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Table 1 Chemical composition of BT3-1 titanium alloy
(mass fraction, %)

Al Mo Cr Si Fe

6.22 2.36 1.42 0.29 0.41
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Table 2 Quasi-static compression test program

Strain rate/s ' Temperature/’C  Number of test curves

0.01 20 3
0.001 20 3
0.0001 20 3
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compression experiment

True stress—true strain curves for quasi-static

B 1 RTA, AR B S N T A R AR R
MR, P47 “MLAk” R, XRHTERE
TEFRFE ST, AR P dobr i 2B B AR OB R, A
RN, MFHAS T N ES AR, KT &R
PTG R 1 R 2 e WL, 3 F Az
FAF T 2R P BEREE A (HB M B R BB AT
iR R ik FEE I 7 A% 2R R e I 3 K. X R BT3-1 k&
MBS B2 N AR ZR G /N, AER BN T R
A5 IR 5 R R I AR AR R AL RS . 3R 3 Bl 3 M
RS ZRR () JiE RGP R SR RN, P
{H 112.81 GPa AN ZA R ) S &

*3 S EA LR

Table 3 Quasi-static compression test results

Strain Yield strength/ Elastic Failure
rate/s ' MPa modulus/GPa strain
0.01 1175.7 115.26 0.231
0.001 1139.8 106.27 0.237
0.0001 1080.7 116.92 0.283
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Fig.2 SHPB equipment schematic: 1—Impact rod; 2—Laser
speedometer; 3—Incident rod; 4—Strain gauges; 5—Sample;
6—Strain gauges; 7—Transmission rod; 8—Absorb rod; 9—
Damper; 10—Dynamic strain gauge; 11—Transient waveform

memory; 12—Data acquisition device (Computer)

A3 SHPB WK P 4 mm, 1 4 mm (0T
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#F4 SHPB K %
Table 4 SHPB experimental program

Strain rate/s'  Temperature/’C  Number of test curves

20 3
1000 200
400

20
3000 200
400

20

6500 200
400
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Table 5 Data processing in plastic section

Strain rate/s ' Plastic strain range

1000, 3000 [0.018, 0.12]
6500 [0.03, 0.12]
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Table 6 Selected functions and algorithms

Group No. Selected function Selection algorithm
1 Fminunc Trust-region
2 Fminunc Quasi-newton
3 Lsqnonlin Trust-region-reflective
4 Lsqnonlin Levenberg-marquardt
5 Lsqcurvefit Trust-region-reflective
6 Lsqcurvefit Levenberg-marquardt

®T BN CRMEERSHA TSR

Table 7 Parameter estimation results of least squares fitting

method
Group No. A/MPa  B/MPa n C m
1,2 1100 1200 0.98 0.04 1.10

3,4,5,6 1167 1150 0.94 0.03 1.10

B 7 WAL, (Rl R 00T B AS 8] B0 FA) il -4
e ER, HikH Lsqnonlin PREUFN Lsqeurvefit bR
Bkt BERRIMELE R, 2 1. 2 dhiHE 58 H
(RER 22 TJ7 A 8693, HARL Al THE 5 ik 0 {8 15k 2
SEHAN 2619, FREIFEALTIRE B /7 TH, Lsqnonlin B
BRI Lsqeurvefit B AL T Fminunc B%. MK 8 1 I,
Lsqeurvefit BR&UE HAE &, HHT Levenberg-
marquardt 575 HE Trust-region-reflective SiERCK B & .

H First Optimization FAAl 11 AP B8 S H 1
1% FH 1% £ 575 (Genetic  algorithm, G). & LR <k 7%
(Simulated annealing algorithm, SA). ¥ F &% (Particle
swarm optimization algorithm, PSO). & #i i & vk
(Conjugate gradient algorithm, CG)it47 Sl i1, i85
SHRFFEROAERE, B8 RaE 8 fx.
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Table 8 Parameter estimation results of other algorithm

Algorithm A/MPa  B/MPa n C m
G 877 674 0.20 0.03 1.10
SA 1156 964 0.83 0.03 1.10

PSO 1020 607 0.38 0.04 1.10
CG 1167 1150 0.94 0.03 1.10
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Fig. 9 Time spent on estimation of each algorithm
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Table 9 Several different strain rate and temperature change

program

1

Group No. Strain rate reduction/s © Temperature increase/C

1 100 50
2 200 50
3 400 50
4 200 65
5 200 80
20 "(a) —e— 100s™" strain rate reduction

—e -200s"! strain rate reduction
- & =4005s"! strain rate reduction
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Fig. 11 Parameter estimation without considering change of

strain rate and temperature
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Research on parameter estimation of
Johnson-Cook constitutive model

SHU Chang', CHENG Li', XU Yu?

(1. Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China;
2. 93152 Unit of People’s Liberation Army of China, Tonghua 134000, China)

Abstract: In order to investigate the mechanical properties of BT3-1 titanium alloy and compare parameter estimation
results of Johnson-Cook constitutive model by different algorithms and experimental conditions , the real stress—strain
curves of the material were obtained by mechanical properties experiments. A variety of common algorithms were
selected to estimate the parameters of the material constitutive model, and the influence of the results was analyzed by
different strain rate and temperature data processing methods. The results indicate that the elastic modulus and flow stress
of BT3-1 titanium alloy have different sensitivity to variability in the quasi-static compression test, the material has
obvious softening effect with temperature, and it is accompanied by a certain strain rate strengthening phenomenon in the
SHPB test. The actual strain rate fluctuates around the nominal strain rate, and the actual temperature change is affected
by the nominal strain rate and the nominal temperature. Different parameter estimation algorithms will cause different
calculation time and estimation results; When estimating the parameters by using the SHPB experiments data, it will
result in a large estimated deviation if the nominal strain rate and temperature data are adopted, consideration should be
given to temperature changes during the loading process.

Key words: Hopkinson pressure bar experiments; Johnson-Cook constitutive model; optimization algorithm; parameter

estimation
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