iB{T 5% | Operation & Management 2025 8 544 % 8 8 ) THTUANE

S13T: BUAR L, Fh VUHTR, 5. B0 RN R TR A RSN BRI ], I U#IZ, 2025, 44(8):952-959.
JIA Dongzhuo, WANG Meng, JIANG Xinxing, et al. Analysis of the impact of rotor speed variations on the vibration of centrifugal compressor
units[J]. Oil & Gas Storage and Transportation, 2025, 44(8): 952—959.

B0 R AR LERL TR T U Xk BRI 2N

BEE IR THE KT TR WEF
1. SR R A 32 R R AT 75 2. e R A A 715 3. TR SR I S 7 A R 1 4 ) 35

WBE: (BB CEENAZTHEAFTREIASRENER AT THE, ETERERENE TR FE
BENT AL . EXEHEEEAT, RETRAERD TE, Ho 8 Em s &/ £ 8 2 ks
SR HE, FRAS AENEBEL, AREBCEENAL L REBTANEE. [FEIZAREECESE
WA IR A E T ENERANL, AL NLZ AT RFETHHFERREE, FHEE LA T 6
RS e R AT EE AR RE 3 AR R F TR, 1 ERIRE | SR f
B L E 4 RS A A SRE O E R EESE TR, dERAEHRAAENER
RN B AT B E AL L DR AB AT 1 SUHEAT FEAT, B8 TE P32 A0 77 vk B A Ak M 5 TE A4 s 8 T X 45| &
0 IR HAT RN, 237 F R RAR [, 3R WAt e i AR ik . (SR 13 G R 48 5 R IR
GREmARA R TEES T E R ETFREAF Y Nk AT HETG RN IR FE @it 20 THRAM
WAHZ R EHATHE; Er RN E RS RNk T TR E AR, TR ERES X
fRak, [ERIFRARTH B AGEARA R RIIRD AL, BN T T 52 B8 R B4 IR0
BIHEH, AT T A AR R AR B, RO A BT LR AR R . S A A
Bk, REKEE RREMAE E B EFNANETE, 242587, (B S5, 532)

KR ARG #; BOEENA; Rab; e R4 ~FHE;, SmmERE

FE 525 TES32 XRKFRIRED: A XEHS: 1000-8241(2025)08-0952-08

DOI: 10.6047/j.issn.1000-8241.2025.08.012

Analysis of the impact of rotor speed variations on the vibration of
centrifugal compressor units

JIA Dongzhuo', WANG Meng', JIANG Xinxing', ZHANG Ning', LI Qiang’, ZHONG Zhenyu’
1. PipeChina Storage and Transportation Technology Development Co., Ltd.; 2. China Railway 18th Bureau Group Co., Ltd.;
3. Project Management Center, PipeChina North Pipeline Co., Ltd.

Abstract: [Objective] The rotor speed of operating centrifugal compressor units needs to be regulated according to working conditions and
output requirements. Within the operational speed range, the rotors typically experience fluctuating vibrations in response to speed variations.
However, in certain cases, rotor vibration can lead to abnormal equipment vibration. Therefore, analyzing the causes of complex vibrations
occurring in rotating equipment due to speed regulation and implementing targeted maintenance operations are essential to ensure the safe
and stable operation of centrifugal compressor units. [Methods] The complex behaviors of vibration in centrifugal compressor units due to
varying speeds were systematically analyzed and classified. Based on the fundamental principles of rotor dynamics, an in-depth examination
was conducted on three key factors that may affect vibration following speed changes: critical speed, unbalance, and anisotropic stiffness. As
a result, four essential parameters were identified: 1X frequency amplitude, 1 X frequency phase, shaft center trajectory, and shaft center
position. By employing tools such as trend charts, shaft center trajectory plots, and shaft center position diagrams, the real-world operation of
in-service centrifugal compressor units operated by the China Oil and Gas Pipeline Network Corporation was analyzed to verify the
effectiveness and accuracy of the proposed analytical approach. This investigation into abnormal vibration caused by speed regulation

revealed the root causes of such vibrations, supporting the targeted solutions subsequently proposed. [Results] Excessive vibration resulting
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from approaching critical speed can be addressed through speed regulation, dynamic balancing, or optimization of the rotor system.

Abnormal vibration caused by changes in unbalance can be mitigated by dynamic balancing or by optimizing the cooling system’s

functionality. In cases where abnormal vibration occurs due to changes in anisotropic stiffness, solutions include adjusting the bearing

installation position and modifying the bearing shell clearance. [Conclusion] The research results can assist on-site technicians in identifying

vibration behaviors and deepen their understanding of the various causes of vibration in centrifugal compressor units following rotor speed

changes. The findings are valuable for analyzing the causes of abnormal vibration resulting from speed regulation, enabling the timely and

accurate identification of the locations and causes of consequential faults, and helping formulate targeted maintenance plans. Ultimately, this

analysis provides insights into ensuring the stable and safe operation of centrifugal compressor units in long-distance natural gas transmission

pipelines. (5 Figures, 32 References)
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Fig.1 Variations in 1X frequency vibration parameters with
speed for the exciter of an electric-driven compressor unit at a
compressor station
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Fig. 2 Variations in 1 X frequency vibration parameters with
speed for the motor of an electric-driven compressor unit at a
compressor station
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Fig.3 Variations in drive-end vibration parameters with
speed for a gas turbine-driven compressor unit
at a compressor station
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Fig. 4 Variations in 1X frequency vibration parameters with
speed for the exciter of an electric-driven compressor
unit at a compressor station
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