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Fig. 1 Pipeline system of the synchronous condenser
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Tab. 1 Vibration test results of the lubricating oil inlet pipe
5 Measure point 1 2 3 4
{7 Location 15 M %2 Hanging bracket 1 35 M2 Hanging bracket 3 3 Tee 45 M2 Hanging bracket 4
J7' 1] Direction Y A Y A Y A Y VA
518 Amplitude/(mm/s) 7.2 108 16.5 105 4.7 127 8.1 277
Bi*R Frequency/Hz 50 50 100 50 50 50 50 50
W 55 Measure point 5 6 7 8
{7 & Location 55 M4 Hanging bracket 5 65 M 4% Hanging bracket 6 75 f1 4% Hanging bracket 7 85 /i 4% Hanging bracket 8
77 [ Direction Y VA Y VA Y A X Y
5 {E Amplitude/(mm/s) 9.5 179 8.3 180 8.6 176.6 29.7 6.4
B Frequency/Hz 50 50 50 50 100 50 50 100
Ji:J) Pressure/Pa AV FH R 1l ) A8 T8 e KRB FE 290 37. 7 mm/s.
AR Internal luid
4.294X10° I4.294)( 10°
H 3.649X10°
- 3.649X10° 3.004 X 10°
2.359X10° A
3.004X10° 1.714X10° Statlc structure

R
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[Pa]
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Tab. 2 Constraint simplification of supports and hangers

2577 1] Constraint direction  1.3.4.5.6.7.10 2 8.9.11
X x x N
Y N N N
A X J X

N IR BT IT ], X R AL R
{7718 o Note:"¥" in the table indicates the direction constrained by the
support hanger, and " X" indicates the direction unconstrained by the
support hanger.
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Tab. 3 Summary of harmonic response analysis results of the

lubricating oil supply tubing
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Vibration source Vibration . . . Vibration

. . Vibration velocity/ K

displacement/ displacement/ acceleration/

(mm/s) 2

mm mm (m/s?)
0.065 0.286 89.933 28.253
0.085 0.374 117.600 36.947
0.105 0.462 145.280 45.640
0.125 0.551 172.95 55.333
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Fig. 6 Harmonic response analysis of bearing lubricating oil supply

tubing
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Fig. 8 Vibration velocity of three vibration reduction modes
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Fig.9 Comparison of three different vibration reduction modes
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Fig. 10 Effect of TMD near the excitation source
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Fig. 12 Schematic diagram of the pipeline modal test
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Fig. 13 Modal test results of the pipeline system
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Tab. 4 Equipment parameter of the excitation system
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20 21 22 23 24 25 26 27 28 29 3.0
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Fig. 14 Comparison of vibration reduction effects when the exciting

force frequency is 50 Hz
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Analysis and vibration reduction study of abnormal vibration in the pipeline of

ultra-high voltage converter station synchronous condenser

WAN Yu JIN Chuanling
(Jiangsu Frontier Electric Technology Co., Ltd., Nanjing 211102, China)

Abstract: Abnormal vibration in the pipeline associated with large synchronous condensers not only reduces the lifespan
of the pipeline but also affects the supply of the lubricating oil and coolant for the synchronous condenser, posing a serious risk
of major safety accidents and jeopardizing the stability of the power system. The lubricating oil supply pipeline of a specific
ultra-high voltage converter station synchronous condenser was taken as the research object. Multiple methods, including field
measurements, fluid-structure coupling, and harmonic response analysis, were used to investigate the causes and mechanisms
of the pipeline vibration. The results indicate that the periodic excitation force generated by the synchronous condenser itself
is the main cause of pipeline vibration. Furthermore, a pipeline vibration reduction measure based on a tuned mass damper
(TMD) was proposed. Experimental and simulation data shows that installing a TMD at the intermediate positions between
suspension supports 4 and 5, as well as 6 and 7 in the lubricating oil supply pipeline system, yields the best vibration reduction
effect. This approach can reduce the vibration acceleration of the pipeline system by over 90% and exhibits the excellent
vibration reduction performance.

Key words: Synchronous condenser; Pipeline vibration; Fluid-structure coupling; Harmonic response analysis; Tuned
mass damper
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