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Discrete element simulation on dynamic response and damage evolution
in porous ferroelectric ceramics under shock compression
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Abstract: Based on the flat-joint bonding model, the PFC (particle flow code) particle flow discrete model of porous
ferroelectric ceramics under one-dimensional strain shock compression was established. The free-surface velocity profiles
measured in plate impact experiments have been well reproduced by the discrete element simulation, and the response process
and damage evolution mechanism of porous ferroelectric ceramics under shock compression were revealed. The response
process of porous ferroelectric ceramics under shock compression can be divided into four stages: elastic deformation, failure
spread, shock crushing deformation and shock Hugoniot equilibrium state. The mechanism of failure spread is the nucleation
and growth of shear cracks. The main mechanism of shock crushing deformation is the formation and propagation of layered
shear cracks and the collapse of voids. The impact velocity and porosity have significant effects on the dynamic response and
damage evolution of porous ferroelectric ceramics. The Hugoniot elastic limit strongly depends on porosity and is not affected
by impact velocity. The damage accumulation increases with the increase of impact velocity and porosity.
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Table 1 Experimental conditions

B R /(g-em ™) LB /% R R /mm KA R /mm i /(mes ™)
PZT1#1 7.440 6.96 3.63 4.02 249.4
PZT2#1 7.060 11.75 3.58 3.98 254.8
PZT3#1 6.670 16.56 3.62 4.06 308.6
PZT3#2 6.800 14.99 3.54 4.04 258.3
PZT3#3 6.810 14.89 3.60 4.08 167.8
PZT3#4 6.740 15.88 3.58 3.94 117.2
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PEATLH FIRLAE, A% O BRSO UKL 8] AR B A T A2 Al R . S T B OC Ik MR il B R4 2 /02122, 25
2 b A5 TR 15 DA FE A 22 18] A ORG24 Ak Dy =, EL >RG5 42 s 38 B WD A% 1 T, SURE ] 74 425 fnk 2 e I
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for discrete element ferroelectric ceramics
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Table 2 The main parameters in model

kot HE(gem™) PP /GPa THIALL T W5 B /MPa PR I3 i /MPa JEHESR(°)

i 8.000 88.0 0.21 1200.0 600.0 18.0

A3 8.900 110.0 0.35
2 HR5iTE 300 , 10

BN o R B
21 RWARLS ARG E AL A A SR 08
PAFLBER Y 15% 19 ZALARMAL PZTOS/S B 220 Elastio_ 1! d N
BB O, T AL B e e b R S aso) OO Hhe W S
B2 WL B 5 B AL DL, W 4 R, — % ool | Stk custing 104
2k A2 ol AT 22 FL Ak L B B R A 9 i i 5 Shock hugoniof] |
O R R BB SR S e S he b
AR L, S50 R P W AR, X R o T —— s 0
ST B TR T L 5 7 22 AL kol Timeljs
i il PR 75 6 VL 9 A SRR AT, th A T A B4 S SEHLA MR R
S RO BRI A B R bR P R Féivieefr:fp:f::ﬁtﬁﬁZﬁﬁf;fﬁﬁs
A5 0 1 o DR 7 2 T 5 2R ] 4 i g
T E D B AL,
N;
D= @)

e Ny o A AR B BT U0 R 2808 flat-joint ST B0 S KR, N, I WD flat-joint F 1fT 5 T4 i B B iE
AR BB AL, S S 36 i 45 2R, 7 b i T4 T 22 FLAK F B e RO A AR b o e A LY RS B4, AT 7
A5, TEANIET 4 V505 B2 Bl I 8] )8 AL, TEAE A2 ) i FR 4, 450407 32 B 1 TR) A 38 A T B, =24 oo
i 45 B — 2 BB (d 20, 280y JRIEAZE R . PRIk, 1A o i 5 B 51 T T S e ) 2 OLARRAIE 5 4
PR A A9 A o R 2 DIAR SC A (1) a~b B BE, SRk SR Bk ke F i B el i, (E 75 ool P A% 4 0 7
R Rl UG AL 89 K A (2)b~c B BE, SR AT SR B A B b T, GEAT B e DAL R RE O T, W]
2 FLBR P W 88 Y 11 TR T JRE ) A 0 SRR S L A it B AR AR TR B B s (3) e~d BB, F el T 1 IF
PEAZENE LTG5 DX, 05 BT RRE A I 6 H R EOE B3, A4 484 7 3 904 1 478 77 A B HECRIT ) 583 2
Ji2; (4)d~e B BE, A2 [ AR RE G R BR R T 2 i U,y TS 5 T A PR B T B, T DA A 40
Wt st 1] £ 3 A B9 45 ST U BB N R SR SRR S A A 7 R, LT L A PR 38 44 -5 B A B B, 2R
PN ITAE A (5)e BrBeid Ja, A b BE ) 1 g A 3 B2 6 D, O A g o, FLIRJLP- #5552, kA
BOE AL R (4 vty Hugoniot “FHPARZS o ph W T, WK F by 16758 B2 390 1T D) S 4R 20 AR 4 S B B,
Kl 4 B, I SONTPEAEIE | R IE | npili eI LA i Hugoniot SR

0T TS RERE AR AR LA 45 5 AL 5 IR 1 8 2 A1 DG AR, 1A 5 4t T 812 ns ik 2 62 i) i 7 VR JEE
7 1) b B S $ A  E JRES A5  A i B T R R R s B 23 A B AL, € DX 2 s D 2 U Y B
REURE, T 2100 X 3 3R 7% O UKL 2 ) 28 42 4 fk A 2 W 24 ) flat-joint F T BT o ARG 1T 5 45 Y Aoy 51 T
R E AN ] DR 45800 2 A, e A0 A R A 5 2% 0L ol T R ) TR 3 S RE AR AR TR, 3 O 4 A4S DX (1)
A RUZHT, AR W] A L0 DX, BEWITE A A 0 DX IORRE AL T R A5 05 BRIR S, BRI DX I ) b T i
A I 7 5 ] ol 98 AR 8 3K DI, X R T SRR AR T B B (2) 7 A~ B P 5 X, 22 At BLAT (5 i 7 2
G0, R DLW S L 45 4 B G, e AN, G L D SR R A R A DX, R R T R R A
Be; (3)1E B~C X Bk, B 1 ZEHERS, BT V)R BUR W7 & 38 530K, ) 12 W8 iUz R8T U1 4, IF B

053103-4



540 % VEARGS, 5 2 AL B e iy TR 46 55 45 0 38 A ) 2 IOC A AR LERE

AL 22 JE R85 4, % LT el T 35t A2 9B B B
(4) 75 C ZeM X sk, LR 35 47 BE AR 25 34, 321X 35§
R kA EUE AL, 25 A i Hugoniot - fR
Ao FHN, o5 g p ik AR R PN A0 4 9
A6 40 AL, P 6(a)~ (d) 25 T AS [R] B 04
sty ZULAG 4784 B4 A, P PP S s IR B4 2R EL
AR A AL 09 55 Y17 1 B, Bl R iR BORL (R
Z (6B, I AR LI Z [B]E BIR2Y , 1R A

iR AU % R S e, AW | ]

RV W7 2 21 30 7% I 0% T A8 I 1 L3 L i : Failure!

2 I0), T4 I R AR 5 I Z 150  Hugoniot | spread | pagiic
R AR e 5 | | p eformatio

TR 0 V003 50 409, 22 7Lk et s | .

B R T R T 4 B Wb F sof | ormaton

B . AT il PSS TE BB il Hugoniot | o

TGRS . Fir, S A AL 3 0 0 06 12 18 24 30 36

YV R R, 5 AL B e T _ Shock distanceimm

RS ASTE B B 0 B 2 07 U1 B 50 5504 5 AR R R

e N N Fig. 5 Particle-velocity profiles and
& . S RIFLIA 1 FE B ¢ -

damage distribution

(a) 276 ns (b) 405 ns (c) 566 ns (d) 906 ns
6 AN [E] i 20 240 A6 453 43 A

Fig. 6 Microscopic damage distribution at different times
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