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Underwater Shaping and Damage Effect of Shaped Energy Jet

Rong Xin, Liang Zengyou, Deng Dezhi, Liu Yang, Lu Yongjin
(School of Mechatronics Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to analyze the motion law, shape change and damage effect of the shaped-energy jet in the water
medium, the numerical simulation of the shaped-energy jet formed by the shaped-energy warhead of the cone-shaped
charge-shaped cover structure is carried out. Under the condition of considering the hydrostatic pressure, AUTODYN is
used to numerically simulate the shape change, velocity attenuation and penetration effect of the target plate when the
shaped energy jet penetrates the water medium at 1 m, 10 m and 50 m underwater, and it is compared with the jet formed in
the air at the same height. The results show that the jet head will accumulate obviously as the water depth deepens; the
velocity decays linearly in the cavity and exponentially decays in the water medium; under the same explosive height

conditions, the penetration aperture of the concentrated jet in the water into the target is larger than that in the air.
Keywords: jet; hydrostatic pressure; damage effectiveness; warhead design; numerical simulation

0 3l8

RS B 25 E — i 5| 0 e, N 2 PR AR R R R
N, MBIEFEAREER TAME F, 2R
DUAR /= O B RO B 2R 1 S, A R TR R— N =
SRR IO =g =B /TS

S ZEMRE, BRXT RSN RA
T Rk . 3 g U S v T R 1 R A
SpEEE M, TR MK I EZ SR, 18
T e A A R AR v R A A B R 4 %
S gk i o 25 U i MO 07 BURE AT T A AR A v 4
R, AR S AE A RN (SR K) AR AR
(At FE, 8 KA T 24 S S 3 7 2 B S 1 42 T
B A8 S 3 5 O O 4508 o 5 ) 4 2 3 i 3t
U945 7 24 B EE 2 A0 0T SR I T R P 3 R W RO
rId 25 T B S R T A AR v B . SR
2t 3 3o BRAR 45 & SRR 1 5 VR ST T S AR 4 1) B
B PR T . ER AL T — & AR

s BH: 2021-07-11; €EBH: 2021-08-22
HEEWME: WA AR FELSDE (201801D121107) »

X R RE R LR K A H bR IS8 R AT T A
e B K e ol Rt A A R B k. A SR A R
MR S50 B4 G EAH SRR
fof B2 UK Bl o U 50 A 72 45 ) s o S A 1 3
T 3R 28 i

EHFT AUTODYN B X HE A 24 7Y B2 25 )
(17 5% B R S 30 A Y R R S IR HEAT T BUE 15 R
L, AT T A FEK RIS T X 8 B g &
A BRI R, IR R R R S AR A R
18 B A I B ROR AT T HUE AR . TR RS R T
K H R AR S B R RS
1 JUIEREESHERE
1.1 JLRB AN

REEH L 2 g A E 1 s, Hk
L EAN 36 mm, SFEHKE RN 45.2 mm, 5ok
JEREN 2 mm, 245780 5K H S5 BE LK 60°HE 1 25 14,
BEJE KN 1.8 mm.

fEREA: B F01996—), F, WA, Wik, NFBELGTREBGHEAPI . E-mail: 1352130782@qq.com.



8- LN KX %40 %
45.2 mm Material Location
- > ¢ Void
7 Z 7 7 7 7 7 7 7 7 |\ WATER
% AIR
| + + g STEEL 1006
L+ + ~ COMPB
1+ 3 o é cu-orHC | ™
¥ Of S (b) RAE MR FI2 M= A b IR0 A PR TAEA
L N
1 + © B3 Bkt HERHOAERNRPERAERTIRE
1+ 12.2 CEL &%
///////////I Y

B 1 BBEEERSHER 2 dEgsin
1.2 WEHRE
121 ARTHEAR
I T SR A S 3R o Bl BR 5, iR T L
), RF@# 12 B8, H, ReedeZjizH B I
2y, ZiRLERMSRLE R, SRR AT 1006
B, FEARJE 4 mm. HEICERME 2. 3 fiR.

Material Location
Void
WATER
AIR
STEEL 1006

cu-orHc I
(a) FRAE IR - ERAZ 0 KA IR 64 A PR T AR R
Material Location

Void

WATER

AIR

STEEL 1006

COMPB

CU-OFHC | ™
(b) FRAEMRF3RAZ B E A0y A TR T AEA
E2 BRI BERYFENTRNBRTERE
Material Location
Void
WATER
AIR

B BR P27 4% B H 59k (CEL H3k) i
NohPR i, % 77 ik i KR 5 3 57 AR T IR iz A0 4z 4
W1 H SR ARTE I GRIE, 75 20 BT KR T 0 4k A0 56 g O
TR B dE s RETE ) I B B R A

% % K 4 CEL 53k i K 24 i b 3 1
AUTODYN HEAT BB 73, 45 il 8 37 I A A ] A 455
B AR (8 7K R 245 51 FH BR Bz B 6 JEAT B4,
DA BH 1 76 S04 R0 24 77 A K78 T I B0 0 I s K A W
A FRLAS B H oo Bl R GRAk . #EAk) ., A
I ]R8 A S Ak R 9 [ AS ST
123 MHHER K EESH

AUTODYN % fF K MR & B F
Polynomial (Z I X) KA #ELE Shock IRETTIE 2
B, PR 2 T 2O A O R ATl A 1 B KA R L A
RE R IR A [R] 7R B PR 852 /K 3 ) /K FE 77, BT AR
Polynomial IRZ /712 .

FKE J1 ) — ik A O

P=Pytpgh.
{rf Py NKTHAR B RS H, B 101.3 kPa.

FIH 7K ) Polynomial IR 725 77 F2 25 7K it i A~ 8] )
Bk s AU, DU R KR IR 88 . R [ K IR 1
FoKIE mE 1 Fros. KM H MR kA
AUTODYN %4 [ 5 4R, AH RS 2 A0 2 4 L
* 2.

=1 TRKREEKEN

STEEL 1006
1 111.1 396.785 7
CU-OFHC
' 10 119.3 711.785 7
(a) FRALIRFERAZ MK F FeAr 6 A FRTTAE A 50 591.3 21117857
xk2 MRERRTESY
A KRAEFA 3R AR % & /(g/em’) WA E /kPa JE R B /kPa
7K Polynomial 1.000
TA Ideal Gas 1.225¢-3
1006 4R Shock Johnson Cook 7.896 8.18e7 3.5¢e5
B %% JWL 1.717
£ Shock Steinberg Guinan 8.930 4.77¢7 1.2e5




11 W

A RS RAEHT UL KR R R S ROR <9

2 MEZRSSH
2.1 BREESHREKPRERIEHNEHME ST

3G T A EIKER KA T SHRAE 204 25, 30,
35 1 40 ps MITEAS, FFH44 0 7 X A 2 5 37t 7 2
S ME BB UAE ST .

20 ps A7, SHIAE A I T I A R, A [
IKIEFEAE TSRS SE2 SR R H RS
AR, FHAWEZEN. FEE SRR
TN, SISk A B B HERL LR HL A 45

R AL N, BRI RAR EEAE R R B 1 m KR
AT SHALLE 40 ps T REUN P E,  HORIKIR
PR IR B RN &, HBEE KR WA R, o
ULk AR O HERR S N . 5 A I s SR AR L
KT HRAIW RIS B8R, FEER TR E
Ak, BEAIN, BERAEIE BN R b2 BT T
B B B HERR .

R4 gy th T AR ZIAS R 00T SR A0 Sk 0
JEE B o SRR B S 0 P A AN R AKUR A N A2 S
o I I (1] 38 Al 1) R — I (8] B A0 1 4 B

*3 HANZREFNROME

KR /m

B 8] /us 7 m 5 = A
20 e - -—*—— .-*_ .‘.*_
25 —n— - et —— i —r—-
30 - E—— « et —— . . - e —— - .
35 e o—— - = + e > + R —— -
40 - e e— - - e « gl e —=—: - - e P—— — -
x4 TRNZISFRALITEE m/s
. KR /m e
B 18] / us : 5 = A,
20 42474 472513 42602 43524
22 4025.6 4062.1 4042.2 4350.6
24 3.868.0 3.880.8 3861.3 43458
26 3797.5 3728.5 3790.6 4343.4
28 3653.1 3679.8 3632.4 4339.1
30 3504.0 3568.9 3515.8 4335.1
32 34495 3429.8 3467.0 4330.1
34 33312 3414.0 3377.7 43247
36 3208.0 3281.1 3289.4 4319.4
38 3164.8 31828 32223 4316.5
40 3.060.2 3169.5 3183.9 4313.9
4400 co oo oo BREH A o ST UALTE A R EE Z0AS [R) AR 2% A 1
4200 — WA ZIEA K, B RMEAEIT 100 m/s, kH®H K
— 1mkE e e o e i .
4000 F No. | eeeeee 10 mAKE LA AT RE S AR Sk W . ERTE G,
> ——= 50mKkE
£ 3800 —— A 2.2 SHRIEIRAEG R O
o~
5 3600 I B B TR A R S S A S . SRR SR
3400 HILPPZE RIS, BEAE MFAFEEE R, 7= A4 o
3200 FEWE O SRR SR SE M ETIZE 3, B O R AR
oo N G BURE IO 6T, BRI 4 LKA TR T
20 25 30 35 40

B/ s
B4 SHRASKEEERER E T L
M EEHRTE SRR A AR R R
B S /)N T A [ B[] R S 300 78 K A (1 P 3 ek it . 7
20~24 us W HTIRAE 2 e 8 B, A E KR SAE T i
TR R k. 2 J5 S EE N K R T GG R A
IR, AN TR 7K IR Ak 555 3 P Sk 30 3 88 7 A 1) 6 4

H, M RREE IR R, IR AR
AWTHE R, B 2T R 5 P s B A S R T

(a) 1 m 7RI AL A7 AT Fe AR 09 B R 3 R

(b) 10 m K IF AL S 37 3 Fe A 69 3 IR AR



« 10 ¢ 2 Qe

40 %

(c) 50 m 7K IE A& S i 3t Fe A 0 Bk IR A R

(d) =& P H IR ag IR R
B 5 BeedhRst R mIRsR

W AT SRS SRAE K T B AE 2SR rp X HE
AR RE BE K, 7K rp B A2 7 78 2 R L AL 4%
BBR TSP IR . 32 B2 R K b b 38 1
50 B B K T AR e B R A, HLAE I AR
Ko AFEKIRFAT, BEARIN AT RS L AAk AL AL 4%
MEAK, BAEBELE S Pir.

£S5 WRILE
- R A KR /m s
1 A A . o = A
¥e i E @342 K /mm 13.24 13.92 13.52 13.18
¥R W @32 K /mm 15.65 16.88 16.69 14.20
L4 £ 44 /mm 2.41 2.96 2.17 1.02
LBEMA/ KSR 0.07 0.08 0.06 0.03
BB n] 0. 25 A I B AR A 2R BE S R AR A % (3£ [J]. KX 25 53R, 2008, 31(3): 15-19.

fEH T I BCEIFLAE 0.03 B BAR T /K A i o 4 i 1= 40
HUHE T B FLAZ 0.064 0.07 A1 0.08, AN [F KK 4
RN ZEAEFE AR, i B S A0 12 180 A 0% 1 3R 8%
5 KRR SRR K

3 HERIE

28 18 AR ALY S R AR K A Jo ) I R B
Lt SEAR (0 S O i RE AT 1 0, FRAESE RAR R
FMT, BERAPHRNEE K ROR AT T X
oo & B0 H o A5 B 0 T 45 i

1) 5, RS R K B
e, HERE A R e R, BEE KR
s AP R = EIN

2) TR RE SN UL AE 2 M R Sk O R A
B, AEIEN TR BT i Sk B 3 P 2 i O A ek HL
AN TR KR A 0 S5 97 Sk 748 3 B AE [R] — I %) 1 B AU
(M LNl 4.

3) SR WK SRR ) FLAR L AR AT 2 A A
BRI FLAR K, AN TR 7K R PR A A 25 A oF S 42 A4 #E AR
{1 85 1 RS A K

B Mk -

[1] Ko, Frk. REKHEHKRELES LRGN

2] K&k, TRE. LA HFR T AEKFIZMEG
Hral]. L WE T KFFIR, 2011, 31(3): 262-264.

[3] Sexi4h, 4=, BF, . BAHARKFPEMITHG
EEA R[], %I A%, 2015,30(1): 111-116.

[4] %t th, FXHh, FEM, . HiEEmKEER R
oy 2 e AT R [J]. A s A AL, 2016, 24(3):
213-218.

[5] ZkA, AR, e, & KEsT%AG LR A LR
BF7[1]. P BaX, 2018, 44(10): 89-95.

[6] EKA, AR, Lip, F BALSKESLEHERBE
R TFIRIEER T e A5 [1]. AsA0 A F, 2018, 22(8):
1001-1010.

(71 EZKA, S, AR, . BEALEMEREESKT
JRXEAVE BT 64 S5 AR R[], B LS b &, 2018, 38(5):
1145-1154.

8] &%, AA&d, Kak, F. KFPRERTHREGRE
B A &6 AR S R B AR []]. &5k, 2018,
39(1): 38-45.

[9] 113K, Hdih, THA. BYEF EHAB KL
[M]. b7 T3 T K5 d 4k, 2015: 31.

[10] A& F, REHK, BHET, F. KTREFFEAAE
BR 3 8 FARLRE MBE R [T]. MAS A AR, 2009, 31(2):
134-140.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


