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Multi-plane and multi-critical transient dynamic balance method based

on rising speed response-information of flexible rotor system
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Abstract: A multi-plane and multi-critical transient dynamic balance method was pro-
posed by rising-speed response information of flexible rotor. The flexible rotor multi-critical
speed balance ¢orrection quantity under the optimal algorithm was put forward. The overall
balance can be realized by imbalance information of three times rise-critical-speed re-sponse
to suppress multi-critical amount of unbalance simultaneously. Numerical simulation with
dynamic balance method applies to two-disk rotor model of two-critical unbalance and three-
disk rotor model of three-critical unbalance, respectively. The results show that the method
could effectively control the amplitude fluc-tuation of whole rotor system while decreasing

critical speed amplitude rate up to 60% —80%.

Key words: rising speed response; flexible rotor; modal balancing; accelerate process;

unbalance identification

Ji€ & MUBRCIE i) 2 B o L B e R0 SRR VB RSN O 1) R R 3l 8 A5 AT = U 3 L A% e e AL

KRB 2012-10-11

) 28 H B b 4k : hetp: //www. cnki. net/kems/detail/11. 2297, V. 20131105. 1002. 025. html

BEETH :HK AP ERESE(11272257) 5 Mizs R34 (20112108001) 5 BETGA H AR BL2: 3L 80T 583 R1 (JC201242)
TEE BT BT 1987 ), F Wi wE 2 Wt F BN T30 J1 ¢ 7 5. E-mail : yuecong234@163. com



2594 it = 3

BCHTE (= TR 2 B A% 3N AR, 5 e s
A T IR AR Bl ) R i B AL AR R B0 7 A i TR
JE 227 T S T AN P A 2 o S e R R R A
56 4 TH bR AN A 1 2 AN B0 A9 5 H 2 4 4R B0 iR E
R RTINS o e P W ol NP R A N

15 G5 (14 - A5 7 1 e 5 B R R AT
JBARASTA R B LT P 4 (HAE
- i i, 33 26 5 0k 2% B 9% 7, A B AT e I ik S
L R, g S — ol 33 80 7 5 1 Ik 2 B0 °F
M5 )5 v AR Y. i SR O R
TV R A Ah A R TR 2 R T A
D53k Ho e % 8 () S Den Hartog!™ LA K&
B J5 14 Blake, Carlson 285 4 4 Jf 5¢ 3% 19 =
A, BRI A T AT L HGE O 3 Gl 4
B B8 58 1L — WK 5 AN 1 A a1 R ) Y = (B A
2 AR SRS I 2 YOl H i g %+, il
Tk I W 5 S R R B ) B O - A i ) PR T
AL A T 5 B LAl L Rodrigues
ST PR T X R S B T 0 RLTE 7 7S vk s B
G VA = IR P vk 5 1 TR e R R AR
BAEBEGE AR R IT T 5 T 2 me A5 2 52
PG T HT 2 B iy sh 185 5 s %k RAREIR
DX A iR 1 45 A AR 4 AR R TR B TR Al
T IS NG B 0 A1 il X i R 48 1 B2, E o
2 By B S DX RS BRI oK A B 42

A SCAE AL B A A5 W A 1 Ll L, LB ) =
(B3] V- 5 1 Ry BEAS S A7 7 U . 75 I T e -
I VR R G000 B 5 L B o HGE
3 UGE G R ] S 7 R A5 2 R AIE B 0 2R M
FHEATHT n G 7 1 30 5 7 . T i
T X R AR AR R = AR AU R A T BUE O LR B X
T3 ¥ B A R
1 FEHFE
1.1 TR

B X5 2% p 4% 1) [Pk o S R M SR A A
W HAET N LW T R8s 8 il
G305 AR CO R I T 3 3 B e 5 B kAT
By

MD +CD + KD = F (D

b 5 B8

D="[x.B:y- a y"'v~1fVaBN7yI\"aN]T
Jo i A

M =

diag(ml ) Idl DN IE) I[’l 9" MN » I‘IN s My » IP\‘)

Jio Mk %28 &
C ly Z G0 B JE FE I L K kg W 32 5
% ) AN P AR
Fina =
[F;I-.l 0 Fy.l 0 e F.;-.N 0 F;‘-.T\I O]T

F.. m,veithzcos(gva ¢o) + mie,vg'b.sin(ngr ¢o)

F,.= m,-e,-%zsin(drf— $o) — m,-ef;j;cos(dri— éo)
ERA e MR o A B0, 1, N

BB, ¢ BT RERIEE ., ¢ N
TSR o SRR AR

o S R W TR A BT 0 B RS
05 ST AR E) m AT AR n B4R
T 4% W 1 SEL 2 - £ 4 20 001 A TR 07 2 I 2% B
A5 AL o AR S 1 TR A T ik BB % 1
R A 4 2 W1

WA E R EH BU, CEMH i > 1.2,
m, SEHERE = 152, 0, ) m=/n , CH K
PNFIIFARTY L B 0 35 B 2 S 2 P s T
iy 058 4 A J LT RS E IRt L A% S0 7 M
3 BT B 1 PR T v, (S U, M
s ) B A A R T W, R 5 B 0 A

W,']’ ==

n

Uu‘ — F; + §:r1k
k=1
kA j

i=1,2,m (2

i=1,2,,m

S (2O B 2 Ju gk, WG

W,,' :J(UU‘_F,‘]‘)ZJFZ(T%)Z
k=1

k- j

j:1,23'"97’1 (3)

1= 1,2,ym

PR (3) ¥ 2
J(Uzj — ) D ()t =
k=1

K j

p=1.q=1
p=>q k7 j
PFE

JZ[ DV Crr) U — 1y Lo D]

(4)
M HAY | U; —r; l=1ry | (k=1,2,,m,F
ok = ) B2 (4 B A s 0 Fe /ML A A
(2) [A] B i 57 » BRS-M7 1T 4 ARG e B S B AN SF i i
[F] I 3% 3] fe /M 4>

J Uy —ry | =] Fir, ‘
| Uy — 12 [ =] Fi, ‘
MUij_rij‘:|rikj|

i=1.2.0m Rk HEj (5)



511 B BEAE T T R AR B SRR T RS2 B 2 T RS - 07 vk 2595

i (5D AUSRAF- AT T @ BT » B 5 AY
ANV 3K B SR ANEL I BT X BB r s r st
I NGN

lra [+l re [+ +lr |=
(U [+ U [+ -+ U, D/n (6)

I E) & W R B TE A RIS [R] B 4 4 AL

HIZ B B AN P B R S mT SR AR 2 C6) 1 iy

lr; |=|U; | /n j=1,2,~,n (1)
HET o me B 7 0] 28 A2 5 BIVAT SR AT X5 17 - 445 T
2 W V- 1A T i 1 SR O A

Bl 1 PR a0 3 Brdk Als 2B, Bl
(e () AR —HH T, AN T REL RT
PRALREL, C Ry i TIRBREL, o @ BR R BB
(¥ 43 A B (i=1,2,3).

y &z)e(z)

Ceg,(z)

//,///_\%i C g (z)
K

L~

B 1 MR 3 M R AR B
Fig. 1 Schematic diagram of flexible rotor

three-critical vibration mode

1.2 FIAFAEWDMRIEHITESFEE

T 1R =Bk DL SR AR I A R AL
E & W R A, HOF S o % & gt LUAH [R] 45 14
3 WA 2 By i Bt i kS 4, B AT 58 AR T e
TERMHE TR, &t RG5O
BT 2 B A A A A 91 f 0 B T 4

D) RS+ A P A HT 2 Bl A X
O s 0 5t~ T FR P A - TED A AR SRR 7E 1 B3
I DX PN TR 00 6 TR 79 - A T Ak 0 A Y e iR 0 1 43
SHEH s Roris Rowi s Roun 1 Rozr s 2 Br 3L 4R XN 1Y
HARIEAE 73 511C R Rovzs Ronz s Roe 1 Roas.

2) A WP E A Ty, T 40 30m
TP T b PO AR R 0 AR B fif
WAL HT 2 Brils S, 5 20 B 1) oA A Y O 2k
A9 25 A7 B I A TR AL O ET 2 B SRR EE (Riy s

Rit)FI(Riyy s Riy).

3) PR EA (T, Ty Wi g5t 120°, E
AR 2) 15 B A7 A v D f AL H 2 B AR 0 (E
(Rop1 s Rop o ) AT Rop1 s Rogro).

4) L Ropre™s Ropre®™* MR, VA Ryqq s
Ry A2 ] 58 ok SCHR(8 145 B 4% s B M.

5) B WS RIEE O RS MEBKREIC N
ay by i APSRAFPME T T AR AR AR 1 B RS Y
WERN I, = (—a + b))/ Ty, [HFE, AR

v 1T ALHRELEY 1 BB SR R AL Ly = (—a +
byi)/ T,

6) SR 1 B RS P AL IE 4 (UL - Uy
Uy = Roii /1 U, = Ropi/ Ly
7 BHERXG)~K6)RKM 2 B S8 IEH
(U, Uy
Uy, =— Ro12/ 1 Uy, =— Ry /Uy,
8) KB 1Y V-5 S UE ' (U, Us). il 3 5K
(2)~z5) R g
U =ri+r:

2 WEME

2.1 Newmark-B #{E R 5%

X F — e 1 R 48 W PR s s oy O fE L AR
A 1) RS B 04 A BT fide , 38 w5 B 2 R FH B AR 4
JrEXS H AT 5. Horb 480 S 805 3& 1, Ne-
wmark-f J5 4 6 A A R gt [l g 5
TR X T B RS TR v AR L PR AR SO R T i
T3 53 90 X6 A A = A R B3 5 B i L e iR
T R GG N X AR B A Bl i
HEATHIE.

2.2 WNEHFEEFE

ARG FRIRIN K 2 PR R i 1 SR 45
e ] P o SR Oy MM SR R T O B s
AT T o, (0 A5 00 o A - A I
BEA R RGOV 3B A A

U =1 + 1

! I ! I I,

1 2 L] 4
n I 1

B 2 X R R
Fig. 2 Two-disk rotor model



2596 o= 3 o R %28 &

(4 AN A5 BT 5 12 1) il b 0% S -5 2 s R # 7 WA 2 By i S 0 A 1 A7 AN P A R )
RESTMSEHME 1 Fion, RPLHAENM R LSO 1 & 2 LA A PR, IR T
W p=7.8X10" kg/m*, P | E=2.1X (O RAF P B WL 3R 3, &5 15 B P T s

10" N/m*. il Bt 7] LA R J& Timoshenko %2, B4 Ik 285 W 07 B 3L DL IR 4 (1A 5.
A 1.2 iR s ek, e Ry Uy . .
Y = = 1= I ’ [[ J = 1’2
TR TE 55¢ + em/0%,55g + em/120°, 4% 2 I Ro  Us

[I“ 40 . 400340 ° LIZOO,U\ H‘*'ﬂ‘
IR 40g « om g e %3 WARFAEHREAE

$=40 rad/s* BN T B3P & BN E 3 Table 3 Unbalance trial weight calculation of
BN S AT 2 B W AEL A9 AS Sl 1 Q5% 2 TR two-disk rotor
£1 DARTFHEUSH - A1 2
Table 1 Two-disk rotor model parameters 1B 2 By 1 & 2 By
Ak SH Y 1.00 0. 90 1. 00 0.95
— L= = U,
- L=1=0.01lm, L,=0.18m, o/ - - 10 10
L=0.2m, L, =0.16m (g + cm)
4 — - — U’__
FA: D =0.15m, D,=0.09m. ( ’2(0)) 5522449, 5 £196-40./ 294 38,7197
% Jit:m =4kg, m;=1.5kg g*cm
HFHHE ;o =ce=21(N*)/m rif 27.5./224 24. 5196 207224 19./197

(g »cm /()
kh:kuzs. 5X10° N/m,
SR W,/

Ry, = kyy = B S 52. 7211 38212
ko, =ki,=7X10° N/m g+ em/ ) >
i 0> e =55um.36°, e, =40 pmx45°
5
4 -‘Ifﬁl!iriy'
R
g 3
%
= S
f-; = 2
= 1
0

1 2 3 4 5 6 7T % 5 10 11

B4 # 1 PR E 0 B i R

Fig.4 Transient response on disk 1 before and

3 SEATEALET 2 By B2 e R

Fig. 3 First two-critical transient response of

after balancing

balance planes

g 51
Fx2 WEFHFAFEHIEZ
Table 2 Unbalance identification of two-disk rotor 4t e :"ﬁﬂf]!
e T
\ fit 1 ft2 £ 3
fir g L
1B 2 By 1B 2 Br = 2
Uy /pm 4,17 3.43 4,20 0. 96 1
Ui /pm 7.79 6. 44 7.85 2.03 A ——
0 1 2 3 4 5 6 7 8 9 1011
U /pm 6. 48 4,04 6.53 1. 30 tls
L=y | N 7 5 S A T B A I
= g 130 9 44 1.32 0. 82 5 B2 SEREET S B IR 2 0 R
P RE S/ pom Fig. 5 Transient response on disk 2 before and
4. 17 3.08 4.20 0.92 after balancing

U; /(pm/ (%))
224 L1960 L2240 197




511 3

B BEAE T T R AR B SRR T RS2 B 2 T RS - 07 vk

2597

2.3 ZEETFEIMGE

Sk BE— 2 B IE T B 04 IR A T A 5 Uk L
FEATRY ) FE R b AR RH [ A iR SR R R A ST [
6 TR = B TR, SRR 4, R &I
(kR B 0=7. 8 X 10° kg/m’, # P& E=
2. 1X 10" N/m". DA [A]FE 0 W 28 30 1 i 5 25 i A7
B B, e L, 10 A0 B0 e B e 5 1. 4% 2
M3 k.

SR TRl AR 1 E il E 40 pm
£0°,40 pm ~120°, 4% 2 BNk & 50 pm £0°, 50
pm 120 £ 3 Ffnil ® 60 pm 0%, 60 pm
Z120°, LUAHTR] 0 £ i 2 B ik sl 7% - oF 58 4% ki
RN N VAR 0 N =W O = 2 B 2 AN 1
& B AP, O (4 SR AR i B L R
SRR TR UL 53K 6, - AT S 7 im B
I 25 ) 7 BE A UL ] 8~ [T 10.

A~T& 5, 8~ 10 43 9 45 T 1 451 A
TR S A i S VA T ) B A ) 7 L AL AR R RT A
AR HE b B, S 5 8RR 3 5 1R 19 4% B A

Pty e K4 R A T AE — A BN 9 4R B0 3 L Il S
R M AN 1A A W B B R BLAE 1 B e
PR b, = BB R A 3 il A AR D B
W AR 7E 6006 LA b, %3 T [ I B 80 %0 76 A, [A]

x4 ZHETFTRIEITESH
Table 4 Main parameters of three-disk rotor model
B A{F ZH
L=1=0.0lm, ,=0.16m,
Lils
[5=0.22m, L=10=0.18m
Hi&:Di=D,=D;=0.2m,
SR =m=m;=7.35kg,
i 8 e
= RAE S RBEE -
ca=ce=c3=60N*s/m
ki, = kiy,=5.5X10° N/m,
Sk .
kz,, - »23-25. 0X10° N/m
e = 40um £ 45°
FURGEIT RN 62:5olum460°

e3 =60, gm436°

K5 ZEHEFHLEEIRR
Table 5 Unbalance identification-of-three-disk rotor
1 %2 %3
i
1y 2 v 3 B 1 By 2 B 3 B 1 By 2 Br 3 B
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