VA G R 'J:% ME Ej ‘{EF' _E'-:l Vol. 25, No. 3

2005 4 5 H EXPLOSION AND SHOCK WAVES May, 2005

XEHS: 1001-1455(2005)03-0207-10

SHPB JiX g S tEim @ R fE N T

R
Ch R R 13 S AU TR R L 8 AR 230026)

T . I — 450 7 B B8 0 B W 4 2R R AT (SHPB) I 33 (9 44 49 M 18] BSUE 1 488 0 PER B 336, %6 Il 4t
e & FOIN 2 T8 19 0 B R 25 SO S AT S W HEAT T A0 AT ST A . 45 T DA e b Rk i S R N AR
RN S . REAE N R S B A1 PE B SR TS SHPB #9 1] I 37 28 R AE T3S B IE T BT A A 5B 5
56 . W T A R ¥ A PR I R A0 I B0 A B D v R RS B4 0k 8 B R s A 2 A e )
R AR N 3R BESRAE T R M 43 BT 5 48 H G SR P A AL L 5K v 4 IO AR TR B A b R T DL R

KR AT B ¥ A — 4k U BIE ; SHPB; 1 i 48 %

hESES: 0348; TB34 E#RZERKB: 130 - 15 MEiRERRG: A

il

1 35

A2 G AR AT (SHPB) SE 88 R B it B T AR ADRE & A8 R B9 J7 2+ PEREINA . A H. Kol-
sky $i H 3 002l 25 KB A S o 5256 09 7T 5 1R K R B Ak BR8N AR — 4R ROE S 2 S) RO B SRR X
SR XS % SR Ty B E B A BE ] . 20 22 60 4EUA L E. D. H. Davis 58 R FI g &t 77 v % il 4 o I8t
PRGN B 0 A 2 B PR N 0 1 50 1 TR BBV O R SRR T 5, JLAE 18 B R B BAHE 32 BRIl 2 — 5 3k
PE LA R P BE SR I 2% F T, 9 20 M80E Je P LARGSE B9 52 T B 0 TR 65 T A ) 3l 25 00 a1 AR o 1
Bhf. SR U4k SHPB B9l 42 2 #1821 4 XA B O A48 b, B 88 Lo o TR BE L SE I PR AT kL
AR A BRBE R VL IR BB A o TR S B I35 v 2 BN 0 18 20 A i A [ i, SHPB 1€ B9 T &g 4 3
FOT GRS . BUA MR 21 MR D7 WIAF A T 2 Al &0 - COXEREYERTRE 511 gohn 2 = a8
TR b N, JH P S T 4 RO ) 22 S5 WA S B2 9 AN 38 50 i LA B9 45 SRR N TSR B 5 (20 0 Bk e L B R
U PN Y L 7 24950 15 A AR I ] 0 4 T 2 R i s A R T R TEALRY . RV T ik
2 Pl 00 R BN s B A PR R A — SE B S 45 SR L (H N B A A 5 SCHR A - 3k — AR A i LB AL LA
08 R 58 A R A A IF T

XF T SHPB i ) 45 0 A48 A 5 ], R IF A2 B, 53 0 il T8 AR B AT RHRR A OC TR BRI
S AR SR At LU A R M B 2 X B R RE A DCTRURI SR A4 £ 7 L A8 AT A A 9F 5 R © T A 18 A 4 ) 45 B
ERIREE <5 <Y U N (DRI

A BTSRRI B B A S M R AR 7 v 10 A8 5T B Wi IO, RE A SR AT i Al R A A, AR A
I AN 532 LA AR A2 o < S A Ak RIVAE 2 AR AR iy, LS 9 B Bt AN 32 AR AR AR SCH
EEGHE SRR AR B R S B B T SRR R A D R ABUIE 2 fRT AL B R AR X SHPB i
TR 4 S e B I A A T g A o TR A T 2 I

2 SHPB SR SRS

SHPB I3 31 AL 7 0 A 1 an P 1 s (L v g B BROA SR 90, — B A B D R A Sy — 22 31 o R 4
EASBEREND X BB R T A Y oy oy SOBEE B oy oy AT DU S AT

« WFSHE: 2004-05-10; {&E BHEY: 2005-03-08
TEE® A K HA9%61— DB HE LR,



208 15 1

525 &

HR A IO AR o — 4 L D FHOE R L A TR 2
ALY . T A e B Rk . G X G A
LS G 3 10T — R A 3 50 P ] R = 2
3R H0 A 1] R 85 e o A AT T R — MR X

A A l
FE 1, A =2 3= 2, =
r[zil I:P e A, ﬂ P()C()Ao ! Co JJ
_1=F 2 - _p=1 _
F&S 1+87T&5 1+B9F5,B B7+19Tg3

ﬂfl,p o AR Yk R RLF R

SYRB T B R K T bR B-S Fom BT L 3
W SB R P AL 2IFT .

F2 IO 3 I BAE OF A R K L
IR A RS N E TR e i I N
TE 114 328 2 R A ) - 32 o A ]y R 5

Output bar

Input bar

ect wave Tansmission

-

Incident wave
¥ 1 SHPB M3 o (4 1
Fig. 1 Wave propagation within a SHPB specimen

T3 Ve e 4%

aTpso; (1) 0 <1< 24
7= {ams[am  (Fop + Fowo (0 — 260 + = + (F&' + Fé)o —2m) ] mey <t < 2nt,
0 0Lt <<t
o1 (1) = 2aTps[ (14 Fsp)oi (t — o) + (Fép 4+ Fip)o (¢ — 3t,) + ==+ +
Fi? 4+ Fey Do (1 — Qn— 1Dt ] Cn— Dty <t << 2n+ Dy

x/co )H(t — x/¢o)
x/co) H(t —

o(x,t) = ol pso; (t —

0. = Ulem[O' (r—

Zu N (t

Oon —
ne(x,t) = {

O2n

x/co) + o+ Féylo, (1 —
Cnty +x/co DHGA— 2nty + x/c0)) ]
Féyo, (t— nty + x/co ) Ht— 2nty + x/c0))

t<t()7o x <
Qnty — x/co))Ht— Qnty — x/c)) +

2n— Dty <t << 2nt,

2nt, <t << 2n—+ D,

t—nt

(1) = @(J o,(t)dz‘,JrFm;JHO o () dt 4 - +FS,BJ Tadr) (1 — Dty <1< nts
0 —, 1721” 0
61, (1) = (61 (1) +oq())/2
BTgrso'i(t>/(((X') 0 < t << ly
U1 (1) = %[a;(l)*(FSB*FéL;)U,(l*ZlO)*"'*
(F&y' — F¥) o, (t — 2nt o) ] 2nty, <<t << 2n+ Dt
0 0 <<t << 2nt,
oy (1) = %[(1 — Fsp)oi (1) — (Fiy — Fip)o (1 — 315) — == —
(F#y° — FyDe (t— Q2n— 1Dity) ] 2n— Dty <t << 2n+ D,
@ai(z) <t
. PC[o
< — T
n-u B Pla0 = (A= FopaG— 1) = = (F = Faa. = m ] nty <0< ot D
0 0

A co0 () AL I
I3 00, AT INSFRINE 7 H () Sy BRI ER R n =

A S AN T IR AL . & W PR T 2
1,2,3,-

o TIINAERIL A IE .

D

(2

3

€Y

©))

AR o N AE N Y S 2



o3 K J35F . SHPB Mt v % 2 & e 1] 0 R A o 7 2 209

3 ABMEBBRTHEAOARHIME

SHPB MR 9 A ST R() = (o —oy ) /o RS, — B 5,24 R()<<5% M il A
NN F13R 8 T 385) . BUB IR IE 5 0] 4 N B IE RO L & 2 B R R (D ~ (5) RS
B A TEX TURD A SR T B9 L g 249 20 1 R n; oy ek B i () 28 Ak i s 0 3B g L A T A — I ) 0 =
t/ty .

B 2 Ca) Ry JE TS I 28 Bt 175 450, o 7T LA B 7 7 35 50 A it ] Bl ) SO BEL EE B A8 368 i 38 in L 78 p=4 1,
JNE 3 3815 B[] 1 58 /N (249 5 ) 5 AL EE 3002 P 7 g e L 2 I 6 422 30 e KA 9T DA 80 33 PRI AR /DN, i AR
42 ) o 848 1 PR R g Ak A A BBl P 5 3 B R R X R ) 35 50 M AT 2 A T R R ) iR
{H 2% 8k 5 (— AR B F 302 7% 5 BT 1 WA B 0, DL IR 2 A0 15 (R 8 F o, (HSEBR 3550 J5 B
FIRIHE A& R ARF R 0, 30 BE A IR 58 4 TERL ) S FE B BRI TR A i ¥ 5 e AL e S BR
3 A SR8 422 30 R TR 1 17 100 0 A 4 1 L 2 4R o A R R S B SHPB I A% ik 1 44 ek
THIE 5 N LT 0 BT B 3 2 I 2k e 1 J5 T U S B0 LR — 25 e . B/ 2(b) L Co) 43 51 R B B I K
RIS T, 5 N ) 345 I RI S4B B0 8 R T /0N o T A R o 2 e T DA e PR K 0 1 ) 345
(29 3¢,) s BN 25— 26 (2 5¢0) ARAE W B 1 150 200 F 0] LU 38 KA A5 20003 v L X — O
B 2(DhHEGFER., WE R ] F B8 KA R F ISPk 8 5 1 3557, Wil 58 1 4 e 2 48 0 % &
() 5 AN 5 R BT UG BE A AR AR 30 R A5 5 0 59— A 0 AR A 485 90 it 2 i a1 in 2 O 5K R ) R 3
A1 K g — 3 B 1 (o / Caoy VB o/ Cakty)) BERE 4R —INFIA] ¢ 978 4L 52 B b HUBGH 7 SCIRHL EE 8.

a) Rectangular incident pulse b) Trapezoidal incident pulse
0.2( & r r P 0.08() s T P

. 4 . 4
o — i _
| '} Incident wave - f=4 IInc1dent wave o f3=4
0.1 e 0.04
Sl ~
< L §T
5 % &
0.1 oo | L 004
i
£ [ H H H H H H H Q i H H H H i H H
—0.2 i i i i i i i H H 0 .08 Laciitiet f i i i i i i i
0 4 8 12 16 20 0 4 3 12 16 20

t* t*
(d) The average stress and stress on the two faces
of the specimen

1.0

With ‘trapez:oidal ;

................................................................. -

incident wave

R(™)
&/(akt,)
c/(ao,)

q(t):kt """""""

10

P 2 R A S A T 3l P O R 2 2

Fig. 2 Stress and stress uniformity under typical loading condition
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Fig. 4 Calculated results under constant strain-rate loading
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Fig. 11 Stress ununiformity under typical test of metal before yielding
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Fig. 12 Graphic patterns of good or bad loading condition
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Stress uniformity and constant strain rate in SHPB test

SONG Li", HU Shi-sheng
(Department of Mechanics and Mechanical Engineering ,
University of Science and Technology of China , Hefei 230026, Anhui, China)

Abstract: The stress uniformity in split Hopkinson pressure bar (SHPB) test is analyzed in detail by
using one-dimensional stress wave theory. The influence of related experimental parameters is evalua-
ted. The advantages and disadvantages of some typical loading waveform are discussed. For brittle
material testing, the governing equation of input waveform for attaining constant strain-rate loading is
given. The strain-rate limitation of SHPB test under certain stress equilibrium condition is analyzed
and some new conclusion is given. The method for experimental data analysis of SHPB for better ac-
curacy is also discussed. A qualitative analysis of uniformity and the wanted loading waveform have
been done for testing elastic-plastic material made by diagrammatic method. The result indicates that
for elastic-plastic material, the strain uniformity should be considered.

Key words: solid mechanics; strees uniformity; one-dimensional stress wave theory; SHPB; constant

strain-rate
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