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THE STRUCTURAL ANALYSIS OF A PADDY FIELD
BLADE WHEEL BY THE
FINITE ELEMENT METHOD

Li Ying—cai
(Department of Agricultural Machinery)

ABSTRACT

The structural analysis of a blade wheel using direct stiffness method is
discussed in this article, The blade wheel is idealized as a two dimensional
plane frame problem and expressed in a mathematical model, The
outstanding feature of this computation is the utilization of curved beam
element, All the nodes on the hub are restrained, and the loads applied
on the joint nodal points are arbitrary,K Acomputer program is written in
Model TRS-80 LEVEL 1I Basic language, This progrm may be used in
solving the problems of plane frame structural systems with curved and

straight members,
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The stress and deformation of a paddy fieid blade wheel on the

powered rice transplanter model 27 in the above idealized condition are

computed as an cxample by TRS-80 microcomputer of which the memory

expanded to 48k Ram, The time run on TRS-80 computer for this prob-

lem is about twenty minutes,

([ AR S S 4

S * WHEEL/BRS (19/10/81, Y.C.LI)
19 ’ THE PROGRAM OF STRUCTURE ANALYSIS FOR A WHEEL OF FARM MACHINERY
20 ' BY TRS-2@ MICROCOMPUTER SYSTEM WITH LEVEL II BRSIC

3e * ROTATION:

40 * MA = NO. OF ELEMENTS -
s5a ' N@ = NO. OF NODES

€a * N1l = EQUAL DIVIDED PART’S NO. OF A WHEEL

70 ' N2 = NO.OF NODAL LODADS

e ' NI = NO. OF RESTRICTED DISPLACEMENTS

20 * DB = DIRMETER OF QUTER CIRCLE

100 * D! = DIAMETER OF INNER CIRCLE

110 ' EQ@ = THE YOUNG'S MODULUS OF THE WHEEL RIM

120 ' E1 = THE YDUNG’S MODULUS OF THE WHEEL SPOKE

130 * 1@ = THE INERTIR MONENT OF THZ WHEEL RIM

140 * 11 = THE INERTIAR MOMENT OF THE WHEEL SPOKE

150 ' AD@ = CROSS SECTION AREA OF THE WHEEL RIM

168 ? Al = CROSS SECTINN RREA OF THE WHEEL SPOKE

170 * M(M@,5) = DATA OF EACH MEMBER

120 * P(3+NQ-N3) = NODAL LOADS

190 > R(N3Z) = REACTIONAL FDRCES AT FIXED NODES .
200 * D(NZ» = DISPLACEMENT AT GIVEN LOAD'S NODES : ’
219 > TA(6,E)» = TRANSFORMRTION MATRIX FOR WHEEL RIM 2
220 * T1(B,E) = TRANGFORMATION MATRIX FOR WHEEL SPOKE

238 ' KO(6:6) = STIFFNESS MATRIX OF WHEEL RIM IN LOCAL AXES
249 * Ki¢B:B) = STIFFNESS MATRIX OF WHEEL SPOKE IN LOCRL AXES
250 * SB(3%NO, Z+N@) = GLOBAL STIFFNESS MATRIX

260 * 56(B:EY> = STIFFRESE MATRIX OF MEMBER IN STRUCTURARL AXES

I@B8 DEFINT I, TN
310 REGD MO, NG, N1, N2, N3, DB, D1, ED,E1, 18, 11, AB, AL

320 DIM MIM@. S, PCS#N@-NI) FF(MB. 36), FALE) . F1(E, BY 5 RINI), DI(NZ), DI(3#NI), DE(E)
330 DIM TOCE, E1, TI(E,E)2 TZ(E,B), TI(E, B, KDL&, B2 K1 (Ey B) s KZ(Es £)» KS(E, B

42 DIM  SO(IHND, 3%NRBY.S5(E: £) y SE(E» B, 521 T+ND-N3» T#NO~-N3I+1)
358 FOR I=i TO MB:FOR J=1! TO S:READ MC(I,J):NEXT J:tNEXT I

JE@ FOR I={ TO NZSREAD PCIIENEXT I

G0SUB <00

* TD COMPUTE THE STIFFNESS MATRIX OF SPOKE IN LOCAL AXES
FOR I=1 TO B:FOR J=1 TO E:K1(1,JV=P:NEXT JINEXT I
A=AR1:IE=I13E=E1:L=(DB-D1}/2

410 K1C1.13=E+R/L iK1CG,4)=K1(1, 1) 1K1(4, 11=-K1(1, 1D

G20 K1(2Z,2)=12¢E4IB/ (LAl ) sK1(5, S)=K1 02, 2) 1K1 (5, 2 =—K1(Z, 2}

430 K1(3, 21=E+E+IE2 (L*L) :K1(E,2)=K1¢3, 21 :K1(S, T1==-K1(3,2) KB, S)=-K1 (2, 2)

44@ KIS, 2)=4%E+xIE/L ¢ K1(ByBY=KI(T,Z) :K1(E6,3)=K1(5,3)/2

45@ FOR J=1 TD 6 :FOR K=% TO J:K1{K J¥=K1¢J,K) SNEXT KiNEXT J
C4ER O=243, 14159/Nt :GOSUR TQ00

4780 FOR I=1 TO E:FDR J=1 TO 6:KZ(I,JVY=K@(I, JY:NEXT JsNEXT !

48@ FOR I=1 TO MO

438 IF M(1, 3)=0@ THEN 538

5086 GOSUB 4@8@:FDR N=1 TO B:FOR J=1 TO €

518 TZ(N, JY=TLC(N, I ETE(N: J3=T1(F> NI 2KZ(N» JY=K1(Ns J} )

S2@8 NEXT J: NEXY N:GOTQ 530 ~
538 0O0SUB S50@B:FOR N=1 T0O E:FOR J=1 TO &

S48 T2N. JX=TA(N. JY:TI(N. J2=TB(J, M) NEXT JINEXT N

S50 IF ABSC(MCI,S)-MCI1,40)-2+3. 14192/N1) ¢ LE-3 THEN SBO

568 Q=M(I.3)-M(Ica): BOSUER Z0CD

578 FOR J=1 TD 6:FOR K=1 TO E:KI(J, K:=KB(J, K :NEXT K: NEXT J:GOTOD 3530
582 FOR J=1 TO E @ FOR K=1 TOD &: KI(J K)=KI(J,{K)2 NEXT KINEXT J
S9@ FOR N=1 TD &: FOR J=1 TO €: F1{N,»=0:FOR K=1 TO €&
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€00
612
G20
630
648
650
660D
&80
€350
700
710
720
738
740
750
760
778
750
730
={uls)
€10
820
830
840
850
€60
870
850
8950

2000
2810
2020
2030
2040
2050
2060
J200
10
3020
3230
042
RSB
SOED
JQ70
3JoeER
3090
3100
3110
J120
3130
3140
3150
S1E0
3178

. KEHREWSITOFEIRITE

55

FL1IN> JI=F1 (N, DI+K2 N K)wT2¢(Ke J) 2 NEXT KINEXT JiNEXT N

FOR N=1 TD G:FDR J=1 TO E:FF(I, E#(N-1D4+J)=F1(N,J) ¢ NEXT JENEXT N
FOR N=1 TD €:; FDR J=1 TO 6¢ SS5(N, D=0D:FDR K=1 TO €&

SSCN» J)=55¢N, JY+TI Ny K #K2(Ky J) ¢ NEXT KINEXT JENEXT N

FOR N=1 TO 6% FOR J=1 TO 6: SE(N: J)=0tFDR K={ TD 6

SE(N» I) =8B (N, JY+ST(Ns KI®T2(Ky J) 2 NEXT KINEXT J:iNEXT N

BGOSUB BRCB:NEXT I

* TD COMPUTE DISPLACEMENT AND REACTION )

FOR I=1 TO N2:FOR J=1 TO N2:58(I. I1)=S0(I, J):NEXT JINEXT"I

FOR I=1 TD NZ:SB(I,N2+1)=P(I)3INEXT I

GOSUER 7000

FOR I=1 TO NT:FOR J=1 TO N2:5B(I, J)=6B(N2+I,J)tNEXT JINEXT I

FOR I=1 TO NZ:R(I)=@:FDOR K=1 TO NZ:R(I1)=R(1)+SB(I1,K)*D(K) tNEXT K. I
LPRINT"RERCTIDNAL FORCES":LPRINT" "

LPRINT" ", "RX", "RY", "RM":LPRINT" "

FOR I=8 TO NI-1 STEP IJ:LPRINT" “,R(I+1),R(I+2),R{I+3)INEXT ItLPRINT"
' TO COMPUTE THE END ACTIONS OF EACH MEMBER

FOR J=1 TD Z#NI:DS(I>)=0B:NEXT J

FOR J=1 TO NZ:DS(J)=D(J)SNEXT J

LPRINT“THE END ACTIDNS OF ERCH MEMEBER":LPRINT® *

LPRINT "NO. OF MEMBER","T(1) DR X{I)","Q(I)> OR Y(D)", "M(I)"

LPRINT * "y "TCI) OR XCIH™H "R(T) DR Y(JI)" "M *ILPRINT *
FOR I=1 TO MO

FOR K=1 TO 2:I9=M(I,K):DB(Z#K-2)=DI(I*19-2) :DB(S#K-1)=DD(3w]9-1)
DE(J+K)=DI(ZT#19) :NEXT K

FOR N=1 TO E:FOR J=1 TO & :F1(N>J)=FF(I,E+(N=-1)+J):NEXT J+N

FOR J=1 TD B:FO(J)=0:FOR K=1 TO E:FQ(J)=FAC(J)+F1(J, K)*DB8(K) INEXT KsJ
LPRINT I,FB(1),FO(2),FA(3Y: LPRINT" "“,FOA(4),FA(S),FA(E) sLPRINT" *
NEXT I:END

REM SUBROUTINE (1)

LPRINT"DATA OF THE WHEEL":LPRINT® *

LPRINT"NODE I","NODE J“, "TYPE", "ANGLE Q1" "ANGLE @2":LPRINT® *

FOR I=1 TO MB:LPRINT M/I,1),M(I,2)+M(I, 33, M(1,4), M1, S5)INEXT I:LPRINT*
LPRINT"NODAL LOADS":LPRINT" "

FOR I=1 TO N2:LPRINT PCI), tNEXT I:LPRINT" *

RETURN

’ SUERODUTINE(2)

* TO COMPUTE THE STIFFNEES MATRIX OF WHEEL RIM ELEMENT IN LOCAL AXES
A=AR:G=IP:EZ=E@:COB=C0S(Q) :S1=SIN(R) :C2=COS (Z4R) sS2=SIN(2+@)
Z1=3#R/2~-2+51482/4+440x(D/2+52/4) / (R+DA*DR)
22=1-C0-51+451/2-G*(1~-C2Y/ (A+DB*DB)

IT7=24(Q-81)/D0B: Z4=QR/2-52/4+44G*(Q/2-52/4) / (A+DO*DD}
75=2+(1-CBY/DE: ZE=4#Q/(DB*+DD)
WisTanZE-15+Z5: W2Z=I3%18-I2#76: W3=I12#15-13%14

WA=Z14Z6~73%I5: WOS=Z2#4Z3~Z1%I152: WE=Z1%I4-224712

B=721474426+2+ 72473425~ I3+ 25421 -2 2347 4~I 212476 .
FOR J=1 TO B:FOR K=1 TO E:KB(J,K)=Q:NEXT K» J

KBC1, 1)=W1tKD (4, 4> =W1:KD(Z: 23 =W4KD (5, S)=W4

KB(3s 1) =W3:KB(E> 4)=WIKB(T> ) =WEKA(E> B)=WE

KBC(2: 13 =HZ KBS, 4)=-KB(Z2, 1) tKB (3 2)=W5:KB(E, 5)=~KD(3» 2)

FOR J=1 TO 6:FDR K=1 TO J:KBD(K, J)=KB(JyK) :NEXT K.J

KB (4 1) =-WI1+CD+WZ+51 1 KB (4 2) =—WZALD+WA#B1 t KB (4> 3) =-W3I+COB+W5*B1
KA(5y 1) =~W1#81-W2+CBIKOLT, 2)=-WZ+S51 -W4*CAIKB (5> 32 =-W3I*51 ~WICO
KACB» 1) =-H1nDB#(1-CB) /2Z-H2+D@+Q1 (Z2-WS

L]
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T1BO KB(E, 2)=-WZ»D@+(1-CO) /2-Wa4#wDB+51/2~WS

T130 KO(Ey I¥y=—W3+DB*(1-CA) /2-HUG+DB:+51/2-HWE

3200 KB(1.4)=K@8(4,1):KAL, S5)=-KA(4, 2):KO(1: B)=KB(4,?

I210 KB(2, 4)=-KA(S5, 1) :KACZ, 5I=KO (S5, 2) s KB (2, B)=-KB(S: 3)

3228 KU(S,:4)=KDB(E: 1) tKO(3y 5)=-KB(B» 2) : KB (3, B) =KA(E: 3}

3230 C9=B+E2+D/ (DB+DB+D@+B)

3240 FOR J=1 TO &:FDR K=1 TO &:KB(J, KI=L+KO (I, K) iNEXT K. J

T250 RETURNM

4000 * SUBROUTINE " (3)

4010 * TO COMPUTE THE TRAWNSFORMATION MATRIX OF WHEEL SPOKE

4028 Qi=M(I,4):CO=CO5(R1):51=5IN(Q1)>

4838 FOR J=1 T0O B:FOR K=1 TO G&:sT1C(I,KI=B:NEXT Ks J:T1(1,1)=CB:T1(1,2)=51:T1(2,1)=
~51:T1(2: 2)=CD:T1 (T, T) =1

4048 FOR 17=1 TO 3:FOR J7=1 TO 3:TiC(17+3:J7+32=T1(17, J7YSNEXT J7:NEXT 17

4059 RETURN

508 REM SUBRDUTINE(4L)

501® REM TO COMPUTE THE TRANSFORMRTION MATRIX FOR WHEEL RIM

5020 FOR J=1 TD B:FCR K=1 TO €:T@(J, K)=@:NEXT K, J:Q1=M(I,4):QE=M(1,5) :CB=COS (1)
181=6INCQ1)

S030 TO(1, 12=-51:Ta(1, 2)=CBTB(E 1)=CO:TE(Z. 2)=51:TAB(T, Ty =1

5040 CO=COS(R2):51=5IN(R2):TB(4,5)=CA:TA(T: 4)=CO:TA(4, 4)=-512TA(5, 5)=51:TB(6. E)=
1

5058 RETURN

E@P® REM SUBROUTINE(S)

B6@05 REM TO FORM THE GLOEAL STIFFNESS MATRIX

EO1B FOR I7=1 TO 2:FOR J7=1 T0 2:18=(I17-1)+3:JB=(J7-13#3:HE=(M(I, I7)-124F:LB=(M(
1.J7)-1)%3

E02ZB FOR K7=1 TOD 3:FDOR L7=1 TO ZiH3=HE+K7:1L.3=LB+L7:19=IE+K7:J3=JB+L7:S0(H3.L3)=5
B(H, LI +56 (19, JI2 sNEXT L7:NEXT K7:NEXTJI7:iNEXT 17

6038 RETURN

700Q REM SUBROUTINE(S)

7818 REM 70 S0LVE SIMUITANEDOUS LINEAR EQUATIONS BY GAUSS METHOD

702@ FOR K=1 TO N2-1:FOR J=ik+1 TD NZ+1:58(K, J)=88(K, J)/SEU K?

7038 FOR I=K+1 TD N2:5B8(I,J)=5B8(I,J)-58(I,K)+58(K» J)sNEXT I:NEXT J: NEXT K

704Q D(NZY=SB(NZ,N2+1) /SB(N2Z, N2)sFOR I=N2-1 TO 1 STEP ~1:S=RtFDR J=1+1 TD N2:5=8
+58(I, JI)»D(J) SNEXT J

7050 D(I1)=5B(I,N2+1)-S:NEXT 1

7060 LPRINT "DISPLACEMENT":LPRINT"

7070 LPRINT * *,"U", V", "THETA"

7080 FOR I=@® TO 1B STEP O3

7090 LPRINT " *,D(I+1),DCI+2),D(I+3):NEXT 1 2 LPRINT™

7102 RETURN

8002 DATA 13,13,6, 21y 18, 58, &, 20. S34E+6, 20. 534E+6y 1. 5125, 1. 5125, 2, 0735, 2. 8735
8812 DATA G, 7,2, 8,1.0472,7:6,0: 1. 0472, 2, 9344, 6, 4, 0, 2. 0944, 3. 14153

5220 DATA 4,2,0,3.1415% 4. 18873, 2, 1,0, 4.188793,4.71238, 1,3, 0, 4, 71239, 5. 23599
8038 DATA 3, 5.1, 5.23599, 6. 28319, 13:7»1,1.08472,1.0472, 12,6, 1, 2. 0944, 2, @944

BR4@ DATA 10,4, 1,3.141533.14159,8,2,1,4.188793, 4. 18879

8058 DATA 3,3, 1, 5. 23599, 5. 23599,11,5, 1,6.28313, 6. 28313

BBGG PATA ~85372, 2500, ~63655, @, 0, 8, B' a, B) D. 2,2, B. 2. @, Q. 01 D! Q: nl 7]



