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Critical speed identification of quasi-rigid rotor for turbo-pump

HUANG Jinping, XUE Jie, DOU Yu, QIN Jie, LEI Dangbin
(Science and Technology on Liquid Rocket Engine Laboratory,
Xi’an Aerospace Propulsion Institute , Xi’an 710100, China)

Abstract ; Taking the Jeffcott rotor system as the study object, the phenomenon of gravity subcritical-
ity is introduced theoretically. On the basis of the finite element model of rotating shaft and the correction
of bearing support stiffness, the first two critical speeds and modes of the turbo-pump of a large thrust lig-
uid rocket engine with staged combustion cycle are simulated. Through the high speed operation test, the
first two critical speeds of the rotor have been identified with the help of gravity suberiticality, and com-
pared with the identification results and simulation results of full speed operation, the errors of the first-
order and the second-order critical speed identification results were less than 4. 74 % and 6. 74 %, respec-
tively. The results show that the slight change of rolling body contacting state of angular contact bearing
will change the bearing stiffness and the rotor system response at high speed, so it is difficult to accurately
identify the critical speed from the response data in the full speed range. The running stability of the roll-
ing bearing-rotor is good at low speed and the identification of rotor critical speed (especially the first-or-
der critical speed identification) using the gravity subcritical method based on the data of low speed oper-

ation has a high accuracy.
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Fig.1 Schematic diagram of horizontal Jeffcott rotor
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Fig.2 Instantaneous position of the disk

and the forces acting on it
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Fig.3 Schematic diagram of turbo-pump shafting
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Fig.4 Free mode test of turbo-pump rotor
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Tab.1 Correction results of the first two modes

of turbo-pump rotor
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Tab.2 Correction results of the first three

modes of rigid pedestal

Brg BRI/ H. FHESIR/Hz iR/ %
1 256.7 251.9 -1.87
2 562.6 554.4 -1.46
3 608. 6 628.6 3.29
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Fig.5 Comparison of experimental and simulating results

of the first third vibration modes of rigid pedestal
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Tab.3 Analysis results of the first two critical

speeds of turbo-pump rotor
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Fig.6 The first two mode shape of turbo-pump rotor
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Fig.7 Schematic diagram of turbo-pump rotor operation
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Fig.8 Schematic diagram of axial force loading

Wt 2 W s AT, 8 il g RN R R
2 000 N, % FH5 i n] Fhid 2 25 000 v/ min, JR B0 F%
Ak 2R i 9 frs

—== -l e AR [ 4R 31
o IR B EIRAN2 o) g5

00
B2 8O~ /=B LA IR 55 283 /mind
D& ol o U-ELRERRSL T et
%
360
o 270
=180
# %0 i ool Soeenoannoet iy el

0 5000 10000 15000 20000 25000
3 /(r + min™')
9 0~25000 r/min IZ1TR iR IR FIRENGLFE AL th 2%
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during 0-25 000 r/min operation
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Fig.10 2f variation curve of rotor vibration displacement
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