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Table 1 Formulation of HTPB propellant
others
component HTPB AP RDX Al (plasticizer,
curing agent)
mass fraction /% 10 53 20 14 3
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Fig.2 Images of experimental devices

%2 SHPBRHER 524
Table 2 Parameters and size of the SHPB setup

strain gauges

striker bar

A

incident bar

gas gun specimen  transmitted bar

Instron VHS 160/100-20 c. SHPB

-1

bar type mass / g diameter / mm length / mm  density / kg-m™  wave speed / m-s Young's modulus / GPa
striker bar — 19.1 450 — — —

incident bar 1163.2 19.1 1499 2680 5024 68.38

transmitted bar 264.8 outer diameter: 16.4 1200 2550 5025 64.13

inner diameter: 12.6
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Table 3 Test scheme of compressive mechanical properties in wide temperature range and wide strain rate

-1

test equipment engineering strain rate / s loading speed / mm-min™' temperature / °C
1.67x107* 0.2
1.67%107° 2
low strain rate Reger RGM-2003 L
1.67X10 20
1.67x107" 200
1 1200 —40
=25
10 12000
medium strain rate Instron VHS 160/100-20 -10
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100 120000 50
700 —
1400 —
high strain rate SHPB
2500 —
3200 —
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Fig.3 Mechanical response of HTPB propellant with wide strain rate at different temperatures

ISA
2

Shy LU Ml 2 WL o e R T A R RR S L S
TEIAR 5 3 A4S AR KO 1) — AR R B T a0 b . 1B 4
2 T HTPB #f ¥E % 78 3200, 10 s fil 1.67%107 ™'
3 AR e 5 AR R g o AR g B I A AR Ak BT
B AR R B R O BRI, R AR I 2R
A5 Ak 3 R W 2R (P 4a) 5 i K L HR R AR R A A
FH S, W 2 T A A, I ) oy A 2k ) 722 b i 3 5 ¥

Chinese Journal of Energetic Materials, Vol.32, No.2, 2024 (183-192)

JnElCE 4b . 4c) o 4R BE N 50 CREAIR 2 -40 CHYT,
HTPB i 71 3 4 7 5 10 A8 84 F R (9 B R0 g A2
2.2~8.8 MPa i K E 4 11~22 MPa., LA, BE&E iR E
) A ARG R 0 A8 S 386 K, HTPB 4 2 7] & 24 1o A% K Ak 1)
o7 25 A 72 0 Dk /) o
2.2 NEFEHHE S

M 3 0] LU Y D41 o6 HTPB i 2k 590 4 Sk ik

Sttt

www.energetic-materials.org.cn



i ik G I AE B T U 41 JT HTPB i o 5 B A R 4 O AT

187

SRR R AW, A T8 AR R T B S T o A v N A AR A
5 AR T A AT g S ) I A7 7 T G AR AL AT LA
VAT #A B AT 70 HT

c. £=1.67x10"¢"

B4 O[] AR AT R g - A i 4 i i 7 b
Fig.4 Trend of stress-strain curves with temperature at differ-

ent strain rates

CHINESE JOURNAL OF ENERGETIC MATERIALS

AR T [ A BURE 5 g - SR TR A A R 2y
B, I A JBURE 5 g R AR 2 1) A9 A EL A D TR 4 A0
EECIIEINGE £7/R NS RE N TR N EE i
FUBERHY WL g 2k BT AR AR TR i R )
AR P RS S5 6 22 0L ) 2 6 JRE Y 8 R AR R
ARFE A TR AR UL -5 g SR ) ik R 2 1] AR LA
X 7% WL JRE Y TR 7 L2 B e [ (A RORL 5 4 2 R
SR RS B L 191 32 7 6 A e 0E 7R S B 0 A e R
G A T AR RIURL A B SR R Xk H 1 50 25 UL 25 ik
JEE A BTHR e IR T B AR SURL AR B (4 ) 2 R E R
TR [ A BURE B4 558 82 55 TR 5 32 RN 1o 2R ) R A £ i
JE (25 A AR W 2 g N v R L g e O PR G
K, 7 R ZUAR TR T 0RO BRE R A 14 T 224 0 R, 5
AR 1 R ] Isf 2 A=, 3 B A e 2 790 o7 A% B Ak B 28 A
PVEARTY 5 R IR

X HE P 3 AN TR il BEE 2% 1 T B R R AR R T 2
IO, il L e S0 A B B G i 11 5 A1 5 4 555
AT LA I A R 25 R R T A Iz Bl B
BB 0D, bR BE R B RS AR R AT, AR B i R 2
ARG At B e R A e 2R A A 1 i R L [
PRIBURLAR B g 2 5L 28 SO, 1 A5 e i AR L v A R
I AN i) B A7 0, BIVRURE AR B 3 B2 41 110 2 5 b1 R W )
SR EE B T 5 RIS B AT R | TR R R A
B TR SR W SR 70 1 BT U DR 28 AL 325 i ) e T 2807
TC AR UKL 5 7 1 B BT 24 3 B AY 3 AR R o NI
IO 3 7 728 i 2 i 2 B 9 B f " B (18] 3d L 3e) S I
S ff BRI R B 2R R AR B R A T WA ) SR PR AR
B 5 2 HTPB g 57 76 Hh B A R (10 s7) T H 4 A9 18
U 250 43 90 R s T 50 SC R —40 °C, W] WL
A 1 i A% 1R T S AS LR 45 58 B T A B B [l 3, A
Fe 2 AR A% 1R T R R A S B0 480t 4 2 7R 3 A T
T AT S B BB RIR

—40 °C

a. 50°C b.
B 5 10 s NART RS E

Fig.5 Samples after compression at 10 s

N XK 2024 % F 324 H 24 (183-192)



188

E BB R TR R, ET R

3 BHMEHAMKER

31 BRAMXEME
SRR A 5T B T 3R 5 B AR R A E N T U4l e
HTPB i 12 71 (1 J& 4 1 2% 1 g, B 52 4K 408 % Tk (20 °C)
AT N g N AR il £, 4 HE TR U 4l o8 HTPB 4 i
FIH A SC R

TE $ 38 58 58 Ny AR 26N R A W MRS JE B, Prony
B A O 3 0. Prony A58 76 J2 ly — A 3Lk 38 3% e 14
Fl— Z 51 Maxwell JC 4 1 156 21 A A R i 5 D | JHL A
RUR B EE 6 s . FEAMEFE T, # (20 °C) T &
AH A 5 2R 0 BE R Prony SR EAT 114, A M
o Z th B MR 2 B0E 1 20 °C A E TR 19 52 56 K0 HE R
Ui L BT 7 E

6 Prony 2 Hf il

Fig.6 Prony series model
XA AR AR R BN AR /N T 100 sTURE O 4R

AU A ROR L R A0 (10) B s 19 4 B Prony 2504
L S A R INR 4 PR

8 —
_ﬁ))’ n=4 (10)

i

o= 25,0,3(1 - expl
—32005s" - - 167x10"s"

T 405" = = 1.67x10"s"

relative stress

- - -

T
0.1
strain

7 R TRIREE T AR XV g 5 8 AR Y 5 R

relative stress

Fz a4 K PNAEE Prony BRI SRR
Table 4
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Parameters of Prony model at low and medium

E E, 0, £ 0,

parameter
/MPa /MPa /s /MPa /s

E, 6, E 6,

/MPa /s  /MPa /s

value 1.74 2.85 10.4 2.5 0.59 3.03 0.0399.4 2.5x107*

Note: E, is the instantaneous modulus, E;is the i-th order relaxation modu-

lus, 0, is the i-th order relaxation time.
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Table 5 Parameters of Prony model at high strain rates
parameter a by c d 0,/s 6,/s
value 409 104 -0.139 0.00569 0.33912 1x107* 1x107°
Note: a, b, y, ¢, dare the modulus parameters.
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Fig.7 Relationship between the relative stress and strain at different temperatures
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Table 6 Parameters of Prony model at wide strain rates

strain rate C, G,

low strain rate -0.3732 14.1425
medium strain rate -0.1708 7.5092
high strain rate -0.0959 —-0.0959

Note: C,, C, are the modulus parameters.
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Uniaxial Compressive Mechanical Behavior of Four-component HTPB Propellant under Wide Temperature
and Strain Rate Range

WANG Ran', WU Yi', BAl Long’, ZHANG Yi-ming', WANG Ning-fei'
(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China; 2. Xi'an Changfeng Research Institute of Mechanism and
Electricity, Xi'an 710065, China)

Abstract: In order to investigate the uniaxial compression mechanical behavior of four-component HTPB propellant under wide
temperature and wide strain rate ranges, uniaxial compressive mechanical performance tests of propellant were conducted under
wide temperature and strain rate ranges based on universal material testing machine, high-speed hydraulic servo testing ma-
chine, split Hopkinson pressure bar, and programmatic constant temperature and humidity testing machine. Stress-strain curves
of HTPB propellant under 10™=10’ s™" at =40, -25, =10, 20 °C and 50 °C were obtained, and the segmented uniaxial compres-
sion rate-temperature constitutive relationship of HTPB propellant was established. The results indicate that the mechanical re-
sponse of HTPB propellant exhibits a significant rate-temperature correlation. At any strain rate, its mechanical response under-
goes staged changes, i.e., linear elastic stage-nonlinear yield stage-strain softening or strain hardening stage. Moreover, at high
strain rates, the strain softening phenomenon after the nonlinear yield behavior is significantly weaker than that at low and medi-
um strain rates. In addition, at high strain rates, as the temperature decreases, the changing rate of the stress-strain curve gradual-
ly slows down; while at low and medium strain rates, the changing rate of the stress-strain curve gradually increases as the tem-
perature decreases. The mechanical strength of HTPB propellant increases significantly with decreasing temperature. When the
temperature drops from 50 °C to —40 °C, the maximum stress under wide strain rate increases from about 2.2-8.8 MPa to
11-22 MPa. The segmented rate-temperature constitutive relationship constructed based on the experimental data has a better fit-
ting effect at higher temperatures, which can better predict the mechanical behavior of HTPB propellant.

Key words: four-component HTPB propellant; wide temperature range; wide strain rate range; mechanical properties; uniaxial
compression constitutive relationship

CLC number: TJ55;V435 Document code: A DOI: 10.11943/CJEM2023119

(BL4i: P 540

Chinese Journal of Energetic Materials, Vol.32, No.2, 2024 (183-192) A A AL www.energetic-materials.org.cn



