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DIC speed

50Hz

Strain

rate

Specimen
size(mm)

Deformation
speed(mm/min)

0.001 | W:2T:05L:6 0.36
0.01 W:2T:05L:6 3.6
0.1 W:2T:05L:6 36
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L ubricant Strain Specimen Striker Impact
rate size(mm) bar(mm) speed(m/s)
1000 D:12T:6 D:19 L:456 21.5
Vaseline | 1400 D:12T:6 D:19 L:456 26.3
2000 D:12T:6 D:19 L:304 30
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Input initial guess
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Compute Mass matrix
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Gather element nodal
displacement and
velocities

Compute accelerations
and nodal velocities
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Boundary conditions

Update nodal
displacements,
counter and time

<>

Output data
(S-S curve, Temperature)

Compare with
objective function

No
Yes

Complete

No

Compute deformation
in element

Compute stress by
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(VUHARD: M-JC)

Compute internal
nodal forces on
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Scatter element nodal
forces to global matrix
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Boundary
condition

Same as SHPB test C3DS8T 0.325x0.58x0.4

Element type Critical element size

Material property
Solver and analysis type
Elastic Plastic

Johnson-Cook
Linear elastic dynamic
(or VUMAT)

ABAQUS/Explicit,
coupled Temp-Disp
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A(MPa)

B(MPa) n C

0.6894

T.(°C) Tin (°C) )
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Equivalent stress (MPa)

700
650
600
550
500
450
400
350
300

700

= 650 |
g 600
2 550
L
= 500
£ 450
S 400 F o Exp.S-R0.001
350 ¢ —1J-C.S-R 0.001
300 - . -
0 0.05 0.1 0.15 0.2
Equivalent plastic strain
700
- ~ 650
(251
- S 600 |
- Z 550
- g 500 f
£ 450
- © Exp.S-R0.01 S 400 | o Exp.S-R0.1
- —I-C.S-R0.01 & 350 ¢ —J-CS-RO.1
- - - 300 - - -
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
Equivalent plastic strain Equivalent plastic strain

I931 38 A9Z4E A3 4 JC A=A

) A2 of &



vt A9 23

A

N

]

=]

ol

A 2

2 3} o}

a9

1932 oA #o] SHPB

el

= et

=
=

2719] Atol7} 7

o) £zt 7]

<
o

Ela

9

AW st

2} o] A

714 71&719]

= WEAA 7=

i

g 7=

A

tol 714 4% dolE s #

Aas

[e)
Mo urs

.
fi%e)

€

A me gh0.65)= 4

38



True stress (MPa)
o0
=

True stress (MPa)
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Strain rate = 1000s!

tang = 0.17
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_/’/tanﬁ/= 0.23
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0.1 0.2
True strain
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1000
tan@ = 0.14 =
W S 80
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——J-C.S-R 1400
1 1 0
0 0.1 0.2 03
True strain

Strain rate = 2000s!

400

200

W
B tan@ = 0.21
o EXP.S-R 2000
—J-C.S-R 2000
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True strain
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Temperature(°C)

Strain rate = 1000s!

o
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Temperature(°C)
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Time(ms)
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o T of EXP.1400 o T of EXP.2000
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Time(ms) Time(ms)
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True stress (MPa)

Strain rate = 1000s!

1000
_ tan6 = 0.17
[
% 800 W
w 600 tanf = 0.17
=
% 400 |
¥
& 00 | —SIM.SR 1000
o EXP.S-R 1000
0 1
0 0.1 0.2 0.3
True strain
Strain rate = 1400s! Strain rate = 2000s?
1000 1000
tand = 0.14 — tand = 0.14
800 W g 800 | W
5 tan@ = 0.15 é 600 | tan@ = 0.15
é 400
200 | —SIM.S-R 1400 E 200 | = SIM.S-R 2000
o EXP.S-R 1400 o EXP.S-R 2000
0 1 1 0 1 1
0 0.1 0.2 03 0 0.1 0.2 03
True strain True strain
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True stress (MPa)
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Friction coefficient = 0.28
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True strain
Friction coefficient = 0.31 Friction coefficient = 0.35
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g 800 |
2 600
&
S 400
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1 1 0 1 1
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True strain True strain
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Before deformation
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Deformation under high friction

Deformation under low friction
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Inner diameter reduction (%)
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Lubricant

Vaseline

Strain Specimen Striker Impact
rate size(mm) bar(mm) speed(m/s)
0.D:13 _
1000 .D:5 o 215
T:6 '
0.D:13 _
1400 .D:5 D 26.3
T:6 '
0.D:13 .
2000 .D:5 D 30
T:6 '
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Strain

Condition rate Undeformed(mm) Deformed(mm) Reduction(%0o)
0.D:13 0.D:13.99 D6
1000 1.D:5 1.D:5.3 T.'14.f8
T:6 T:5.11 T
0.D:13 0.D:14.73 _
SHPB | 1400 1.D:5 1.D:5.51 ITDZ%)’OZZ
T:6 T:4.61 T
0.D:13 0.D:14.58 | D9
2000 1.D:5 1.D:5.45 T.'26 3
T:6 T:4.75 T
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1000
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Equivalent Stress (Mpa
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1Y39 Ay
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Strain rate = 1000s!

0.18

Strain rate = 2000s'!

— 1000
o
= 800 |
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(%) ]
Y 600 f
&
400 |
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S 200 F ——SIM.S-R 1000
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L 0 1 1
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C=0.026
Strain rate = 1400s!
— 1000
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M 2 800
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i o 600
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= 400
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Equivalent plastic Strain
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a * (ln (—
&
a=2518E7% b = 2.524, ¢ = 0.007754

C =

Function No.2

g >b
£o

a * (
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C =
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g—) + c) +d  Function No.3
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0.035
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— Shape 1

g
* Strain Rate (/s) -
Max:2600 & °
g
Q
Min: 150 El’
3 -
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True strain rate (/s)
— Shape 2
g 20
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Q
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Force (kN)
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—31.31,d = 0.02066
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Abstract

A Hybrid Experimental-Numerical
Method for Identifying
the Johnson-Cook Hardening
Parameters under Intermediate to
High-Strain Rate Conditions

Yeongmin Jeong
Dept. of Materials Science & Engineering
The Graduate School

Seoul National University

In this study, we propose a method that simultaneously applies experiment and finite
element analysis for identifying Johnson-Cook(JC) model constants. The determined
parameters aim to accurately predict the behavior of materials under intermediate
and high-speed deformation conditions. First, a finite element simulation of the Split
Hopkinson Pressure Bar(SHPB) experiment is conducted with initial conditions
from the test results of quasi-static experiments. Then, the stress-strain curves
obtained from the actual high strain rate experiment and the temperature data
measured from test specimens are used as objective functions for optimizing the JC
model constants by inverse analysis. Finally, the proposed hybrid parameter
identification procedure is validated by predicting the material deformation behavior

at different strain rates and boundary conditions.

Key Words : Modified Johnson-Cook Model, High Strain Rate, Hybrid
Identification Method
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