1
a.
a, i
e | I= —_
Leq‘\i""—'rk and 82 1y
Let 20.001 + 2 : ' .
e R T E ' gealh L eg Tk 8
; T =
K
08 1
then eati Ty | ey
eq2; Tk
4
Leqt;
L eq2;
L eq; .
- "
0.001L =3
0.007 X P
—= T4
[Tt Lz
— Leg=L1+L2

FIG. 1.14 Equivalent length

I

~ From graph it can be seen that when the distance of G from O is the same as the radius of
| gyration, the equivalent length of the pendulum is the smallest

led=2Tk ..least equivalent length of a
simple pendulum.

£

3 No matter how the center of oscillation O is adjusted, the equivalent length cannot be reduced
~ luther. Since the period ofoscillation is

2. i
R =T or =27 |3
154 © n Al g

~The frequency is highest. If G is moved nearer to O, i.e.to the left of the diagram, the equivalent
fength will increase rapidly; the oscillation will slow down. It is obvious that when G coincides with O ,
=4 ‘1 becomes infinite and no oscillation takes place,external force will bring about pure rotation.

- The'principle of compound pendulum is very useful in Engineering. Moment of Inertia of mass of
= ~ objects such as connecting-rods or any arbitrary shaped machine components can be accurately
. détermined once the weight, the position of G are found. The object is allowed to oscillate on a fulcrum
~ ofknown distance from G and the period is timed, inertia can then be calculated.
j " A vehicle, with its centre of gravity confined to move in a vertical plane can be considered as a
i-'-ﬁ'cargpcund pendulum:-



When a vehicle strikes a step, receiving a shock of magnitude S [N] on the front wheels P, vibration
will take place. This shock lasts for a very short duration but has a greatintensity, therefore the
influence of gravity can be neglected. It is of interest to look for the vertical acceleration profile as well
as the acceleration pole.

‘ _ _ d [d
- F,=0 i
From Newton's Law = Fy=s & (dty 9)
_ ; d (dg)
Mc=Sa e S-a=l Ggt B','

\dt

At any paint x along the vehicle longitudinal axis, there are two components of acceleration in
y-direction:-

dfd.\ S, ;
dtiat?!) “m ...the same for all points,

d(d 4\ -Sax : ; :
"‘m(d.ﬁ) 5" ...varying from point to point.

To the left of G these two terms act in the same direction while to the right they are opposing each
other, there is a point where the two cancle each other ( b ).

.a- |
S_Sabad therefore... ab=_C
m Ig m

Hence  a.b=ry?

It can be seen that the point P can be struck without causing any acceleration at the other
designated peint P". P is therefore the Centre of Percussionwhile P is the centre of rotation.

a distance between G and P,

b distance between G and P".

In the last equation a and b are interchangable and as a consequence the functions of P
and P’ can also be interchanged. In designing a vehicle, it is desirable to make the front
and rear axles the centers of rotation and percussion and vice versa. A disturbance on one
of the axle will not bring the other under its influence.

G

'\\ profile of ¥= %
o e o 0 O N 5

-

—

FIG. 1.15 Centre of percussion of a vehicle
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ART. 1.5 EXPERIMENTAL DETERMINATION OF MOMENT OF INERTIA OF MASS OF A
CONNECTING ROD

An experiment was carried out to determine the moment of inertia of the connecting-rod shown.
The rod was treated as a compound pendulum by supporting the small-end on a knife-edge and the
time for completion of 10 cscillations was recorded. Five readings were made. The rod was then
supported from the big-end and the experiment repeated. The record is shown below. Calculate the
moment of inertia of mass of the connecting-rod.

| small-end. .
- Time for 10 oscillations,(in seconds)

I KNIFE-EDGE AT:
Smail-end Big-end
240mm 105 89
10.8 88
4 10.4 8.8
10.4 35
S8mm 106 8.7
A
mass = 1.90 kg.
FIG. 1.16 Connecting rod TABLE 1.2
M rod =1.90-kg a gm - =240-mm a pig ‘=98-mm a'=9.81 -_ﬁ’“z

sec

SOLUTION.

This is a case of compound pendulum; the moment of inertia can be determined from the period of
oscillation. From Newton's second Law for rotation about a point O:

IMG= 00 e (1]
And from thew parallel-axes theorem, the moment of inertia about G can be calculated from:
- 2
| Ve
1 g=lg+ma©e 2]
where a is the distance between O and G.
From [1] 1 -8 (=M gq-9-a-Ba
Thus the natural frequency is
m b
= |Mrod9-2
w5 [3]
and the period of oscillation is
S 2.1
L3 n_———-——l_m = o ,7] 4
d8’ =2 | —————a
| rc[:o Th uq! roe (4]
l
N (T n'
lo 3w (M rod-g-a)e (5]

Small-end expt'

The average period is
11

T Tgg (1051081044104 10.6) sec

T p1 =1.05"sec




Tnt 2
lo1:= (ﬁ) (Mrod'9a sml)

1 o1 =-(J.1.‘!°kgvm2 M rod-a@ 5,.,.dz='.‘.'l.‘l1'kg-rn2
. 2
1G1'=l o1 =M rod 3 smi
Ans1. | g1 =0.02°kg-m?
Big-end expt'
The average period is
v iia ::%‘_1%‘(3.9 +8.8+8.848.6+87)-sec
T 2 =0.88%sec
_[*n2
Loz (ﬁ) *(M rod 92 big)
I oz = 0.04%g-m? M rod@ big> = 0.02°kg-m?
| G2 =l 2= M od B bia”
G2 o2 rod*® big
Ans2.  1gp=0.02%gm?

11

Verification.

= lG1
|0:=m-(fk2+-az)u A} T rod | =93.02°mm

lg:=m rod‘(" k2 +2 smlz)

| o2 =m rod" (r k2+a bigz)

T3 —2T 102
n2 M rod-9-2 big

[ o =0.13%g-m?

| op =0.03%kg:m?

Tz =0.87"sec
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~ ART.16 FOURIER SERIES.

A periodic function of the form y(t) = y(t+T) where < is the period can be repredsented by a

Fourier " series if the function is piecewise smooth and has both left- and right-hand derivative
everywhere inthe interval. The function can be written as:

(2.0 2.1n

- X Il P 2

f(!}-—ac E E anvcos:‘ - -t) + E bn sm( . t)
n n

A proper choice of the coefficients will make the series converge. The coefficients are given by:

= =2 r1:r L
aﬂ—? 0 f(t) at an-? (t)-cos e
Jo
~T
STE- \
and b =2 f(l)sin(znn-t)dt
nz T
I-U

As an example, consider a square wave of period

L'=1  ..half period T=2L ..period
f(t) 'Sif(t<0,-1,1) ...square wave
N'=10 .. number of Fourier terms to compute
Let ni=o.N € 1=0,00001 ...stop flag before and after zero
[ mn i N
a, T f(t)‘cos(T-t) dt-+ f(t)-cos(T-t) dt
1‘a~|- JE
=0
aD ——2—
ol = in[ED : Lf TN
e r(n-snh_-r) dt s (t}vsin(—t_»t) dt
-L €

and the Fourier seriesis . .
_OUTIET SETES| The Fourier coefficients are:-

a(t) 'ZZ 3, cos (z'f'n-t) +E hn-sin(z'f‘n-t) s :
n

n \

=
=2

n
o
For t-=-L.—L+§L3.‘ 2L Plot the function and the series, i % e
7l O =
EN
2 = 8 0755
. n
1 flrarh EiG 347 ;’ 0 -
g(t) Square wave - E o ;
f(t 0
ft it
1 ffeaeaid sty
-
-1 0 / 2 3
— Fourier series TABLE 1.3

------ square wave Fourier coefficients

" Fourier; Jean Batista Joseph: {1768 - 1830): A French Prafessor of Mathematics at the Ecole de Polytechnique and
secretary of the Paris Academy of Sciences.



ART. 1.7 SIGNAL FILTRATION: TRANSFORM AND INVERSE TRANSFORM

Filtering noisy signal with fast fourier transform ( FFT)

Definethe signat For i:=0..127
N i , i
let g .=sin {ﬁ'”'“} +cos (Tﬁds-n)
6]
qi '\\_/ /\ /\ /\ /\ V i, . N
Bt = \_/ L7 ~/ \/ V4
-B
0 i 127
FIG.1.18 Original signal
Su.pperposesome Lo
noise: T
6
s Py ‘\//\WM' v,vmmd\v Y, W
-6l

FIG. 1.19 Supperposed noise

Take its discrete fourier transform:

fi=fR(s) j:=0..64
@ =25 ...define threshold for spectral noise rejection.
8 T I |
A 7
i <-- Signal
oL b , el e b <-- Noise

FIG. 1.20 Discrete fourier transform

Filter, and take the inverse transform:

gi ::ri.rp(lfjl _.1:] h:=ifft{g)}

FIG. 1.21 Original signal: recovered

The original signal is recovered.

13
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ART.1.8 ROOTS OF AN ALGEBRAIC EQUATION

MathCAD: Rootfunction

Find the roots of a cubic equation X3 10-% +- 2

Lettherange x be  x:=-10,-8.9.10

50

x°_10x42 /\\\/

-50
-10 X 10
FIG.1.22 A cubic equation
Format: root(expression,variable)
The function: f(x) =X - 10x 4-2 ftxy=0

Now use three initial guesses to find three zeros.

x1=.2 root( f(x),x) =—3.2579

xi1=3 root(f(x),x) =—3.2579

x:=0 root(f(x),x) =0.2008

x:=3 raot(f(x),x) = 3.057

x =3 root(x>~ 10:x +2,x) =—3.2579
x.=-2

root(x°— 10:x +-2,x) = —3.2579

or defininguser's defined function

Let  fi(x) ‘=root(x— 10-x+2,x)

) fi(x) =—3.2579
X =0 #(x) =0.2008
x =3 ff(x) =3.057
Rootfunction for several points
e =ax’e ...the equation

f(a.x) =root(e*—ax?,x) ... the second argument x is the guess value



15

X'=0 initial guess

X M@ax,_g) e the guess for each a is the root
from the previous a

Answer Verification
D
o *a :3 3 (%3)
A 0.7038 0.4954
1 - 0.4947 T
2] 0.45%7 05828 05327
3] 04073 0.531 05653,
; 03775 2’232} 05359
~0.3438| s 0.7092]
5 | 03578 0.708 0.7243
; 03037 724 073571
-0.2885 : 0.7454
7] —0—2-,55{ _ 07353 e
0] 02677 0./592 RV
17} 03542 0.7678 0775
172] ~U745] 0.7755 0.7
73] OIS 0.7823 0.7595|
_1__1; 02303 m 07551
0. 4. 0.6003|
i %‘ﬁ 0.7935| (0.3057]
771 ' 0.804 -
02977 - 0,805
19 02022 0.573 0BTTd
0 0BT

TABLE 1.4 Evaluation of functions and verification

R e e R e el
+_1,_,‘_..+--|- ® piia o e = e
o
05—+
X3
e? 0
1-
2 TR .
_a_(*a) /__,_,...—--"'"'
—0.5 /
=
G 5 10 15 20

FIG. 1.23 Graphing 3 functions
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ART.1.9 ADJOINT MATRIX AND MATRIX INVERSION

The determination of adjoint matrix
To calculate for an adjoint matrix of a matrix M (3 x 3). The user is required to input the elements of

the metrix M below:

CRIGIN=1 ii=1.3 §:=1..3

INPUT: Replace he elements of matrix M by the values of the user's matrix.

110
example matrix A:T 2 1)

112
let M.=A then its determinant is |A] =2
MINORS OF THE MATRIX M:
_Mz,2 Moy ._(M2.1 W3 2.1 Mz2
M1y M Lo R M3 =
3,2 Ma3 s Mag 3,1 M3z
_My2 M5 £ My M3 (Mg My 2
maq-= 22°7 23°7
M3 2 My KM:‘-J M3.3 M3q M2
M2 Myq o e Mi,3) . M1 My 2
maq-= 2= 43:=
My o M, 5 M 1 Mz,s) \M2.1 Ms.2

COFACTORS OF THE MATRIXM ( cofactors of a matrix are the signed minors of the matrix)

G -0 my

~ 1 = .
61‘1--{—1)1"' “|m €127 M 12| Cs,3° M3
Cz,4 75 m21] 2,27 |m 22 Ca,3° 7 |m 23]
Ca g7 |m34| C3.2°=- [ma2| C3,3°7|mag|

Therefore the matrix of cofactor of M is:
e I
c= (—z 2 n)
1 -1 1

ADJOINT MATRIX is defined as the transpose of the matrix of cofactor of M

3 -2 1
adi M =cT adi M= -1 2 =1
10 1

inv . =-adi M {15 —1 05
1 Inw=|"05 1 —05

‘05 0 0.5’

1
|
Check with the standard inverse function oWlathCAD,

15 —1 05
Ml=|05 1 -05
50 05



EXERCISES

II’I‘IZ1E=2
L 10
=3 1)
|m31|=1

1m33! =1

Find the inverses of the following matrices:-

[ N
B oW oM

(a) (

2 3
(b) (1 2
3 1
12
(c) (24
35

3 4
(d) Gﬂ
124

-y
_—

] (-7) -8 (-1)
Ans. —2~ (1) 0 (-1)
(1) -2 (1)

1 .57
Ans. i-(? 1 -5)
18
5 7
Ans. (.s 3 -1/

Ans.

17
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ART. 1.10 SOLUTIONS OF LINEAR SIMULTANEQUS ALGEBRAIC EQUATIONS

Program to solve a system of linear simultaneous non-homogeneous equations by Cramer’s
Rule and Matrix-Inversion method

ORIGIN=1
The form of equations are a % 44+82Xg4+...+a X h
By writting them in matrix form A-X=H

Let Aje denotes the matrix obtained from A by replacing its j th. column with the R.H.S.
constant vector H.

Then, if the determinant of A is not zero, the system has a unique solution; e.g:-

=122 =1t
[Al Z Al noAl

As an example, solve a system of 4 simultaneous equations.

Let i=1.4 and e
126 3 -10
A= 21-2-2 o 0
2 643 2 6
21 -4 .9
Det_A = |A] Det_A =—217 |A] ==217
Replacing the first column of A by the vector H,
let A; 4i=H;
A3
Ex 10 2 6 3
% A O HRe
E 6 32
2 1 4 A1 =A |A1] =217
%, =dA
1" Det A

Answer  x, =1

Similarly , replacing the second column of A by vector H,

26 3\
._21.2.2\
A= i
26-32
321-4}
let A. . =H

U /1 10 6 3

sal2 0 22

26 32

39 1 -4



Az =A IA 21 =0
_Ag
2 " Det A
Answer  x,=0

Similarly , replacing the third column of A by vector h,

1ol B
ST
Tiaue g
A 3 =H; 22 Named
M3
20 1. 2 =103
)
E A2 Ao 2
{-9] e g =2 s
g 2 977% L
e
3" Det A
Answer x3="2
Similarly , replacing the fourth column of A by vector H,
126 3
a=f21-2-2
- .
Ap.a™Hy %+
A4
10 1 2 8 —10|
U
E a=|2 1720
ﬂ 2 68 3686
32 1-9 Agi=A
A4
X4--———
Det_A
Answer X, =1

|A 3| =434

A4 ==217

19
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Answer the vector of the solution is %=

-
1
METHOD OF MATRIX INVERSION.

26 3
From Rigd Wicdied
26-3 2
aEz 1 Ld

-10

and e

B

-9
and the form of the equation is Ax=H

Pre-multiply both sides by the inverse of matrix A

A LaseaTH

1o=A"1H
Therefore, the solution vectoris  x:=a" '

0.32258 1.03226 —0.16129 —0.35484
_[70.13825 ~0.58525 0.21198 0.29493
0.06452 —0.19355 —0.03226 0.12903
0.18894 0.43318 —0.02304 —0.33641

al

1
Hence the solution is found to be:- x= \ Answer
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ART.1.11 SOLUTIONS OF SECOND ORDER DIFFERENTIAL EQUATION WITH CONSTANT
COEFFICIENTS

In engineering application one often comes across a second order non-homogeneous differential
equation of the form:

dd d
a Y Ry HeYEY) [1]

The general soiution consists of two part, e.g. the complementary and the particular solutions:

Y=y (1) +y p(t)

(2]
NUMERICAL SOLUTION
HOMOGEQUS CASE
Let the constant coefficients be ai=1 b'=0.25 ci=1
Let the initial conditions be Yo' =3 ¥o'=0
i ':__,_L:’_ 2:
Let the equation parameters be & S 5 = z—.:'a.c - @l
B =if ED[<I~:,€.,|3} @ =im(f)
This statement means that" if B | < ethen B=e otherwise p = (8 ",
The arbitrary constants are
Yo o Yo
1-E Yo (1 -,-—)vy R——
‘“(_ 3)0 p sk BlY D [4]
2 2
The solutionis  y(t) :=ael®+P)t g la—P)t 5]
Its first derivativeis  y(t =(a+p) A TP (o _p).a.el* P 6]
For t =0,0.5..10
a=—0.13 B = 0.99i ®=0.99 A=15-0.18i B=1.5+0.19i

y(t) y'(t)

t
! o] 3 0
0.5 285 ~1.35]
BB .73 2225
? 0.52 25
057 g
E3 3 —0.34
35| ~1.37 0.63
K3 1.3 T.
(45 -0 | 1.57 |
5| 02 157
55 71
ER 0.46 |
FIG.1.24 Solutions and derivatives g 20.22
of a homogeneous differential differential =8 _?_g;
equation 5] 111
[B.5] ~087
Kl ~0.
EX] 0
0] 041

TABLE 1.5 Solutions and derivatives
of a homogeneous differential differential
equation
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NON-HOMOGENEQUS CASE

From [1] a-:—lg—ty - b:—ty +Cy=H(t)
Let the forcing function f(t) be f(t)y=P gcos(w)
For ai=2 b!=5 ci=8 Pgi=2 =2
¥o'=0 ¥g:=0

The particular integral (solution) is:

P
Ei= 9 ¢I:angle(c:—a-mz,b-
f 2
.J(c— a-mz) +{b-m)2 b =1.57
¥ p(t) ‘=C-cos(art—¢) and ¥ p(t) ‘=-o-Csin(at—§)
" ::__b' B ::qu2-4-avc
2a 2.a
Solve for arbitrary constants:
Guess A=14i B =1 4i
Given 15‘-|--B+y];.(0)=y‘:|I
(a4P)A+(a—B)Bt+y p(0=y,
(g) ‘=Find(A,B)
A\ _ (0.13i
(a) b (- 0.13i )
The solution, numerically is
y(t) =ael Pt g (a=B)t (e
o ="1.25 = 1.56i Cc=02 ¢ =90"deg
0 t y(t) C.cos{wt)
- (0] 0 0.2
03] 0.0 CSEN
y(t) K (o5 -
C.cos(mt) @ T3] 0 02
2 -0.15 -0.13
0 2.5 -0.18| 0,05 |
- El -0.0 0.19
3.5 0.13 015
e K3 [l ~0.03
35| 0.08 | -0.18]
E3 ~0.11 =
ER| S5 5]
Kl EEE] 0.7
FIG.1.25 Solutions and derivatives 53] [0.08] 018
. o . 7] 0.2 0.03
of a non-homogeneous differential differential Ve 13 75
uation [ 8] - -0.
* w5 o foos
E} 0.1 a3
9.5 0.03 0.2
(10 U8 0.08 |

TABLE 1.6 Solutions and derivatives
of a non-homogeneous differential differential
equation

[7]

(8]

(8]

(10]

[12]
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CHAPTER 2

ONE-DEGREE OF FREEDOM SYSTEMS

ART. 2.1 FREE-DAMPED VIBRATION CF A SPRING-MASS SYSTEM

Program to study displacement amplitude as a function of time forfree-damped vibration.

In the diagram shown, mass m is connected to the wall by a spring
of stiffness k N/m and a damper ( a dash-pot) of damping factort, ) .
The table is smooth, frictionless. The damping constantis ¢,
N.ses/m)

"

m

=

o = ... natural circular freequency of the system,

£

= C

G = ... damping factor.
24fk-m

7
x

Free-damped vibration.

FIG.2.1 A spring-mass system

GRAPHIC DESCRIPTION OF THE MOTION.
ASSIGNMENT STATEMENTS:

For j =0.50
= ':_i_ =
Let £:=0.1 S wn =10
Let the two arbitrary constants be: A= and B =2
The damped natural frequency is. o g 50 (4= %)
i.e. mg=99
% :e_(qm ), A-cos(o g-t) +B-sinfo -t displacements
j (ARa[0.o) AN @ di). o -
1.97674] /
Displacements 3 /\\//\\v/
1436830 / ]

FIG. 2.2 Displacement diagram of free-damped vibration
of a spring-mass system
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Another form of the solution:-

X =2 ) =
6 (G pt;
xj =X-e { " I)‘{sin(‘m d-tjmqa}:]

. ~(Cw n"j) o
eny, =Xe ! ...the envelope of the oscillations.

by

FIG. 2.3 Damped moction and the envelopes

ART. 2.2 FORCED DAMPED VIBRATICON UNDER HARMONIC FORCE OF CONSTANT
AMPLITUDE

The program plots the amplitude ratios of displacement-amplitude to the static-deflection and the
phase-angle difference of a spring-mass-damper system.

SOLUTION.

= = LS "
rad=1 deg 180 rad 5

0= ;

N To— w Xste ...static ampltude under Po.
c....the daq‘lplng constant, X ga ...displacement amplitude.
k....the spring constant, '
Po...the exciting force amplitude, X0 _ ‘
....the varying exciting circular frequency. L ...amplitude ratio.
natural circular frequency: mn=“||% ,frequency ratio: Fmi

n

The differential equation of mation:-

4t el .sin(w)-
mdtl.dtx;] : cd{x+kFPusm(m)t

x
Forced-damped vibration,

FIG. 2.4 Forced-damped vibration of a
spring-mass system
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For i =0..100 and |:=0,2..10
r =0.0001 +4i-0.1 ... the frequency raticw/wn.
g =0.0001+0.1] ... the damping factor.
] 1 9‘
T— o
"’[1‘ (ri)ZJ +(2'C-i'ri)2 0.4001

0.8001
1.0001

EEEEEE
o]
g

o ... amplitude

TABLE 2.1 Damping factor inputs

Resonance diagram of a spring-mass-damper system,

3

o

X2

%8
i \

10, T

* o )
i
X,

FIG. 2.5 Resonance diagramcfa
spring-mass-damper system

THE PHASE SHIFT

fi

1-()°

then —¢; ; =if(A; 0.8 j.m— (8 j|) a conditional statement,

Let Al :2.%{ ] : 0 j =atan(A; )

....0(i,j) is 8(i,j) when A(i,j)> 0, n-8(i,j) otherwise.

i
Let ¢i,i _EE then
180
ICH I
b2
= f
%8
FIG.2.6 The phase shift as function b, 10[
of frequency ratio and :
damping factor 1.145926-006F.

0.0001 n 5
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Vibration Isolation:
If the mass, m, is idealised as a machine or an engine; operating with periodic unbalanced disturbing

force of amplitude P ( at circular frequency . An interesting case would be to consider the forces
being transmitted to the ground through the spring and the damper:

P L S —

F 1=y (kX)2 = (c0x)?

F 1=k-x-af1 T(z-c_-r}z ....the transmitted force amplitude.
The disturbing force is given by Po.sinfo.t), and X is the displacement amplitude of the mass

X . ;
“=Tg ....the amplitude ratio.

k

The guality of isolation depends on the ability to minimise the force transmitted to the foundation.
Transmissibility, TR, is defined as the ratio of the transmitted force to that of the disturbing force. It is
quite evident that if the mass is bolted directly to the ground then 100% of disturbing force will be
transmitted. When the isolater is introduced properly the force should be less.

Fr A1+ (246072

Re_L or TRE
o 5
l 1-A) (2802
[

To calculate for TR, let TR, ;= (
% Ve 272 2
*J.a“(ri} ‘ +(2Gm)

r o2
1+(‘2‘Qj-r”

All curves intersect at the frequency ratio of /2 where

. TR become 1 for all values of damping. Notice that the region to the left should not be used since
bigger force will be transmitted to the foundation.

TRI.D / ‘

TR

i.2

K

TRi 10 \ _

0.0101008 LR YA

0.0001 [ 5

FIG. 2.7  Transmissibility vs. frequency ratio

From the resonance diagram it can be seen that the introduction of small damping reduces the
amplitude at resonance.As damping is increased the amplitudes reduce further. The peak amplitude
now occurs lower than the undamped resonance frequency, the max.amplitude is now at:-

© =l 22 @ Ii'tﬂe smaller than the damped natural frequency
@n ° ratio,



it is more convenience to calculate fora at resonance
— 2 . 3
o —U1-5"  when Cis known, with a small error and measurec.
experimentally. o (approx.) is now:-
]

=

2C
Quality, Q, is introduced to compare the ability to reduced the resonance amplitude.
=q

Looking at the curves of Transmissibility, it is observed that small damping improves the system
near resonance. However, if the damping is increased ,TR also increases to the left of the resonance. A
larger force is therefore transmitted to the ground.

It can now be summarised that the system can be isolated by a small amount of damping
to lessen the vibrating force fransmitted. Large resonance amplitude must be limited by using some
devices such as brackets.

ART.2.3 DESIGN OF A RAILWAY BUMPER

A rail bumper has two cylinders, each cylinder has a spring and a damper inside. The
spring-damper unit pushes a pisten with its straight push-rod to help stopping train over-running the rail
length. The spring is initially compressed by 30.cm. The stiffness of a spring is 80,000.N/m; while the
coefficient of a damper is 240,000.N.sec/m. A train of combined mass 200,000 kg hits the bumper at
the speed of 2.m/sec. Find the time and the piston stroke required for the train to come to stop without
rebound.

SOLUTION

N=newton

M =2.109kg

¢ 1 =240000-N-225

§p =0.30:m
FIG. 2.8 Cylinder of a railway
bunper
Equivalent spring stiffness, kK =2k 4
Equivalent damping coeff., ¢ T2¢q

For general position x(t), the forces on the end plate of the bumper are:

Spring force: KK 1 (x+8 )
i : 4= 9
Damping force: cdtx=2 € gt
. : d
Newton's Law of motion, MEDoE (kx k8 p) - e §ix
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5(dd \= 5 ) 5d
2.10% (G G/= 1210 (4.8 ) < 4.8-10% Gix
dd d
dd ;249 06401
diat* ™24 gt 0 8

Examine the homogeneous part of the differential equation, this has now beccme,

dd, . 549 ;
dtdtx ~2.4 dtx+0.6 =0

Comparing it with the standard form of free-damped vibration,i.e

dd d 2
dm‘x+2-c-m ng* T n &0

the following constants are obtained:

_ [k d
Qn _'\f]ﬁ o q =0.77';—i—c
- c
2.4/Mk damping factor.
£=1.55 > 1, the system is over-damped.

The two roots of the characteristic equation are

S A n"*kz"‘

and ag - =-Lo n—mn"‘\f‘:z"‘[

@q=-028"_L ap=—212 L
sec sec

For the particular integral part of the equation; the conditions, velocity and acceleration of the piston A are
zero exist at the time before the train hits the bumper.
0+0+40.6:4=0.18

Therefore X g '=-0.30-m
The general solution of the motion can now be written as

ot a gt
x(tf=x g +A-e +B-e

4 y=p reEl it B ea i
velocity: Tl
Initial conditions: att =0, x = 0 and velocity = 2.m/sec, therefore

0 =-03+A+8a

and
2 =-0.283A-2117-Ba A and B are obtained.
A =1.44.m B =-1.14.m
Condition for the train to stop at time T,
a T aoT
Aa e +Baqye =0a
' T -(ayB) (28 g
aj-og) T _-(@2 =5.
AFA=EYT S(EPR) 1R

a |-A

: (a8
[(@1-a2)T] -'l"{ Y }



1 e
aj-az | @A |

Answer T=0.97"sec is the time taken to reach maximum stroke.
«F SRS
Let Sipies §=0.02"sec
t =0-sec,5¢..T

a |-t a ot
x(t) =xp+A-e +Be

ot o ot
v(l) =A.a e +Baqge

x(T) =0.65°m is the maximum distance travelled.

0.64749 e

(1) FIG.2.8 Train displacement at time t.

Q-sec 1.0-sec

To see also the rebound motion,let
t =0.sec,0.15-sec..6-s8C

: o -t ot
x(t) -=xg+Ae +Be

0.7-m

()

\

-0.1-m B x(5.5-sec) =0°m
0-sec t 6.0-sec

FIG. 2.10 The rebound motion of the train

The bumper completely rebound after about 5.5.sec after the impact.

The spring force, simply, is FS(1) =kx(1)
77525. / \
FS(t)
N
0 \
0-sec t 5.5-5ec

FIG. 2.11  Spring force of
the bumper
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The damping force  FD(t) .=cw(t)

962212

FD(t)

0-sec t 5.5-sec
FIG. 2.12 Damping force of
the bumper

Notice that, comparing the peak forces, the spring force is only about 8 % of the damping force.

The Combined-force at time t.

FT(t) =+/Fs(t)2 - FD(t)2

962212
Fl'(l}\ FT(0-sec) =9.62°10% *N
N
- L FS(0-sec) =0°N
0 R — FD(0-sec) =9.62°10° *N
O-sec t 5.5-sec

FIG. 2.13 Combined spring and
damping forces

It can be seen that at the moment of impact the spring offers no resistance while the damper
immediately put up nearly 1.MN of force. This is thanks to the fact the spring develops resistance
through its deflection, the maximum spring force is observed at the maximum stroke, about 1.sec
later; the damping force, however, is maximum at the moment of impact where the velocity is highest.
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ART. 2.4 SIMPLE VIBRATION OF AN AIRCRAFT CONTRCL TAB

Control-tab of an airplane tail-wing is mounted on axis O, and through O a system of
electromechanical (actuator) controi-devise is fitted. In order to determine the natural frequency of the
tab and its torsional stiffness ky , it is proposed that an experiment be conducted with the set-up

shown. Two springs are attached to the tip of the tab and at the lower-end of the ky spring a
harmenic exciter is attached. The excitation frequency o . is varied until the resonance condition is
achieved. Determine the natural frequency of the control-tab.

tail-wing.

FIG. 2.14 An aircraft control tab
SOLUTION.

Assume small vibration takes place, the vertical
linear displacement of the tip of the tab is approximately:  L-6a

lo....moment of inertia of the control-tab abaut the hinge O,
kt....torsional stiffness of the control-devise,

8.......angular displacement of the tab; positive clockwise,

®¢. . critical or resonance frequency of the experiment.

k4-L-8a ....vertical upward force of the spring  ka
(a-sin(m-t) - L-0)-k ga ....vertical downward force of the spring k 20
From Newton's Second law Y M =0

| g0 (7K 8-k 1120 -k p-L(a-sin(w-1) - L.O)

Therefore o0 tt+ [k (kg =k 2)"—2]‘9‘=“ 2-a-Lssin(w-t)
At resonance =0 ¢

2
2_k11—;_K1+—K 2)L
mc——!o

2
5 L_‘k_l+fk1 +Ka)L
L o

Since the natural frequency of the control-tab is defined by: o =—

2|
} (kq+kayL®i
i rm cz__.l.—L -Hz

3
f= ]
hence ® =0 5 -2 and " (2n) ) I3
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‘ART, 2.5 VIBRATION OF AROD

Determine the angular amplitude of the regular slender rod with an harmonic force of magnitude 2q

and angular frequency ® applied through spring k at the left-hand end . The right-hand end is pulled
by a damper c. Assume the vibration to be small. Given:

k -=1000 N/m L4:=0.25 m
c-=100 N*sec/m Lo =025 m
o =10 rad/sec ag =.01 m
mi =12 kg; mass of the rod

A

g L agsin(u.f) 7 XS\
.

- ( = |

<

FIG. 2.15 A slender-rod and its
free-body diagram

wt

L14.k
[C

FIG.2.16  Vector diagram of the
differential equation of

motion
NUMERICAL INPUTS
k '=1000 N/m L4.=0.25 m m1 =12 kg
c.=100 N*sec/m Lo =025 m d =0 m
® =10 rad/sec ag =01 m Li=Lq+Lg
_1 2 "
lg SgpmIL®  14=025
1o g +mi-d?
|c=o.25
From FBD: B =-La(Laedy-Lik(L18-y)e

3] i+ | ———C -0 fm—r—

h 2 Y 2

L L%k Lqk
2 ) 1 g=_1_.y,
c e e



2 Zk

L L4% L4k
—2 c=25 ' 7 950 PP
Ie e le
Assume the angular response to be:
=@-sin(o-t-g)
The angular velocity and acceleration, therefore are
] F-G}-m-sin{fm‘t—s +;)
\
8 IFG-mzlsln(m-t— £+m)
By substitution into the differential equation
L 52 L 42k Lgk
a - _,]_..c -8 t.',__[__,Fi_.
(R~ c c
2 2
L L
O-mz-sin{m-t— E+T) +—--2—-c-0)-9vsin(m-t—s+f) + X
le 2 =
2. L 22 / m Li2k
-0 sinfo-t-e+mn) +—-c-m-9-sm(m-t— E-f——) + @sinfot-egf=
c

2 1

e

From the vector diagram the amplitude is

The angular amplitude is ®=0.03
©=1.97"deg

The phase-lag is £ =59,04"deg

Ko L1k
-@-sm{mll—eF——l -y
c

k
-a p-sin(w-t)

33



34

ART. 26 RESPONSE TO IMPACT LOAD: FORGING MACHINE

2) The anvil of a drop forge has a mass of 2500 kg and rests on supports that have an equivalent
combined stiffness of 9.80 MN/m and an equivalent viscous damping constant of 31.2 kN s/m. The
hammer of mass 500 kg falls 1.5 m from rest onto the anvil as shown. The coefficient of restitution is
known to be 0.35. Determine:

a) the initial velocity of the anvil after impact,

b) the maximum downward displacement of the anvil.

Hammer

v

MH

drop-distance

N

e e e -
S AVAAY
ral=

k
2
S i R T R S

FIG. 2.17 Diagram of a drop-forging machine

SOLUTION.
Let V His ... the velocity of the hammer just before the impact,
. .. the vertical drop-distance,
S.=1.5m
V 23 ... the velocity of the hammer just after the impact,
VA1 =0-r':c ... the velocity of the anvil just before the impact,
Vv p2e ... the velocity of the anvil just after the impact,
m 4 - =500-kg ... mass of the hammer,
m a =2500-kg .... mass of the anvil,
cr =0.35 ... coefficient of restitution,
vV H1 :-'\fz‘g‘s v H1 =542 '%

From the principle of Conservation of momentum, the momentum of the system can be written as:
M (VHT - VH2)TM A IV A2- Y A1)

— mA
v s -V 3
Since the impact process is not perfectly elastic, from the coefficient of restitution:
VA2—VH2
(Y AT=VH1J
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VA2=VHZ-CO (VAT -V H1)
VAZVH2 - CH VAT~V H1)
Therefore VHZSV A2+ CH(V AT -V 1) 2]

From the two equations

= m A
VA2TE (Y ATV HITV HE - e (VA2 VAT

ma
"‘A2+m—H'f._“A2—“’A1)="'H1 — O (VA1=VH1)

mal_ mA
vaz(l vr—m—H}—[Vm = AN [+ 5 -V A

= mA
VA2 ( A '[[Vm—C"'(_"A1—VH1J}+E—‘H'VM

The initial velocity of the anvil just after the impact is vap=1.22+-1

sec
and VH2 =V Ag—r-cfv(v Al—=V H1)
m
=—0:68 "—
vy =068 v

After the impact the hammer rebounds while the anvil vibrates, with x as the vertical displacement;
positive downward, and the equation of motion is

m A-x ft 4+ C-X t -[—-k-FG

c X
x lt-’-—n-ll—‘;'x {+m—A-FO

X -+ 260 X+ @ 20

k =9.80-108. N ¢:=28.10%.N.58C N=newton
m m
2 il = .rad - ‘
The natural frequency is ® .\fﬁ © n =6261"— ® n =62.61"Hz
and e LI
ma 5ec
: 1
therefore, the damping factor Oug. 2Ll
ping g A 20
£=0.09
The ed natural frequency is given b
damp quency is given by 0 450 12
w 4 =62.36°Hz

The general motion is ,therefore of the form:

x(ty=e (& 1Y

The initial conditions are: at t = 0 x = 0 while the impact gives an initial velocity of

“(A-cos (o gty +Bsin(m gty

=122+
va2=122"g0
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Hence A =0 and

@ g-B-cos{w g-0-sec) - =v age

- VA2

{® g-cos(w g-0-secy)

B =19.571*mm
Let t =0-sec,0.0005-sec..0.025-sec and plot the movement of the anvil.

(1) 4te0 n.t)-B-sin{m a)

v(t) =B-a[_f;‘m n")_{.m d-CoS(0 g-f) -G psingm gty

20 2

x(t) i vy !
mm

0 001 002 003 -1
t 0 001 002 003

FIG. 2.18 Displacement of anvil FIG. 2.19 Velocity of anvil

To determine the time for zero velocity:

From the plots the time for zero velocity approximately is t:=0.02

root( v(t-sec),t) =0.0237

v(0.0211-sec) =0.18°-T-
sec

The corresponding displacement, which also isthe maximum x, is
x(0.0211-sec) = 16.83°mm

To solve for the above, analytically, from

(G nY

v(t) ;=B.e (@ gc0s(@ gt) -G psin( gf))e  and v(t) (=0a

el 29 o111a
tan(m g-t) Cont Tea ™

Let Q=0 gts

” wd
i} —a{an[ {C‘ﬂl n) J
D =1.48
D

i . . tp. 5.
The time for zero velocity, therefore is 0 og

t g =0.0238"sec
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