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APPLICATION OF SYMBOLIC MANIPULATION SYSTEM TO LARGE DEFLECTION ANALYSIS OF THIN PLATES
BASED ON PERTURBATION METHOD

R OFE o+ R B oxx
By Hideharu NAKAMURA and Shouichi MATSUI

Although there are & number of general-purpose computerized symbolic
manipulation systems in use, only limited applications have been made in
the structural mechanics area. Sometimes symbolic generations of finite
element stiffness matrices using the systems are found. However, the
systems are essentially suited for obtaining the solution of differential
equations rather than matrix algebra.

In this paper, application of symbolic manipulation system to large
deflection analysis of thin plates based on perturbation method is discussed.
Convergence characteristics are revealed through the study using higher
order terms, and at the same time effectiveness of the system to perturbation

method is confirmed,
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BEGIN,
WRITE " ;
WRITE “xxxskkxkxkxxxxxkxxxxx JQRDER ", I, " *xxkxxkkkxkkxkxhx’}
WRITE " 7;
% DFRBIR = DF(Rx*B(I>,R)/R’
% DFRBI = DF(RxB(I>,R>
DFRBIR:t= INT(BRH(I>,R)+C(I,127
DFRBI := DFRBIRxR
BCI) := (INT(DFRBI,R)+CC(I,2))/R:
% BOUNDARY CONDITIONS B(1)>=0 AT R=0 AND R=A’
BINUM := NUMCB(I))’;

COEFF(BINUM,R,CO) 7
WRITE”COEFF(R*xx0)>=",C0(0)}
WRITE"COEFF(Rxx1)=",C0(1)
BIBCO:=SUB(R=0,BINUM);
BIBCA:=SUB(R=A,B(I))’;
SOLVE(LST(BIBCO,BIBCA),C(I,1),C(1,2))7
C(I,1):=SOLNC(1,1)~

C(I,2):=S0LN(C1,2);

W(I) = INT(BCI),RD?
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% BOUNDARY CONDITION W(I)=WIOC(I> AT R=0;
WIBCO = SUB(R=0,W(I)) - WIOCI); @
SOLVE(WIBCO,C(I,3))”
C{I1,3):=S0LNC1,1>7?

DETERMINE P(I) AND Q(I}:

BOUNDARY CONDITION W(I>=0 AT R=A’

WIBCA := SUB(R=A,W(I))’

% IMCOMPRESSIBILITY CONDITION 7
INTWIR:=INT(WC(I)*R,R)~
WIBCC := SUB(R=A,INTWIR)-SUB(R=0,INTWIR); &
SOLVE(LSTC(WIBCA,WIBCC) P(I>.,QCI))2
P(I):=SOLNC(C1,1);

Q{I>:=SOLNC1,2);

WRITE “P(",1,")=",P(1);

WRITE "QC",1,")=",Q(I);

WRITE "BC(",1,")=",B(I);

WRITE "W(",1,")=",WCI) 7

DFNIR = INT(NRHCI+1),R)+CC(I,1)}

% BOUNDARY CONDITION DFUIN(I+1),R)>=0 AT R=0’;
NIBCO := SUB(R=0-DFNIR)’,
SOLVE(NIBCO,CC(I 10D
CCCI,1):=S0LNCL,1)?

NCI+1) = INT(DFNIR/Rx*x3 , R > + CC(1,2) ~ n

% BOUNDARY CONDITION NCI+1)>=0. AT R=A;
N2BCA := SUB(R=A,NCI+1))’
SOLVE(N2BCA,CC(I,2))7
CC(I,2):=S0LN(1,1);

WRITE "NC",1+1,")=",NCI+1);

END’;
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OFF SOLVEWRITE:
BETA:=FOR I:=1 STEP 2 UNTIL 9 SUM(WCxxIxB(I));
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BETA := WCx(B(9)*WC + B(7)*WC + B(S5)xWC + B(3)*xWC + B(1))

NR :=FOR I:=2 STEP 2 UNTIL 10 SUM(WCx*IxN(I)):
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NR 1= WC x(NC10)*WC + N(BY*WC + N(6)=WC + NC4Y*WC + N(2)?

PP :=FOR I:=1 STEP 2 UNTIL 9 SUM(WCxxIxP(I));
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PP 1= WCx(P(9)*xWC + P(7)xWC 4+ P(5)xWC + P(3)*WC + P(1))

@@ :=FOR J:=1 STEP 2 UNTIL 9 SUM{WCxxI*R(I));

8 & 4 2
QA = WC(Q(PI+WC + Q(7)*xWC  + Q(S)xWC + Q(3)¢WC + Q1))

EQ1:=(BETA*NR-GQ*R/2+PP/2/R}/D¥

EQ2:=-EH«BETA*x*2xR/2:
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EQ2 := (R*EH#WC *x( - B(9) =WC - 2*B(9)xB(7)*WC = 2xB(9)*B(5)sWC - 2%B(9)xB(3)*W( = 23B(DABLI*UL -
2 i0 8 ’ 6 2 8 6
B(7) =xWC ~ 2xB(7)2B(5)*MC ~ 2%B(7)*BL3)xMC -~ 2xB(7)¥BL1I*UC - B(S) *xWC - 2xB(S5)2B(3ZdxuC -~ 2
4 2 4 2 2
*B(5)*B(1)xWC -~ B(3) «WC - 2xB(3)xB(1)=xWC - B(1) ))/2

DENEQ1:=DEN(EQL)¥

DENEQR2:=DEN(EQ2)¥
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COEFF(NUM(EQ1),WC,BRH):
19
COEFF(NUMCEQ2) ,WC,NRH);
18
FOR 1:=1 STEP 1 UNTIL 10 D0 <<
BRH (1) =BRH(I)/DENEQ1;
NRH(1):=NRH(I)/DENEQZ;
>>;
% 1-ST DRDER;
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COEFF{(R¥x1)=0

P(1)=(64xD)/A
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10 8 2 6 & 4 6 2 8
R)*A + 1738B00*LOG(R)*A *R - 1310400*LOGC(R)*A xR ~ 302400%xLOG(RI*A xR - 1360B0xLOG(R)*A *R

10 8 2 6 4 4 6 2 8 10
+ 419756%4 - 4LB8Q747%A tR - 194600%A %R+ 256725%xA xR =~ 1247L4LxA xR+ 11340xR )1 /(907200

12
A %D}

2 4L B 6 3 8 6 3 8 6
N(&)=(EH *(1693440000%L0DG(A) xA *R - 6773760000%xLOG(A) *LOG(R)*A ¥R + 1552320000*L0GC(A) %A xR + 1397088000x

3 6 8 2 2 8 6 2 8 6
LOGCAY *A %R+ 10160640000xLDG(AY »LDG(R) *A *R - L656960000%LDGCAY *LOG(RI*xA xR - £191264000%

2 6 8 2 12 2 2 10 4 2 8
LOG(A) *LOGCRY>*A #R -~ 411633600xLOG(A) xA *R - 2434320000xLOG(A> xA *R + 1111320000*%L0OG(A) *A

6 2 6 8 2 4 10 3 8 6
*R  + 943034400%LOGCA) *A %R + 412776000xLDG(A)Y %A =*R - 4773760000%LOG(AY*LOG(R) *A *R +

2 8 6 2 6 8 12 2
L656960000%LOGLAY*LOGI(R) xA *R  + 4191264000*xLOG(A)*LDG(R) *A *R -+ 823267200%L0G(A)*xLOG(R)*A R

10 4 8 6 6
+ 4868640000xLOG(AY*LOG(RY*A xR — 2222640000«L0OGCAY*LOG(RY*A xR ~ 1BB8606BBO0OxLOG(AI*LOG(RY*xA *

8 4 10 12 2 10 4
R - 825552000¢LOGCA>*LOG(R)=*A =R + 778579200%xL0OG(AYxA xR - 370234200xLOG(AY*A *R =~

8 & 6 8 4 10 2 12
1500870000*LOG(AY*A R+ 7971B6880*xLOG(A)*A *R + 109279800xLOG(A)*A xR + 57B34000%xLOGCAY*A =R

4 B8 6 3 8 6 3 &6 8
+ 1693440000%LOG(R) sA *R ~ 1552320000xLOG(R)> *A %R -~ 139708BC00%LOG(RY *A xR - 411633600%¢

2 12 2 2 10 4 2 8 6 2 6 8
LOG(R)Y *A *R -~ 2434320000*xL0OGC(R) *A *R + 1111320000xLOGC(RY *xA xR + 943034400xLOG(R) xA aR +

2 4 10 12 2 10 4 8
412776000xL0OG(R) *A xR ~ 77B579200%LOG(R)*A *R + 370234200¢LOGC(R)*A %R + 1500B70000*xLOG(R)*A

6 6 8 4 10 2 12 14
*R - 797186BBO*LOG(RY*A xR ~ 109279800xLOG(RI*A xR ~ 57834000+t 0G(R)xA xR + 3443707x%A -

2 2 10 4 8 6 6 B 4 10
12B635500%A xR+ 368771200%A xR -~ 1B2995925xA *R - 177274062+A *R + 118796580%A xR -

2 12 14 16
5933250%A #*R + 3B27250%xR  ))/(476280000%xA *D)
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