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Study on mass erosion model of projectile penetrating concrete
at high speed considering variation of friction coefficient

LIU Junwei, ZHANG Xianfeng, LIU Chuang, CHEN Haihua, WANG Jipeng, XIONG Wei
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: When the projectile penetrates into the concrete medium at high speed, the mass loss and nose blunting occur due to
the strong local interaction between the projectile and the target. In order to further explore the mass erosion effect of high-
speed projectile penetrating concrete target and its influencing factors, based on the thermal melting mechanism and variable
friction coefficient model, the mass erosion model of high-speed projectile penetrating concrete target was modified
considering the change of projectile nose shape during penetration. In order to verify the reliability of the model, based on the
30 mm ballistic gun platform, the oval projectile penetrating typical concrete targets at high velocities ranging from 700 to 1000
m/s was carried out, and the mass erosion results of high-speed penetration were obtained. Combined with the theoretical
model, the reliability of the modified model is verified by analyzing the test data in this paper and the literature. The results
show that the sliding friction term accounts for 10%—40% of the total friction in the process of projectile penetration, and its
influence on the penetration process can’t be ignored. The prediction results of mass erosion model considering the variation of
friction coefficient are in good agreement with the existing test data, and the maximum error with the test data in this paper is
less than 7%, which can accurately predict the mass loss of projectile under different working conditions.
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Fig. 1 Force diagram projectile head during penetration

X AR SR AR SRAA, NI NG 0 531 g,

L8

Ni= |, vdx (3)
8w
NZ—EL Rl 4)

sy = dy/dx, x R RISl ) AR, y Ry BRES R 2 0 BRI, b A SR TRAR A
X F5 UL AR O S A, =X (3) mT LA Ak A
Ni= 4<p2arccos(1 - %)—(&p— 1) \ap—1 5)
K o = s/d HARBIE BRI AR L, s ARBPIE SR BRI il 21485 Mo = ¢o = so/d I (oo R TRk 0
HHARLL), N* = N R 3k 4 s TG 2 AN\ 4Bk i v AL
He 4512, W PH 2 40 LT Jones BN, 25 Fg T Ak X LA 4= Ao 3550 1 1 52 1), 0 310482 HH S i) R mp
BHTE AR A BT DTSR B, e B 420 (2) i 7o
=1 (B)To (6)
K= H/Hy, H BRI, Hy =7 88 RHOS 205, n) 0T LR SR 5 FC R BE 9 AHXTHE, 8
5 R RER I3 B DL SRS SR BB AR 5 3 7 /7 K o
5 SRR A TR S5 - Al At o vl 14 FEE 42 ) 4 5 5 A S A, I FH T4 A A S b e, SLAAR 11
R
W,
AM:E (7)
e Q Ry A Ak LA S5 B P T S A A, AEAREARL v BRABER 1 TR, 0 =1.264 8 M /kg .
1.2 FEEEEHTIHBARERMIRE
T 2 SR A S B ], i R M 1) DX B A A B L f2E AR Ak, AR R A L S Ak
FHAE DL B A i 1 TR 7 7 5 SRR I A2 R B 5 o DRI, 75 X 1 R A A0 1 B8 8 DR BSR4 T B 04, B
4D B 482 PR B pu b AN S — > B, AR I B e B L SRR SR TE BT A2 R T L SRR DR R i RE L D) 4
HEHK,
WE, MO A EE b, B4 300 2 T A REURE AN 1, Bt (B AH B3 S A, 3¢ e ™ R 22 B D) 1] Bz )
HIAE HT 5 Bl i 20 2 0 15 o, B ke 1 22 190 o7 (e U108 9400 AR 0 A 95 BR T e, HC A ™ R R A 1 P T )

083301-3



5 41 45 XUPHG, 45 75 1B 5 PR RO (A SR o B AR VDT BE Bk AR o A BT 5 % 8 1

25 D% Y] R 3 T B0 06F, 3 B A B 51 5, 3 EL i TR B AL 0 M A I A A £
R i R

FEE 455 TR B — i 2 3% T AT T 43 ol 0 K A 70 160 13 45 B 10 0 B B B SR SR T R A M a b BT B
SRR T TSRS — 2 6 R A S A T s P B, 59— i A R P M R PR 1 P (R P, 9
VA7 T S5 07 72 AT 56 1 BB b 0 B 4™ 91 ST 13 0 R T 980k, o ) 45 L 0/ R
BOH:
LI
np np
R n, g5 R BRI | PR AR, 0 R A, b PR R L

3 IR, 5 T 22 T 9 2 1

§§=1—a—nmnmx—3@—pw> )

FHT: g WA T R AR BCE, ngo/n W00 B4 T B 55 (5 BB I 22 L, B I T A AT £
FETEAE PR 0 B35, 138 3 S5 R M L S B B 85 mao/m B 9N 5.046 44x10°°, po WSl HI0) 13
7, — M H po = TR o

T AR OB PR 8, T L2 M PR, B0 i ™ = 0, 637 5% (8)~(9), 8511 1 4 43 )
24 R 26 730 P R B

@®)

Ms = Tr

TR(a\ Ty
=3 (1= (1= "2 Jexp B pin) (10)
St AR R, @ TR B0 T 0 TR, (af AV 9 4 TR 00 8 i LR SR [20],
a/A=0.6,
A, 2 S T, B AR O 5, AP R, BRSBTS (. I
AT 50 TP, A BT S W DR 025 5 25 B LD, A L 5
SR 12 L g ) 5 52

1 1 1 1 1 1
V= 1] —(1——)(1——+—)—(1——)arccos((1——)) 1
' 4 (' 4, 3¢, 1280[2 20, 20, ( )

LR b, MR AR b, RO R A A AL, SRR A 04 1R ) e AR A, T S BE SR D R B AR e R —
A ZSARAC R 0 T A B R AR, AR Sk SRR DK AN W S, S LA T 32 1) BEL ) e B AR D)
RIEEE . 5 JBAR R DR R ARSI IR AL ), 5K (2) T A

We= L LﬁCOS@dZdA = anz J: (,“sPLN;Vz +u,S foNY +TRNr)dz (12)

AP LR BE RN B T S R R4 )

AR _E 3 23 5, T LU 37 7% R 2 DR S0 Al A 5ER A o T AR DT 5 o AR SR R B A ]
W 2 P, A TOLRTH RS ROLFE 1~20 A AR I SR 5 S E AT 25 L, D090 2 P 220 ) 88 BT
(x0,y0) o TFHLHT BER H Forrestal 2286233, SR 5 T 46 BE B B Be i i AC 58, 76 B IE B Be iy A i U0
W, SARRLERIYE . TR (D) S @ WIS HL, L5 SR 0 5T i Mo v, . AR o HARd
FEAREE o JOHE HSRIE £, . BORKSR BE 7, 555 (2) B Forrestal 2856 28 AR BUT 5 (1 BRI 3852 v, | (8] 7,
VA KARINRIE 2,5 (3) i SR JEE v, LA T i 49 A T o ARV 458, R0 5 (10) S LI A e 50 B 42 T
WG ()RS SZ BESE ) f, L i) S B F, ARAEIE AR LU s A s 3l 5 A, T S AR A S v
SRl ) LS 2215 (5) THEEAZIEAD N EESE T T D w iy« SRR TR 100G B My SRS B AR AR Vs
(6) S A3 (10) THE A MARLE @,.,, 152 SRS OB B HOR (o, v, IR R B R A5/ T35 (7) 0
/N TE, WEACLEHT, il AL G S8 R T, RS (3) ~(6) .

083301-4



%41 % XUBSHS, S5 25 R DR BULE Ab A S A s s AR DT 85 - o R DA AR AT 5 %8
— As
I 2 v1>0 (m=)
HESH
My, vo, @, d, S Fis W1
pwfo T, My, Vi ina
PARZI =S
. t : x1+ s Vit
st | T
2=
M +4na*Np "
0 ( Vi» Z; Nl i U )_ ( Viets Zivts V1 i1 @5 )
K2 e
Fig.2 Flow chart of calculation
F1 LMW
Table 1 Parameters of projectile and target
f/MPa o/ (kgm™) ok HRRA R} Y,/MPa py/(kg:m™) my/kg d/mm Lid ®
35 KA 30CrMnSiA 1243 7 850 0.553 30 6 4
=2 BILREEMEH
Table 2 Parameters of projectile and target
TH  f/MPa  p/(kgm™) e SRR Y/MPa  p/(kg'm™) myfkg d/mm Lid »
1 13.5 2000 HYH T 43409 1481 7850 0.064 12.9 6.88 3.00
201 13.5 2000 AV T 4340%4 1481 7850 0.064 12.9 6.88 425
3t 21.6 2000 A T 4340%4 1481 7 850 0.064 12.9 6.88 3.00
4 21.6 2000 AP T 4340 1481 7850 0.064 12.9 6.88 425
5t 62.8 2300 VaE: i 4340%K 1481 7 850 0.478 20.3 10.00 3.00
6" 51.0 2300 VaE: i 43401 1481 7 850 1.600 30.5 10.00 3.00
. R 4340 1481
70 58.4 2320 FRA3 7850 0.478 203 10.00 3.00
AerMet100 1820
N 4340 1481
g 58.4 2320 KA 7850 1.620 30.5 10.00 3.00
AerMet100 1820
43404 1300
9l 34.8 2300 ARA 7 850 0.155 14.0 10.00 425
Tc4 1030
60Si2Mn 1300
101 48.6 2300 AIRA 3 7 850 0.155 14.0 10.00 425
2044 450
60Si2Mn 1300
11 613 2300 AR 3 7850 0.155 14.0 10.00 425
455 680
60Si2Mn 1300
12% 76.4 2300 AR 3 7850 0.155 14.0 10.00 425
35CrMnSi 1 540

13 AEMRE TR ZEZNHES S

1E Jones B AU R BL ik b, E—20 2 e T AR R

BB SRS AR AR

A A5 X 8 A 5T Al )

iy, P 2 D S BEEE D TS DT AN [ o RS SR [1-2] 3, SRS RO A 3 (4), X LEAS TR B 4

FAFTT, Bl S ACT) G 3 B S, A2 B 5 N RO RS BE 5 T £ 5 Jones SERETU TR A9 EEHE ) f YA AL
l‘i‘b‘i P 3 DA 4% T 00 A e T 5 4 JEE 458 ) LA e il B2 A 7R ARE B0, FErP k= £/ f o AR AR DR RO Y
TR BEAE T £ L Jones BEALTHELAYBESE T fHETN T 10%~40%, 52 3 14 M0 14 i 2 ot 5 o 2 1 498 o i

083301-5



5 41 45 B, 4 25 iR 1 PR A A A LA i AR ARG o b (R P B T 5 %8

/b SRR A TIC PS5 32 B g, T ) R AR T o5 LB/ o PR A 3 S W) SR A BT 32 BEL g, TS o A AR D) O
JE S ARG . TR R IAL AR, W S BRI B EE T B LU RS RE 22, DR e e Tt SRS A
%7 RS S EEE DR R

1.40 ] —o— Case 1, method!'?! 135 —o— Case 5, method!'?!
—— Case 1, method!"’! —— Case 5, method!"’!
135 —e— (Case 2, method!'? —e— (Case 6, method!'?
: == Case 2, method!"’! 130+ —— Case 6, method!"*!
Case 3, method!'? ) o 0= Case 7, method!'”
—4— Case 3, method!"’! = —4— Case 7, method!"?!
1.30 —=— Case 4, method!'? —=— Case 8, method!'?
—v— Case 4, method!" | —v— Case 8, method!"?!
e = 125 N
1.25¢
1.20 ¢
1.20
115 R T S 115 . S
7200 400 600 800 1000 1200 1400 7200 400 600 800 1000 1200 1400
v/i(m-s™) v/i(m-s™)

B3 R HAA TR AR

Fig. 3 Calculation results of friction ratio
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Fig. 4 Projectile and target used in penetration experiments
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Fig. 7 Comparison of prediction results of projectile mass erosion with experimental results
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Table 4 Comparison of prediction results of projectile mass erosion with experimental results

vI%
v/(m-s™) -
X SCHR[12]77 SCHR[13]77 1 IR
736 3.99 4.70 4.06 3.90
844 4.95 6.09 5.19 4.92
904 5.75 6.86 5.85 5.52
950 591 7.47 6.36 5.98
1002 6.33 8.17 6.96 6.52

Pl 8 Sy 78 JB 482 R RS AR i A5 R kA5 7 3 14 452 400 i LA Sk B2 AR A5 52 36 1T WA ) A AR R0 L
SRR IR R EE A AR B AL S E N o P W) AR L ARG, T AR o ) DX el T AR R A K ) SR v Ak,
Rf R IPLR R RS A — B0, PN AT LU i 5 Rl of P (210 3 B2 08 vy ARV i Sk RO R ) R
AR ARSI R TN 45 R v, SRR o AN AN S B Y S 15 T, A O A i R o T, B
P2 IS G, AR AR R A T SRR IR Bl (RS SCRE R A i R 5 L AGZ AL

Initial countour v=736 m/s v=844 m/s v=904 m/s v=950 m/s v=1 002 m/s

Pl 8 REALTTINAS G S SR A R L

Fig. 8 Comparison between the predicted results of the model and the recovered projectile
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Fig. 9 Comparison of prediction results of projectile mass erosion with test results
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