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M athanatical M odel ng
of aM aneuver ngA symm etric Rigidity Rotor with Initial Bendng
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Abstract: A mathematical model of an unbalanced rotor system located in aircraft with
agymm etric rigidity and initial bending is given in thispaper. Themodel for themaneuvering ro-
tor can be used to'\study the dynamic characteristics of a rotor running w ith constant rotating
Peed, constant acceleration or deceleration, to investigate the influence of the velocity and acceler-

ation of aircraft on the rotor dynamics, to analyze the anplitue repponse of a rotor and to diagnose
the fault of amaneuvering rotor.

Key words maneuvering rotor;, asymmetric rigidity; initial bending; rotor dynam ics

[6]

© 2001- 10- 29; . 2002- 04- 08
(19972054); (990839)
(1965- ),



611

Jeffoott el
2
Jeffoott
1 2 OXYZ
|
(r)r,
> -7
Y
1
Fig 1 The sketchmep of a rotor systan located
in aircraft and a pace-fixed, stationary coordinates
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Fig 2 The reference frame in reference frane
O1X1Y1Z1

\Y 2]

C 018K
&= &+ esn(9
=N+ eons(O
C=0
C 0.8
&= & B+ e

n=n- B(§+ e snb)
%= 0

T2 | BN TR L 1] t

C OwX1YiZ: :
xic= (M+ ecsBsnB+ (E+ e snbomsB
yic = (+ ecoshoosf- (£+ esinb sinp
zc= 0

C OwX1YiZ:

xic = [1- B(§+ e sin@ ]sinp +
[+ B (N+ e Joosp

Yic = [’7- ﬁ(§+ esinG)]oosB-
[E+ B(U+ e sH ]sinp

zc= 0




612 17
C 0OiX2Y2Z2 Je= Ja+ m(esin@z
X2 = X1c00 Jn= Ja+ m(ecnshH?
Y = Yic Je= Jp
Zx = - X1cSINX N yJp
C OwX2Y2Z2
Xz = X1c00X-  X1cOSINK 01X 1Y1Z1
Yx = Yic 01Z1 B= w 018 01T
Zx = - X1cSNX-  XicO0SX 0171
C OXYz
Xc= X+ Xx =0 wi= 0 w=- B
Yc = Y
Zc= z+ Zx W= W= ue= 0
O1X 2Y2Z2 OoXYZz w= 0 = 0 (L_t: B
(x,y,2) C , T
Xc = X + Xzx .
ye= y+ ya T.= (1/2) BZJP
Zc= 2+ zx :
V= k(£ 8+ k(- M+ moxe
T= 'Jz‘m[xé+ yé + zéJ+
';"(J§<?E+ 1+ Jdde D= ';‘c[x§3+ y3'3+ 233.]+ Tk
20 (0 - 20 e 2J Grey) [+ T+ FE+ 1T
T Jednde . (Xo4 Yog, 20,)  Os
&§NTC Jen, J -
i T & Q=10 0 0 M.y
o, @ M .
L agrange

m[g bzg+ 2BU+ Bﬂ Lﬁgzéiﬁ Qé(_l'l‘_zCD_SZﬁ)_% + k:i&E+ (c+ c)&E+ cBn:

melﬁzsine- mepooD+ ke& - [mga)sx- mexXsin(f+ 6 +

(1)

c(xooso(- zsin(g + mxoosx- mzsinol osf

m|:n_ an+ 2B§+ BE' L@gznéi_'_ Qé(-l-_z(p_iﬁ)_’]-'- kll+ (c+ c) N+ Cbg:

me BoH- meBsnb+ kil- [mgoosx- mexsn(f+ 6 +
xOSX- zsing + mxcosx- mzsinal sinf

308 {(&+ 280 1+ e - (1+ 288 (£+ esn® + BL(N+ ecosH?+

. 2 . . “1 ﬂ“di)z- (§ esillﬂ)z
(§+ esinB?] - 0(2[00323(§+ esin® ("+ ecnsh + sn2p + > + ]

+ [bosB- EsinB+ eoos(B+ 6)][xoosxz$in(g } + mgooxx| (M+ ecnsp) osB -
(§+ esinB sinB] + c[[§+ Ba n- [n+ Bg g+ [xoosxx- zsin(g (TbosB- &sinp) ] +
QB(§2+ =M.

(1)



613
'm , C _ —_c _ -G _
G ke kn O mw 0 O mw 0 T w
T On= w £y = sn® n, = roosP
_o w & &
- O _ e X
. m e, Ge= oo U= Xe= o
Jp & T=
24 = Z M, = M z M o = Mz
(LI, [S4) \]p(L% MZO
— wﬂ‘g_: uﬁ 1 Ge M p
lMZp
2
B afgf: W g O:1 OXYZ
0181 :
2 x=x() , y=0 z= z(1)
Jp= mR?*/2, R tga:gézgéx[gﬂ-lzi:x;
&= 2(e/R)? z ?
: _ /_J_
£ n K " amtg[ J A
— - i _ Re
5= n=d | w= K :
SN = 2 +
_ | ka _ —Cc _ _GC
W= Al €= ma &= maw

g+ Fls v + A&l g [ L7 La oop)-

G+ 28T+ [ziﬁ ‘]Z‘oizsinzé - upB’snb+

oxx- Ua’sn(f+ 6 + é (xd0X-  Z4SING) + X OO - zdsmo] ST=

_ &
0

[

RE

- B(&+ UsnB + _(M‘)‘Q [é B - ‘]2‘0(2(1— oosZB)]-

n- 28&- [2@[3+ azsinzé &- UBoD+

[%ﬁ osx- Ua’sn(f+ 6 + %S: (X40SX-  ZaSNO) + X0~ zésino] sinT= 8

o (2
Bil+ &[(M+ UosB’+ (&+ UsnO 1} + e{ (&+ 287) (1 + U -

(h- 2B%) (5+ Usn®} - o*{02B(&+ UG ('h+ UsnG” + = sn2B-
(&+ Usn®? + [(MwosB- &snB+ Uws(B+ ) *

(xdo0sX-  zasino) ]} + 268

SRR (G )+ L2 1(G+ FMN- (- fE)E+

(M + UoosH?-

(xa- zssine) (Moox- &sinp) ] + G?goosx[ (" + UoosD cosB-

(& + UsinG sinf] =

M



614 17
OoXz )
, YA , ®  arctgx
.o (- W2,m2) :
x(1,z(D
o, sin of (2), ;
, 0:&C , ,
OX1Y1Z1 ) )
OX1Y1Z:
2
B B [1] : , , M1
! B ) , 1985
w , BH: 0, B: w [2] ) ) ) M1
. B=Af=wraT A
[3] LeeA\C,Kang Y\, Tsai KL ,Hsiao K M. Transient A nalysis
, b A> 0,
. ! of an A ymmetric RotorBearing Systen During A cceleration
A<O B B [J] 3 of Engineering for Industry. Trans of A SV E, 1992,
' 114(4): 465- 475
, A=20 [4] GanesnR, Sankar T S Reonant O <cillations and Stability of
A-s/mmetric Rotors[A ]. Proc of the 14th Biennial ASV E
Conference onM echanical V ibration and Noice[C]. 1993, 56:
19- 22
[5] ™ 1. , 1990
) (6] ) ) . M1
, 1995
Jeffoott [7] Keogh P S;Morton P G Dynamnic N ature of Rotor Themal
Bending due to U nsteady L ubricant Shearingw ithin aBearing
[A]. Proc of TheRoyal Society of L ondon SeriesA : M athe-
4 matical and Physical Sciences[C]. 1994, 445 (1924): 273-
290
, [8] Rap J S A Note on Jeffoott W arped Rotor[J]. M echanisn
andM achine Theory, 2001, 36(5): 563- 575
Jeffoott



