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Table 1 Impact shear experiment on cap shaped specimens

Case L/mm vy/(m-s™) o;,/MPa At/ps t/us A/mm’ I/(MPa-us-mm?)
1 100 43.00 900 39 34 54.6 560.4
2 200 19.00 370 77 54.6 528.6
3 200 24.33 506 77 61 54.6 565.3
4 300 19.12 384 115 81 54.6 569.7
5 300 20.12 412 115 75 54.6 565.9

044101-2



%38 % o SREE kb b T 30CeMnMofi 4 BT ) AT Ry 544

2 HEEM

21 KXHERRSH
L = N O S = R TR ) N P A 9 ) AR S AR A< 1 Y S T i Y B VO % 22 i S VA A PN
10~ 107, B AR R 10°~107 s, S M D4 AL I A R R A% 3, mTSImRL Z 34, B9 D15 9 (0 R TH B 22 3k
20k B S 02 AR5 R ] Modified-Johonson-Cook( MJIC) 7 #4451 51 113) #5451 30CrMnMo 4 ) 4 4 5
YAk . 2R TR R T 4 ML Johonson-Cook (J-C ) A5 75 () 1 A5 A Ak, | iy A8 R A Ak AT AR A fil & 32 ik 2, X
A BB IE 2 Ab 2 AR SR Ak R FH IE — b 4 363 495 S5 R0 07 A8 R T pRER O 2R, B 50U Ml =% B A4 RHAE B v I AR
BRI I25247 R, EATBERARE T RE . MIC B Mises Jit s ) o, (#8200
oy =(A+Be)(1+&)°(1-T") (3)

P 4 S5 BAR AT R0 86 T AR ISE T35 B Sk 1A 800 22 K8 n O AR SIRAL K e, Db S A0 SB A
AR C RN AE R REALAR G m R RIRAIGE T7 =(T-T)(T,~T,), Ferft T, T, 53500 MR} (0 i A TR B ==
s &'=¢,/&0, HerP, 80 WS T8 WAL R, W BEE N 10° s, &, WS RUIBYEIN AR AR

AFRE 30CrMnMo 9 ) MIC A8 4 45 7 2%, 1400
FIFH SHPB X 30CrMnMo ¥ R #5385 #4725 1L 5 1200
A ohif R4, R FIAEAZ R T 30CtMaMo g
AR AF B A kR R, I 2 . 2
FIFH Matlab BCPFHEAT G, 4580 MIC AR BB S £
. A=1050 MPa, B=200 MPa, n=0.4, C=0.084 24, § w00 —— ; ?gg ;!
B S 2R P 1 BRLAR), A I 28 X AN ) B2 , eyl
B2 AT B ALE B m JEATSE R R 2 . 5 2008 e 42005
WA SCHR [14], 3% 30CrMnMo 4435 T MIC #8584 f) 0 01 02 03 0.4
PEKALAT R RGP, B m=1 True strain
22 B R 52 30CrMnMo FMIsh A BN H1-Eo by AR i 2k

Fig. 2 Dynamic true stress-strain curves of 30CrMnMo steel
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Fig. 3 State of the SHPB impact shear clamping end of the cap shaped specimen
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Fig. 4 Pulse stress waveforms generated
by bullet impacts of different lengths
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Fig. 6 Temperature nephogram of simulated adiabatic shear bands with different grid sizes
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Table 2 Results of shear zone simulated with three grid sizes

Mesh size/(umx>pm) Calculation time/h Data file/GB CPU number ASB formation
8x8 90.00 180 8 Yes
15%15 1.36 54 8 Yes
30x30 0.24 30 8 Yes
B 7 45 T i HR 3R 1 0T 8] S 56 45 1A 400 75 ) 1100
49 A [) 48 o 3 BT 0 Kk o 2 T B o LA R S B 1000 | ® Simulation, o,
Gisit o 7 AT A W 9 B 001 Gomtion. o o
4 358~894 MPa, S 2 370~900 MPa, A4 £ 00 | 7 Experiment, oy,
W o 73 0 5.5 o S JEEBE LR B s B ASBOE 5 eoo) L
I8 1 W {8 o BOBEADAE Oy 233~295 MPa, SCHG Yy & 00T 5
228~308 MPa, H_ i ify 3 & i 35 Q5 g g K :82 A o _Ee--
EHh, BIUSEIR S SLR A RV S 1R 5T - 200 - -
322 HYIFEUKREES S 020 25 30 35 40 45 50
Pl 2T AR BT B0 DX A T B g 8 vy/(m-s™)
IC BN, 90% LA b i B8P Dy i Ak Ry P RO Bl 7 Joknfosi g e (- o o 2 P
Ko 1wy J] [ A 3t , 3 S A8 VR ) v, 3 S 4 BUNETRS S R X L

BT EASE AR R AN 2k T MR 2 T Fig. 7 Comparison of si.mulat%on and experimental results of
ST 827 A T R 17 5 puise stess ampluderimpact velocty curves
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TS oxk P 2 3l B U0 X e B 2 SR AE
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2B, WIESHLITC C 30 pme MK JE T 200 mm AT 5
LA 24.33 m/s 38 B d7 I, L0 C HLERIT D Y945
ROV ) B R B WAL P 9 BT . =263 ps B, ASY
AN QUIELIBEN T C O TR IS B P U i TR K (B
L, I 5T C FIETT D BN ) 2 S IOF &
HEARIE, HOCIR R T . 2k 2 61 ps, AP
=324 ps Bf, B 15 8 e KAE 1324 MPa, HooiE

THE & 464 K, B0 C FEAIT D MY ZE %00 77 it £ x/mm
RO M 26 Y B A, Rz By Bk 44 a0 55 Y1 48 I B8 B X LR BT R

AR L] —F, 324~329 pus B, BY YA I FF 1R 1) Fig. 8 Schematic diagram of typical elements in the shear zone

044101-6



%538 % R BkelniJy b T 30CtMnMofi 4L BT B A TR 55 4

Jry AR K R TS PR 24 2, SR IH BT C FILER T DAY I g Al S 26 0T 4t S0 B S8 i) 20 SCARAIE . 3
341 ps I, FLIC C BN 2RI BE , 2 26 ZOR BT, B RURI THR A E 1722 K, B SR i 2 P
DI AT R IR PR R R T S B TE . 5 2 X0 B9 BT D RN ) T A, e B T R i R B,
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Fig. 9 Variations of equivalent stress and temperature of Fig. 10  Overall morphology feature of ASB

typical elements with time
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Fig. 11 Temperature nephogram at typical moments during the formation of adiabatic shear bands
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Adiabatic Shear Failure Behavior of 30CrMnMo Steel under Pulse Stress Impact
CHENG Hao', WANG Meng', LI Xiang', QU Yutong®, WU Hailong', LIU Zizhen', LI Bo'

(1. School of Equipment Engineering, Shenyang Ligong University, Shenyang 110159, Liaoning, China;
2. China Ordnance Industry Testing and Research Institute, Huayin 714200, Shaanxi, China)

Abstract: In order to study the adiabatic shear failure behavior and evolution characteristics of 30CrMnMo
steel under pulse stress impact, a split Hopkinson pressure bar was used to conduct an axisymmetric cap
shaped specimen for impact shear experiments. The shear failure evolution and temperature distribution in
the shear zone under different incident pulse stress loads were numerically simulated using LS-DYNA
dynamic finite element software. The results indicate that the adiabatic shear failure of the cap shaped
specimen is related to the specific impulse of the pulse stress. For cap shaped specimen of 30CrMnMo steel,
the specific impulse of pulse stress corresponding to the adiabatic shear failure is approximately constant. In
numerical simulation, when the grid size is smaller than the width of the shear band, the local temperature
rise of hot spot within the shear band can be effectively simulated. The evolution of adiabatic shear
instability is characterized by simultaneous propagation from the corner of the shear zone to the center, and
the materials inside and outside the shear zone mainly undergo two stages: uniform shear deformation and
rapid expansion of instability.

Keywords: adiabatic shear; pulse stress; axisymmetric cap shaped specimen; temperature field distribution;
30CrMnMo steel
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