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Fig. 1 Coordinate diagram of the basic structure of the GFRP launching tube
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Table 1 Basic thermomechanical performance tests of the one-way GFRP slabs

pilot test fiber direction a /(°) temperature T /°C frequency N
1 normal mechanical properties test_0_20 C 0 20 5
2 normal mechanical properties test_0_50 °C 0 50 5
3 normal mechanical properties test_0_75 °C 0 75 5
4 normal mechanical properties test_90_20 C 90 20 5
5 normal mechanical properties test_90_50 °C 90 50 5
6 normal mechanical properties test_90_75 C 90 75 5
7 normal mechanical properties test_45_20 °C 45 20 5
8 normal mechanical properties test_45_50 °C 45 50 5
9 normal mechanical properties test_45_75 C 45 75 5
10 after aging mechanical properties test_0_20 C 0 20 5
11 after aging mechanical properties test_90_20 C 90 20 5
12 after aging mechanical properties test_45_20 C 45 20 5
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Fig. 2 Geometry of the one-way GFRP slab specimen( unit; mm)
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Table 2 The quantity and technical status of the one-way GFRP slabs

specimen category

quantity ( pieces) description
(based on fiber direction)
0° 25 specimens are taken from unidirectional FRP boards and prepared
90° 25 the process of unidirectional FRP board preparation should be the

45° 25 same as the non-metallic directional tube preparation process
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Table 3  Test results of GFRP mechanical behavior (0°)

tensile strength tensile modulus elongation at break Poisson’ s ratio
temperature 7'/ °C
A /MPa E /MPa 8/% v
20 1.17x103 5.29x10* 2.27 0.311
50 1.19x103 5.27x10* 2.31 0.305
75 814 4.49%10* 1.84 0.298
20( 100 °C ,400 h aging) 1.21x10° 4.88x10* 2.46 0.283

AR 5 AR AT R (E, LU SRS P R .
Note This table is the average of 5 experimental groups, as are the data in the following tables.
R4 PIEMIIEREIR SR (45°)
Table 4 Test results of GFRP mechanical behavior (45°)

vertical and horizontal shear vertical and horizontal shear vertical and horizontal shear
temperature T /°C
strength o /MPa modulus E, /MPa strain &, /%
20 29.6 3.55x10° 0.97
50 29.7 3.31x10° 1.2
75 20.9 2.65x103 0.995
20( 100 °C,400 h aging) 25.9 4.74x103 0.51

R5 YIS I EERBIX ISR (90°)
Table 5 Test results of GFRP mechanical behavior (90°)

tensile strength tensile modulus elongation at break Poisson’ s ratio
temperature T /°C
A /MPa E /MPa 6 /% v
20 36.8 1.50x10* 0.233 0.084 3
50 34.8 1.36x10* 0.219 0.094 9
75 31.1 1.28x10* 0.236 0.085 9
20( 100 °C,400 h aging) 32.5 1.65x10* 0.187 0.098 2
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Fig. 4 The composite laminate model for the one-way slab tests

AT TSI, ARG B AR S PR SR AR A 45 R 5 S A SRR L N3 6 iR AR
ALV TEBOB A 4RI 0B 2R T TR AR 505 A R AR ZE /N T 3% ;78 5 h
KA BORBLE 90 H RS T E RS (5 A R IR 2/ T 6% 2345 R = [E 1Al
5. 6 fis.

MR BT R LU SR IS G R = 15 0 BE A% A7 A3 A2 5 b RS R Y 2
PEBE , PR X BB B0 52 1) A 45 4, J2 2R AT 5 A M SR AR TR X 2% 18] S PR AR AR B A T A 3



BRI E ) 5 AT A PR REIE ST 5 AL 651

¥,
A& 5 AP 0 Ba A AR B X [ 28 T B KN 0.000 294 m, 1] 90° B [al AR KA X [A] 2R T B
K 0.002 652 m .
F 6 MEBEEE BRI SE HNT L (20 °C 4 1)

Table 6 Comparison of the results of the one-way slab laminate material model (at 20 C)

0° 90°
ply angle
elongation 6 /% Poisson’ s ratio v elongation 6 /% Poisson’ s ratio v
simulation 2.21 0.311 0.233 0.084 3
test 2.27 0.312 0.245 0.089 2
error 2.7% 0.3% 5.15% 5.8%

FE Poisson M2 16 B A A o] A8 FORL 45 E

Note Poisson’ s ratio is given by the ratio of the longitudinal strain to lateral strain.

DMX=2.94E-4 DMX=2.653E-3
SMX=2.94E-4 SMX=2.652E-3
Y Y
8 2
7z "X 7z X
u/m u/m
3.27E-5 9.80E-5 1.63E-4 2.29E-4 294E-4 2.95E-4 8.84E—4 1473E-3 2.063E-3 2.652E-3
0 6.53E-5 1.31E-4 1.96E-4 2.61E-4 0 5.89E-4 1.179E-3 1.768E-3 2.358E-3
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Fig. 5 The 0° unidirectional plate’ s stretching Fig. 6 The 90° unidirectional plate’ s stretching

X -direction deformation contour
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Table 7 Anisotropic material parameters of the GFRP launching tube (20 °C)

X -direction deformation contour

parameter layer equivalent
Ey /MPa 52 900 12 000
Ey /MPa 15 000 12 000
E, /MPa 15 000 15 000
Pryy 0.311 0.697
Pryz 0.311 0.200
Pryz 0.311 0.200
Gyy /MPa 3 550 20 100
Gy, /MPa 3 550 3550

Gy, /MPa 3550 3550
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R 8 BINE M 14 0 A RS EL(50 C)
Table 8  Anisotropic material parameters of the GFRP launching tube (50 °C)

parameter layer equivalent
E, /MPa 52 700 11 300
Ey, /MPa 13 600 11 300
E, /MPa 13 600 13 600
Pryy 0.305 0.705
Puys 0.305 0.210
Py 0.305 0.210
Gyy /MPa 3310 20 600
Gy, /MPa 3310 3310
Gy, /MPa 3310 3310

RO PHEWE W E RIS RYEMOR S EL(T5 C)
Table 9 Anisotropic material parameters of the GFRP launching tube (75 °C)

parameter layer equivalent
Ey /MPa 44 900 9150
Ey /MPa 12 800 9150
E, /MPa 12 800 12 800
Pryy 0.298 0.727
Pryz 0.298 0.152
Pryz 0.298 0.152
Gyy /MPa 2 650 16 400
Gy, /MPa 2 650 2 650
Gy, /MPa 2 650 2 650

R 10 BOEBUE B S m SeEMOR 280(20 C, 2HLE)
Table 10  Anisotropic material parameters of the GFRP launching tube (after 20 °C, aging)

parameter layer equivalent
E, /MPa 48 800 15 200
E, /MPa 16 500 15 200
E, /MPa 16 500 18 200
Pryy 0.283 0.604
Pryz 0.283 0.082
Pryz 0.283 0.082
Gyy /MPa 4740 15 600
Gy, /MPa 4740 4740
Gy, /MPa 4740 4740
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Table 11 Comparison of the simulation data

force state comparative item composite layer equivalent material error
inner-surface pressure maximum displacement »,, /mm 9.069 9.008 0.67%

of 3 MPa equivalent stress o, /MPa 149 137 8.05%

end pressure maximum displacement u,, /mm 6.35 6.37 0.38%

of 0.3 MPa equivalent stress o, /MPa 80.5 74.1 7.95%

& 7 FoRBEEEAN RE [7) B N R IE7RIE 3 MPa BB = K, &2 A4 280 b () de KA A% 1
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Fig. 7 The total displacement contours( the inner surface is under a pressure of 3 MPa)
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Fig. 8 The von Mises stress contours( the inner surface is under a pressure of 3 MPa)
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Fig. 10 The von Mises stress contours( the end face is under a tension of 0.3 MPa)
+: >N\
4 % e

0 3 ST B AN E ) 0 A AR EAT T B A B 1 A R A g 2 RE A e A e, R
FHAE ) BN R EEA T AR RE , & I AL A BEA T2 RE S A G e E 1 A K
IR RE AT TSR R A R 2 A

L5 FAERL S BB, LA R S G RHH 2 B REAS A U & A R 25 F 1
SEPERE, DB X B B 10 B 454, 32 2R S S PR R AR RN 45 11 S AT M R AT A
Ko Hir.

SR 25 16 S PR AR L RE A6 450 4y b 55 20CTE < s ARV RR R, TR T I 448 1) 5 22 20 A 5

3=



BRI A 0] B Iy PR BRI 55 S A 655

L, B g B o o i S7 AR 4 Ja 1) A RV RE 0 M T H RS AL 4R AT RS 4L

2 2% 3k (References)

(1]

[2]

(3]

[4]

(5]

[6]

(7]

(8]

[9]

[10]

TAB AYLTHLBEEEAR M Z [ M]. Jbnt: b5 Tolk i e, 2001. (WANG Yujie. Organic
and Inorganic Glass Technical Quiz[ M]. Beijing; Chemical Industry Press, 2001. (in Chi-
nese) )

i, 20t EANIE IR B CHR R SRR [T]. SR TR, 2010(2) : 124-128.(HU
Bo, LI Zhuang. The breakthrough of foreign ballistic missiles: key techniques and develop-
ment[ J|. Tactical Missile Technology, 2010(2) : 124-128.(in Chinese) )

25, fEE. IR REZWAEL G LA GO E RN [ T]. BOC 56 7=k, 2013,
50(4) . 169-173.(LI Qiang, CUI Yan. Application of Chebyshev polynomial in memory tracking
of single theodolite[ J]. Advances in Laser and Optoelectronics, 2013, 50(4) . 169-173. (in
Chinese) )

BRI, MPEAk, DRy, His LA E m A 2 BARRAL BT IRT [ ], SR de R R 5 TR,
2014, 37(3) . 1046-1051. (HU Jianguo, ZHONG Jianlin, MA Dawei. Multi-objective optimiza-
tion for orientator of airdropping launch canister[ J]. Ordnance Material Science and Engi-
neering, 2014, 37(3) . 1046-1051.(in Chinese) )

SRR, SRR, SRR BB A I REEUE (5 B S AT [T ] RETEAAR, 2010, 22
(4) . 877-830.(ZHANG Zhongli, DANG Yugong, LE Guigao. Numerical simulation and analy-
sis of thermal and elastic performance for glass-steel launch tube[ J ]. Journal of System Sim-
ulation, 2010, 22(4) . 877-880.(in Chinese) )

Ay SURIRLA E [l A DL ) 1] BE S5 SIPERIBIESE [ T ). APRF TR, 1993(3) : 42-44. (ZHU
Zihua. Study on the phenomenon and pattern of orientation of diaxial strenthching orientiated
organic glass[ J]. Journal of Materials Engineering, 1993(3) ; 42-44.(in Chinese) )

SR, BRNEE. ]2 RO 4R G s XU FARL A BB AR A ST S RS [T ). 5 Tl
i, 1980(1) : 45-50.( LU Xici, LUO Hezhang. Study on birefringence of biaxially hot-stretched
acrylics by using convergent polarized light[ J|. Acta Polymerica Sinica , 1980 (1) : 45-50.(in
Chinese) )

B, TS, KRG, BUEWT a0 tERe R IF AT AR [I]. W)IE T2%4, 2015, 36
(10) : 139-141.(SU Tengteng, YU Cungui, SONG Tao. Research on aging properties and creep
behavior about glass-steel launching tube[ J |. Journal of Sichuan Ordnance, 2015, 36(10) .
139-141.(in Chinese) )

I BRARRE. SR AN R E ) AR A SR BEAT T [ J]. BIAS R, 2003, 15(2) ; 39-43.(WANG
Ke, ZHANG Fuxiang. The strength research of the rocket launcher GFRP tube[ J]. Journal of
Ballistics, 2003, 15(2) : 39-43.(in Chinese) )

A . BRI AIEAREREJ]. LI J1%%, 1982(2) : 71-78.( SHEN Shuzeng. The creep behav-
iour of glass reinforced plastics[ J |. Shanghai Mechanics, 1982(2) : 71-78.(in Chinese) )



656 (IRE ok Ae EE ¥y o8 &

Research and Simulation of Mechanical Properties
of GFRP Launching Tubes

HE Zepeng', BI Shihua', MA Yue', LUO Bixia’
(1. School of Aerospace Engineering, Beijing Institute of Technology,
Beijing 100081, P.R.China;
2. Northern Science and Technology Information Institute, Beijing 100072, P.R.China)

Abstract: The launching tube is an important part of the rocket system. In the process of long-
term storage, aging phenomena inevitably occur under various stress and environment factors,
with important influences on the system reliability. The glass fibre reinforced plastic ( GFRP)
launching tube was studied through thermomechanical tests of the one-way GFRP slabs. The
tests and measurements gave the basic thermodynamic performances of the one-way GFRP slab
materials, including the basic mechanical properties after accelerated aging. The mechanical
model for the GFRP launching tube was constructed and the thermodynamic characteristics of
the GFRP launching tube under loads were analyzed. Then the creep models for the GFRP
launching tubes were established, that is, the composite laminate model and the anisotropic
model. With the structural model, the material parameters for the long-term performance analy-

sis of non-metallic directional tubes were provided.

Key words: GFRP launching tube; thermodynamic performance; creep; long-term perform-

ance
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