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Improvement of bellow assembly used as moving

sealing unit of pre-pump valve
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(Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract; In a sample test of pre-pump valves for a certain rocket engine, the fatigue failure of the
valve's opening-closing cavity bellow assembly occurred. The analysis result shows that the causation
of fatigue is bi-directional bending fatigue rupture. Aiming at the problem of protraction and contrac-
tion of the bellow assembly, some improvement on the bellow assembly, finite element analysis, bel-
low trial-manufacture and bellow fatigue test were made. The results indicate the stress distribution of
new bellows assembly is reasonable, the fatigue life increases greatly. The improved bellow was test-
ed. The computation and the testing results are basically consistent and satisfied.
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Fig. 1 Schematic diagram of U-shaped bellow

configuration parameters
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Tab. 1 Contrast of configuration parameters of bellows before and after improvement

B E BT
RS 00Cr17Ni14Mo2 E=1.96x10° MPa, ¢,=177 MPa
KREESME DJmm 25.5
EEE W D, /mm 15.5
ELHREEE S/mm 0.14 0.16
B¥ N2 3 2
BHE ¢/mm 3 2.5
8 a/mm 1.8 1.5
B A 20 21
BEERMKE lymm 61.2 53.5
SN /mm 16.7 16.7
R % /mm 5.5 9.8
FE4E (A% /mm 11.2 6.9
BEE B Limm 71.2 63.5
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Tab. 2 Working conditions of opening—closing bellows assembly
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Fig. 2 Axially-symmetric model of bellows
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Fig. 3 Stress and stain variation of bellow’s wave crest with time
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Tab. 3 Statistical result of stress—strain maximum values

of bellows before and after improvement
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Fig. 4 Stress distribution of improved bellows assembly
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Fig. 5 Stress distribution of bellows assembly before improvement
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Tab. 4 Tested results of mechanical fatigue life of bellows

before and after improvement
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Tab. 5 Tested results of mechanical fatigue life of bellows

mounted on actual valve before and after improvement
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