%28 555 S § =S Vol. 28 No.5
2013 4F 10 A JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2013

XEHS:1001-4888(2013)05-0607-07

fE# 1 SHPD LIS Ry st B b ik

B, Fh, FF

CHER AR TART AR ERA I 230027)

HE A A SHPB 3 f Al A R AERE & Bk T# £ EAFG RO RARLTY, 24
ﬁl’@faﬁﬁﬁ’i&wﬁéﬁﬁiﬁﬁiﬁ’?ﬂu% T ol SR A, AL BEHMAESNTT
BAr e 7 X RG R TR A SR L FTARAEBR BT 2 homag Ty
H. AR LA LSDYNA, SAEAER T it #3k ke M M4 SHPB %%, 4R 25,4
ALBEBRTHERGTHOREARHARAE, BR—H B HREBL, 5T E8 b ek
LR T AT R RS B Ty ik, SRR T BT AR 6915 B Oy ik T AT R 2 ed

KB . ELTeAEA; ME; #3k

FESES: 0385 X HERFRIZAD : A DOI: 10.7520/1001-4888-13-025

0 BlE

SHPB(r B R E M 4 R e #) 52 1 Kolsky %31, 30 2 8% ) 12 # FH T 003261 B 8 28 R
Rshas S5 kae, LR ErBRmAE 1 s,

Specimen

Striker Bar Incident Bar Transmission Bar
| | 7 i
—_ Strain Gage Strain Gage

Kl 1 SHPB % & & &l
Fig. 1 Schematic of the SHPB

SHPB 5256 £ A i 37 AE P A ZEAS B R At L. OFF i — 2 5 i g 5 A8 5 O R 10 F7 /1 28 T
HARK B2 oA . BARTT 43 AR LA

(1) FF P A4 B IR S IR 325 569 107 7 ok b B8 R HIOSE I Rl 8 /DN o BRIV 2 — 4 R g e AR s 5

(2) SEH i TR A ST L7 S AT s A6 A Ak T S A TR S

(3 ﬁlﬁﬁﬁﬁ:%ﬁﬂ!E’Jﬂﬁ%ﬁd‘é\?ﬁﬁﬁﬂﬁ%m%ﬁﬂ*ﬁﬁﬁﬁ;

(4 A R 18] BE P 3 Ak T il 1) 107 249 29 R B AR AR

ERT YV Re > N VIR i P =i S U DA IR & WX gt < P G < T O = W i

EJ A(J [81

o.(t) = (D + () +er(D] = EA er(t) (D

A,

e (t) =— ZZQ

26,
L

J (e;(t) —ep())dt =— J er (D dt (2)

*» YR BEHI: 2013-03-06; &iTBHI: 2013-04-25
EE£MAB: HRAK/R =S E S H (106320800 , 1 H 1 4 { B4 3L 430 H (2011M501394) , (20100480685) ¥t Bl
BiREE . 2 (1941 —) 3, # 4% i+ 4 S0, E-mail: yeli@uste. edu. cn



608 S, (2013 4F) 45 28 4%

éb(t) :*Zlﬁﬁk(t) (3)

For Eo VA B Gy 4303 A HE AT S0P ASE A R T BRI S P 2 D D0 5 AR 0 43 i) DA 1 0 e G e AR
AR BE 5 e ver AT e 23590 SR Aol 2 A S 1T P A0 L 5 50 A0 S 90 B AR 155

HT T P Re B e R, BEARE SHPB 52 56 v 3K Vg 28 A4 ) B B2 7 O OR 55 e A Ak T SR 0 T RS
20045 /1N B A R A RS 3o i a7 ) A T AR T AT AT PR 22 5 R 5 S 8 o R b B R i 2
5 | A T S TR R A P SO P A TR IR 1 AT A — 1 T 59 R ABE 5 K B IR AR AR /N 23
A 78 I AR ) 5 2 1 5 ok I 2 3 S e A B e 5 T N 2 A s R B 4R R RRR L
B BE B FLSE N Fy o ok 8 Ji DRl 45 B 88 B R XE LA 1 R SHPB 552 56 157 A S e 3 285 Ty 2 o ik A7
i, P i 25T % SHPB 5256 8 g #E A7 00 22 09 B0 . A BES B 8 14 8 1) 2l 285 g 2 P T A7

N T 3R AT AR S 56 o P A SB A ARIE  DLB Fa ARR v h  F 0 T N B A T DL R S AT 2
[F) s 6 B v A A AR R INBR AL RS (WO &5 VR 222 328 0 SR BB IR Y e IO AT 172 i 9 - A0 9%
55 AT S BT AR UE IE B (50 A TR AR B U725 A AR A i i T AR 43 31 A 45 B B O R R U
W% R Rt BRI R A 2 TR

)

Specimen ) Specimen i s
Ineident Bar J Transmission Bar Incident Bar J ransmission Bar

IS o ™

Conical Insert

Cylindrical Insert

(a)iB L AH DT C f1 [543 72 4 e (b) i BURHVL A £ T b (c)MEFS T4 bl
Kl 2 FMIPRSBHREE

Fig. 2 Schematic of various inserts
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Tab. 1 Material properties of the bar, inserts and ceramic specimens
kL % (kg/m’) PR (GPa) HER/NE
AT 7900 210 0.3
WC e 14500 565. 8 0.2
Wi 25 3k 2 3640 293 0.24
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Tab. 2 Four different calculation conditions
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Fig. 4 Computer grid of various cases
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Tab. 3 The stress uniformity factor in the specimen
Case B KRBT B ) 6 (GPa) B ER A N ) 6" (GPa) INPARS IS i
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Fig. 8 The relationship between the stress
uniformity factor and the dimensionless

length of the conical insert
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Fig. 13 The correction of reflected stress wave

FeF LA BB AT Bt e, vl DA B I R 454 .
(1) B&EME SHPB 5256 v [ 41 2 B /B &
TE At B % a0 v i Al 1) g ) AN 450 IR OFVA OR W] b 0

(2) SCrf T4 B TR I AR B SRR O R T A v e R AN AT I

(3) N FH— 2 N g BRE A5 217 X S 55 FOHE A 08 TE A3 1k L LU E T BB IE IR A
Rk
AR S A BC{EAEAUL A B8 S BT L SR T B 0% B S I AR vk TR B AR BE R SHPB SE 5
(A SCPE S BROAS S T2 S 0 S50 5 R R B — R AR R AR Y . el T TR b BRI i R 5 O A O A R
SIS ) ELAR R A X R AT IE R AT Y TAE .



55 W Bt A% MRl SHPD S256 A sk th B i 613

S % Uk

[1] Kolsky H. An Investigation of the Mechanical Properties of Materials at very High Rates of Loading[ C]. Proc.
Phys. Soc. B, 1949, 62:676—700.

[2] Subhash G. Ravichandran G. Split-Hopkinson pressure bar testing of ceramics. American Society for Materials
Handbook, 8th edn. American Society for Metals International, Materials Park, OH, 2000:1114—1134.

[3] Subhash G, Nemat-Nasser S. Dynamic Stress-Induced Transformation and Texture Formation in Uniaxial
Compression of Zirconia Ceramics[J]. J. Am. Ceram. Soc., 1993, 76(1):153—165.

[4] Chen W, Subhash G. Evaluation of ceramic specimen geometries used in split Hopkinson pressure bar[ J]. Dymat.
J. . 1994.:193—210.

[5] Anderson C, O'Donoghue P, Lankford J. Walker J. Numerical simulations of SHPB experiments for the dynamic
compressive strength and failure of ceramics[J]. Int. J. Frac., 1992, 55:193—208.

[6] Sunny G, Yuan F, Prakash V, Lewandowski J. Design of Inserts for Split-Hopkinson Pressure Bar Testing of Low
Strain-to-Failure Materials[ J]. Experimental Mechanics. 2009, 49:479—490.

(7] Z3ei, WIWME, 23t A95 B % bR 3 25 TR 45 X O 22 [T 0. B¢ 4E 5 o ifi . 2004, 24 (3): 233 — 239 (LI
Yinglei. HU Shisheng, LI Yinghua. Research on dynamic behavior of A95 ceramics under compression[ ] ].
Explosion and Shock Waves, 2004, 24(3):233—239(in Chinese))

An Improved Inserts form in SHPB Experiment for Ceramic Material

DUAN Shi-wei, LI Yong-chi, LI Ping
(Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China)

Abstract: In SHPB experiment of high-strength ceramic materials, the use of cylindrical inserts or
conical shape inserts can avoid plastic deformation of pressure bar end face. However, both inserts
may cause uneven axial stress in ceramic specimens, which affects the validity of experimental result.
Numerical simulation of axial stress distribution characterisrics in specimen due to above mentioned
inserts was carried out, based on which, a more reasonable inserts approach is proposed in this paper.
By using commercial software LS-DYNA, SHPB experiment of ceramic material with improved inserts
was numerically simulated. Results show that the uneven axial stress in ceramic specimen is basically
eliminated. Applying one-dimensional stress wave theory, the wave propogation process in experiment
was analyzed., the correction method of experimental data was obtained. and the feasibility and
effectiveness of correction method was proved.

Keywords: Split Hopkinson pressure bar(SHPB) ; ceramic; inserts



