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Vibration fault diagnosis and handling of exciter in Tangshan
compressor station of China—Russia Eastern Gas Pipeline

HUANG Entao', WANG Meng’, ZHANG Yanbo', WANG Chunming', LIU Chao’

1. PetroChina Pipeline Company; 2. PetroChina Pipeline Compressor-Set Maintenance, Repair & Overhaul Center

Abstract: In the no-load test of the 3” motor in Tangshan compressor station of China—Russia Eastern Gas Pipeline Project
before commissioning, the amplitude of exciter end rose rapidly and resulted in the shutdown when the operating speed
reached 3 120 r/min. To solve this problem, the vibration analysis system was used to analyze the vibration spectrum of the
exciter end. It was determined that the fault was caused by the high load upon the bearing bush at the exciter end, which
further led to the high local load or local friction of the exciter rotor, induced the hot bending of rotor, caused the new
unbalance, and further resulted in shutdown. Local friction marks was found during removal of the bearing bush, and the
above analysis conclusion was verified. Through changing the height of bearing base at the exciter end, the bearing bush
load was lowered and the rapid amplitude rise at the exciter end was eliminated. The exciter end was balanced and optimized
by vector diagram method to ensure that the vibration at the exciter end can meet the requirements of brushless synchronous
machines - 500 kVA and larger (API 546-2008). Thereafter, the problem of high vibration at the exciter end of the 3" motor in
Tangshan compressor station has been quickly solved, and the safe operation can be ensured. (6 Figures, 1 Table, 22 References)

Key words: exciter, load, hot bending, unbalance, vector diagram method

FEKIR B AU A PEBAT IR, L THLA DR, St AR 0 SR AT B R
T HE S HLAL W05 0 %2 43 47 Rl R i

HEEN Y, PRALRATEE TR GERTR 1 NSO MR A

B AL R AU AE S R I AR, 3 LB AL

€ 3 120 r/min § 0 Y REHL SR R B 17T 5 e B2 L L 3 SR B 54 LA
PRl i, RIRE AT R XBMBIURIORS) AR b Bl R D % b LR R4
WESLHEAT R ST, PSS MO, JF STty e 1 2010 45 9 3 6 DK, 78 i VMR R 43 7

4% & KR ATIE] : 2020-03-13T16:39:38 R4 B L : http://kns.cnki.net/kems/detail/13.1093.TE.20200312.1619.004.html 565




| 87" 5i81T

2020 46 5 539 % 5 0 SLEHE

| Commissioning & Operation

®1 PEALELESSE 3 BEEOCREFNARDNESH

Hepe 5 i BE'igEEIf’E%ﬁ/ %’ﬁ%%{i}/ *Wl‘llﬁﬁfﬁ%ﬁ/ 75}'1"[635_’?%%/ R
r-min ) (r'min ) (r-min ) (r-min )
L%%%HQ{% TZW 20 000-2 3120 4 800 2 150 2602 Vsl

, LS AL Rk . A B AL IR Jah L i A
BE2 AN IRBIIE I S G5 3 8 V1L V2, 20 BT il
RS o T3 1R K v 7T (B D

HBhHL
B[ e

IR
AR i

HEHHL  RAEHL

TR A nEhs KB

— |
:ﬁ AL # [T ;':ﬂ

R

oAb R
B 1 PHAKELESH 3 BREOCRERE AR =
THigE

AR R 2R B L R AR s B AT 37 rL B Lk AT 2
R, B AL AR B = (B 2): LR 35, #2
A 1 200 r/min FEAT BRI Bl 5 R BB ML MR T 2
3 120 r/min FFORFFANAL, SR E], WA O REAL IR S B
HHRBF Y 2 880 r/min ;s FENHLIRFFAE 3 120 r/min I8
A7 BATAL, B RENL 2 77 1810 28 (R 3 B s VD B 14k
& 49 pm V2 150 um, [FI R v 5 33l 55 (R 20

250 — xJif
— y A
200 F

150

PRME, um

100 -

50

0 1
17:14:58  17:19:38

17:24:18
1]
(a) PR1E

17:28:58  17:33:38

4000+

3000

2000

3/ (r-min~")

1000

0 L L L L
17:14:58 17:19:38 17:24:18 17:28:58 17:33:38

1]
(b) i

B2 shEFR&ELESY 3 BIREOR E G H B RS
IR HI RN AN B FIRIE S5 R PR E) A TR 1L B2k

566 yqcy.paperopen.com

WA 5 V2O B 4RI H 53 pm GETHE 147 pm, B
L Z HLAR 3 AR 78 (125 pm) 1 45 4L 78 5 AL 72 o,
JihBERL S oy y 7 AR R SR b T, PRBNI s 3 2
B 243 um G PR TR 2 2 00UR LR, 24 HE)
HUEE AR FFLE 3 120 r/min B, BIRENLIR V1 WAL V2
I RS 35) tH AR PR b T IR G R BUF AL, B
BIMLAE S A% TAE G 3 N vk B I8 AT, AN RET 2 A=

#®
#®

(A L

2.1 HEEISHA
X EEAS [F) 6 R B REA LR B 40 1] (1 3D m] I,
L FIHLLL 3 120 r/min i@ 1TEF, AHXTT-BA 1 200 r/min
BATHHRME R BT, B TR A L1 AR
HRAE 3 120 r/min 3 N BRI SGHRB) - THI B4k
75 (P 40 BT WL, 52 R0 AR B T, Ei bt T DA
JNTENLS T (AT i T R
14+

12
10 |

PRI/ um

(= S R A ]
T T T T

AAL;.J.AA

—100 —80 —60 —40 —20 0 20 40 60 80 100
i /Hz

(a) ¥3# 1 200 r/min

140 +
120 +
100 +
80 -

Mg/ um

60 -
40
20 +
0 AL M l . A

—200 —150 —100 —50 O 50 100 150 200
% /Hz

(b) 3% A 3 120 r/min

B3 SR ELESH 3" BIRE O ERHEB IR
IR T AR e £ ST E E




TR, S PR LR S B RANUR B i 2 b Ab 2

= 5iE1T |

100 |

50

/um

0+

2]

PR

—50F

—100

=50 0 100
PRIE/ um

4 PEREELESY 3" BRSO R RGBSR
HLumREN LBt a0 525

BEXF 3 120 r/min % 38 T 5 40 3 4R 2 A W A
B IFmssr b1 0N 3, il RAS MU PRiE 4k 22 BT,
BV AS P i 2 AN T K PR I O, 43 A e L R T

(103 120 r/min AHLH TAE R AR HE, S5R#AL
PIFEPRA AR 2 880 r/min AHLL, #HZ AR 15 %, 115 ih
TS AN T4 B ) 7 5 g

(2) FED S R AR S 22 O B AL i A 25 TG P2
AT H AR, B AN B il P 57 0 3 IR
5y 38U ¥ 5 U AR EE .

(3) HBIHLLL 3 120 r/min #HIE AT, B REHL I )
PRBHRA A 1 550N 3, BRR, RN LS VRl o e
MRS EIA T, S5 RN T Tt F I T, A5
v DR A ol B =3 358 7 A O vy B - el B R A T PR
DU S G347 A o vy B BE A B R R (B 5), i
R AR L TR R

I S THREN R T,

B ST R T,

T

e T AT e B
KA EA

5 PERLELESE 3 BRSO EGEABTN
RN T REASHIEREE

(O KB TE R, RENLEE 77 AR AT, 3
BU WL AR E BT, H 2 R SR s
AT I S RME A — 25 IO PRI 3 K5 K i K 719
JR B A7 A HLEE 5 51 R 5 i DL R =) B AL, AT
JE e 1 I T BURDREN LI IR A 7 LT

(5) Jil ML % I BT 2 — e R, fil
ENHLEENL, FEAF ALY, B EHLEE M 3 120 r/min JF

U6 B, B R RGN L AR T 2 880 r/min, FEL
I RE RS Bl 2

I ) EEL B ALl R AL v el 7 b 5 R R, R R B
PIAEAE S S BE IR 20, BAIE T 3R 49 A7 465 18 « B 2K Jo Jie
iok iRy, U R R R A A Jek vy, R 51 R LA 1 AR AT
TBAT I S gy it v BB AT B A R, T,
RIE_ETF, AL L.

2.2 HIREALIE

Tl 5 A P45 2 A7 THT s CORee AR 5 T e 1 ., DA
BEARAH DL AT, e 1R IS s @R P
X FRAT B, AR T E SR PT .

AR Tl S ol R TR R TS g P AR Al R R R v P
TEIAHRAE 75 B/ 8 2 IRB R, BRI R
S5 B AT FA WL, 0% Jih W4 AL B i 3 A8 A1 D
FESEBRAE YA, dlt A8 Ry i a7 O e B AT FE AR, 5%
(A VT AL ER T DLORIE 3% 1 55 1 42 el [A) B
Wy o B, TE R RE AL ity ol R RS AR 2.2 mm s §T
AR 2.0 mm 2 J& , HEAT FL DAL S SR 5% - Jih AL v
S P NI BE I B, R Jah B AL 1 S R A 1 R T R
w2 Sz AR B 2 880 r/min B 2 800 r/min,
43 iR B 5 B AR T AR #5358 3 120 r/min (1) 22 PR 3
K BEAR T % 76 AN o L P BURR R, LB WAL ity
S U R PRI A R T 2l L S 0 87 A B K 1) R
i, RN AR BN A LR 2 b 1R L

S WAL % - PR R AR E 5, SR F R B I T
AT B °P 47 VR 3K, 38 0 7 Jah AL sy~ 0 R 3 1
B = e, A0 Ak Jh W 0L e B AR B 1 L. 2 1] API 546-
2008  TC A [ 25 FEAL- 500 kKVA K 5 i L ) bt 2
FEB)) AT R, 6 T 800€ S 808 3 000 r/min Y H
AL, RRASIEAT I R IEPAR BN e i SUVFAE A -

12 000
A=25, (D
N

o N s REE #H, r/min.

R AR 2R 1 RS s 37 H K O SR AR LA
ML KA E #5338 4 800 r/min, R, HAa iz 1T
BORIRIE A 40 um.o 7EEHER &30 T fiib
Z Ja s JRHLIR, 4343 AITE 1200 r/mins3 120 r/min.
3 500 r/min~4 000 r/min<4 500 r/min~4 800 r/min-
5 040 r/min # 8 FARAIBAT, BRI V1 I &8 &
PR1E 35 pm- RGN LI V2 I SR S PR 1E 36 um (K 6),
54 API 546-2008 FRUEFE o

Commissioning & Operation |

yqcy.paperopen.com m




| 87" 5i81T

2020 46 5 539 % 5 0 SLEHE

| Commissioning & Operation

— x J7IA
50 + — y 771

10:13:58 10:27:18 10:40:38 10:53:58 11:07:18 11:20:38

It Ii)
() JR e
5000 |
4000 F
s
£ 3000 |
£
& 2000 -
®
1000
O 1 1 1 1 1
10:13:58  10:27:18 10:40:38 10:53:58 11:07:18 11:20:38
I Ji)
(b) 3%

6 FERLELES 3" BRSO EAE A EhL S
R0IE 5 R AR 5% FIRIE S5 R PR AT B A 2R 1 2k

3 #ie

TE AR e AR AR 22 R L At 37 P R 8 0 31 4
BLZE F Bl ATL 3l WAL o R 20 3ok v 1) R )it 8 ) FH 9
Bl I R G, 5 A R Bt 41 30 7 A 1 i R R R A R
T, L5525 RE T BL B A B T S R T LR X IR Bl
A TR SR S 5 55 D R 2 it R AL o el B 7 A ik v, B
I ST UL 1RSSR N EAR B A 1B AT R SR
AT ik v B T B R AR A R, T BRI SIS P A
I, SEURIE I, B4 il S R
AEE B, Jal B ATL S A T 1 5 R Uk, i — 2 IRl 1 9
W BTt B P EUS ML D ol R L il 2R % il B
DT Ja 0 BB TR G, 10 06 UF i J5R R 43 B D A
Yo BE T 0% H BN B v % 2 oo 5t R 7 S 1,
Shes ARACK ity R AL s o 72 R 8 v, DA ARGl e 747 s Y Bk
3 120 r/min JihRENL s AR ME P AR S 2 S, R A
o EEXT RGN LBEAT ) T4, (RAG B REA Lo R HR 51
{2 56 API 546-2008 brifERE . L, WiFE1S 3] T
fil i, A JIPRE T AR AR AR LR Ll 4R B AT, ol
K P B i U Al A R R AR T 4R S

568 yqcy.paperopen.com

SE Ak -

(1] FE2ERW, AR, 2L, e Ig, £ BE, B3R RL. il 22 B HLIR
B2 W S AR . i UREIE 2016, 35 (2): 189191, 207,
DONG X G, TANDJ, LIBS, YANG X Z, WANG Y, FANG
S S. Fault diagnosis and handling for vibration of motors in oil
pumps[ J 1. Oil & Gas Storage and Transportation, 2016, 35(2):
189-191, 207.

(2] 5kF, iy o, X/ e, sRImehs, B, MG, KRR g4

J 2 45 LG B R B S RELT ] b A 0E 5 2018, 37 (11D:
1213-1217.
ZHANG P, GU Z Q, LIU X L, ZHANG X S, HAN L, LIU
7. Research progress on the key technologies of integrated
compressor for long-distance natural gas pipelines[ J]. Oil & Gas
Storage and Transportation, 2018, 37 (11): 1213-1217.

[3] ZE PHAKRAUVEE TRE RS HARHT] i<
i,2020,39(2):121-129.

JIANG C L. Management and technological innovation in
China—Russia Eastern Gas Pipeline Project[J]. Oil & Gas Storage
and Transportation, 2020, 39 (2): 121-129.

(4] FEEUE. CREGPARAR 2R R U B K 2 s 7 A FHOR Y
#[J]. ahAfkIZ, 2020539 (1):1-8.

CHENG Y F. Technical insights into the long-term integrity and
sustainability of China-Russia Eastern Gas Pipeline[ J]. Oil &
Gas Storage and Transportation, 2020, 39 (1): 1-8.

[5] T, B 3%, XIE R, 5kAT R, 2500, X i d, 45 5T 3 )2 C/S &5

ey O R AL AR B I R LT 1. U2, 2017, 36 (12):
1401-1407.
WANG M, ZHONG Z Y, LIU J C, ZHANG Y G, LI G,
LIUB Y, et al. A vibration monitoring system for centrifugal
compressor set based on C/S structure[ J 1. Oil & Gas Storage and
Transportation, 2017, 36 (12): 1401-1407.

(6] Z=WI, 4 85, PURSE, FD0R. —fi UE BRI &
WS VELT ] i AUEIZ, 2019, 38 (5):568-573.
LIG,GUSY, JIADZ, YAN B B. A comprehensive fault diagnosis
method used for the gas turbines in gas pipelines[J]. Oil & Gas
Storage and Transportation, 2019, 38 (5): 568-573.

(7] BELd&, BBy, Hosts, £ E, Bk, £ SR -750m
ANt S 53 B KR AL T ). A B 03254, 2019, 34 (10):
2256-2263.

YUL,MAHF,DI]JY, WANG W G, LIAO M F, WANG S

J. Analysis and experimental verification of model rotor sudden




TRV, S PR R Ll AL B i b 12 e 5 b 2

= 5iE1T |

unbalance responsel J 1. Journal of Aerospace Power, 2019,
34(10):2256-2263.

(81 SRALER, ML AR, T3 07 M, 28 5. 5T WIRAS 2 (1 3 1 SOk
TP ] HLE T, 2019, 36 (10): 1079-1082.
ZHANG ZC,HE L D, WAN F T, LI Z W. Dynamic balance of
elastic support rotor based on rigid body modallJ]. Journal of
Mechanical & Electrical Engineering, 2019,36 (10): 1079-1082.

[9] CHEN S L, LEE P H, TOH C S. Modeling and control of an
unbalanced magnetic rotor-bearing system as a bearingless
motor[ J]. Engineering Computations, 2017, 34 (7): 2212-2227.

(107 W87 0, 75 224, X406, BF 23500, HI T 2. 561 AMD A1 B i@ 2

BE AL 10 e e BB 512 W 5 vk LT ). T 2441, 2017,
38(1):112-116.
SHI P M, SU C J, ZHAO N, HAN D Y, TIAN G J. Study on
fault diagnosis method for rotating machinery based on adaptive
stochastic resonance and AMD[J]. Acta Metrologica Sinica,
2017,38(1): 112-116.

(117 ERA, ik, B L. 305N 7 R G0 JLARIE S R
FREPERTFELT]. B0 )5 5 ] 24l 2018, 16 (6): 533-538.
WANG M L, WEN B G, HAN Q K. Transient response
characteristic of a rigid rotor system with flexible supports
across resonancel J 1. Journal of Dynamics and Control, 2018,
16 (6):533-538.

[12] THOMAS B, FADI D, BASTIAN P. An approach to account
for interfering parametric resonances and anti-resonances applied
to examples from rotor dynamic[ ] ]. Nonlinear Dynamics, 2019,
97(3):1837-1851.

[13] HUANG D, LIU Y, LIU H, YI J. Resonances of elastic
rotor induced by roller bearing with consideration of cage
vibration[ J]. Proceedings of the Institution of Mechanical
Engineers, 2018, 232 (4): 446-456.

[14] STEFAN H, FABIAN B, STEPHAN R. Unbalance and
resonance elimination with active bearings on a Jeffcott Rotor[ J].
Mechanical Systems and Signal Processing, 2017, 85: 339-353.

(157 MNEE, $hidh, Sl AN IR BEHIRAS F V8 B il 7k 5 5% 7 ik 4k )
RBWETELT]. 7 55 E, 2018,43(6):67-71.

LIU T, SUN X, WU ]. The extraction of collision vibration
signal for sliding bearing and rotor under different friction
states[ J]. Lubrication Engineering, 2018,43(6): 67-71.

(167 JAl, A1 FH, 5k 52, e i i i s i) S IR 300 1. s BLBER,

2016 (3):44-46, 50.

[17]

[18]

[19]

[20]

[21]

[22]

Commissioning & Operation |

ZHOU L, ZOU X, ZHANG M. Abnormal vibration caused by
thermal bending of rotor[ J]. Electrical Machinery Technology,
2016 (3):44-46, 50.

HO A, g W, sk e, S PE s 5 s il S5 AP A & R
WL, 317 LRRAAAR, 2016, 36 (11): 877-882.

XIA Y L, YANG J G, ZHANG X B. Analysis of f{lexible
rotor vibration under coupled action of shaft bend and rotor
unbalance[ J]. Journal of Chinese Society of Power Engineering,
2016,36(11):877-882.

AR 5. VRFC LS 10 EE A I st ST (D). M Rt R K
%,2017:20-35.

LI W T. Study on thermal bending of turbine rotor due to
friction[ D]. Nanjing: Southeast University, 2017: 20-35.

Feite, W EVL, HE P R T M ST R B I AR IR B AL
FI¥EZ) 1P i L], ik B 34k, 2015, 37 (9): 102-105.
WU Y, CAO J J, YAN W L. Dynamic balance analysis of
crank group drive mechanism based on linear independent vector
method[ ] ]. Manufacturing Automation, 2015, 37 (9): 102-105.
ALK, FRLE, FEIUM. B RAENL IS 30T 1. RLEL
A, 2014, 56 GG FI 1): 149-152.

QUAN H F, WANG Y L, GOU ] M. Dynamic balance for
centrifugal compressor on work field[J]. Compressor Blower &
Fan Technology, 2014, 56 (S1): 149-152.

FRAL, EANHE, Fh— K. AR B R AR5 T R G E M
ST HREh Sk, 2017, 36 (5): 7-11, 29.

GUO H, XIA B Q, SUN Y X. Stability analysis of a journal
floating ring hybrid bearing-rotor systeml[]J]. Journal of
Vibration and Shock, 2017, 36 (5): 7-11, 29.

BXAE. B B e 7E 8 T R G iR o B B S D]
TEPH: ZRIEK %, 2016: 13-28.

ZHAO Q. Research on vibration control of rotor system based
on STF damping[D]. Shenyang: Northeastern University,
2016: 13-28.

G5 H 3812 2020-02-25; A& 11 H 3= 2020-03-105 i - X HIFD

HEWB : hEG A7 RSO “ 3T %4 4w
I PRS0 — 5 e 5B AR B 90 R F 7, 20180108 6

TEZ BT : #RW%, 5, 1986 25, LT, 2016 ML T
5 9Kk 2 CIE 50 TR A B, B AN SR it U T i A
AR, bk TG RRSG T BA XOB HF 408 5, 0650000 FL i

18131632835, Email: huangentao@163.com

yqcy.paperopen.com 569




