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Fig.1 Dynamic model of the rotor misalignment model
ARG AW e T s s R

mx, =k (2, —2,) +k (2, —x;) +¢,20, =

]
|

2
F_+m w ecos wt

my, =k (y, =y,) +k (y, —y3) +e,0, = (2)

2 .
F, +m w esin wt

ky(x, —x,) =2kyx, +2¢,%,4

k1(y| _9’3) =2k,y, +2025’3
b m AL TRk, A e, SR T 4 I B
JE sky oo AT Mt A A M BE R REL)E, 5 &y ey 2 22 A0 %
AR BE FIRELJE 5 BC 3t 2 0 SR T 7E « Ay i)
oI F, fF
2 AT RED T &
2.1 LS R

ARSCHR AT AT B e S s W ik SR
T2 )1 R 53 B 1 H 58 R A7 AR sk
B A5 B 1 25 30 38 AR AR5 P-4 7 AN X i
X FR , FFE5A 185 T HUAR e DR 285 W 00 50 40 >k i
FPFAT AT B B2, e AT AR il s
EEIZWI EZERIT .

(1) XA AT AR g e 1) i 1164752 1 53 W
BRI

(2) BEAL 5 TR 86 5 A9 BROCEUE 43 B i
TSRS 5 A i 1 B PR Sl 1

(3) 43T S A5 AN X Hp o A [, 14 A
BAT IS IEAE S AT AN i 1 e R 2k

(4) R A s 56 B30 ok 18 1AL 45 31 1) 56
RIMNZE , LB 1T o A0 il 28 5 it 2k A AR S
AR I 2%

(5) MR 15 381 ) b 2 B WA 30 () % a2 A T8
i S A 20 F IO EA T AR X
2.2 HFFETAMBEBATE

AR H G oA BB g AN X R R gk R R X v B
MR Es AT 353 R AT R B A XS R A
AXF LA SGRA AR 3 RO SEAT R B S
AL PRI s — 2 N 2 b O B R AE ]
— Lk b SCRRL 11 ) R S b IR 4 S S X e
OSBRI LR R SR 0T R T SRS B
A AR 22 A5 T 1 AR B ol il A
IR Eh A P FE Tl 2R 2 (8] & A AN X o BB S 7
AP 28 H R PL S

W5 R, H BEAT AN X H B B b 2§ A1 72 1 b
OIS BT A — B ST R 52 T 4
MribRe 307 BB VERIE , BN ICATAT AR | I 7E A %ot
W iz sl R v R AR AR R IR 28 =2 DA K
L

K2 KA AN iRl &b o, filo, A
PR 0 oG YR A T AN KT s,
R PSS 2L O AL W ERIRAS B A
5 0, E%,KXHLEPE e=Ay,

B2 SPATAR X ehig g
Fig.2 The parallel misalignment model
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Table 1  Setting of the rotor parameters
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Fig.3 Finite element model of the rotating shaft
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Fig.4 The vibrational waveform and the spectrum of
the node with a misalignment of 0. 5 mm
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Table 2 Corresponding relationship between fault quantity and

RZ

(10)

amplitude value (simulation)

4 WAEAE,  — (e, A
ha= e/mm o
pm pm MEE/ um
1 0.150 6.42 1.90 3.119
2 0. 200 8.56 2.54 4.258
3 0.250 10.70 3.17 5.322
4 0.325 13.90 4.12 6.919
5 0.425 18.20 5.39 8.780
6 0. 500 21.40 6.34 10. 330
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R 254 PAAK R?
JE AR y=1.19x% +427.33x +0. 074 1
—AEA y= —5.229x% +23.82x - 0. 3134 0.9997
T AEAR y = —0.0237x% +12. 695x —0. 0018 1
25
o SEAIEE
g0l TR P
+ AR
g 15F
=
foun
= 10t r
>

0 | | I . I | .
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

e/mm

K5 AIEES e MR (B

Fig.5 The change of amplitude value with e (simulation)
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Table 4  Relationship between fault quantity and

amplitude value (experiment)

o AR/ —AE A
Je==3 e/mm . .
wm MR/ pom R/ om
1 0 126. 27 91.1 15.0
2 0.05 153.19 117.7 27.9
3 0.15 189. 63 163.5 43.2
4 0.20 196. 68 139.0 47.5

X6 A5 28 ) 2% I R T IR A T4
AL AR A IRES o MoCRMZLME 6 Ui,
AT LLE R BEAR v

TERHTH R b 5 TR IE R LT B A X
PN T T s JCRI AR IR (EL 5 16 Hh e TR IR
ANK ] 2 B BT Sl T sh 2t Bk



%5 6 W oy P PSR GEAK hilk RE BA2 W i DT IS -85

...............

0 004 008 012 016 020

K6 AR e BOCHRML(E)

Fig.6 Change of amplitude value with e (experiment)
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Fig.7 Relationship between the fault and

the two frequency multiplication
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Table 5 Experimental and simulated vibration values of

nodes for different values of e

AT/ pm
F5 e/mm — - R2/%
AL (W
1 0 126. 34 126.27 0.05
2 0.05 147. 64 153. 19 3.58
3 0.15 190. 47 189. 63 0.44
4 0.20 211.87 196. 68 8.05
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A method for quantitative diagnosis and monitoring of
rotor misalignment faults in turbine machinery

MA Bo' YANG Ling' SHEN Wei’”

(1. Diagnosis and Self-Recovery Engineering Research Center, College of Mechanical and Electrical Engineering,

Beijing University of Chemical Technology, Beijing 100029 ;2. Nuclear and Radiation Safety Center, MEP, Beijing 100082, China)

Abstract; It is difficult to diagnose quantitatively the degree of misalignment in a turbine rotor system. A quantita-
tive method for diagnosis of parallel misalignment based on monitoring data, utilizing the relationship between the
misalignment of the rotor and the vibration amplitude of the node, is proposed in this work. The steps involved in
the method are as follows. The rotor misalignment force is obtained by analyzing the state of the parallel misalign-
ment rotor. A rotor model is then established to analyze the variation of rotor node vibration for different misalign-
ments based on dynamics theory. The relationship between the vibration amplitude of the node with the misalign-
ment is then analyzed, and modified according to the data obtained with the normal operation of the rotor. By moni-
toring the vibration amplitude of the node, the parallel misalignment of the rotor can be derived, and the aim of di-
agnosing the faults in the parallel misalignment is thus achieved. Using a test rig, the vibration of the rotor with dif-
ferent misalignments was analyzed by experiment. The experimental results show that the proposed method of moni-
toring and assessment is valid.

Key words: rotor parallel misalignment; quantitative diagnosis; fault mechanism; monitoring
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