31 3 Vol .31, Ne 3
2005 6 JOURNAL OF ROCKET PROPULSION Jun.2005

( ) 710100)

E E E

: V434.211 ;A : (2005)03-0014-09

Turbine disk traveling-wave resonance
Identification by using rotation speed

Zhang Jitong, Huang Daogiong, Guo Jinglu
( Shaanxi Power Machine Design and Research Institute, Xi’ an 710100, China)

Abstract: To find out the real reason of the turbine disk fatigue crack damage of the liquid rocket
engine, many possible types of the disk coupling resonances are analyzed, including the disk
travelling wave coupling resonance. After the possibilities of other coupling resonances of the disk are
eliminated, the coupling resonance between the traveling-wave modes and the rotation excitations
resulted by the gas pressure oscillation in the impulse turbine cavity is then analyzed in detail , and
formula for dangerous coupling rotation speed region calculation is presented. The coupling
resonance criteria are obtained after the analysis of large amount of engine hot test rotating speed
measurement data.
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Tab.l Modal parameters of turbine disc
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fi/fcr /(A) J K & fgdBi/HZ
4.16 0.74 1 1 | 826~1745
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Tab.2 Theratio of pressure fluctuation between gas .
generator and pump outlet
5 _
n 6 12
Opgol/0pgo] 0.824 32.83 .
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Fig.4 The propagation of gas pressure wave

in the turbine shell cavity
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Tab.3 Turbine parameters of hot run engine
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Tab.4 Coupling regions of traveling-wave modes and excitation
n=6 - n=12 -
&/Hz -8 -4 -2 0 2 4 8 -8 -4 -2 0 2 4 8
g\ g\

700 | 0.638 | 0.64 | 0.642 | 0.643 | 0.644 | 0.645 | 0.648 | 0.6158 | 0.6176 | 0.6180 | 0.6183 | 0.6186 | 0.6189 | 0.6207

750 | 0.629 | 0.632 | 0.633 | 0.634 | 0.636 | 0.637 | 0.639 | 0.6074 | 0.6093 | 0.6096 | 0.6099 | 0.6102 | 0.6105 | 0.6124

I'C | 800 | 0.619 | 0.622 | 0.623 | 0.624 | 0.625 | 0.627 | 0.629 | 0.5977| 0.5995 | 0.5998 | 0.6001 | 0.6004 | 0.6008 | 0.6026
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Tab.5 Some results of hot run coupling rotation speed anaysis
fio fs fio fs
I'C 800 800 750 750
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
t, t, L, Ly G, 4, |4, 4, t, G t, t, t, G
A 39 14 18 5 35 14 16 3
B 8 3 23 3 10 2 47 2 27 2
C 132 25 71 16 120 20 65 20
D 5 21 25 11 10 3 4 70 33 3
E 578 40 316 16
F 284 22 16 14
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