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ABSTRACT

An analytical method using the substructure synthesis and assumed modes method is
developed to investigate the effect of flexibility of bladed disk assembly on vibrational

modes of flexible rotor system.
moments,

simplistic models,
blade are varied.

1. M =
20 9 Q9% AE 2", Z78Y, 43
e 2e HAAAY 45 S RAE ¢ a9

BE F9 stdeltt. HZ, FGANM ndE R
nEge] HANA F89 Fdo w3t F-4Ed
47 Ae FAELD HE F5E AN ALEE
F UAEE dFAsA A= U ol FH
*1 o, U# e & 84ES AAS Zo] X A
Az AP A, Ao FAHH SHL
g3 o &sA Rate A9 AF EAA do
o]l A%ole AE FAH%e &4 829 V4H AF
S neiste &4 247t MR A3 &F3e A
AAe RNFR=E Faof g},
oy Al AAY A4 AFRE=

J

g 7aE Aol o)

*A, AAAARAEN G A TIH

In modeling the system, Coriolis forces,
and centrifugal stiffening effects are taken into account.
vibrations between the shaft and bladed disk are extensively

gyroscopic
Then the coupled
investigated using

as the shaft rotational speed and the pretwist and stagger angles of

$ 23387 w2 FA AFE o 'Y,
gue 25°Y, ada o BY dwg A5CY
3 ol Z+ g47 M2 AAo] givta 7P A
of = st} o]y F ;AL HAH dEA 8
29 uf AFF/ g 849 AR A Aolrt
g e 2 dode 3. ad 29 14
T ¥ .LE:%% 2 &g AA FAHE E W, Z 84
el 3H AFFe Hol7t FolES 4 849 ©
EA Moz FEFM JF 54 diHe] EitF
st @ AARECVe on 2o APEIFAI} A9
AF EA vixe 9% e 59 JHE
£Fol 9 Y 9 FF e HP HHLF
(backward or forward whirling)< °F7 A&
gee Bgtt. E=F Kushner”, 281 Wu %
Flowers'V & €% ©o] FAA FEAHEL
AA AFANZE F A& B4 FH, B ARE
U2-150 z-o ¥e 9% A9 VTE 1A 3
A& 2EsIgch Sakata® 281 Okamoto'Y& &

HIALBAE

2 x /4 8 A A1 %, 19984/ 99



A4

B

=

FRAYE o] &3l Tl F &g 9ol g ¥4
dun A4 ARNE g4 Fo02 FAAT HME) 3
A HE AL dAFEAY. 252 ¥ Yot
AT o & Ao 9 Aoz W EY]
et ¥ wdd digt wgE AFIAT
Kader 2 Loewy P& &4 Z-9 29 9% A9
ZANEE AT £ UASE Mo 27 sy
A 92 AAsAT. Zhang'We fTFLAYT
ARt 1%6}&1 448 BoA -4 4%
aglz o BY 943 M. 9A ae 3
= 9 84 %Sﬂr«l Bl AdE o E4E e &
HYZ ne3ted £-9 EY A% A AN 5%
g FIAT. 2} AU e P93 ddRE
e 7S Wolu 9 A L HEHZL T4 7]
&tgE A7t Ale AAZ T vXe Ede HFE
3kl skt
2 AdFdMe 84 -9 29 4 A doA
A 1/43FF 2 dT AFR=E 737 A
272499 2 APReERITE o) g WY
2 WS AARY. B He fte Ay va
B e AREE ZFRIEA Alito] E&HolH A}
£317] doe F3E B9 F3 U, spRHe R
2 A FAAAE B3 g9 S ¢ v EH
g4 &9 €4 94 A IF5EA vAe 4
< AEsdd.

2.0l Es&ll A

F M8 A Weig e

1 %) ls L ls la lg l7 s

Fig. 1°l B<l uje} %.Z°l

ds dy |ds (ds

Number of blades=N
blode width=pm
stagger angle=¢
pretwist angle=«L

Fig. 1 Analysis model

100 /et a2 ES8E /2] 8 A A 1 %, 1998

2 AAdE %, a8z

mlo r°"

el o] 29 dder 7
Ad 2rag sy Ei ARG, A7 FE&
A Fe GHEE M B, 492 dF FAE v}
A 9% # a8 92 -1-7’1]7} A g Abzt g e
Boln AZ(stagger angle)™ B EHZ (pretwist
angle) S 7I3 RAeoz 713 B AFMeE &
oo B 4% e F9%H A4 Ao Fa
B Aol 2 Hlojg e dAdE nEeA Fed. =
oA dutell A WEL 53] e WY U=
Roz 743t AEA 34 o]e] AbHE R
2 3. 9riA gE A mde A mdEg
ragt F48 7RAT AA 2de] EAHQA FA
& 54 JEESE AZ AT, o 34 rde
B33 348 23 & A=2 s Ad § 9l
o &AM o] v BZ¥SA E A olth. B A
79 BEFE &3 9 Bd 9% 19 A mZHUL
AA A T FAHY S FHHE £
= Aoltk. 53], 2 /M9 2 A9 IF BRE=VL
F8 BHA|ZE HEY B F B IFL o7
Me g4 ded.

21 2t @49 ouix| &

A Ao 3 2 WA quRE T3] A8,
AE A8 Mo FEFZREY Fo= o]Fof Ro
2 p2sn, A7) 4 B2 7z 2A £EL B
Abst7l 8z BREF R nFE F4H FHIFA
(local reference frame)& A A&t 28d %
BRIz @4 ¥y AFE T4 FFA A
At $2o2 FoHr}, Fig. 2 € Table 19, 9]
HEg F4 FFA € B4 99 9y a2z 4

Table 1 Description of coordinate systems

Coordinate| Base

system | vectors Description

0-XoYoZ | io.jo.ko {Inertial system

Local reference frame rotat-
oO-x\Y1Zy | i1.J1.k1 | ing at the constant speed
of W about Xo axis

Local reference frame fixed
P-X;Y2Z; | iz.jz,kz | to the disk Ay points to the
reference blade and

Local reference frame fixed
P-X3;YsiZsi|isi jsi ksl to the disk /A3 points to
the i-th blade and

.. Local reference frame fixed
C-Xa¥oZa | d1Ja.ka to the blade root

Local reference frame fixed
B-XsYsZs | is.j5.ks | to the blade at the distance
of I from the blade root
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Laplacian: And Flexural Rigidity
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Appendix B : Discretized Total Kinetic And Potential Energy Functions
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Appendix C : Element Matrices Used In The Equations Of Motion
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Appendix D @ Nomenclature

Ap, As : Cross-sectional areas

D . Flexural rigidity

Ej, Ep, Es, : Young's moduli

F : In-plane centrifugal force acting on the blade at a distance of / from the blade root
fo . Centrifugal stress induced by the rotation of blades at the edge of disk
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hp * Thickness

Igx , Iy . Principal area moments of inertia about the X5 and Ys axes respectively
Isy ! Area moment of inertia about the Y1 axis

inviBy . Second area moments of inertia about the X4 and Y4 axes
iny . Area product of inertia about the X1 and Y4 axes

Jpx 5 Jpy © Mass moments of inertia about the Xz and Y2 axes

L . Blade length

1 : Linear coordinate for the blade

L : System Lagrangian

Mbp : Mass

N : Number of blades

@ @ Qi @1.Q. Qv @x Qn  : Vectors consisting of generalized coordinates
ar ! Generalized independent coordinates

Ry, Ro : Inner and outer radii of the disk

(r.8) : Polar coordinate for the disk

(ra, 05) : Polar coordinate for the blade

S : Length of the shaft

T Tp Tp, Ts ' Kinetic energies
U, Us, Upp, Use,Up, Us : Strain energies

ugi, VBi . Displacements of the i-th blade along the X4 and Y1 axes

up : Displacement with respect to the X2 axis

Vo, wo : Displacements of the shaft at disk location with respect to the Y1 and Z; axes
Vs, Ws : Displacements of the shaft with respect to the Y; and Z; axes

W : Blade width

Zp. Zu. Zv. Zs . Generalized coordinates of complex form

Fp, Fs, Fy. Fy : Vectors consisting of admissible functions

v : Laplacian

& . Twist angle per unit blade length

L : Total pretwist angle

v : Poisson’s ratio

©3.0p.05. : Is the mass density

G5.0g : Radial and circumferential stresses

QR : Rotational speed of the shaft

¢ . Stagger angle

v, © Angle between the reference blade and the i-th blade
P : Angle between the (k)-th and the (k-1)-th nodal lines
Subscripts

B : Blade

D : Disk

S : Shaft

Rz, 0 : Values evaluated at the disk outer radius and the disk center
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