136-128 oo 10 o )louis 15 095 1394 (63 (3o SulKo wIdo adxo

93 ol dolinle =
—5; =

Y ’ = i =

OV 30w S0 (wigo = & -
=L1\=

mme.modares.ac.ir T s

vg; d’bg) 3l oolaw! b Q')’.ﬁ.ols 6&)935) k] Wi YRR gS)'u\il?: M

3 . .. *2 .z . T 1 .
P E IR FO-1 I | LV S ENTX | PP-U ) PP_RRV-C Wi g RNV EN

Olﬂfu e Cuyd ol&uisl "~§V-‘l5v° (sWIRe c-\»ﬁ)‘ (_,;wt.»ﬁ)lf (597.:.,.5;.3\3 -1
ul){) yde Sy olKily ;;iu&n eI ‘)la,;’;jb -2

OIS gy oitimg (Sl wdige ¢ bdkwl-3
ghazavim@modares.ac.ir 14115143 ., 59000 o) *

s Ao e

o gl s ol 3 5L gl (el cpyS slal el snd aidly g ¢ lixel yeis, syl odgate puxi g awyp & Bai5S opl o Jel8 iy, o
1394 ,5 31 1cél

1394 120 09 5 s
1394 3107 :cylo 5> 1))

sl 51 0)b dgmg Wadge den b gS el g canl (ol] anp b (gl Kams cdls cpl el s odlitul gyl Hlxe
e By u,s)f Code ol 04 odliswl C,S).'> OYolxe 03)91 Cawd & LS‘)-? ).sl)f\/ UP9) )I ol 005 C;S).& OYolao >)|9 LSI‘\:’.B‘} dl)Du‘

S Al Cono oyl JieS loges 5109 poles Wadge (yn (uilS)8 pledl g58y (ISl U sl 0 asedie (S > (sladge bl 45
B> @l sl 0ad puy S50 slajiite cans Ll g ol (Alg Sad (il (Sl g Sl Il oud ol 299
el Gl (il a5 as asuie ol osd dwslie (6 lul (glaylages g cp,S o 5l edel Cund 4 @l b b pé ¥olee (30 oS
Lot ol (Shnd jgig) 4 s Gyt L Gyl lailginl jeig) 9 e (o)LL e 9 SiheS ad Siss f‘"*l""
298 FSe5 ol @ )59y 42 a bl ply Swwd (poje g i ol Glee o amd £y Sloj HLL oL (255,50 gw.lg)ﬁ. rui
S

Dous oo yinS (e o Cuaw 4y L gHluLL sl el py> (ioli8l Wb o buls yiin slce pw o 4 gl

Stability analysis of the vibrations of unbalanced rotors with Krein’s
method
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this research, the stable regions of an unbalanced rotor are specified. Krein’s theorem is
Received 22 July 2015 applied to this system for the first time. In this case, the disk has six degrees of freedom and

Accepted 01 October 2015

Available Online 28 November 2015 coupling between all dynamic modes might be observed. The effect of the skew angle is

observable in equations of motion. The equations of motion are derived using Lagrange’s
equations. Krein’s signature of each mode is calculated in order to find possibility of frequency

Keywords:

Rotor coalescence. Campbell diagrams are used to verify Krein’s theorem. The damping and unbalancing
Krein effect on the system stability are studied. For all effective parameters, the stable and unstable
Stability zones are computed. Numerical analysis for the nonlinear governing equations is applied to
Eﬁ;‘;‘lgzgg coalescence compare the results. It was observed that, growth of the unbalancing makes the coupling more
powerful and increases instability. Cylindrical rotor has more instability than disk-shaped rotor.
When the polar moment of inertia is equal to the diametral moment of inertia, the maximum
instability occurs. When rotor moves toward bearings, unstable regions shift toward larger
velocities. Increasing the rotor mass shifts unstable velocities toward lower velocities.
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13- Skew angle

14- Simple overhung rotor

15- Combination-resonance

16- Collision

17- External and internal coupling effects
18- Bifurcation

19- Forward whirling mode

20- Collective blades motion

21- Frequency coalescence
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- Nonconventional

- Interaction

- Conventional Modal Interaction
- Nonconventional Modal Interaction
- Curve veering effect

- Avoided crossing

- Frequency coalescence

- Hamiltonian systems

- Characteristic equation

10- Krein’s signature

11- Torbogenerator

12- Floquet theory
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1- Forward frequency
2- Backward frequency
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