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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
1SG 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 0.646 7 311.3
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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Fig. 3 Penetration process of ISG
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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

ISG 7 5 # 3E ¥ v, , % 3 P v, =1900 m/s, B S/D 3K, 2 WAL FA W FpAEfb . Y
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I HE(E . S/ D /INFZ I AR I AZBIRCER S/ D 34 K4 e, 24 S/D RFZ i AEE 2Bk S/D
I3 T FRAG . S/ D Fe A% Bl 32 4 18 R TTHS K, 1 900 m/ s<<0=<<2300 m/s I, S/ D Fe Al 42 252500 m/s
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HEELTFWS.



5 330 Az A L BESRAR I OR A BUEASE LE 5E 255

(3) M B RN, SR AN B . S/D AN B AEE R, B & S/D 3K 22 &0 K T /g
F B IR AE RN 505 FE 00 2 R0 MUR BI85 S/ D R i B AR AR, B2 AN /N T /NG R 5 IR AR
G0 38 FE KON 2 A, AR I RCR AR . B, 24 0=2900 m/s I}, Bl S/ D 38K A2 )8R ek K5
/N

AT A 43 B BT AT S 22 Fi R 2R 25 A 52 TR ISG A AR IR0, 3k 28 5 i) R 2 0 K/ F 1SG 1Y
S/DHGEJE . BRI, ISG R WMACRME S/D W3 KA PR AR fh ok #, — AR B, (=2 80CR T
TR RMRORSE FAHE TR, AT L ISG MR BISCR IR TR S/D,
3.2 WREEEFWIFERS ET

P b T A3 AT T B S/ D 35 K S AR R A B 1) /N AR e X T 6 LR 1) 5 IR R B8R B 3 FE AU
0 HE KA T 3k B /IR %o i 8 SRR 1) 45 DR R SR A SE AL 4 A R P %8 R R B R B A AR 1 JE e AT
B, ISNG WS AR B R 4 Fr R, HrP B 4 Go AR 4 (h) oY B i — 8 18]k e X s g I AR A
M4 W] F S BV R AE s AR S/D B, e — 4 4 s A HUR kAR R R B R U B e e i 5 T A
ARRFEFE ERH AE T 7 R XI5 SR A 4538

Je AKX ISNG (R ITRBE 19428 = A & & 52 ) AR R /N S/D B, J@ e 3% 45 41 T A 200 40 )
ST A R AR A B I 3 S 5 R RN OR S/ D I, AT E SR /NG R X S 2R SRR B AR R 4 s, R
Je e SRR AR AR, FOR R BIER BEEAR /N . R, J8 0 % 42 T 25 [ A S 2 3L A 1 38 N 34 R i b
BAR X ISNG R BE 7 A T S 1

mmmmmmmmm

weACT

.........

weAcT

(b) S/D=5,v=3 500 m/s

4 ISNG Wy #
Fig.4 Penetration process of ISNG
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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

ShRE SR WA, Sl BE S 52 e R M AL — K 2L Ik, 7 EU A B i B 42 00 A8 114 B A w0 201 2
BRI RE R S AL . FE DI A AT ERBIR E S PR B K B P/L AR R 4 BOFF R B R0R I’
H 2% T e A 0 AE TR I T EOR S RE R 3G N R BB AR At — AN MERR Y LL kR fE . TR P/L S5 R
HERNERC, WEDMERRBIRCE, DR 0 L hr e E,

E, = (P/L)/C, (2)
Kof L R BT R K EZ ML C, (HINEE 1 fiR . (EAHE WS, BAR S BEFE NI 24 1Y T AT C,
ML RMSCR P/L 5 E, RM%N, E, A8 1H,P/L 5E, BZHWMES Fix, £HEH
HJE v=2500 m/s I, N[ S/D 1 ISNG WA, iR P/L ARMEE,S/D 5 1 ISNG =4
BT S/D N 3 M4 {1 ISNG BWIECE AR WMEH E, /ERRMIRCE N S/D K 5 1) ISNG 21H15%
FAET S/D 3 Fl 4 () ISNG =ZHIECE,

5 P/LFE, MMELNERENEXS
Table 5 Difference between P/L and E,,

/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 i E, W3 4, I 3 Ml 4 Al F 1, ISNG BWEMIRCE(E,) Il 1SG 1R BIRR R} & A
T AL ISNG A HAG B3R ZHOE T L ISNG MR 180 R85 F R 1SG MM CE, B2 AR
HH S/D B/NEF L ISNG R BICRS & T 1SG. I ISNG A — AR HE R 2100 m/s, RI5K
HKWE S/D Wy KA PR AR AL 02100 m/s B, R BIRCEKE S/D 3 K FE K ; 0=2 100 m/s i}, {2
WIRCRRE S/ D KA TGRS/ D TSR AFAE S AR o o A4 (18 il 8 185 79 398 Jon v 385 K, 611 40 0=2100 m/'s
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5 TARSG 1219 it 2
Fig.5 Penetration process of TARSG
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A, BRI N 7. 6 %0 RS R BIBCRIE R 55. 3% v=1500 m/s.S/D="5 B} 2B G 0
102. 2% , Q525 P8 2 AT o o A 39, BB R B 39 37, 7 20 AR R BIRCR I 46,5205 v=23500 m/s.
S/D=5 B AZWIVEEESE N 237, 1%, Q2 2 [ $ AT ot 4t A 388, AR B3 n 37. 706 (H R R ROR
P 144.7%,

AT L R LI TARSG RUIBCRFEASEE R 2 900 m/s, REIBEM S/D KA W Fl A8 1L
P 02900 m/s B BRI LTHE FFEL.S/D A — Al . S/D S EH N 4:0=2900 m/s i, {7
WIRCRE FIHESE, HATEENE.Y S/D=5.2300 m/s<v<<2500 m/s i, TARSG HJ @M R AT
SE 5 DRI Ay 33 Hsf 552 W £ 46 200 3 ) T i TR 2R RN R PR R L AR R
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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

3.4 ELEIEREMSHEOHR

3 BEFF 300 SR 0T AR B i [ 3 R A s IR UM S/D. i 4 & 5 RE 6 iR, #E/N S/D
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K, BYUREE FOEARE B B . ln S/D=1 B, YRR 2R Y S/D=2~5.0<<2300 m/s B, il
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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 Impact Research Center s Harbin Institute of Technology . Harbin 150080 ,China)

Abstract : The penetration performance of blunt segmented rods was studied with numerical simulations
by using hydro code ANASYS-AUTODYN systematically,and the dependence of penetration perform-
ance 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 weap-
onry segmented-rod projectiles.

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