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Computer Simulation of the Yield Point Phenomena Based on the Work-softening Model

Ryuta ONODERA, Tatsuya MORIKAWA and Ryuta KAMIKIHARA

Synopsis

: The yield point phenomena in low carbon steel have been explained by the Cottrell or the Johnston—Gilman theory in terms of microscopic

variables such as dislocation density, dislocation velocity and the interaction energy between dislocation and solute atom. However, the lower

yield stress and the amount of the Liiders strain (stretcher strain) seems not to have been predicted by the above theories. In the present work

we tried to explain the phenomena quantitatively by a phenomenological (rheological) model using macroscopic variables such as work-hard-

ening rate and the strain rate sensitivity of flow stress which we can be measured by tensile test. In the model a new internal stress was intro-

duced which is supposed to be work (strain)-softened and age-hardened. Numerical calculation showed that the model can predict the values

of the upper and lower yield stress and the amount of the Liiders strain, and the effect of strain rate on these characteristics.
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Fig. 1. Nominal stress—nominal strain curves of 0.05% C
Al-killed steels stretched in various strain rates.
The strain rate was changed by ten times during
15-20% strain.
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Fig. 2. Schematic representation of stress—strain curve. It
is supposed that the stress consists of three parts,
namely, the effective stress Y,, the ordinary internal
stress Y, and the aging stress Y, which is work-
softened.
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Fig. 3. Formulation of tensile test. The specimen is sup-
posed to consist of 20 elements which length is
equal to the specimen thickness, 0.8 mm. The area
of first element is made smaller than that of the
others in order to make the element the trigger of
deformation.
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Fig. 4. An example of the simulation in the case that the
all the elements except element 1 deform in the
same manner, showing no yield point elongation.
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Fig. 5. Schematic figure for the explanation of additional
stress Oy, ; Of &-th element. The positive addition-
al stress acts on the element, if the strain of neigh-
boring element is larger than that of 4-th element.

20F THESEHELCEERL, B — A O{RIE

l)lb_

IoB\HTHS, 720, Xho-[EHDIEIETIZ,

BHRIZIVER L2 LERTEDT, ZHEEEKID
Wrim 72 o A MO BER LD /NS LT B0THD,
Fig. 4D K312 2 — & — ZHEEPE T T L I3 5EE
BREFETH2OT, ThAWNETID, H25EEIRE

RL725, ZOBOBRRLEALRL T 5203 FEL%,

ROONTHARAD Z L A2 E L 72, ZOHMNILT o

prop.k%
KD ESIZERILL 7=,

O

orop. k= QO (€ —

ek)_(gk_gkfl)} .......................... (10)

ZZT, adIEOERTH O, LIMEHESEE LTS, L
(IO)EEBAZ THWBRERLOOTAIZENTHOEZED VY
ABNEVGAITG, ThabBEREINSLSLATWEY
AlTid, EOMMAIS A< Z & # B L T 5% (Fig
55H), aDEIFOTABEEIZINC UARBIZA L 72212

NIZDVTULRE TIHERD, FifF, IFCd~Rs> 32
L—3v 3 Tid, BEIRTZ2EDOHMME Y, (true) 3K
RDEI3EEDTHBEEZTITH 7=

Ye,‘.(true) YeA pmpA ............................................ (11)

BUlEt Rz vy —s gy kb La3) ——= 42— b
v OIHFEAREH O,
4. Il —2 a3 OERE

Fig. 612u=0.08mm-s™! (CE¥O$AEE 5x1073s7!") D
BADY I —2 3 VEERERLUZ, RUZITIS O AL

53 HEFL=1,6, 10, 16, 20DV A, OFAREELE XVY,
DIEDZEH LR L T B o FEIR(Y st Yo =305 MPa)i%
BTV -7 A EH T35, 330MPail/k B ¢ RTOHE
A0S ARE X103 s TER LD 50D
TEFIZIEE S, Tabb LEERETHS. D%, B
F1IAWREIVNE O ADITER LD b FrIZ R ER
TEDOTZDOY DR TIHY, ZO0-HETETZOH
ROEEINEE NS, ZOHE, ZTOBEROEFEEH
sa ANy FREEE LD KEL B3O TERMHEN P
D, MBEROVTAREIEELY A, ZOV, 1
130MPaTIlhE 7% Fickh3b, 25 LTERIDADR

66

340 T T v o
50—5x10 /S
320 a_soo
=1 —
~ 300 a=10c
a
=z
o
I3
=
w
T
«
X
fw
150 .
& 100 .
2 Ol @ | 08 |
T 50 7
=
oF
0 2 4 8 10 12
£ (%)

. An example of the simulation in which the propa-
gation of Luders band is taken into account.
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Fig. 7. Effect of the work-softening parameter a on the
shape of o—¢ curve.
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Fig. 9. Effect of the propagation coefficient o on the shape
of o—¢ curve.
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Fig. 10. Comparison of the shape of o—¢& curve between
experiment and simulation. The value of « in the
simulation is determined so as to agree with the
experimental curve.
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Table 1. Experimental data of Luders strain and the veloci-
ty of Liiders band estimated from it, using v=
u*AEe.

u (mm/s) 0.0008 0.008 0.08 08

(s 5X10°5 5X 104 5X 103 5X 102

A€ (%) 35 55 80 100
v/u=1/A¢ 29 18 13 10

v (mm/s) 0023 0.15 1 8
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Fig. 11. Stress—strain curve and the change of strain and
strain rate in each element predicted by the John-
ston—Gilman theory.
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