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Fig. 1

pre-grooved gun propellants with different structures
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Fig.2 Schematic of the extrusion mould for preparation of the
pre-grooved gun propellant
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Fig. 3 Schematic diagram of the combustion process for the

pre-grooved gun propellant

W) 20 30 35 4 S T, RDAET IR 245 S R B I 9 il 25
Ja P RS TE 25 2 — N R be o B . ﬂﬂ@%ﬁﬁﬂ“ﬁ’]ﬂi
Jid T o R e 45 3, 2 5 3 I B .
2.2 kR FER
2.2.1 BEARREIE

B & S 25 WA ELAR 50 5 o DA d,y, D M d 3
7R HE— I 2 ) AR 5 Z0RE AN ECR n, 2008 U T 1) 3 4
Oy A s Z0RE K R a=B(Dy—=d,) /2, mm, H i B £ R %
R o A OIUJRE (9 L 91 5 220 K57 6 Ak R 220 v
A7 3 [0 B BE B, b=a(Dy—=d,) /4+d,/2 F R, BT
S, 2407 B R R «=1, FoR 2R o B N AR ik
BRSNS M >, <1 4351 3 BT Z0 A8 ) A0 Py )
# ;% B BRE B x=D,— D=d—d,, B mm;

2) %K T IR B AR A AT R B e
T A2 TUART A e 7 1

3) AT i T AR BE 5

4) X F Hl e R AR T A AL B R AT T, B A
PR 7

5) BRI 5 8 BE R B IE He B R u=pep, Hou
KK PG LRI, em s s R TR B, p Ry SIS R e
& 711 ,MPa,
222 EMRENSH VERITE

WAE BT A3E WIIE L W=m /M =V
X HHATHES ot mu ARSI, g m oy
F RS R, g Ve N RS E IR EL, cm?;
Ve N RS RIR R, cm?,

R TRTARAT S AXHN H S B2 TR . B o> 1 R 7
] SMI S B B AE B0 A 3 A5 RIS 8 4 A FRBRAE

RS T x=e,=(2b—a)tand/(1+tand) ; 5 7 15

DK‘Z&/ Vﬁ}%ﬂ

CHINESE JOURNAL OF ENERGETIC MATERIALS

II :x=e,=(D,~2b-a)/2; /3 %5 1l : x=e,=(2b-a—d,)/2;
WRBEEE TR N x=e,=e,+m/k; P e, e, e, e, HEMR)E
JE X AR R IUE , x Y IUE YL L h O<x<e,;6=m/n,rad;
k=(sin6+1)/(2sind) , LB WS E; m=(D,—e,—e,/sind)/2,
T WS H; I BRSNS AT x e
Xt W HCS R A W R 3K (2) ~(8) 81 H 4% B BL
Koy Bt Ak Wit AR Hh L ROR B B
WIS R Wiaing por 1 2678 73 A 50 T ALY WE, HA
(i
l/lphasel=¢’(0<X<e])
nx(x+a)+%[(do+x)2—d(f+D(f—(Do—x)2] (2)

™
lrljdividingpoinll = l/I(X = e1) (3)
Ve =0 (€,<x<e,)
xX—e, X
+e, — +— -
n(a+e, Atang 2)(x o91)+

=wdividing pointl+ T
Z (Dg—do2 )

(2b—a—e1 )2—( 2b—a—x)2+( d0+x)2—( d,te, )2+

(D;=d})
(Do—e1 )2—( Do—x)2
(DZ=d})
(4)
U guanggann = (X =€) (5)
Vo= (,<x<e, )
4{m2—[m—k(x—ez)}z}
=Y gividing point 1T (Di-d?) + (6)
(2b—a—e2)2—(2b—a—x)2+(d0+x)2—( d0+e2)2
(D;—d;)
U ssamgpmn = ¥(x =€) (7)

¢phase|v=¢(ez< X< e4)
4{[m—l<(433—e2 ):|2—[m—l<(x—e2 )]2}

='J/dmdmgpoimn| + (D; _ doz)

(8)
223 ERHASKEKEREETES

E%%EEﬁp%#?%%wimﬁﬁr=;~

d d dx d IS .
¢ Cm e de dx A i k25
dt dx dt dt

ﬁ%%E O AR 3 u=p p, WA A AR JEE 306 2

N XK 2022 % $ 304 H 124 (1219-1225)



1222

SRAERE, 1 A0 R XU, SRR AR, ko

1 d 1T dy dx 1 d d
Zp‘izp'(;f('(“:p'(;i@wpﬁw(;i (9)
XK G AKX AT /A0 ~(13) T
HWHRAR T, RS — B B Dt s £, HA
Qi
8n(2x + a) + 4w(D, + d,)

I, . =mn: 10
phase | I ’]T(D(f _ doz) ( )
8n(a+e — X v 4n2x - e,)
r _ . 2tanf +
phase Il ® 2 2
"‘T(Do _do) (11)
.4(2b—a+dO+D0—x)
# (D7 - d?)
16k[m—k(x—e,)]+8b—4a+4d,
thage|||=:“' (D:—dg) (12)
16k[m - k(x - e,)]
r =u - 13
phase IV 1% (DOZ _ doz) ( )

Wi LR r v R2K, %€ S8HME D=7 mm;
d,=0.4 mm;n=8;B=0.2;a=1,13 2 Wi & 4 ff /R i I-¥
REMLT . a2 ~13) KE 4T, T-wih &
E Z K8 32 W AT FF LA™ Je By Be IR w38 Jin iy 385 -, d 3
X o 9 ] 2 Al A Bt 2 A DB b LA — 0 11 R R T
b TRIEE AT L K2 N AR d, AR D 2B n
ZIKE K a ZIRE B b A5 A 2 B R 15 98 1 & G 24 0k
SR

¢. inside connection e. split point

S

d. grooves expansion

b. grooving stage
f. residual combustion

b4
B4 IS r-vR Lk
Fig.4 Calculated curve of the I'-¥ relation

3 MRGEtEREiX I RAE

3.1 KEiR

K2 W R Tk A T ORE ZI R R H O [
KAR L 1Y 3 Tl 30 i 220 4 K S0k 245, 03 Sl 44 o 1727 37,
ity RSFESBINE iR, S BN 10/7 Kbt 2h
K 10/7 RS2y, 3 il dn 44k 4757, S IEEE i
AL 5 P2 Tl A PR w448

Chinese Journal of Energetic Materials, Vol.30, No.12, 2022 (1219-1225)

E NI EAL Vo SR RS

Table 1 The structural parameters of pre-grooved gun pro-
pellants

n B o D, d,
samples . r

/ quantity /% [ % / mm / mm
1" 6 0.5 1 7 0.4 1:1.6
2" 12 0.5 1 7 0.4 1:1.6
3" 12 0.5 1 7 0.4 1:1.4

Note: nis the number of grooves. B represents the ratio of the groove length
to the overall thickness. a is the length of the groove. D is the outer di-
ameter of the propellant. d is the inner diameter of the propellant. r is

the ratio of the overall length of the propellant to outside diameter.
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Fig.5 The p-t and L-B curves of three pre-grooved gun pro-

pellant samples
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Table 2 Progressive combustion characteristic parameters of

three kinds of pre-grooved gun propellant samples

B L B L (L /L) AL
samples /";o /I(\JAPa'W-s" /02 /I\T\Pa"-s'1 /%m i /MPa™" 57!
1% 0.1500 0.9674 0.4400 1.2667 1.3095 0.2994
27 0.1500 1.1614 0.5681 1.6002 1.3778 0.4388
3# 0.1500 1.3087 0.6057 1.7478 1.3355 0.4391

Note: 1) B is the relative pressure. 2) L is the initial dynamic activity. 3) B
is the relative pressure at split point. 4) L is maximum activity.5)L /L
is progressive combustion characteristic. 6) AL is the combustion en-

hancement value.
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Fig.6 The p-t and L-B curves of pre-grooved gun propellant

comparing with that of seven-hole propellant and coated

seven-hole propellant

x3 WHIZE K TS LIRS L LA E 2R B R
W HG E R AE S HL
Table 3

obtained for the pre-grooved gun propellant, seven-hole pro-

Progressive combustion characteristic parameters

pellant and coated seven-hole propellant samples

B, L, B,, L, (L /L) AL
samples -1 -1 -1 -1 -1 -1
/% /MPa™"' s /% /MPa™"-s7! /% /MPa™"s
4* 0.1500 1.8878 0.4575 2.0268  1.0736 0.1390
5* 0.1500 1.3547 0.4399 1.7938  1.3241 0.4391
3* 0.1500 1.3087 0.6057 1.7478  1.3355 0.4391
N XK 2022 % $ 304 H 124 (1219-1225)
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Principle and Control Method of Pre-grooved Gun Propellant with Progressive Combustion Feature

ZHANG Yan-kang', XIAO Zhong-liang'’, LIU Xiang’, ZHANG Hua-jun’, LI Shi-ying®, LIN Zhao-qgiang’
(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China: 2. School of Chemical Engineering, Nanjing
University of Science and Technology , Nanjing 210094, China; 3. Luzhou North Chemical Industries Co. Lid, Luzhou 646003, China)

Abstract: In order to obtain the gun propellant with progressive combustion characteristics and corresponding control methods at
multi-dimensions, according to the principle of internal ballistics, the concept of the pre-grooved gun propellant was proposed.
The physical and mathematical models of the combustion process were established, and the I'-¥ relationship was deduced. The
principle of progressive combustion and multi-dimensional control methods were demonstrated. The method used for the prepa-
ration of the pre-grooved gun propellant was described. The pre-grooved gun propellant structured with a center opening was de-
signed, and propellants having different groove numbers and various length/outside diameter ratios were prepared. In order to
compare with the seven-hole propellants with and without coating , the combustion performance of the pre-grooved gun propel-
lant was characterized by the closed bomb test. The experimental results show that the pre-grooved gun propellant has the pro-
gressive combustion behavior as theoretically designed. Compared with the seven-hole propellant, the combustion enhancement
value(AL) value obtained by using this method is increased by 2 folds, the progressive combustion characteristic(L, /L,) value is
increased by 24.4%, and the relative pressure at the split point(B,,) value is increased by 32.4%. The progressive combustion
feature exhibited by pre-grooved gun propellants outperforms that of the seven-hole propellant, and was comparable to that of
the coated seven-hole propellant.

Key words: solid gun propellant;pre-grooved;structural design of propellant;combustion performance;surface progressivity
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