APPENDIX A

Sample of Calculations



Ail Determination of fitting equation of boundary potential.

The fitting equation of boundary potential which was recorded

during the experiment is determined by means of method of least
square. The boundary condition is in form of -

V=1 (x24y2) + o
In case of the square used, in this experiment, one variable is

equal to 10, the equation is reduced to

V= X +0
Let X = X2 for square and X = x2+y2 for the other,
Vo= 3X + C

The coefficient " and the constant  can be determined by
means of the method of least square as follow:-

ms+ (X)) d=1¢

| =1 | =1
m in Q m
Gf v s+t A TEN
m = number of datas.

The following table shows a part of the calculating table"!

1 .
Full datas of X, y and V are in table 1.



O
R
| |
I
10.0 5.2
10.0 5.4
10.0 5.6
10.0 5.8
10.0 6.0
I
| >
sum

Substituting into eq.(A-I)

2.80

3.10
3.22

3.43

1
|

|

|

| 363
|
1

|

J

«

27.04

29.16

31.36

33.64

36.00

3,234.00

98 1+ 3234 «1 =324.87
3234 31 +190,137.43 0 = 18,891.82

1=.09796
0 = .08250

xg X*V

f _i
B! i

I I
731.16 75.71
850.31 87.71

1.983.45 100.93
1,131.65 115.39
1,296.00 130.63

j !

o !
1190,137.43 18,391.82
! !

Thus the fitting equation of boundary potential is
V=.09796 x2 + .0825
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A 2 Transformation of potential to conjugate function.
On the boundary, the values of conjugate function are
i = 2 (R +Y2)

For shaft of square cross section, the boundary potential is given
by eq. (2.27)

V =01 (x2+y2)- 10

So the relation between”and V are

ji= s (V+ 10 )
also from eq. (2-3 )and eq. (2-34)
For rectangular  1jf =5 (V+ 2.5) (A.3)
For | - section Y (v +0.6) (A. 4)

For example, the potential 2.4 V on square shaft will represent
the conjugate function,

w =5 (24 + 1C0) =62.0
but on | - section, it will represent

1= (24+06) =100
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A.3 Construction of the shear stress line.

The conjugate function at any point can be transform to shearing
stress function by eq. (2. 5)

<p: *fC2+y2): - 212
The shear stress lines can be constructed by means of the
equipotential line obtained from the experiment as follow:-

Let rl% rN i iff hj be the valuesof conjugate function

corresponding to equipotential line.

According to the experiment, the increment of potential between
the equipotential line s$ i"are constant.

Choose o =0, thus =A )ig-JA } 3-36 t-— | - U
Take the origin as center of circles whose radius are vy ro,.,..irrl

Let  ro=o at origin, r1l >r23jA&Y¥j_ 1rnsj ZhlS

Consider the value of shear stress function at the intersection of
the circles and the equipotential line.

% I IE—— o
-Al) 0 u _
éy o o '»-])U
I |
I 1 | |
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We may conclude that as =1, 2, 3, &

the intersection point of yj and rLwill form shear stress line =0
t 1 [ T/ [ A
" " " ',7‘{, L " i i n - may

Determination of shear stress components.
The shear stress componentscan be calculated from hoth 1 and
since the experiment is done onty, so we will calculate from ¥

Consider on the axis y - constant, the value of Y is function
of X only Assuming the fitting equation is t he fourth degree polynomial

function.
V:a+bx+ch+er+e'jy['

According to the method of least square, the co-efficient of
fitting equation can be determined from the following equation.

ma+ (g *1) b+ (§7) ot (<"xj) d+ ("Vioe = i
(M Da+ (jrX?2)b +(|x?) c+ (" X) d+ 1y 3 =f-|xi
t (fx™) b +(f X4) c+ d+ (|*q) e
pr a+ gj_qXJ b+%£€) C+(.g xv) 0+ {-glbcpe :,

Wﬁl a+”§§ - le (I,]?rff dlrv(%,g:?"?‘ 8 *|5!‘414#
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For example, when they are substituted by thv datas in table 7

18a + 10757 +735.77¢c + 5530.37d + 44253, 66 = 23.365

107.57a + 73577 + 5530.37¢ + 44253.6d + 369139 € = 121.527

735.77a +5530.7 + 44253.6¢ + 369139 + 3.16779x106e = 720.032

5530.37a +44253.6 + 369, 139C + 3.16779x106d + 27.7376x106e = 4,733.13
44253.6a +369,139 +- 3.16779x1C6c + 27.7376x106d + 246.507x106e = 33633.8

Solve the equation, we get

a=1686, = .0184. C =-.00190, 0 =-.000133, & = -.000154

Thus V= 1.686 + .0184X -.0019x2-,000138x3- . 000154*"
y ! = .0184 -.0038x - .000414X2 - .000616x3
Consider eq. (A-2)
=5 (7 *10)
e 3

for example at X = 8.0
v = 1686 + .0184x3 - .0019(8)2 - .00013 (8)3 - .000154(8)" = 1.010

ifif =5 (1.010 + 10) = 55.05
ALf= o184 - .0038(8) - .00414(B)2 - .000616(8)3 = - .3539
=- 3539 X5 *17695

y fjozc

yp‘(}/g = 17695 + 8.00 =9.7695 A 9.77
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Since tile method of solving the fitting equation is rather
laboriously if there are several sets of datas, so a computer program is

provided in Appendix (b)

If a single point in the region is considered,it is much easy to
approximate from it 1 neighborhood points by the following method. For

example, to evaluate il(l)c at X=8.0, y «0.

It is observed thaty =0

X= 138 V=12
X= 8.00 V=10
X= 856, V=038

A second degree polynomial function of X'is assigned to be the
value of V.

Y=a+hx+cx2
at X =7.38, a +7.38b +54- 4644c = 1.2
at X =8.00,, a +8,00b +64c = 1.0
at X =g.ss, a +8.56h +73.2736c , 0.8
C =- .02929
= 1279
a =185

Yo =185+ .1279* - .02929X
= 1.85 + 1279 X 8 - .02929(s)2 = .9986
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by = 1219 - 0585&
= 1279 - 05858 X 8 = - 34074
~1= - 34074 X 5=- 7037

jT=- (- .7039) + 8 =19.7039" 9.70

which is less than Paodifferent fromthe former value

-A5 Determination of the torsional stiffness.

From eq. (2- 7)
M=2/{ofjj(p&zay

Since ljddxdy =lim A 0VidX'/\y
7 £X- k=l 7

*0

Tre integral part can be approximeated by dividing the area of
Specien into nay equal scaures,,  Tre value of ¢ at the center of each
square is determined by interpolation. Since the specimen represents

«a quarter of cross-sebti-on ,,

0ﬂnffaitedy ~4 0 k-AV 4yk

In case of equal squares.
\ = Axk/iyk constant

)ANMX &1 *
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For example, the square specimen is divided into 2s equal squares,
each square is equal to 4 units as shown in fig. 20.  The value of ¢
of each square are in table 18,  we get

11(4 =706

M =g X4 X 709.6 = 22,707.2

| - 6 Determine K and Ky
From eq. (2-27) and (2 - 28)
.7 M

- M
K= M
y4lctaeh

for example, square Specimen, y — = 22,707.2, y%aoaﬁ( = 13.47

K = 15047 = .6735,~0.674

K =22707.2
204

.1419



APPENDIX B

COVRUTER PROGRAM AND HLOW CHART
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COMPUTER program for determining fitting equation.

DETERMINE EMPIRICAL FOHVULA INPOLYNOMIAL FOHM  BY
LEAST SQUARE NSTHID

DIVENSION p (200), PHI (200), A(7,7), B(7), 0(7), x(7), E(7)

READ DATA

ND = NO.OF PROBLEMS PUNCH IN A CARD

N = NO.OF EQUATIONS, M = NO.OF DATASPUNCH IN A CARD

P = VALLE OF VARIABLES, PHI = VALUE OF FUNCTION3 PUNCH 4 SETS EACH CARD

READ (2,5) ND
5 FHVAT (12)
D050 =1 ND
READ (2,to) NM
10  FORMAT (12,14)
D021 =1M4
READ (2,15) p(l), PHI(i), P(1+1), PHI(1+1), P(I+2), Pin(l+2),P(I+3),PHI(
11+3)
WRITS (3,15) P(I) ,PHI(I) ,P(1+1),PHI(1+1) P (I+2),PHI(1+2) ,P(1+3) ,pin(
11+43)
15 FBVAL (8F9.4)
20 CONTINUE:

IF(N.LB.O.0R.N.GT.7.0R.M.GT.200) G0 T0 480
IF(M.LT.N) GO T0 480



X(1) = 0.0

3(1) = 0.0

D025 ) =17

A1J) =0.0

3(1,) = 0.0
%5 CONTINUE

C CALCULATE CONSTANT AND COEFFICIENTS

D351 = N
D030 J =LN
NA= | 4] -2
D030 K = LM
A(l3,) = A(13) + P(K)*NA
B(1,J) = A(l))
30 CONTINGE
D035 L =1N
G(i) = C(I) + PHI(I)*P(L)**(I-1)
35 CONTINUE



O O O O O o©

40

110
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WRITE (3,40)

FERVIAT (6HOGIV3N))

D601 = N

VRTE (3,50) (A(1,J), 3= LN), (1)
FERMAT (1'108 (E 136 2X) )
GOATINUE

SOLVE SIMULTAMEOU3 EQUATIOK BY METHID OF DIVISION 31 LEADING
COEFFICIENT

PERFOHM DIVISION

D0 180 KA = 1N
D0 110 | = KA N
D=A (IKA)

0(1) = G(1)/D
D0 110 J = KAN
A(1,9)= A(1,J)/D
CONTTNUE

PSRFHORM BSTRACTION
KB = KAtl

D0 160 | = KB, N
G(l) =0(1) - GKA)



G

160
180

205

210

220

230

240

D0 160 J = KA N

A(Lj) =A(L]) - AKAJ)
CONTINUE

COWTINUE

QOVRUTE ROOT3 OF THS3IMULTANSOUS EQUAITONS

D0 210 | = IN

K=N- 141

IM=0.0

00205 ) =1, N

M= M+ AKJ)"X(j)

CONTINUE

X(K) = C(K) - M

CONTINQE

WRITE (3,220)

FOKMAT (27HOR00TS OF THS EQUATIONS ARE /)
D0 240 | =1 N

WRITE (3,230) I, x(I)

FORMAT (3HOX(, 12,2H) =, E  13.6)
CONTTNUE

CHECK ROOTS OF EQUATIONS



c

260

210

280
290

310

320

%

D0 260 | = N
0 260 J = LN

B(1) =B(I) +E(Lj)*x(j)

CONTINUE

WRITE (3,270)

FORVAT (32F6 CHECK ROOTS FROM LEFT HKD SIDE/)
D0 290 | = LN

WRITE (3,280) 1, 3(1)

FQRIAT (3HOB (12,2h) = , E15.8)

COFTIMJE

COMPUTE SUM OF SQUARE OF DEVI ATION

MW =0.0
D030 1 =1M
DEv=X (1)+X(2)*P()+X (3) "P (1) tt*2+X(4).p (1 ) *3+X (5)1% (1) 'Ké+X (6) p (I
15X (7)*p(1 ) *¥*6-PHI (1)
3DEV = [BF~22
W = UW + DBV
COUTIMIE
WRITS(3,320) UW
FORMAT (30HO SUM OF SQUARE OF DEVIATION =, S15.8)
VIRITS (3,300)
FORVIAT (121 HDftertookk xekkk X

9HHRBHP. - -




2111)
G0 T0 500

80 WRITE (3,490)

490 EORHAT (12HONO SOLUTION)
WRITE(3,300)

500 CONTIMIE
3TOP
END



B.2 Flow chart, for aolTIng fitting equation
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3.3 COVPUTER PROGRAM FCE SOLVING ANALYTICAL EQUATION OF QONIUG113 FACTION
AD SHEAR STRE  FUNCTION OF THE SQUARE SHAFT.

10

20

DIMENSION P(10),V(10)

A= 0.0

B =100

A=A

IB =B

ID =2

DO 300 | = 1,IB

D0 300 J = 1,10,ID

Al = |

Al =]

Y= (Al-1) + (A) - 1.)/10

WRITE (3,10) Y

FORMAT (3HOY=,F4.1, 24X,21HCOITIUGATE FUNCTION,
135X,17H STRESS FUNCTION/)

WRITE(3,20)

FORMAT(IHb, 14X, 3Hb.0, 7, 3Hb.2, 7X,3Hb.4, 7X,3Hb.6,7X,3Hb. ,
112X,3Hb.0, 7X,3Hb.2, 7X,3Hb.4, 7X,3Hb.6, 7X,3Hb.8/)
D0 300 K=1,IA

K=K

D0 200 L = 1,10, ID

A =L

X= (K- 1)+ (A- 1.)/10.



200
230

240
300

100

105
106

V(L) =pm(x,Y, AB)

PL) = VL) -0.5% (X*2+Y*))

KI=K- 1

WRITS (3, 240) KI,(V(M), M=1,10,ID), (s(N), N = 1,10,ID)

FRVAT (31 X =I1,7X,5F10+, 5X, F10.4)

CONTINUS

3TOP

END

FUNCTION PHE(X.Y, AB)

Pl = 3.1415027

SIGMA =0.0

N = 0

A= N

BK = (24N + L)*XI(2.*A)

KI = BKI20

Bl = 20*KE

BK = BX - Bl

BKN = BKPT

AN = (2*ANHL) *PII(2.%A)
M= N 2%

IF (MEQN) GO T0 105

N=- (2*AMFL)*3

GO0 T0 106

(K= (2FAN+1)*3

EXPY = EXP (AKNHY)

~



110

25

120-

Q0SHY = 05™ (EXPY +1./SXPY)
5XPB = EXp(AKM'B)

00SHB= 0.5" (EXPB +1./EXPB)
00X = C08 (BKN)

T0 = COSHY'COSX/COSHBION

SIGMA = SIGMA + TN

IF (ABS (COSX).LT.0.001) GO TO 25
B= 0.5E-6

IF(ABS(GOSX),LT*0.001) GO TO 120
N=N+1

GO TO 100

PEI=&**2+0.5% (T**2-X* *2)- 32. *I1?*2*SIGMA/PI**3
RETURN

EKD
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B,k Flow chartL fog' salving- analytical (Equation of the square shaft
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FUNCTION __‘_%

PHICX, Y, P,8) !
1

Pi=3 1415927
{

[ siemp=0.0 | [ 5168~ siemp TN

.

- | i Y
| AN=p

R=05xi07*

DK: AntX/ep |
* - No //Iib‘

[ KI =BYK/°20 ] =

._ﬂ:ie;?_'(_{ ] | iz A o504y )-;.zﬁfsglm

[ 8x= 8x-81 |
[ BKN= stx-pr 1
f'hkmazwﬂ) 4]
[ N=’~L/«l- Vi

" M=N &5
0
Len=~camnid | [ zn=capnsi)? )

1

B

| Exty= oY
Y

LcTJIN y=0. f(ﬂfn—%)l
e

[ FXP8 = o™ ’7—]

[go78= os(;ms *557)]
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| Tw=cosry ~¢5x/wc/a,[
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