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Fig.1 Diagram of small-size solid rocket motor
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Fig.2 Charge structure of propellant
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igniting charge

BB mUKZ AR B, th TR = R R
AE IR B 1 T, PR S A 2 R B, i — i 7 I [] A
WL, M RKE A 1 ~2 ms, JF HM R E W
F T30 /0 W5 109 R 2 A i

S BE: sk 2 i ) G R AR B B 1K R
Iy 5 25 P JE a5 2 5 4 A T 3 TR AR 58, I P 48R 6 = Y
Fe Jy i BT LT 18] ik 210 8 A AR 72 10 d K R
J1 05,455 = W Ber A g TAR R I A B, U B9 d R T
JIRAI IR TR 7 V(L 17 2 R 5 G ) 4 T g e {5
o B BLG , DR O BH 1 RR B 3 1A s g e, DT 3 A
e g HLBIHLRG B, JF O 4 58 32 7E B A A ) 1] L
Ab T 58 S A o e A KBRS & R S LR R PR REAZ IR .
5 T B 22 B KRGS, AN BE 2 IBE T B AR
o MWES R LI, M KO 46 31 s ) fe e fEL 22 T8]
AL R AR R P AS B B, 1815 2 A9 IR ) e fE
37 MPa, iH5E 43 MPa. i B8 T 3R i K
A DL DR, TR RN K 2558 A gk, OF ELABBC SR — B B
BEA R

S =W BLy HERE TAER B, R K E MR TR
77 w2 A AR L I ] DA B B R — L, O B RS E AR o
SE AR 4 P ™ A B MR 5 O A A R B B 25
At TR AR LU T e R DAY A A TR R

W
g

o 2013 5% H21 4% 18 (75-79)

&



78

XB, i, BWE, Rk

A ABSEBR b BABE F N B R 7 S RE I8 B B AR A S 1
HIEET TR, X & d T F R 2 A be .
Kb g 2, iRl Zk 45 ms gE A TG @ SRR B B, i 5
£ #R 2 A 35 ms TFIA TR E MR B, T Ml e Fo e MR e
FAR R ) S 12,5 MPa, i 56 it £ 1 E
13 MPa, #&ANFaE BABe 1 I ] i & s AL s AR
W], 0 1 B By A2 8 AR IS [R] 2y 148 ms, 5 {H
151 ms, B T3 45 R 500 45 R4 5 8

B Ja— W B K S LRSS ) B B, X i T Ak
R A AR KB Z N I ) 2R R I KCET R SR
S5 TAE
3.2 mNHEIRE

KRt 2 RN G 3o BE R CHE IR R
LLMRpE SIS s At 2 o IR b R =Tt J
AW IR TR W (R S R BLR . TESE B TAE TR R &
35 20 FORAG B 8 K2, AN ] hE f Hl 2s 7 A RIS I .
AN RS HIL R TR B E AR BN, R 2 RO, T
K2 2 AU PO, 7 A R B R, 0 R S AL AR
PERESZ ] i, 25 ARG A KR H1.0 g,
PR s e R e AR IS I =A% B R T R S ALY
SEAVEREEOR . AWFFEAEHEFE A AE , W) A Y ik 2Y
1 00T 2 IBOA ) 25 £ 04T N BB TH 5, e nT LUk A
BT/ B A O R R 2 BT S R TS
2, AR B 4 MPa, [ 6 Hritg it TR R
SR AT SEE K R N 5 MPa, 5k 2 4 3 i)
L 1.0g.0.8g.0.6 g 0.4 g, HASHAAZ, I
TTNFRETTE . K 6 581 BXH 8, k2
HTE0.6 g LA FART LAk B Ay, 105 0. 4 g (9 1
KGR B K 2R RR R 45 R, R BB A RS R T )
Y= S Y N TR IR DY W S L DD K&
o, R Z R 7 AR Y R ) 6 R R R B
[i) e e, R & LR 2 T AR B (BB, ) 2, AR T
PRI TR o R S 2h X R I8 N (18] 14532 o At — 7 1
A 2P R R HESE R g TR R,

T KN/ KO RE A4 5 1

T EPE T RRBE T A A

45,

40 —o— igniting charge mass 1.0 g
35 —— igniting charge mass 0.8 g
—— igniting charge mass 0.69
—e— igniting charge mass 0.49

30
251
201
151
10+

p /MPa

0 40 80 120 160 200 240
t/ms

Bl6 RIHm kg p-t il £

Fig.6 Pressure-time curves of different igniter masses

28

244 f ---- calculation
3 — test

p/MPa

0 40 8 150 160 200 240
t/ms
B 7 0.8 g kit 50 p-t Lk i

Fig.7 Calculated and tested pressure-time curves with 0.8 g

igniting charge

HHBOARR IR 1.0 g 55K 25,0.8 g Rl k2
A BTG TR ) AR T RS2 N B, BE WG AL KR
R AL EAR BT 2K, AR K25 0.6 g AR
i g W e fe /Iy AN TR B2 R, fK 2 i 2 i
AIHE,0.8 g 11 24 5 R RE PR IE A2 65 1Y R KRB B TR
JIUEAE SCRET AL B AR BT EEOR, B ke BN B O R
S AR K2R 0.8 g 7 y i K2y il
0.8 g Wit Sl kA Hh £ . NI 7 sh Al LUE
R 2 Sl s dh B AW G, W) B 3 ) g
{H, U515 B KK 104 26 MPa, 13 € T A1 i [6] 24
160 ms; 542 1R KIE T2 27 MPa, fa g TAEm
[B] 5 159 ms,

Table 1 The effect on performance of small-size solid rocket motor under different igniter masses
igniter igniter igniting charge pressure stable average stable operation single nozzle
mass proportion density peak operation pressure time operation impulse
w; e A; P P ty I
/g /% /kg - m™? /MPa /MPa /ms /N s
1.0 2.67 29.41 43.02 12.5 151 25.60
0.8 2.15 23.53 27.08 12.5 159 26.07
0.6 1.62 17.65 21.32 12.5 163 26.68
0.4 1.09 11.76 4.41 - - -
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Effects of Ignition Process on the Internal Ballistics of Small-size Solid Rocket Motor

LIU Yun', WANG Hao', TAO Ru-yi', ZHU De-long’
(1. School of Energy and Power Engineering, NUST, Nanjing 210094 , China; 2. The 73071 Unit of PLA, Xinyi 221400, China)

Abstract: To study the effects of ignition process on interior ballistic performance of a small-size solid rocket motor,the model for interior
ballistic calculation including ignition process of small-size solid rocket motor and verification plan were set up. The numerical calcula-
tions interior ballistic performance with 1.0 g,0.8 g,0.6 g and 0.4 g igniter masses were carried out. The tests of 1.0 g and 0.8 g igniter
mass were done. The compute result and test data were basically consistent. The results indicated that: the effect of ignition process on
interior ballistic about small-size solid rocket motor is obvious for the small combustion chamber volume. The igniting charge density and
pressure peak increase,stable operating time of motor decreases as the igniter mass increases. The 1.0 g igniter mass is estimated by
empirical formula,1.0 g igniter mass brings too high pressure to motor,the value of pressure reaches three times the stable pressure.
0.8 g igniter mass meets ignition reliability and general design requirements,and the maximum pressure is 27.08 MPa,and stable work
time is 159 ms,and 0.8 g igniter mass is suggested for the small-size solid rocket motor.

Key words: armament launch theory and technology; small-size solid rocket motor; ignition process; internal ballistic; numerical
simulation

CLC number: T)7; V430 Document code: A DOI: 10.3969/j.issn.1006-9941.2013.01.017

CHINESE JOURNAL OF ENERGETIC MATERIALS

W
g

o 2013 5% H21 4% 18 (75-79)

&



