WaRE T2k B g R SRR & S w4 A b

R K

Comparison of Impact Damage between Ceramic Structure and Nacre-Like Ceramic/Polyurea Composite Structure
WU Hecheng, XIAO Yihua

FIHASL:

RMBL, HRAE. RPN &/ R E G 5 i op BT LeT]. & R A 4R, 2020, 34(2):024201. DOL:
10.11858/gywlxb.20190808

WU Hecheng, XIAO Yihua. Comparison of Impact Damage between Ceramic Structure and Nacre—Like Ceramic/Polyurea Composite
Structure[J]. Chinese Journal of High Pressure Physics, 2020, 34(2):024201. DOI: 10.11858/gywlxb.20190808

FELEIREE View online: https:/doi.org/10.11858/gywlxb.20190808

BT BRI HA S T

Articles you may be interested in

R IEZ A AP R I LB SL S5
Penetration Mechanism of Polyurea Coating Composite Structure

= B4R, 2019, 33(2): 025102 https:/doi.org/10.11858/gywlxh.20180619
B AR B e 52 5 BB R AV E RE S B F 5T

Experimental Study of Ballistic Performance for Boron Carbide Ceramic Composite Targets

B TEYFIAEA. 2019, 33(4): 045104 https:/doi.org/10.11858/gywlxh.20180657

R BN AR AT F R A 3h 25 o7
Dynamic Response of Polyurea Coated Steel Plate under Blast Loading
B4R, 2019, 33(2): 024103 https:/doi.org/10.11858/gywlxbh.20180650

FERKE o DA O SR 45 A8 PN A% R O R A
Numerical Simulation of Explosive Shock Wave Propagation in Imitation Bridge Structure

B EPIFEEA. 2019, 33(4): 042301 https://doi.org/10.11858/gywlxh.20180649

— IR e B P 4 O SR ) TR A A Y
A Simplified Model for Long Rod of Ultra—High Speed Perforation onto Ceramic/Metal Target
R BR2E4. 2017, 31(6): 742 https://doi.org/10.11858/gywlxh.2017.06.009

h AR ATV T PZ TS5 F PR 1Y) e R
Dynamic Behavior of PZT-5 Piezoelectric Ceramics under Impact Loading

I EHIEEEAR. 2019, 33(5): 054204 hitps://doi.org/10.11858/gywlxh.20180708


http://www.gywlxb.cn
http://www.gywlxb.cn
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190808
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180619
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180657
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180650
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180649
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.2017.06.009
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180708

34% Hom [=/ S SO 7/ B (= S e Vol. 34, No. 2
2020 4F 4 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Apr. , 2020

DOI: 10.11858/gywlxb.20190808

[EEMAEGREEE/ RRE S EWa P EmaxTEL
A, HBE

(AR 2l RF PR S A LR B, 1078 B A 330013)

WE:RZITEHERZ PLARETNARTER, ENTHA FHRGEMTAE, EHNLERE
LRERY LT, RIETHEANGER, AhEd L BT THL2HBEER/RRE LR ZMH
Fl#AE W AR TGER, FHEBAGEN TR ERHATT A, F AN T Rk EHEE
HAHXRGAIRNT ., FREV. ERERTT, MELNRGEERYT B, RREEREH
K, MR FEGRNFGENE (HErm) ZEARY &, BRERBHEHER, & 44
TRy et M E MR T 0 e, 1% RO 08 B m ok, H45 2 E B, T2 %
HEARNB LA ERTEET T —SHE LR UL A, RBPGEER v,

KR & R % RIK S E L

FE 533K S:0385 SCRKFRIRES: A

PR B e ot B | g R S LU ) A MR RE AL S O A S AR E T, BTz AR E T L ML AR 1Y
e P A S A A Bl AP R, (B R 22 A D P e HGAE B P 5 48 TP B B A2 B —sE Bl 2 . L SE B BkoRE
R0 — b K SR B0 W e 52 6 A RE I, RO RS £ < - 08 IR0 23 g ol HCSife L o B2 v A 1 1) 0 S5
XN PERE BT I A B T S AR A T BB AE . H AT, BT BR BRI Z RS, TF R TS R AR
BRRRESHEZE) T TR R

—SERETEE T T T BB A A A BT o il MR PEBERT ST . Grujicic 251 3 i A BROCAEY
Xof LY AH [ T 8 R B4 ik A Pl R M 5 7 22 B RE B AL /2R IR S5 R BT o PR R, DF SR BT B R AL
AR SEYEREE A . Wu FE A RTINS Y UF S T BRREAS AL v ST SR R0 H AR A5 A SR
W BERE 1 BYSZ N, 25 SR W] . BB BRBEAE A 7R AN [ J 18156 B2 T A9 2R S8R A (], A e o B T B2 I 2 2
e SR B JZ 0] 00 )= F1)Z N 280 e[l i 4 A, FERE e K . Wang U0 il i 9 Fl S 36 T 5T 1 (e b iy
N B MR S S BT P VR RE, A BT R B S S R LU IR AR AT S A5 A ELAT B A o o
. Gu 21 i i A FROTAS DU 52 56 F 5 e B 7 22 BR BF 52 5 45 F B9 B o o 1 RE DL T 2% 2 O
Flores-Johnson 2 i iof A7 FROCH L& BUOT 2 BRBH 40 & 3R AW IR S S AR DU IEREIL TR & 4 .
Haynes 25U 3@ i A FROCELIBE ST 1 B 8 A (09 K/ | JE AR R 45 750 (4 26 45 i B2 X 05 B2 R A 52 5 Al o
R BRI, IF e T T B AR A AR A A TR . AT, Yin AU BRI T — R bl 59 05 B Bk B
A BRORE, BFTE R W% AERE A B0 b o 1 RE HE e 2 B A AL BB R 2~ 3 .

C AW G5 08 T 0722 Bk B 45 H 7 S AR b o A R B BB ARe 1, o JHL o 450 40 38 A i 7
FHLIR SR = R GERIBETE o o3 M D5 B2 R AE S5 M A i o 408 03 0 A, Xk LAt JE i AR 1 it BE ML LA B 2
7] A PP A ol 28 A P AR5 R QL B AR 5 A8 SE B PR RO RE T3, mT LU et bl M RE A9 D AR 13

* kS HEA: 2019-07-11; 4£ 2 H #A: 2019-08-30
EEWHE: BR A RBFHE S X REH 4 (11862005); 1TV #4FFH# 34 (20181BAB211012)
EZE N RA(1993—), B, B-LHFFE A, 32N SR AR5 B B 5 2 B k5.
E-mail: 1977754061 (@qq.com
BEIEE: MR (1984—), B, Wi, RIS, 50D bh kLS5 K 00+ 55 4007 | SeitE TR RO
KW FHBFSE . E-mail: xiaoyihua@ecjtu.edu.cn

024201-1


mailto:1977754061@qq.com
mailto:xiaoyihua@ecjtu.edu.cn

o34 % = JE Ll P 2 Eitd 2

THEBE S o AT 3 T ROUE AU 5 g e T A5 B2 BR B Wi 68 /SR MR O % 52 1 Sk g s 19 94 475 96 1
AR, X EE 73 B P 8 A RN BT, A ST A e o S 52 X v = 4 A0 5 Al i e )R

1 HEER
11 AIRTER

Riou 55" 38 iof 5290 W E2 1 Bk Ak ik B s 5% A2 1 S i o o A 403 P i A 72 o 6T LS-DYNA #37 i%
S A BROT (FEM) B AL (DL IE] 1(a)) , 38 2ok 55 96 45 SR 50 UE BUE A0 0 5 BRPE o 30 (% 3 55 4 203 m/s,
SRR ELAR S 11 mm, K FEEH 20 mm; 229K B 100 mm, $E 4 10 mm, = 4 20 mm,

[F A, FENT T 5 Bk B b ARk P 28 /SR R 52 5 SR A2 R o A BR TR AL (UL IET 1(b)) , B4 4
AL R N T SRR, SRR RSB SRR AR . EOTREREEE AR, B AR
KA R B 43504 0.45 F110.10 mm, Fi & R 94k 4.95 mm, B & R KRB R 11, 550 RE 2R
Bl SC B i TE P RST /R B AR

(a) Ceramic beam (b) Nacre-like beam
Bl 1 AR
Fig. 1 FEM model
T AR S T B R AR v SR 1 S T T ok R SO R 2 R E fih . AE SRR T
PRBESE G QAT v SR FH Al (R ek Fy T T Aok Bk e SRR 5 Gk 2 ) A 4 i, R TIED 7Y 17 i 422 fk 5
P W 5 SRR B () BE 4 RIS, SR FH SR T2 M B30k e SCSR MR I 5 B 6 ) W] R AE 7R A 42 ik, IR
FEAY A2 et ey B T 2 i B2 B 40U SR DR TR 5 W BB A7 A 1) A 3 4 fk
1.2 MEBRBERESH
A B R LR 1 SR B Johnson-Cook B (*MAT 98) ik . B4k fik i % i b4 LR M SR FH TH-2 AR 73
(*MAT_110)fifiik . P& A BES B0 B DLER 10 RISk 2, SR 1, p RBERE, 4. B, n. C A JEIRGHR
WG &2, G N YRR, A, IS ir MR A — b5 S50, B, N R B R B IA — TR BE S5, M N
KRG R TIHREL, N R TSGR R T 1488, T 0 i RYTHi S8 B2, oy N Hugoniot #UEEALBR, pe M
Hugoniot #UPE A B J1, D, KRB A8 REL, D, HRENZEHEEL, K, K, Ky RS TR T 74 R
R OBIEEHM RS

Table 1 Material parameters for projectile!™!

plkgm™) A/MPa B/MPa n C
7 830 792 510 0.26 0.014

*x2 BEEMME S

Table 2 Material parameters for ceramic'™!

plkg'm™) G/GPa A, B, M N T/GPa
3163 183 0.96 0.35 1.0 0.65 0.37

oy /GPa Pue/GPa D, D, K,/GPa K,/GPa K,/GPa
14.567 59 0.48 0.48 204.785 0 0
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(c) Nacre-like composite beam
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Fig.2 Damage evolution of beams
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Fig.3 Damage contours of beams at 30 ps
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Fig. 5 Damage contours of beams at different impact velocities
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Comparison of Impact Damage between Ceramic Structure and
Nacre-Like Ceramic/Polyurea Composite Structure

WU Hecheng, XIAO Yihua

(School of Mechatronics and Vehicle Engineering, East China Jiaotong University, Nanchang 330013, Jiangxi, China)

Abstract: The finite element model of a ceramic beam impacted by a blunt-nosed projectile was established,
and the impact damage evolution process of the beam was simulated. The simulation results are in good
agreement with experimental results, which confirms the validity of the model. On this basis, the finite
element model of a nacre-like ceramic/polyurea composite beam impact by the same projectile was
established. Its damage evolution process was compared with that of the ceramic beam. Effects of impact
velocity of projectile on damage process are studies for the two beams. The obtained results show that the
damage of the ceramic beam expands conically, and the beam undergoes global damage. The damage of the
nacre-like composite beam expands in a cylindrical shape in the longitudinal direction (i.e., impact direction),
and the beam undergoes local damage, which gives a good ability to maintain structural integrity. Moreover,
as the impact velocity of the projectile increases, the range and extent of damage of the ceramic beam
increases significantly. Differently, when the impact velocity exceeds a certain value, the damage range of
the nacre-like composite beam changes insignificantly, while its damage extent grows with the increase of
impact velocity.

Keywords: impact; ceramic; nacre-like; polyurea; damage evolution
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