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Effects of roughness on dynamic compression properties
of metallic materials by SHPB technique
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China Academy of Engineering Physics, Mianyang 621999, Sichuan, China;
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Abstract: Effective reduction of end surface friction is necessary to ensure the validity and accuracy of the split Hopkinson
pressure bar (SHPB) experimental results. In order to study the effects of sample roughness and lubrication efficiency on the
end surface friction and the final experimental results, copper was selected as a research material due to its steady mechanical
properties and strain rate insensitivity of constitutive relation. In order to minimize the effects of end friction, all pressure bars
with the diameter of 10 mm had a surface roughnesses of 0.8 um. Copper samples of three typical surface roughnesses were
prepared by mechanical processing and corrosion, then high precision repeat dynamic compression experiments by the SHPB
were carried out under the conditions of full lubrication with MoS, and complete non-lubrication, respectively. The results
show that MoS, can only play a good lubrication when the end roughness of the copper samples does not exceed 0.8 um, then
the lubricating efficiency of MoS, decreases rapidly with increasing the end roughness of the copper samples, which results in
a significant increase in the friction force and the dispersion of experimental data. MoS, could not effectively reduce the

friction force when the roughness of samples is 1.6 um, and the lubricating efficiency was almost zero when the roughness is
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3.2 pum, although the MoS, has been believed to be an effective lubrication used in dynamic compression experiments by the
SHPB for a long time. The end roughness of the pressure bars and samples should reach 0.8 pm when MoS, is used as
lubrication for the SHPB experiments, however, the end roughness of the samples treated by a corrosive solution is difficult to
reach 0.8 pm. Therefore, it is necessary to lubricate the end of the samples better than MoS,, or to modify the experimental data
by deducting the friction force to ensure the validity and accuracy of the SHPB experimental results.

Keywords: end roughness; friction force; split Hopkinson pressure bar; lubricating effect; constitutive relationship
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Fig. 1 Dimensions of the copper specimen (unit: mm)
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Fig. 2 Microscopic analysis results of copper samples with different roughnesses
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(c) Roughness of 3.2 pm (d) Experimental results with uncertainty analysis
3 [FPHLRE S4B SHPB Seidt R
Fig. 3 Experimental results of copper with different roughnesses
1 FERR T FISRIE SUNME UK B R AR
Table 1 Measured values of sample size and velocity, and the shapes of recovered samples
FEh HA#/mm K ¥ /mm i/ (ms™) SRR SR AR
Cu4x4-0.8-RH-1 4.003 4.014 17.07
Cu4x4-0.8-RH-2 4.000 4.012 17.11 HRUERIA:
Cu4x4-0.8-RH-3 4.003 4.007 17.04
Cu4x4-0.8-WRH-1 4.004 4.010 17.03
Cu4x4-0.8-WRH-2 4.000 4.014 17.00 Ei3i2
Cu4x4-0.8-WRH-3 4.003 4.016 17.01
Cu4x4-1.6-RH-1 4.002 4.016 17.03
Cu4x4-1.6-RH-2 3.998 4.022 17.02 W&
Cu4x4-1.6-RH-3 3.998 4.018 17.04
Cu4x4-1.6-WRH-1 4.004 4.013 17.13
Cu4x4-1.6-WRH-2 3.987 4.006 17.18 G131
Cu4x4-1.6-WRH-3 3.990 4.004 17.13
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Fz1 (&)
Table 1 (Continued)
FEf HA#/mm K J# /mm 3/ (m-s™) ISR A TBAR

Cu4x4-32-RH-1 3.975 3.982 17.00

Cu4x4-3.2-RH-2 3.990 4.005 16.99 RESIE

Cu4x4-3.2-RH-3 3.974 3.990 16.99
Cu4x4-3.2-WRH-1 3.986 4.002 17.15
Cu4x4-3.2-WRH-2 3.980 3.998 17.32 ESIE
Cu4x4-3.2-WRH-3 3.980 4.004 17.04

3 SEitie
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SEIRTLUE W, FR b 28 TDRDRE BB A, 5 LA 178 it T P2 488 S K, 50 1 43 it iR, 15 BRI, &l 3
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JEL AR i VB T R BE G ML I8 A0 DX B R RE A5 1, a3 st 5 B0 R i 40 3R T RLAR R A K1 JeF
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JEEHE J7, H MoS, A BEA 0T Wl st TEDHELRE B A T 1.6 pwm (RRE 7 B35 TR0 B8 48 07 . SR 1] SHPB S5 364 R A
5% 2% T REURE J32 A58 A i () A 4 O 2R B, 0 SR TR A 00 19 W 1t Y D e it iy T ) PEE 42 7, 2 0000 Ak 3
A A v I it T PEE 8 7 %) 5 ), % DA B RO B B E, A RE S SR AR A A I S B R

AHEIN T T2 25 5 A AL 453 R B AR [ e U [R i, I B S A AR B AL A5 40547 kg 1
AL A I ZR A, AT 3 A R i RS A O R b
TEEWUIB 5 1 1 (AR o5 L, DT/ NBL 5455 | i
DX 35l A et A S 4R BB A 2 ), BN A7 X 1Y T
LG T = (1-26,/D(1-26,/H), ¥ 5 19 %) _

GRS (D AT H ORI, HLIN5 45 X 1) 4 FR
07 LE RN, A s 4 PR o B CE HLIN 4 X B - -
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PEAG AL A5 DX 6 A4 AR 1) 56 2 11 5 Wi, 368 75 2F
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N the machined damage region
AN

4% i
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