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ABSTRACT

A new modal analysis method for rotor systems with periodically time-varying parameters is proposed. The essence
of method is to introduce modulated coordinates to derive the equivalent time-invariant equation. This paper presents a
modal analysis method using modulated coordinates for general rotors, of which rotating and stationary parts both
possess asymmetric properties. The equation of motion with time-varying parameters is transformed to an infinite order
matrix equation with the time-invariant parameters. A theory of modal analysis for the system is presented with the
infinite order equation and a couple of reduced order equations. A numerical example with simple asymmetric rotor is
provided to demonstrate the effectiveness of the proposed method.
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Table 1

Numerical data for the simple, analytical model

I Parameter I a ‘ w, ¢ J A J o J Q ,
| Data I o06] 10rad/s | 002] 02 ] 02 ] 1.0rad/s |
Table2 Comparison of eigenvalues computed by the generalized modal
analysis method with the system matrix order changed
Eigenvalues

System matrix order Mode Remarks

0 1 2 3 4

. - - -1 00255553554 AT 4 AT,

- - - -4 -0.0127-3.2858 A%-ja A,

- - | -0.0291-j2.6861 -0.0269-j2.6712 A" -j4Q Ay

- - -1 -0.0143§47477 -001464.7266 A°-4Q) A%,

- ~{ -0.0255-j3.3554 -0.0254-§3.3359) -0.0273533281) AT 20 A

- -{ -0.0127-§1.2858 -0.0131§1.2812 -0.0131§12812 A°420 A%,

-1 -0.0291-j0.6861| -0.0269-j0.6712] -0.0269-j0.6712] -0.0269-j0.6712 A" -j2¢) A

-4 -0.0143-2.7477] -0.0146-j2.7266, -0.0112-j2.7162 j0.0131-j2.7187 /'),B-jZQ /11_31“)
-0.0255-j1.3553] -0.0254-j1.3359] -0.0273-1.3281 -0.0269-j1.3287 -0.0269-j1.3287 AF o
-0.0255+j0.7226] -0.0112+j0.7161] -0.0131+j0.7187] -0.0131+j0.7187 -0.0131+j0.7187 A8 .
-0.0255-j0.7226] -0.0112-j0.7161] -0.0131-j0.7187 -0.0131-j0.7187 -0.0131-j0.7187 AP /103(1)
-0.0255+1.3553] -0.0254+j1.3359| -0.0273+1.3281} -0.0269+j1.3287| -0.0269+j1.3287 A Zogsy
-1 -0.0143+2.7477] -0.0146+j2.7266] -0.0112+j2.7162] -0.0131+j2.7187 A%+ j20) -

1 -0.0291+j0.6861] -0.0269+j0.6712] -0.0269+j0.6712| -0.0269+j0.6712] AT +i20Q -

" -4 -0.0127+j1.2858| -0.0131+j1.2812] -0.01314j1.2812  A” +j20) o

- -{ -0.0255+{3.3554| -0.0254+j3.3359) -0.0273+j3.3281 if +26 o

- - - -0.0143+j4.7477] -0.0146+j4.7266 A°+j4Q oy

- - -1 -0.0291+j2.6861] -0.0269+j2.6712] A© +4Q -

- - - J -0.0127+j3.2858 A% +j4Q Ay

- - . 1 -0.0255+i5.3554] A" +4Q e

Table 3 Classification of the simulation cases with regard to the degrees of anisotropy and asymmetry

Parameter values
Case # Characteristics A (asymmetry) J » (anisotropy)
1 0 << asymmetry = anisotropy <1 0.2 0.2
2 asymmetry << anisotropy 0.04 0.2
3 asymmetry >> anisotropy type 0.2 0.04
4 asymmetry = anisotropy = 0 0.04 0.04

-309-




