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Analysis and experiment of coupled bending and torsional vibration

of a rub-impact dual-rotor system
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Abstract: For a dual-rotor system of aero-engine, the coupled bending and torsional dy-
namic equations with rub-impact force were first established using the Lagrange equation.
The Runge-Kutta method was used for numerical calculation. Combined with waterfall map,
spectrum diagram, bifurcation diagram, Poincaré map and amplitude-frequency curve, the
spectral characteristics and bifurcation characteristics of the bending vibration and torsional
vibration were analyzed. The torsional vibration of the rotor experimental platform was
measured by incremental encoders to verify the spectral characteristics obtained from the

simulation analysis. The research results show that the torsional vibration exhibits charac-
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teristic frequencies similar to bending vibration, including multiple frequency, fractional fre-

quency, and the combined frequency of working frequency and multiple/fractional frequency,

but these are more obvious in the torsional vibrations; bending and torsional vibrations have

similar bifurcation process and same bifurcation point, and there are jump phenomena of am-

plitude at each bifurcation point.
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Table 1 Calculation parameters
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$2 » b5 /rad 0,0
erve55e:/pm 92.7,62.7,95
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Cy 7014)/((N . s)/m)
casce/((N*m-«s)/rad) 10,10
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E/10" Pa 2
G/10" Pa 7.7
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I,/1077 m' 2.356
p 0.1
N, 8

8500 s R, s R;/mm 0.134,0.005,63. 9,40. 1

C,/10° (N/m**) 13. 34

ARICUMM A a=a —ar F LR
3l i Bk s AR R 3% 8 T i om, 19 T 2 0
X=X, Y=Y, #x.
2 AO=ESH
2.1 SRIL4RAE

B 4 FEL S 43 BEAR R 5% 7% 3 ) 224k
(1) 25 il = 2l R B 2h 09 13 A 1. AT DA SR B 7E
AN [) A T DX 300 1 A A 2 N [R] R 4 BE B AN [
A48 6 AN X3, 4% B 4 Bk 1470, 2 020,
2240.2810.,2870 rad/s, 2 1 ¥R h 5045 4R 3h 1Y

Sy R
X 25 R 30, 1T RUVLZE B b T R AU

WL

K4 25 IR 2 a0 i A 1
Fig. 4 Waterfall map of bending vibration

HHFEAR IR
10°° rad

SR L
Bl 5 IR 3 i 8 A5

Fig.5 Waterfall map of torsional vibration

O B VR T S FEAR B DX 55 A A5 000 RT 20 5 53 I 5
T 2 8 D A T oy U R o) s 5 e L A T
©Yang T AR A

A EE T4 4R 20 o AL 4R 20 i REAE SRR 2R
IR RE A7 FEAS AT A BROAE A0 L R 20 5 00 28 5 o 3K
PRI 0 25 HHAE B O 4 TR 257 9IR 3h v A AR RE %
1% 3 BN HL e e sl ey . (AR VR A (&1 v AT LU H X st
FRAEAI 3 o P AH % IR sh b o b He e 2 i 4R sl b
f7 LI DR Ot A i 2l o i R AR AR T T
RS M D S B 2 W g 2 AR AT AL

M 0 <<1470rad/s B, U5 3 w, = 600 rad/s
it HH 5% 41 2l 9 430 ] (L 6O 43 B . eI A 3 =
T 26 B Y R AR AR . — S AR MR A3 WU 1 &
G A AU AR, e B O AN B - 1 B A
Ny FE B 0 O R N, 5 0 A
53 B TR 5 - A Al PEE o DT 98CRES 1 9800 Dl A4 4%
FRAR AT L3 B 2N A5 I H B 00 %) % AR 35 =
JE LR A WA AT o T OSUBA IRl R A FEE A G A
FH 72 A2 T T A R Dl 90 A R HC AR AR ) 2 5 003
G5 N, — N, 3N, — N, AN, — N, N, +N, %,

M 1470 rad/s<<aw <<2 020 rad/s Bf, B 5 3
w1 =1900rad/s 1 5% Iz 2 (9 4503 18 (0 7) 7 43
Br o ICISEEA3 6 B 53 & A T B0AE  fHL ) A 2
SRS R AR AR R L O — R AR R ), 3R



5 33

T RAR A - B BE RS T AR ST N B R 3 2 AT 5 S g 649

B Ny AN, PR 53 N o 7R I X 8 N,
WR R WSS s B RO Al R AR A
2N, MG Ny /23N /25N /25 55 = Fh &
HAEWRBS B N, — N, B i i T
SY AR B 7 A T B U G R 2L
BN, —N,/2,

22020 rad/s<<aw <2 240 rad/s B}, BUFE 3
w =2100rad/s BH1 % Iz 3 19 450 335 18] (1 8) R 43
Bro BIHER T ARSI N, A 2N, A M3
N, — Ny 8B — Fr S R X

-— ‘Nl

AR E/10° rad

R

6 5w =600rad/s N 4T
Fig. 6 Spectrum diagram at « =600 rad/s

_NAN
N2 e

b

N

|
:

SN, /2

HEEAREh IR (/107 rad
=

NZ

!

|
il

A,

Lad

KL

Kl 7 T w=1900rad/s B} {155 K
Fig. 7 Spectrum diagram at w, =1900rad/s

202240 rad/s <o <<2 810 rad/s B, HU4E 3
w1 =2500rad/s i L5 4z 20 (19 45035 1B CEL 9) 4 43
Br. ATLURILBCE & i N, &k A
N, HHEMH G AR N, — N, R AEw B 8 5
Hh e T B RSB N, /32N /34N, /3,
5N,/3.7N,/3.8N,/3,

M4 2810 rad/s<ew <2 870 rad/s W . B 5%
w1 =2850rad/s B HH % 4 2 (1 435 &1 (& 10D 1R 43
Bro G 45035 ¢ AR 5 5% 3 1470 rad/s << <<

10t o
N,
|

0.5+

AR SR E/10 rad

e
0 3
L
8 M w =2100rad/s B} )40 3% K]
Fig. 8 Spectrum diagram at «;=2100rad/s
N,/3
B0} |
=
il
hE
& 05
H
0 3

BRI

B9 5 w =2500rad/s I [ 453 &
Fig. 9 Spectrum diagram at w, =2500rad/s

= .-\'rl—:\'ll
=) °l N,
= !
A N2
= 4
=
1'4.'2_9_-'
= 2N,-2N,
® 2,
& 3N,/2 )
= : N l 5N,2
2

(%]

L

B 10 5%38 i =2850rad/s B (194535 ]
Fig. 10  Spectrum diagram at o, =2850rad/s

2020rad/s BT SLARAL . &4 TAESE N, g
55100 5 R BE A5 N AR A 2N L BE R N /2.
3N /25N, /2 i HH B #HE N, — N 2N, —
2N, .

2w >2870rad/s Bf s U # @ =3000rad/s
A} L2 4% 2 (403 P R 1D AR 43 M. e s Y 3
RIS OB AP AL G TR N, & JEREH N,



650 i o= 3

no iR % 34 %

(]

HEEARShIR(E/ 107 rad

O

0 1

Lad

Bl 11 %3 0 =3000rad/s i B 45035 K]
Fig. 11 Spectrum diagram at v, =3000rad/s

PIHMEAR] MBS N, MG E AN, —
2N, N, — N, LB B, BINETEERS 2N, .
2.2 HEERESHE

TEPERE T o) MFE 503 S8 5 8 RGEAEAE W
A AR R 0 SR 2 AR 2 i S R iR B
FHL G 4 sl (%) 43 25 1 & 12 18 13 i .

0.5
0 L
2 o5t !
H_10l
e
-15¢
-2.0
0 1000 2000 3000
ko /(rad/s)
B 12 3 iR sh i a2 1

Fig. 12 Bifurcation diagram of bending vibration

FAT L 1 0/107 rad

0 1000 2000 3000
ko /(radls)

K13 RS> 2R

Fig. 13 Bifurcation diagram of torsional vibration

AL B AL 3 22 4o 8 RUAH (] 19 43 22
Moo O3 RV A B 43 B O — 3R 4 i
7 1470,2020,2240,2810,2870rad/s, 4375 ¥
I3 S A DA 43 590 JB A A DX I 9 R AE B T Y
PSR B 53 B R G IR 9 1 o 28 ek G
Bl 14 iR .

ML <1470 rad/s B, BUHE 3 600 rad/s
32 B BUVE . 1B 14 Ca) o e st 15 3% 30
B4 D o e A e B [ o AR AE — S IS B s 0 ]

B R GEAERR A i R s 3 .

MELHE 1470 rad/s<<aw<<2020rad/s B, BUF%
#1900 rad/s WIS EBAE 3 Hr. B 14(b) 2K
W2 TS L2 R B v D o S A T R B b A AR
ARSI A 1 P RGEAE ol 1470 rad/s b & A4
TG JEA A3 A R M iz Bl AE G U A
T B R A BRI NG /2 0F 2 R e e AR Y

WEE 2020 rad/s<<w <<2 240 rad/s W}, BU§E
#2100 rad/s B @915 31 BLAE . B 14 (o) 2k
I Bt LA iR 2 1) D i i 4 T 1A T i B AR R T
T 1) 28 £ A5, U B LB R e kT IR Az Bk

A o 0T IO R ] v 1Y) 3 R G

MELESR 2240 rad/s<<w<<2810rad/s B, B 4L
#H 2500rad/s B IZ SN IE R AE 1. Bl 14(dDH
?ﬂ%ﬁﬁﬂﬂ@rﬁﬂn%ﬁﬁl’ﬂ,I’«?IEF‘Z?TE/\fij’J
RO IR GE R © 28 th IR 8 3 &0t 45 53 7
FEIR T X 38, E A TR 3 =32 3 B0 T i B A
AN /3 B A

WAL 2810 rad/s<<aw<<2870rad/s B, BUF%
M 2850rad/s WHIZ BN AR 0T, B 14 () 2k
I B TS 2 R Bl 1 o S A T IR L A AR
A?}ﬁiﬁ’]kkdﬁfﬁﬁtﬁfgéﬁﬂl/ﬁnﬂ;ﬁ iz gy FE i

TN A B A B R N /2 e 2 ik
A1

ML >>2858 rad/s I, B 8 3000 rad/s
B 38 B B AE > M. B 14 CD by it B 55 4R 3h
B4 D o S A e 1R L v RAEAE — S IS Y R 0 B
RS R g I 3] T s 8 .

PR 1 Bt A 7 7 Ak, 45 it R Bl R LB 4R 3h T
é%JﬁTMﬁEJ,ﬂ;ﬁiijﬁUHﬂ;ﬁ*iiﬁ Bz gh A
W =iz gh R s gl R B R IS sh i 4kiE

W 15 FE 16 fir 7R S 25l A 3 A 4% 4k 5)
Wi % 3ok 722 b 1 e A 2 L BT LA B TR A
G370 RN ER A AE R A BRER B4R .



ki 55 ¢ Ailf BE A S E RS e s
%30 KRR AE il B WU 1 R G U G IR B A 5 S 651

2 2 2
il & el
J-% g 0F 1‘% z 0F I:J z 0 s
& E EE & E .t
B2t r: e B . o2 A -
£ LS S e
= o = o =
%'35—4- %'5—4- %6—4 »

-6 —4 -2 0 2 -6 —4 -2 0 2 -6 —4 -2 0 2

AT HHEE /107 rad FAAHH S e/ 107° rad AT o/ 107 rad
(a) rr)|=600 rad/s (b) ﬂ),=|900 rad/s (c) (.'J1=2|OU rad/s

2 2 2
Sz of = z Or 2 g Or
‘:E 'E . E 2 -- & 2 -
-2 e 2F g2t
g Ho o
=3 ) B3 4L =3 41
g4 g° 4 g

-6 —4 -2 0 2 -b -4 -2 0 2 -6 -4 -2 0 2

FRAT 5% ff o/ 107 rad FARTHIFE 1 /107 rad FARFHIE 8 /107 rad
(d) @,=2500 rad/s (e) @ =2850 rad/s (f) @,=3000 rad/s
B 14 AN s 14 D o 3 8K v 1]

e RSN E iz L

Fig. 15

HEEARENIRE/107 rad

Fig. 16

Lo

h

Fig. 14 Poincare map at different rotational speeds

\.\L

R

&l 15

Amplitude-frequency curve of bending vibration

1000 2000
Hei# o /(radfs)

25 R S0 e A3 2

3000

[ 16

>
e
. . N
1000 2000 3000
ik o, /(rad/s)

H 5% I 3l 04 18 031 i 2%

Amplitude-frequency curve of torsional vibration

3 SCIGHEER

R B E AT L3 BT A5 B A R AR SRR L T R S B
WEgE e TR AL Se g e B AR PR g iE . AR S
=E B A AR s B i S D0 g s B 5 B R T LA
SERCH B AG TRT I OR 0720 DR ke SR R
e AL SNEG 1 (9 1 T P9 5 1 2R OUERE TR SR 9
LTS g R
3.1 RBERE

S TR PRS2 A A 17 & 18 fiF
NSRS DHRMT-1 % 15080 & 4
38 2 A R 2 LR R O A R TR A
LMS SCADAS %4l R4 R G B I IR 3% 458
il g% AL K LMS Test. Lab ¥4 (55 &£
IS N N

it 3 G 5 4 2 — ' F R S foh X A ik
B I A% R 2 B A R A B R 8 A A R
e . A & by A S R A e A (]
R 23T B G A 8] 14 S 2% a0 B R FE 1 2% 2]
B HACFR o 4 B 25 1 Tk b 5, sl R L R . &
JER ARG 7% 1 B 25 55 2% (1 A1 52 [ 2 T 2 Rl
T AR T . R R R T
A I P fl BEL B A P 8RO 2 14 25 2 i ) i)
1) Jik b A5 5 38 2 6 M % S0 [a] B Ff R RN R A
o o f EF ] i) B B AT B3 I B R RS L A
VI Sty 0 J31) 2 2 18 i 2 Gt R 4 O BBCP 25 1) A X 4t R



652 w3 % o34 4%
g (i B8 i ol i 2 2 4R i WAL R S
AL LMS SCADASH R4 74 Lab %ﬁ:ﬁ“%fﬁiaiﬁﬁﬂﬁ*ﬂ%{%m“%@ﬁm
oy i 5 5 A TR AR B
WEEE || EL iR 3.2 SLWERSH
— || R

[Fﬁiﬂlﬁl

2

2yl

il
S

Wi || fF% g R
HLIR || AR [T R T

17 S R A
Fig. 17 Experimental principle diagram

K18 Seide E A

Fig. 18 Experimental device diagram

AR B AL R B . AR S b i g A gy 1 5%
RETE B — ATt e T o, 2 o oK g T A 2 R
TS AR J5 i 2 A5 AR 0 Bk gkl 250PR
(pulse/r) , RI%% 53 5% — JE ¥ 7= A2 250 A ik o {5
5o A s R R B A R R
DHRMT-1 ¥ 7 5286 & Ry 50 85 W + &R
4t R I RVERCR 2% 5 i s HL % 4 sl B ML n]
It LA T 4 R Y S IR T A RN ) A LA 5 Al EE
Bl A e A R A MR AL Y S L e 4 B A
AT S B SR BE 5 R R A AT R TR AR AL RS (R
5 AR S SR FH PR A AH LA T R I U A R A
DAt b 0 25 T R 3 BROIR AR S AR 5 R AR A KT =R
TR 78 C 06 P T i fin s o e B TR UL 2
R B HUAIN e~ (0 Ul » 76 5 Pl b % AH AL T A
— AR R A B R A Bl R L AR
N R T % 338 3 e A L 0 Bl RO AT DAL
A R VE S 38 R LA /N R 8 5 5 il 2 R Y
EEHE ; LMS SCADAS %t R4 R4 f1 LMS Test.

W e A8y 1205 v/ min, AR &5 W06
IR BE 258 L o P A 398 o X ) 4 00 45 2 Sk 114 ok )
Di g AN A 19 FIIE 20 FrR

1218 o |

53 (r/min)

P19 HeE g i a% 1 5 U045 00 e - I 7] 1]

Fig. 19 Rotational speed-time diagram of incremental

encoder 1

1209

1207

1205

3/ (r/min)

1203 |l
||.-!
I

1201

0 1 2 3 4 5 6 7 8
i fi] /s
& 20 345Ut @ 2 5 DU A5 04 % -1t (] 5]
Fig. 20 Rotational speed-time diagram of incremental

encoder 2

M 19 & 20 AT LA 21 bifi 5 15 (8] A2 4k, B
AETE TG IE BIPIR A  — Pl 2 5 1) 1 07 L KB
TE 1204 r/min #| 1206 r/min Z [RIZE 1% KI5
W 2, X IR R T Bl BL A B 04 U 3l il A s 5y —F
S I L 8 - 4 A0 AN AL ) R Bl L iR B 2
WA 5 R .

A PR A Tt R 5T )y e oy e R Ok L 45 3 AR X
et 1y B ) O AR i 2R An ] 21 Fir s AT LLE B
AHR 5 T B T FL 2 AL 5% U 30 Y 5 L Rl DL AE 1
SR 2 (0 43 AT L R v OO R R A Y

B E 21 HRRT 0.5 s B EHE AR R R, an
El 22 Fraw , nl LU 2 BE B %) B 35 38 08 8K 2 R 0
PE AR HO R AL« 3% 2 Y T2 0 TR i R



5 33

TR R AR - B R XU 1 R G0 LR & IR 3 0 B 5 S 5 653

2 38 JIC AR AN o A5 TR L8 77 3 A7 00 45 8 AL
I3 B Y8 R AR e B — R L A5 B L AR Ik
B A ISR BT L s 23 R . e B e ER
HENLGRRE U s

9 I| . |
A
3 ‘f[‘ [||1|i (I

0o 1 2z 3 4 5 6 71 8
il
el 21 A O T

Time-history diagram of relative rotational speed

3

8/ (r/min)

l
el
|

Fig. 21

o0

FEE/(r/min)
L

0 0.1 02 0.3 0.4 0.5
fEl/s
22 AN B 3 g I 1 D T g T 7k O 81D
Fig. 22 Time-history diagram of relative rotational speed

(local enlarge)

07rFp A

J \/ | | \J T

0 0.1 0.2 0.3 0.4 0.5

‘ fif [il/s ‘
23 AH LSS 0d s 1) Dy AR

Fig. 23  Time-history diagram of relative rotational angle

1)

X FHL 5% £ B B 3 R i AR D R L A e, £
P G 24 BRI A — A 0, kAR
koA 20. 1 Hz, XA TAESR N, o TR0 i

036F T30
o028}
= I
& 020}
*&: I
b [
& on2f

0.04 JEL

1 i 1
0 50 100 150 200

S Hz
&l 24 %5380 1205 r/min B 5 4% 3l 45 K]

Fig. 24  Spectrum diagram of torsional vibration

at 1205 r/min

i TR S 2 BT DA UL i A L Bk o R R ROR
YA 35 LR Y i o AR R O A B

T S8 e 0 Tl B 25 L 1 35K Db 2 AR
110 Hz, % & HL sh#LA% 0 2780 r/min, 15 F] # 4%
PR3N 0 45 1% B AN P 25 B R . I B A 0 3 R 40 4K
S w o T R AR R ARG EE B A VR R
TGN G AR Sy . Feh 46. 2 Hz Ry AR
RN, 110Hz I EAR 2% N, AR IR 1 3%
Jih 75 =X 5 WU = 04 Rl T 2O TR) A8 3 i 2 A
G AVEFH IR 45 0 00 3= AT SR A5 86 3 T HL AR AR B
UE BT T R 25 B 00 A0 5 7 AR L SOR 9 A &bk .
F38h.17. 1 Hz A WHE N, —2N,,50 Hz Jy 4
Tt 2% 52 B R T 4 7= A 00 (I R E R TR 4
63.6 Hz WA G HE N, —N,,93. 1 Hz fl 139. 4
Hz 43 5595 2N, L3N, . 156. 4 Hz Jy 41 4 4 %
N +N.,173. 8Hz HH G M % 2N, — N, AJ I,
I R AE A0 % 5 RO B A R P @ <
1470rad/s Ay DX 3802 %1 A #0808 T A5 45 2N,
MAABHHE N, — Ny N +N.

0.15

012}
= 009}
E
&
= 006 :
% 31]

003 ool |

7.1 \‘39'4 156.4]173.8
0 100 150 200
Hi#R Hz

25 il 2780 /min B AL IR Bh 4 A
Fig. 25 Spectrum diagram of torsional vibration at

2780 r/min



654 i o= 3

AN S ¢

5% 34 &

2780 r/min §% 33 T 25 i I 2l (9 55 3 & 40 5]
26 Jrow ol WL il PR 2l BT S L AR 3 A ) R
ARSI A (EL 2 25 it ik 3l A9 45 A5 5 AR R
HH R AELB /1N » AN U1 5 4R 20 B R A 3 3R A

0.04
16.2

_0.03F
E
£
4
EE 002
2

S 1100] | 564

17.1 63.6@,SII 1394] |[1738
fi_. . JL_A_
0 50 100 150 200
$iHR Mz

& 26 ¥y 2780 r/min W 25 1 41k Sl (14 450 4]
Fig. 26  Spectrum diagram of bending vibration at
2780 r/min

W26 TR RS Sy 4 870 1/ min . i A T BE 5 LK
5 BT RAT AR 45 R 110 Hz, 75 51 41 5% 95 30 591 1% [&]
W 27 FroR . AL R A0 3R 40 0 L bR
T 4B B RIS AR 43 A1 il EE I R T 4y
BN IF BLP= A2 T 5 00 BURR AR S 1 41 &
WAy, Horb 810 2 Hz i T/EM % N, , 110 Hz
RAREE A N, ,12. 1 Hz 2 G M3 3N, /2—
N, ,16. 8 Hz 21 & J5i #& 2N, —5N,/2,23.8 Hz
KA Wi % 3N, —2N,, 29 Hz M4l & 4% N, —
N, .40.9.122 Hz 4> 51 R 4 B0 55 N, /2 3N, /2,
50 Hz 1 100 Hz 2y 4 it 45 32 5] o 86 T4k 7 £ 1 it
L HL B T 4y .53 Hz WA & Hi % 2N, — N,,
163. 2 Hz 54 2N, ,191. 2 Hz HAB W ZEN, +
N, B B 3 B A Ny /203N, /2, 5 4
2N, MIEHGHE N, — N, 5BUE 455 h 5

0.08
81.2] !
[1632
_0.06F 40.9]
&
E g4t
5 |
= 2. |_9.QH
0.02 1 50.0 :
16,853 §] 53] |0(]}.:)0lé.2,0| e
| [l .
A IJIHIL_A.JA}Z.
0 50 100 150 200
Fi#%Hz

B 27 N 4870 r/min I FHLEE IR 3 60 5 E
Fig. 27 Spectrum diagram of torsional vibration at

4870 r/min

1470 rad/s<<w <2020 rad/s AY [X 38 52 % B 1Y
T ELAR 0 B T 55 0 B AR OC 1Y 205 0%

4870 r/min % HH W45 i 4 ) i 455 P n (5]
28 JIr7R o AH LG T AL 5 AR B o O R O A S Y e (E
S e NN TRER S REE S 1 TR ARz N Al ]|
LS FH 5% 4 20y 0 R AE AT T 0 Y S e % T A b
T Iz W .

0.04 ——— e ;
| | 812 | R
_ 003 || t i L
= | I | | I
£ 409 : : :
= o ! ! ! :
= 002f | | EE |
B g Lo
d 2901 ., | |
o™ | | A 5 (-
| i L
12.1] i |'L \[iool2z0 |
A _,l{-z\_,v’\i! I‘\"“ ‘\'HJ\__\_J’\,_ -‘:I\. P _I_-m“. A, IA.!‘ A
0 50 100 150 200
$il %/ Hz

P28 5N 4870 r/min At 25 it 4% 3h (1 4513 &
Fig. 28 Spectrum diagram of bending vibration at
4870 r/min

IR IEY T 45 H 5 AT R LA R
28 531 H SEEGAT 3] (Y TR AL R o) 5 RfE T
AT BVRENE AR B AT A - DR B S R 25 2R T 5 L i
1M BE A 96 UE T3 45 SR A B

4 %= 8

D) FE3 HIA S 1T - il BE DU 1 2 GE 9 4
e 2l b5 A 5 S AR Bl AR (LA R AR R A 6
A0 TR I3 L e T AR 0 3R 5 R0/ A AL )
A,

2) HLHE 4R 2 Hh 14 R R AR LG 2 B 3 by
ARSI A T I B SR A1 Uk 3 15 5 RE 8 S 4 )
Tl E RS T

3) HFAR 2 5 25 4R 3 B A AR L o 2l
P AR [ B9 73 22 . T 3 Bt e sl AR AL AR 22 D0 1 A
B Wz h B R s ) IR s 3 R s
2 JH W s . ) s 3 i 2 s s i
Rt o T AR B0 8 m A AT A IR A BEBR B R

4) E LTSI LR A% R e 68 2
PERELUUUR - A/ T AR i 25 RS 5 1 L 3
YA 1R A3 B S B 8 A e b 104 L % Ak Bl b R B
HAk.

Sk :

[1] MUSZY]{]SKA A, FAULKNER L. Rotordynamics[ M.



5 33

KR AR AT Al BE XU T RS A S

PR B4y M1 5 L5 655

[4]

[5]

[6]

(7]

[8]

[10]

[11]

Boca Raton, US:CRC Press,2005.

BRT R0 27 R AR R HL LA il R A S R B 1R AURT Y
ZER[T] IREHLEE AR .2012,54(3) :161-164.

CHEN Yushu, LI Jun. Research on bending-torsion cou-
pling vibration of shaft system of turbine generator[]].
Turbine Technology,2012,54(3) :161-164. (in Chinese)
X/NSC, B K, LIMBACH R, %5, X3 5% 7 1l 28 i 25 il
FIHLE R 2 S5 BF 52 [T 1. A 25 3 J1 % 4. 2002, 17 (2)
205-211.

DENG Xiaowen, LIAO Mingfu, LIMBACH R, et al. Ex-
perimental research of bending and torsional vibrations of
a double disc rotor due to rotor-to-stator contacts[ ] ].
Journal of Aerospace Power, 2002, 17 (2): 205-211. (in
Chinese)

/NS, B 5, LIMBACH R, %8, filf B2 %% (19 25 il Fn 4L
FEWREN AT ). fiias 3 1 2F %, 2002,17(1) . 97-104.
DENG Xiaowen, LIAO Mingfu, LIMBACH R, et al. Cou-
pled bending and torsional vibrations due to rotor-to-stator
contacts[ J]. Journal of Aerospace Power,2002,17(1);:97-
104. (in Chinese)

o] JCER | JBAREI Ay . — ORI A A i JRE K 12 T R AE
W [T, HLARER JEE L 2003,25(4) : 355-359.

HE Chengbing, GU Yujiong, YANG Kun. Research of a
new characteristic for fault diagnosis of rub-impact rotor
[J]. Journal of Mechanical Strength,2003,25(4) :355-359. (in
Chinese)

] R IR 25 0. Teffcott % T fif B A0 25 HH A8 & 9% 3
FEPEHTLI]. SR 3045 w2006, 25(2) 1 59-69.

HE Chengbing,GU Yujiong, LI Meng. Characteristic anal-
ysis on coupled bending and torsional vibrations of Jeffcott
rubbing rotor system[]]. Journal of Vibration and Shock,
2006,25(2) :59-69. (in Chinese)

SUN Zhengce, XU Jianxue, ZHOU Tong, et al. Study on
influence of bending-torsion coupling in an impacting-rub
rotor system [ J]. Applied Mathematics and Mechanics,
2003,24(11):1316-1323.

ZHANG Kunpeng, DING Qian. Lateral and torsional vi-
brations of a two-disk rotor-stator system with axial con-
tact/rubs[ J]. International Journal of Applied Mechanics,
2009,1(2):305-326.

TEJAS H P.ZUO Mingjian, ZHAO Xiaomin. Nonlinear later-
al-torsional coupled motion of a rotor contacting a vis-
coelastically suspended stator [ ] ]. Nonlinear Dynamics,
2012,69(1/2) :325-339.

LU Wenxiu., CHU Fulei. Radial and torsional vibration
characteristics of a rub rotor[ J]. Nonlinear Dynamics, 2014,
76(1):529-549.

AR SR AR X SO AR N - TR S R 1L B R e
B AL S PR 3 [T ). i 25 8 J1 4, 2014, 29 (7) + 1543~

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1555.

LI Chaofeng, ZHOU Shihua, LIU Wenming, et al. Vibra-
tion of bending-torsion coupling gear-rotor-rolling bearing
transmission system[ ] ]. Journal of Aerospace Power,2014,29
(7):1543-1555. (in Chinese)

B, AR WT I 5K 8 k. e /BL IR I E 1R 09 B S
A IR, J s X 51817, 2016,36(5) :1009-1017.
LIAO Mingfu, SONG Mingbo, ZHANG Xiamei. Coupled
bending and torsional vibration due to rotor-casing contact
[J]. Journal of Vibration, Measurement and Diagnosis,
2016,36(5):1009-1017. (in Chinese)

HUA Chunli, CAO Guohua, RAO Zhushi, et al. Coupled
bending and torsional vibration of a rotor system with non-
linear friction[ J . Journal of Mechanical Science and Tech-
nology,2017,31(6) :2679-2689.

A DAL R OR . iz R R LB R BT 53 )
AT IML A 50 A a2 Al K K% AL . 2014,

ALz R ShHLBTE T 00 ) 8 o 2= 2. A& R s L e it 3t
519 W 5% 72 Ji 2 B AR g (M. db gt A as Tolk i i
*t,2000.

AT AR, SRR AE L AE. LBl AT A TN U T RS
J3 2 A 5 e o 43 AT L) ). 2 2 O A Rk, 2017, 32 (4)
835-849.

LI Jie,CAO Shugian, GUO Hulun,et al. Modeling and re-
sponse analysis of dual-rotor system under maneuvering
flight[J]. Journal of Aerospace Power,2017,32(4):835-
849. (in Chinese)

B A A A WURG T R S WL Bl O R A Sl 4
W], M2 3 J1 %47 . 1998, 13(2) : 173-176.

YAN Litang, WANG Deyou. Vibration features from rub-
bing between rotor and casing for a dual-shaft aeroengine
[J7. Journal of Aerospace Power, 1998, 13(2):173-176.
(in Chinese)

JAHEC R A R SR TR S R-PLIE A5 R 40
By o L] iz 3 J) 2441, 2009, 24(6) 1 1284-1291.
ZHOU Hailun, CHEN Guo. Dynamic response analysis of
dual rotor-ball bearing-stator coupling system for aero-en-
gine[J]. Journal of Aerospace Power,2009,24(6);1284-
1291. (in Chinese)

YANG Yang,CAO Dengqing, YU Tianhu,et al. Prediction
of dynamic characteristics of a dual-rotor system with fixed
point rubbing: theoretical analysis and experimental study
[J]. International Journal of Mechanical Sciences, 2016,
115/116:253-261.

RS AE. 5% F i I BH JE 2 -1R sh il k- F R ARkt o
FEFGELD]. W IR MG R Tk K2, 2017,
CHEN Huizheng. Study on nonlinear dynamics of squeeze
film damper-rolling bearing-rotor systems [ D]. Harbin:

Harbin Institute of Technology,2017. (in Chinese)

(B# TR A





