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Parameter calibration and correction of Johnson-Cook constitutive model for 45 steel
cold roll-beating
HUANG Geng, LI Yan, LI Long, YANG Mingshun, LI Jiawei, CHEN Xin., CUI Limu
(School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)
Abstract: Cold roll-beating technology is the use of metal materials in the cold at a certain degree
of elastic-plastic deformation capacity, and the use of a certain shape of the roller and high-speed
rotation constantly hits the surface of the workpiece, forcing the surface of the local flow of plas-
tic deformation by a plastic near net forming method. In order to establish a finite element model
for more accurate and reliable cold roll-beating, this paper analyzes the principle of cold roll-beat-
ing and proposes the correction of J-C constitutive model parameters by using the downhill sim-
plex method of multivariate function. 45 parameters of J-C constitutive model are calibrated by
separating the Hopkinson pressure bar experiment. The cold roll-beating experiment is carried
out under the condition of different processing parameters, with the simulation model established
by the finite element software ABAQUS. The J-C constitutive model parameters are modified by
the simplex method and the finite element method. The results show that the simulation results
obtained by using the modified J-C constitutive model parameters can accurately reflect the cold
roll-beating force under the condition of different processing parameters, with the maximum error
of the experimental results 9. 8%.
Key words: cold roll-beating; split Hopkinson pressure bar experiment; J-C constitutive model;
parameter correction
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Fig.1 Schematic of cold roll-beating
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J-C constitutive equation
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Fig.5 Stress-strain curve of 45 steel under

static compression test
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Fig. 6 Stress-strain curve of 45 steel

under dynamic compression test
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Tab.1 Experimental parameters of cold roll-beating 45 steel
EM i) 1 2 3 4 5 6 7 8 9
P4/ (mm « min~!) 30 60 120 240 480 960 30 60 120
B/ (r e min~!) 475 475 475 475 475 475 950 950 950
RITEE/(r e mm™ ) 15.8 7.9 4.0 2.0 1.0 0.5 31.7 15.8 8.0
BT J1/N 15630 17 756 19552 21 088 23782 27170 17102 19 343 21 275
SLE RS 10 11 12 13 14 15 16 17 18
# 4%/ (mm « min~ ') 240 480 960 30 60 120 240 480 960
ik /(r» min™") 950 950 950 1 500 1 500 1 500 1500 1500 1500
WATHE/(r e mm ") 4.0 2.0 1.0 50.0 25.0 12.7 6.4 3.2 1.6
BT J1/N 22 717 25228 29272 14643 16878 19014 21280 23866 26 795
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Fig. 10 Relative error between the simulated roll-beating

force and the experimental roll-beating force
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Tab. 2 Experimental correction results

I8 Y5 A B n C
5 503.88  544.82  0.4437 0.021 2
6 465.82  546.44  0.467 4 0.021 6
12 514.75  544.31  0.4353 0.020 2
13 522.00  562.06 0.411 2 0.021 2
14 551.00  524.74  0.4137 0.021 9
15 580.00  541.58  0.416 1 0.021 3
16 551.00  524.74  0.4137 0.0219
17 514.75  544.31  0.435 3 0.020 2

FEHME 525.40  541.625  0.429 6 0.021 2
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