—MIASTBERELZERETLEEETH
B 76:‘93)%}%

S| HAX.

Wi ie, BRI, —Fhar S0 B U 2 e AR AT SC R BT [T ], s R H~E 4. 2018, 32(4) 043201,
SHANG Bing, WANG Tongtong. Development of a Vertical Split Hopkinson Pressure Bar [ J]. Chi-
nese Journal of High Pressure Physics,2018,32(4):043201.

HHEZRE>

AR BB EM X E,

T HUE B SHPB 5256 B0 kb 31 7 vk
KEH, MK
DOI: 10.11858/gywlxb. 2016. 03. 006

TREE TS0 BHE SHPB 52 56 b PR 2000 i B (A B HULA 58
r]j N 0 ?L %} ﬂ}
DOI: 10. 11858/gywlxb. 2017.02. 003

SHPB {w@%i*% ol R G52

DOI. 10. 11858/ gywlxb. 20170532

DG e 4 R TE M RERR 2 v i b H
X F 2, BB A, B,
DOI: 10. 11858/gywlxb. 2017. 03. 003

ARV RE 30CrMnSiNi2 A 44 19 31 75 4 ¥4 5 #5100 5 50
DOI: 10. 11858/gywlxb. 2017. 03. 005


http://www.gywlxb.cn/CN/volumn/volumn_1281.shtml
http://www.gywlxb.cn/CN/abstract/abstract1873.shtml
http://www.gywlxb.cn/CN/abstract/abstract1938.shtml
http://html.rhhz.net/GYWLXB/HTML/20180112.htm
http://www.gywlxb.cn/CN/abstract/abstract1952.shtml
http://www.gywlxb.cn/CN/abstract/abstract1954.shtml

#3248 Ham [N S SO/ B = S Vol. 32, No. 4
2018 4 8 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Aug. » 2018

DOI: 10. 11858/gywlxb. 20170658

—MIXTPEXELZERENIREERS

WoOELEHHC
QLN 22 BT 45 T AR 24 Be ) 28 J7 M 5107255
2. TN A BE 3L . AR T 510725)

FE.RKEFMABRTTURATRE ZHEAR. AP ERELAREF LR EEN
EXEMBHNGESAMX AN AL FEFRAAATNA T EE  CEREERE . AL
LYW EEREZEN, AR KEEEEEREE AN IR ERELL2AEM . BLT
FaERREN T HE A, BR A ANATNER)ENATEIMEN T EH RS
HHENERERNY W, B PVARLEE A LB RBE LN AES SR BIEZ
LHEENTEN,

EBRA.LEAELARET:HFERBL ;A FHR; BT X

REDES: 0347.4 X EFARIRED . A

W 4 RIEAFH AR VR T J. Hopkinson Al B. Hopkinson A 7 (i T/E! . 1949 4F, Kolsky™ 7E 1t
Feat FHEH T B R E W 4 T (Split Hopkinson Pressure Bar, SHPB) , F Ul i 4 )& ¥ B 75 55 i
AT FERE . &2 20 K R, SHPB H R B 5k I 5 4 Fh ok kL sh 2485 2= pe g
FIEZETFB, W8 A B % SHPB 250 3% & UE 17 7 R Wi elcadk . & 8 1 8 3% 4 2% 37 FT (Split Hopkinson
Tensile Bar, SHTB) " FHIFF 45 L5 AR IR Tz 0 . %1% SHPB 1 SHTB #i R K £ %
FHA S 75 20 3, 25 im 28k o 3 A v B, 7 T R R R R R ZEAR U R, s R A S
2.

PG 2 S8 1 AR ) FH P B T R 2 0 A L T v SR R R G O T LA AR I N R R . R
SRR oy SR 2R B XL mERH UL B & B 7 U TR B 2 — B B AT S AL TR T A T
SEVE PR SRR S AR D [ Y £ 2R T SHPB 10 W G 3K 3h 1 R Oy TS T O RUY R e g
9K Bl %% A 1 2 P a5 AR BEOR T O BB A R}, 5 T TE TR AN SR B AU R S AR T O
R TT L 2R A 7 A I 2 R O R I T R A R AIK Y R Ak R AR T AT
F, BT RSN R T — Bl T 4 AR S AT I LT B L K 2l 2R AT L S X IR R A
REI 54T A SRR R BORS T R A IROR .

i SHPB 5250 H AR 4 F T B 52 e 35 B0 A8 6 4 2l 285 07 27 M B e, 2 SR 3L v % o o ol
24 T AR 5 S AR I BT M s TR A LA TRE 1 %) B B 28 1 “# R RE R JF A5 2 1 oA K i A
dr U 2 m AT R A SRR SR AR TR R IR B . ST BER T T A R T A
57 3 B B SRR .

1 SHPB HE &R IE

FEGe i SHPBM MR R iR L 78 A ST R 5 FF =2 18] L 488 o AT (3 980 A — 7 9 32 32 () Al 98 oy A
SERT B B Fh I T L8 AR R AR TR g ko, I AT e R A . 2 TR N ) K e AL B B G AT S

« W BEH . 2017-10-11; fEEIBHI: 2017-12-14
BEETE )N B A8 s 5 4
TEER: W £Q979), B A, JFIm, =2 b 3 12 05T . E-mail: shang@mail. uste. edu. cn

043201-1



54 [/ = S/ B B - - %32 %

R B BT I, — P 3R L AT 55— BB AR A GRE AR N R A 2 UG8/ R O R BEA T N AR
(7] P 368 3t AR 15 3 AT %) ST A AR ST AT o DR o 36 5K U AR AT O AT 4 1 R T A B AT o
4 102 722 g s DA B4 02 728 1 k2 e e DA SRR e (o) VSO e, (o) RSB S e, (o) o T 1 — 2 7 g ik 34
Wl EIRRE L AR e AR e KN TT o

=S —e —e) 0
,

e(z‘):ng[(e,*sr*a)dt 2)
0oJo

o(1) = D E(e e +e) (3)
2AO 1 T t

Ao Lo R R T RRURN R B L A LC L E 43 51 R FF B4 A A6 v v AR L o A FRAR o
RGBS E A AR K &R T
e +e =¢ 4)
A DR~ (3, AT A5 2 51 A &) 5 W e =X
FHA S IR0 B S8 e it S50 0 0 A AR 3

5(0) = ECA/AD e, (D) +e,(D] 5)
(1) :—(ZC/ZO)Jzer(t)dt 6)
e(t) =—(2C/1,)e, (1) )
FN G 0 R3S B BN T N AR L R AR R
5(1) = ECA/AL) e, (1) 8)
e(r) = — <ZC/10>J' [e.(0) —e (0 ]dt 9
e(1) =—Q2C/I) e (1) —e ()] (10)

i (3) AT, 7E 3 — E RIS B0 A FE AR 3 0 7 s B N 7 5 RT G s AR R OE e, AT TR
N AR5 5 T A o R R He . X TSR AR A BERE I T BN A PR . T R T 3T
H i A r X SHPB 258,

2 I SHPB(E
w3 SHPB R B/RBWE 1 fiR, FF puy

SR HIE I 55 P ) o 96 37— —
1 e ASTAE . IR SHFAKE N 1 m Al 2 m D
R 2 KR A T R B L S AR X
AEJEHN 0.1.0.2.0.5 m By 3 Fh IS 4 7T DUAR -
PR TR L S U0 A I AT 1 5
3 R B AT 20 1 3 VR T TR T —
B I T 4 00 L M\ T 345 7 76 100 1 8 o ik
RS SIESI VNI T RIS AF CES o .
0 (9 BE 4 A AT DLV B ) 5 AT I

B R ITR T 050 T BRI AW 1 sr ok SHPB % (1 T8 2. s RS 5 3. sk 94 5
ARG SEI  25 0 B T T B R BRI (A7 4 ABPRT 55, BEHE J1 92 56, iR s 7. B S AT 5 8. DA W e )
TE A nT #6008 B2 06, IR G A D BE 4R I b s By Fig. 1 Schematic of vertical SHPB system (1. Bullet; 2. Speed
ZEHRE N R wﬁg%% H ﬁﬁ%ﬁﬁ%ﬁl%%éﬁi@ adjustment; 3. Guide-bar;4. Incident bar;5. Friction clasp;
ﬂé i l&%§$ %%E ﬁﬁﬂ‘ E"J ﬁgi . 6. Specimen; 7. Transmission bar;8. Shock-absorption device)

043201- 2



f

32 % MR A B S T A R S0 B 5 4

F ) JE o R o RS (1D G E

v=1/2gH (1D

K. g BEIMBELE, R 9.8 m/s" s H EF I A RE M SR, Y H=2 m B, F 500 e 248 5 o

v="06.26 m/s, 7] LAV /& Z 50 R S B sk i TR 2. AR B S R B, R R A K
ZIICTIN

RT ARATF — 8 BN B, R AR G R IR 70¢p

3 22 25 Y Al ik 0 AR B 00 E 5 2 osl

SRR I L35 T R £ BT ok R B NG L B2 A I o

F TP B 9 5 80 0 T 4 2 2 g o

B 2 2R & B B AE 0. 30 MPa <R 3K 3 F B 5 oat

18400 T B E JF 5 11 F1 940K 2. 21 m A 5000 T 3 > | —o— argm

T EE AT X —#— Freely falling body
S 2 RO T L R T A B O 6 & 10

VBT 22 02 0. 268 m/s. T 1 F 95 17 2 110 Data points

PRUEZEJE 0. 008 m/s. HIMLTT UL, F A A i % 4K 1 2 R KRG TS T A v

77 2R LA SR A 1351 1 2 1

3 LRI Fig. 2 Comparison on the bullet velocities

B B 4E (Polyvinyl Alcohol Fiber,PVA)
S — U AR AR B v iR R R R LR A 0 T A B R Y SR K L 2T 4 2 T AR 6% I R D A oK
LRI R R R AR . i T PVA R B ELAT 8 i 1Y 5 B2 58 PR A i AN (EL BE 8% A 250 410 o) Y 55
- B B S8 e 2 i ELRT D) AR S TR R i B AT vh s PR RE . IS R A o YR B A Y g 2 e O
AN B 22 R BN B T 7. 2 SHIPB 2% B vl LIOKS ff 44 il fin 28 o B

S SHPB 3% X% PVA 34 8 A9 1R 88 Tl 1R EAT 5090 . 1208 8 R T J 35 mm 19 AN 55 B AT
B ASFFK 4.5 m, B BT 2.0 m, T30 300 mm, £F 4E3R EE + 304 R ~F 8 935 mm X 30 mm., %
@10 mm X 0. 7 mm W RGBSR PIEFEATRIE . BN TR B 2R AE— DDA NGES R, 1
SRR N T T Bk

FIH AR S N 2. 41 m, IR E Ny 6. 87 m/s. Fris A i S i e sl 3 B, 5% A
EASFE LR il #EE S G5 BB AT LR il FES . B4 B R A =R i or
V03 1 R Y N SR 3 S 9B A S AR

of air gun shooting and freely falling

081 —=— Signal A 7 —=— Incident
) —— Signal B 6F —e— Transmitted
0.0F sk —— Reflected
04t _af
% 0.2 F E i :
> 0] 7]
0
-0.2 —1F
ol
0.4 - - * - G e
0.5 1.0 1.5 2.0 0 0l 02 03 04 05 06 07
Time/ms Time/ms
B3 AR RLE ST b R 6 WO Bl 4 Sl =R Rk 43 B Y AR O
Fig. 3 Origial signal waves in incident and Fig. 4 Basic waves selected by three-wave
transmission bars mutual-checking method

043201-3



(i %32 %

g3

54 [ S 7/ B

P 5 J2 i R IE A B Y L g -0 8 £ it
oa MBS ESBAGRIL o h A SR
SRR L o h =P0A R AR TR R
JS7 F7-J0 A8 2 AR — B, SRR 4 R K L 32 3 SHPB
e TR I 2 S R AT Y

4 & &

32 xC SHPB B Fa e 19 hin 203 52, m L 2 A%
MM AT B . YT 0 R TR R, R R
B2 i B X 2 57 3 SHPB [ Bl s 5 15 A X F 1% Strain/10”
4t SHPB 1y L BUNMR Z . [, 37 X SHPB A~ Bl 5 i = A A A B 1 7 g A il
FEAE SR, TORT R I e & vk fa ve vk b Fig.5 Stress-strain curves obtained using
lbAE % SHPB Lk, R PVA #8419 18 % 14 three-wave mutual-checking method
#AT 7L SHPB 8¢5, SE 50 45 R R4, 58 75 ik W
T o3 SHPB FH TR 28 i Al 471 .

Stress/MPa

S UMk :

[1] HOPKINSON J. On the rupture of iron wire by a blow [ C]//Proceedings of the Literary and Philosophical Society
of Manchester. Manchester,1872:40-45.

[2] HOPKINSON B. A method of measuring the pressure produced in the detonation of high explosives or by the
impact of bullets [J]. Philosophical Transactions of the Royal Society of London:Series A:Containing Papers of a
Mathematical and Physical Sciences,1914,213:437-456.

[3] KOLSKY H. An investigation of the mechanical properties of materials at very high rates of loading [J]. Proceed-
ings of the Physical Society:Section B,1949,62(11) :676-700.

(4] WIS K, T2, 5. NERME )& Iy =i A BT [T, B4 5 v, 2008,28(6) :527-531.

SHANG B,SHENG J, WANG B Z.et al. Dynamic mechanical behavior and constitutive model of stainless steel
[J7. Explosion and Shock Waves,2008,28(6) :527-531.

(5] EFEB.JHMAE, G, &R ER TR RRSEHOCR R AFIBE [ &5 THRE2 5 TR, 2008,24(8)
5-8.

WANG B Z,ZHOU X R,HU S S. Dynamic mechanical behavior and rate-temperature equivalence of rubber []].
Polymer Materials Science and Engineering,2008,24(8) :5-8.

(6] EEB,HINME. 55FMALA K b g8 Re 9250 (], e 5 . 2010,30(1) :33-38.

WANG B Z,HU S S. Dynamic compression experiments of porcine ham muscle [J]. Explosion and Shock Waves.,
2010,30(1) :33-38.

(7] EM € 24819 8h A 0y 2w ng KR B A O 5E [D]. &0 : b B R H R K%, 2012,

WANG P F. Research on dynamic mechanical response of cellular metals and temperature dependency [ D]. Hefei:
University of Science and Technology of China,2012.

(8] REE, AT ME, TAL. SM SR BE + 25 bk SHPB R 56 A4 T a8 [J]. T8 J12%,2007,24(1) : 78-87.

ZHU J,HU S S, WANG L L. Problems of SHPB technique used for rate-dependent concrete-sort materials []].
Engineering Mechanics,2007,24(1) . 78-87.

LO1 EMG T, 2 am , 1 if e 258 oo ol i b 52 980 0 B py A6 [ . 5288 5%, 2009, 24(6) : 513-518.

WANG P F,LUO B Q,HU S S. Development of the casing type impact tension experimental device [ J]. Journal of
Experimental Mechanics,2009,24(6):513-518.

043201-4



32 % MR A B S T A R S0 B 5 4

[10] XUMAHR . BB BR B I 46, SE T Z 0BG B 1 mini-SHPB 2 B[], 508 J12%.2013.28(5) :557-562.

LIU Z W.LU X T,CHEN X M,et al. On the mini-SHPB device based on multi-level electromagnetic emissions
[J]. Journal of Experimental Mechanics,2013,28(5) :557-562.

(11] S X fl, B & 4%, 1T Hopkinson JEAT 2 B AW REIK S H0R [T]. 9290 /12,2010, 25(6) :682-689.

GUO W G.ZHAO R.WEI T F,et al. Electromagnet ali driving technique applied to split-Hopkinson pressure bar
device [J]. Journal of Experimental Mechanics,2010,25(6) :682-689.

(12] W Sc A A, S 508 A5, — Bl AT T 0 4 2R JRAT 19 X7 99 P 9K 3124 ¥ . 105319124 A [P]. 2016-02-10.,
TANG L Q,XIE B X,SHI J L,et al. A dual-bullet electromagnetic drive device for SHPB: 105319124A [P].
2016-02-10.

[13] ALz, wfp skt (M. 565 2 BR. db 5t . BB Tolk B4k, 2005 £ 380.

WANG L L. Fundation of stress waves [ M. 2nd ed. Beijing: National Defense Industry Press, 2005 :380.

[14] SPAEE L2 R W7 BT B 2R (M. 794 P98 Tl o Rk, 2007,

GUO W G,LIY L,SUO T. A brief tutorial on fundation of stress waves [ M]. Xi’an: Northwest Polytechnical Uni-
versity Press,2007.

(151 A WISk, 2B AL 4 Jm A1 kL SHPB S0 50 $Odis b B A = PR a% ik [T, B R 5 v, 2010,30(4) :429-432.
SHANG B.HU S S,JIANG X Q. A three-wave coupling method for data treatment in SHPB experiments with
metal samples [J]. Explosion and Shock Waves,2010,30(4) :429-432.

(161 K784, i S, S T HUE AL SHPB SC 0 e b B 7% (1], @ IRy 27412, 2016, 30(3) - 213-220.

ZHANG ] H,SHANG B. Numerical study of the data processing methods in SHPB experiments [ ]]. Chinese Jour-
nal of High Pressure Physics,2016,30(3):213-220.

Development of a Vertical Split Hopkinson Pressure Bar
SHANG Bing' . WANG Tongtong®

(1. School of Harbor Engineering .Guangzhou Maritime University .
Guangzhou 510725,China;
2. Department o f Basic Courses sGuangzhou Maritime University ,
Guangzhou 510725,China)

Abstract: Measuring the dynamic constitutive relation of low-impedance materials which are usually
used in the field such as energy absorption and cushion by using a split Hopkinson pressure bar
(SHPB) device generally does not require a high impact velocity of bullet but a stable one with little
error in the experiments. In this study,based on the principle of free fall,we developed a vertical split
Hopkinson pressure bar. We can precisely control the bullet impacting speed through the height of the
free fall. In order to eliminate the gravity effects on the experiment, we held the incident bar by the
friction force,and let the friction force equals the incident bar gravity. We carried out dynamic com-
pression experiments of polyvinyl alcohol (PVA) fiber concrete to verify the reliability of the experi-
mental device.

Keywords: split Hopkinson pressure bar (SHPB) ; fiber concrete; dynamic mechanical property; strain

rate
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