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Study on Center Tube Type Static Dispersing Simulation
Technique of Submunition

XU Shenggang, CAI Rushan, LI Jin

(The Fifth Electronics Research Institute of Ministry of Industry and Information Technology, Guangzhou 510610, China)

Abstract; Taking a certain type of submunition as the research object, its internal ballistic mathematical
model during static dispersing process was established based on reasonable hypothesis and classical internal
ballistics theory. Random Lagrangian euler ( ALE) algorithm and finite element method were used to
conduct numerical simulation of the scattering process. The change law of acceleration, velocity and
displacement of submunition was obtained. The optimal design of the central tube type dispersing system
can be realized to obtain the reasonable submunition dispersing motion parameters. The model is also
applicable to other ammunition using the central tube dispersing method. And combined with the
submunition dispersing external ballistic model, the full ballistic mathematical model of submunition during
dispersing process can be established to analyze the full ballistic process.

Key words: submunition; static dispersing process; internal ballistic; motion law; numerical simulation

2019 %5 A

doi; 10. 11809/bqzbgexb2019. 05. 007

TEF R AT S FE R, T RE SRR SR T 50 8 K
Moy —" o FRTRH AR 5 A MRS R
AP oS Hod, s SRR SN B A iR
QLR T2 H0IE R AF A T2 MR . SE [ ) MLRS
K ARG PO AR R 3 e B BTG 644
T PAETR S HES 14 AT 32y, Y B HESI 7 AT

WeFs HEA 2018 — 12 — 09 ;4 [E H #9:2019 01 - 15
HEWB 2548 kRIS 50 H (51305040401 )

21y, 15 H 2 R P SR ik 1 R A I 5 I P B, A 5 L
A o R BRI, RS
[EISEERT, SRS, oh i B I B s re i, BESTe ik
BAE ST A o 1 118D E /S NS ST = = W 1 1 @ W K
T BRAR R BRI A 25 3 T R 2 A I M 1
A o SRS RG IR T2 R A BT A S|

VEF BN VFHERI(1987—) , 55, 1 4, TR, B2 F IR S HORBIS



R

30 EBRXEIRBRBFR

T

http . //scbg. gks. cqut. edu. en/

R SR AL 5y i e PR AR AR e KWL R L5
XL S ST A IE K o DR SR OB A S AR
() F 2 KRR . F B R R AR A B T
— Rl AR B 2 R A TR O RR 5, %
Hfile 2 G AT AT T AL SACRE BRI RIS T 5 SO s i 7
BONOTEE A AE PO AR BT T, AT RS
FWETE o3 o o i AT 5, T L s O A
S B RPN e 25 4, BF 5 7 54 24 £ il filad At vh R 2 9 5
230 T 2 B i S AT A, AT 5 24 A R R B
Moo FRT, B O A U S O DF b . A
LT TSRS A P SR AL, o G A O G AT T
RUERAUDT I A5 1T 7525 P sl i R (1912 322 S AUE L
pIKE S

1 HEEfEE

N 1 R 5 B S A AR T A4 2 L TR o B
B 2 FC A BE BB BT ORI, TR T o2 R R
PR G T RF 5T R R . B ICA 1 30 25 O B LL B
SN 2 Frow, TGRSR 1R R ACRER DU
FRAE o IR HES 7 B3R SR IR AN TE 3

I

\

\\\\\\\\\\\\\\\\\\\\\‘.

A1 #5RBNGEME R

¢

T

- T

B2 CREA TG LY

T

A3 FEHRZATZE(YHA@)

L2 R ACR 25 R A . P02 A R R AT A A
Gk R AR AT 2y . SR T 2 RS R R AR R
1, GG TSR DA IR R T s Bl BT R
PGP . PO, TGk AR, SR L 25 A
PRAZY , 40 A2 R B T I T s e e T AR, A P 1 A
i R A AR B 14 R i 5 B A PRI, oo 25 R 2 2
(PR U4 T 25 B IR BEsoe A . B B2S ROk be , B i
i N S AW, 5 3 2R B BT BT TR R, R 24 i
BReYH. BJG , T2 TE 248 il e R AU
VER N B AR 10 [ DY o 3, f5e 281 52 ORI B

2 FHEARBSHEANEERFRE

2.1 NBEITEREARIZ

TN S A R R A2 1 Al RE R A T
LYBRER SRR %l R AR W AT, D U7 (A S A T e A
R RBE

1) A2, PR b s AL JLAT R o s 1, 7m0 A X A
ZYRBRIERRR B RARBE K 25T PG I R B
L BT 2N JE 7R T T B HE RO T R

2) PRSI TR DUR T B, K25 7 AR HER
SR E RIS ARG K 2GTE % A XN 3 253 704, 484

3) L 25 I T ) IR B R Sy A RE T b
1] [ I KT, 56 25 32 Sl B %) R — AR L, AN 25 i T i
TR Rl 1) T R AS ) B b, A28 O 25 A B X 380 2
BB U5 T8 T2 5 KUk AR s s, BoE T
SREGHRNT B B i E R T T A A, 28] 0y
A T HpC 278 DN AT , X 5L A g TR AR B A [ A B A
RN, AN L s T3 A 265 1 #8 Sl A R

4) KGR BRI UARR R ORIBIE, B 124
BB LA EE T IR EE I BB KRB IE
2.2 WEEHFEE

MR 2o i S 22 S PO AR S 2R BE T R D

dz s <y
i {61 (D
0 z >z,
BRI R R
xe(l + Az +pus) z<1
1/1={Xz(1+)(z) 1 <z<z (2)
1 z >z

K(2) e 2 IS EARIRBE  uy A2 SR R R,
ey ARG HI RIS B — 2, p NV I T, ¢ S iz &
KAETIXEE x A s N HEZS T AR B AR AE 5L, 2, D 2R R e
LA AR CARIE L n SO AR TR R

Amw=m[n—f3u—w>—&w1 (3)



VERER] 5 FHR 5 0 X A e AR AR 31

) SRR KT, 0 NG 25 B i, p,
R R T, Vo A R p N2 RE B K 2y
é‘%go

ER L LB VIR S S|

(P = p)S = guNim - 0
TR AR K
ds
A (5)

S (S) Hep, JBESRTEIRXS TSR 25 B I T, S A2l A A
FEE, oo NHEUT R B m A TR TR, N T
SRR s TS

KEPTRBARPIREREE N

E/) :Plv()_Plﬁpl[%(l_‘ﬂ) +B“"/’J (6)
K(6)H: @ FRAURTRE IR
T EhRED
E, = %%vaz (7)

() H o, FRENFREL
Bk IA] KGR RE A B S RE B
E = o.fop (8)
REHESTE TR
E=E +E, (9)
1

efoy = pVy - pro [%(1 ) +Bw¢] + %QDZN”WZ
(10)

(1) ~3(5) F(10) BRAZ 44 BT~ 58 24 ff A Al A 9
TERARR

3 mSHEIENRE

3.1 MBEHFRE

SRy B R B SR AN T S AR
X SR G HARCH B T A R AR AL, 20 L b R AR EE B 4
Ay, ST H A Sy OB, AT 4 s

B4 EEH TR ey E iR S # S duiity AR

TEIAATL AR, 324 1 L 2598 S50 SR P 1o 25 S P B
TSR RS R SO B IR 1 IR 2 s’

A1 FEGERAK

i A4 ik

P 7.85 x10° F B EE/ (kg m ™)
E, 2.1x10° MR AEF/GPa

I 0.3 AN

o 8.0x10"" A48 JB IR T

E, 7.03 WM& E/GPa

Bi 1 AL B3

S 0 L& o

A BAE FiE

P> 2.7 x10° s 25 ek g A/ (kgem )
E, 70 Hy K3 PERES/GPa

Mo 0.33 B AL

o, 8.0x10™" A1 %5 JB AR L 7y

E, 7.03 %42/ GPa

B 1 ARAL & H

£ 0 kAT

K e R A R R R R £ P 22 T O A T AR A
AT o R TR AR 2 R 2 R S O R
SRR

P=Cy+Cpu+Cu +Cpu +
(C, + Cou + Cu’)E (11)
yu=1/V=1, KA W, G 2 G RE TR E Ny
FAIRTRNBE, V AR, X Fas SR, C, = C, =
C,=C,=Cy=0,C, =C; =0. 4. 25 FER py =1.29 kg/m* ]
TRAEXHAR V, B 1,
3.2 (hE&EZ

HBRICAATH, T8 K ) 2% 25k A Lagrange 7%, 1
TR 125 2 R A Euler J5 3k A0 R 4 [n) R, 77 22
8 P — b e & 70 il B8 12 A 5 M 58038, B Anbitrary Lagrange-
Euler ({F 2R BT H - 57325 fiFR ALE 51357, Fkzy
ERAS ARG ARV R o0 2 45 R A 2 R 58 L T R 2 7R
WA AN B B e R SR B, 2 — - Y 1 7 i
A TR, R, 1205 L R R T ALE 353,

TET 25 P07 B, B2 A SR T R ALE
ZHOBMARTT , A2 A A [ 28 SO 7S, a8 KM AS R
FHHS ALE Z 860 BHA R IT, 0 2585 R Al 5 50 0T 9 4% 4
4 KA IR I S AU Euler S, T#ZRH La-
grange B0k SR EARICR] /3. A0 B R ARAEER
SHOF DRHIE B R O
3.3 hERERESH

FIFH ANSYS/LS-DYNA S i #0155 8 39047 45 (E AR H0L 05 2L,

Hrp
=5



R

32 EBRXEIRBRBFR

T

http ://scbg. gks. cqut. edu. en/

WE AT BT ] R 5. 4 ms, 15 8]F A EGL & A
Zyia gL, Wi S ~ B T s

9 10
g b
Tt
. 6F
B
Q 4 F
« 3t
] 2}
1k
0 . . . ; )
0 0001 0002 0003 0.004 0.005 0.006
/s
BS5 FaHimit )L
60T
501
e 40
g 30
oL
el
10 +
0 . . . . . ,
0 0001 0002 0.003 0004 0.005 0.006
t/s
B6 TFishit)iwk
0.15T1
0.10
£
@
d 0.05 F
0

0 0001 0002 0003 0004 0.005 0.006
t/s

B7 Tt

A1 5 AU H RS A28 T T AR 57 (R S A D 1
LR TGP LRI 2.1 ms ZHTBAT RIS
TS , B A2 RN, e K H R 8.5 % 10° mv/s?, 2
J5 T SREGNIE R R, e B O BE 5T 1A A A R A X
T2 I A B MR K S BT 1 5 2 T S AR Y
AR BT Pesh

HIEE 6 FTLAF AL 2. 1 ms ZH, FRZGRRAGHIE, Z
JE TR 2T B RTINSl T2 M 52,5 m/s
TGRS, T2 A 50 ~ 60 m/s

HIE 7 ATLUE A 2. 1 ms 220, i T RESRFCIRA BT,

FIAAR RN, AL 2.1 ms Z 5, BEBSCRRE S, F 02y
TEHUAZS ) WO R 32 A B 30, il 24 T 0 2
fhf, 75257 137.5 mm i35

4 s

M AR S N7 49 A I R R RSB 7 07 12 , AT S RS
H A IR SR A BT, 752 P 75 2209 1 5 25l fifs
JE o AR SO Y 1 5 2 e 2 0 AN R T R R X T
o P O A 59 28 R RO o I Y 5 T S 24 4
RO HGEBERIARZS & , Hl 7 52 4l A4 SE B R, al
Xy 2l A S R EA T A0

Sk

[1] #hXje, ik, F &L FHEMRBABEEEERG A
[J]. % T %4%,2006,27(5) :797 - 801.

(2] &AM 5 MEAME THERIB AR AL W5 T
Faur A[D]. 7 RHE I K5 ,2003.

[3] ZEAR,EAZ, BRXLMEHFBETFRLERMALLE
WHAFFITLT]. A H A 2000, (2) :23 -30.

(4] Z&, a8 B8R 7B EFX T8 8T yanst
AR R F[T]. KT 53R,1998,19(4) :301 -305.

[5] &F, & M. FF@8 6T HRERX i
AR FAEA A[T]. B T 3 4R,2009,30 (12) ;1584
-1590.

[6] HALLQUIST J O.LS-DYNA theoretical manual[ M]. USA ;
Livermore Software Technology Corporation,1998.

[7] TAN Dacheng, YUAN Zengfeng. Cluster Warhead Disper-
ding Technique and Its Interior Ballistic Calculation[]].
Journal of Beijing Institute of Technology,2000,9(3) :273
-277.

(8] sk, JparAl, & B W, 4. T8 # 0t A2 HALAL N
BRI )], 3475 %) 59k ,2004,24(4) :317 - 321,

[9] #&ueix, & F. ANSYS/LS-DYNA 3 A 44 F ik 5
TAREA[M]. LT F B AR Kb b gk, 2006.

[10] Epigshy, ERI. T4 & & Xyt 4 A[T]. 5
At A ,2001,29(10) .59 - 62.

[11] JZAHK,##H, £ £. LS-DYNA 22 5 £ ¥ 347 &
WHE R AL)]. EiEsE,2003(2) 33 -37.

(EEHE AT



