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Research on the equivalent relationship of torpedo penetrated by
underwater supercavitation projectile based on energy consumption model

YAN Ping', ZHAO Yali', LI Xin?, WEI Ping'
(1. College of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, Hubei, China,
2. 91388 Troops of PLA, Zhanjiang 524000, Guangdong, China)

Abstract: Supercavitation projectile is one of the research hotspots of underwater defence technology. The cost of underwater
damage test is so high that equivalent test on land is considered as a possible alternative. Therefore, it is necessary to obtain the
equivalent relationship between the target and related materials under the condition of supercavitating projectile underwater
penetration. Taking MK48-5 torpedo as the object, a typical torpedo structure model composed of shell and 14 key components
is constructed. Considering the influence of aqueous medium on penetration, the process of underwater supercavitating
projectile penetrated torpedo could be divided into two stages: (1) the projectile penetrated the aqueous medium and the
torpedo shell, (2) the projectile penetrated key parts of the torpedo. The energy consumption model of aqueous medium and
target plate are established. According to the principle of limit penetration velocity equivalence and energy equivalence, the
relationship between target and equivalent target in two stages is obtained respectively. In order to obtain the damage effect of
projectiles hitting torpedoes vertically in different directions and under different working conditions, it is necessary to study the
four typical sections of torpedoe: warhead, control section, fuel tank and torpedo afterbody. Therefore, the multi-layer
equivalent target models of underwater penetration and torpedo penetration under different conditions are established.
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Fig. 1 Schematic diagram of MK48 torpedo structure (unit: mm)
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Table 1 Key components and basic features of guidance system

HhA: R /mm L A fR/mm
HhEas 39x156x156 (39,0,0)
KL 65x234x234 (169,0,0)
7 SR R 2 195%39x208 (455,91,0)
AL 195x39%208 (455,-91,0)
2 156x234x234 (2600,0,0)

R2 SHRRG KRR R EE AN

Table 2 Key components and basic features of the warhead system

FRE R F/mm Fue Ak AR /mm
RSO N 585x208x208 (1287,0,0)
SRR 65x117x65 (1469,0,0)

R3 IERIRG KRR EERFHE

Table 3 Key components and basic characteristics of control system

e JUtHfmm O A BT /mm

o MR S SR s T 2 260x26x182 (2158,0,0)
4l ZH 14 260%x52x182 (2158,-104,0)
HL R4 260x39x182 (2158,117,0)

R4 NSHEHERG KRR R AR

Table 4 Key components and basic characteristics of propulsion system

B JF/mm e A fR/mm
HREHIE 650%x247x247 (3432,0,0)
LB 195x234x234 (4303,0,0)
KB 390x195x195 (4914,0,0)

SRR 260%260x260 (5590,0,0)
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1. Transducer 4. Receiver 8. Gyro and other sensor 11. Fuel tank
2. Transmitter 5. The main charge control components 12. Auxiliary pump
3. Homing control 6. Igniter 9. Command control unit 13. Engine
logic component 7. Power supply module  10. Clew 14. Pump jet propeller
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Fig. 3  Structure diagram of torpedo
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Fig.4 Schematic diagram of equivalent target structure for longitudinal penetration
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Fig. 5 Schematic diagram of equivalent target structure for transversely penetrating warhead
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Fig. 6 Schematic diagram of equivalent target structure for transversely penetrating control section
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Fig. 7 Schematic 1 of equivalent target structure for transversely penetrating fuel tank
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Fig. 8 Schematic 2 of equivalent target structure for transversely penetrating fuel tank
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Fig. 9 Schematic 1 equivalent target structure for transversely penetrating torpedo afterbody
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Fig. 10 Schematic 2 equivalent target structure for transversely penetrating torpedo afterbody
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Fig. 11 Schematic 3 equivalent target structure for transversely penetrating torpedo afterbody
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Fig. 12 Schematic diagram of projectile for penetrating thin
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Table S Material parameters of torpedo and Table 6 The theoretical calculation data of the equivalent
equivalent target target of warhead for the transverse penetration of projectiles
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JRFI K ARG AR AE AR — 2 U 2 60°RFEAR, J5 AR R 2 A R AR ST IR SR — 2 150 B R . 455 2% SCHERT
PEIEEACRAIE R, RGP 4 SF o i) (R 2 T i) S5 2 H R IR, FRARIE X (15) At (18), flHh K i 2= i
SN I R 42T SF R B A R 3R, WA 7. £ b, A5 R A i S SRR Dkl AR AV 4 T SR RSORLADLRE, ULIAT 13

®7 SRARRNEEFVRELLHER

Table 7 Structure table of equivalent model for longitudinal penetration of projectiles into mine

i SRR /mm A ) Bt/mm Wifa/°)
KA FRIFER 8 0 60
#efig 2 34 90
AL 4 127 90
ERSEEt B e R s 2 283 90
%3} 30 829 90
RS 6 867 90
]Gl 2 438 90
FRRHIR 4 829 90
HBhAE 8 866 90
KL 12 601 90
IR 10 665 90
etk 6 252 150
\
| % 7
A
\ 127 283 829 867 438 829 866 601 665

13 S m R4 B A AU (mm)

Fig. 13 Equivalent simulated target for longitudinal penetration of projectile into mine (mm)
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SRS ST 1 o O Ot NN R E o G N DRV € LS

x8 SIEERERNEERERFYRE -
Table 8 Equivalent model for transverse penetration
of projectiles into warhead 7/
AL SERURE /mm  AAFEIBR/mm /)
IR BERISE A 8 0 90
14 169.7 He 8LS 256.2

Bl 5w 4 169.7 90

BRI AR HITALS 30 81.5 90
S 6 256.2 90 P14 SFoiuh ) (RA0) 10 B R FR B AU (20437 : mm)

Fig. 14 Equivalent simulated target for transverse penetration of
projectiles into warhead (unit: mm)

4.3 HrgtEmERAe BiEH RS

S50 I 6 S SR i S 10 £ T A SRR A RN IR, RIS (15) A (18), A 2 9 S sk 1) 2 1 £
o 4 ) B ) S AR DU T K

3 L, A M 2 YO S 5 AT R 1] 4R 400 0 R 4 o BEAY AR R, 7 AR U KA BRI FE AR |
VR | PEIRSEAL AR I AL | BB TR, WLIAT 15,

R FEAEEEYE T RFHRSEEE
Table 9 Structure table of equivalent model for transverse

penetration of projectiles into control section

K ORI /mm AIXFE] B /mm B /(°)
KA BEAFER 8 0 90
PR R 4 6 142.7 90
TR 6 98.0 90 ) X X
S 15 SR ) 42400 £ TR s o) B ) SRS (S : mm)
/i ORI 6 156.7 90

Fig. 15 Equivalent simulated target for transverse penetration of
projectiles into control section (unit: mm)

4.4 SHEEEIRYE TR FHEE
LEAT AT RBE TR A I AR A, ST 7 VAT 8 S R 16 {52 401 0 R JOORL AR S5 AR A 45 H /s IR, kAT X
(15) AN (18), i S U 1) (R0t E RORHAR (9 A58 R 2 M 3, L3R 10 Ak 11,

R 10 GFERERERYVE BRI FRERSEER 1 R 11 FEEERERYVE TR FRIERLEIR 2
Table 10  Structure table 1 of equivalent model for Table 11 Structure table 2 of equivalent model for
transverse penetration of projectiles into fuel tank transverse penetration of projectiles into fuel tank

g GHUREE/mm  AEALAIB/mm /() s SHURE /mm  SEARIB/mm /)
KA B TR T A 8 0 90 IR ARSI 8 0 90
2l 2 261.7 90 HARLAE 4 260.7 90
ISHTALN 6 262.7 90 ISHTAEN 6 261.7 90
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25, A I KT A 1) ARAY) £ TR ORGSR R A R, 23Sl WLIET 16 R 17

Y P 7 7] 77
74 ————————————————— - 4 .......... 4. . — . . — A
¥4 (A
| 261.7 262.7 Z 2607 [ 2617 f°

|

16 SR SRs T (V) L ER PREHIR Y S 8RADAE 1 (B2 mm) [ 17 Sl [l 400 £ ARG A S8 ibdUIRe 2 (FAz: mm)
Fig. 16 Equivalent simulated target 1 for transverse Fig. 17 Equivalent simulated target 2 for transverse
penetration of projectiles into fuel tank (unit: mm) penetration of projectiles into fuel tank (unit: mm)

45 HEBEEERVEEEREEFE

R AR BAT —E BHERE , (B HE L 20501 D 30°1 150°, W20 73 OS5 (AR AR R 52 1 45 4%
FLEIEUA 2350 0 30°F1 1500, 25545 BT BEARAIE, K51 9~ P81 11 S st 42490 #0075 J A o P S
SRR AL, IR (15) A (18), 5 S SRt T f 10 4235 5 e 77 R A S AU 2 R 3R, WLk 12~ 14,

xR 12 SHREERYERERESHRELE 1 F13 SHRAEERAEREREFHIEREN 2
Table 12 Equivalent model 1 for transverse penetration Table 13 Equivalent model 2 for transverse penetration
of projectiles into torpedo afterbody of projectiles into torpedo afterbody

HRAL FRURE/mm  SFRUEBY/mm ) filIa FHURE/mm  SFERERY/mm )
KA BRI AR 8 0 90 b ST ITALS 8 0 90
HliBhZR 8 258.7 90 21N 12 256.7 90
Feik 6 259.7 90 Feik 6 2577 90

® 14 SEEERIRYEMREREFYEELEN 3

Table 14 Equivalent model 3 for transverse penetration of projectiles into torpedo afterbody

A SRR /mm A5 %48 B /mm 1Hf11/(°)
KA BRsE A 8 0 30
TR 10 257.7 90

Fek 6 258.7 150

25 b, A I FOK T AR 0 R R IR TR R A A AR AT LU 3, WA 18~ 151 20,

% 7] 7

7 4 7
| 258.7 259.7

P18 St ) (R0 1 7 R R AR AR 1 (mm)

Fig. 18 Equivalent simulated target 1 for transverse penetration of projectiles into torpedo afterbody (mm)
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% % %

7N - e

% % /

: 256.7 257.7
|

P19 S i 4= 19 #0 7 J AR TR 2 A5 AU 2(mm)

Fig. 19 Equivalent simulated target 2 for transverse penetration of projectiles into torpedo afterbody (mm)

257.7

P20 S sifubst A0 £ B A B PR A ASLAUAT 3 (B3 : mm)

Fig. 20 Equivalent simulated target 3 for transverse penetration of projectiles into torpedo afterbody (unit: mm)
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