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Coupled Analysis of Turbopump of Liquid Rocket Engine
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(Northwestern Polytechnical Unjiversity, Xi‘an—7 10072, China)

Abstract: In order to improve the reliability\of liquid recket engine-and prevent destructive
failure, coupling between the-rotating speed frequency and”the gas pressure impulse must be
avoided. Vibration responses of thé turbopump-w ereanalyzed by building a transmission model of
the excitation. The result that the gas pressure-impulse of the gas generator is the main source of
the excitation was given:T hen, the coupled rules betw een excitation and rotating speed frequency
of the turbine disk were shown andthe coupled rotating speed range was obtained. In the end, the

calculation results were validated by hot test information of the liquid rocket engine.
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Table 2 Parameters of turbine disk in hot test
n k m z s Q
1 18 7.35 11.123/10. 112
12 6 0 18 7.35 11.123/10. 112

3

Table 3 Progressive wave modal and the coupled range with the rotation exdtation

n n/ ne o= - 4 Hz - 2Hz 0O Hz 2 Hz 4 Hz
p 750 0. 632 0.633 0. 634 0.636 0.637
800 0. 622 0.623 0. 624 0.625 0.627
12 750 0.6093 0. 6096 0. 6099 0.6102 0. 6105
800 0.5995 0. 5998 0. 6001 0.6004 0. 6008
‘e
4
Table 4 Coupled rotating speed range under fixed excitation and nonprogressive wave modal
n m/ ne 0= - 4Hz - 2 Hz 0 Hz 2 Hz 4 Hz
6 750 0. 605 0. 6061 0. 6074 0.6085 0. 6097
800 0.5953 0. 5965 0. 5976 0.5988 0.6
12 750 0.5959 0. 5964 0. 5971 0.5976 0. 5982
800 0.5863 0. 5869 0. 5875 0.5881 0. 5886
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Table 5 Coupled rotating speed range under fixed excitation and progressive wave modal
n m/ ne o= -4 Hz - 2 Hz 2 Hz 4 Hz
750 (front progressive w ave) 0.7737 0.7753 0.7785 0. 7801
6 800 (front progressive wave) 0.7613 0.7629 0.7661 0. 7677
750 (behind progressive wave) 0.5351 0.5362 0.5384 0. 5394
800 (behind progressive wave) 0.5266 0.5276 0.5298 0. 5308
750 (front progressive w ave) 1.3053 1.3067 1.3095 1. 3109
12 800 (front progressive wave) 1.2843 1.2857 1.2886 1. 2900
750 (béhind progressive wave) 0.4010 0.4014 0.4022 0. 4026
800 (behind progressive wave) 0.3945 0.3949 0.3957 0. 3962
6
Table 6 Rotating speed coupling situation in hot test
T vsf 800 fon 800 fs 750 ~f 1 750 £
No. 1 2 3 4 5 6 7 8 9 10 11 \12 13 14 15 16
Run s s s s s s s s s s 5 s s s s s
A — — — — 39 14 18 5 35 14 160 3 — — — —
B 8 3 23 3 10 2 47 2 27 2
C — — 132 25 71 6 [— — — — | 12 20 65 20
D 53 21 25 11 10 3 4 — 170 33 3 —
E 57.8 40 31.6 \ 16 - — — - - - - — | — — — —
F - - - = = = - — = — — — 284 2 16 14
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