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Abstract: A guide vane plays a key role in controlling the flow rate of water supplied to the turbine of a hydropower plant. It has
been reported that guide vane bearing bushings are subjected to considerable wear, which requires them to be maintained. An
ancillary service such as frequency control and black start causes cyclic low opening operation of the guide vanes. It is
empirically well known that such operation increases the wear rate of the guide vane bearing bushing. In this study, the effect of
low opening operation on the increasing wear of the guide vane bearing bushing is quantitatively assessed via finite element flow
analysis, finite element stress analysis, and relative wear evaluation. As a result of the assessment, it is identified that the pressure
applied on the guide vane surface increases and the contact length between the outer surface of the guide vane stem and the inner
surface of the bearing bushing decreases with a decrease in the opening of the guide vane. In addition, low opening of the guide
vanes results in an increase in the relative wear owing to the generation of high contact pressure on the bearing bushing surfaces.
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Table 1 Specification of turbine in the target hydropower

plant
Turbine
Parts Unit 1
Spiral Inlet Diameter | mm 2820
Casing ;
(SC) Material JIS G3101 SS41
Number 20
Stay Vane Width mm 144.3
SV) Length mm 559.6
Material JIS G3106 SM50B
Number 20
Guide Vane Width mm 555.4
(GV) Length mm 2391
. GV:G5102 SCW49
Material s Bushing:Brass
Blades 6
Inlet Diameter | mm 5135.2
Outlet
Runner Diameter mm 3206.9
Height mm 1350
. 13Cr-4Ni ALLOY
Material JIS STEEL
Diameter mm 1110
Main Shaft Height mm 4415.9
Material IS G3201 SF55A
Inlet Diameter | mm 3206.9
Length mm 22600
Material IS G3101 SS41
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(a) Runner

Point A

Line A

(b) Guide vane (c) Stay vane

(d) Spiral casing

(e) Draft tube

Fig. 1 Three dimensional CAD Models of sub-compo-
nents in the turbine of the target hydropower plant

Fig. 2 Three dimensional CAD model of the turbine
assembly in the target hydropower plant
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Base line

Fig. 3 A representative example for definition of the

guide vane opening angle (opening rate 40.7%)

Bearing Bushing

gap 2

Head Cover

gap 1

Fig. 4 Gaps between stem and bushing
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Fig. 5 Finite element model of the turbine for flow
analysis

Inlet | Zi=Zy=940Tm

| Za

Table 2 Boundary conditions for flow analysis

GV . |Inlet Total Outlet Runner
Case | Opening I]_Elifgt(lf) Pressure Prj;(s);illlre Rotational
(%) (kPa) (kPa) Speed (rpm)
1 13.8 340.34 | 3726.53 341.5 300
2 30.0 340.34 | 3726.53 341.5 300
3 40.7 33470 | 3645.43 | 361.96 292
4 53.8 331.30 | 3624.83 | 371.08 297
5 70.4 324.50 | 357472 | 392.07 299

Table 3 Comparison the FEA flow rates with the
experimental flow rates

s — s s o | B RTR
Outlet

Fig. 6 Locations that the pressure values are assigned for
flow analysis
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Fig. 7 Variation of pressure distributions along line A
and B on pressure side of the guide vane vs. the
guide vane opening rate
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(a) Turbine assembly

(b) Guide vane

Fig. 8 Finite element model of the turbine and guide
vane for flow analysis
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Table 4 Material properties for each sub-component

Sub-component | Material (JIS) %ggﬁ%u: Poi:ii()on‘ s
Sprial Casing,
raft Tube, G3101 SS41 200GPa 0.32
Head Cover
Stay Vane G3106 SM50B 205GPa 0.29
Stem &
Guide | Surface G5102 SCW49 200GPa 0.32
Vane g shing Brass 115GPa 0.30
13Cr-4Ni Alloy

Runner Steel 205GPa 0.29
Main Shaft G3201 SF55A 200GPa 0.32

Fig. 9 Contact pressure distribution of the case 3 with the
gap 1 of Imm and the gap 2 of Omm
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Table 5 Variation of the maximum contact pressure
value on the bushing inner surface vs.
distances of the gaps for the case 3 with guide
vane opening percentage 40.7%

Gap 1 Gap 2 Max. contact pressure (MPa)
0.5 0.0 77.5
1.0 0.0 77.0
1.0 0.5 78.2

120

-GV opening 13.8%
-GV opening 30%

-GV opening 40.7% |
-@-GV opening 53.8%
—%-GV opening 70.4% ||
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Contact Pressure (MPa)

Circumferential Distance from Contact Initiation Point
on Bushing Inner Surface (mm)

Fig. 10 Variation of the contact pressure distributions
along the circumferential distance from contact
initiation point on the bushing inner surface vs.
the guide vane opening percentage for the gapl
of Imm and the gap 2 of Omm
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Fig. 11 Variation of the maximum contact pressure value

on the bushing inner surface vs. the guide vane
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Fig. 12 Normalized wear quantity of the guide vane
bearing bushing vs. the guide vane opening
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