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Correction method of SHPB experiment considering adiabatic
deformation and interfacial friction effects
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Abstract: GH4169 super alloy was tested using high temperature split Hopkinson pres-
sure bar (SHPB) technique. The temperature sensitivity of the material under high strain
rates was obtained and the parameters of Johnson-Cook constitutive model were fitted. A
semi-empirical model was established to describe the distribution of stress, strain and tem-
perature inside the specimen during compression based on the numerical calculation method.
Then a new method for correcting the constitutive parameters was put forward to decouple
the interfacial friction effect and adiabatic deformation from the result of SHPB experiment.
The experimental results showed that the yield strength and flow stress of GH4169 super al-
loy decreased with the increase of temperature. And it was confirmed that adiabatic deforma-
tion and interfacial friction effect obviously affected the accuracy of SHPB experiment, thus the

results can not reflect the work hardening properties of the material. After multiplying the hard-
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ening term by the correction factor of 1. 2, the modified constitutive parameters accurately re-

flected the stress-strain characteristics of the material under high strain rates.
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interfacial friction effect; adiabatic deformation;

split Hopkinson pressure bar; constitutive model; GH4169 super alloy
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Table 2 Specimen size and harden correction factor

LI R,/ Ho/ R,/ R/ H/

MR/ C mm mm ~mm ~mm  mm

20 2.50 5.00 2.71 2.63 4.34 1.18
200 2.50 5.02 2.81 2.67 4.09 1.21

400 2.5065.06 2.77 2.66 4.18 1.21

4 —— SR
- BRI A Rk
————— ¥ RS 0 05

0 02 04 0.6
[l /ms
K 14 20°C SHPB 52 % % 5 v 28 5 =
Fig. 14 Transmission strain of SHPB experiment

in 20°C

ar —— LR
- AR R
————— FeAE R A 12

0 0.2 0.4 0.6
] /ms
&l 15 200°C SHPB 525037 4 b A2 {5 =
Fig. 15 Transmission strain of SHPB experiment

in 200 °C

Fy ity T 2 488 2550 I A % 46 AR T T IR 0N 1)
SO, BT SHPB i 52 56 25 2 3E47 65 15 21 1Y
ARG T RER T3/ AN 17 TR . 4R A AR Y
BRI SHPB 52 56 3E 47 7 FLAT 04 37 5 07 28 {5
SHEE A —B mE 14~K 16 firc. B IE



2374 i o= 3

no iR 533 %

4r g
- IR A R
----- I A7 1155
- 0 TR,
=
"'EB_
2 -4
=
fres
=
A g
_12 i 1 1 ]
0 0.2 0.4 0.6
fE]/ms
& 16  400°C SHPB sZ1 1% 5} )i 28 (5 5
Fig. 16 Transmission strain of SHPB experiment
in 400 °C
2500
— SEaEE AL
- &1L i Johnson-Cook A= #4 J7
2000 | — TE 1N Johnson-Cook A7
= 1500
=
=
2 1000
500

1 - W I

005 020 025 030

17 f&IEHIE Johnson-Cook 7 ) J7 &

Fig. 17 Johnson-Cook constitutive equations before

" 1 " 1
0 0.05 010

and after modification

Jei B AS K 2 B HE IR T S THT JEE 42 2880 17 LA R 24t TR T
T A5 B 52 0 9 B s Sz T R ORE LS A R g
IO AR S [N IG5 S 06 45 2R W) 45 U

6 % it

-

1) i#ad i SHPB 2867 1500 s ' AR 3R,
20,200,400 C 2144 F XF GH4169 =ik & 4 17
WL, KB GHA4169 =i A 4 2 A7 B 8 19 1R B il
M TR B R GHA169 & i & 4 10 i IR 53 32 DA
K sl 0 7 0N

2) % SHPB 52 5 1) 5 (A48 & 30 14
A 2 FRASIE Tl SO0 DTS B0 3 45 R OF AN
Il 2L S b iz B 1 YR B AR R T AR G R

3) 3 Ak %k He 4 S 50 ) B R 4D A B i TR AR
PR T B A N R L 7 A DL KR BE A AR
AN 5]k

4) J T HE B 4 B T RN LA R i 1T BE
PEERL N S5 25 S 1R F . X Johnson-Cook A A
I3 LU 1 22 50, 3 i 43 A HORE Ak 18 E R ECH
L. 2, RS 3] ke BB T 5 0 A 4 2 B it Ve A
TR,

S UMk -

[1] WIMPME B & AREAFRORT ] s b B R 25 TR,
1991(11) :40-47.

[ 2] KOLSKY H. An investigation of the mechanical properties
of materials at very high rates of loading[ ]J]. Proceedings
of the Physical Society:B,1949,62(11) :676-700.

[3] KOLSKY H. Stress waves in solids[ M ]. North Chelms-
fordv,US; Courier Corporation, 1963.

[4] MESCALL J.PAPIRNO R,.MCLAUGHLIN ]. Stress and
deformation states associated with upset tests in metals
[M]// CHAIT R, PAPIRNO R. Compression Testing of
Homogeneous Materials and Composites. West Consho-
hocken, US: American Society for Testing and Materials,
1983.:7-23.

[5] CHENF K,CHEN C J. On the nonuniform deformation of
the cylinder compression test[ J]. Journal of Engineering
Materials and Technology,2000,122(2):192-197.

[6] AL-CHALABI M, MCCORMICK F J, HUANG C L.
Strain  distribution within compressed circular cylinders
[J]. Experimental Mechanics,1974,14(12) :497-501.

[ 7] BELL]J F. An experimental diffraction grating study of the
quasi-static hypothesis of the split Hopkinson bar experi-
ment[]J]. Journal of the Mechanics and Physics of Solids,
1966,14(6):309-327.

[8] BERTHOLF L D,KARNES C H. Two-dimensional analy-
sis of the split Hopkinson pressure bar system[J]. Journal
of the Mechanics and Physics of Solids,1975,23(1) :1-19.

[9] MALINOWSKIJ Z,KLEPACZKO J R. A unified analytic
and numerical approach to specimen behaviour in the split-
Hopkinson pressure bar[J]. International Journal of Me-
chanical Sciences,1986,28(6):381-391.

[10] KLEPACZKO J. MALINOWSKI Z. Dynamic frictional
effects as measured from the split Hopkinson pressure bar
[M]//KAWATA K,SHIOIRI J. High Velocity Deforma-
tion of Solids. Berlin: Springer Berlin Heidelberg, 1979
403-416.

(110 2=, Brle ok, ok, 55, L TEEE & IE 1Y TBS & 4 K 4
WAL 34T R e LT ] WA AR . 2009.33(2) 1 137-141.
LI Ping, DUAN Yuanpei,ZHANG Qing,et al. Flow stress
behavior of TB8 alloy under hot compression deformation
based on friction correction[ J]. Chinese Journal of Rare
Metals,2009,33(2) :137-141. (in Chinese)

[12]  JRERE . HRZE, B30, 45, Bk B AL R AL ) 2447 o i 52
BAFsE )] MR TR, 2011(12) 1679,

ZHANG Yinxi, ZHANG Jun, HUANG Wen, et al. Experi-

mental study on tension behavior of pure titanium at high



5 10 1]

AT DS A5 SHPD 92 50 2% 18 4t S8 I i 1 JBE 442 1 48 1E )y 1%

2375

[13]

[14]

[15]

[16]

strain rates[ ] ]. Journal of Materials Engineering, 2011
(12):6-9. (in Chinese)

KAPOOR R.NEMAT-NASSER S. Determination of tem-
perature rise during high strain rate deformation[ J]. Me-
chanics of Materials,1998,27(1) :1-12.

MASON ] J, ROSAKIS A J, RAVICHANDRAN G. On
the strain and strain rate dependence of the fraction of
plastic work converted to heat:an experimental study u-
sing high speed infrared detectors and the Kolsky bar[]J].
Mechanics of Materials,1994,17(2/3) :135-145.
NEMAT-NASSER S. Hopkinson techniques for dynamic
recovery experiments[ ] ]. Proceedings of the Royal Society
A,1991,435(1894) :371-391.

A R SR E L S A AR IR N AR R R B
SPERE Y Hopkinson #F & G [J]. M 4E 5 wh ik, 2005, 25
(6):487-492.

LI Yulong, SUO Tao, GUO Weiguo, et al. Determination

[17]

[18]

[19]

of dynamic behavior of materials at elevated temperature
and high strain rates using Hopkinson bar[ J]. Explosion
and Shock Waves,2005,25(6) :487-492. (in Chinese)
JOHNSON G R, COOK W H. A constitutive model and
data for metals subjected to large strains, high strain rates
and high temperatures[ C] // Proceedings of the 7th Inter-
national Symposium on Ballistics. Arlington, US: National
Defense Industrial Association,1983:541-547.

FeE. 43 v AU 4 AR AT S o S 17 P S8R F 5 [ D]
Kb B BF 2 B AR K%, 2004,

WANG Xiaoyan. A study of effects os interfacial friction in
the split Hopkinson pressure bar tests| D]. Changsha: Na-
tional University of Defense Technology, 2004. (in Chi-
nese)

EBRAHIMI R, NAJAFIZADEh A. A new method for e-
valuation of friction in bulk metal forming[J]. Journal of

Materials Processing Technology,2004,152(2) :136-143.

(h#E. TR A





