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Coupled bending and torsional vibrations of geared rotor system

CHE Yong—qiang', XU Jing—xia’, QIAN Xiao—dong’, LI Wei', SHENG De-ren', CHEN Hui’
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Abstract: In order to analyze vibration of geared rotor system, according to Finite element method and Lagrange method, gyroscopic
effect and oil bearing was taken into consideration, a coupled lateral and torsional vibration model of rotor-bearing system was presented
for analyze geared rotor vibration. The variation of mesh stiffness and mesh damping was taken into consideration, and the coupled lateral
and torsional vibration model of gear pair system was established. Then, according to gear pair practical arrangement, the coordinate of
rotor model and gear pair model was coupled and united by defining azimuth angle. A rotor-gear model which was closer to practice was
obtained, and the critical speeds and models were calculated. The result shows that the critical speed of geared rotor is lower than single
rotor’s,and gear drive has obvious influence on rotor vibration.

Key words: gear drive;coupled bending and torsional vibrations;mesh stiffness;mesh damping

0 B = BERRRLN , FHAG FROTIE ST 1 B 1 H 25 HLAR 5 R 5
H B, Rao % N7 dar TR ML S5 T R R A IR

M TRl AT I R e shie 7 R h A e 1 DU 3R R R - T-RlUR R Gt T T8

Z R SN RS AHEAE I, B e et e RS IR AT, BRI 114 HR k5 M2 [ A7 A3 3 A
e r RGN, NI, VAR -5 T RGN BRI . Lee S N WBIFST T HEE R3S I, 5
ZHATOTE . SXIA R -5 T RER S BNy R T RG0S MRS AR S e T
Pr, P2 A T RER T, Mohiuddin ' HIS SRS REREILNEIL . # REF N AL T

WFs B H#A:2011-12-26
YEE I - AGR (1986-) , I3, ILZREEDT N, T2 NS Bl 1% )7 HIRYWFSE. E-mail: cheyongqgiang163@163.com
BEEBER A B #d%. E-mail : shengdr@zju.edu.cn


http://www.a-pdf.com/?product-split-demo

F 64

KoKk, A R AL Sh e T RO ARSI IE - 633 -

S EIHLE A9 i TR A BB DB C A
ST AR TR 7 v AT A (L
o T RAC R MBI L, LIS Y
BT 61, SR EA A A2 ¥ S E T T, A R
SRR TIOGHER . 550, 1 eI S o
U R 1061030 0 BP0
BB AS b, WIS AR T 2 O, P00
AR

BRI TS 56 IR OB, AT R 7
VRAEE S 1 FE O TSR LR, AR s
A S MR RING O, 51 AT (057 B ,
U TR GER T, 0T RS 5, 24
MR, T~ R B 5 S 0 A
RO, IR R B, 2 5 R0 B 5
BRI U~ TR
1 eI A R

WU 11 3 P R 50 T A5 BTSCL P 1 F

TNo RARBINEEHSEANFR TR,
IE1§2
wisht
5| 6 7 ij
= A [AY
R BhR2 iR 2
1 |? 30
. = L
&1 Bkl L
F3hEe

Bl Rl sh U TR
®1 BTERISYH

R S5
F 3l /m 4.6
B/ m 5.5
F SRR m 0.025
B IREAR m 0.075
(5] 455 1 ot kg 10.4
[53] 45% 2 i 1/ kg 4322
B 3 1 B sl (kg-m®) 0.3
B % 2 A% Bl (kg-m®) 20.74
A& 1 KIEE/ (N-m™) 1.02x 107
AR 2 WIS (Nem™) 1.84x10°
SR 1BHJE/ (Nesem™) 3000
SR 2 FHJE/ (Nesem™) 3000

FT R G AT LR E 7 h B A L A R A
FhRSFHIT. IS A OB SN T R SRR
A BT I RNZ RGN SO bRIz s T i
1.1 WETEHMI TR

AWIFFE LAY BT 10 0 Y Bl S B AR BR AR Tl B

TS SRS AR T LR N «

"
ue:[xA Yo 04 0, @ x5 ¥y 0, 0, €03] (1)

Kofx y 00, —x |y IS R A RS
o — I L RS
T FE R — SO R T LA 7 -
Ps.)=(= )¢ () + 2.0, (2)

e s — S RhBES SRS, | —HIoTiBE .
R TTHU T ShRE A SRR R AN

r.=50e (a“’”)] =1e, emle, &]
(3)
=5l Gf[a‘”(s ”]d— e elkle, o]

B X GIIUASLKE B H 5
EIHEG IR

M[p, ¢, +K[e, @] =0, (4)
N Gl
_ =PpP1] _ {1_1
Hrr: M, Lol K=T10 T

6
Kb p—8E, I, —B P
L S v ) 'ﬁ 45 M= 20 932 B s sy O RS LS
wkl6].
1.2 E&EBEHHSFHE
[T A AR 2R (R ERTT, D0 B 5 SUAL RS Ak
FRA

A5 E P oc e ia

u,= [xd Yo 0. 0, QDd]T (5)
P LA ShRERY R IA AN «
T,=%1,6; (6)
BTG () ARARIAR I H J5 72, 15 31 [ £ 7Y
Az il RN -
Jpgbd:Qd (7>
-5 5 25 R sh iz sl T e S WSk 6 )
2 1A e A S LA S R

21 EREIESNESHSERE
ABIEGE 4 1A 8 IR FH B M T 2 R A 54 247
5, DV A P-4 WIS T AR R 7
k, =b0.75¢ +0.25)k x 10° (8)
Ao F — X G A NI,k =1/0.04723 +
0.155 1/2,+0.257 91/z,) 5 z — 5580 b —INHE 56
— W EA T,



634 - L] N O - %208
Wi RITEE g v, R B R M i fe O *2 HEREERSHY
Ak N1 oS g L RN i A SN TR ¢ o R
Ve RImG & NI &, 097284k 50T & B RImG & fa nl FEahie i 38
PIFTR N Beahie i 228
azﬁ[zl(tan a, —tana)+z(tana,, —tana)]  (9) Jffii;;?m 0?1
, Reosa et /g 8.2
@ =arccos— (10) B T kg 730.6
FEFe s (kgom?) 0.02
Arb: R =Pk POk, R =R+(v—x) s R—IF B SR (kgem) 115.72
BRIAREROEE, R=r +r, ; x — O30 F Sy BEE 161 (°) 20
o — IR T s e, — 3 B F O TR 5 T5 s 4 1
EJ15 WEERI DA/ (°) 45
Ve A BE e n] LR Tip,

¢, =2 [mk, (11)

K. § —FHJE I, ABFFEEL 0.065 m —14 % Y & T
e, m=0,J 000,120 0) 5 ), r— IR R Bl
FFE R A2

22 SAREBIBTEIRSFIE

R R FC I R AL oA R AN ] 2 Bl s . A e )
FITHZEM RSN 2 B . LIS RImG 5205150
Y ST B AR AR ARG R R BT SLARAR A -

peshit

P
G

» T
u(;:[xl yi 0. 0, ¢ % oy, 0, 0, 402] (12)

b R 1 2—FshRMshie ; s p—ii G 2T
l-'lﬂo

AHIEFE I A 1A 8 B 32 T3 R AR AT A i
TERE, AL R RIS S TR -

Mii, + Cli, + K u, = Q. (13)

Mg:(liag(ml m, Ju Ja J,u m, m, J, Jn J,,z);

0 0 0 0 0 0 0 0 0 (i
0 ¢, 0 0 c,r, 0 —c, 0 0 c,r,
0 0 0 J 8, 0 0 0 0 0 0
0 0 -/ 0 0 0 0 0 0 0

C = 0 c¢,n 0 0 c,ri 0 —c,r 0 0 [

7100 0 0 0 0 0 0 0 [V

0 -, 0 0 -c,r, 0 ¢, 0 0 —c, T,
0 0 0 0 0 0 0 0 J.0, 0
0 0 0 0 0 0 0 -J.0, 0 0
0 ¢,r, 0 0 c.rr, 0 —c.r 0 0 c,,,rzzi
0O 0 00 0 0 0 0 0 0 ]
o %k OO kr O -k, O O Fk,r,
0O 0 0O 0 0 0 0 0 0
0O 0 00 0 0 0 0 0 0

K= 0 ko 0 0 kg O <kor 0 0 krr,

‘7100 00 0 0 0 0 0 0 |[°

0 -k, 0 0 —k,r, O Kk, 0 0 —k,r,
0O 0 00 0 0 0 0 0 0
0O 0 00 0 0 0 0 0 0
0 kyor, 00 kyrr, O <k,r, 0 0 k5 |

23 GREILIRT R
WHE R 3 FPA bR R AN 3 U7 o
BeEhit

X6
3 e RAsbs R
c—Y i EF @S] PO K e v —Y dh BTy e il A
Al a— ko ASF TR EREN A ; B—F#aPoLk
GG, 54 Y4t kM, TeE A O~



5 614

KoKk, A R AL Sh e T RO ARSI IE - 635

N ) QS SR INES T I | B = VAN I BA o
G X.Y. BI ARSI IERET , 4 s=sina, c=cosa o
FAE(11) AR RS 1S

TM!T"i;, + TC.!T i, + TK.T"u, =TQ!  (14)

Hr

I
[}
loco

coococococoo-
coococoon w00
cococo~ocococo
cooca w0000 O
cococ« l ococoo
oo v o00COCO
o« l cocoococoo

coocococo-
—oo0coo0o0oog

Cocococococon »

TR PR R -5 T R g, e Rl o2 —
ESETHYRIES , W4 PR @it ATM A B,
FESLBTI AR AR G XY AR R R AR bR 2R S 5
RGN RE R, 4 S=sinB, C=cosp

K4 il =t
FiREa (12) 2B bR AR e vl 15
DTM!T'D"ii., + DTC'T" D"i, + DTK.T" D' u., = DTQ"

(15)
Hrpr,
c S 0 00 O O O 0O
-S ¢ 0 00 O O O OO0
o o0 ¢ S 0 o0 0 0 00
o 0 -S ¢ o0 o0 0 0 00
D=0 o 0 01 0 0 0 0O
o 0 0 00 ¢ S 0 0 0fc°
o 0 0 00 -S¢c 0 00
o 0 0 00 o 0 ¢ SO
o 0 0 00 0O 0 -ScCc o
LO 0O 0 00 0 0 0 O 1]

3 el sh i TR

T A 2 (8) Ml (1) A ik,
2 B, AR (15) . ke Rz s e 55

TREHBREATIG TSR RGNS s R
AT T B RS 1 i PR A
RUE 3R, BK 3 LUE G R T 7 1Y Ih Ft i
LBl S A, ERR G A =Bl A
RN 1 —B S5 20 —Fr e 1m =
By il S5 5 R T L =B RS - 2 1 I BUE
BB, T LR A e i DU B T RER I M e 1 19—
WIS 1 2 1 — B [R) A
R3 BEFRBERTIRFEE(EAL:r/min)

Birkk 1 12 WEFT
1 336.18 641.98 335.33
2 1269.10 2443.70 608.93
3 2417.10 3743.49 1256.19
4 3476.72 4766.81 1 970.05
5 5280.77 8136.50 2021.06
6 2 831.76
7 3105.401
8 3658.01

T Ao P TR T LA I AR TR K T SR A 1 M AL
() TE R 38 WIS BN IR IR A O, Fh T 13 LR i 5
FIFEIR | BT = B4R 43 5 2 B0 AN SRR G 0.5 4~ 14
LS AMHRTUYE . FA 5T T S B IR LA, WAl 5~10
JiR 0] LA AR 5 110 — B A0 A - 3l %o i
B 1 NEE T 2 () — B BEES O 0.5 DR AL B A 55
TR = G AT RS A BIRE R FE T 1 R T2 19 — By
B, A UANIRBE i ARG PRy s s
AR T 1 =S B T R DU B RS
RIUNFT L (SRR, R 5% 2 15
R B IRE , X S B Mt R — 3

CRE TS

” \/
1y ” )
Ko HEHT MR

=n]

T &

‘%\/A\
El7 & MR
(T#% 6491 )



5 614

TR R, 55 PV A TEREIINA R GO A . 649

6 ZEWihE

ARG ) S IR, AR WF ST BT IR 1200
ARG, H AL TG . AT iz
RGN AT HET A PLC RIS FEF BT 1
PPV RE TR BT N A . R R G AT
JLAA BB iaty , H ERRG RAF, IR 2 R bRAT
AR ESR , RES RIS A S A A B TRLEE Y R 2K
B AT S R

BG4 45 RAE T, i I R ST R vy
e € ISR oY Sy Vi NC E T

22 3Lk (References) :

[1] ZHANG H,ZHUANG J. Research development and indus-
trial application of heat pipe technology in China [J]. Ap-
plied Thermal Engineering,2003,23(9):1067-1083.

(2] RIEV, BN, R, 5% E LIVE &R 2L E
(1], Fhr IR APEHS TR, 2006,35(2) :419-422.

(3] 3k 5. 5ARA FMER]. ST-200PLC J5TH 55 B R 40 i
THIML JEs AU Tl i, 2007.

(4] PEITFARRA R AR PETT T 57-200[M . dEst L
SIS BROR R Hh AT, 2006.

[5] [3] Solid Quality Learning. Microsoft SQL Server 2005 N
ATTEEE CBARESERD (M. £ b, i3 bt 54K
R, 2007.

(6] i B BFZRMBETE M. JE st i RO A,
2007:25-50.

(7] T2 it [ X R AL BT (M ] dE st A BB A A
#t,2009.

(8] [3£] #E KE. Visual C# 2005 £ AN HE[M]. 2= &,
VA, e, PR Jbat WU ek, 2007.

[9] WATSON N. Beginning Microsoft Visual C# 2008 M]. Bei-
jing: Tsinghua University Press & Prentice Hall,2008.

[10] & B BCAuE R AR BE R ACE- 45k (). 038R
HiAK,2001(4) :41-44.

[ it -5k A

(L% 635M)

K8 ST T B S HRIA

K9 REE T Bk

A\/ 1
B 10 AT IMEIR
4 ZEHRIE
AT FEFEIRRON, ISR, I T PRIkl
A B H 5 A58 T AHER A S A R T
RAG B oy e, I HIETA0EE — e, el
FEME AW B FIG A B (AR L, 7531 1 A58 I 0 25 FH A
HHI5 HHERZE S TR, ARG % RSP R R
HEF 7 2, it Al bR, iR A A S5 G Ae IR
B ARG —1k, T AR —k 58] TR R-FE T
RS HIRL SRR,
ARG T BRI & o 1 i e e, if

FEAERR IR G S e T SR LU BT SR AR,
IS T RIL R IR ARG B e B — 2 Sk T
AT S [ RS A8 -5 TR B IE R I, X
BRI TA e sl R G SRR Lo

S 2% 3k (References) :

[1] MOHIUDDIN M A, KHULIEF Y A. Coupled bending tor-
sional vibration of rotors using finite element [J]. Journal
of Sound and Vibration, 1998,223(2):297-316.

[2] RAO J S,CHANG J R,SHIAU T N. Coupled bending—tor-
sion vibration of geared rotors[C]//ASME Design Engineer-
ing Technical Conferences USA,1995:977-989.

[3] RAO J S,SHIAU T N,CHANG J R. Theoretical analysis of
lateral response due to torsional excitation geared rotors[J |.
Mechanism and Machine Theory, 1998,33(6):761-783.

[4] LEE A S,HA J W,CHOI D H. Coupled lateral torsional vi-
bration characteristics of a speed increasing geared ro-
tor-bearing system[]]. Journal of Sound and Vibration,
2003,263(4):725-742.

[5] B PRAE, RKHE 50, 5. WL 2T E Rtk
SRFPERFSEL) . PR3 TR, 2010,22(3) :254-259.

l6] #h—358. Ferah it M]. dbat KA R, 1987.

(7] 5k A, 2Bk MEEUE IEERL AL T T
TR ], 7 THL, 2010,28(4):108-110,

[8] KUANG J H, YANG Y T. An estimate of mesh stiffness
and load sharing ratio of a spur gear pair[ C]//ASME Inter-
national Power Transmission and Gearing Conference USA,

1992:1-9. [ .ok )





