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Abstract: For the interface-connected multi-disk rotor system working in postcritical range,
the deflection of the principal axis of inertia was used to describe the mass distribution, the time-
varying characteristics of the rotating inertial load of each wheel with the speed and bending defor-
mation were considered, and the dynamic model of the interface-connected multi-disk rotor was
established. Based on the quantitative description of the mass distribution of disks under the influ-
ence of machining/assembly error and contact state of connecting structure, the dynamic re-
sponse of the rotor and the dynamic load amplitude and phase of the bearing change with the
speed were explored. The theoretical model and simulation results showed that in the postcritical
range, the rotational inertia moment of the rotor caused the bearing dynamic load amplitude to in-

crease with the speed continually; at high speed, the change of the contact state of the connect-
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ing structure may change the mass distribution of the multi-disk rotor, the principal axis of inertia

of the rotor approached the rotation center line, the rotation inertia load on the rotor decreased,

and the vibration response dropped rapidly.

Key words: postcritical range; multi-disk rotor; bearing dynamic load;

skewness of the principal axis of inertia; interface damage
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with interface are obviously different from

the classical rotor dynamics model
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Fig.3 Model of the principal axis of inertia deflected rotor
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Table 1 The parameters of rotor system case

ZH BfE

SR ¥ L/mm 580

JT 0l 1] AB AR 2/ mm 290

i m, kg 150

W B R 1, /(kgom®) 8.37

BT /(kgem®) 9.37

i S AR £,/(107 N/m) 3.5

J& 3 AW BE £,/ (10" N/m) 3.5

AR5 ik me, /(g »mm ) 100
B 3 R R} o/ rad 0.0001

WL T R (17) A, 7 B rp 2 — A U7 3R0R
BEFEANE F1 5 SR B AT R G R R AT R
7 TR B ) A5 S B BT B S AR o R, T/
Ji 3 B A ST L) g S R a3

F 257 32 55 Sh B0 o e A 0 2 i 3
B F 225 e M R G 4 B S B B
67 g P23 Y O HE

TE S B 1 5 Wi 2R B C o e B 5L T
FSE IR R EL C, , LLRE 1 IR 25 70 FiAE S 3 38
i L

)
Coj=———7—7X100%
Fi,|+|F.,
_ (19)
B
Cinj == X 100%
Fi,|+|Fn,

Horpj=1,2 43 AR 2R T 32 AR 38

P 5%t AN B, 5 H e — Ao R K/
— gy (BORT , )% a5 0 1) 45 48 K00 43 o
4230, B 1) &2 He 32 o ARG b B0, B AT K £
il 71 32 A5 8h o aar 19 /N FRE 7 B A% Y A 4k
.

5 W) 2R 50 B O R 1 AR AR A ] 4 i A 2
BAEINEFX,

1) PIHGR e R A £ 5 X R R
LRSI /N, 3 A sh At ) B Ik AT 5 B
J7 RV S 0 8 0 o EE B RO i A AR
P 3 b AR AR X R e

2) O WAL 325 X e R T i T )
e 552 S B, %~ 8 1 iR sl B, 7 A 5 K B
T e 1M 0, S A Sl A AT Eh T O D AR 7 A I T
B £ 5

v

Fon=Fua ¥ Fo (18) 3) A A D R A T R
Fop="Fio+ Fu T I B 13 0 52 4 3 7 L WM T 4
iaheREEE LR B 3L

BRHES | T EF Lk i)

N 1 1

100
75

50

<

SCHE BB R U %

-

praaintiopat:o
e it vl

0 5000

FE 34 /(r/min)
[ RS e = A e R Ll A

Fig.4 Proportion of each component in bearing dynamic load



55 it

ANAE - UV He 22 B TR AR A AL B 5l 7 i o7 A 903

= B B A% 5 | X 1) S gl A8 A7 44k 5 K D e A
1o e RS TR S Bl B Ay e 5 S A R R
JEFE L I R

3t fi % RS T2 A AT 7 1) 194 AN [ 2 0l 52
A Bl BT R 23 A A A O AR A A 2R AR AL, T g3
9 LR P Ao 45 L
3.1 BREEHS RO RS R

ORI TR B 1 o R AR /N SR L
Jot L s B 55 151 3 Al 1) R 2 A 49 2R A 0 A e
X IO A A P S i - el 2 3 TR B, R
ot i 8k B ) AR S 7 N L SRR

X'

o JTl —— Mtk T
B[ JBL

2N RES S

(a) T d= A2 ) (o8

(b) B A R AR

5 A5 2 g A (IR AR A2 )
Fig.5 Setting of the principal axis of inertia deflection

(in-phase)

S 5 B B Ao Bl R AR Ak i An i 6 T . Tl
VLA B HT/ 5 3 05 0 sl 2847 e 55 40 07 ¥4 T 22
S B AT/ R S R P 43 A X ) AN T
S WK 7)) ~E- T PR, TR 4R
TEY3z sh i B2, B BURFAE IR S 5 B 6 Hh O~ © Xt
B o AT LA B SR AT, m S s b e i 45
73 R i 15 P T R Y B 2 A 4 ik T ) AH TR
AL B N, J S A Ah v o 43 5 AH R, AH BRI 5 8
I 5 J DA% Shy | i S a5 A W 4k D Tl A R S S
by AR TR o PR, P S T I S R AR

RN Al A o i B I BB o e T 4K 2238 K, 5%
TR A B BRSO R (R 22 16 LA
BRI AL AN AR Ak 8 L [R) 2 FRp S 3 K, L 2 16%
PRl IR S e DA

e [A] 325 DX PR B S A i 280 2 e, T ] 8 v
O~OQFrzn o M4 9 A i H O B o, 2 i 4% 5%
B AR S Bl B g i LA R R BRI, AR 10 B
N o HA FCRAE) T B0 F8 7 AE 1 S B
BT o, F oy FIE, CEL ) S B 3 Al i A ™ A=
B4 52 3 B B 3 8 F (R 8) 1 F L (I 60) 23
I3l DA I S A B B A

AT LLE B e R T R D A% 3
3B A oy B R 0" — B % 180°, M
1358 A B9 S 3l 8 T 180 A AR A, Il T 7E I
G Bl S B ST DI, R i RS, T AL it XS A
7 A AL B, T 25 G B W 5 F W A 0Bl i 8 Y
SCRL BB AL AR 1) F oy ALE o 7 1

E l.Ot ’ ;‘,:i
T |
& 04F ® @7
Bozl @ QID@ — AT A
+[>{ @ I | | —)ﬁi‘i)#l

I 7 !
I i
ﬁ 0 | ‘\ o — 5
= ! o !
£ | AL gt
-180 = i~ ; RSN I

0 0.5 1.0 1.5 10.0 15.0 20.0
FE3/10* (r/min)

P16 ST gl A for R S AH AR 2k
Fig.6  Amplitude frequency and phase frequency curves of

bearing dynamic load

(d) Al 5

(c) a5



904 g s

(e) BHElEO

(F) 1 b IE
K7 Fevizdhidi

Fig.7 Process of rotor movement

§ 0.6 T 3 T T T
2 04 i .
Fiied l
+P< 0 T l:l lf _}:ﬁ‘ilﬁ

180 F TFrh 'r ——
c Ry 1
= [T I s
=0 1 ' 1
Z 9ot :a{ l

—180 : f :|| ; Il

0 5000 10000 15000 20000
1 /(r/min)

A8 il et sk I

Fig.8 Selection of characteristic speed points

90°

180° 0°
-180°

-90°

K9 FIfE X
Fig.9 Definition of phase

ol AR
Fm2 Ff F‘ml FsupZ Fsupl
-
(a) et i @
Fia
le
F,
(b) FEH M@
F

sup2

(0) et i@

F, Fp Fop
(d) @
sz F! F ml Fsupl F, supl
& -~ @
(OF 3:316)
P10 A5 2 Al i o 2% AN T) 6 3 S sl 3 fif 4 1

LSS
Fig.10  Composite relationship of bearing dynamic load
components at different speeds of the principal

axis of inertiathe deflected on

{21 2 40 05 £ 5 R0 R % H8 G248 2= 90°
P 32 il RS T i B8 B A A3 AH 25 90°
BF 18 3 A A TR L B DL R R AR A 11
fis

2o TR B 4% B T S Bl 2 e O e A/ A
I 2, IR 12 TR o 22 45 A s Ak S A Bl 2R
o ot DA R R B A, A 13 B o AR 4L AT T R
FH 37 5 3h 384 oy it 8 0 i O ik AT 40 BT, AN TR Y
S, TS A AR A AR e SRR T S R R AR AL T 2
T 360°, X R UL BEG  JE R Ry A1 A s S B
AT R W G e e 15tk B ey 32 T SR P
2 AT AE X A, PR OGRS A A B 3
i 75 1) 452 305 907 5 Bifl e s 42 T, 0 D S 5 Ak 1Y 3
S B AT R T W IN K, 6 AR 7 3 AR R, B A
I St A, foff 15 S a5 Ak Bl 2K A e 907 M I AT
] —90°; MG S I, Fh 00 3 A Ak s 1 S
SN T o R G R B O e ) e S B
AR Y T S 2 AR AR 1807, 1 2 4k 52 I At - AAE
b, BLZ G i A a7 O ), B 907 ], At

3.2

() AP s oz



%5 5 4 U ZNGE I 2 S T IR A T T By o o o A 905

(b) B AR

PI1 AR T Aol i o B (90 R A2 22 )
Fig.11 Setting of the principal axis of inertia deflection
(90° phase different)

o o o
(SR CN

il
w0l
180 F—
o 90— !
= OF |
£ g0 |
Eogol 1
_270 1 111

10000 15000 20000
34/ (r/min)

(=]
w
=
(=3
S

P12 3 Sl AT A0/ AR 400 1t 48 R A5 A i i i 1R
Fig.12 Amplitude frequency and phase frequency curves
of bearing dynamic load and selection of

characteristic speed points

gyt Nyl
i Fon
F,
F;\\Z
(a) FEH SO
le
& :
Fog
Fl'
. 7, sup2
(b) i@
Fa
F*u
FmZ :
FsupZ
Ff

(OF3:9=16)

le
&
supl
Frop
Ff FsupZ

(d) Fe i@
“ F;nl FS“Pl
F
-+
\ I Fops
(e) FeHim®
P13 BT 3 i AR AN T e R S S 8 0
B F
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