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Table 1 Some computational parameters!'”’
Vy/m? k a/m’-kg™"  p,/Pa ®, T,/K
0.023 1.25 0.001 101325 1.12 298

Note: V, is the charge room volume; k is the specific heat ratio; « is the gas
residual volume; p; is the local atmospheric pressure; ¢, is the drag

coefficient; T, is the propellant ignition temperature.
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Table 2 Relevant data of simulation and measurement

1

P / MPa Vy/ mes”

exper. test erro  exper. test erro

working condition one 210.4 211.6 0.6% 623.0 618.4 0.7%
working condition two 260.0 255.3 1.8% 760.0 769.8 1.3%

Note: p, is the maximum pressure at bore base; v, is the muzzle initial ve-

locity of projectile.
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Fig. 6 Comparisons of pressure at bore base and pressure

wave in bore between simulation and measurement for case 1
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Fig.7 Variations of related interior ballistic indicators when full-variation 0# and 1# charge firing
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Table 3

tors when full-variation 0# and 1# charge firing
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Simulated results of related interior ballistic indica-

class p,,/MPa p, /MPa v,/m-s" Ap, /MPa Ap, /MPa
O# 404.1 360.5 887.2 -24.9 50.0
1# 255.3 228.8 769.8 -12.3 18.6

Note: p, is the maximum pressure at bore base; p, is the maximum pres-

sure at projectile base; v, is the muzzle initial velocity of projectile;
Ap,, is the maximum negative peak value of pressure wave in bore;

Ap,  is the maximum positive peak value of pressure wave in bore.
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Fig.8 Variations of related interior ballistic indicators when reducing-variation 2# to 6# charge firing
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Simulated results of related interior ballistic indica-

x4 AL
Table 4
tors when reducing-variation 2# to 6# charge firing

class p,, /MPa p, /MPa v ,/m-s" Ap._/MPa Ap, /MPa

2# 289.7 251.5 643.5 -78.7 105.4
3# 196.7 170.3 566.8 -43.9 60.5
4# 138.5 134.6 497.6 —24.5 30.2
5# 107.6 103.0 413.5 -9.1 7.6
6# 75.0 72.9 311.2 -2.1 2.4

(&1 8F) 3594 JIT I A , A 58 5 3 Al 245 32 ) A0 B T e i
{FLRE 5 25 2 1 20, 455 24 400 B I 200 7 B P9 o0 A B =5

(1L /], ST T A R 25 R &, 4% 5 2 25 9 B )
2 25 B AR SR AR 2 T L 24 R ek T Y B
(] DA 2z 555 24 19 o T AL /N, oK 24 R0 1 IR 2K 25710

CHINESE JOURNAL OF ENERGETIC MATERIALS

AR e R RE S /0, BORE K 24 10K b iy 40 i RS s g (T4 8a)
5530 e 70 A2 A e (L 8b) A X X4 BT i) , 4k i 2k
25 UM D B UL A s B A Al i 1g (151 80)
JBE N B 225 A ) T g A 2 Y I R] A5 F R ek
(1 8d) , DA b de 28 3 SO IS S KR 75U e R
SH KU 11 A0 3 L % Bt PAY s 7 Q8 0 fia) D T[] 90 08 5 24
RO R /N (K 4) o AL IE R TR S 2 2 A N A
HR T B JE BRI ) 2 24 S ] AR BE DAL I Sk 6 2 24 i iR
Js 3 18 W (AT 22K T 9L I g ) U
413 AREHBHSEHFRREMRERERSFT
LR O# 2 6# R ST BRI G A RORF , oAl
FAEAAE AR T  R] T 445 3 24 TR S I B A
B Frg R T AL 1 40 38 2L R B A s g 30 e K A 1]
I IE i) 352 DA T 5, A GF BE B9 DR /N 5 &R e 5 s, JF

N XK XXXX & XX A& HXX#8 (1-14)



10

SRR, T AR B Bk S0 XIS AR

RS OR[ERE 25T A6 Y BLEE 5 AR 6 H
Table 5

for different charge numbers

Comparisons of relevant interior ballistic indicators

charge number

indicator

o# 1# 2# 3# 4# 5# o#
P 13 2 4 5 6 7
Parn 13 2 4 5 6 7
v, T2 3 4 5 6 7
Ap,, 3 5 1 2 4 6 7
Ap,,. 3 5 1 2 4 6 7

Note: for each indicator, the numbers from 1 to 7 represent the ranking from

largest to smallest.
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Analysis of Interior Ballistic Performance and Launch Overload of Image Terminal Guided Projectiles

CAl Can-wei, NING Quan-li, DENG Hai-fei, ZHANG Zhi-wen, LIU Li-wen
(Army Academy of Artillery and Air Defense , Hefei 230031, China)

Abstract: To accurately analyze the interior ballistic performance and launch overload of image terminal guided projectiles, the
connotative essence of the firing with different charge numbers was investigated based on the characteristics and working princi-
ples of the adaptive launch platform and launch charge. The interior ballistic two-phase flow model for image terminal guided
projectile was established, and its rationality was verified through simulations and measured data under two different working
conditions. Building on this, the evolution laws of pressure fluctuation and projectile motion in the bore of a certain type of im-
age terminal guided projectile with different charge numbers were analyzed using the verified interior ballistic two-phase flow
model. Furthermore, the launch overload characteristics of this type of image terminal guided projectile with different charge
numbers were studied through the established engineering calculation model of launch overload. The results show that the rela-
tive errors of the maximum pressure at the bottom of the bore and the initial velocity of the projectile between two verification
conditions are less than 2%, and the variation laws of the pressure at the bottom of the bore and the pressure wave in the bore
with time are highly consistent between simulation and measurement. The internal ballistic performance and launch overload
variation laws of the image terminal guided projectile with different charges obtained from the verified model are consistent with
the general laws of the actual launching process. The relevant research results can offer reference for the overload proof design
and optimization, and failure mechanism analysis of image terminal-guided projectiles, and for the development and application
of other related equipments.

Key words: interior ballistic; pressure wave; numerical simulation; image terminal guidance projectile; charge transformation;
launch overload
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INTERNAL BALLISTIC ANALYSIS

According to the structure of the gun-projectile system and their interactions, a refined two-phase flow model for interior
ballistics and an engineering calculation model for launch overload of image terminal guided projectiles were established. Based
on the validated models, the influence laws of the cross variations of charge type, quantity, distribution in bore, and the free
clearance between projectile and charge during the adjustment and transformation of the propellant charge, on the interior
ballistic performance and launch overload characteristics were systematically analyzed, providing theoretical basis and data

support for the design optimization for projectile overload proof.
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