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Development of a Design Theory of a Pressure Vessel
with Combined Structure of the Metal and the Composite

Bang-Eop Lee* - Won-Hoon Kim* - Song-Hoe Koo* - Young-il Son*

ABSTRACT

A thery was developed to design a high pressure vessel with combined structure of the metal and
the composite to withstand the pressure of several tens of thousands psias to reduce the weight of the
impulse motor which produces high level of thrust within several tens of seconds. The elastic-plastic
stress analyses were carried out to prove the validity of the design theory. A combustion chamber of
the impulse motor was designed by the design theory, fabricated, and tested by the hydraulic pressure
and the static firings. The bursting pressures from the tests were compared to those predicted by the
design theory and the stress analyses and found to be almost the same. It will be possible to design
the high pressure vessel with combined structure of the metal and the composite very easily by the
proposed design theory.
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Table 1. Design results for various materials
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Table 3. Design results at the design pressure
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Fig. 7 Stress vs. chamber pressure
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Table 4. Results of the calculation

AAHF SHAFTE
14 FZE A AA ol & T2
Sy oA | 57| A B | A
28 9% 159 | 9% 39 | 4%
ElEbF | 98.7-
2271 990 011 961 | 014 | 999 | 0.10
T800 | 169- | 0.51-
28| 176 | 057 1443 | 0.84 |206.0| 0.29

*g F7ldl 42 $HE& JEd Fig 7S B
|, 3z Ade FHIAF o AAclE
B e tEoA FEHA a4 9ol vEh

ALBe EHEF(Ti-6Al4V) AEE FHE o
S3 ¢Ad EFA(T-800 Carbon/Epoxy)E ¥

(fe1s))  (FRIAIA)

(#NE)

Fig. 11 Manufacturing process of the chamber

' 494AE AwES Fig 113 go] Alztste]
A4 4719 distd FRARE AASHATHS].
Figure 129} o] Ao Adr FYolA
AFIgHYg LS 54T AFE AR H
AF Az ARG A Fig. 139 Jde At

Figure 13914 RE uke} o] FERAFA
9] M Lo] AA0)E Ko Bte Fge Holey,
ol AlAAl AMEE ASEAY Aol EFA
7b ozt FAA AFAEHA jEoR AdEn.
AsHe] FEZEE Table 59 #o| 31,474~
32,157 psiaow, ZEE dxd I
149} 2ok

rlo

Fig.

Fig. 12 Position of the strain gage



10 H25 2006. 6.

SEXA SEN o|5TFzE

2 B AHETI HAOIE My 29

2000(_]

18000

16000 <

14000 -

12000 <

10000

8000 -

Hoop strain{jg)

5000 4L,

4000

2000

2000 4

0 5000 100006 15000 20000 25000 30000 35000
pressure(psi)

Fig. 13 Hoop strains of the composite at the
center of the chamber

Table 5. Predicted and measured bursting pressure
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