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Testing of Mechanical Properties of Ballistic Gelatin

XUE Benyuan', WEN Yaoke', XU Cheng', SONG Jiao’
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Nanjing Branch, Inner Mongolia North Heavy Industries Group Co. , Ltd. , Nanjing 210014, China)

Abstract; Objective To study the mechanical properties of ballistic gelatin and establish a dynamic constitutive
model by a numerical method to lay the foundation for the related research on wound ballistics. Methods First,
20% ballistic gelatin samples at 10°C were prepared, and then, the quasi static and dynamic compressive me-
chanical properties of the ballistic gelatin were tested using a universal material testing machine and an aluminum
Hopkinson bar, respectively. Results The quasi-static and dynamic compressive stress-strain curves of 20%
ballistic gelatin at 10 C were obtained. When the strain was 0. 45, the true stress was 0.041, 0.083, 0.194,
14.515, 31.496, 55.597, and 96.678 MPa at a strain rate of 107, 1072, 10~", 5 800, 7 900, 10 400, and
13 000 s™', respectively. When the strain rate was 13 000 s ' and the strain increased from 0. 4 to 0. 5, the stress
increased rapidly from 53. 558 MPa to 164. 417 MPa, equivalent to an increase by over 3. 07 times. Conclusions

The ballistic gelatin had a remarkable strain rate effect in the range of both low and high strain rates. The constitu-

m n

tive model with strain rate was established based on the experimental results with the form of o = k&"&", and the
material constants of 20% ballistic gelatin were obtained.

Key words: ballistic gelatin; stress-strain curve; high strain rate; constitutive model
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Fig.1 Quasi-static true stress-strain curves of ballistic gelatin at

different strain rates
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Fig.2 Schematic of split Hopkinson pressure bar test

T AT DL — R B0 380 e A AT R e A
SERFeRT A AGE Bk, O 1 B AR R ALE G
LSRG Tl AT i P BT [A], 7E 5
THTAR A e A B ST AT o AR K ol 8 A T
KRR AR, B It A AT L B AR il R
U R ST LA A s i T HUE B
[ BT S AT A 22 9 A%, A S 19 8 8 KT 73 S
SFIUASFT R i i B S5 2 AR R s , R
A FEL BELVE AR Fr AR MR B BNIZ B AR 5o AN
JH e RABE R AN AL R (525 SB3. 8-120-P-2) 5%
EESHE T, ~ TIRLE J i) SR AERE 24 g 5 3 vy A2
Fr (9 55 Ao 8 ik I R 4 o A A A B s g el AR E
AN [ AR e R, DT AR A AN [] B AR 3

SHPB 5258 2 # 37 78 P A JEAS (0 R B il
(91 (D FF rh— i P B 5 @) S AR Fy R AR 8
SIMERE o

4 1 P

w = Gf (e —e)dt, Po=EACe ) (1)

o
u, = Cofogidt, P, = FAg, (2)

s wy vy B AIAT GBS SR 2 i
SIS 5 Co JE A J3 550 AT F (4308 32 | S5

A BKT R B Py Py 200 A AR I P
ﬁﬁ-‘ﬁﬂgjjo
A (D) A1 (2) AT RUE SR A AR W AR

RN 153 50A «
aszl“if“::ij;ua—gr—&>m (3)
b= e me o) (4)
o, = PIZZSPZ = ZETi(gi +te +e) (5)

A OIS s A, R AR
SRR R A T s Ly 7 R A R R I g AR
WA R E , g
g +te =g (6)

e (6)FRAK(3) ~ (5), 1%

. 2C 2C
& ZTO(ﬁ'i_S:) =_Tot9r (8)

_EA

e 9)

EA
0-5 - A§(8i+‘9r)

3.2 ZHEMKER

&3 T 7R o B SR AR R G0 AR AT 1 0 AR R
10 400 s BSR4 I AR AR S I . F AT DL, A0
WIS W7 B 5 B SR AT A sh K, B I
TF52, N 0.36 ms FFIA T B 5 i IR 16 B F 54
s b s 213G ) - 161 V, B xS HHE
G = e BB XA 0T 45 B E 5 5 )
BHEERYRE R L 2R 1:9. 08, [R13a 4 FIUFT- 4 116 3% BEL
Prb—=,

— AR S
Ie2:ip4 - B

HLHE/V

BT

0.1 01 01 02 03 04 05 06
KL [R]/ms
B3 FRESHEE

Fig.3 Original signal wave form



BARIR, %, RERARAFEEENIR
XUE Benyuan, et al. Testing of Mechanical Properties of Ballistic Gelatin 265

Pl 4 B AR S0 5 Sulisbury 457 30 45 5
W H 5 RS FE TS L 1200 ~4 000 5

AR SCRAE A A 5 000 ~13 000 7' MAJE
ATLAE B, 9 WA 64 AR RN, BE A

AR ZER I R, BT B R A 0L A% 1 iR 250N B A B
TE & =0.45 B 4 20 0 A8 27N (1% FL 520 ) AR E =
YK A 14,515 31.496 .55. 597 96. 678 MPa, 4Jij
AFE K13 000 s~ AR M 0. 4 HAnE] 0.5 B, v )
M 53.558 MPa il I+ F+ %] 164. 417 MPa, 3 K T

3.07 %,
250
——3000 51 ,
— = 400051 !
200 | --- 5800s" :
- —-=7900 " .
£ . ----10400 5"
= 0 --13000 5" /I
= fo
2 100 sl
{&1‘(
Y sof
0 -

00 01 02 03 04 05 06 07
H T

B4 BERARSMETETHES - %
Fig.4 True stress-strain curves of ballistic gelatin at high

strain rate
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Fig.5 Comparison of the true stress-strain curves and the fitting

results at two different strain rates
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the fitting results
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