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ABSTRACT

In this paper, step-curing, which includes the change of curing temperature on the curing
process, was applied to reduce curing day of HTPB/AP based propellant. This study targets the
improvement of productivity of HTPB/AP based solid rocket motor. Comparison of mechanical
properties of propellant resulted in the change of normal curing condition (60C, 5 days) to
step-curing condition (60C, 1 day / 65T, 3 days). Post-cure test was conducted to determine the
impact on the shelf life of the solid rocket motor. The aging characteristics of propellants were
analyzed by measuring mechanical properties and thermal expansion factor. To step-cured
propellant, accelerated aging test was performed for 12 weeks, followed by tensile test. Sm(bar)

and Em(%) were higher than 8 bar and 40% each, showing excellent mechanical properties.
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Table 1. Composition of Propellant.
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2. HTPB/AP AH&o| 21K M=

21 F3A A=

FAA dge] 77 74 by zZEgEy
™ 2 HTPB(Hydroxy-terminated polybutadiene)
& AgstdY. AsAZ+  IPDI(Isophorone
diisocyanate) S FU3l BFHI= 075002 A=z
3t AFstAl 2+ AP(Ammonium Perchlorate)
£ Y3y, #5985 E Al(Aluminum)& AHE
AT Table 19 sid F34 =4S 22 4
ERui ST,

22 A =4 A9

FRAAL] 7AH 48 FHE HAM ASTM
D 4125 Edi2 333tk Table 29k o] <l
d NP2 Asrt 5d FIAZ JANNAF A
HE e A2 =S £5E 50 mm/minl
2 AYEE ST AP == 20T, &
T 38% RH)E fFAStAT. #3419 A <l
AR=e Ad JZAE=E Sm  (stress  at
maximum load, bar)ol™, Hi QA=A 9
A41&2 Em (strain at maximum load, %)%

YERA AT

Composition Materials wt(%) 2.3 F73 8k(Post-cure) A g
Binder HTPB 5738} (Post-cure) A @S 3l A3yt ¢ud
Curing agent IPDI 800
Oxidizer AP 0.00 Table 2. Test condition.
Metal fuel Al 18.00 Test condition
Plasticizer DOA Method Speed Machine
Bonding agent HX-752 4.00 ) )
Tensile Test 50 mm/min | INSTRON
Catalysts TPB, etc.
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Table 3. Step Curing Condition.

No. | Curing days Curing Condition
1(ref.) 5 days 60T
2 4 days 60C
3 4 days 60C1day/65C3days
4 4 days 60C2days/65C2days
5 4 days 60C3days/65 Clday

WA

Table 494 Ho|x Hle} Zro] 1BToAE 1™
73 =719 Sm Ay} 87809 3W A3 =4
d W= 87302 UERth Em A3+ 1H =
7 4540 tiv] 39 A3t oA+ 46.87E
B}ttt 2BTA A= 19 A3 2719 Sm 237}
932011 3 A3l =AY W 9312 UENTH
Em Z3E= 18 =7 4375 U] 33 33 =4
A= 43912 ettt 3BTAA = 1 A3t
z7¢] Sm A7} 85001H 3 AHI =AY
t 8542 UEhgH Em A= 1 =73 4.62
iy 3¥ A3t 2HAAE 45702 YERST

1BT~3BTol A €8 Lot W3lo] wet <zt =}
ol= o} AHA H3 A2 Reference 1H T}
Hwge o 39 43 27160C 1Y4/65T 3Y)
o] 71 fAE ZIAA EAS Yele S

b gl

L o§]-(Post—cure) Ag 2 A
& FXA o] T4 3K Post-cure) EF
< B4 A 743t vl Step A= A
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Table 4. Tensile Test result according to Step Curing

Condition.
Sm Em Er Eo
BT | No. Hs
(bar) | (%) | (%) | (bar)
1(ref.) | 8.78 | 45.40 | 51.75 | 39.64 | 62
1 2 8.69 | 44.88 | 52.08 | 39.52 | 61
3 8.73 | 46.87 | 55.18 | 38.68 | 62
BT 4 8.51 | 43.69 | 49.22 | 40.52 | 61
5 8.51 | 4335 | 4758 | 4147 | 61
I(ref.) | 932 | 43.75 | 49.04 | 47.14 | 64
” 2 8.98 | 4444 | 50.24 | 41.61 | 63
3 9.31 | 4391 | 4955 | 46.32 | 64
BT 4 9.34 | 43.72 | 49.16 | 46.29 | 64
5 9.35 | 43.48 | 48.72 | 45.96 | 64
5 T(ref.) | 8.50 | 44.62 | 47.92 | 36.63 | 62
2 8.21 | 46.05 | 53.79 | 36.48 | 61
BT 3 8.54 | 45.70 | 50.47 | 37.64 | 62
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Fig. 1 Tensile Test result_Sm (bar).
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Fig. 2 Tensile Test result_Em (%).
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Fig. 3 Tensile Test result_Eo (modulus).

100 T T T
w5day(s0°C) A&}
g5 4 wdday(60°C 1day+B5°C 3day) 28}
[ ]
50 -
[ ]
85 ® -
" g =
a0 "
] 1 = e
(1]
75+ .
T -
65 - -
-] T T T
o 01 1 10
Time (wk)

Fig. 4 Thermal expansion factors (e).
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Table 5. Accelerated Aging Test at 20C.

Sm Em Eo
(bar) (%) (bar)
Oweek 8.18 46.40 34.32 59
Iweek 8.24 47.15 33.91 59
2week 8.44 46.96 34.91 60
4week 8.59 45.83 37.39 60
8week 8.99 4428 39.62 62
12week | 9.07 44.59 38.93 62

Hs

Table 6. Accelerated Aging Test at 50°C.

Sm Em Eo
(bar) (%) (bar)
Oweek 8.18 46.40 34.32 59
Tweek 8.21 46.01 34.26 59
2week 8.61 45.63 36.97 60
4week 9.37 45.67 4091 63
8week 9.87 43.71 42.94 64
12week | 9.98 43.43 43.86 64

Hs

Table 7. Accelerated Aging Test at 60C.

Sm Em Eo
(bar) (%) (bar)
Oweek 8.18 46.40 34.32 59
Tweek 8.31 45.63 35.39 59
2week 9.03 45.52 38.55 62
4dweek 9.54 4497 40.04 63
8week 9.91 43.09 43.05 64
12week | 10.34 42.35 45.09 65

Hs
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