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Analysis of dynamic resistance and dynamic hardness
test of metal target material
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(1. College of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. College of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi'an 710038, China)

Abstract; Experiments on 45 steel with high-velocity impact were carried out in order to study the target resistance. Then the influence of
impact velocity and target parameters on the penetration resistance was analyzed by the calculation model. Also, the DOP (depth of penetration) of
different projectiles penetrating 45 steel targets were studied based on the hydrodynamic penetration model. It was shown that the experimental
results of penetration resistance based on the material dynamic hardness test method agrees well with the theoretical calculation results of
hydrodynamic penetration model. Simultaneously, with the increase of impact velocity, the target resistance reduces from 5.13 GPa to 3.7 GPa.
Also, the target resistance shows linear trend increase with the increase of the dynamic yield strength of targets. The DOP calculated by the
hydrodynamic penetration model agrees well with the corresponding experimental data. All of these proved that the method to obtain dynamic
resistance is feasible, thus can provide a reference for hypervelocity penetration dynamics research.

Keywords: mechanics of explosion; hypervelocity penetration; penetration resistance; Alekseevskii-Tate model; hydrodynamic

theory of penetration

e AL/ g A ARV ) A — R i £ AU
Hapdi AN AR RS Z — o R
A, i R RRRE A RACIR S, #EAREH T
R L M) AR 8 AR ADLRR 25 T M AR 45 4
Wi 57 0 B 2 AR AR AR o TR, T A g 42
s R P A SE R BE 1, 45 0 2 Bh A BT RRPE DT 52
X e R AL gk (S T e B O R R

UTARSR [ AR 27 T T 1 R 1 vy 8/

« WS EHHER:2018 —09 -28

R AR IE TAE . ARG 45 R R« bl
o R o TARE T G T, B X B A 1 AR Y0 2 vl I
RV ARV ETAZY), 2 R IR
A T SR SR A AR IR B, SR S 0 o o
PRI 2 T B 0 R R R R e 2 R A
Alekseevskii' " 1 Tate'*' % HI A 5) 1205 P
AR LA B R AR A R AR e B o 1 )T
M R RBEA T RS T AT B8 32 S5
Y, \R/H, fiR5 SR, JF 45 A-T TRy

ESWB:HFEAAREIES B IE (11790292 ) ; [ 5 A SRR} 2 5 4 22 01 2 5 b [6 T R2 H JLRTE 58 e Bk 5 3 4 % B
Tt H (U1730101 ) 5 VLA B 5T AE BHIFRIHT TR0 B35 H (KYCX18_0460)

YEE A X0 (1990—) , 55 W pg B 45 B A 0F5E A=, E-mail ; 1c9009njust@ 163. com;;
SR GEMEES) B, B8, 14, 1i+4: 20, E-mail : lynx@ njust. edu. com



o514

X1, 45 < B AR L Bl g A B2 R B A5 BEL T 23 Hr - 163 -

R (B30 T 6 #0442 KR 37 AR B BRI 43
BT i RE RS . B, Vitaman 251 SR 1 4R
FEd LA T 107° ~ 10° m/s fE i N 4
J& A 3l 4 BEAE H,, IFE i uE B TR A,
0% R, ZTT471 . Kozhushko %7 % HIIHR ¥ 1
HRTFHAE 5 ~8 km/s 2480 i 1 35 P e - 45 5+
b2l ) B AN AR B g 5 2R UIRAS T R R BRI
BH S R0 PIBEJRE 4 BT X B IS M A R 933
ST, A T A AT e 455 2% 1 B Ak A R H A B
J1 R R s A T BT BRI A K TR
WL, IF I AFROMRSS & S R K182 T R,
FHE T B 45 5 5 Anderson 45 JL T 8 B 4
Selk S AR A I K G 3R T HUARH 13t
FIHT . BEJE, Wen 257 Galanov 2% 45 45 |
Bl S5, WS TR #A BE X R, #6471 398 43
Br 4580 T R, BEAR A B 28 1k 1 R G 2R 5 BRAR
SE X FE PR R, A U T TR T
TEATHE , T 456 b Rk 3 6 B2, 25 1Y 45
WA S B IE R 4.76 GPa, ZE LTk, HAl
1o AT BH ) B 3 2 O 2 6 U | T AL B
AT LA BTN AR #8T A iak, AR T Y
BUIARRH ) A /D 0 EE A, B RS R AR
IHEAABH 7388 K08 -

ASCHE TR RES) g BT vk, 45 6 sl Rg
S R AR D) LR 4 J B ARG, T e T AR AR
B2 AR B A R AR e TR
f il PR T AR AR A S AR o X AR AT
TRBH T2 N R AT T ridie . ST e
RSB, 85 G RSl 1 R 1T AN
R AR MR 4 Ja MR TR BE , IR 45 &k
Le S a T ) PN S N 1L Wy < T o

1 &RHBEINEENBETTIE

5 A G SR ALY AR R,
US4 e 732 R HE R R 14 Je I 568 12, L A
Sk 7 A R e 4R B A7 IR I SRR R, A Sk
TRBE AR IR, SR A BT 10 4k T WA
RE TN IR, v O PR R, u
MR , AR W2 B m] DL A3 1 275 1%
FEARLA 3 | Tate' ' 45 9 0 1 i 355 3 A e 00 oy 3
AR, IF AR RS R R I B
JEGHL LR B Y18 TE AR 55 M D7 R FlA AR T LA
RN R o L G P 5 A -

%pp(v—u)2+Yp=%p‘u2+R‘ (1)
AP Y, iR S A IR BE L R, g #E A a5 JiE 3R

LT, p, N A BE o, N RLIAR R o

K1 iRy ER

Fig.1 Schematic diagram of hydrodynamic penetration
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Fig.2 Schematic diagram of projectile
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Fig.3  Photo of projectile used in the experiment
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Fig.4 Experimental layout
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Fig. 6 Morphologies of cratering after impact of projectile
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Tab.1 Parameters of cratering after impact

G LLC N A N L %71 ELIE

i R/
L P WE/ HE RBV )i cp
=)

(m/s) mm mm mm’ :

12 1030 12.8 24.7 5166.7 2.65x10* 5.13

10 1164 15.6 26.5 7655.6 3.455x10* 4.51
9 1262 21.5 28.2 10433.3 4.02x10* 3.85
11 1473 26.3 30.5 15377.8 5.42x10* 3.52
6 1576 29.5 32.9 16870.5 6.21 x10" 3.68

7 1600 29.6 32.8 17307.2 6.40x10* 3.70
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Tab.2 Calculation results of R, with different models
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Fig.8 Strain rate effect on dynamic strength of 45 steel
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