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20-30 5-20 20-30 0-10 <5

il A W 44 23R T 0 2 v e DU KRR ) BRURE
05 ] 0 5 e 7 1) — 350 B 9 JE e i 2= D DIBR 10 mm
J& 75 AT AR R 5 ke 3R 1w A e, ERAL AR
JoT R BRI AL A 45 55 B 5 B A DT 54

il 7 Z1HE 2E 570 R T DMA TR, 3R 5 2~
4 mm 5 1] R5F 4~5 o, 88 38 T R AS A ELRORL A
AT A R 1 Hz, FHE G R 5 °C-min™, i B [
H=90~70 °C, B AIAFE 1 1.

il B 1 J7 AR SRR T 9 A R SR R SR B K
TR N DA 37 3 4 2 ) R ) RS R 1 DB 5 58 1 A
HE ) — A% GEVE I ] URE e DI BR 7 56 5 mm JE Y
F R YTHGRRE 5 B L 0 T4 i R, JH 3% i
SEdk JCR AL A% SR AL R 45 S B 5 A 4 R
AT 64

1.3 & I8 48 90T 8 A 48 6 T 5 : D75 CHAER

CHINESE JOURNAL OF ENERGETIC MATERIALS

8 PRI G L 8 PRy, B — 0 o i e ke 2 G [ A
e 7E 73K FE 4 30.0 mmx30.0 mmx30.0 mm [ 37 )5
A, 58 AR A B 2 5 T A A 2 ) 24 K e v B A
B o e (0 T ELAE A T A HE R R 25 0 il B
F A8 170 D0 9 % 3K A 24 3R vt O [ A A A TR
JE R (25.0+1.0) mm 76 T 200 &0 F Ak, B I
R A5 3] 1 R R 1 A2 T A R R . (4 o Jek
FER KRR N AL 8.0 m,JEJE 1.0~1.1 mm [# A, &
A KN D T 25 A ) B 48 8% R il 00 i R o AR
5.0 mm, JE ¥ 0.5~0.6 mm & A, & 4 ik BE A 2 F
254 s @ 5K TIF ORI S0 F 2 A 8 R HE 2 50ROy
(50.0+0.5) mmx(50.0+0.5) mmx(50.0+0.5) mm F
SEOTR 64 @8 E IR F 2 A 1 A E R R
(50.0£0.5) mmx(50.0£0.5) mmX(50.0+0.5) mm (37
T34 ©F A ks IS HEAE K (139.7£0.1) mm, &
A [ A E 590 25 0 28 Pe vk 2 RE A P 2 R E Y A%
P T Ak A A 4R 34
2.3 MgEd

& YE GJB 770B—2005¢ K 24356 k) ik 413.1
S RBUPLIR S Wy 2458 J32 | i R 1 3 A I S e 4 A
] o7 A v, R HE #E R0 g 2= PR e 2E AT IR 5 AR 3R G)B
770B=2005¢ Kk 251055 J5 k) I ik 407.1 B 55 A0 I B HA
BUARIN S 32 , % 4 2 551 79 20 25 FAMLACPE BB 2547 I3t 5 K
it GJB 770B-2005¢ k 2518 50 J7 %) Jr 1% 706.2 #R# /K
T R G R 2 T A SR S RN R iR AT I K
i GJB 6195-2008( 5 £ [l 1A Hk 1 70 fis [ 55 9 o3 25 5
)X HE R fE B A ATV KB GJB 97A-2001
Chm #2856 A 2l AL B0 R 2R A A B Ak 3 ) L R
BSF®315 J sl ML X 4 2 57 K Jr fi &2 P RE E A7 0 it 5 4K
Q) 917A-1997( 5 & B HE i ) S 4 2 4 T4 2 1Y
5 R I A5k x4 g ) 48 B AT I K

3 #R5iTiE

3.1 EHF S FE R

HEHE R 25 25 T PPk 24 h )5, INSTRON
4202 BV T BE A BB AIL I B L g 2 bR RE L R IR
IR BE 20 °C, hi i3 R 100 mm-min™"; 5 L fi i iR
70 °C, Hr i 22 2 mmemin™ {3 7 AR B2 -40 °C,
PAFE A 100 mme-min™' MR LS R 2 R o

M2 20T LUE th, BEER R & 5 Th e | #EE 70) d5 K it
P o R R R O S RN P30 pm
BB R ¥ 320 wm Y AP, 21 R SR K 8 T 8 5 8 )

N XK 2021 4% %294 %104 (928-936)



930

PRI TR, B, TR, 2 S0, s TE R R

R2 ABEIEREETT 0 F1 Ak BE
Table 2 Mechanical properties of four kinds of propellant

formulations

20°C,100 mm-+min™ 70 °C,2 mm -min™ -40 °C, 100 mm + min™

No. o & &y [ & & o

/MPa /% /% /MPa /% [% /MPa /% /%
1* 0.83 56.4 57.8 0.39 385 39.3 264 72.7 82.0

m m m & &y

2# 0.85 61.3 63.7 0.39 40.2 41.5 256 758 854
3# 0.90 66.5 68.9 041 43.4 447 250 81.3 87.2
4% 0.93 683 71.0 0.42 45.1 455 246 84.0 889

Note: o, is the maximum tensile strength, & _ is the maximum elongation, &,

is the elongation at break.
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Fig. 1 Dynamic mechanical properties of solid propellants
with 5% (1*)and 18% (4*)aluminum powder
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Fig. 2 The loss factor of propellants with 5% (1*)and 18% (4")aluminum powder modelled with Gaussian peak fitting
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Fig.3 Pressure indexes for propellants with different contents

of aluminum powder
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T3 A 5% FN18% (4" FHS 4 PRI 7 INE 7 1) 2 A P fig
Table 3 Safety performance of propellants with 5% (17) and

18% (4*) aluminum powder

- impact friction
No. thermal stability at 75 °C

sensitivity / %  sensitivity / %

temperature difference +4 °C,
1 4 48
last for 5's

4% temperature difference +2°C 0 44
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5 F5%(17)F18% (4%) 550 1 W R 18 700 0 7 04 0 K T OR824 2R

Fig. 5 Ignition and open combustion test results for propellants with 5% (1*) and 18% (4") aluminum powder

I 7 R R A
Ble il a K T— A, 2— W, 3—ERAH, 4—F ), s—iAREE,
1—WE, 2—WE R, 3R, 4T, 5S—WR, 6—ilkE, 7—#H ), 8—UiEH, 9— A
6— AR Fig. 7 Setup for the Card test
Fig. 6 Setup for the detonator experiment 1—detonator, 2—detonator holder, 3—donor charge,
1—detonator, 2—detonator holder, 3—sample, 4—card, 5—sample tube, 6—sample, 7—gasket,
4—lead pillar, 5—steel plate, 6—wooden holder 8—witness plate, 9—wooden holder
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Fig. 8 Card test results of witness plates
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Fig. 9 Influence of aluminum powder contents on the ener-

gy and density of propellants
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Influence of Aluminum Powder Contents on Insensitive GAP Propellants

XU Shuang'*, WANG Yue'?, WU Zhuo'?, PAN Xin-zhou'?, LI Shang-wen', Ll Hai-tao'*, PANG Ai-min'*
(1. Science and Technology on Aerospace Chemical Power Laboratory, Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemical Technology ,
Xiangyang 441003, China)

Abstract: In order to study the influence of aluminum powder on the mechanical property, interface, combustion, safety, ener-
gy, density and other performance of propellants, the glycidyl azide polymer (GAP) propellants with 5%, 10%, 15% and 18%
aluminum powder were evaluated by tensile testing machine, dynamic thermomechanical analysis (DMA), calculation program
and etc. Results show that, with the replacement of 320 pm AP with 30 wm aluminum powder and the increase of aluminum
powder contents, the propellant has increasing maximal tensile strength and maximal elongation, and improving interface perfor-
mance. The burning rates change scarcely but the pressure indexes drop down from 0.43 to 0.40 under the pressure of 3—9 MPa.
The hazard grades of propellants with 5% and 18% aluminum powder are 1.3 both. The impact and friction sensitivities of pro-
pellant with 18% aluminum powder are 0% and 44%, respectively, which are lower than the formulation with 5% aluminum
powder (4% and 48%, respectively). At last, the calculation result shows that with the increase of aluminum powder, the ener-
gy and density of propellants grow up, but the standard specific impulse levels off to moderate pace of growth.

Key words: aluminum powder;insensitive GAP propellant; mechanical property; combustion performance; mechanical sensitivi-
ty;danger classes
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