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using Condition Monitoring System
of Hydro-turbine Generator
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Hydro-turbine Generator(5 A8 7)), Condition Monitoring( S Bl T4/~ 8, Electric Vibration{ %7/

3 ZIE), Analysis of Journal bearing performance( 3] ¥#o] & E4 &4)

Abstract

The purpose of this study is to explain the importance of Vibration Monitoring Device by introducing an example of Predictive

Maintenance System using Condition Monitoring System of Hydro-turbine generator.

Confirming vibration of generation

equipment is commissioning procedure during equipment completion for checking guaranteed items. Data from Generator output
range are used to determine output band to continue the performance of equipment. The Vibration Monitoring System is not
absolute method of maintenance, but if it is used well with expert, it will be visible, data-analyzed, scientific maintenance more
than others. And also, Condition Monitoring System is very important for remote controlled small hydro-power plant although

most of it is installed in Large hydro-power plant.
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Table 1. Monitoring and Analysis Items
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!Function Monitoring Analysis

= Main shaft vibration

= Generator air gap

o Bearing bracket

= Generator stator frame

o Keyphase, turbine cavitation

> Frequency analysis(FFT)
= Generator air gap

@ Orbit, Transient

2 Vibration trend

= Alert. Danger event
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Local Server

Monitor Rack

Remote Client

CMMS

Figure 1. Configuration of Conditioning Monitoring System
22 JAEEA A

221 A7) AF

IehA 2 A Wicket gate7} 30~50% 7Eo] 918 o
2l S (draft tube) Tl A AEHaL, whAwEkel o QI3
X 3] oF(Spiral vortex flow)oll oJa] 2k 0.2~0.4X(Sub-synchronous
whirl vibration)o] EXRFulr AR o tpEhdtl guirloz v
Ao} 71 A5 Vortex induced vibration)" ¥= “rough load zone"©.

= e Siokl]

Sisiw uow o
=

Figure 2. FFT Plot of The "A" Hydro-turbine Generator
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Generator Vibration(1X) trend as it was starting
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Figure 3. Vibration Trend of The "B" Hydro-turbine Generator
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Table 2. Specification of The "B" Hydro-turbine Generator

Turbine Generator
Type Vertical Francis Type |3, Synchronous
Output 103MW Output 100MW
Head 90m Voltage 15,400V
Discharge 130.04CMS Ampere 4,124A
Revolution 180rpm Insulation F-Class
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Table 3. Basic Design Value of Generator Guide Bearing

Rotating speed 180 rpm  |No. of Pads 20 EA
Journal diameter $2650mn  |Pad arc 122 degree
Pad length 210mn  |Pivot offset ratio 05
Machined clearance I5mm  |Viscosity grade VG 46
Assembled clearance }0.32~0.365mn |Radial load 20 kN
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Figure 4. Pressure Distribution Analysis of Guide Bearing Pad
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Table 4. Performance Analysis Result with Bearing Clearance(0.34mm)

Static performance Dynamic performance
Static performance 0.11 |Stiffness, Kxx | 3.169E+08 N/m
Min. film thickness | 0.25mm |Stiffness, Kyy | 35.509E+08 N/m
Power loss 57.1KW |Damping, Cxx |3.881E+06 N s/m
Max. temperature 51C  |Damping, Cyy |4.077E+06 N s/m
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Table 5. Performance Analysis Result with Bearing Clearance(0.44mm)

Static performance Dynamic performance

Static performance 0.15 |Stiffness, Kxx | 2.559E+08 N/m
Min. film thickness { 0.30mm |Stiffness, Kyy | 2.733E+08 N/m
Power loss 4711V |Damping, Cxx |2.112E+06 N s/m
Max. temperature | 49.3C |Damping, Cyy |2.231E+06 N s/m
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Figure 5. Compare Dismantled with Assembled Condition

Table 6. Performance Analysis Result with Bearing Clearance(0.30mm)

Static performance Dynamic performance

Stiffness, Kxx | 5.783E+08 N/m
Min. film thickness | 0.23mm |Stiffness, Kyy | 5.803E+08 N/m
4.102E+06 N s/m

Max. temperature | 58.7°C |Damping, Cyy |4.117E+06 N s/m

Static performance | 0.11

Power loss 47.1W |Damping, Cxx
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Figure 6. Stiffness Coefficient with Adjusted Bearing Clearance
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Table 7. Compare Two Values of Shaft Vibration(1X, umPP)
Sensor | Date | Start |Excite | 25MW | SOMW | 75MW | 100MW
GEN-X 05.07.14 | 250 | 620 | 430 | 340 | 275 | 250
‘060425 83 | 180 | 125 | 120 | 113 | 113
0507141 275 | 600 | 410 | 335 | 275 | 250
GEN-Y ‘06.04.25| 81 180 | 126 | 125 | 117 | 119
'05.07.14 | 16 44 61 63 70 73
TBN-X ‘06.04.25 | 27 53 82 | 117 | 108 | 93
'05.07.14 | 4 14 42 25 32 43
TBN-Y ‘06.0425 ] 24 41 54 79 75 67
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