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Abstract: There is inevitable unbalance in the dual-rotor system of the aero-engine, the beat vibration will oc-
cur to engine when two rotors are operating at approximately the same speed. The beat vibration will induce
unacceptable level of vibration amplitude. The beat vibration is studied for a dual-rotor system in this paper.
Some features, such as the beat vibration periodicity, intensity of beats and counter-rotating characteristic, are
analyzed in order to disclose the mechanics and distinction of the beat vibration. The characters of beat vibra-
tion are quantitatively analyzed and verified by numerical analysis and experiment. The results show that the
beat is related to the speed difference of the dual-rotor and two rotors’unbalanced phases. The beat vibration
usually becomes noticeable when the speed difference between two rotors speed is less than 20% of the operat-
ing speed.

Key words: dual-rotor system; beat vibration; speed difference; initial phase; signal intensity

TR T RSP, i THRTRGERE .  HEEERMFE, %R B F 45 7 5]

TRIRESBTARPRABLEFRNR, ERET
REA BT ENTFEHE . W T RERNF
TR AL R B LE B A R BR TR
R BITHRPARE T4 B RABREENE.H
LA E N HE. SP AT 85 3E R
B, Z Bl BRI S . FORRI™ A TR
1Rz AL F IR, — P 3% TR R
ARART 209 HIZBIETRH NEIL L5 H3
B . FEML S A BHALALEE T R GE B9 A M B e i
2[R AR B A B 1 A A I ) R L AR
VB T A AR R, B N AN T
A AL, P kB T RER

U 7 H#9:2006-11-23; &iT H #§:2007-03-19
BEEWH & EH L5 HE4 (2005037728) I A L5 H4
BEIRIEE 5% E-mail: hanjun2002@msn. com

REEE . BRHEGE™ A B A 90 4R R B T R
T WU T B LB A SR HET T SRR B
ARBEFE » (HIX 28 SCHR B A X XU - B 7% 3 22 AT
RN, TRP, ZEER -4 EWEE
B 24 T R VR A A5 5B AR T 4R B 20 06 F
16, 25 M R GoH RAEFIRIE™ . FL, By 1L SR
RRRETETRAEBROATR.

ASCHET T IR ZEA 2 2L 04 T IR B
R A5 5 50 B R S 1 e T O B A ek, BB T
TAHR = A= B LR A AR AL , I R A CE 07 B A
SRR ST T 0 A A E

1 #IRE L S

(D ATREA LK
BN AN 1 19 9 30 R S0 2 4 91 A

PDF CfH4#i[H] "FinePrint pdfFactory Pro" i kA G ww. Fineprint.com.cn


http://www.fineprint.com.cn

1370 o=

S

%28 %

X, = Aicos (wit+¢) (@D

X, = Ascos (wst+ $) 2

KHF:ALA AR ETFHRIE 0 0.8

FAREE 60,6 HYIMEAL. TEXARE EWEHES
LR b2 EARBWFES SN

X=X +X 3

ATRAKXOPRTHIIETHEE 0. —
IR AR XK ) i, 752

% sin (““ ws, Si52)>o i)

*«/A%"FA% +2A,Azc0s [(wr—wsz )t +¢—; ]+

sin (““E“’%Jﬁbl ;952 +A¢) ¢

% gin (“’1 S22 . ¢2><o Bt

X=,/A? A2 +2A,A,cos [(w,— ws )t T —b, ] *

sin <w1+w2t+¢l+¢z+A ) 5)

2
t(w w2t+¢ ¢2>:|

A Ap= *arctan[ﬁl J:AZ co

A,
€ (=57 )

HAWMK G THHRES X 7TLUUE K
Bl (o, — w,)/(2r) R H R B 8 18 5
Al +A3+2A,Azcos 2a 5L (w1 +ws)/(4r) (H
W Ag 1 JR 3 BR B, LB AR /DN, T 220 L A R
WEBEFEm, LTED AMENIRSFES
sin [(w1 T w2)t/2+ (b +¢,) /24 Ap | KBTI FH
PR HRMEE REEEME 1R, NE
HRT LAE AR R A A 9 R B 4 B R A
A A 0 41 04 B IR A = As + A R
RGP B A R A A IE
HHR Am=A1—A;,

N 2(A4,+4,) AT N
\ A\ /{;] ;} m )

NV

oo,

—
\
—\

/N

Bl 1 AR B R %L

Fig.1 Wave and envelope of beat vibration
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Fig. 4 Strength curres of the vibration signal with different

initial phases
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Fig. 5 Test model for dual-rotor system
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Fig. 6 Vibration strength curves of inner and outer rotors
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