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Abstract: In order to obtain a model that can replace the prototype of the aero engine rotor for dynamic
test, a dynamic similarity design method for the experimental model of the engine rotor system is presented. First-
ly, the dynamic similarity criterions for the reduced—scale model of the rotor system were derived by similitude
theory. Then, the dynamic similarity relationships between the reduced—scale model and the prototype were estab-
lished. Finally, the dynamic equivalent model of the reduced—scale model of the rotor system was updated by dy-
namic optimization. The objective function was formulated by the natural frequencies, critical speeds and the
mode shapes. Taking the dynamic similarity design for the high—pressure rotor system of the dual-rotor engine as
an example, the effectiveness of the proposed method was validated by finite element simulation. Results showed
that the similarity errors between the dynamic similarity model and the prototype for the first two critical speeds
were respectively 3.92% and 0.86%, and the corresponding modal assurance criterion values were all above

0.98, and the distributions of the modal strain energy between the two models were in good agreement. The dy-
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namic similarity model obtained by this method can well predict the dynamic characteristics of the prototype with-

in the design operation speed, and effectively reduce the costs and difficulties of the model test.

Key words: Aero engine; Rotor system; Dynamic similarity; Model test; Similarity criterion; Model
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Fig. 1 Design strategy for dynamic similarity model of

complex rotor system
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Fig.2 Schematic diagram of rotor-bearing system
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Table 1 Similarity ratios of design parameters for

reduced-scale similarity model (RSM) considering distortion

Design parameter Variable Similarity ratio
Axial length C, B
Radius C, Bin
Elastic modulus Cp 1
Density C, 1
Frequency C, 1/(Bn)
Critical speed C, 1/(Bn)
Moment of inertia C, BIn?
Mass C Bin?
Support stiffness C, Bin*
Excitation force C, Bm?
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Fig. 3 High-pressure rotor system of aero engine
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Table 2 Similarity ratios of design parameters for RSM of

high-pressure rotor system considering distortion

Design parameter Variable Similarity ratio
Axial length C, 4/5
Radius C, 8/25
Elastic modulus Cp 1
Density C, 1
Frequency C, 1/2
Critical speed C, 172
Moment of inertia C, 4096/78125
Mass C, 256/3125
Support stiffness C, 64/3125
Excitation force C 64/3125

~

Table 3 Support stiffness of RSM and prototype (N/mm)

Support stiffness Prototype RSM
Support 1 5x10* 1.02x10?
Support 2 2.5x10° 5.12x10°
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Fig. 6 One-dimensional finite element model of RSM
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Table 4 Comparison of dynamic characteristics between

RSM and prototype
Item Modal order 1 2
Frequency of prototype/Hz 115.01 226.75
Static Frequency of RSM/Hz 59.29 117.56
state Similarity ratio 0.52 0.52
C 0.99 0.99
state
Similarity ratio 0.52 0.53
Co 0.99 0.99
Similarity error/% 3.34 5.67
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Table S Comparison of dynamic characteristics between updated dynamic similarity model and prototype

Similarity ratio Similarity error/% Che
Mode Order Prototype Initial Updated
Initial Updated Initial Updated Initial Updated
1 115.01 55.69 55.99 0.48 0.49 3.16 2.63 0.96 0.99
Frequency/Hz
2 226.75 129.46 117.73 0.57 0.52 14.19 3.84 0.80 0.96
1 7161 3441 3440 0.48 0.48 3.89 3.92 0.96 0.99

Critical speed/(r/min)
2 14462 8175 7293 0.57 0.50 13.05 0.86 0.84 0.98
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