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Study of nonlinear response of cracked Jeffcott rotor
in hovering state

YANG Yongfeng, REN Xing min;” QIN Weryang

(Institute of Vibration Engineering, School of Mechanics Civil Engineering and Architecture,

Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: T he nonlinear-response.of crack-Jeffcott rotorin leveling and hovering state
was studied, while a mathematical model of crack Jeffcott roter’in hovering state was set up,
and the corresponding motion ‘equation was derived. The results show that, there are three
ways leading to chaos, which are quastperiodic bifurcation, intermittence bifurcation and
instability period:3 motion to chaos. Geénerally speaking, the hover can depress the nonlin-
ear response of system, | but ‘increase considerably the amplitude of system response, thus
creating a bigger-possibility of axis crack and rotor collision. And, the hover will also lead

to nonlinear'\responise near the fraction frequency of swing critical speed.
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Fig.2 Sketch of force direction in hover

Fig.1 Sketch of angular velocity
0. 25rad/ s, 1 000 m.
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Fig. 3 Cracked rotor and the cross section coordinate



6 1009
X,y X,y ;B a ,R
x0z, yOz ;m ;e
3
;D ;D
sJa=Jv/2 5 G : I=1m,
5 Chm sk ; R=0 03 m, E= 200GPa; m=
e ;@ ki J 100kg,  Ra= 03 m, e= 2% 10" * m;
l 71234 D=Di=0Q0l. k=6 107x10° N/m, kn=
vy B 1 527% 10° N/ m, Gz 247, G = 824,
, I , 9 9
_ X _ X _
) X = 5 Y= 5 T= w¢
[SD):f
, : 6= mg/ k.
2 I’
Gasch'® ( I.
172) , 3.1 I
; ( 4
1/2) ,
1 . 2 2 ! 2 :
1 2 2 a
> + Jpcos O 3mCos (8 R < Q5 | 1
f= 4
1+ cos @ >0 5
2 R ; I
(3) : ;
- 2 5 2
®= -Gy -\ arctan =~
10 10
: 5k :
st : B l
-: 0— L
0 ,/ I = -5 ‘
S -10f i
; , -151 : l
-10 1 L ': 1 [l -20 1 1 : 1 ]
0 100 200 300 400 500 0 100 200 300 400 500
w [}
@)y HmaE M (FRE) (b)y sy i OKFERIE 1)
20 20 :
1S l 15+ . ..'
T ___»)/ T
.l 1 1 i 1 1l 1 1
0 100 200 300 400 500 0 100 200 300 400 500
w w
() vOz FH B (FERE) () yO: F i 2218 (KERE D)
4 a/R= 0.4 I

Fig. 4 Bifurcation diagram of the system response in flat flight and hover I when crack depth is 0. 4
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Fig. 5 Bifurcation diagram of the system response in flat flight and hover I when crack depth is 0. 8
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Fig.6 Response in flat flight when crack depth is 0.8
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Fig. 7 Response in hover I when crack depth is 0.8
15
oL
-5
15k
15 1 1 1 L -25 1 | 1 1
"0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
alR alR

Fig. 8 Bifurcation diagram of the system response in \flat flight and hover I when rotational speed is 460
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Fig. 9 Response in hover I when crack depth is 0. 4
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