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Abstract: Thus far, the majority of Johnson-Cook (JC) model parameters have been determined by fitting of the
experimental data. To achieve this, some values in each test, such as the strain rate and temperature, are assumed to be
fixed. After numerous tests with various strain rates and temperatures, the flow stress is fitted as a function of the strain,
strain rate, and temperature. However, the fixed test conditions may vary during the test. For example, the strain rate is
not constant during a test if the test velocity is constant. In this paper, an optimization method is proposed to determine
the model parameters. Tensile tests are performed for various strain rates. A finite element analysis is also conducted for
the same conditions, and the model coefficients of the JC model are used as the design parameters. The error is defined
as the discrepancy between the experimentally and numerically obtained stress-strain relations. This error is then used
as a minimization objective. By this method, the model coefficients can be determined such that the numerically
obtained stress-strain relation almost coincides with the experimentally obtained stress-strain relation. Moreover, a
determination method of the material model coefficients by optimization is proposed.
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Fig. 1 Geometrical specification of ASTM D638 type 1
specimen (thickness = 2.0 mm, unit: mm)
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Table 1 Material properties of specimen‘'”’

Material AISI 1045
Density (kg/m?) 7,850
Young’s modulus (GPa) 206
Poisson’s ratio 0.29

A (MPa) 615.8

B (MPa) 667.7

C 0.0134

n 0.255
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Fig. 4 Stress-strain curve for various element size
(tensile speed = 1,000 mm/s)
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Table 2 Constraints of design variables

Design variable Min. value Max. value
A (MPa) 300 1,000
B (MPa) 300 1,000
C 0 0.1
n 0 1
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Fig. 5 The flowchart of optimization process
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Table 3 Results of design variables during optimization

Iteration | 4 (MPa) | B (MPa) C n
1 370 930 0.01 0.1
10 742.4 767.1 0.0181 0.495
20 648.6 728.5 0.0127 0.314
30 644.2 691.5 0.0122 0.296
40 653 694.5 0.0134 0.309
50 636.9 702.3 0.0134 0.292
57 630.3 683.6 0.0134 0.279

Table 4 Comparison of optimized and given parameters

ohnson-Cook =& A4 2A 955

a715 AAE
AL A E
H Aoz AlgHTh

e
o

QL

~N

do

=Oé

S

o

k)

k>

34 M=t HS
33404 HAs WS
o]-gsto] siMdt Aol AN At Aol o]
&3 Table 19 =45 ©]& 1% 4
aske] Aol AekE mEl Al AW

o B
_0|L
38
2
o
a
o
2}
=]

&
rir

o by

%y 4
L]
il

o AFAAE e FeerdA 22O
ABAQUS®} 8 A3t 2 a9<l LS-OPTE ¢
Alsle] Johnson-Cook H2 A4 4
st WHES AT freha Al
ol &% 0.01~10mm/sol A2l 2 227
AE7F A AR s

sampling DOE |

Parameters Given Determined Error
values values (%)
A (MPa) 615.8 630.3 23
B (MPa) 667.7 683.6 23
C 0.0134 0.0134 0
n 0.255 0.279 8.6
- Setup B -
5 parameters
Finish
. Verification = a Terminalibn criteria -
1 design 20 iterations
A
-3 [
Optimization

i 3 objectives i

| 0 constraints |°

Composites

L

4 vars, B sp filling designs q

_ f = ¥ "
10mms 1000mms
E pars, 1 hist & pars, 1 hist

| |

| . 4 _— (

T 100mms
| 5 pars, 1 hist /

Build Metamodels '|

3 definitions

0 rbf surfaces o
i

Fig. 6 The flowchart of optimization in LS-OPT



956 e .

0. 0379

2.46E-04

9. 33E 05

2.30E-05 2.19E-05 3-15E-05

6.87E-06
m m B "
30 40 50 57
Tteration

Fig. 7 MSE (mean square error) during optimization

1,100

1,000
900
800
700 -
600 [

500

|
400 ’I
|

300
200
100 - --Given _—

0

True stress [MPa]

——Determined |

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
True strain

(a)
1,100
1,000 A
900
800
700 /
600
500
400
300 + —— Determined
200 A
100
0

————

True stress [MPa]

---Given

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
True strain

(b)

0.00 0.01

1,100
1,000

900
800 -
700 A
600

500

|
400
/

300 1 —— Determined
200 B
100 - --Given

0

True stress [MPa]

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
True strain

(©)

Fig. 8 Comparison of stress-strain curves obtained by
the analysis using determined and given
parameters: (a) 10 mm/s; (b) 100 mm/s; (c) 1,000
mm/s

g - A5E

3 1% £ 10,100, 1,000mm/soll A 3141 & 53l

A4 A A BEdE s olgste HA

sto] HAgS AR ok 24 W F7)9

g A AdE EA ko] Aol AAgg a4

A715 AAsdth #HAske 5Adre dA W
o] gste] A W H-N WIE 4

€]
MSE(Mean Square Error)= A =
7 HEE HHIE Agsgct. F
o] E4Zk MSEE 6.87E-6% S 3|
A4 wan s ®
Johnson-Cook Al5=7} 71¢] dXA g Flste]
A7el M3k BT BIHAY. £ ATl

o HU B
_{o(. }">‘

o] A= 2016 AF(LFH)o Adoew 3
=<1 7 2 T (No. NRF-2016R1D1A1B01014711)FJr Eil
WEtdFA4ae] A S whol S E S

Sk

(References)

(1) Johnson, R. G. and Cook, H. W. 1983, “A
Constitutive Model and Data for Metals Subjected to
Large Strains, High Strain Rates and High Tem-
peratures,” 7" International Symposium on Ballistics,
pp. 541~546.

(2) Kim, J. B. and Shin, H., 2009, “Comparison of
Plasticity Models for Tantalum and a Modification of
the PTW model for Wide Ranges of Strain, Strain Rate,
and Temperature,” Int. J. Impact Eng., Vol. 36, pp.
746~753.

(3) Zerilli, F. J. and Armstrong, R. W., 1987,
“Dislocation-Mechanics-based Constitutive Relation
for Material Dynamics Calculations,” J. Appl. Phys.,
Vol. 61, pp. 1816~1825.

(4) Song, J. H. and Huh, H., 2006, “Dynamic Material
Property of the Sinter-Forged Cu—Cr Alloys with the
Variation of Chrome Content,” Trans. Korean Soc.
Mech. Eng. A, Vol. 30, No. 6, pp. 670~677.

(5) Lee, O. S., Kim, G. H., Kim, M. S. and Hwang, J. S.,
2003, “Dynamic Deformation Behavior of Aluminum
Alloys Under High Strain Rate Compressive/Tensile
Loading,” J. Mech. Sic. Technol., Vol. 17, No. 6, pp.
787~795.



HA s WS o] &3 Johnson-Cook H¥ Al AA 957

(6) Kim, K. J., 2019, “Deformation Behavior and Tensile
Properties of AA5182/Polypropylene Sandwich Sheets,”
Trans. Korean Soc. Mech. Eng. A, Vol. 43, No. 1, pp.
9~13.

(7) Cho, C. and Bang, H., 2017, “Failure Behavior/
Characteristics of Fabric Reinforced Polymer Matrix
Composite and Aluminum 6061 on Dynamic Tensile
Loading,” J. Mech. Sic. Technol., Vol. 31, No. 8, pp.
3661~3664.

(8) Shrot, A. and Baker, M., 2012, “Determination of
Johnson-Cook Parameters from Machining Simul-

ations,” Computational Materials Science, Vol. 52, No.

1, pp. 298~304.

(9) Levenberg, K., 1944, “A Method for the Solution of
Certain Non-Linear Problems in Least Squares,”
Quarterly of Applied Mathematics, Vol. 2, No. 2, pp.
164~168.

(10) Marquardt, D., 1964, “An Algorithm for Least-
Squares Estimation of Nonlinear Parameters,” J. the

Soc. for Ind. and Appl. Mathematics, Vol. 11, No. 2, pp.

431~441.

(11) Kim, M., Lee, H. and Hong, S., 2018, “Experi-
mental Determination of the Failure Surface for
DP980 High-Strength Metal Sheets Considering Stress
Triaxiality and Lode Angle,” The Int. J. Adv. Manufac.
Tech., Published Online, https://doi.org/10.1007/

s00170-018-2867-z.

(12) Dehgolan, F. R., Benzadi, M. and Sola, J. F., 2016,
“Obtaining Constants of Johnson-Cook Material
Model Using a Combined Experimental, Numerical
Simulation and Optimization Method,” World Academy
of Science, Engineering and Technology, Vol. 10, No.
9, pp. 1622~1629.

(13) LSTC, 2013, LS-OPT 5.0 User’s Manual, Version
5.2.1, Livermore Software Technology Corporation,
USA.

(14) ABAQUS, 2012, ABAQUS Manual, Version 6.12,
Dassault Systems, USA.

(15) Wang, K., 2016, “Calibration of the Johnson-Cook
Failure Parameters as the Chip Separation Criterion in
the Modelling of the Orthogonal Metal Cutting
Process,” M.S. Thesis, McMaster University, Ontario,
Canada.

(16) Holmquist, J. T. and Johnson, R. G, 1991,
“Determination of Constants and Comparison of
Results for Various Constitutive Models,” Journal de
Physique IV Colloque C3, Vol. 1, pp. 853~860.

(17) Zhang, Y., Outeiro, J. C. and Mabrouki, T., 2015,
“On the Selection of Johnson-Cook Constitutive
Model Parameters for Ti-6Al-4V using Three Types of
Numerical Models of Orthogonal Cutting,” Procedia
CIRP 31, pp. 112~117.



