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Table 1 The parameters of penetrators

Penetrator type S/D Rod length/ (mm) Mass/(g) C,
CLD 0 27.70 11. 35 1
1 49, 86 11. 35 1
2 72.02 11. 35 1
1ISG 3 94.18 11. 35 1
4 116. 34 11. 35 1
5 138. 50 11.35 1
1 49. 86 11.96 1.05
2 72.02 12.57 1.11
ISNG 3 94.18 13.18 1.16
4 116. 34 13.78 1. 21
5 138.50 14. 39 1.27
1 49. 86 12. 20 1.08
2 72.02 13.06 1.15
TARSG 3 94.18 13.91 1.23
4 116. 34 14.77 1. 30
5 138. 50 15.62 1. 38
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Table 2 Material constants of the target and projectile

Material Density Tensile limit  Shear modulus  Yield stress  Bulk modulus Griineisen C,
/(g/cm®) /(GPa) / (GPa) / (GPa) /(GPa) coefficient ~ /(km/s)
W-10 Tungsten 17.0 —2.0 160. 514 0.6467 311.3
4340 Steel 7.84 —2.5 75.864 1. 00 183
Nylon 1.14 —1.0 3.68 0.05 0. 87 2.29 1.63
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Table 3 The comparison of predicted results between ISG and CLD
o/ (m/s) CLD ISG

S/D=0 S/D=1 S/D=2 S/D=3 S/D=4 S/D=5
1500 1.01 1. 14 1. 15 1.01 0.96 0. 89
1700 1. 17 1. 36 1.27 1.21 1. 07 1. 06
1900 1.26 1.53 1.55 1.47 1.37 1. 40
2100 1. 35 1.72 1.73 1.65 1.67 1.70
2300 1. 38 1. 81 1.95 1. 86 1. 95 1. 82
2500 1.48 1.94 2.04 2.08 2.10 1. 88
2700 1.55 2.03 2.18 2.18 2.17 1. 82
2900 1.59 2.09 2.29 2.31 2.45 2.41
3100 1.64 2.17 2.38 2.42 2.49 2.48
3300 1. 68 2.20 2.45 2.50 2.66 2.64
3500 1.70 2. 30 2.54 2.60 2.76 2.68
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Table 4 Difference of the predicted results between penetration depth and penetration efficiency

CLD P/L (ISNG) E, (ISNG)
S/D=0 S/D=1 S/D=2 S/D=3 S/D=4 S/D=5 S/D=1 S/D=2 S/D=3 S/D=4 S/D=5
1500 1.01 1.27 1. 24 1.13 1.01 0.97 1.21 1.12 0.97 0.83 0.77

v/ (m/s)

1700 1.17 1.49 1.54 1.52 1. 30 1.32 1.42 1. 39 1.31 1. 07 1. 04
1900 1.26 1.67 1.75 1.75 1.72 1. 56 1.59 1.58 1.51 1. 41 1.23
2100 1. 35 1. 81 1. 98 2.02 1.87 1.92 1.72 1.79 1.74 1.54 1.51
2300 1.38 1. 95 2.12 2.26 2.28 2.22 1. 85 1.92 1. 95 1.88 1.75
2500 1.48 2.05 2.28 2.42 2.50 2.49 1. 95 2.06 2.08 2.06 1. 97
2700 1.55 2.18 2.39 2.58 2.50 2.72 2.06 2.15 2.22 2.06 2.14
2900 1.59 2.30 2.45 2.70 2.74 2. 86 2.19 2.21 2.32 2.29 2.26
3100 1. 64 2.18 2.55 2.78 2.95 2.98 2.07 2.30 2.34 2.43 2.35
3300 1.68 2.29 2.62 2.91 3.09 3. 14 2.17 2.36 2.51 2.54 2.47

3500 1.70 2.36 2.71 3.04 3.19 3.32 2.24 2. 44 2.62 2.63 2.62
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g LR H R ERBISCR P/L S E, RM%EN., E, AN 1E.P/L S E, BZHWES PR, £PAEH
M52 v=2500 m/s B, KA S/D B ISNG R0, kA P/L HRBIEFE.S/D J 5 1 ISNG 21
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Table 5 Difference between P/L and E,,

s/D Length of Length of Penetration Penetration Dimensionless Penetration
segments/(mm) spacers/(mm) depth/(mm) efficiency (P/L) constant (C,,) efficiency (E,,)
1 27.7 22.16 56.79 2.05 1. 05 1.95
2 27.7 44. 32 63. 24 2.28 1. 11 2.06
3 27.7 66.48 66.93 2.41 1.16 2.08
4 27.7 88.56 69. 28 2.50 1.21 2.07
5 27.7 110. 80 69. 06 2.49 1. 27 1. 96

ISNG HJ E,, W3 4, M 3 F15 4 W F L ISNG BEMIZCR(E,) fl ISG B MIRCR I & 4
TR L ISNG RREA D3 IE R ZHCE T L ISNG 9 308 2 AR I 1SG IR0, HOR EAR
#H S/D /N ISNG FRMIRCRRG & T 1SG, BB ISNG A — A28 3 R 2100 m/s, 2RI
HBES/D B KA W Fp AL 072100 m/s B}, R ECREKE S/D 1 KM FEAK ; 0=2 100 m/s K}, {2
IR S/ D KA LGRS/ D ATHSRAFAE S AR - o A4 (1 Bl 8 85 79 38 on i 38 K, 810 4 0=2100 m/'s
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Table 6 Predicted results of penetration efficiency obtained by AUTODYN

o/ (m/s) CLD TARSG

S/D=0 S/D=1 S/D=2 S/D=3 S/D=4 S/D=5
1500 1.01 1. 44 1.57 1.50 1.56 1.48
1700 1.17 1. 64 1. 90 1. 94 1. 98 1. 90
1900 1. 26 1. 84 2.17 2.35 2.38 2.31
2100 1. 35 2.04 2.42 2.62 2.75 2.80
2300 1. 38 2.16 2.61 3.04 3. 20 3.10
2500 1. 48 2.26 2.73 3.22 3.45 3.57
2700 1.55 2.36 2.81 3.31 3.61 3.49
2900 1.59 2.45 2.91 3.49 3.82 3.99
3100 1. 64 2.51 2.99 3.47 3. 66 4.19
3300 1.68 2.56 3.05 3. 67 4.13 4.16
3500 1.70 2. 64 3. 14 3.70 4.02 4.16
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Numerical Investigation of Penetration Performance
of Segmented Rods Penetration into Steel Target

DENG Yun-Fei,ZHANG Wei,CAO Zong-Sheng,CHEN Yong
(Hypervelocity Im pact Research Center , Harbin Institute of Technology s Harbin 150080 ,China)

Abstract: The penetration performance of blunt segmented rods was studied with numerical simula-
tions by using hydro code ANASYS-AUTODYN systematically, and the dependence of penetration
performance on the connect configuration, shape, spacing distance,impact velocity of segmented rods
was also investigated. The numerical results indicated that penetration performance of the segmented
rods is significantly greater than the parent continuous rods under some conditions. Simulations on the
tests from open literature validate the present work,which can be used to guide the optimal design of
weaponry segmented-rod projectiles.

Key words: segmented rods;projectile; penetration; ANSYS-AUTODY ;numerical simulation



