670 UFd7ATH=TR AW, A 28A A 63, pp. 670~676, 2004

TE53Y HAdd

2

&x Az g 24

AF
-

2003 59 994 A, 2043 49 14Y HAEE)

Modeling on the Nonlinear Rate Sensitivity of Flow Stress
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Abstract

Most metallic materials and alloys show rate independence or negative rate sensitivity in some
temperature region when dynamic strain aging occurs. It is generally recognized that negative rate sensitivity
is an essential feature of dynamic strain aging that can depend on strain and/or strain rate. The unified
viscoplasticity theory based on overstress is applied to reproduce a change of rate sensitivity type that depends
on strain or strain rate. This is accomplished through the introduction of a single new term in the growth law
of the equilibrium stress, which is a tensor valued state variable of the model. It is also shown that the new
term can be used to reproduce a dramatic increase of rate sensitivity in dynamic plasticity.
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Table 1 Material constants

Hypothetic Material 304L
" E[MPa] 200000 195000
E[MPa] | 1000 2300
AlMPa] | 250 200
AMPa] | 10 5
B Defined Defined
~y[MPa] ] 300000 100000
T ks] 300000 100000
T kfMPa] 70 100
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400
300
g
= 200 |
&
100
o —T T T T
0 1 2 3 4 5
Strain [%]
(a) Positive rate sensitivity
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(b) Negative rate sensitivity
Fig. 1 Stress-strain diagram when the augmentation

function is kept constant
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Fig. 2 The augmentation function is a function of the
accumulated inelastic strain given by Equation
(22). The strain rate alternates between high
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Fig. 3 Stress at 3% strain versus strain rate. The
augmentation function of (a) and (b) is the
function of the effective inelastic strain rate given
by Eq. (23) and Eq. (24), respectively

9 £ERAEE ZA A3 WPl APHAAM F
Ao SErRgEEAL pg=-1)F T3 49

Figure 2(b)ol &= A5 9]
Wlgky 7ol Aagel okt Zakgat p=-15
oA p=-057HA A&z Frisks FHE
Ueah wed S
SRPEE S
Bo|FE
Eog WMPE Sxo YA FH W3
& dgol udch HFEE SHAHH
g_ ot oA vl JlsE AEL
17 98ty A3 FE e AYE
Fr2 tE Zo] Ao
f=p,~sech(p, (n] | ~5)
A4714  plol= ple]= 4, Boa “st
A By, BB ﬂ;f HEd MYE
-4 01“1 Aol diste] A SxvdE

[¢)

o g

(23)

s

g

H

=®

=



800

8000s"

100
15’
0025
0.0002s"

Stress [MPa)

Experiment* Model
Symbol  Line
* Stout & Follansbee (1986)

o T T T 1 T T T
0 2 4 6 8 10 12 14

Strain [%]
(a) Stress versus strain.

900
850 Model (Strain=0.1)
800
750 4
= 700
o
2, 650
2
g 600 -4
9 550
500 A
450 4
400 Ty vy T T YrTy vy
10 10* 10 1wt 100 100 100 1t 10t 10

Strain rate [1/s]

(b) Stress at 10% strain versus strain rate.
Fig. 4 Strain rate sensitivity of 304L stainless steel
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