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A high-vibration trip caused by excessive journal vibration displacement occurred
in the journal-bearing lubrication system of a 1,050 MW-class ultra-supercritical
steam turbine. The damage observed on the journal and bearing-metal surfaces
included localized discoloration, circumferential scratches, abrasive wear, cutting
marks, and scoring. The observed damage was attributed to three-body abrasive
wear induced by hard metallic particles entrapped between the journal and the
bearing metal. Thermal damage caused by insufficient lubricant supply was not
the attributing factor. The foreign particles found in the journal-bearing lubrication
system were identified as shot balls, shot grit, welding oxides, and bearing-metal
wear debris. The hardness-ratio analysis of the journal-bearing lubrication-system
components showed that shot grit had the highest wear-inducing potential, while
the bearing metal exhibited the highest susceptibility to wear.
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( MOP : Main oil pump, HP : High pressure, IP ; Intermediate pressure,
LP-A,B : Low pressure - A/B, G : Generator, E : Exciter )

Fig. 1 Schematic diagram of 1,050 MW USC turbine-generator
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Fig. 2 USC journal bearing lubrication system
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Fig. 3 Photographs of USC journal bearing
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Table 1 Specifications of USC journal bearings

Item Specification
Hydrodynamic journal bearing (11 units:
Type (Qty.) T1~T11), Tilting pad (5 units: T1~T5),

Elliptical bore (6 units: T6~T11)

Journal dia. (mm)

355.6~584.2 (HP, IP, LP)

Bearing clearance
(mm)

0.40-0.60
(Min. lub film thickness: 80~120 pm)

Lubricant and
supply condition

0.17 MPa (1.7 bar), 43~49°C,
0.25 m*s (15,000 L/min)

Bearing pressure

1.14~2.42 MPa

Bearing metal

ASTM B23 Gr.2 (Sn-Sb, 18 HV),
Thickness: 5~8 mm

Table 2 Materials and mechanical properties of lubrication system

components
Tensile | Hardness
Part Specification strength vickers
(MPa) (HV)
Pipe (i) ASTM A106 Gr.B 415 140
Shot ball (ii) KS B ISO 11124 — 400~500
Shot grit (iii) KS B ISO 11124 — 549~600
Weld rod (iv) AWS E7018 490 150~200
Weld oxide (v) |AWS ER70S oxide — 200~500
Bearing metal (vi) | ASTM B23 Gr.2 81 18
Journal (vii) ASTM A470 Gr.D | 690~830 | 207~254
( \ 4 {
Preparation Air blowing of Oil tank Filling with
+Luboil drain the lub oil pipes cleaning flushing oil
+ Cooler bypass \ \
open
+ Bypass piping 4 4
installaton Hot/ old + Fushing Fillng
* Sercen mesh flushing oil dain the tank Tutbine
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\ \.

Fig. 4 Procedure and methodology for lubricating oil flushing
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Fig. 8 Locations of foreign particles

Table 3 Identification of foreign particle locations

Location

T2 bearing strainer

Around T4 upper bearing pad

T4 upper bearing pad (bearing metal surface)

Bottom of T7 pedestal

T9 bearing strainer

T1 strainer assembly threads

LOR 2nd floor bottom drain pipe

Lube oil drain inspection window

O9I®eee0e ® &

1* LOR (Lub oil reservoir)

(b) T1 lub feed line
Fig. 9 Photographs of foreign particles
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(d) TS upper bearing metal
Fig. 10 SEM morphologies of foreign particles
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Table 4 Chemical compositions and classification of foreign
particles (wt%)

Loc. Mn| Si | Fe | O | Sn | Al Classification

@ |9 [12|11]8 |3 |—]|— Alloy steel

® |14 |— |11 |78]5]|—|— Alloy steel

© |33 |—1]07]| 53 |10|13| — |Bearing-metal debris
Carbon-rich

@ | 52104103143 ) 2| — | — Fe-based particle

© |39 (05| — | 44| 9 |15]0.4 |Bearing-metal debris

@ |24 | 2| — |44 ]28]—|— Weld oxide

@16 |—|— |1 [44]|—|36 Welding slag

Table 5 Classification of wear damage according to hardness

. c
ratio 177

Classification

Relationship

Counter < Base | No significant wear damage
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abrasive wear, slight scoring
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Table 6 Hardness ratio matrix between lubrication system

components (Shaded cell : % = 1.2)
b

G | G | G | (v | @ | @) || RV

sum

Pipe i) | 1.0 | 3.6 | 43 | 1.4 | 3.6 |0.13] 1.8 | 15.8

Shot ball (i) | 0.3 | 1.0 | 1.2 | 0.4 | 1.0 |0.04] 05 | 4.44

Shot grit (i) | 02 | 0.8 | 1.0 | 0.3 [ 0.8 [0.03] 04 | 3.5

Weld rod (iv) | 0.7 | 2.5 [ 3.0 | 1.0 | 25 [0.10] 1.3 | 111

Weld oxide (v)| 03 | 1.0 [ 1.2 | 04 | 1.0 [0.04] 0.5 | 4.44

Bearing metal | | oo | 33 | 11 | 28 | 10| 14 1227
(vi)

Journal (vii) | 0.6 | 2.0 | 2.4 | 0.8 | 20 [0.07] 1.0 | 8.87

Col sum | 10.8]38.9|46.1]153(389] 1.41]195| —
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Fig. 11 Three-body abrasive wear mechanism in a journal bearing
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