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Table 1 Basic parameters of projectile

A/MPa B/MPa n C D, D, D, D,
1069 710.1 0.459 0. 047 0.239 8.593 6.67 0.009

®2 BEGFEERIESH

Table 2 Basic parameters of target

G/MPa Y/MPa B n G, Gr/(MPa+ K1) Y, T/K
2760 680 125 0.1 1.8 —17 0.018 1220
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Fig. 3 Simulation of normalized DOP and deformation Fig. 4 Comparison between simulation normalized
at 967 m/s impact velocity DOP and experimental data
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% 3 30CrMnSiNi2A #1#1#9 J-C 18 & #52
Table 3 J-C Parameters of 30CrMnSiNi2A materials>"!

Hre A/MPa B/MPa n C D, D, D, D,
31 745 623.11 0.424 0.061 0.351 1. 650 2.589 0.020
36 814 643.57 0. 446 0.055 0. 348 2.673 4.333 0.012
45 1269 810. 18 0.479 0. 040 0.239 8.593 7.867 0.009
55 1516 1537.97 0.610 0.017 0.014 0.015 3.251 0. 007
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Fig. 5 Normalized DOP versus impact velocity for

projectile with different hardnesses
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Table 4 Range of projectile velocity in the transition stage with different hardnesses

Hge Velocity range/(m * s~ ') Hrge Velocity range/(m * s~ ') Hrge Velocity range/(m * s ')
31 806—1100 36 832—1100 45 967—1216
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0,26 WIS ERE R X W 5% A0 A 1 25 A 52, 36 FH AR B2 B8 31 19 30CrMnSiNi2 A AF b 54k 41 KL,
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Table 5 Geometric size of rod with different nose

Head shape R/mm Ly,/mm d/mm o/(g*cm *) m/g
Ball 3.5 71.00 3.5 7.83 21
Ogive, =2 14.2 73.26 3.5 7.83 21
Ogive, =3 21.3 73.61 3.5 7.83 21
Ogive, =14 28.4 74.56 3.5 7.83 21
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Table 6 Parameters of projectile material

Material o/(g+cm™®) A/MPa B/MPa n C D, D, D, D,
30CrMnSiNi2 A 7.83 745 623.11 0.424 0.061 0.351 1. 650 2.589 0.020
Tungalloy 17.70 631 1 258.00 0.092 0.014 0 0. 330 —1.500 0

HT T 8 FTAL X AN ] A S8R Bk DR 831

(o}

S L P AR IR P R T 2 oo S B (1 14 - POMSNzA
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o DR AAR IR A5 B T S 25 98 o 3 452 5 4 10 0 projectiles with different materials

FER AR B G . (2) A R IR 3 A A ) — ol

HRRE T L A R e A SR AT DAARAS BT R AR A IR B (R AR AV A 7 B 5 %8 R DGR AN T 5 LR b
BH Bl AR B OC R R, B AN A 4 0 B R L E L B AN R B 5 T — S AR A B A KRR, DRI S A
4 WY e A8 B /T 30CrMnSiNiZA

4 4

(1) #S7 T FF B A=A 21 T PRAT BB AL AL, TH 55 5 7, B G o o o ) 3 A, 3L A {22 10 T B o
B BTV R T RIS P T B8 3 5 SR 2 S g A5 R S ) . (R S R B SR AT BLRE A R v
ol A R S BN - I R A R B 5 SR A R W A R IR T R(E T T ik i T SR

(2) 1 = B E 05 L o3 A 5 3, 5 R BT MAORE e A 1 LA R i AR S 30 A8 L X T AR D0 A A R
M o TR T e ) 5 A 52 A0 2 78 ) e o SR S R 5 30 2 R R O ) B R A e ) ARV B A L 5 214 PR A
A5 B2 AR 22 BRI L AN 2t IR D A A8 B AR 5 9 S A2 LU B GBRAR 83D 3008 A 10 e A8 ) 32 vy L
T[] — o o o B R AR ) R B K

(3) FEARH AR Y B B 58 A Sk AT AR L A/ A A ) 288 22 R TR 3K 2 2 i 2 100 T8 52 5 oy A2 100 I
B I 5 e AR V) TR BB ) e 2 DA 3R I, TE A il o A, I A O AR V)R P S AR A [

S 3k

[1] PIEKUTOWSKI A J,FORRESTAL M J,POORMON K L,et al. Penetration of 6061-T6511 aluminum targets by
ogive-nose steel projectiles with striking velocities between 0.5 and 3.0 km/s [J]. International Journal of Impact
Engineering,1999,23(1) :723-734.

[2] FORRESTAL M J,PIEKUTOWSKI A ]. Penetration experiments with 6061-T6511 aluminum targets and spherical-nose
steel projectiles at striking velocities between 0. 5 and 3. 0 km/s [ J]. International Journal of Impact Engineering, 2000,
24(1) :57-67.

025103-7



%2 = JiS ) il 2% i o532 %

[3]

(4]

(5]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

WEN H M.LAN B. Analytical models for the penetration of semi-infinite targets by rigid.deformable and erosive
long rods [J]. Acta Mechanica Sinica,2010,26(4) :573-583.

LAN B, WEN H M. Alekseevskii-Tate revisited: an extension to the modified hydrodynamic theory of long rod
penetration [ J]. Science China Technological Sciences,2010,53(5) :1364-1373.

ML SCHE NG | 2 BRIP 5K BT s AR A T R A & S A KRR [T ], TR 34,2009, 26 (10) : 183-190.

LAN B,WEN H M. Numerical simulation of the penetration of a spherical-nosed 4340 steel long rod into semi-infinite
6061-T6511 aluminum targets [J]. Engineering Mechanics,2009,26(10) :183-190.

e B EEGUHE L B S ST R TR A S WA EETTE [T, 5 EY B 24, 2009.23(1) :65-70.
LOU J F,WANG Z,HONG T,et al. Numerical study on penetration of semi-infinite aluminum-alloy targets by
tungsten-alloy rod [J]. Chinese Journal of High Pressure Physics,2009,23(1) :65-70.

B TR VE R 4 25 RATR A h MR S HO R AR R A 1], 315 9 81, 2009, 26 (4) :559-563.

LOU J F,HE C J,ZHU ] S,et al. Ballistic performance of long rods: material properties [J]. Chinese Journal of
Computational Physics,2009,26(4):559-563

RS L, E B S BE SRR SR REROC R [V IHE J1 2244, 2009, 26(3) : 433-436.

LOU J F,HONG T,WANG Z.et al. Relations between material parameters of tungsten-alloy rod and its ballistic
performance [J]. Chinese Journal of Computational Mechanics.2009,26(3) :433-436.

Wi/ At 4 A i R 2l BE AR A0 LA 10 B e AR P A R AT (0. 2 241, 2009, 41(5) - 739-747.

CHEN X W,YANG S Q.HE L L. Modeling on mass abrasion of kinetic energy penetrator [ J]. Chinese Journal of
Theoretical and Applied Mechanics,2009,41(5) :739-747.

KRR, A=A, kv A R S 4 AT SR TR B L AR ) S A R i S A A [T, BERGE 24 4R, 2008,20(3)
64-67.

ZHANG F G,LI W X, HONG T, et al. Numerical simulation for damage and penetration of concrete driven by
long-rod projectile of tungsten alloy under super-high speed [J]. Journal of Ballistics,2008,20(3):64-67.
ROSENBERG Z,DEKEL E. Numerical study of the transition from rigid to eroding-rod penetration [J]. Journal de
Physique [V ,2003,110(9) :681-686.

EAG PR L A A AT R Y 45~ & BARTE R BT A I BE 4T [T, BB TR AR, 2012,19(2)
102-106.

WANG M,HUANG D B.QU J H.et al. Simulation on the deformation and fracture of long-rod projectile of tungsten
alloy penetrating into 45~ # steel [J]. Journal of Plasticity Engineering.2012,19(2):102-106.

TH B T AF A0 TR BE TR R B RE ) BUE IR S 200 [T m R B, 2010,24(3) 1 175-180.
WANG Z,LOU J F,YONG H,et al. Numerical computation and analysis on anti-penetration capability of rock,
concrete and soil [J]. Chinese Journal of High Pressure Physics,2010,24(3) :175-180.

SR A TR AR R AT SOOI B R AR R AL A O A A [T, S R B2 . 2010, 24(5) 1 377-382.
LIAN B,JIANG J] W,MEN ] B,et al. Simulation analysis on law of penetration of long-rod projectiles with high
speed into concrete [J]. Chinese Journal of High Pressure Physics,2010,24(5):377-382.

WALKER J D, ANDERSON C E. A time-dependent model for long-rod penetration [ J]. International Journal of
Impact Engineering,1995,16(1) :19-48.

JOHNSON G R,COOK W H. A constitutive model and data for metals subjected to large strains, high strain rates and
high temperatures [ C]//Proceedings of the 7th International Symposium on Ballistics. The Hague,1983,21:541-547.
RIEDEL W, THOMA K, HIERMAIER S, et al. Penetration of reinforced concrete by BETA-B-500 numerical analysis
using a new macroscopic concrete model for hydrocodes [ C]//Proceedings of the 9th International Symposium on the
Effects of Munitions with Structures. Berlin,1999.

JOHNSON G R,HOLMQUIST T J. Response of boron carbide subjected to large strains, high strain rates,and
high pressures [J]. Journal of Applied Physics,1999,85(12) :8060-8073.

M. AR IR A 2 T B EE A BE BRI IR B 5T [D]. A0« b E R 25 R K2, 2008.

B RO RE LA ORI AT B 30CrMnSINiZA ) 1 S A A 5 S H [T, = 2=, 2016,31(3) : 239-248.
LI L,ZHANG X F, WU X, et al. Dynamic constitutive and damage parameters of 30CrMnSiNi2A steel with different

025103-8



% 32% Tk FR BRI« DR F7 J 3U FRT T 8 £ 700 1% 8 42 Al B 32 ) TR 3% ) 6 A5 40 %2

hardnesses [J]. Chinese Journal of High Pressure Physics.2016,31(3):239-248.

[21] Z&. AFEE 30CrMnSINiZA W EEA M S8 S5 [D]. B 5t B st B TR, 2017,

[22] STEINBERG D. Equation of state and strength properties of selected materials [ M]. Livermore, CA: Lawrence
Livermore National Laboratory,1996.

(23] B/, ot /R IRE  T TRRT Sk [J]. 12 ki . 2009.39(3) : 316-351.
CHEN X W. Advances in the penetration/perforation of rigid projectiles [ J]. Advances in Mechanics,2009,39(3) :
316-351.

[24] Ty 200k N0 W00, 45 0 v S 4= 10 A9 A3 T 5 A 1Y 25 4 AR OB R s G I SR S [T, i R A i
2014,28(1) :61-68.
WANG K H,GENG B G,CHU Z,et al. Experimental studies on structural response and mass loss of high velocity projec-
tiles penetrating into reinforced concrete targets [ J]. Chinese Journal of High Pressure Physics,2014,28(1) :61-68.

[25] VLM ARM = A F0 . SRS SR A A RO IR oY [T A A 1% 5 TR, 2010, 2938 T 2) :4207-4212.
SHEN J.XU X Y.,HE X,et al. Experimental study of effect of rock targets penetrated by high-velocity projectiles
[J]. Chinese Journal of Rock Mechanics and Engineering,2010,29(Suppl 2):4207-4212.

[26] MATUSKA D A. HULL users’ manual: AFATL-TR-84-59 [R]. Florida: Air Force Armament Laboratory,1984.

[27] RIEDEL W, THOMA K, HIERMAIER S, et al. Penetration of reinforced concrete by BETA-B-500 numerical analysis
using a new macroscopic concrete model for hydrocodes [ C]//Proceedings of the 9th International Symposium on the
Effects of Munitions with Structures. Berlin,1999.

[28] AI H A,AHRENS T J. Simulation of dynamic response of granite:a numerical approach of shock-induced damage

beneath impact craters [ J]. International Journal of Impact Engineering,2006,33(1) :1-10.

Depth of Penetration and Its Influence Factors of LLong Rod Projectile
Impacting on Semi Infinite Target with Elevated Velocity

XU Chenyang,ZHANG Xianfeng, LIU Chuang.DENG Jiajie,ZHENG Yingmin

(School o f Mechanical Engineering s Nanjing University of Science and Technology ,
Nanjing 210094 ,China)

Abstract: Hypervelocity penetration is an important issue for a weapon designer and protection engineering
experts. With the increase of the impact velocity,a projectile may transition into a fluid penetration
phase,and its depth of penetration (DOP) no longer rises monotonously with the velocity. Numerical
simulation of the penetration processes of a long rod projectile at an elevated impact velocity was performed
to analyze the variation and influencing factors of the transition point. Influences of the hardness,nose
shape,material of the projectile and the target on the transition point of DOP were simulated. The
simulation results show that, with the increase of the impact velocity,the DOP increases at first and
then decreases at a certain velocity (called the transition velocity). The velocity of the transition point
improves with the increase of the projectile’s hardness. The Ogive-headed projectile has a higher transition
point than the spherical-headed projectile. Moreover,the projectile/target material also has significant
effects on the transition point.

Keywords: hypervelocity penetration;long rod projectile;depth of penetration;transition point
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