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Determining poisson’ s ratio of solid propellant
by means of cylindrical motors

HE Tie-shan, PU Yuarryuan, WANG Zhr qiang, ZHU Werr long
(Hubei Red-Star Chemical Inst. , Xiangfan 441003, China )

Abstract:

Cylindrical motors method was built to determine the poisson’ s ratios of solid propellants. According to the maximum

radial deformations of the perforations of cylindrical motors with two different outer inner radial ratios after having been cured and

dropped in the temperatures, the poisson’ s ratios of the solid propellant grain at the different temperatures was fit out by use of FEM.

The relative errors of the poisson’ s ratios determination at different temperatures don’t exceed 0. 5% .
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Solid propellant: Poisson’ s ratio; Finite element method: Cylindrical motor

A g 77 RUSEARY S P AR R A T K
LR RROR A TR R EROR. LM &
P 2R S M 52 0 40 7 1 W o 7 VR S
Ji 71 %

[K]{ &} ={F} (1)
{F}= Z{Fo}"+ {F}*+ {F}"+ {R}] (2)

UL K] R EE R S I B R R, 5 750 25 1 v 4

FE LUK TR 4 RUABARSE A K f O NEHITH R4S R

DR HIBE; { F} NG g5 AT R &, 545 m b5, 1
BERIZGAE AL L 2R B R A B R SR E S G
{Fo} S, {F) { F)©, { R}° 53 5 N850 B 38 A AR
JITH S T 6 ra B 7R 03 #%far 51 B, HC 5 SCVE L 3T ik
[6] o« oIt 2 4 25 4 20 O A 35 s T 49 381 5 1 1) 6
NI BEREREL K], 15 R85 25 s i 45 5T AL bR 33 770 24
FERARALE O ERIK REL o R RBRITETIE T, #
LR PETRRAL( 1), BT AR 30K 25 i AL RS, PR &4

THRENM, i, WF oAk Jy ] A ik Bk 70 S RE -



172 flE it

£ 2001 4

P B AL AL 3 R T 45 31 25 5 78 [ 10 PR R S B sK
BRBrFe . LI s 99 b N A2 04 ] 4 HE 32E 77 24 4
1 P R IR 5 B N LB R AR A F2, 7 LRI 2 B
B AN AR L [ AL PR AR 22 B R RIS T, &
f PR A G i A AR P 2P T RR AL 1) AT VRS LRI ZR K
REAUA TS, T 19 3 B A HE R 25 1E L PR
ZAF T U ay.

FE] A 3 ) (0 Y S B 5 2L 82 IR A 0%, FEBHAT
TR EE AR b, AS Bl T A4 HE 28 75 3 in A Y
A AT o R T R SR, AR e ] A TR 24 4
1 B KA RIS RL I, SR FH L TR L B A I8 AT JE 2
fis 7 % 0

[ R BHENR R G E EAE LT AN R4St

(1) AEBef 7 B W& R G, N T v BB fih 7y 0
Fas Eb B (R S, SR D L R 3 7 R A TR Bt 2 A 7 [
A FER I 1R P FLAR [0 1 2 S it 2% e o R 00

2) Sl Sr 7 B 45 1) R G, 15 1 H R AR AR A
RANHLZGHE A FL R 4 7 B, DA 9 FLAE I AR
-iﬁ‘ﬂiiﬂ']%;

3) EdE R A R4, LA [ A4 4k 2k 751 75 [ 44 b
mﬁhﬁhﬁ’mm’éﬁﬁ@{;&ﬁ@ AT U R B )
4) ZiFEIR R T R4, T‘*%Jé@&ﬂ’]mﬂ%, o

%ﬁi’f#ﬁfﬁhfﬁﬂﬁ*?ﬁ’JW?H mJEAE,

B S B L= T A L TR 26 45 LI 1.
1

721N

ﬁl&

/ % ﬁ\

Y ZBEN

2R

Fig. 1 Diagram of the testing system of poisson’ s

E H

ratio determination by cylindrical motors method
A — power( — 24V) ; B — converter; C —multimeter; D — datar pro-
cessor system: F — temperature-control chest; F —controksystme of

axial distance; G —cylindrical motor grain; H —eddy current sensor
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Fig.2 Sketch of determining radial
deformations of perforations

= ouler edge of cross section of the grain

—: cross— section of the perforations at temperature T< 78 C
— — :cross— section of the perforations at 78 C

d : the min. distance of the sensor to the perforation surface

S : eddy current sensor
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Table 1 Determining results of the poisson’ s

ratios and linear expansion coefficients

Temperature/ C 50 25 - 20
o v 0. 4990 0. 4966 0. 4923
) a1/ °C) | 0.870x 10" *] 1.098 % 10" *| 1.057x 10" *
) ) 0. 4991 0. 4973 0. 4926
SR-2 — . - :
a1/ C) [0.660x 1071 [0.920x 10~ * | 0. 820 % 10
) v 0. 4990 0. 4970 0. 4925
SR-3 -
a1/ C) 10.650x 10" *[0.875x10"* | 0.838x 10~ *
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Fig. 3 Distribution curves for radial
deformations of the perforations of the grain
along the axial direction

Series 1, 3, 5: Tested curves; Series 2. 4, 6: Fitted curves by FEM
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Table 2 Diagrame of testing errors of the poisson’ s

ratios and linear expansion coefficients( SR-1)

Relative errors -20C 25 C 50:°C
E il % m= 4 0.95 0.74 1. 30
' m= 5 0. 45 0. 86 1.76
Eveil % m= 4 0. 47 0.27 0. 50
m= 5 0.53 0. 21 0. 79
£ % m= 4 0. 32 0.16 0.12
m= 5 0. 17 0. 19 0. 17
Ed % m= 4 3. 36 1. 55 1. 26
' m=5 1. 70 1. 96 2. 18
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