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A novel technique for determining the dynamic Bauschinger effect
by electromagnetic Hopkinson bar

DU Bing, GUO Yazhou, LI Yulong
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China)

Abstract: Dynamic mechanical behavior of metallic materials under complicated loading conditions has attracted much
attention. However, it is hard to obtain the dynamic Bauschinger effect of metallic materials due to the limitation of loading
equipment. In order to investigate the relationship between the Bauschinger effect and strain rate effect of metallic materials,
this paper proposes an asynchronous loading technique based on electromagnetic split Hopkinson bar system, which could
provide an effective way to study the Bauschinger effect of metallic materials under high strain rate loading. We first introduce
the main characteristics of the asynchronous loading device, that is, the specimen can be loaded by one cycle of continuous
dynamic tension-compression loading pulse in which the two separate stress waves are created by electromagnetic pulse
generators and prove to maintain their consistency. The propagation of stress waves was analyzed to ensure the continuity of
the loading process. Then the dynamic loading process and the methods of data processing and stress wave separation are
presented. Stress equilibrium was also analyzed in order to demonstrate the reliability of the equipment. Finally, the
Bauschinger effect of 6061 aluminum alloy at 5% pre-strain during the process of dynamic compression to dynamic tension

loading was studied using this method, and the corresponding quasi-static tests were also conducted for comparison. It was
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found that the material shows less strain-rate sensitivity under axial compression loading, while its Bauschinger stress
parameter increases from 0.07 in quasi-static loading to 0.17 in dynamic loading. The results indicate that the Bauschinger
effect of 6061 aluminum alloys depends on the strain rate and can be significantly enhanced under dynamic loading. This
conclusion presents a challenge to the traditional conception that aluminum alloys are insensitive to strain rate.

Keywords: electromagnetic split Hopkinson bar; asynchronous loading; continuous loading; Bauschinger effect;

high strain rate
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Fig. 1 Schematic of Bauschinger effect
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Fig.2 Schematic of asynchronous-loading electromagnetic split Hopkinson bar system
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Fig. 3 Time-distance diagram of wave propagation in bars
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Fig. 7 Incident waves of continuously dynamic compression to dynamic tension loading

12 - 12
—— Incident —=— Incident
(compression) N (tension)
8r —— Reflect —— Reflect
o (compression) . (tension)
E o4 Cl
() [
g g o
g 0 =
. -4+
4l —=— Transmitted —— Transmitted
(compression) (tension)
Inmdent & reﬂect -8 —— Incident & reflect
_8 1 I I L L
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Time/ps Time/ps
(a) Pre-compression (b) Tension

P 8 RSk B AR T A -Sh A AR 28 ) oz F -

Fig. 8 Stress equilibrium of continuously dynamic compression to dynamic tension loading

BN 25 PR AN 0 e A I SR, SRR B9 23 B IS AT A3 S A B L AR A T A4 o A e
B 3 ANIEIE, AR Hi R T - A 1) él<‘511,2: Er12 +8T1,ZHTJ" Ve F N 28 R 3k 2 T R S, anil 8 s, Tl
DAE B 52 56 4 R 10 ~F-, e T LARH 3003061k i) 3 25 A 46 2400
23 IWHER5R

P19 g 0.001 8™t A% 38R Ak T8 H 205 - ot 8 14 17 g 10 728 1 4, S 90 T HG FU 4 I 28 &2 5% I
VIS ] g, SEPR e R I 1) A8 R 5.2%, Ji 4 I A7 B 8 A4 AR B Ak, fie KR S T (387+5) MPa,
Wi 10 2 S ) DA, T A S R R R g I A 2, SR T 0.2% WS P A PR AR B 5 2 52
R0 5 Jet IR SE 3, A RS 73 R (33045) MPa, SEBG 45 SRR W 6061 51 G & TR BUE A - 4500 T R
H M R, L AR i Hh B T AR A A, B 1w 0 A B4 Sl R e S e g, AR (1) TR AT A
ST 6061 F1 5 4B, 4 0.07,

081101-6



5 40 2 FtovK, SRR T LR AR S AT BOR R S A A SEAR RO I ke B T ik %8

500 500
Flow stress at the end of

400F _ __ ___ ;JES_HHMG§SEO¥J_..‘.... 400 + JE e e -]
£ | Saonu & Reload tension flow stress
S 300f 2 300 7
7] 7] ]
£ f g ' Reload
2 500k j Z 200} /! eload tension
=] 2 yield stress, g,
& / = '

l
100 j 100 | :
/ ! 0.002 offset
0 0.01 002 0.03 0.04 005 0.06 0 00l 0.02 0.03 0.04 0.05 0.06 0.07
True strain True strain
(a) Pre-compression-unload (b) Reload tension

Bl 9 0.001 s WAERT 6061 FHE 4 5% 10 H 45 -Hir A (1) 07 7 -0y 28 il £k

Fig. 9 Stress strain curves of 6061 aluminum alloy at the strain rate of 0.001 s under 5% pre-compression to tension loading
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