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Table 1 Mass ratios of solid components in formulation of
HTPB propellants %o
m,, m,, Mgy S
HTPB-1 62.00 5.50 20.00 87.50
HTPB-2 54.50 12.50 20.00 87.00
HTPB-3 61.00 8.50 18.00 87.50
HTPB-4 58.30 13.50 15.00 86.80
HTPB-5 60.50 10.50 16.00 87.00
HTPB-6 69.50 16.50 0 86.00
HTPB-7 64.50 16.00 6.00 86.50

Note: m,, refers to the mass ratio of AP, m, refers to massratio of Al,

Moy refers to mass ratio of RDX, S refers to the total mass fraction of

solid components.
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Table 2

propellants slurries with different formulations

Experimentally measured sensitivity of the HTPB

impact friction electrostatic
fypes sensitivity /J sensitivity / % sensitivity / mJ
HTPB-1 28.09 78 40.61
HTPB-2 25.34 80 22.41
HTPB-3 20.98 34 29.02
HTPB-4 26.01 22 19.01
HTPB-5 18.07 24 25.70
HTPB-6 34.03 0 27.21
HTPB-7 28.63 48 19.01

R 3 RIEIBC T HTPB 7 5] A 2 B e R S5 i
Table 3 Experimentally measured sensitivity and burning rate

of the HTPB propellants products with different formulations

impact friction electrostatic ~ burning
types sensitivity /] sensitivity / % sensitivity / m) rate / mm-s™'
HTPB-1 10.16 50 74.11 11.73
HTPB-2 25.03 56 72.20 6.11
HTPB-3 25.88 28 82.58 11.42
HTPB-4 11.18 20 61.85 5.69
HTPB-5 10.76 14 86.11 13.54
HTPB-6 13.81 48 63.19 13.12
HTPB-7 36.04 24 76.71 5.64
A A AL www.energetic—materials.org.cn
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Fig.1

sensitivity, electrostatic sensitivity for the HTPB propellant slurry

Correlation coefficients and overall correlation degree between composition/burning rate with impact sensitivity, friction
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Table 4 Grey correlation degree and significance level of component factors and burning rate of final product with different sen-

sitivities of HTPB propellant slurry

grey relation degree

gray correlation

significant level

m,, my Moy S B
impact 0.847 0.797 0.582 0.841 0.678 My > S>my > B>my
friction 0.599 0.577 0.632 0.593 0.547 Mgy > My > S>m, > B
electrostatic 0.783 0.593 0.627 0.766 0.714 My > S>B>my, >m,

Note: S refers to the total mass fraction of solid components. B refers to the burning rate of propellant products.
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R5 M0 KOS R E 5 HTPB Al 2 550 B by A [ JERRE Ay (5 G TR 38 D St 25 R )2
Table 5 Grey correlation degree and significance level of component factors and burning rate of final product with different sen-

sitivities of HTPB propellant products

grey relation degree

gray correlation significant level

mAP mA\ mRDX S B
impact 0.618 0.650 0.599 0.635 0.601 my > S5>m,, > B>my,
friction 0.649 0.650 0.648 0.639 0.727 B>m,>m,,>my >S
electrostatic 0.815 0.579 0.568 0.842 0.618 S$>m,, >B>m, >mg,

Note: S refers to the total mass fraction of solid components. B refers to the burning rate of propellant products.
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Grey Relational Analysis of Factors Influencing the Safety Performance of HTPB Propellant Slurry and Final
Product

WANG Fei'*, WANG Tian-shuai'’, ZHANG Wei-hai’, LIU Jin-xiang®’, ZHANG Qiu-yu'*

(1. School of Chemistry and Chemical Engineering , Northwestern Polytechnical University , Xi'an 710000, Chinas 2. Key Laboratory of Special Functions and
Intelligent Polymer Materials, Ministry of Industry and Information Technology, Xi'an 710000, Chinas 3. Xi'an North Huian Chemical Industry Co., Lid,
Xi"an 710302, China)

Abstract: Understanding thecorrelations between solid propellant composition, burning rate characteristics, and safety parame-
ters including the impact, friction, and electrostatic spark sensitivities for both HTPB (Hydroxyl-Terminated Polybutadiene) pro-
pellant slurry and its final cured product is crucial for optimizing both the safety profile and performance characteristics of solid
composite propellants. This study systematically applies the grey relational analysis method to quantitatively evaluate the relation-
ships between formulation parameters (aluminum content, ammonium perchlorate content, RDX proportion and the total solid
loading in the overall mass) and burn rate with the safety parameters measured for both HTPB propellant slurry and its final prod-
uct. The key influencing factors for each sensitivity parameter were identified. The results indicate that ammonium perchlorate
content exhibits the strongest correlation with both impact and electrostatic spark sensitivities in HTPB propellant slurry, while
RDX content displays the predominant influence on friction sensitivity. Regarding the sensitivity of the final cured product, alumi-
num content emerges as the dominant factor influencing impact sensitivity, whereas burning rate and solid content become the
primary determinants affecting the friction and electrostatic spark sensitivity, respectively.

Key words: hydroxyl-terminated polybutadiene propellant; safety performance;grey correlation analysis; solid component; Burn-
ing rate
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