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ABSTRACT: Objective To establish a natural environment accelerated aging test method for HTPB propellant. M ethods A set
of outdoor thermal cycle natural environment accelerated aging test device was developed, which could simulate and enhance
the thermal effect and the impact effect of temperature difference between day and night of solar radiation on HTPB propellant,
and maintain the characteristics of daily and seasonal temperature cycle. The HTPB propellant natural environment accel erated
aging test and its verification test were carried out with this device in the outdoor exposure field of Wanning Experimental Sta-
tion in Hainan. The maximum temperature of the test was set to not exceed 70 ‘C. HTPB propellant warehouse storage test was
carried out at the same time. The simulation, acceleration, reproducibility of the natural environmental accelerated aging test
method was evaluated to obtain its credibility. Results As the aging time was extended, the maximum tensile strength retention
rate decreased, which could be used as a sensitive mechanical parameter of HTPB propellant. Compared with the maximum ten-
sile strength retention rate of the propellant stored in the warehouse at different times, the confidence level was 99%. The
Spearman rank correlation coefficient of the two test methods was 0.93. The acceleration rate of natural environment accel erated
aging test method for warehouse storage test method was 5 times. And the natural environment accelerated aging test had good
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reproducibility. Conclusion A simple, high-simulation and high-acceleration natural environment accelerated aging test method

suitable for HTPB propellant is established. It could reproduce the change of mechanical properties of HTPB propellant in actua

warehouse.

KEY WORDS: HTPB propellant; outdoor thermal cycling natural environment accelerated test device; natural environment

accelerated aging test method; warehouse storage test method; Storage aging performance

VR T RS (HTPB #epks] ) 2 H Ay
FE| P AT P A ] i B L R RS- e A k0 1 L
B MAEAE R ME . G ER s, oA s
WERAR HTPB ik 76 K 3 A b A I A7 & e b
fik o R A R PR SR 7 5 I i HTPB
PEFICAE AL RE 2T . — R R WIC A 52, W
% FE By A AL AR K B
)7 B R A AR K & ShHLIE SR,
HTPB HEdE I s . & shil . 4 RF & shbLAefd
FHAET —RIAE, E WK HTPB e k5] )7 ¥R 1 7
SEMERERSGEPERE, IR & ShHLTE AR S Lk A7 T .
RS T RE AT H L AT RE ARG 2 A, (He
Pe I . JRBIG,  XE LU AR AP PR i R
TR E N E AR ) ¥, MIL-R-23139B145
H, TEAR KT A SR R R A B v Y AR T 433l
A7 6~ H, WRFSIREERERT AR, R AKRR
BEIFEAEFR A 5 4F . Schubert®H2 1 T — 424k fie
IR, XFBy A8 S 0 R KT & shibLitE i 4 A4~
WI-60~60 CHYIEENEI Py . Lopez Z51PHA N,
HTPB it #E 60 CA&MF s eib 3. 6. 94
H, Al YS T 23 CHRMATH®KREI 4, 8, 125
A, SR N A 2 A R R R e,
PEUF B A o IR 4 1 S S PR IE AP IR B A 22 5%
HTPB HEE R fE K I FErh S & B iR 22481k, i
K. IR WRRHMERZEA L, DEEEREN S
iR AL, i HTPB #Ek i) i &2 R Ak Al i,
200 WMEAE TR . SRATAE IR, SR M AR R .
S AN R I 45 1F VA ME R AL X SR 25 8, &
Fohn s R 6 Sh 45 R 5 S PRIV A7 2 A v e i — Bk
ARpgm, WL, WA BARTERR BRIk

F1 SR R4 i 2 AR 50 2 7E PR R B G 2R A 3
fih [, I YR fe R g JARIAEEIN R, ATk £ i
B S EA R RE S AR B 8, AR kS R B
RN 2 5/, B b . Z10E
BRI . 6. BHAS, o [ B A — S R RS
FUAMR IR b 2 26 T Z2 R [ SR R 58 ik 2 1kt 56 %%
B, OWMEREE KR SR AR A B A R
g B P G R I R R R 0 O I AR
KehriE L 1S0 877-C1*Y | GB/T 31317—20141*2 | GB/T
24517—20091"3) L5 Ak A BH 8 55 SRR 1 B A SR R
IR BN, TR T BB CGRIRRE S s
TR B % KMDLRERRIEE, Hil

MR R ), BEIEAE T A R B (IR
bR 7IRRE, RS, (HRAA R FDL AR, B
PR IREE ), IR FIRESE R L.

HTPB it 57] — e T B m e RN AR, A5z oh 5t
IR | #h55 . KEDEAMET, H 52 APHAR B
RN EL IR o HTPB HERE 8 70 T R1RE, IR AR
&, HRERT 70 TR, ATRESEUEH LR,
DA PRAF B BRI BN REAR A HUREAL, HTPB. ik
BRI AR, J0HE— WA E T T HTPB et
LNERAS TR W) LN v i s VA ERZSS TR ) IBLS T
D7k, ELSC PEH PR A SRR HTPB fi it 7l
FEEALYERE , 8 I I AR PR s i g6 45 SR 1
KIWE DI Ar 2 AP RE

1 e

1.1 RERIE

I % K 57 A& ShHLTE IR A BT KR AR, PI3R
F14) i1 A 2 391 = L A2 AN RS IR B R, IR, SC
I FH AR BH 4 S S AR RE RORVR , BIF R T —2& 1 A
PEIR A SR PRSI vt 06 8, AL 5 Ak FAR N Fl
R w0, F T TR HTPB #EER [ 4% i
55 . HTPB HESEF] P AMAIE IR A S8k i 50 2 i K
Jr I AE A . iR U TR R G L TR S
RERGAM, S5HmE 1R,

1. ffk 2. g 3. sRELENXSH RS 3-1. T3 RE
4. R SRR E RS 5. R

B1 POANIREN F RPN i B0 2
IR A A B AR, MR TR AR

B, WSO B S B o 9 e XL B0 R SR TR 1A
A, i PRAR A PR RS B A 2 20, LR It A



- 106 - k& W B TR

2018 4% 12 A

R e 1R (o L ) RV BCHE SR 4R R 5 P IR R
RS . PLC FI ML T4 AL, PLC FI KL T Ifi 4 2%
TE 2 AN AR P T 18 8 7R A8 R S 20 1 o TR 4 1 g
Wi RAE R G5 5o hE XA M R GRS R, B As ik
PR R L TR S A E AR R

1.2 RIEHR

KH HTPB #EE 0 3 51| I Jié [ SR PR 55 i 22 k.
W HAREIHE LRI . JE B AR5
HTPB #fk i 51 = 2 il o L5 R A i R 38 3R T 0
AL = IR AN & R AL AL H o S TN
2:PEfE, i GIB 770B—2005 5k 413.1 1 B R
WEEME (K 120 mmx5E 25 mmx/E 10 mm, SZHiER
PR BEN 70 mm), BURE 7 55 i —3, ¥
HTPB HEE i L B Bl hvfialke, &1 110 14,

H 45 5 1 HTPB R B Alhr il ik A—4
BN, BT HKEE% N 1P6e6 15540 B K 5% B £
S A — 48 E TRy 200 g #5 kRS, JRTETR
R (2522) C, FHXREE AR KT 65% 55 F T 18 17 iR
24 hE, ITrBHENIKEE &, A%ERIX &%
5 &R E A 7% E
1.3 REHIE

P42 HE DR B R RLHRRE G 7 A5 R B K % )
BN T T R 0 R 1R 4 1 P AN AR I [ SR R
BomE e AR g R B, TR IR S B R R
i, WEERSIRIE<TOC, HEHSHE<3I T,
TEIE A SR BT I Ak 05 . K 7 A A [R] Ak 0 5 4
7 7K % B B O W RS T TR I v R R 1 P AN A
W ERIAE M E 505 S e E iR <
70 C, WEWASIE<I3 C, JFR A RAE I E L
WEIRIG o K5 7 A AH TR A A% 5% 48 B K 2 B G W e
J7 B e B i g 2R b, TR G I AR K
1.4 S1FEREMER

FEARTR AR ], MG B e By Rk 45 Bl
LAER BT K B G BUE 5 A ER] B R R .
BT MBI E N (25+2) C, FHIXHEE A KT 65%I7) IR
BT EIRE 24 h 5, FIH SANS JTREA RHA IR
BL, LA 50 mm/min F7ffE 5855 515K 5 4 B AR
TR A S KPR B | I KPR RS Ty PERE. LA S
1 B RIPL AP A P BB AR iz 2 L R HTPB
HESEFN B B KPR T | B KRR,

2 #R5HE

21 NEFHEETEARESNT

N T XFEETT A, SR FHAIAE A I X o I 5 JBE
R R R AT IR WAL B, WX (1):

{770 =on(n)/on(0) )
n,=0,(n)/o,(0)

K: on(0)F1 &n(0)53 501 ) U6 fi K v Aok B 1
RIS an(n) T en(n) 7350 AN 8] E AL ] 1Y) B
DR 5 2 RN e R AR 3 5y, F g, 53301 Ry TE 1 WAL Y
AN TR AR ) e KA i B R e KA R, AT SO
e KA A5 B R B R R RORAE B R, e T
HTPB #Edk s ft & ke 1. HTPB HEdER I A SR 3F
B 2 A i 0 fe Kb o BE AR B 3 e KA R
TREE AN 2 PR,

110 ——— 150

100 J/‘\\ TN " {140
. / S~ 1130

90
>' 1120 S

/ \ {110
70 L./ \_/\ 100

60 (I) I(I)O 2(I)0 3(;0 4(I)0 5(;0
Aging time/d
K2 HTPB 5] [ AR RN 58 56 i e K
DAL RIS R S I E N LR S P RS

n./%

80 |

M 2 AU, FEB AR, fie KR
BRI A N, R KA RO BRI A R, R
HTPB #fE 55 LI i) E & AR I AL sl E A sg i . Bl
AT E A IR, HTPB #5701 i R AP S L
FBWIEK, Fe e WA T B, T de 5 JEE £ B
JLP—E TR mbnl LU, HTPB #iEik & k3
TR EE . EALIR I, AN AR R BURH S R A
FIHEAR FURIRG S5 A8 22 , 75 D B R A AR B AR R R
P55 JEE R B AR FAIR

K AR AT i B e R X HTPB et
7R ) 7728 B8 ) A0 AL A SR B 3R L T AN REAR TR 46
EER . A 2 AT RIE , e i ferf, HTPB
R e KA R B R LR T 100%. e KA
KRR A LW HERE N AF T3 i, AR
fiE HTPB fi it I P E 4 (AR IES B e R AL Ao B2 A
RS IR € SR IR (BWAE i DAL S i e A 1

FHIES
2.2 EEETEM

Spearman FEAH K RECE B ARL M M, F
BT VPPN R it g AN [ 3t 3 Ty 9 R BB 5 5 40 7
Al R — M MRS HTPB ) ) 2 M R 28 b
HOTATEE A, e Tl R P B IR B R RS
HH Spearman BAHIC RZE0E, THE R AFIAS 7
A SRR I e A e 7 R R R, E B VEAN P



15 12

BUNEESE . HTPB HESE A SR EIREE N 2 A 07 i 0F 5T - 107 -

T A . HTPB JHEFE ] A SR PR5E fin 2 Ak
TREG 2 B WA ) i R e i 2 R P R LR 1

&1 HTPB ##FI%& B AT ik 2 LK 58 Fn
e b5 I 771X 36 Y B K L {3 BE AR B

N SRIAIE SRIAEE NS
i e o AT AR
s, I fEcEARIRE BRAER
la  HEK/%
1% 1%
0 100.00 0 100.00 100
0.25 86.84 19 105.26 103.95
1 82.89 34 92.11 101.32
15 81.58 76 90.79 84.21
2 82.89 124 86.84 78.95
3.5 74.47 235 75.66 72.37
7 65.26 396 70.39 71.05
8.5 60.79 565 65.79 67.11

BExbER 1 A EROCHLA SR BE IR B R A, 4k
HRNER, AR XT R SO BBk, 4 A3
H x FEpiis X AR

x i =(1,2,3.5,5,3.5,6,7,8)

X fskink =(2,1,3,4,5,6,7,8)

L (2) THRRANSE R L rs:

r=1- GZ:dl-2 [ (n*~n) )
i=1

K dM x o X e IFRZE s n WS R
FELHEL

TR R, PRI ik B A SC R s
0.93, #r [ Spearman FAHE REUIGFAER, n o 8,
WEMKFE oy 0.01 1, rohy 0.881, KIEE(FE
R 99%if, HTPB i 5) ity W Afi e I vk =22 ] AT 1R
T B AR DG o U BHAS SCHRE H 19 SR IR B in s 3 56
REAR AP MO FEIE HTPB I 7E )2 5 A7 25 A0 F B bk
REAS AL, MM R AT

2.3 B AINENEIRIE By Ak T

4G QJ 2328—2005 ( & & [l (A HE i FRI - A7 24k
WIS TT L ), BRI AE bt fe b, — A (3)
iR ERE AR LR An P 5 AR TR ¢ UG HR

P=Pge ™ (3

K PO e BEZIW AR E S5, B R
SRR R, %; Po MW EG K Wl RER, d
t HEALETE], d.

KL (3) XP3R 1 HUR TG, SUES5
TR 2,

EE%% 2 Ef%ﬂ s Wﬁ’ﬁtgﬁﬁff r il'%’jt:j: 7’0.01,7( 0.80 ),
ULBATE B (5 B 99%HT, HAiRl (3) v Tk
HTPB i 7 7E P AP 00 25 78 5 19 7 2+ M e AR fb
B MRIER 2 WA M, TP AL Ty kR B A [

FRORAL 5 BE O B R A B AL ], L3R 3,

F2 HTPB#EHFERMIKE T EZTHMESH

Tk WAL K Py ¥

FERICAEIRY: P, = 90.83¢7%% 0,000 14 90.83 0.96

FARIREENE  p=97.80e0°%™ 000079 97.80 0.95
ZA A

®3 2R T ELBEER KA HRE

RERZ AL E]
ORPLMsR R WA ARSI g2
B 1% wgd ik
60 2962 618 4.8
58 3204 661 48
56 3454 706 4.9
54 3714 752 4.9
52 3984 800 5.0
50 4264 849 5.0
48 4555 901 5.1

M 3HLIFE L, BEE IR ) A, s
FILPHERYEFFAE 55 A A . A, DL KR a0
AR B R E M, A SRR AN AR 5 )
AR5 A7 R N 5%,

2.4 BSRINEINEIR G B E I M

K R, XF2 1R HTPB #EdEF [ AR ER S
T S Ak 36 K 6 I 2 56 10 S A o R A B R
PEAT VRIS, PO A SRR N Ak 1 7 i 1)
WM, 45 4,

& 4 HTPB ##tF B AR N E 2K K

ZH d Sp tirw lo,o
sk 099 531 052  3.50(f00)

MEATUUER, tia/DF toor7o RFEGE N
99%M}, [ AR IABE N Ak 1 6 B LB E A K =2 [R) ¥
S, WHIE HTPB HESEFR] SR IR N
155 7 v EE B 4

3 #it

SCHR ST T — R A PR S B I R A
A5 RIS P R 25 R0 N 1 HTPB HEE ) [ 4R 3k 4 46
Jrike FEEAEEE R 99%H, %5k PR B AF 8 7
%11 Spearman B AHSC R ECH 0.93. 1% 5 A 32
g 545, EHLE R4S, IR PGE AL BT HTPB
WeSERICAE ARV RE,, St & JE B AL 1 5 JE o



- 108 -

2018 4% 12 A

EE B

(1]

(2]

(3]

(4]

(9]

(6]

(7]

Bebi. BA BIAHESRIM]. dbat: AT R,
2005.

LARSON E L. A Review of the Minuteman Propulsion
Surveillance Program for Assign Rocket Motor Service
Life[R]. AD467048, 1965.

LLOYD D K. Long Range Service Life Anaysis
(LRSLA) System Trend Analysis Life Estimating Proce-
dure[C]// 12th Propulsion Conference, Joint Propulsion
Conferences. [s.l.]: AIAA, 1976.

MIL-R-23139 B NOTICE 1—1999, Rocket Motors, Sur-
face Launched, Development, Qualification and Produc-
tion[S)].

SCHUBERT H. Service Life Determination of Rocket
Motor by Comprehensive Property Analysis of propellant
Graing[R]. AD330303, 1997.

LoPez R, ROSAAOD L, SALAZARA, et a. Structural
Integrity of Aged Hydroxyl-terminated Polybutadiene
Solid Rocket Propellant[J]. Journal of Propulsion &
Power, 2018, 34(1): 75.

KADIRESH PN, SRIDHAR B T N. Experimental Study
on Ballistic Behaviour of an Aluminised Ap/Htpb Propel-
lant during Accelerated Aging[J]. Journa of Thermal
Analysis and Calorimetry, 2010, 100(1): 331.

(8]

(9

(10]

(11]

(12]

(13]

(14]

(19]

(16]

ASTM STP 1385, Stationary Rack and Black Box under
Glass Exposures of Mineral Filled Polyethylene in Inland
and Marine Tropical Climates[S].

MR, FRERE, 2R IR R UE i = BN
BB EASE[]]. JEh5 B, 2014, 35(8): 781-784.
ZEHRER. M A0 5 Jm AT RHE T PR AR R R il 5 5
TN I AHSCHERIFSE[D]. WL T AR R,
2015.

SO 877-C: 2009 Technical Committee 1SO/TC 61/SC 6
Aging, Chemical and Environmental Resistance. Plas-
ticsMethods of Exposure to Solar Radiation—Part 1:
General Guidance[S]..

GB/T 31317—2014, &/@MA4nEM BAEHRZE R

T[S
GBIT 24517—2009, )R AA&4 K& 4NEDImHk
R R TTIE[S].

ASTM G7/G7TM—2013, Standard Practice for Atmos-
pheric Environmental Exposure Testing of Nonmetallic
Materialg[S].

ASTM G24—2013, Standard Practice for Conducting
Exposures to Daylight Filtered Through Glass[ ).
ok, g, B, A RARIN R AR R R
BN A SRS 2645308 T R2, 2010, 7(2):
43-47.



