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Multi-objective constraint optimization design of rocket projectile
self-ejection based on multi-population
differential evolution algorithm

SONG Jian, LI Chao, SHE Hugqing, CAI Qian

(Yichang Testing Technique Research Institue,
China State Shipbuilding Corporation Limited, Yichang Hubei 443000, China)

Abstract: In view of the contradiction between reducing the pressure peak in low pressure chamber
and increasing the exit velocity of self-ejection, the optimization design of self-ejection was carried out. A
motor-low pressure coupled internal ballistic solution model of self-ejection was developed, physical
experiments of two working conditions with four rockets were carried out. The multi-population
differential evolution algorithm using differential strategy was proposed, “eliminate-complement operation”
was adopted to deal with the constraints in the optimization process. A two-objective self-ejection
constraint optimization model was established with the peak of pressure in low pressure chamber and the
exit velocity considering the actual constraints of self-ejection, and this optimization model was calculated
by the multi-population differential evolution algorithm. Results showed that, the Pareto front was of two
segments with different slopes approximately. With the increase of pressure peak of low pressure chamber,

the same increment of pressure led to a smaller increment of exit velocity. Twelve schemes were evenly
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selected in Pareto front and ranked by using technique for order preference by similarity to an ideal

solution; the peak of pressure in low pressure chamber of the final optimized scheme of self-ejection

decreased by 16.11%, the exit velocity of the final optimized scheme increased by 54.55%, and the

performance of rocket projectile self-ejection had been improved.

Keywords: rocket projectile; self-ejection; interior ballistic;

multi-objective constraint optimization; differential evolution;

technique for order preference by similarity to an ideal solution (TOPSIS)

KRR T S R R v R PR A A
RN, THBR TR 6T 5 Y, [ Sy A
MR T#SN ) 1. T RSN A SRR K
A A%, BT LARR A 1 B, SRR AT B £
A 25 ) R R e, (EA IR T & sh AL, DR e A
HAREED,

A 28 iR A S i SR 39 o A [ B, A B
TR EEE MR TR . DARRIR R E AZ T A
P 0 R R Ry H AR T R AR T, X B T s
() J5 2 % e A 28 X, 254y ik (differential
evolution, DE) 5.k H AT AR 2] ) 12 WF 5%, 47 551G
eV DE B0k 5 POy 2250 A 35 R E Ak 5 s ik
FTHE R, W& o AT 4 ey 48 R R i S8, B
LR 118 2T . BRSSESEY £ X DE 5k
3R fift 22 06 A0 AR AR TR R T 1 1) 22 R 1 DI SICE 7]
B, P — R RUZE D R 22y R B, e TR
AL PR Z AR AL BE 71 o Deng S5 4R T —Fp
3 HE DE 53k, B Uk kA A AR ol A AR B 43
S 3 ASFPRE, I R RS TR AN R A R
IS8, Bk kR 5 & . Salgotra %K DE
VLR AR R, IR R TR F A N AR
SR, BRI 1R R AR 045 B T

AL Bk 1 22 i He TR I 8 T HE A
fili, HATE AL TE g 12 1 F 45 780 2 & ot il
o, BT AR EE ST T h R & sl AL B B A
PR AL, A5 3 o S R A B o W B AES L)
SRR FUN BARESL T PR P A4 5 %
AL AR (5 LSl AT B = o BR ) 50
LTRSS e 07 TS AL A T I A P S A
TR e, AL T N SIE PERE . B ARAEN g sy T
A K i e BhATLAE PR e AR 2 1 P LT P AR A
R, R R AR BE S IF R AR A IS A7 ot g A
R . ARG T AT LA LA
3 A TN 22 43 E AR 0 LR, RIS BN A
s R R T RE . P FF AR B X AL S
PID 2 ${U 5 S8R A A 1) 8, 1) FH 22 o A 5 ik

%} PID(proportion integral differential) 2 (k17 %
FE, BN T KRR 2 . XD #N Tk
SIHLAIL L ST AS 000 A7 3 A Jeg () O AR A A, 3 )
PEAL RS T4 B IR B N J7 o AR 42450 Ny 1
TR R TR A IR BT R E 2R G0 0 PN L AR R 3R
AL AT B R S EEOR I AT 45 . 2R
ARSI 5T T G % A A I A% L X R R 28 TR
IFF PR BRI Y R, Y AR LR 1.46 B R B R
5 26 e /N LR SRR e P e AR o

DE Bk MWFoE SO TR HB O SR £
B, AH BT OC T K H 0 B 07 I s b
hSE A 1S AR T, AR SCE ek s A
J15RI R AP E = A Y SR E A AL, JE I R A
07 SRR S R R SR s LUK S 2R R 22 A3 ik
R, DMK e 5 He o e {1 A /N B i o iy o
e RN HAREE ST AR s 7 )5 SR FH 18 3 3AR A
HE ¥ 7 (technique for order preference by similarity
to an ideal solution, TOPSIS) X} Pareto Fij #F |- it 7%
VT ST HEY , S B D SR () 5 S R AL
s M HE S

1 SKIFERR LI

KR D SR A A 1 R,
T MR o SR A IR A BE TR, S 5R) R e
FEa JUT AR e s AU, MR OIRZS T R R FH A DK -
B D1 7R 7 AR, 220 s AR 5 B £ 22 1 4 B ) T
A, R R P G B S E ) L R BB
e 2R PN RO SR AR

REZIFLARESE Kahpl KO #ik

K1 A s B

Fig. 1 Schematic diagram of self-ejection device
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Fig. 2 High-speed photograph of rocket projectile self-ejection
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Fig. 5 Pareto front of test function
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8 1.015 43.267 0.082 404 0.099 348 0.075918 0.257 133 0.772 1 3
9 0.794 37.549 0.064 462 0.086 221 0.074 503 0.272 507 0.7853 1
10 0.623 32.358 0.050 579 0.074 299 0.079 548 0.284 847 0.7817 2
11 0.439 26.244 0.035 641 0.060 260 0.090 153 0.298 751 0.768 2 4
12 0.317 20.323 0.025 736 0.046 665 0.103 203 0.308 347 0.749 2 5




% 6 3 RS ST LSRR RS TR B R 2 AR AR BT 1523

R4 BNEHRLULATRNSH

Table 4 Parameters of self-ejection optimization scheme

Dy/mm 14.4
R, 4.89
L,/mm 180
n, 4
n, 5
D,/mm 19.4
LJ/mm 200
D/mm 200
Li/mm 500
L/mm 1997.4
m/kg 40.01

R5 MBRARSMUTRERL
Table S Indicator comparison of initial scheme and

optimization scheme

S8 LAY U R S AR %
Pina/MPa 0.946 7 0.794 2 ~16.11
v/ (m/s) 24.296 37.55 54.55
pJ/MPa 75 145 93.33
g/ (kg/s) 0.75 1.85 146.67
t/ms 1342 109.8 ~18.18
L/mm 2000 2497.4 24.87

Z HALEH K, NIt 7 E LR E R p, A
TEIR B, VEAE iy TIFETE N 16.11%. p 19 T RS
AR BT 32 35 1 FOsON, B2 S n R e
T3] P32 Bl IA] 2, 450, DS SRR A g 99 o i 0
T v BT 32 1 S b i /N s R R SRR L i K
HAI0 T HE A SRS, R E BFSAAR S m,
(U /N, T A AK Ty 28 A i o FR R B v, (A

o

=, BEE R 54.55%,
4 4 it

RIS T A T R S PR = A
SE R I T T A S e S, LA
J 28 S B8R WL oy VTSR S BT S BE v, i AR R
SEARACKERY, SR I Z2 B2 H AR 29 522 73 it AL 53
LT RS, EELHET .

1) 7 55 P s A R R R Al A5 S
Bt 0 — BOvE B, BB LS B Sk 26
2 HARAR ZE 0 B T B AS 2) 1 & D e
BB ELSE Pareto RITHY, 3 A SO MEAH B SGIE
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o) 52 R R[] 1 T BE R DX [A], 2 ppey B/,
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3) M F R H %, R TOPSIS HE 7 215
21 A J7 550 L T S AR R S R SR pias
TRE 16.11%, SRR 6 3 B v 380 54.55%, F J)
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