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Table 1 Particle size of fractured Al,O, ceramic under different strain rates

Particle number

Grain size/um

2385 300s™ 364 s 417 600 s 734 5™
<300 571 521 568 689 816 970
300-500 234 236 248 249 265 188
500-1000 38 71 88 74 151 127
1000-1500 69 146 115 99 80 39
>1500 34 28 29 23 22 31
Total particle number 946 1002 1048 1134 1334 1355
Average diameter/mm 344 335 330 323 318 299
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Table 2 Parameters of ALO, ceramic"
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p/(g-em™) E/GPa c/(m-s™) GJ(N'm™) -=-= G&C model
Grady model
3.869 290 8658 30 é 0.42 e Experimental results
©
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Table 3 Tensile strength varies with strain rates E 0.36
Q
Q
Tensile Compression =
. 0.30
&s'  o/GPa &ls™! 0./GPa &/s!
178 0.127 238 3.25 8820 ) ) ) ) ) )
212 0.135 300 3.8 8902 0 180 360 540 720 900 1080
Strain rate/s ™!
248 0.146 364 3.34 9072 . o
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307 0.155 417 341 9282 . . .
Fig. 11 Comparison between theoretical model
340 0.165 600 3.49 9716 and actual debris size
392 0.178 734 3.58 9934

054202-7



33 % = JE Ll i 2% Eitd 55

4 % ip

T oM ALO, B e 7 oty 28 T B R RO R A P, T it B0 R O e 17 7 3 < AR AT Bl A B i/
FR45 S50, 3fAs T sh BT ALO; P % i) SR LA K R g 4 rP s s 0 10T g ) R g 5 304507 B
B, #4320 1 BB — 4R B R BB AR, AR LT A

(1) — 4R ST, ALO, Fi % i) 3l A5 R AL s 5 B2 1 2 B L Bl Rz 4% R 4 TE AR S, A4 R Y
PO 5 B2 249 L5 JEE 9 20 1%

(2) ALO, Fi B 1RE A — 45 N 7 A TR BB AR O, RS 22 S 5, 770 R RSO 3 25k A 1l
NG EARA o BCRY B P e TR S 80 2 %7 72 3 A 98 i 49 O, R B SR AR B W/ o B B v
FIRT S5 W JO0 288V 28 5 16 18000 T 28 i 5383, G P o 2 e ) R i 14 R 25 0 28 4 A AR G o

(3) G&C A6 RUAT 2 BRI N T AR W AZ T HE S B 8 RUSH R, a R ) S8 0 S ANy g ) T
Wi 88 W TR AT 6 A PT AL ) 52 ) Grady A8 RUIE B AN Al B0 P A RH A R 4 T 38 g A4 RL v s DID K7 25
TR R UG BRBE , 52 SR T AR SEBR B R LW o X TR RME B SE IR 25 1F T A
KRS RE RS, B 7 2 X — IR AN ] 2280

225 3

[1] WEI G, ZHANG W. Deformation and fracture behavior of steel projectiles impacting AD95 ceramic targets-experimental
investigation [J]. Journal of Physics: Conference Series, 2014, 500(11): 112065.
[2] GILVARRY JJ, BERGSTROM B H. Fracture of brittle solids. III. experimental results on the distribution of fragment size in
single fracture [J]. Journal of Applied Physics, 1962, 33(11): 3211-3213.
[3] WANG Z, LI P. Dynamic failure and fracture mechanism in alumina ceramics: experimental observations and finite element
modelling [J]. Ceramics International, 2015, 41(10): 12763-12772.
[4] SELLAPPAN P, WANG E, SANTOS C J E, et al. Wave propagation through alumina-porous alumina laminates [J]. Journal of
the European Ceramic Society, 2015, 35(1): 197-210.
[5] DENG H, NEMAT-NASSER S. Dynamic damage evolution in brittle solids [J]. Mechanics of Materials, 1992, 14(2): 83-103.
[6] ACHARYA S, BYSAKH S, PARAMESWARAN V, et al. Deformation and failure of alumina under high strain rate
compressive loading [J]. Ceramics International, 2015, 41(5): 6793—6801.
(7] Zyubs, BRhnmk, BRpe Ty, ANzt B et Aohr e R RRE [J]. B84 5 bk, 2017, 37(5): 913-922.
YI H S, XU S L, SHAN J F. Failure characteristics of brittle particles at different loading speeds [J]. Explosion and Shock
Waves, 2017, 37(5): 913-922.
[8] GRADY D E, BENSON D A. Fragmentation of metal rings by electromagnetic loading [J]. Experimental Mechanics, 1983,
23(4): 393-400.
(9] JAXAE, EoKAN. SR ity 28 T RETERTRHIE I RUBERIPR [J]. 480615 vhidi, 2008, 28(4): 298-303.
ZHOU F H, WANG Y G. Factors affecting the size of brittle material fragments under impact loading [J]. Explosion and Shock
Waves, 2008, 28(4): 298-303.
[10] WANG H, RAMESH K T. Dynamic strength and fragmentation of hot-pressed silicon carbide under uniaxial compression [J].
Acta Materialia, 2004, 52(2): 355-367.
(1] Breisf, S B, whilidhifm I ALO, PUs b & B 1A PERESEI T [J]. = R ER2E4H, 2003, 17(1): 29-34.
DUAN Z P, GUAN Z Y. Experimental study on mechanical properties of elastics ceramics under impact loading [J]. Chinese
Journal of High Pressure Physics, 2003, 17(1): 29-34.
[12] 2357, B, 25308, AD95 R RN S 25 45T SY (1], Bk 5 i, 2004, 24(3): 233-239.
LIYL,HUS S, L1 Y H. Dynamic compression test of AD95 Ceramic materials [J]. Explosion and Shock Waves, 2004, 24(3):
233-239.
(13] #me®r, PeEA, For . TH-2 B HAE ALLO, P e R i B B A i T [0]. B AE S o, 2010, 30(5): 463-471.
YANG Z Q, PANG B J, WANG L W. JH-2 model and its application in low speed impact simulation of Al,O, ceramics [J].

054202-8


http://dx.doi.org/10.1088/1742-6596/500/11/112065
http://dx.doi.org/10.1063/1.1931139
http://dx.doi.org/10.1016/j.ceramint.2015.06.110
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/0167-6636(92)90008-2
http://dx.doi.org/10.1016/j.ceramint.2015.01.126
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.1007/BF02330054
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.1016/j.actamat.2003.09.036
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.11883/1001-1455(2010)05-0463-09
http://dx.doi.org/10.1088/1742-6596/500/11/112065
http://dx.doi.org/10.1063/1.1931139
http://dx.doi.org/10.1016/j.ceramint.2015.06.110
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/0167-6636(92)90008-2
http://dx.doi.org/10.1016/j.ceramint.2015.01.126
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.1007/BF02330054
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.1016/j.actamat.2003.09.036
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.11883/1001-1455(2010)05-0463-09
http://dx.doi.org/10.1088/1742-6596/500/11/112065
http://dx.doi.org/10.1063/1.1931139
http://dx.doi.org/10.1016/j.ceramint.2015.06.110
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/0167-6636(92)90008-2
http://dx.doi.org/10.1016/j.ceramint.2015.01.126
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.1007/BF02330054
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.1016/j.actamat.2003.09.036
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.11883/1001-1455(2010)05-0463-09
http://dx.doi.org/10.1088/1742-6596/500/11/112065
http://dx.doi.org/10.1063/1.1931139
http://dx.doi.org/10.1016/j.ceramint.2015.06.110
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/j.jeurceramsoc.2014.08.013
http://dx.doi.org/10.1016/0167-6636(92)90008-2
http://dx.doi.org/10.1016/j.ceramint.2015.01.126
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.11883/1001-1455(2017)05-0913-10
http://dx.doi.org/10.1007/BF02330054
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.04.003
http://dx.doi.org/10.1016/j.actamat.2003.09.036
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3969/j.issn.1000-5773.2003.01.005
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.3321/j.issn:1001-1455.2004.03.007
http://dx.doi.org/10.11883/1001-1455(2010)05-0463-09

33 % FNGENTEE, whili 3r N ALO, % il 2 35 S e ik %5

Explosion and Shock Waves, 2010, 30(5): 463—471.

(141 IR, 558, THUE. ORI ICHIBEETEAR [RINAR AR 1 124450 [7]. BAE S i, 2018, 38(2): 295-301.
WANG Z, ZHANG C, WANG Y M. Mechanical behavior of aircraft windshield inorganic glass under different strain rates [J].
Explosion and Shock Waves, 2018, 38(2): 295-301.

(151 Zpits, ARHIER, B EAe. TELF- 75 955 DAl A (0 55 80 J1 2 (0], T ERb: BB T2 K30, 2010(2): 207-212.
LUO S Y, SHAO M Z, LUO X H. Sinusoidal squared potential and strain superlattice dislocation dynamics [J]. Chinese
Science: Physics, Mechanics, Astronomy, 2010(2): 207-212.

[16] GRADY D E, KIPP M E. Mechanisms of dynamic fragmentation: factors governing fragment size [J]. Mechanics of Materials,
1985, 4(3/4): 311-320.

[17] GLENN L A, CHUDNOVSKY A. Strain-energy effects on dynamic fragmentation [J]. Journal of Applied Physics, 1986, 59(4):
1379-1380.

[18] ZHOU F, MOLINARI J F, RAMESH K T. Effects of material properties on the fragmentation of brittle materials [J].
International Journal of Fracture, 2006, 139(2): 169—196.

[19] DRUGAN W J. Dynamic fragmentation of brittle materials: analytical mechanics-based models [J]. Journal of the Mechanics
and Physics of Solids, 2001, 49(6): 1181-1208.

(201 Fdr, WRILL. W20 (M. dbat: Rl iR, 2006: 152-163.
CHENG J, ZHAO S S. Mechanics of fracture [M]. Beijing: Science Press, 2006: 152—-163.

Failure and Fracture Characteristics of Al,O, Ceramics under Impact Loading
SUN Xiaobo, GAO Yubo, XU Peng
(College of Science, North University of China, Taiyuan 030051, China)

Abstract: As one of the typical brittle materials, ceramics are highly sensitive to deformation. Under strong
dynamic loads, it exhibits mechanical response characteristics completely different from ductile metal
materials which involve damage and destructive behavior. In this study, the split Hopkinson bar test system
is used to carry out impact loading tests on Al,O, ceramics obtaining the dynamic tensile/compressive
properties of the ceramics, as well as the relationship of fracture characteristics with strain rate. In addition,
the mechanical properties and fragment size of brittle ceramic materials under different strain rates are
further studied by using the theoretical methods of energy conservation and dynamics. The results show that
the tensile and compressive strength of Al,O, ceramics is positively correlated with strain rate under impact
loading. Furthermore, the particle sizes of Al,O, ceramic samples vary greatly under the action of the one-
dimensional stress wave. With the increase of loading strain rate, the total number of broken ceramic
particles will increase and the average particle size will decrease, while the influence of stress concentration
will gradually weaken. Finally, the fragment size of brittle materials simulated by the DID model is
consistent with the experimental results. However, Grady model is derived from the fact that the
generalization of ductile materials is quite different from the experimental results.

Keywords: Al,O,ceramics; effects of strain rate; broken scale; impact loading
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