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Influence of structural deformation on the deflection of penetrator
into concrete target with deep penetration
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Abstract: Earth penetration weapon (EPW) is commonly used to attack the underground target. However, the ballistic
trajectory deflection, which is essentially caused by the deflection of the penetrator, commonly decreases the penetration
efficiency of the penetrator. Thus, both the deflection angle and depth of penetration (DOP) of the projectile demand rapid and
precise predictions. Based on the differential-areal-force-law (DAFL) approach, an analytical contact-resistant pressure is
applied on the projectile surface in simulation. It represents the resistant force of the target and considers the free-surface

effects of all surfaces of a finite concrete target. The simulation model is verified by comparing with the test results of the DOP

+ WS B EA: 2023-02-28; &R HHEA: 2023-06-24
EE£WB: ERHRB A4 (11302210); 9 F TR AT BEALH 5 & R34 (CX20210031);
Pujil g A SR R4 5L 4 (2023NSFSC1913)
E—{EE: IR (1984— ), &, [+, BIWFF5E 5, heliling1984@139.com
BEES: BUAE(1973— ), 2, Wi+, B35 5L, 13990111459@163.com

091404-1


https://doi.org/10.11883/bzycj-2023-0068
https://doi.org/10.11883/bzycj-2023-0068
https://doi.org/10.11883/bzycj-2023-0068
https://doi.org/10.11883/bzycj-2023-0068
https://doi.org/10.11883/bzycj-2023-0068
mailto:heliling1984@139.com
mailto:13990111459@163.com

43 % IR, 55 SEHASTE X RIS A R 4 (4 5 M 559 3

and rotation angle of projectiles in open references. The influence of structural deformation upon the deflection of the
penetrator is investigated by comparing the dynamics and movement of rigid and deformable projectiles. It indicates that the
structural deformation drives the deformable projectile to deflect, which changes the total moment and instant angular velocity
of the projectile. Under the same impact conditions, the rotation angle of the deformable projectile is usually larger than that of
the rigid projectile. With the aspect ratio of projectile and impact velocity of the projectile decreasing, and the oblique angle of
the projectile increasing, the rotation angle of the rigid projectile increases. However, for the deformable projectile, with the
aspect ratio and oblique angle of the projectile increasing and the thickness of the projectile decreasing, the rotation angle of
projectile increases. The rotation angle of deformable projectile does not monotonously increase with the impact velocity of the
projectile increasing. It should be analyzed according to its actual structural deformation. When the impact velocity is less than
or equal to 800 m/s and the oblique angle of the projectile is larger than or equal to 20°, the higher the impact velocity, the
larger the oblique angle and the aspect ratio, the thinner the thickness of the projectile, the structural deformation contributes
larger deflection of the projectile. In this way, to promote the accuracy and reasonability of simulation, it is suggested that the
projectile should be deformable when the deformation and dynamics of the projectile are demanded for non-ideal penetration
of a penetrator.

Keywords: deflection of penetrator; structural deformation; rotation of rigid body; effect of free surface of target
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Table 1 Characteristic parameters and dimensions of projectiles"
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I 314 253 1518 6 0.573 0.59 3 DA6 7850 2.65 0.10 WEMIE 1650
I 359 253 1518 6 0.571 0.63 3 DA6 7850 3.80 0.15 WEMAE 1650
m 415 253 2024 8 0.555 1.41 3 DA6 7850 2.65 0.10 WEMIE 1650
\Y 481 253 2024 8 0.553 1.54 3 DA6 7850 3.80 0.15 WEMAE 1650
\Y 516 253 2530 10 0.545 2.75 3 DA6 7850 2.65 0.10 WEMIE 1650
Vi 604 253 253.0 10 0.543 3.06 3 DA6 7850 3.80 0.15 WEMIE 1650
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strain/1073 strain/1073
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185.80 186.40
168.90 169.40
152.00 152.50
135.10 135.60
118.20 118.60
101.30 101.70
84.55 84.72
67.56 67.78
50.67 50.83
33.78 33.89
16.89 16.94
0 0

=0.44 ms t=1.10 ms

[ 7 IARTE SR [ 220 ) s 0 (TIT-2)
Fig. 7 Relative locations of the deformable projectile and target at typical times (1-2)
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Fig. 10 Variations of the rotation angles of rigid and deformable projectiles with impact velocity and oblique angle, respectively
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Fig. 11 Variations of the rotation angles of rigid and deformable projectiles with structural characteristics

B2, Bl R B0 2R 0 O CRIVSRA AR LUy ) | 5 8 3 AR L R AR AR A 486 O, A 38 1)
RE SRR BEE RARHA G s A RE JEEY /N AR AR AR U3 O, T AR TR 59 i % £ FE S K A5
R Xof T 725 2 58 Al 2 73 B8 ) 52 W) T BEAS BN, 5 B4 G SR A BRI DL AT o

W4 5 5 T S S 5 fl B £ R S Al R A ) DR 22 S 100 BH 5 R A8 I X0 i e B BAT RO .
2.1 TR, S5 H AT R AT AR SR B G e B AT SRS AR T, HEAS AR iy 55 A SRR T R T L o5 2 A i o
i e THRE o AR IR X ] AR I 0l A 14 SRR 05 5E S

05 = 05—, (M

s 0 T AR TE S 71 182, 6, SR A hy D sEp e ) e A s 2 £ B . S BT 2, S A8 TE X R B T
S8 i 2 1) ST IR G 0 5 SRR 5 R 7 ) i P ) R T TR, 55 A A AR T A R U A D A T R 1 i % A
AL

PE— 2P 5 SCASH AR T AT AL Gt 2 1) ST k- WP 59 2 FR PE Z LE oy oA

=3 ®)

091404-11



43 % IR, 55 SEHASTE X RIS A R 4 (4 5 M 559 3]

yBOK, UL S5 R AR I ] AR Sl B 1 Sk R . SRR A R L R L KRAR L SRR
AR, y B AR SEAN A 12~ 13 iR o PR A R] LA, i) A 300 O B Ay 32 14 DR M 4 5, B
y >0 Yy L TEN, ULV AR Sl 5 03, G5 B STk AT A2 2y =1 W, SIS R 2
AR TR o5 I3, o248 SRR SE A A TE 7 M Al e £ E 5 24 0oy <1 I, BERH SR SE M AL 1) 32
M 7 25| R A

5 10
Type IlI, 20° Type 1ll, 723 m/s
4r 8r
3 6
> > -
2 m " 4
- [ ]

1 = 2+ m =

L A A A A A A A A
0 200 400 600 800 1 000 0 10 20 30 40 50 60

Impact velocity/(m-s™") Initial oblique angle/(°)
(a) Variation of impact velocity (b) Variation of oblique angle

P12 S AAZASTE X e £ 52 B4 TR R P FR i 2 £ 32 22 LU Bt S 5 R IR A 22 Ak
Fig. 12 Variations of the rotation ratio of rotation angle induced by structural deformation to that of the rigid projectile
with impact velocity and oblique angle, respectively

6

Initial kinetic energy (114+4) kJ
5 @ Oblique 30° -

B Oblique 20°
4 -

>~ 3 °® 2
2 P ] °
|

1+ m ®
0 L}

I 01 m v v
Projectile type
[ 13 SEAEASTE X (i £ P O BT P35
i /1 2 U RESRAASE R RFAE Y72 1
Fig. 13 Variation of the rotation ratio of rotation angle induced by structural deformation
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