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Numerical Analysis of Plastic Strain Distribution through Multi-directional Deformation

Tadanobu INOUE, Shiro TORIZUKA and Kotobu NAGAI

Synepsis : The plastic strain in a specimen introduced by compression with a pair of anvils is evaluated using a three-dimensional dynamic finite ele-

ment analysis. The stress—strain relations depending on strain rate and temperature are used in the analysis. The contact condition between

the anvil and the specimen is determined from the experimental result from an identically deformed screw set in the specimen. The plastic

strain introduced by uni-directional compression is compared with that by bi-directional compression non-simuitaneously given from differ-

ent directions. The bi-directional deformation is proposed as a method to introduce large plastic strain widely in the specimen. The bi-direc-

tional deformation can be developed as a technique to obtain ultra-fine grain steels for thick plates.

Key words: FE-analysis; three-dimensional plastic deformation; equivalent plastic strain; multi-directional deformation.
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Fig. 1. (a) Investigated model, (b) model of an initial
equivalent plastic strain &,,,,=0 and (c) model in-
troduced &,
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Fig. 2. (a) Finite element mesh before compression. (b-1)
Material flow meshes near the region introduced
€.q0) and (b-2) contour of an equivalent plastic
strain €, introduced by its compression in case of
initial equivalent plastic strain &,,=0. (c-1) Mate-
rial flow meshes and (c-2) contour in case intro-
duced €.,=1. A specimen is compressed by 50%
and a work hardening parameter n of the material
is 0.3.

IZEASNh, FRELSESAFHIRE 55, Fig 2 (b-1)&
(C-DDT T =Xy 2 DB E, YIHHBEND§ B o0
BASNBHEEZ S THWEATIZ, ZOME (KET
HENEIT) BT R3EERELE > TSI Pbr 5,
xHENOMBOHRNE R 2 & x>, THD | yHHEDBE
Yooy EEoTED, Zhik Eeq(o)ff;‘&%}\ SN pEETOE
ERRERLZHARIMEE IR TS Z L 4K LT3, Fig 2
(b-2), (€215, £ 0 PEATNAEHRTIIMLIZE > T
WA S NBIPEOT AT £,,,=00 & FIZHARP XA
ZTOEBEITIIREL A>TV BESICRAS, Tha
Mom»IZd 5728, =01k 2x b XUy HE (FE
FEHm) OMLIZk > TEAXRZZEHOTAD S 4%
Fig. 3 (@B KU GIIARL =, EHRIVHEED T A
Eqoy=0DHATH D, BEEOREIZLD, MBOHLT
O T RBNBIFAREL B> TWBDHb2 5, FL
T, ZOEIAA/NEINFEREL D, Hifb XU
B o=l BIUIDHATHD , UIHHEED T A e, o2
BASNTOLMBIZE T 2EUOTARIL, g,,=0D&
EDZNITHNNE LS B 5T D, WD, g WA ZA
T SEE TRV TARIIKREL B> T B, HiD,
REHETIZBNCZOMEEIIMIIAEIC L THEETH 5
(Fig. 3 (b))o TAUZL, 0 FA SN T 72l Ath oD 78
BUZHER TSN Ik DB HEI X, 20
TRV BB EA >=Z E 4 B®RT 5, T45bb, &




(@

T €eq(0)=0
— - geq(0)=1
e £Q(0)=3
s |
W
=
B
3
2
2
=
A
02 1 i i i i i
0 01 02 03 04 05 06 07 08
Distance x
16 ; ®
n:o n=0.1 —— £eq(0)=0
14 0\ | == EeqO)=1
_____ €eq(0)=3
T o12pm :
© i e y
N Ao ™ IRRRER)
g b BN
3 7 R p
£ 4 XN f
0.8 J
§ L.’ ff \\\
< 7 ., B
= 0.6 | . . §
.".‘ '~ H
0.4 oo - e
n=0.3: N\
0‘2 1 i T T
0 005 0.1 015 02 025
Distance y
Fig. 3. Variations of the equivalent plastic strain intro-

duced by 50% compression with the distance from
the center in (a) the x-direction and (b) the y-direc-
tion, on the z=0 plane.
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Fig. 4. Schematic illustration of multi-directional com-
pression.
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Fig. 7. A specimen with a screw em-
bedded in the center.
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Fig. 8. A cross section of the 58%
compressed  specimen in
which a piece of screw was
embedded before the defor-
mation.
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sion at 1023K and strain rate
1/s.

270 —

Fig. 10. Contours of the equivalent

plastic strain on (a) the
x—y vplane, (b) the x—z
plane and (c) the z—y
plane in the specimen
compressed to Ly: 3.75
mm in uni-direction at
1073K and strain rate 1/s.
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plastic strain on (a) the x-y
plane, (b) the x—z plane
and (c) the z—y plane in the
specimen compressed to
Ly:7.5—Lz:7.5mm in bi-
direction at 1073K and
strain rate 1/s.
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Fig. 13. (a) Deformed meshes to
Ly:7.5mm (1st pass). (b)
Deformed meshes with

increment amount of
equivalent plastic strain
for the st pass at some
sites in a specimen com-
pressed to Lz:7.5mm
after the 1st pass. (¢) De-
formed meshes with an
amount of equivalent
plastic strain at some
sites in a specimen com-
pressed to Lz:7.5mm
after stresses and strains
were set to zero, while
the shape was main-
tained after the 1st pass.
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Fig. 14. Variations of reaction force
against deformation time in
uni-directional compression to
Ly:3.75mm and in bi-direc-
tional compression to Ly: 7.5—
Ly:7.5mm at 1073K and strain
rate 1/s.
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Fig. 16. Contour of the equiva-
lent plastic strain on the
z—y plane in the speci-
men compressed to Ly:
75>yt 5.3mm in
bi-direction at 1073K
and strain rate 1/s.
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Fig. 17. (a) Variations of a maximum value of the equiva-

lent plastic strain against movement distance of
anvils and (b) relation between reaction force and
deformation time in specimen compressed to Ly:
7.5—>Lz:3.75mm and Ly:7.5—Ly.:5.3mm in
bi-direction at 1023K and strain rate 1/s.

Table 1. The maximum equivalent plastic strain €., the
average strain €, in the deformed volume the
maximum reaction force Ry 1o the anvils in
both uni-directional compression and bi-direc-
tional compression.

i I equivalent plastic strain € eg masimum|
e marimun] Yolme volume fraction (%) average reaction
(mam) afler force
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