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4 theorems on whirl transform of rotor vibration
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Abstract: The motion of a rotor-ean be decomposed into forward whirls and backward
whirls. This approach is referred to-as-whirl analysis or whirl transform. It reveals the rela-
tionship between'\motion of a rotor and forces applied more evidently, therefore this method
is widely applied to diagnosing-problems in rotating machinery.

4 theorems-aboutfotation vibration were established. Theorem 1 states that, an ellipti-
cal orbit of a rotor can always be decomposed into a forward whirl and a backward whirl.
The area of the elliptical orbit is equal to the absolute value of the difference between the area
of the forward whirl and that of backward whirl. Theorem 2 is associated with the circumfer-
ence of an elliptical orbit and its forward whirl and backward whirl. Theorem 3 states that,
the forces applied to a rotor can also be decomposed into forward whirl force and backward
whirl force. The forward whirl force can only perform work on the forward whirl but not on
backward whirl; vice versa, the backward whirl force can only perform work on the back-
ward whirl but does not on the forward whirl. Theorem 4 states that the work performed by
forward whirl force is equal to the dot product of forward whirl force and the displacement of
rotor in the forward whirl, similarly the work performed by backward whirl force is equal to
the dot product of backward whirl force and the displacement of rotor in backward whirl.
The theorems are applied to determine the work performed by unbalance, viscous damping

and restoring forces due to skew symmetric stiffness. The results are identical with those ob-
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tained from traditional dynamics. However it is found that, when &< Q< @ aslr- 1> Ir: |, the

skew symmetric stiffness will act as a stabilizing force suppressing backward whirl of aro-

tor.

Key words: acrospace propulsion system; rotor; forward whirl; backward whirl; the

orem
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Fig.1 An elliptic orbit is decomposed into forward whirl and backw ard whirl component
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Fig. 3 Angular whirl speed of a rotor in one revolution



284 -
(A lford) 4.3
[12] | )
Fi=- sox — sy (25)
Fy =— soy+ siox (26)
3:
r=ré + e’ (27)
’ ) F= Fx+jF)’=—so[r+ €/Q+r— e—th]+
s12j [+ A eij.g] =— sor+ sijr=
* (jsiz— so)r+ ¢+ (jsiz— so)r- e’® =
Fr e+ F. ¢/® (28)
Fr= (jsi2— so0)r+ (29)
F- = (]'512— sO)rf (30)
W = J"OIFI‘dI': Jz | Fy/ 11 jr+ 1 dO-
4.1
Jz | Foleljr d0=\ 2Tk ofri- r2] (31)
Fee= meQcos( QX+ B (19) 1
Fye = mSstin(9§+ B) (20) W = 23-[512[’,3_ r—2] = 2MsuXY (32)
Fe= Fied Fye = meQ? & ? (21

3 4,

We = J.: | Fel* dr'= f) | Felel jr+| dO

(22)
Feljr., , We= 0.
4.2
Fi=— dor=- jofre - r- ¢'"] =
Fue + Foe'® (23)

Foo = - deor+ ,‘Fd— = deor_;dO

A T
Wi = J‘OIFdI'dr: ﬁle+|'|jr+|d9—
J70 | Fa |l jr—l do= - ZTHQQ[rf-F T—2]
(24)

, dre > |,
W> 0,
(JJ),<Q<(Q( ,|r-|>|r+|, 3W<
0. , s
5
4
(1
(2)
(3)



4 285

[ 1]

[2]

[3]

[ 4]

[5]

(4)

[r-1>1r 0,
, W< 0.

(5) W< Q< o,

B B

LIAO Mingfu, Gasch R. Crack detection in rotating shafts an
experimental study[ R]. IMechE 1992, Bath, England:
432/ 106.
[ D].
, 1995.

Weigel M. Werkzeuge zur schwingungsdiagnose an turbo
maschinen[ C] ' In: 3. symposium: methoden, nutzen
und trends der schwingungsdiagnostischen Ueberwachung
von Turbosaetzen in Kraftwerken und Industrieanlagen.
Willin gerr Sauerland: 1995.

LIAO Mingku, Andreas eichler and-markus schatz:~a new ap
proach to detection of cracks\in an anisotropic-rotor[ J]-
M achine Vibration; 1995;4: 14F 151.

Gasch R,sLIAO Mingfu. Rrocess for early detection-of a
crack in a rotating, shaft ['M]. United'States Patent,
5533400, 1996.

[ 6]

[8]

[9]

[10]

[11]

[12]

[13]

Rietz P, Segebart P, Liao M F. Diagnosehinweise aus der
numerischen simulation von Anstreifvorgaengen von ro
tierenden wellen[ C] ' VDFSchwingung stagung ( 1999).
VDI Duesseldorf, Berichtband.

Goldman P, M uszynska A. Application of full spectrum to
rotating machinery diagnostics[ J]. Orbit, 1999: 1721.

[J]. , 1999, 19(4) : 359 363.
LIAO Mingfu, Deng Xiaowen, Yang Shengji. A new ap
proach to diagnosing the loosening of support of a rotor
[J].
1999, 19(4) : 359 363.

, . [1.

,2000, 19(1): 56 58.

YANG Shengji, LIAO Mingfu, ZHAO Xumin. Computer

Journal of Vibration, Measurement & Diagnosis,

aided monitoring and diagnosis system|[ J|. Measurement
& Control Technology, 2000, 19(1) : 56 68.

5 . 1.

,2002, 17(1) 97 104.

DENG Xiaowen,-ETAO Mingfu. Robert liebich and robert
gasch: coupled bending and torsional vibrations due to ro
tor tostator_contacts [ J]. Journal of“Aerospace Power,
2002, 17(1): 97- 104.

~Andreas-eichler and markus schatz:

:ZL 95

115465. 6 P].. 2002- 03 13:
Gasch R Nordmann R, Pfittzner H. Rotordynamik[ M ].
2nd. Berlini” Springer, 2002, ISBN 3540 4124G9.
Meirovitch L. Fundamentals of vibrations| M ]. McGRAW-
HILL International Edition, 2001, ISBN 6 07- 041345 2.



