$33% 4 [=/ S SO 7/ B (= S e Vol. 33, No. 4
2019 4F 8 CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Aug. , 2019

DOI: 10.11858/gywlxb.20180665

TR RS E RTINS AL G BRIT o7 4
PEELE RLH LLHEE A

(1. T EBREFAR K EEAR T2 R P E BB B F AT A AT E S S0 =, Z8 A8 230026;
2. dbEON HY B 5B B T, LR 100088)

WE:-FrLBHANNER ) FUEE L AN EEE AL, 2B RN HE%FAH
RAENTR , BALRERRANFENARRKEATAAL, ET LR ARTERELT B
SEMBN _EBREINER AR THEARREATELETWAFTN . BETEEREXNA,
ERGHREAFFTHRNLBHNERNE G E RN TN, A o o &% — 4 Kb 4 5%
WX R AIAEES T E T £, A GE T AT R A IR, #TRBT AR
FLIRE (0.25~0.60) 44 K 8k F i & 5 ok i 9% 9% 2 8] 85 Hugoniot % R, H A& & o &£
£ (200~300m/s) THERER G, RET UG ASHE T e — 5B ud &R
A, BT HORAE T A K R w # E o & T 8 Hugoniot X & 03 J& I 7 o

KBEIR): FURL 4 B AR o R 455 £ R R IR T0 % o i 94 A Hugoniot % £

HFE A S:0347.5 SCRKFRIRES: A

UKL G R AR BAT 2 R | SLBREE | SR s M S — g s R A R R, ) W TR 2 H B T A
B TS AR . Bt m et R A Jm 2t i wh i e A nT LA A R RIPERE RO RERE, PRI 5 I by
IR Hs S5 ofe 32 38) oMb i 0 ) S TR DY AR TR GG TR 525 1, el e 4 T R R R PR AL
PR [ 1, 4R S S (R AR DA 20 T2 80 AR AT A X FORE <53 o A4 R B4 i o R 4 Ay ik
AR5, (L HG ey T 240 ot R 14 g 2 g 7 o R A 38 AR G ) LR, 7 3o A A 2 AU 5 J A R 0 1 H Y
SRR IR, JE Ry e BEHEATIRAMTSE

UKL J AR B il P 406 0 R Py R L s R G, ELURE T AR AR /N, o A e Rk 5 TR
HMECS, — g F DU TR G R AR | SRR AR S AR AT X G2, A B IS T ) 1 St A I A I T
He, i i Oy e i AR i L S RIS IS AT I D SR, S5k LA AR S T
A R AR N AE B o VTR, KA BB AR UL 7 VR DAL A JEE R AT UKL A R B iy TR 44T S, IR
WS w05 A BRITkE L BT, R AR S BORLA R AR R Y UL 2kt gt
5o MG B BROCTT I nT AR AR SRy A 8 B o A | 1 ) 23 A FUB AL 3, 15 il TR AR A 231,
AN BEMORE T IR A IR 2 fil AR VR o B OC TS L R TR Ah b aAR R s, T UL K P WL ) 27
JO7, AEL e Al 1R b S0k, B IO T RSt ad 2 . 2 0R0A BROC T ikt SR LB P AT ik
BRI R, ST T 98 4 T S 2ol e L REAIR e i ) W) A0RSE Sy 78 AL 1B B ) A B

B A 1 — L8 BRI ] TR  FORE 6 Jm AR B S IR 48 AT 0 o TR -FLBR LE (P-) BERITS A
s ZE LS8, BMALERRHS LA BHAR TR Z LE, il ol LASH 92 20 ) BEFLBR LY B L R o P-ofSi 7Y
81 5 LA a7 2R 1 FL 7R 5 MR AR e 206 )52 ], (EDR o AL SC R BRI IE . 2B P Y Bk
o s A A T i I B A e, 1A R R HE 0 5 IR T Y 2 TR 354 T e, P I T A i 8, T ) D e

* UGS HHA: 2018-10-18; &[5 H #5:2018-11-23
EE£WE: B L8 (TZ2018001) 5 rfr e 1m #5 SEA BBl 55 2 & I 9% 45 (WK 2480000003)
EZB B 281994 —), B, W-LaFsE, 2 S AR )25 ma p A BT . E-mail: pkf@mail uste.edu.cn
BEEE: AEAE1979—), T, W1, BBz, F2NFRBh S0 R EE AT E-mail: zjizheng@uste.edu.cn

044102-1


mailto:pkf@mail.ustc.edu.cn
mailto:zjzheng@ustc.edu.cn

33 % = JE LY} L 2 Eitd 541

HRAS B PEAROCT Z o BT BRTE IR AR Y, V7 2227 3 X AT B 1, 200 51 A L 3t B2 U™ 2
PEEO, BB RS2 o SR, QIR A B R R T R U0 R I A, LA B Bl A A0 R - AR S AR A S
5 b SR RUER, 0 20T FROCAS B n] LIAG 31 Jy R A7 - A8 5 B o PRIk, AR5 R 4 WA BROCAE 4B e
i A e, W ST UKL S ARG i i TR A A

AW TR FH 22 ORE A BRIC T 1, DORE )2 0 7 0K 462 i bRk A9 — 2 4 WL A BR ST AR AL, F 50 7 1
i AT A T B R R B 02447 O, o3 A o A AR R, LR AR I B A3 A AL, A i i
JE 5 oo S T 119 5% R B I IR Bl AS R - AR

1 HEEU

1.1 JU{aE s
Y ] Ak A AR AR (B TR IR, BORE ELAE O 30 pm, B0 46 UKL HE R SO B 4 38 BEALHERL

] B SL 7 MERR B HEZS J7 ME BRI e 5 MR AR 2 HEvh i RS O ME AR R B HTL S AR A o e 25 T 4 X 45 2R

R, TR 7S B AR 8 B 5 R i AR 5 S0

45 S I, BEHUHE LT L8 B 3 R ) F1ARIFRETAMREI S B

{14 B 8 V6 FE ML 361 I, ST T I ML 1 Ay Table 1 Particle numbers of mesoscale model

3, WURLAE 25 [ BEAL 0 A, WAL Z A E S

at different porosities

% FH Matlab % {445 5 ik e FRARS T ST 41 Porosity (¢) Number of particles (N)
X3 A5 B 25 B s (1) Bt A — 5 25 T g 0.60 142
P FLBR @ (LIRS o He ) F 25 7 0K Y 050 177
AL, W3 1R (2) BERLIS S, B A8 bR 1 S 50k 0.45 195
AR B 3 3 3o A 0 AR AT R 0.40 213
SRR B K T s 48 F 2 AR IORC R 48 (3) St 0.35 230
S UKL (7 A A BB BT A BORLER R B 030 248
tbo P 1 IORE bR A B L % 5 gi zz

>4 0.50. 0.35. 0.25,

0.50 SO500 0.50 0.50
0.45 [ %’S@ 045 0.45
040 [0 C&% 9 o040 040
035 [~ o) Ogo 0.35 035
£030f5 R 5 oe 0.30 £ 030
£025F S £025 £025F
>~0.20 8 020k >~0.20
0.15 0.15 0.15
0.10 %3%0 0.10F 0.10
0.05 %% @ 0.05| 0.05
> [ DQ3U0 O3 :
01 02 03 04 05 01 02 03 04 05
X/mm X/mm X/mm
(a) ¢ = 0.50 (b) ¢ =0.35 (c) §=0.25

1 Bk A kA LA A2

Fig. 1 Geometric models of granular materials
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Fig. 2 A finite element model of copper powders under constant-velocity compression (a) and the initial mesh of a particle (b)
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Fig.4 One-dimensional velocity distribution in specimens under different impact velocities
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Dynamic Compaction Behaviors of Copper Powders Using
Multi-Particle Finite Element Method

PENG Kefeng', PAN Hao®, ZHAO Kai', ZHENG Zhijun', YU Jilin'

(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230026, China;
2. Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: The meso-scale characteristics of granular metal materials play an important role in macroscopic
mechanical behavior. The dynamic compression behavior of metal powders still needs further researches. In
this paper, the copper powders persisting rich experimental results were selected as the research objects.
Based on the multi-particle finite element method, a two-dimensional numerical analysis model of granular
metal materials was established, and the mechanical behavior of copper powders under impact compression
was studied. The numerical results show that the granular metal materials exhibit a highly localized
deformation band under high velocity impact, and the deformation bands propagate from the impact end to
the support end like a shock wave. By using the velocity field calculation method, the position of the plastic
impact wave front was calculated, and the Hugoniot relationship between the particle velocity and the shock
wave velocity of copper powders with different porosities (0.25—0.60) was obtained. The numerical results
agree well with the experimental results at high impact velocities (200-300 m/s). The shock wave model
using the dynamic locking strain as the only parameter was developed. It is found that the Hugoniot
relationship and the stress behind the shock wave front of the copper powders under high velocity impact are
well characterized.

Keywords: granular metal materials; shock compression; multi-particle finite element method; shock

model; Hugoniot relationship
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