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Finite Element Structural Analysis and
Graphics on Microcomputer

Makoto TANABE

Abstract

A linear structural analysis program for engineers (ASA) on 16 bits microcomputer with the
main memory of 512 KB is presented and demonstrated. It has an element library of beam, spring,
and four nodes plane stress, plane strain, axi-symmetric solid, membrane, plate, and flat shell
elements. Nodal sequence is renumbered automatically to minimize the front width and the
efficiency of linear equations before solving by a frontal method. It has a software architecture
of modules and files to treat large problems on restrictive microcomputer. Data transfer between
modules is made only through files, which enable to restart from an arbitrary module at recalcula-
tion. The input is given by free format for analysis data and by conversational way for the post
processing. Computer graphics is applied to have the structural plots, deformed shapes with or
without hidden lines, contour plots of stress, strain and displacement, and the animation of
deformation in conversational manner.

Numerical examples are demonstrated and the effectiveness of the micro system is discussed.
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Fig.1. Configuration of TALOS 68 K system
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YAF AT, ~—Fv=7HERIFiglorshTh
o HEBERLELT, 20MBD A~ —FF 41227, 84
VFETIRYyE—T 4 AZLIEB, TVVE, TryE B
T O 1,024 X1,024, F/R640X480 v 7 £ L TT

Spring

Plane strain

2 /;
S

Membrane

Plate in bending

BDIr574 w7 T4 AT VARERL TS, 7
vaELTE 23, A v FTEREIDIVELLZ &
MT X5, OS (Operating System) (%, 8 £ v +oD
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w4 r7ravEa—RRLHERBERBERITLE 7 774 v 7 AOIGH (HIBO 59

3. MATHEENOEIE
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Fig. 3. Flat shell
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Table 1 Computation time to impose constraint
equations
t P
A - El B
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P,
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V c
N N-M
X Mesh
Problem Description Program A ASA
CASE | N |M |DOFS| CEQ |CPU| I/O |CPU| I/O
1 19 | 51 | 1900 E1l 41.8 [ 336 | 2.1 | 6.1
2 19 (51| 1850 |E1+E2| 63.0 | 33.8 | 25 | 6.1
(SEC)
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TITL TAPERED QUADRILATERAL MEMERANE

NODE

17 410

289 4 3 0

273 0 4 0

1 000 17 273 289

ELM

1411219 18 16 1 16 17
MAT

1

210E+9 0.3 0.1 6B.67E+3 7E+3 2.3E-4
SBC

1117 17

1217 17

LOAD

12000000

17 2 0.625E+6 2 272
34 2 1.25EE+6 15 17
END

(a) Input data list

Fig. 4.
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(6) HiSEERE, BR, ERLHT —2co0TiE, B
AR 0 LERIBRICT A7 Y 3 74 7 e BENAER
Y H T 5,

(b) Deformed shape

Example of input data and the deformed shape
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Fig.5. Module and file
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Module M, Input data
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Solve linear equations
Evaluate strain and stress
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Fig. 6. Modular structure of ASA
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Fig. 7. Submit file ASA. SUB
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Fig.8. Two pictures assigned in display memory
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Fig. 12. Axisymmetric solid
(mm)
Fig.9. Plate with a circular hole Table3 Hoop stress at point C
Load ASA Target
case 8 X8 mesh 16 X 16 mesh value
232 230 228
2 —-19.1 —19.8 —20.0
EE 3 0 0 0

Type 1 Type 2 Type 3
Fig. 10. Meshes
E=4.32X10°Ib/ft?

v=(

x10*
300 X Type 1
O Type 2
O Type 3

P =0.36klb/ft?
Along AD
u, By, §,=0

Exact

200 © Fig. 13. Analysis of shell roof
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$1% NAFEMS o BiZEf# (target value) & B 7
. bOTHBEHN, BU—HERLTW5,

30 15 80 75 90
A mm B

0y (Pa)

3) vz —7DEN

Fig. 11. Stress distribution along AB
v e =7 Y FAWENDBERT S (Fig




64 4646 T ¥ AEPIRME  B-11 (1987)
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0 o ASA

NASTRAN
—0.1

0.2

0.3

Displacement ft

-0.4

=054 10° 00 30 a0

E F

Fig. 14. Vertical displacement along EF

Fig. 15. Deformed shape of Shell roof
(without hidden Line)

13), BB, CC BELWETH 5, RHEDOSEEND,
40° » ABCD 5% gt + %, Fig. 14 1332 D> =1
BRTEFMLL, EF FOREEM %, FREDY &5 L

|

Fig. 16. Contour plot of maximum principal stress
on deformed shape

U NASTRAN OB LB LD TH D, A7 =
77 ADERIERBCBH R —KERL TV 5,
Fig. 15 3ZEFKX, Fig. 16 3> =1 FEROEILTID =
vEAREERLL T3,
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Table 4 (& ORREICK L, BT 21T\, &
L7cst B (9) #XblLicboThsb, 22T
NDOF's 3 HHER, nr3fkAk 7= v M iExFbH
T M3, 4, 5w onTiE, EREETELTRY, [
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Ea—2Tl, SBEFE B4y )X, v7 1y
EZT Tl TWhHZ &b, BEEHELL, &
BEOCHERMAYET D, ARE TR, @EHEEEL
fEREEE CHEERMICEERZE R o, MES ©, HE

Table4 Execution time for various probems

Execution time (minute)
Problem Nodes Elements NDOF’s nr Single Dsiibie
precision precision
1. Plane stress 289 256 578 36 9
problem
2. Axisymmetric 289 256 578 36 10
solid problem
3. Shell problem (1) 45 32 270 42 4.5 6
4. Shell problem (2) 152 126 912 60 15 23
5. Shell problem (3) 310 270 1860 72 38 60
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DB TH B, TRBERF1 77 V13, AREFRE
DESICFIE L THAMRLEZLLHFL LD F T,
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oo THISEIRITEK S C it d, 2 AT+ —=
VARLFRF BT ChIEMED <A 7 ra v
Ea—8&E2T774 v 2 AEBOHBICL T, HL
WEESEE LRI CEERY N -RICL, /5
74 v 2 ARICALI= Y =T DDV b
TFBEIBERT 7 e 77 208t hb, ChHOH
Bhb, TR, vM7vava—R8ETT74y
2 Al R—= AR LI AREBERN 7 = 7 7 4036
¥&h, F-ERAHABEORMBE~OBERALZAEL, <17
BRIV 2= B YATADTYo=T VT «7 =7
~NDOENE L ERUXYEIDDE I ENTE, K7 R
S AalL, ETa—nNe 774 ARTICHEDSVHTU
BIEmb, 2 a—AEOMIEERAEL, V7Y
=7 OIENES T, BEBWILERITEY 2 — 1%
BRBFEFTHB, T THWIETI 7R3V E a2 —
2 TALOS 68 K D #REIZ, EEORMEEBRIC L I,

£ 0.05 MIPS #£E T, VAX 780 ® 1/20 2E OHE
YETH, COBEDO~A7ravEa—8TYH, §E
K ARTIECNIE X M, FHREREEOEARMBEICK
L, FCARKBTEIBOLAEZ ERERE, &
LIt KB ORBEOSHE L, RIFEINCHAL, Big
BB HROECTLIEZLNL 5, 58K, <17
Bavta— 2 RELIRKERESHLTFHINL,
68020, 80386 £ F L\~ CPU #<X—=R Iz L7 04~4
MIPSBBEMD 32 Ey 7 -7 AT —>av, HiLE
hoD CPURSEICEMLIEH L7 —F7 27 F+
Th5bH, 2~B+MIPSEBED~LF T a x4+ H
Z—HR=frmraviea— 2 REINY, =f7 8
IUE 2 — B HBWLT -2 AT —avit, SBIL
BIEELTHLDEEZLNRD, TOX 5 i@ Nk
T -y AT —vavkS— AL L HRERE SR
FroAsan, avea—2%EF L LV aBEOR
REORMEDOZ V=T VvV I DdDEN Ty —
AMELT, FETEEDL S CFRIFIAENRB LD
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1) E.L.Wilson, SAP-80 structural analysis pro-
grmam for small or large computer systems.
Proc. CEPA Fall Conf. Newport Beach, Califor-
nia (1980).

2) WWEEM, TEEHEBEOEREREN 7 7
4, NAPRA SEMINAR HREFE T r 7 7 3
VIDHF LT 2=y 2, BB TR T A
Mros, BRAD60 4,

3) Z=tF#ES, MS-FORTRAN X 2 HBR/SHERER
BT 7 rs vy, ¥4 v AR

4) CP/M-68K Operating System, Digital Re-
search.

5) Jeffrey Barth, R. Steven Glanville and Henry
McGilton, FORTRAN Reference Manual, Sili-
con Valley Software, Inc., 1982.
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