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Fig.1 Sketch of friction sensitivity testing device
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Table 1 CCD testing factors, levels and actual values
ovel factor

Al (°) B/ MPa Cc/C
-1.682 30.00 1.00 30.00
-1 42.16 1.81 34.05
0 60.00 3.00 45.00
1 77.84 4.19 45.95
1.682 90.00 5.00 60.00

Note: A is the pendulum angel; B is the sliding column pressure; C is the spic-

ery temperature.
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Table 2 Design scheme of CCD testing

factor
No. Y
Al (°) B/ MPa c/C
1 60.00 3.00 45.00 0.04
2 60.00 3.00 45.00 0.04
3 42.16 1.81 36.08 0.00
4 60.00 5.00 45.00 1.00
5 90.00 3.00 45.00 0.76
6 77.84 1.81 36.08 0.64
7 60.00 3.00 45.00 0.04
8 60.00 1.00 45.00 0.00
9 42.16 1.81 53.92 0.00
10 60.00 3.00 45.00 0.04
11 77.84 4.19 53.92 1.00
12 60.00 3.00 30.00 0.12
13 60.00 3.00 45.00 0.04
14 42.16 4.19 36.08 0.64
15 77.84 1.81 53.92 0.28
16 60.00 3.00 60.00 0.48
17 77.84 4.19 36.08 1.00
18 60.00 3.00 45.00 0.04
19 30.00 3.00 45.00 0.00
20 42.16 4.19 53.92 0.36

Note: Yis the friction sensitivity.
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Table 3 Comparison of evaluation indexes

evaluation index decimal form percentage form

RSME 0.14 13.75
R? 0.9309 0.9309
R? 0.8686 0.8686
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Table 4 Variance analysis of friction sensitivity model

RURZE A 45 2R R 5 hal LB H RMSE 2 0.14, R
40.9309, R,k 0.8686 , K TA Sy JBE 452 Ja 2 oy 1
B BLAN R FIR (R T2 R R 5 3%, HAH
Bowm H R 5 R, ZEE/NT 0.2 B Al A Ry B 45 7 &
HMBEAT HoA s a2 AR AR B h 22 K F 0.2, Ut
AP B 4 SR R T 4ok 2o A e 4 YA R D R IR
SR R Z A, 3 A4 A IR 2 A R 3 5 R4
R S BRI  FE—B, KT RGS EMAZ
o, B 5 AT, A KT 4, SR WAL & B

source sum of square DF mean square F p influence degree
model 2.54 9 0.28 14.96 0.0001 significant

A 0.75 1 0.75 39.54 < 0.0001 significant

B 1.04 1 1.04 54.84 < 0.0001 significant

c 8.556E-005 1 8.556E-005 4.527E-003 0.9477

AB 7.644E-004 1 7.644E-004 0.040 0.8446

AC 8.328E-004 1 8.328E-004 0.044 0.8380

BC 8.074E-004 1 8.074E-004 0.043 0.8404

A? 0.27 1 0.27 14.21 0.0037 significant

B2 0.46 1 0.46 24.19 0.0006 significant

c? 0.17 1 0.17 8.79 0.0142 significant
residual 0.19 10 0.019

lack of fit 0.19 5 0.038

pure error 0.000 5 0.000

Note: Sum of square is the sum of the squared deviations from the mean due to the effect of this term; DF is the number of variables whose value is not limited;

Mean square is the ratio of sum of square to DF, and it is the variance associated with that term; F is the mean square for the term divided by the mean

square for the residual; p is the probability of getting an F value of this size if the term did not have an effect on the response.
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Table 5 Error analysis of friction sensitivity model

evaluation index numerical value

RMSE 0.14
R? 0.9309
Ry 0.8686
R e 0.4434
adeq precision 10.760

Note: adeq precisionis a signal to noise ratio; szred is a measure of how well

the model predicts a response value.
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Theory of Friction Sensitivity of Solid Propellants Based on Center Composite Design of Response Surface

SHAO Ming-wang', WANG Jian*, QIAO Xiao-lin’, LI Xing-gang’, ZHAO Hui’
(1. School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 102488, China; 2. School of Mechanical and Electrical
Engineering , Beijing University of Chemical Technology , Beijing 100029, Chinas 3. Xi' an Aerospace Chemical Propultion Plant, Xi'an 710025, China)

Abstract: To determine the influence of various factors in the production process of solid propellant on the friction sensitivity,
the response surface methodology (RSM) combined with central composite design (CCD) was used to design the experiments
based on the pendulum angle, the strut pressure and the sample temperature were taken as influencing factors, and the friction
sensitivity value of solid propellant was considered as the response value. The friction sensitivity tester was used to test and ana-
lyze, the testing results were fitted to the response surface model. Results show that in three response surface evaluation accuracy
indexes, the relative root mean square error RMSE is 0.14, the determination coefficient R* is 0.9309, and the correction fitting
degree R:dj is 0.8686, showing that the fitting precision of the equation is high and the error is small. The variance ratio F
obtained by variance analysis of the model is 14.96, indicating that the model has a higher influence on the response surface.
The probability value p is 0.0001, indicating that the probability of 0.01% of the model has no effect on the response surface.
The response surface map shows the interaction between the various factors. The three-factor operating range corresponding to
the minimum friction sensitivity value obtained by the model optimization is less than 45° in angle, less than 2 MPa in pressure,
and less than 45 °C in temperature.

Key words: solid propellant;friction sensitivity ;response surface methodology (RSM) ;central composite design (CCD)
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