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Iterative Method for Dynamic-Thermo-Plastic-Elastic Problem by using Finite Element Method

by Shunichi Kawano, Member

Koji Goto, Member

Masahiro Toyosada, Member

Summary

This report proposes the iterative method for the dynamic thermo-plastic-elastic stress analysis by
the finite element method (FEM), of which scheme satisfies the condition that the stress point must
move on the yield surface during plastic deformation. The common engineering condition of a von
Mises, isotropic hardening model and the constitutive equatin expressed as a function of a strain
rate-temperature parameter R are used in this FEM program. As a example of calculation using by this
FEM, we show the strain and temperature distribution around a hole for a plate loaded in the uni-axial

direction.
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Fig. 2 Flow chart of iterative method.
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Fig. 4 Finite element idealization of rectangular plate
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Fig. 6 strain distribution around a hole

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

388 HAGEMFE 25 E

F 1695

BT bMEELHSREO 3 ITTTERE KB ICEHET
X3 bbbl

2) EBIEFER»AEL LD L, BEERIC L ZREMICE
DIEHETRIZBLWTERENEE L THFE»#EiL, Ih
IV UOTFROEFESRES L IERVBEONT, D
e, BHUEIREE L OBEMIERFHEERT 54
&, YIRESEHBBTRBUTAEEL 2 5DT, HHHUHE
HEETREEOFERBETEZVLIDLEZI SN,

2 £ X ®

1) EEEE, EEEE, $HRG, GBL0 0TS
HERGEETEOT A7 0y 7 O REREH DR
7, BAEERYSRIE, 54 %, 5015, “(1988.5),
p.1124.

2) FKES, BHEE, EEBX =R 7a v 2 05]
DT TOBKBNERES, AABRYSHE,
55 %, 516 %, A (1989.8), p.1872.

3) P.E. Bennet, G. M. Sinclair: Parameter Repre-
sentation of Low-Temperature Vield Behavior of
Body-Centered Cubic Transition Metals, ASME
paper. 65-MET-11 (1965).

1) B BEET OTAEERVEEEERL
LERAOERAER IOV T, BENERESR &
81 & (1991) FIRIH, .

5) Mzi3 LIMEEE Bt - il BRERKOR
BELIGHYY —X 6, f5ESE (1980).

6) fizi¥ H.L. Schreyer, R.F. Kulak, J. M.
Kramer: Accurate Numerical Solutions for
Elastic-Plastic Models, J. Pressure Vessel Tech-
nology, ASME Vol. 101 (1979. 8), p. 226.

7 WEHE—, LA W, BETE, SFEE RER
it 2R AEREREO K, BABRESR
Y, 55%, 5115, A (1989.3), p.523.

8) HREZZENVF 7y 2711 ERARE, 5EE(1983),
p-682.

8 FEISHICHTIHE

oy BREFCAABMMERL, ZORLE/RFEIC 28
% v 5, BHERETOFEGN TR, de. BEHRELBES
5 —EMICRET LI ENTERVOT, R(AND
FUIDN{de} +{c™—a™}) iZ ADBEE RS, LIS 2 T,
FH(19) 25 B 48P 2R B Z M TERWH, RAD K
HohdEHC 48 b ADEKTH L DT, 48° DD
DIz A BROIEEIEASSHETE S, 22T, X
(16) TRTMUEHE ADBEKE L TBERT I LT
3, "B BL W do=0 &Y
de=— {1 =) (dex+ dey)

(I“ZV)A ,- E {

T20-v)+EAL l—u\‘dex—‘—dey)

e +g,">] (A1)

[
iy
~

A=1E(ler+ de)+ o+ o0

Ae.=Aeé+ Ak
des= "{V/(l - V)}(AEI+ AEy)

_ (1—2uv)A
det=~ gy ca = A

(de®}={dex dey de& Ayz}T
5. RADFOEFED e 8LV p i3, BHERTB &
UEHRSOER TR EERCOT L DO THS, R
(A.2) X9 f((DHde}+{c™) BUTFTIwRT L2125,
2E[SIBLVIDIR, rw=ra=0:~t=0TH5DT
ROXZEH S,

(A.2)

1 -=1/2 —-1/2 0
. 1 —-1/2 0
[Sl=
Sym. 1 0
3
[(1—v v 12
1-2v 1-2v 1-2v 0 W
E 1—v v 0
—— 1-2 1-2
Dl=13) Y !
S 1=y
ym. 1-2v
L 1/2]
FA[Dl{de} +{c™})

={{D}{de?} +{a"NT[SHIDHLe} +{o™})

Q—2)GM@—)GA+A =)}
((EToER L LAt (A.3)

HK(A.DHSHESNEES W, HLOE2HDHH A DK
B LD, BTHRRBH, R (16)1F 120 1BV TES B
THHDT, FREDOE 1EDMEI & > TRREIERT
2k, TbbL

[[Dl{de} +{cP [SHIDN4e)

+

+ {G(H)}]IIZgH( é‘P(ﬂ), T) (A 4)
EHIK
-~ E Ey ()
Ox= (1__ I/Z)AEI+-(1 — )/-Z)Asy+ Oz

— EV E (1)
Oy~ a__ VZ)AEI+ (1_ Vz)ASy'*’Gy

Tey=GAyzy+ 5
B, RADEIOEIRIRD LS 2% D,
{[D){4e?} + ("N [SHIDN4e®) +{o™))
=g+ oi— okoy+3Th

=B’ (A.5)
NA.20F 1R
A={E/(1— v )N Je,+ vdey)+as”
HE/(1— v ) vder+ dey) + 0P
=0+ 0y (A.6)

ri20T, NAIDHEIDE IR

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

VA REEERE L BEENERERE 389

(I—Z{U)GA{(Z—V)G/I—#(l;u)} 4z H(A.5), (A6 LD
I+ GA+A-v)) AB = A =4(52 52= 515,13 F2) —[ 5ot 5.)°

=[ 2{((11; V”))&i‘z’ff)y)} ]2><AZ—(1/4)A2 (A.7) =3{(5:~ 7,)*+4 72,} 20
X A3), (A.5), ADIVRS) TRIBUEH KD BRALBEBRTH20T, A8 LY 74K
r3ikD, @bfﬁ’yﬁgﬁt&éltﬁbbéo
o ={1/(1+ 3G} AL DN de} +{c})
=[ H{as u()ch i)(l —HpATt 4%13 +§£1)2 ]w
(A.8)

NI | -El ectronic Library Service



