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Compressive strength performance of bolt-jionted composite pressure vessel
WANG Ming,ZHENG Zhicai , XIAO Yachao, WANG Zhizeng, QI Fengjie, GE Linhai, MENG Xiangwu, CHEN Yan
(Shandong Non-metallic Materials Institute,Jinan 250031, China)

Abstract : To fill the application needs for further weight reduction of composite pressure vessels with small aspect ratio, a
bolt-jointed large end-opened composite pressure vessel was designed. Taking a diameter of 290 mm pressure vessel as an example,
the fiber layer thickness, winding angle, and number of layers of the carbon fiber composite pressure vessels were designed based on
network analysis method. The influences of bolts with a diameter of 6.5 mm and materials of TC4 and TC11 respectively on the
internal compressive strength of the large end-opened carbon fiber composite pressure vessels were first investigated by hydrostatic
test. On the basis, the influences of bolts with diameter of 9 mm and materials of TC4,TC11,and 35CrMnSi on the internal compres-
sive strength of the pressure vessels were also investigated. The tests results indicate that when bolt-jointed pressure vessels bear
internal pressure, the composite material at the bolted joint is a weak area, the composite material at this location needs to meet the
requirements of compression, axial tension, and circumferential bearing, therefore, additional reinforcement is needed. At the same
time, bolts need to have sufficient tensile and bending strength. When the material of bolts is the same, as the diameter of the bolts
increased, the stress area increased, its tensile and bending strength is greatly improved. By selecting bolts with higher strength mate-
rial,, the pressure resistances of composite pressure vessels are improved greatly.
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Tab.1 Technological scheme of trepanning

Scheme Sample Hole specification/quantity
1 A6.5 mm, 60
A
2 6.5 mm, 60
3 A9 mm, 40
B 4 ?9 mm, 40
5 J9 mm, 40
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Tab.2 Size and materials of bolts

Scheme Sample Bolts specification/materials
1’ 6.5 mm, TC4
) 2’ 6.5 mm, TC11
3* A9 mm, TC4
b 4 )9 mm, TC11
5" D9 mm, 35CtMnSi
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Fig. 5 Bolts structure of scheme a

N
S
S
/

)
1540 0
-0.02
-0.05
1xD6.60
M8x1.00-6.00h

? D9.00

2.50
)
o N7
/ \V 8.50 M;
6 T b R R
Fig. 6 Bolts structure of scheme b
1% 5 58 o4 10 MPaj 2 J& JJ 45 4% 18 % 75 58 O 12.3
MPa, 1,2 S g AR BT EK
()% b, 3,4, 5 R 1425 A 09 mm AR
T T R B J7 1) 1 40 > @9 mm Y3 L5
KIET R #Ht . 3 AR KRR 65
12K @9 mm A2 AR , &2 AR BHMUE RT3
PSRRI SNSRI, FLER AL A RORHR IR .
JES8 M 17 MPa., 4' 1 2548 A7 7K Hil 56 i i A
MR TIREFRA K A= Wi 5, 526 MRS KT B A7
KA AR, MRS A 20.6 MPa, 5% J1 45 4%
HEAT /K R0 e 8 IR JT RSB0 K A= i 4, & A
WRMYAEFLERAI Y FEREIR . JB M 38 2 29 MPa.,
FE ISR R a5 A L2 3
#3 ENBEKEAREER

Tab.3 Hydrostatic test results of pressure vessel

5.00

Sample Bursting pressure/MPa
1 10
2* 12.3
3 17
4 20.6
5* 29
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