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STUDY ON CRITICAL ROTATIONAL SPEED OF
TURBO-PUMP ROTORS (I ) THE TRANSFER MATRIX
METHOD FOR HOMOGENEONS SUPPORT ROTORS

He Hongqing ‘Shen Dakuan‘ Zhang Zhewen

(Coll. of Astronautics, Northwestern Polytechnical Univ. , Xi’an, 710072)

Abstract: According to the conditions of acting force and displacement. the transfer matrices
of the shaft, plate and support were respectively derived. The calculation equations of frequency
and amplitude were deduced based on the overall arrangement of rotor structure. From this. with
the critical rotation speed and amplitude for every step solved. the methods of compound stiffness
for calculating the vibration damping and support elasticity were given. The calculated result speci-
fies that elasticity » damping and mass of support have important influence upon the vibration prop-
erties of rotor (critical rotation speed and amplitude) and that the matching of rotor and supports
can play adjust and controll the vibration properties of the rotor.

Subject terms: Liquid propellant rocket engine, Turbine rotor, Rotor speed., Transfer matrix

method ", Numerical simulation
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Fig. 2 Acted force and displacement of shaft. support and plate when rotor free vibration
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Table 1 Structure of variant complex support and their compound stiffness

No. Type of complex support Compound stiffness
@ Elasticity support Z=Fk
@ Elasticity support regarding mass Z=—m¥+k
@3 Support possessing viscosity damping Z=ifdc
i 1
@) In-line support of viscosity damping and elasticity unit 1 i 1
ifde 'k

Parallel connection support of viscosity damping and e-

lasticity unit

- Parallel connection support of viscosity damping and e- _ .
6 Z=—mP+k+iQc

lasticity unit., and regarding support mass

Parallel connection support of viscosity damping and e- 1
= - . . . z=
@ lasticity unit.and regarding support mass and shell stiff- 1 X 1
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Fig.3 Curves of calculated results
a. Damping coeflicient versus support stiffness when rotor free vibration b, Line amplitude versus support stiffness when

forced vibration c. Angle amplitude versus support stiffness when forced vibration d. Phase change of angle amplitude
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Fig. 7 Axial distribution of temperature in detonation combustion chamber

in the process of detonation wave propagation
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