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FEE it T A E A M A A, R 203 mm B A ke, TR T 25 kg BEABEIKAE 1 100~
1300 m/s 3 J& 3& B W12 4140 4 SRS £ ¥ By SL 0 B 5, LR B G B xR A AR AR B R B ey
HRATTENTE ., RTERRGFEER, XBFERHL G TE A S B A B3R 2w
MR ERKFEAHTT 0N, FREN. ERHFECZHRNFRELENTRAY, HH LB M
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SEEG RS A, HOACE AR 2 O AR EE . O T RIS 5 A A R A8 0 A7 TR R R ) 2 A e iz R
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1.1 EBEAR

R 4 0 37 I M 2% A % S T, R 5 R B S IR Y 28 B I, R 203 mm 1A% Y i A E AT S G
SRR R O W B DR i 25 kg B A SIS SN B 2= 1 100~ 1 300 m/s, 75 1% 5K B 414
T AR AR A A A TR B R A MLE A T AR Y, SR RATIR SRR, T B A .
1.2 SIS sNIE

KKAZ HE 10 25 000 25 ¥ SR AR BB 7 AR ) N 2 B g F 2 il | SRR SR B % . O T RS R
RANEAT T B SR L5 R 0 5 . 5w 52 e RS [0 R AL AR SRy 2 (AR Aok 1 3 FH A 258 [ A, S A e 2 b
VAR B m, D s R fdr s thge 71 o SCR s iR g g5/ A s an &l 1 o, ik E 2l ek 5
v g T PEE Y (RER IS | BiJE B DI A, AR ERE B S #R LB IR R4
Regy EIHEH 3.5, AR 42 D J9 150 mm, KL L/D 4 6.0, B4R ST M N 25.3 kg BT E O MG
SRR BT m 200 20.5 kg BT CBORL RIS 49 45 4, J5 A O MR R 35CrMnSiA 1, B
e e AR, IR ERR A 35CrMnSiA 4, AT K 203 mm, 720 BFFIA] S 00 25 B 5 o (A 1o 1R 4
A, Ml SARTE M B N 37 1 ¥ 5), S A I P BETC A RS, PRIEAS TR . AN R0 0 B

1 2 3 4 56
A( e 1:::::

1. Shell; 2. Front centering ring; 3. End cover; 4. Rear centering ring; 5. Nylon obturator ring; 6. Pressure ring.
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(a) Schematic of the projectile

(b) Image of the projectile
Bl 1 Sege st f A se el

Fig. 1 Schematic diagram and image of the projectile

ol i, AR ATV - S Rl A R e, AR R 7 AR s 1 s T R T, 33 0T 5L AR A R R L 2 A i
FEdR TR BOR . Fe AR LR SR V) D BE Y AR A 1R, ZER ) R b R B ASM AR Y L IR
PP R 2 1 SR E o LA ST R ELAT A R A B, 38 R BE R SRR ST AR R S SRR R PR
SRIE o JERSREE o, FUKEEITE K 3 NBHL

H T T AR b8 Y 2 38 AN A 30CrMnSiNi2A . 35CrMnSiA . G50 1 30CrMnSiNi2MoVE, H: #L71 fiy
J1eE R MR 5 R UL 2% 1. 275 25 IR A B A M, SO0 AR REE F T SR B L S B Y GS0 N
1 30CrMnSiNi2MoVE 44 .

1.3 %0 ¥g

S B AR R FH AN TR E 8, BRI SR ) 35~40 MPa. $EMKCH K IR, SEN A BN 10 mm,
B JZ A R RN 150 mmx 150 mm, 749 )2 59 453 A% 81 #E R 200 mm e SEERSEARANTE] 2 o, T RS
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4 1500 mmx1 500 mm, & 55K 3 m, $EAR S HHT 50 B SCIAE A 39.2 MPa, i 2 15 1150 B 2K .

x1 EEMRNFEMRE

Table 1 Mechanical properties of metal materials

Material pl(g-em™) o/MPa o /MPa K,/(MPa-m'?)
30CrMnSiNi2A 7.80 1690 1300 86
35CrMnSiA 7.80 1670 1310 57
G50 7.76 1740 1440 105
30CrMnSiNi2MoVE 7.80 1 640 1360 112

14 STLEHBEMIREKR

TE 1300 s FEFE T, MR 5 Young?” 32T AS 2N AR IR EE A 4.0 m, Z80E 07 BT, #ARZHEIRE R 3m
YA A TR B T, TR A TR 20 R 280 m/s. SR e [RTIAC S B A, R R AR B DS LA B . R R AR
A 20 m A AR I R AR, F PR ECIAR B DA A9 3 . 203 mm H AR 0 KM AR I FREAR IE R 720 40 m
Ak, S2E AR R AN 3 TR

B2 SComdfiiRae 1 K3 SR

Fig. 2 Reinforced concrete targets used in the experiment Fig. 3 Experimental layout
o Ay e
2 SSWERESH

2.1 GEREITRITIRE

SR B SR A RL N 30CrMnSiNi2MoVE 89 1 G50 £, 4 Fl AN 58 1K (1 s2 6 s g i 1 o 2 &, Hov,
30CrMnSiNi2MoVE 4472 (R 84K i 45 5 Sk 19F 27, G50 SRSk (1 4 5k 39N 4%, 4 RS 3kia T
AR EIE . SR P RIS RGNS 17, 27 3P 4TS AR R TRAT I R 43 o 1259.18, 1 307.31,
1.305.47 1 1 309.46 m/s, 5 il 535 1 100~ 1 300 m/s FeA—F( .
22 BIARRMIEE

W o 5 A A SRR AR 75 AR TR B2 A 3 m 9 7 TR BB 1 SIS, 4 & SRR XY o B SRR, B S 4k SR B
ARG R R XA TR B R SE A R A T IR, TR R 1), AR R & AR ™ AR, N
B 4 FE S frs o 32 2/ 042 S0 A e s 8 o 52 ), 06 1E T 7= A — AN K Mg, HLAR T L= A il
FE o I DU SR R A B R B, AR RS A o W AR R T I, T AR B 2 AR ek
T ARFRERNY R,

Young™ 25 th R IR B 2 50 R

D =KSN(M/A)" -(v-30.5) (1)

A D NERWIRE (m); K MR RE, ERATTREE 500 T8 1.8 x 107°; S A #AR A il 42 1, 4K 75
TREE L 5T 0.9; N R sk S 3B AR I 7, HUZ B0 N = 0.863 * [4R%p/(4Rcpyy — 1% MIA R #K 11 %5
BE, MR iR B (k) , A VR (m?) 5 v R Al B (ms) o
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(c) Front view of the second test target (d) Profile of the second test target

Kl 4 30CrMnSiNi2MoVE #5345 HAR A AR S 5
Fig. 4 Destruction results of targets penetrated by experimental projectile of 30CrMnSiNi2MoVE metal material

(a) Front view of the first test target (b) Profile of the first test target

(c) Front view of the second test target (d) Profile of the second test target

Bl5 G5O A RHS G0 AR SUAR AR 2 SR

Fig. 5 Destruction results of targets penetrated by experimental projectile of G50 metal material

() B35 G B Ry - 34 5T i K F 2 kg, (RIEEEE R 61~1 330 m/s, #%BESC(1), FRAR I 544 25§
o T SR A AR RE H EA T AAL, AR RE IRy 3.87~4.03 m. i TR BE SRR AY AT [, RS Y
SR A T R BB 1o e R Y AR T BOIRAS o ISR, A AR A RO AR 2 S me DL A+
T AL AL, AR (D) $EAT AL, R EE R 5 m BB 5 ) 4h B 24K 190 m/s, 4 BT A5 F) B
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534 4 JESEME A R [RD AR S P AR 590 7 TR - S RO 5 A IR L 523 52

5 M TR TR HE 29 190 s 363 ( 1) V4, 76 190 ms A MBI A% 05, B KRB 05 21
E 0.5 m A HR AR ., B 1 300 m/s A B A& PF T 5 0 B 3 09 2 21 D 3.5 m 00
R - 0 8 0 52 B 0B T WG T Young 2 3% A 19

2.3 BIREMEEIR S

30CrMnSiNi2MoVE H3#4 B} (1) 3 44 (1771 27)
FI1 G50 AR A B 344 (37N 4%) 78 5286 I 445 31 [n]
W, S 55 T RS i AR S UL X LE G Al 6 BT R .
AT L% 3] ;8 4 5 S 5 5 A 5 B A Sk R AR R [
TR DR I IR, K350 ER B R A8 SRy 23 Sk 19 B
5 o B ARG M 52 4F, IS Ui 55 5 o0 IR 0 R T
IR, SR TC I S S R AR T B 4 . i R R A
1259~1309 m/s 44T, {8 30CrMnSiNi2MoVE #X
1 G50 5 P A A L 1) AR R AN e B S S 4 e
DA g P o S5 B A8 4% e 7 AR :

9L A Sk AR o 2 5L A 7 A2 200 AN A TR R 6 SCHRE SR SN L A

B — AN B R, Sk AR e AR T A SL B Fig. 6 Appearances comparison of projectiles
AR KT BB, A5 FRIE L0 T Bk R pefore and after experiment

RIFE ST o XA T SRR A S PR AR AE J1 ISR T Young 2 2 HUAN BE S A A

PR, WEEE 17~ 4% [l S A 4 i 20 B X3, & B0AT B B B A2 48 " 0 4, A&l 6 mh 20 Zepm iR ir
TR TGRSR G e A R S B R T R R 7 v i R o A er VB, 92 DX 2 i S 1k B A A R
AT 2 A W T R, 0k 77 5 W 0 R A 65 R R B8 o s S 405 4 UM 3, X — B B = AR WL E 4T T 490
oyt o

43 )% S 06 A IS B AR ST R A SRR T m K LORIAME D EAT T IR, AP S A T R
G RTE D RUG E OB, 5B T3 2, s 2 LB, 525 A B 26 1 3.7%~ 6.9%, SRR
54 Hg 4.4%~ 10.5%; BARIMEIEAL 9 0.27%~0.54% . F M a] 01, o8 75 S AR A0 e o oo 300 F) 422 b B O L
B, TR R AR A B R AR AR AL 2 B S R A2 R A IR BT B, i — 2D WL RS SRR,
AT DU ) A SR T I Al 26 T 1) 0 209, SR I B A — R R 1 S ok, 5 B AR A SIS0 R BTN, 3
F T 480 3 A5 e g R4 57 T R - B 2 i) A o DA AR G a2 B 7 A A B O AN R T

R2 ZWEWEANESER

Table 2 Measuring results of recycled projectile

L m/kg L/mm D/mm o
Projectile Bor I Ber AT Bor I Mass Length Outside diameter
No. erore ter clore . erore ter loss/% change/% change/%

exp. exp. exp. exp. exp. exp.
1 20.53 19.16 900 814.6 150 149.2 6.7 10.5 0.54
2* 20.49 19.07 900 824.5 150 149.6 6.9 9.2 0.27
3" 20.51 19.77 900 851.7 150 149.5 3.7 5.7 0.33
4 20.49 19.73 900 862.4 150 149.3 39 44 0.47

E— 2L WL [T Wi 588 A ) ke 99, AT D S P8 2 80 8 A BT S, ke ¥ T 42 30T - S AEL 0 1M T S, &) 7
7 o PRIHGS AR Sk B A AR Bk AL B 23 A A0 - (1) LA 7 5 140 0 597 L 76 b RIS, 3 Sk FAT AR 22 )
A TR ZUAE T, SRR Sk TS DX e 52 I Y s ol ok AR R G JeE I 56 B, S S SR 90 X s it A BB B BIIR 2 5
(2) 5% Sk 55 BEAR A2 fi T 88 o R 7™ 2 0 T, A0 FEE 8 2 7 A il , T T A SR BRI I B i
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PRRRE, P T 75| R ke 940 5 78 B LI AR5 (3) 5 A0 T i ) 0 7 Sk 08 282 1T 7™ A Ja 78 ) vl R 7 T, (45 R
Sk B AR B AL SO AL, SR AL T il a2 S A P, SR BE AR R AR el AR ELAE B,
infret 40 10 3 AR T A e S TR A T LA Sk T 7 JR 25 R s ) R DD A R 7 A AR R 2 1

AR IR A

(a) Head of recycled projectile of 1* and 2* (b) Head of recycled projectile of 3" and 4%
B 7 Tl sk B R R IR

Fig. 7 Erosion damage of the head of recycled projectile

25 b, SRR S0 1 42 ok AR 1 e R 3 TR R 5 TR i R A AR Y — S 52 2 AR, s A B
FERR S, 5ok R AR AR AR A AR S TR G, BT R R R K . X L 30CrMnSiNi2MoVE 4 F1 G50 Y
ol 1 e B Rk, 7 A O R AR A ) 9 25 1 T, G5O 4R 3L A S 350 S Ht 41 S AR 35 /0N, BIVAR e A A4 R Y T
L e 3 R JeE R e v, P AR ) A R T SRR R ) 9 BE i, 3Bk LA Sk 22 7
PR B RN I, S0 R 9 G50 4K T3 A T 48 7 AR A 3 0 ST AR B R
2.4 SHERMER SN R AR

TR EE M RER F HIC B8, SHRE AT : %55 0 2 240 kg/m’, AR 14.86 GPa, B KSR IE N
40 MPa, AR RFRN 25 4 0.04, 5T UIE RN JT 7= (1 — A/3)0, SREERIT Z40 4 0.61,

5L b1 BHR F Johnson-Cook #5871, 3R {5 BLA AL A 8 7 o SR G #EL 3 R 1 200 mys, 0°%5F
FAFT 0T 451 T X R BE R 3 m R i VR R - S AR I BE T 0 S AR 9 iR . TR A AR,
AR P AR Y V5 B A R ) R A7 TS 45 - LA, o 300 B T o) ) AR 3 1T T T, S R R LA SR Ll B
I REE DX, AR A 25 B RO 3 m A IR BE MG RE ), 9 B AT S TR A TR 20K 280 mys, 1R
IBASE K A —E FR B A 1) RS, W% A 1 29 0 0.5, (R E AR BIAE . 2 B ARG A AL AR K
17, A F RGBS 00, LAMFL fMIE 210 100, 48 75 w48 o 4 7 TR 068 1 2o 78 rp s A R 32 1) aod 3 A
Fe i Ze &l 10 7R, 24 5 A S 3 Ja o 0 1 Ao 7= 2 ad 2R 06 M, fe K il i 340 42 498g.

—» B

K8 AR Ko fRBIfESTHaR

Fig. 8 Simulation model of projectile Fig. 9 Calculation result of penetration capability

RPN AT T R B SR AR T A 11 7R o 25 SR B, G50 A1 30CrMnSiNi2MoVE 441 4} 1) 72 7
SR A7 BN [ R AR PR IR, AR T RS O, 52 A Sk 0 T ity 48 1 1 AR IXBH 4, LSk B T v o B
I 2 AN AR IR B4, Sk SR T b AR ph s SR o R P2 i . 25 5 18 9 45 5, A A, B T ok kiR
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534 4 JESEME AR R [RI A S P SR 50 A7 TR - S O 5 AR T L 5236 52

PR IR AN R, T B0k 3Z SR80, TT S 0 1 35 400 JEE B AR ) ) LT RS M, A R Az el
% . AT 30CrMnSiNi2MoVE W 5e K, G50 P 5e A Sk F A= R B2 /N, a4 2e /v, WL 11 i AT 15
2, 7 5TV F A O BT DX st B T e O A S P AR X, 55 RT 6 ] A AR A O B AU X R B
BRI LI MGEA— 3 Hx R g B AL AT a0 R (1) R O PR BN 203 mm, Fil5¢E
RSN E AR 150 mm, 875 SR A T SR Sk 308 Sl fa o 0 A VL R - A, E T DI R O AT RE SZ B ER /MY
YER 1, K% ABIR, MiAEFFHTIX 5 R T8 XA 98 X8, /i O %2 2 A B o sk, gkimi & A= ik, whiby
PG A SRR, AT O BT DXCS0™ A2 SR A B SR AR I 5 (2) 2 T S HiE O 3 i 4, HLORBE AR A R 5 BE AN
TR, — R TR A BRI ST M155x2, RS K T IR AME 150 mm, PRI 7E RS GE [X, 122 3% $2 42
SRb e 5 N A VR RE A AR R EEE AR o A AR J L e DR AT A SRR, (A5 T B R S i
DXl ™ A SRR AR T, HOBAPE AR T8 AR B B % 22 MR S0 e R 5 B R R 5 A T T g 39 T G K, IR &0
A G 1 R AR e L

5 LS-DYNA user input

Parts
. _A_ Combined ids
2% 4t 1,2,4
2 E
EERl
Jall
s .S
88 2 (a) G50 steel shell
238
o O
~ § 1
A
0 , , , \ A
2 4 6 8 10 & .
Time/ms (b) 30CrMnSiNi2MoVE steel shell
10 R EERT R ZZ Rl 2 F 11 ey
Fig. 10 Overload-time curve Fig. 11 Plastic deformation of projectile’s body
N
3 &

T AR M &, Beit T S A b R B, JF R T 25 kg PR TE 1 100~ 1 300 m/s 3 4%
P AR AU A 3 R R TR Y S, o AR T A R AR A A T O - A 4 A AR R R T e A R, T
G55 B 7 B SRR (R A00 B9 A7 TR - M R P i S A e B EAT TR0 AT, 5 SR A R AT TR LA
W, 3R TR R

(1) 2R FHATE B R 32 R SR, R 14854 203 mm 4 9% Ji 4 BE 0505 25 kg 1 SR 10 A 114 2k )
AR R E] 1259~1309 m/s, RV IR LSRR e, oUW A .

(2) 52 36 [0 i 1) e AR T B Sk 257 ity A8 0 R 3 1R 285 4 e I, 0 BH A BF 5% v 3 T %) 25 4 5 1 0% 7R A7
1259~1309 m/s # T AIER B8, 78 FIREEH LA SE AR A B B0 T, S0 = 3 (=100 A9 77 TR 458 1 0 1)
b AR 2B AR DSk AR o B DA R AR ok Ay AR A S A AR T B IR X, SR AR Y B A B R A R
1M H TSk BRI 0 AN Y SJHE RIS KE B, (R B0IE & Bk — e B W % . i Tk el fe s R 717
IR 7, sz 1 SR R R IR EE .

(3)%F & 30CrMnSiNi2MoVE 41 G50 X 7 (A 5 A (0 A AR B2, 5 B8 /5 119 G50 AW B 5 FH T 7 3
1RAT HL FE AR AL R

(DR EABRKGFAT, TG R ITE OS5, R & e O IS5, 78 2 KM 4 S o BE A9 1ip 2
N SEAE T A O PNV TN R S A, A 5 ol SR B T O PR B R A i A P R R A A
EERTA SR T eV e
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Comparative Experiment on Structural Damage of Supersonic Projectiles with
Different Metal Materials Penetrating into Reinforced Concrete Targets

ZHOU Zhongbin', MA Tian', ZHAO Yonggang', LI Jidong?, ZHOU Tao', LI Peng’

(1. Xi’an Modern Chemistry Research Institute, Xi’an 710065, Shaanxi, China,
2. Fifth Military Representative Office of Rocket Force in Xi’an, Xi’an 710065, Shaanxi, China)

Abstract: A supersonic earth-penetrating projectile is designed where two different metal materials are used
for the projectile’s body. Experiments of projectiles with mass of 25 kg and impact velocity ranging from 1
100 m/s to 1 300 m/s are implemented by a cannon with caliber of 203 mm. The process of projectile
penetrating into the reinforced concrete target is simulated based on a numerical method. Based on the
experimental and simulation results, the projectile’s structural response and mass loss in supersonic condition
were investigated. The results show that the two damage modes of projectile with different metal materials in
supersonic penetration condition are head eroding and wall friction corrosion. The degree of damage and the
head erosion amount are related to the metal materials of projectiles. The G50 metal with high-strength is
appropriate to be used for the projectile body in supersonic penetration with impact velocity of 1 200 m/s.
The phenomenon of diameter shrinkage is analyzed, and some suggestions are put forward for the design of
projectile body structure in future engineering application.
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025101-8


http://dx.doi.org/10.3969/j.issn.1009-1319.2006.03.013
http://dx.doi.org/10.3969/j.issn.1009-1319.2006.03.013
http://dx.doi.org/10.1016/0734-743X(95)00048-F
http://dx.doi.org/10.1016/S0734-743X(02)00005-2
http://dx.doi.org/10.1016/S0734-743X(02)00005-2
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.01.001
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.01.001
http://dx.doi.org/10.11883/1001-1455(2010)01-0001-06
http://dx.doi.org/10.11883/1001-1455(2010)01-0001-06
http://dx.doi.org/10.11858/gywlxb.2014.01.010
http://dx.doi.org/10.11858/gywlxb.2014.01.010
http://dx.doi.org/10.3969/j.issn.1009-1319.2006.03.013
http://dx.doi.org/10.3969/j.issn.1009-1319.2006.03.013
http://dx.doi.org/10.1016/0734-743X(95)00048-F
http://dx.doi.org/10.1016/S0734-743X(02)00005-2
http://dx.doi.org/10.1016/S0734-743X(02)00005-2
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.01.001
http://dx.doi.org/10.3321/j.issn:1001-1455.2008.01.001
http://dx.doi.org/10.11883/1001-1455(2010)01-0001-06
http://dx.doi.org/10.11883/1001-1455(2010)01-0001-06
http://dx.doi.org/10.11858/gywlxb.2014.01.010
http://dx.doi.org/10.11858/gywlxb.2014.01.010

