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Abstract: In order to investigate whether the stability of the elliptical cross-section projectile penetrating a
multi-layer spaced concrete target is better than that of the traditional sharp ogival-nose projectile with
equal cross-section, the optimized elliptical cross-section projectile and the control projectile (sharp ogival-

nose projectile) were used to penetrate a five-layer concrete target plate with an initial velocity from 700

FmEE: 2024-01-03
YEB® A BERIA(1998—), B, filt/k, 328 A E s ety i1 i 52 o
BISVEE: BREWI1963—), B, iz, i+, 2GR0 51T 9E . E-mail: cyc@nuc.edu.cn.



5 GEIPNE R QPSS 2025 445 11

m/s to 1 100 m/s, and the overloads and the stresses of the projectile were analyzed. Meanwhile, the tar-
get attitude angle, angle of attack and the velocity change of two kinds of projectile were extracted as the
judgement. The results show that the stresses of two kinds of projectile shapes do not exceed the strength
limit of the projectile material under each working condition, and the projectile body does not undergo
bending deformation. The penetration overload in the Z-axis direction of the sharp ogival-nose projectile is
larger than that of the elliptical projectile under all working conditions, and its peak load is double that of
the elliptical projectile. The velocities of two kinds of projectile shapes out of the five-layer target are simi-
lar at all initial velocities. When the initial velocities of the projectile are 700 m/s and 800 m/s, the atti-
tude angle and angle of attack of two kinds of projectile are similar, and the ability to penetrate the multi-
layer concrete target is comparable. At initial velocities of 900 m/s, 1000 m/s and 1100 m/s, the ellipti-
cal cross-section projectile’s attitude angle out of the target decreases by 63.59% and the angle of attack
decreases by 75.29% compared with that of the circular cross-section projectile. At the velocity from
900m/s to 1100m/s, the mass erosion rate of the projectile is less than 5%, and the stability of the ellipti-
cal cross-section projectile penetrating the multi-layer concrete target is better than that of the circular
cross-section projectile, which verifies the better penetration performance of the elliptical cross-section pro-
jectile. And the accuracy of the simulation results is verified by the calculation formula.

Key words: penetrating ammunition; multi-layer concrete target; elliptical cross-section projectile; atti-

tude angle; attack angle

. REHEFT T AL, BIA T JC R 408 5 280, JF ok
0 5| B TG R R A S A A R . B S
fﬂk*j*»l» , ﬁ]ﬁﬁéﬁ{%@{ﬁ'ﬂ%ﬁiiﬁﬁiﬂﬂ T‘ Wﬁl\ﬁﬂ:% %ﬁ}@%ﬁ] &*Xﬂéfw?ﬁiﬁ%%ﬂ@ﬂfﬁ@% ) g%&li{%
E"JE;@:I‘@@O %Tf?%ﬁﬁf?‘fﬁﬁ%@ﬂ??{ﬂ?ﬁﬁ wjﬁ%%'fljE‘Jﬁﬁiﬁ%%ﬁ&%ﬁﬁﬁgﬁﬁiﬂg*éﬁ?@o
J T 3004, A M RIS TR, pin, XV TEEE DR BRI BUR KT Z LA
A IR, AL S s T R TR [52] #68 TA BE A A VR % o AR AT T BE AL,
T2 T 3 O D A e gy T O R R P B 1 R

] JAf
X, B, Petry A3 . Young 233" | Forrestal 24 Ao

A AT T KRR R RE . B ST LG TR LS R 9 F 7 o] D%
T R B B R > — . BEE R Pk B, WEﬁﬁéﬁzﬁ%’%ﬁiﬂﬂ?E%E’\J%*@%ﬁ(@%%ﬁ
FHB BRI SRR IR R AT g IO IR BB R AR
%, EHIWJTE{EE{E%X#%E@%@{%?@MSHGJO ﬂyﬂ‘/ﬂéﬁ /E\:{%@Jﬁgﬁﬁrﬁ%ﬁg, Jﬂ:, %Jﬂ%?’%gé\éﬁ\

W AR AR X R R o g g PR TGRSR PRI S A RO AL A
IR AT T A L R O R Tk T [ T 2 BT AR LA B 5 T 178 AR 1520 0 T
He L AR S R T8 T oA PRAE ) 4] 3T 2 1) 22 J2 3R Bk L B2 Al i 7 sk
A R LR kL, s DORIRIOISS | R R AL By
K SR R gy g L WO RTTHRDT R SR G0 SRR A - R

o 2 T T L B O 0 [ 4 T LA 2 e e et . MRS X it Sh e R 2 2 EE

5
B2, W RN T SR, Mg TOBEOTRA SR
W, P S W T A 1 B S e T ‘ sl 2o
1 FEEBRTRHSE
B EE IR T T 2 3 1 B =
AN, B B 5 5 A S i A O LR, 5 000 G T T 1 R e T
B, VR A T I R OB B DR, S B SN



CEVEE 219 1)

AV T8 A T LA A 22 )2 TR - B ) (i 7 L CRE RN 4D 37

IR 5y A L2 IR . L, AR SCHOA
R R SRR O A0 B IR AT U LI 1,
A I8 ST A5 T [ 25 T BR Y AL S 2 A i
152 4R v ) LA B SR A P L R A S T 1Y
PUSYERE. 1 TOUA0S ORI i Y BE SRR b
ARARAE , PrLAS I ASEROC R BT AR R 5 ', 2 X
TS O IR S S ME B AL . AL B O
152 4 T SER AR A1 A B ) A~ Al S R A @ b
BRI A SRR, Ao A B 2
£, 09N B3 GAT a0 SRR A, o R ITE
AT SRS R T AR 2R By il R AR

[ I ]G AN e

Fig. 1 The shape parameters of a projectile with elliptical cross-
section
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Fig. 3 Elliptical cross-section projectile
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Tab.1 Johnson-Cook model parameters for 30CrMnSi

o/(grem™)  E/GPa G/GPa v A/MPa
7.8 210 121 0.29 1350
B/MPa n C M T,/K
1875 0.232 0.0012 1.06 1795
D, D, D, D, D.
0.1 0.76 1.57 0.005 —0.84
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Tab. 2 Parameters of HIC model for concrete
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Fig. 4 Stress diagram of two kinds of projectile penetrating a five-layer target at an initial velocity of 900 m/s
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Fig.7 Schematic diagram of the penetration attitude of the projectile
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Tab. 3 Attitude angle after projectile penetrating the concrete into

the target

T us 5 H/C)

G5 1R E2R EIEE B4R B5ER
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I 0.31 0.64 3.12 6.91 14.70
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Fig.8 Variation of attitude angle of elliptical cross-section projectile
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Tab.6 Calculated and simulated values of attitude angle and

residual velocity of the projectile out of the target

THL PiEAE/ HEAE, JiK R
%S (mes™)  (mes™h)  EAM/C) LEM/C)
=700 468 487 11.22 12.41
1800 567 598 23.55 22.94
t—900 659 686 20.75 22.26
t—1000 744 788 21.48 20.97
1—1100 838 892 14.7 13.98

M6 BRI IS 1 . B 525 I
S B S S S AR X R 255 6. 0520
(A 1100 m/s i) 5 9835 5 )2 80 5 iS85 M i
AR S EH A e KM R 258 9. 59 % G BE A
700 m/s i) 5 AT LA K 15 LA B Y A i A S
A A

HRAE 3. 277 B2 AT LR A AR B JE s 44248
REE S X, 28 5 )RR E 511
T LR 7

F T WU O 0 A
Tab. 7 Calculated and simulated values of the angle of attack of the

projectile out of the target

Togs FEIUR/C) IEYUn/C) HNIRE/ %
t—700 5.45 5.93 8.09
t—800 12.91 13.98 7.65
t—900 24.95 22.87 9.09
t—1000 31.02 28.92 7.26
t—1100 13.61 12.83 6.08
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