


 

 

Hydro Tech Inc. was founded in 2001 to provide innovative 
engineering, maintenance and construction solutions to the 
hydropower industry.  Hydro Tech specializes in the design and 
supply of thrust bearings for medium to large hydroelectric 
generating companies. 
  
After extensive research and development, Hydro Tech designed 
a bearing suitable for retrofitting existing vertical Francis, Kaplan 
and Pelton turbines, and for installation into new generating 
stations in the >5MW power range. This innovative bearing has 
proven to be the best and most effective solution for conversion 
of flat-plate Babbitt bearings to modern tilting pad bearings. 
PolyTetraFluoro-Ethylene (PTFE) bearing pads can be 
incorporated into the thrust bearing support system providing 
better efficiency and load carrying capacity. 
 
Hydro Tech’s PTFE bearing conversions provide their customers 
with: 

 increased load capacity (unit plus hydraulic thrust) of at 
least 100% 

 lowered operating temperatures  

 increased durability and reliability 
 
At Hydro Tech, we pride ourselves on developing sound working 
relationships with our clients. Thanks to their positive referrals we 
have rapidly gained global recognition in our industry. We are 
proud that our bearings speak for themselves and that our clients 
speak for us.  

 
Experience the superior support and bearing 

expertise that Hydro Tech offers — 
we look forward to meeting you. 

We provide innovative 
solutions to meet our  

clients’  technical  
and business challenges. 

Akosombo runner plate photos 

courtesy of  

Canadian Babbitt Bearings Ltd. 



 

 

AKOSOMBO GHANA, AFRICA 

 HIGHLIGHTS 
 Reduced operating temperature from 83° Celsius to 76° 

Celsius  

 PTFE bearing has one fifth the coefficient of friction, 

preventing excess heating of the thrust oil. 

 No additional cooling was required to lower thrust 

bearing temperature 

 New thrust bearing supports 1132 imperial tons of 

thrust load 

►FACTS 
LOCATION   Akosombo Generating Station 
    Volta River, Ghana 

TYPE  Man-made Lake 

EQUIPMENT   Six 170MW Francis Umbrella Generators 

BEARINGS SUPPLIED Six Spring-Supported Thrust Bearings 
    (PTFE) 

BEARING DELIVERY  December 2009 

OWNER   Volta River Authority 

 

►THE PROJECT 
Background 

The six generating units were commissioned in 1965 with 
an original installed capacity of 912MW. Having operated 
successfully for 30 years since inception, a major overhaul 
was carried out to upgrade and modernize the plant for an 
additional 25 to 30 years of trouble-free operation. 
Generation capacity was increased from 912MW to 1020MW 
however, recurrent thrust bearing damages were occurring 
which required frequent repairs and, in some severe cases, 
caused bearing failure. These failures were attributed to the 
turbine runner upgrades which had increased loading on the 
thrust bearings. Several attempts were made to correct the 
problem by modifying various parts of the thrust bearing with 
only partial, temporary success followed by eventual bearing 
failure. 

Bearing Design 

Hydro Tech was contracted to design a reliable and 
permanent solution. The designed solution featured new and 
modified split thrust bearing rotating rings and superior 
Polytetrafluoro-Ethylene (PTFE)  thrust pads providing 
higher load carrying capacity than traditional babbitt 
bearings. 

The new bearings have eighteen spring-supported bearing 
pads consisting of a PTFE surface with a steel backing plate 
supported by a bed of precision manufactured springs. The 
segmented runner plate is supported by a thrust block and 
held in place with radial keys and vertical bolts securing the 
runner plate to the thrust block. The runner plate segments 
are tightly bolted and keyed together, then machined to 
provide a solid, smooth and polished running surface. The 
new bearing design has reduced the operating temperature 
(to ambient) by 25 to 30% and increased thrust load capacity 
by more than 70%. 



 

 

CATARACT SACO, MAINE 

►FACTS 
LOCATION   Cataract Generating Station 
    Saco River, Maine 

TYPE  Run-of-River 

EQUIPMENT   6.5 MW Kaplan Turbine 

BEARINGS SUPPLIED One Low-Profile Thrust Bearing (PTFE) 

BEARING DELIVERY  June 2006 

OWNER   Florida Power & Light (FPL)  Energy  
    Maine Hydro 

 

►THE PROJECT 
Background 

Having commenced commercial operation in 1938, Cataract 
Generating station experienced recurrent thrust bearing 
failures. Particularly problematic were failures surrounding 
startups subsequent to a major overhaul in 2004. 
Contributing factors included a bearing design capacity that 
was marginal for the conditions, increased loads on the 
bearing due to misalignments caused by concrete growth 
associated with AAR, and decreased bearing capacity due to 
modifications implemented to a bearing design that was not 
fully understood. A review of maintenance history at Cataract 
indicated that the unit had experienced eight thrust bearing 
failures since 1959, with four of them occurring since 2003. 

Bearing Design  

The station was retrofitted with a PTFE (Polytetraflouride-
Ethylene) design using individual pads and springs in the 
existing bearing envelope. The goal behind this retrofit was 
to install a bearing design that could tolerate a wide variety 
of operating and induced loading without significantly 
impacting bearing design margin capacity. The advanced 
thrust bearing system incorporated individual PTFE-surfaced 
pads on a spring bed and a flat, one piece thrust runner 
plate with no grooves.  At the request of the client, a new 
thrust block was designed and manufactured. 
Commissioned in early July 2006, the Cataract conversion 
was very successful. The previously recorded August 2004 
thrust bearing temperature of 83 deg C (prior to shutdown) 
has been reduced to 50 deg C. The oil bath temperature has 
also been substantially reduced by 25 deg C. In addition, the 
newly designed PTFE thrust bearing is expected to require 
less maintenance due to its durability and higher load 
capacity. It is expected to also accommodate on-going 
misalignment from AAR more successfully. 

 HIGHLIGHTS 
 Reduced bearing operating temperature  by 33° Celsius 

 Reduced bearing pot (oil bath) temperature by 

approximately 25° Celsius 

 Bearing and support system retrofitted within a profile 

height of 4 and 1/16th inches  (10.31875 cm) 

 New PTFE bearing supplies greater thrust load capacity 

and reduced torque load (5 times lower coefficient of 
friction) 

 Completed in 7 weeks from purchase order to  time of 

supply 



 

 

DECEW FALLS WELLAND CANAL, ONTARIO 

 HIGHLIGHTS 
 Reduced bearing pot oil temperature by more than 50% 

to ambient 

 Eliminated need for high pressure oil lift system 

 Capacity increased by approximately 300% 

►FACTS 
LOCATION   DeCew Falls No. 2 (NF23) 
    Welland Canal, Ontario, Canada 

TYPE  River (Welland Canal) 

EQUIPMENT   (2) 72 MW Vertical Francis 

BEARINGS SUPPLIED Tilting pad conversion from flat plate 

BEARING DELIVERY  February 2006, May 2007 

OWNER   Ontario Power Generation 

 

 

►THE PROJECT 
Background 

The two generating units were put in service in 1943 and 
1948 and originally generated power at 25 Hz. They were 
converted to 60 Hz in 1954. The Francis turbine runners 
in both units historically suffered from rubbing and wear 
damage. The original design was a flat plate thrust 
bearing with Babbitt pads bonded to a single base plate. 
The bearing pads were held parallel to the rotating runner 
plate limiting the bearing load capability by eliminating 
the capacity of the trailing edge of the bearing pad. 

 

Bearing Design 

Hydro Tech was contracted to design and supply a modern 
tilting pad thrust bearing and support system which included 
the design and supply of thrust bearing runner plates and 
spring plates.  

The new titling pad bearing design allows the thrust bearing 
pad to maintain load capacity over the entire length of the 
pad thus increasing the load carrying capability of the thrust 
bearing without increasing the bearing surface area. This 
innovative Hydro Tech design was installed with little effort 
and without modifying the bearing pot.  

Hydro Tech’s design is a durable, low-profile thrust bearing 
suitable for retrofitting existing vertical Francis, Kaplan, and 
Pelton turbines and is proven to be the best and most cost 
effective solution for bearing conversion from a flat-plate 
Babbitt to a modern tilting bearing.   

 

Photo by  
Ontario Power Generation 



 

 

 

 
 

 

Background 

Flat plate babbitt pads are bonded to a single base plate. 
The bearing pads are held parallel to the rotating runner 
plate due to the babbitted pads being secured to the base 
plate. This arrangement limits the bearing load capabilities 
by eliminating the capacity of the trailing edge of the bearing 
pad. This flat plate design arrangement was abandoned 
completely during the 1940’s in favour of the modern 
designs that can have 2 to 3 times the load capacity. 

A modern, individual, tilting pad bearing design allows the 
thrust bearing pad to maintain load capacity over the entire 
length of the pad. This increases the load carrying capability 
of the thrust bearing without increasing the bearing surface 
area.  

Design 

Conversion of the flat plate bearing to a tilting pad 
arrangement presents obstacles that are inherently difficult 
to overcome. Such obstacles include: 

 Finding a way to hold the individual pads in place 

 Frequently, the thrust pad arrangement has a very low 
profile making it difficult to fit a tilting bearing in the 
height available 

 Maintaining the ability to easily adjust the bearing pads 
for alignment and even pad load distribution 

To have six, eight, or more tilting shoes replace the old 
bearing, one must have a design which can withstand torque 
developed by the generator on the bearing. Each pad must 
be held individually to the bottom of the thrust pot.  

In many cases, the original design will have a very low 
profile. To allow individual shoe adjustment, many bearing 
pots would likely have to be modified. 

Hydro Tech has overcome this obstacle by designing a new 
way in which to support the bearing and hold the bearing 
pads without modifying the bearing pot. Once the old system 
is removed, the new support system can be installed in a 
single morning by two tradesmen. The new, rigid support 
system provides a greater thrust load capacity than the 
previous bearing, due to the individual pad arrangement and 
greater efficiency of the PTFE bearing (5 times lower 
coefficient of friction) which results in reduced torque load. 

 HIGHLIGHTS 
 Up to 500% additional capacity when compared to flat 

plate Babbitt designs 

 Inexpensive to convert single or half plate bearing to 

tilting pad 

 Up to 30 degrees Celsius temperature reduction 

 Zero failures to date 

BEARING CONVERSION 

►FLAT PLATE THRUST BEARING 
 

 

 

 SERVICES 
Hydro Tech can provide bearing designs and supply all 
necessary equipment to convert a flat plate babbitted 
bearing to a tilting pad arrangement with guaranteed 
results.  

For more information on thrust bearing conversion please refer to 
the published papers that can be downloaded from our website at 
www.hydrotech-inc.ca. Click on the BEARINGS TAB to view papers 
presented at recent HydroVision and WaterPower conventions. 



 

 

Flat plate thrust bearing in failure condition. 

Hydro Tech conversion to tilting pad. 



rpm # of Units Delivery 

[ea] [tonm] [lbs] [1'st year]

Caribou Falls OPG Canada 28.5 112.5 4 587.403 1,295,000 12 2005

DeCew OPG Canada 148.0 171.4 2 502.1275 1,107,000 8 2005

Alexander OPG Canada 15.0 150.0 3 318.8756 703,000 8 2006

Cataract FPLE Maine USA 7.2 163.6 1 204.3 450,404 8 2006

George W Rayner Brookfield Power Canada 24 211.8 1 182.8 403,005 6 2006

Gulf Island Unit #1 FPLE Maine USA 9.3 112.5 1 118.26 260,718 8 2007

Weston Unit #1 FPLE Maine USA 4.4 100 1 77.11 169,998 6 2008

Akosombo Volta River Authority Ghana 1074 115.4 6 938.14 2,068,242 18 2009

Gulf Island #2 FPLE Maine USA 9.3 112.5 1 118.26 260,718 8 2009

Wyman Unit #1 FPLE Maine USA 30 MW 138.46 1 222.43 490,374 10 2009

Sir Adam Beck 1 Unit 9 Andritz/OPG Canada 68.5 225 2 297.33 655,500 18 2010

Weston Unit #3 FPLE Maine USA 4.4 100 1 77.11 169,998 6 2010

Andrews Unit #1 Brookfield Power Canada 10 MW 277 1 90.72 200,003 8 2010

Gulf Island #3 FPLE Maine USA 9.3 112.5 1 118.26 260,718 8 2011

Kettles GS Manitoba Hydro Canada 2011

Wyman Unit #3 FPLE Maine USA 30 MW 138.46 1 222.43 490,374 10 2012

Gorge 18 Green Mountain Power USA 3 MW 180 1 137 302,033 8 2012

Skelton Lake GS Hyundai Ideal USA 8.4 MW 257 2 200 440,924 8 2012

Andrews Unit #2 Brookfield Power Canada 10 MW 277 1 90.72 200,003 8 2012

Riviere Du Loup Algonquin Power Canada 1 MW 400 1 16.33 36,001 6 2012

Sherbrooke GS Unit 1 Ville Sherbrooke Canada 2012

Sherbrooke GS Unit 2 Ville Sherbrooke Canada 2013

Hydro Tech Inc.  Bearing Projects

Load 

REFERENCE LIST FOR THRUST BEARING PROJECTS

Name of Generating 
Plant

Customer Country Total MVA
Pads
 (ea)

1



 

 

N o . C o untry Qty Units x M W rpm
[to n] [ lbs] [M P a] [psi]

1 Russia 18 18 x 254 125 1,650           3,637,623           6.3 914
2 Russia 18 18 x 250 125 734              1,618,191               6.5 943
3 Latvia 10 10 x 97 88 950              2,094,389           4.0 580
4 Russia 20 20 x 115 68 703              1,549,848            5.2 754
5 Russia 6 6 x 67 250 1,233           2,718,296            5.8 841
6 Russia 18 18 x 283 125 1,650           3,637,623           6.2 899
7 Russia 6 6 x 215 136 1,490           3,284,884           5.3 769
8 Russia 8 8 x 83 83 720              1,587,326            6.0 870
9 Russia 21 21 x 67 50 1,500           3,306,930           5.9 856
10 Georgia 5 5 x 260 250 1,236           2,724,910            4.5 653
11 Kazakhstan 9 9 x 75 150 804              1,772,514             6.4 928
12 Russia 12 12 x 500 94 972              2,142,891             5.1 740
13 Uzbekistan 4 4 x 150 188 960              2,116,435             6.0 870
14 Russia 10 10 x 735 143 1,560           3,439,207           5.0 725
15 Russia 22 22 x 115 68 696              1,534,416             6.5 943
16 Russia 4 4 x 250 200 1,410            3,108,514             5.5 798
17 Russia 18 18 x 78 58 524              1,155,221              5.5 798
18 Ukraine 9 9 x 72 83 297              654,772               4.2 609
19 Ukraine 8 8 x 113 107 836              1,843,062            5.1 740
20 Russia 6 6 x 78 58 442              974,442               4.7 682
21 Kazakhstan 4 4 x 83 83 353              778,231                5.0 725
22 Russia 7 7 x 78 188 1,075           2,369,967           5.2 754
23 Tajikistan 9 9 x 300 200 1,564           3,448,026           6.1 885
24 Kazakstan 4 4 x 108 107 1,005           2,215,643            6.5 943
25 Tajikistan 4 4 x 150 100 875              1,929,043            3.5 508
26 Ukraine 6 6 x 117 125 1,244           2,742,547           6.5 943
27 Russia 4 4 x 57 188 1,151             2,537,518            7.2 1044
28 Russia 7 7 x 57 63 282              621,703                2.6 377
29 Russia 4 4 x 77 188 1,550           3,417,161              7.5 1088
30 Russia 4 4 x 85 136 880              1,940,066            6.5 943
31 Russia 10 10 x 100 63 496              1,093,492            5.0 725
32 Kyrgyzstan 4 4 x 300 167 1,303           2,872,620           5.4 783
33 Russia 6 6 x 200 150 1,460           3,218,745            4.0 580
34 Russia 8 8 x 65 63 378              833,346               4.6 667
35 Ukraine 8 8 x 44 52 371               817,914                 4.7 682
36 Russia 2 2 x 28 115 384              846,574               3.8 551
37 Russia 3 3 x 107 63 594              1,309,544            5.9 856
38 Russia 3 3 x 150 100 674              1,485,914             4.1 595
39 Kazakhstan 6 6 x 225 94 1,057           2,330,283           5.2 754
40 Ukraine 6 6 x 59 63 293              645,954               2.7 392
41 Russia 4 4 x 22 214 407              897,280               3.3 479
42 Russia 4 4 x 42 88 535              1,179,472             5.4 783
43 Russia 5 5 x 120 125 -                        5.5 798
44 Russia 4 4 x 180 214 1,515            3,339,999           4.9 711
45 Russia 4 4 x 52 88 535              1,179,472             5.4 783
46 Latvia 4 4 x 23 125 598              1,318,363             5.9 856
47 Russia 3 3 x 28 115 546              1,203,723            5.4 783
48 Latvia 8 8 x 200 150 -                        4.0 580
49 Ukraine 10 10 x 57 63 239              526,904               2.2 319
50 Russia 2 2 x 30 -                        
51 Uzbekistan 3 3 x 40 136 528              1,164,039             3.9 566
52 Kyrgyzstan 3 3 x 200 136 904              1,992,976            4.6 667
53 Kyrgyzstan 4 4 x 250 115 538              1,186,086             5.5 798
54 Azerbaijan 2 2 x 190 107 1,312            2,892,461            6.1 885
55 Czech Republic 1 1 x 10 150 282              621,703                3.1 450
56 Russia 20 20 x 21 125 588              1,296,317             5.8 841
57 Vietnam 6 6 x 240 125 -                        4.9 711
58 Russia 2 2 x 14 -                        
59 Russia 12 12 x 46 250 461               1,016,330             3.2 464
60 Russia 3 3 x 27 150 578              1,274,270            4.8 696
61 Russia 3 3 x 40 68 335              738,548               3.8 551
62 Russia 4 4 x 63 -                        
63 Russia 3 3 x 107 68 133               293,214                2.3 334
64 Russia 2 2 x 20 94 263              579,815                3.3 479
65 Russia 4 4 x 20 150 415               914,917                 3.2 464
66 Armenia 2 2 x 86 500 1,429           3,150,402            4.2 609
67 Armenia 4 4 x 56 375 1,097           2,418,468            4.3 624

Specif ic  Lo adLo ad

Hydro Tech’s Bearing Pad Supplier 

Supply History 



 

 

N o . C o untry Qty Units x M W rpm P ads D elivery
[ to n] [ lbs] [M P a] [psi] [ea] [1'st  year]

68 Latvia 5 5 x 64 56 412               908,303               4.8 696 14 1987
69 Russia 3 3 x 10 -                        8 1988
70 Czech Republic 1 1 x 91 188 804              1,772,514             3.8 551 12 1988
71 Bulgaria 2 2 x 75 500 895              1,973,135             3.6 522 12 1988
72 Tajikistan 6 6 x 35 107 560              1,234,587            5.4 783 12 1988
73 Russia 2 2 x 110 125 1,244           2,742,547           6.5 943 12 1988
74 Georgia 3 3 x 73 188 1,198            2,641,135             5.8 841 8 1988
75 Georgia 1 1 x 23 115 325              716,502                3.6 522 12 1988
76 Georgia 2 2 x 55 429 1,590           3,505,346           5.9 856 8 1988
77 Russia 3 3 x 10 68 196               432,106                3.4 493 8 1988
78 Russia 4 4 x 45 136 -                        5.6 812 8 1988
79 Russia 3 3 x 20 150 510               1,124,356             5.0 725 8 1988
80 Russia 3 3 x 42 88 535              1,179,472             5.4 783 16 1988
81 Russia 5 5 x 9 -                        12 1988
82 Armenia 3 3 x 52 500 1,176            2,592,633           3.1 450 8 1988
83 Kazakhstan 4 4 x 25 115 580              1,278,680            5.8 841 8 1988
84 Uzbekistan 3 3 x 55 150 744              1,640,237            4.8 696 8 1988
85 Russia 3 3 x 10 -                        8 1988
86 Uzbekistan 4 4 x 35 333 1,374           3,029,148            5.1 740 9 1989
87 Russia 2 2 x 9 94 271               597,452               3.4 493 8 1989
88 Russia 2 2 x 24 88 550              1,212,541              5.9 856 8 1989
89 Russia 2 2 x 15 214 493              1,086,878            4.0 580 8 1989
90 Russia 2 2 x 48 136 636              1,402,138             5.5 798 10 1989
91 Uzbekistan 3 3 x 30 188 726              1,600,554            5.7 827 8 1989
92 Ukraine 3 3 x 236 136 -                        4.0 580 16 1989
93 Bulgaria 2 2 x -                        8 1990
94 Russia 2 2 x 4 187 -                        6 1990
95 Armenia 1 1 x -                        6 1990
96 Azerbaijan 2 2 x 73 125 772              1,701,967             12 1990
97 Kazakhstan 2 2 x -                        14 1990
98 Armenia 2 2 x 38 500 1,105            2,436,105            3.0 435 8 1990
99 Russia 2 2 x 48 136 555              1,223,564            4.8 696 10 1990
100 Georgia 4 4 x 33 429 1,075           2,369,967           4.2 609 12 1991
101 Russia 2 2 x 55 375 774              1,706,376            6.3 914 16 1991
102 China 4 4 x 320 125 1,026           2,261,940            5.1 740 16 1991
103 China 6 6 x 150 100 997              2,198,006            6.5 943 12 1991
104 China 3 3 x 170 55 646              1,424,185             6.5 943 20 1991
105 Tajikistan 2 2 x 21 125 588              1,296,317             5.8 841 8 1992
106 Russia 4 4 x 14 150 283              623,907               3.0 435 12 1992
107 Russia 3 3 x 200 -                        10 1992
108 Bulgaria 2 2 x 130 333 570              1,256,633            3.0 435 12 1992
109 China 3 3 x 300 125 727              1,602,759            6.4 928 18 1992
110 Czech Republic 3 3 x 48 231 863              1,902,587            4.0 580 12 1993
111 China 3 3 x 210 150 986              2,173,755            4.6 667 12 1993
112 China 2 2 x 100 77 742              1,635,828            6.0 870 18 1993
113 China 2 2 x 50 100 573              1,263,247            6.3 914 12 1993
114 China 4 4 x 75 150 510               1,124,356             4.3 624 10 1993
115 China 2 2 x 100 77 595              1,311,749              4.8 696 18 1993
116 China 2 2 x 75 150 439              967,828               3.7 537 10 1993
117 China 1 1 x 100 180 689              1,518,983             4.5 653 8 1993
118 China 2 2 x 80 136 430              947,987               3.9 566 10 1993
119 China 2 2 x 45 125 543              1,197,109              4.1 595 12 1993
120 China 3 3 x 300 75 718               1,582,917             6.0 870 16 1993
121 China 4 4 x 75 75 598              1,318,363             5.9 856 12 1993
122 China 4 4 x 100 150 574              1,265,452            4.5 653 10 1993
123 China 6 6 x 75 150 463              1,020,739            3.8 551 10 1993
124 China 4 4 x 100 88 503              1,108,924             4.0 580 12 1993
125 China 4 4 x 150 88 878              1,935,656            6.2 899 18 1993
126 China 4 4 x 75 88 602              1,327,181              5.4 783 12 1994
127 Syria 8 8 x 100 100 896              1,975,340            6.2 899 12 1994
128 China 2 2 x 71 71 667              1,470,482            6.5 943 10 1994
129 China 2 2 x 40 200 322              709,888               3.0 435 8 1994
130 China 4 4 x 45 94 492              1,084,673            4.6 667 12 1994
131 China 4 4 x 65 250 667              1,470,482            4.0 580 8 1994
132 Sweden 2 2 x 16 150 203              447,538               3.4 493 12 1994
133 China 4 4 x 20 333 516               1,137,584             4.0 580 10 1994
134 China 3 3 x 20 115 429              945,782               4.4 638 14 1994
135 China 2 2 x 65 214 277              610,680                3.8 551 8 1994
136 China 1 1 x 50 136 327              720,911                 4.9 711 10 1994
137 China 3 3 x 10 125 174               383,604               3.6 522 12 1994
138 China 1 1 x 75 136 226              498,244               4.1 595 10 1994
139 China 4 4 x 200 107 810               1,785,742            5.3 769 12 1994
140 Vietnam 2 2 x 75 200 631               1,391,115               3.1 450 16 1994
141 China 4 4 x 400 125 1,200           2,645,544           5.6 812 18 1995

Specif ic  Lo adLo ad



 

 

N o . C o untry Qty Units  x M W rpm P ads D elivery
[ to n] [ lbs] [M P a] [psi] [ea] [1'st  year]

142 China 4 4 x 250 125 949              2,092,184            4.9 711 16 1995
143 Russia 1 1 x 13 150 251               553,360               2.9 421 8 1995
144 China 5 5 x 240 62 642              1,415,366             5.6 812 18 1995
145 China 4 4 x 125 167 872              1,922,429            4.3 624 12 1995
146 China 1 1 x 36 150 487              1,073,650            3.9 566 10 1995
147 China 2 2 x 105 188 1,070           2,358,943           5.0 725 10 1995
148 M orocco 3 3 x 94 143 619               1,364,660            3.8 551 16 1996
149 Czech Republic 2 2 x 60 375 982              2,164,937            3.5 508 12 1996
150 Sweden 1 1 x 7 125 226              498,244               3.5 508 12 1996
151 China 3 3 x 100 187 976              2,151,709             4.3 624 10 1997
152 China 4 4 x 300 136 1,071            2,361,148             5.1 740 16 1997
153 China 6 6 x 200 100 763              1,682,125             4.8 696 16 1998
154 Turkey 3 3 x 75 167 738              1,627,010             4.8 696 12 1998
155 Sweden 2 2 x 18 300 693              1,527,802            4.8 696 12 1998
156 M oldova 2 2 x 12 150 294              648,158                3.4 493 8 1998
157 China 6 6 x 300 107 1,256           2,769,003           6.5 943 20 1999
158 China 2 2 x 220 200 1,272           2,804,277           6.0 870 12 2000
159 Canada 5 5 x 14 150 266              586,429               2.5 363 8 2000
160 Sweden 2 2 x 125 242              533,518                3.4 493 16 2000
161 Russia 1 1 x 429 1,243           2,740,343           4.5 653 8 2000
162 Argentina 10 10 x 27 333 726              1,600,554            4.5 653 12 2000
163 Canada 2 2 x 72 95 1,396           3,077,650           4.3 624 8+16 2000
164 Russia 1 1 x -                        12 2000
165 China 2 2 x 120 75 545              1,201,518              4.9 711 16 2001
166 India 6 6 x 214 1,318            2,905,689           5.3 769 12 2001
167 M oldova 3 3 x -                        3.8 551 8 2001
168 Canada 1 1 x 22 95 265              584,224               1.6 232 8 2001
169 Canada 4 4 x 12 120 203              447,538               2.3 334 8 2001
170 Russia 4 4 x -                        12 2002
171 Georgia 1 1 x -                        12 2002
172 Bulgaria 1 1 x 40 375 514               1,133,175              4 580 12 2002
173 China 4 4 x 125 380 763              1,682,125             3.8 551 12 2002
174 Vietnam 3 3 x 75 167 738              1,627,010             4.8 696 12 2002
175 Canada 3 3 x 72 95 1,396           3,077,650           4.3 624 8+16 2002
176 Russia 4 4 x -                        8 2002
177 Russia 1 1 x 250 461               1,016,330             3.2 464 8 2002
178 Russia 3 3 x 23 500 1,168            2,574,996           5.1 740 6 2002
179 Russia 1 1 x -                        8 2002
180 Bulgaria 2 2 x 30 500 527              1,161,835              3.8 551 6 2003
181 China 2 2 x 150 63 397              875,234               5.5 798 24 2003
182 Canada 2 2 x 4 360 45                99,208                 2.5 363 8 2004
183 USA 1 1 x 141 200 591               1,302,930            4.1 595 12 2005
184 Canada 2 2 x 27 112.5 587              1,294,994            3.7 537 12 2005
185 Canada 3 3 x 63 150 399              879,643               3.9 566 16 2005
186 Canada 1 1 x 67 171.4 502              1,106,719              4 580 8 2005
187 Canada 3 3 x 14 150 319               703,274               3.2 464 8 2006
188 USA 1 1 x 7 163.6 204              449,742               3.2 464 8 2006
189 Canada 1 1 x 21 211.8 183               403,445               2.8 406 6 2006
190 USA 1 1 x 9 112.5 118 260,718 3.9 407 8 2007
191 USA 1 1 x 4.4 100 77 169,998 2 471 6 2008
192 Ghana 6 6 x 179 115.4 938 2068242 4.8 506 18 2009
193 USA 1 1 x 9 112.5 118 260,718 3.9 407 8 2009
194 Canada 2 2 x 68.5 225 297 654,772               4 559 18 2010

Specif ic  Lo adLo ad
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Thrust Bearing Retrofit:
A Case Study of the Cataract Generating Station

By Paul Plante and Eric D. Soule, FPL Energy, Maine Generation, USA and
Mike Dupuis, Hydro Tech Inc., Canada

ABSTRACT

Located on the Maine coast, the Cataract Generating Station, a single unit station
owned by FPL Energy-Maine Hydro had experienced recurrent thrust bearing
failures. The unit is a 9000 HP, Kaplan-type runner that started commercial operation
in 1938. A review of maintenance history at Cataract has indicated the unit
experienced eight thrust bearing failures since 1959, with four of them occurring
since 2003.

Cataract had been taken out of service in August 2004 for a Kaplan oil leak and high
thrust bearing temperature. Ultimately, the centerline of the unit had to be re-
established because the station is experiencing the adverse effects of prolonged
alkali-silica reaction. Following the extended outage, two commissioning attempts to
re-start the unit after the overhaul were terminated due to thrust bearing failure.
Cataract’soriginal thrust bearing was a once commonly-used, two piece, flat plate
design having a thrust runner plate with six radial grooves along the runner surface.
This type of bearing had been widely installed in new machines, well into the 1940’s.
It is still commonly found today in generators of that vintage. Many hydro-station
operators now seek to replace these thrust bearings with modern designs that are
more robust and have higher load capacity. Retrofits, however, require careful
evaluation and planning due to the low profile of the original design.

Hydro Tech Inc. of Sault Ste. Marie, ON, Canada, was contracted by FPL Energy in
March, 2006 to design and supply a low profile eight-pad spring supported thrust
bearing conversion including a new thrust block at Cataract. The advanced thrust
bearing system incorporated individual PTFE-surfaced (PolyTetraFlourideEthylene)
pads on a spring bed and a flat, one piece thrust runner plate with no grooves.
Commissioned in early July 2006, this conversion was very successful and has
resulted in lowering the running temperature of Cataract’s thrust bearing by 33 deg
C. The recorded August 2004 thrust bearing temperature of 83 deg C (prior to
shutdown) has been reduced to 50 deg C. The oil bath temperature has also been
substantially reduced by 25 deg C. In addition, the newly designed PTFE thrust
bearing is expected to require less maintenance due to its durability and its higher
load capacity. It is expected to also accommodate on-going misalignment from
alkali-silica reaction more successfully than the original plate-type bearing.

Background

Cataract is a run-of-the-river station which is the last station on the Saco River and
subject to tidal fluctuation. This station has a single unit and is the only power
generating hydro facility in a complex of four dams in an urban setting. The unit is a
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single Kaplan unit rated at 9,000 HP. The station began operation in 1939 and is
presently owned by FPL Energy.

In 2004, the unit was taken out of service to address an oil leak in the Kaplan head.
Upon disassembly, a number of conditions adverse to continued operation were
discovered. The thrust bearing babbitt shoes were cracked and required corrective
action. Additionally, misalignment at the station due to Alkali-Aggregate Reactivity
(AAR) had progressed to such a degree that the centerline of the unit had to be
reestablished. This work took approximately ten months to complete prior to completing
reassembly and prepping the unit for startup.

The thrust bearing at Cataract is above the rotor and contained in the upper bridge
which also houses the upper guide bearing. There is a lower guide bearing under the
rotor and a LV style turbine bearing in the headcover. The thrust bearing at Cataract
has not had a history of good service and has failed eight times since 1959. The history
leading up to this resulted in a repair in 1959 that included sleeving the thrust block due
to eccentric wear over the initial operating period.

First Startup Failure

Initial startup at the station took place in June, 2005 using normal startup procedures.
Mechanical runs were conducted without incident. Subsequently, an auto-start
sequence was initiated and shortly thereafter, the unit was tripped on high thrust
bearing temperature. Subsequent inspection showed a severely wiped bearing with a
babbitt-filled oil reservoir as seen in Figure 1.

Figure 1. Photograph of Failed Babbitt Plate from June, 2005
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An investigation was conducted to determine the cause of failure. A conclusive root
cause was not determined at this time. One item noted during the disassembly of the
failed bearing showed that the round keys that hold the split thrust runner halves in
place to each other were distressed. There are two keys held in place by set screws
and one key was ejected and in the thrust bearing oil reservoir and one was still in
place. Both had sheared set screws. A small amount of displacement was noted
between the thrust runner halves.

Recovery from this failure involved a series of steps that included thrust bearing
component reengineering. A new, split half thrust runner was built that included a
robust key set to address the disrupted runner issue from the June 2005 failure.
Additionally, a two piece babbitt plate was provided to replace the existing damaged
babbitt plate. This was because there was a concern with warping the original babbitt
backing plate during the rebabbitting process. The unit was reassembled and
subsequently prepared for restart in September, 2005.

Second Startup Failure

During the September, 2005 startup, a specific startup procedure and organization was
developed to address potential issue from the June startup failure. This included a
program of progressive starts and stops consisting of mechanical runs at various
speeds, speed-no load runs, runs of varying duration to address heat-up and cool-
down, as well as intermediate inspections and cleaning and scraping to ensure there
was no potential failure mode operating.

The second startup progressed normally through a run that included flashing the field.
Subsequent to that variable, the unit was auto-started and synchronized. Thrust
bearing temperatures started to climb dramatically and the unit was tripped. Upon
disassembly, a preferential wipe in the babbitt was discovered that was so severe the
unit had to be disassembled and thrust bearing components either had to be repaired or
replaced (Figure 2).

Figure 2. Photograph of Failed Babbitt Plate from September, 2005
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Post Failure Recovery Activities

Upon disassembly after the second failure, displacement was once again noted
between the two halves of the thrust runner, despite the enhancements made to the
keys to improve their rigidity and stiffness. At this time, the thrust bearing was
completely removed from the unit and a multidisciplinary team was assembled to
determine root cause for thrust bearing failures and the appropriate corrective actions to
prevent recurrence.

After an exhaustive study, evaluation of failed components, and consultation with a
number of experts in the field of thrust bearing performance, the review team came up
with a list of one potential root cause and six contributors that enhanced the likelihood of
the root cause. The team determined the likely root cause of both failures was due to
the marginal load capacity of the original bearing (the subject of the initial startup failure
and the reengineered bearing (the subject of the second startup failure).

Figure 3. Root Cause and Contributors Diagram for Cataract Failures in 2005
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It has been widely reported that two piece babbitt bearings on spring beds in hydro
service have lower load-bearing capacity than more modern independent pad bearings
(Ref. 1, 2, for example). In the case of the thrust bearing at Cataract, calculations
indicate that the design load is within 10% of the limit for babbitt, which is reported to be
400 psi (Ref. 3). With such a small margin and other factors at the station, including
most notably, a situation with AAR that will progressively increase the amount of
misalignment at the station, the focus moved away from refurbishing the existing two
piece spring-bed bearing to retrofitting a higher capacity bearing.
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Flat Plate Thrust Bearing

The thrust bearing assembly consists of two flat annular rings, one fixed to the shaft,
one to the housing. These rings turn against each other in a flat-bottomed “pot” which 
holds a bath of non-compressive hydraulic oil.  The bottom ring (the “bearing plate”) is 
fixed to the pot bottom, and usually has six or eight radial grooves to promote
continuous feed of oil between the surfaces of the two plates; the stationary bearing
plate has a babbitted bearing surface (Figure 4). The top rotating ring (the “runner” 
plate) turns with the shaft. As is typical with this style of bearing, the runner plates also
have radial grooves.

Figure 4. Babbitted Bearing Plate - Flat, Spring Supported Style

The typical flat plate thrust bearing was a marine design used for many years on ships.
The original design of the flat plate thrust bearing came as either one complete base
ring, or in two base ring halves. Both arrangements had babbitted bearing pad sections
bonded to the base plate. This arrangement was frequently held by blocks in four places
on the outside diameter of the bearing base plate(s). The thrust runner plate for this
bearing was a micro finish plate with radial grooves on the running surface. These
grooves acted as a centrifugal oil circulating pump for the bearing pot. This design was
largely used in many generators as late as the mid 1940’s. 

After this time, it was common knowledge among bearing designers that a tilting pad
plain bearing had a 2 to 4 times greater load carrying capacity than the flat plate design.
A flat plate babbitt bearing design can safely operate at approximately 150 psi
compared with the 400 to 450 psi of a babbitt tilting pad design. The PTFE tilting pad
bearing has a design load of 6.5 MPa (943 psi), which is more than twice that of babbitt.
All three styles of bearings have operated successfully at greater than the design loads,
however, the design safety factor is reduced.
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Babbitted Bearing Plate Design Limitations

Flat plate babbitt pads are bonded to a single base plate, keeping them parallel to the
runner (rotating) plate. Lubrication is drawn onto a bearing pad’s surface by oil sticking
to the runner plate as it rotates; this creates an “oil wedge” at the leading edge of the 
bearing pad. As oil travels along a pad, some oil leaks from the inner and outer pad
edges, thereby, leaving less oil pressure at the trailing edge of the bearing segment
(Figure 5). This is an effect of the bearing pad’sparallel position to the running surface,
resulting in reduced oil pressure at the back of the pad due to oil leakage. This leaves
only the leading edge of the pad to support the majority of the thrust load. The effective
working area of the flat plate bearing pad is only about 1/3 its surface area.

Figure 5. Flat Plate Design for Oil Wedge

By contrast, a modern bearing design uses a forward-tilting pad to create a smaller gap
between the runner plate and back of the bearing pad. This allows the trailing edge of
the bearing pad to maintain pressure despite reduced oil (Figure 6). Thus, a more even
distribution of load is created along the entire bearing surface, and the thrust carrying
capacity is increased.

Figure 6. Tilting Pad Design Oil Wedge



Page 7 of 9

Thrust Runner Plate Design Limitations

The thrust runner plate resembles a runner plate of current design, except for the
presence of radial grooves on the face of the running surface as shown in Figure 7.
Originally designed to circulate oil in the bearing pot, and to wash cool oil over the face
of the babbitt pads, these radial grooves actually contribute to the bearing’s downfall. As
the grooves pass over stationary pads, the oil wedge is broken, thus allowing pressure
developed to support the thrust load, to drain from the radial groove. This results in an
unequal distribution of load on the thrust bearing pads by changing pressure across the
bearing pads from maximum to zero pressure (six or more times per revolution
depending on the number of radial grooves).

Figure 7. Grooved Thrust Runner Plate

Such extreme pressure changes inevitably cause problems.“Oil pressure hammer” may
cause fatigue cracking of the babbitted surface. Additional cases have been
documented where pressure drop on a babbitt bearing pad has resulted in cavitation. In
both cases, the higher the bearing is loaded, the more rapidly its failure will occur.
These failures are sometimes difficult to detect due to the very nature of their
occurrence. The bearing operates perfectly while slowly deteriorating; then, after
several years of operation, the bearing suddenly self-destructs, leaving little evidence as
to the root cause.

Upgrading the Flat Plate Bearing

Conversion of the flat plate bearing to a tilting pad arrangement presents obstacles that
are inherently difficult to overcome:

 Finding a way to hold the individual pads in place
 Frequently, the thrust pad arrangement is very low profile, making it

difficult to fit a tilting bearing in the height available
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 Maintaining the ability to easily adjust the bearing pads for alignment and
even pad load distribution

To have six, eight, or more tilting shoes replace the old bearing, one must have a
design which can withstand torque developed by the generator on the bearing. Each
pad must be held individually to the bottom of the thrust pot.

In many cases, the original design will have a very low profile. With Cataract, the
combined support system and bearing pad height was confined to 4 1/16 inches.
Having such a low profile made it difficult for any individually adjustable shoe
arrangement. To allow individual shoe adjustment, the bearing pot would likely have to
be modified.

This obstacle was overcome by designing a new way in which to support the bearing
and hold the bearing pads without modifying the bearing pot (Figure 8). Once the four
blocks for the old bearing were removed, the new support system was installed, in a
single morning, by two tradesmen. The new, rigged, support system supplies a greater
thrust load capacity than the previous bearing, and because of the greater efficiency of
the PTFE bearing (5 times lower coefficient of friction), results in reduced torque load.

Figure 8. Converted PTFE Thrust Bearing

The new Cataract bearing now operates at 50 degrees Celsius (about 30 degrees lower
than the previous operating temperature). The oil bath temperature was significantly
reduced by 25 degrees Celsius. This is especially important during operation in the
summer months where the Unit has a history of running hot due to high ambient
temperature and increased river temperatures (cooling water to the thrust bearing oil
reservoir.
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Conclusion:

At Cataract station, a number of factors caused bearing failures over the last 50 years,
and particularly during the startups from a major overhaul. This included a bearing
design capacity that was marginal for the conditions, increased loads on the bearing
due to misalignments caused by concrete growth associated with AAR, and decreased
bearing capacity due to modifications implemented to a bearing design that is not fully
understood.

The station was retrofitted with an PTFE design using individual pads and springs in the
existing bearing envelop. The goal behind this retrofit was to install a bearing design
that could tolerate a wide variety of operating and induced loading without significantly
impacting bearing design margin capacity. This was successfully achieved as
evidenced by a successful startup and subsequent operating history. Both bearing
operating temperatures and oil bath temperatures by were reduced by approximately 30
and 25 degrees Celsius, respectively.
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Thrust Bearing Cavitation 
By Mike Dupuis, Hydro Tech Inc., Canada 

 
Abstract 
 
A multiple unit generating station is currently experiencing thrust bearing failures 
due to cavitation pitting on the thrust shoes. This cavitation exists on, and 
around, the high pressure oil lift outlets. The bearing is currently a spring type 
babbitt bearing with a four-segment loose runner plate (i.e. segments are not 
keyed and bolted together).  
 
The thrust bearing cavitation did not become evident until after the turbines were 
upgraded by 30%. An increase in thrust load has been associated with each of 
the new turbine runners; the increase in thrust load produced higher pressure on 
the thrust bearings. Prior to the turbine upgrade, each thrust bearing operated 
without incident. We believe this was due to lower average pressures on the 
bearing which reduced the pressure drop experienced by the bearing pads during 
the passing of each runner plate segment split. With the increased thrust, the oil 
film between the babbitt pads and thrust runner plate has decreased, while the 
average pressure has increased. This has increased the pressure drop at the 
thrust runner plate split, as well as increasing its subsequent effect on the babbitt 
(due to close proximity). Hydro Tech Inc. has developed and offered a solution 
by redesigning the thrust runner plate and improving the thrust bearing pads. 
 
Not only did cavitation result from the turbine upgrade, but a temperature rise 
also occurred in all the bearing pads. The effect of this extra loading has resulted 
in the bearing overheating and operating at a temperature much greater than the 
safe temperature for a babbitted bearing. Several different modifications have 
been previously attempted, with varying degrees of success, to improve this 
bearing’s performance. However, the bearing is still operating above normal 
temperature and cavitation is still forming around the oil lift system and is lightly 
evident over surfaces of the bearing.  
 
Background 
 
The thrust bearing is an eighteen segmented tilting pad, spring-supported babbitt 
bearing. The runner plate is divided into four segments that are loosely 
supported. Each segment is supported by the thrust block and held in place by 
radial keys. The runner plate’s segments are not bolted together. They have a 
radius at the leading and trailing edge of each segment, as well as a space 
between each segment ranging from 0.7mm to 3.2mm. 
 
The first time any cavitation appeared on the thrust bearing was in 1990. The 
generator was disassembled for maintenance providing opportunity to further 
inspect the bearing. This inspection was completed prior to the turbine runner 
being upgraded. On one pad, a small amount of cavitation appeared, 
approximately the size of a 10 cent piece. At the time this was dismissed as a 



 

 
 

defect in the babbitt. The bearing shoes were reinstalled and operated properly 
until the turbine runners were upgraded years later. Cavitation was occurring 
throughout this time; however, the timeline during which significant damage 
would occur was actually much longer. Thrust bearing cavitation was not 
significant until after the turbines were upgraded from 135 MW to 170 MW (Photo 
1). 
 

 
 

Photo 1 
High Pressure Lift Port Cavitation 

 
Of further concern, due to increased load on the thrust bearing, the bearing now 
operates much closer to its ultimate load limits. Photo 1 shows that, in addition to 
the cavitation, signs of metal-to-metal contact are visible in the presence of slight 
wiping indications. Small wiping and grooving is evident at the left side of the high 
pressure oil lift (HPOL) port circle; this indicates that the bearing is overloaded. 
Prior to the bearing redesign, the generator had to be operated at reduced 
loading during the warmest time of the year to prevent the bearing from 
overheating and “wiping”. 
 
Root Cause: 
 
An increase in thrust load has been associated with each of the new turbine 
runners; this increase produced a higher average pressure and created higher 
operating temperatures on the bearing. Given the approximate average load on 
the thrust bearing of 3.8 Mpa (551psi), which includes an overload of 
approximately 30 to 35 percent, the bearing is still operating at this level of 
loading; however, the chance of failure is higher. 
 



 

 

The runner plate segments have a gap between them ranging from 0.7mm to 
3.2mm. This creates a void in which oil pressure between the stationary bearing 
pads and the rotating runner plate can disappear. Prior to the turbine upgrade, 
the thrust bearing operated without incident due to lower average pressures on 
the bearing. With the increased thrust, the oil film between the babbitt thrust pads 
and thrust runner plate has decreased, while the average pressure has 
increased. Because of increasing the pressure drop at the thrust runner plate 
split, as well as increasing its subsequent effect on the babbitt due to close 
proximity, the bearing began showing signs of thrust shoe cavitation pitting. This 
pitting first became evident in the area of the HPOL outlet (Photo1).  
 
Cavitation results from pressure drops, usually in an unloaded (low pressure) 
area where pressure can change to slightly below atmospheric pressure. In this 
particular case, the average pressure is 3.8 Mpa; however, some areas are more 
loaded than others. Generally, a higher load area is located in the middle of the 
bearing pad surface toward the trailing edge, close to where the HPOL ports are. 
The HPOL port is where the most significant pressure drop occurs due to a 
change in oil film thickness (step in the babbitted surface).  
 
As the runner plate passes over the babbitted stationary surface, particularly the 
HPOL ports, pressure drops dramatically. This creates turbulence causing oil film 
breaks that disperse dissolved gases and, possibly, oil vapours. Thus, cavitation 
begins. 
 
Repairing the Thrust Bearing: 
 
It has been suggested that a substitution of high capacity PTFE 
(PolyTetraFluoroEthylene) thrust bearing pads for traditional babbitt shoes would 
provide a solution to this problem because of their superior load-carrying 
capacity, and by eliminating the need for a high pressure oil lift or injection 
system. The PTFE bearing’s design criteria of 6.5 MPa, as opposed to the 2.9 
MPa of babbitt, can clearly withstand the higher thrust loads present in this unit.  
While babbitt bearings have been known to operate successfully for long periods 
of time at loads higher than 2.9 Mpa and beyond their recommended design 
loads, the actual pressure in this unit (3.8 MPa) surpasses the safe working limits 
of babbitt. 
 
Since cavitation is not a phenomenon that occurs over a short duration, the 
babbitt bearing loading is not the only problem to be addressed. While extremely 
durable, the PTFE bearing is not cavitation resistant. Therefore, even though the 
PTFE bearing pads are capable of supporting more than double the thrust load of 
babbitt (with no HPOL system being required), it is likely that after several years 
cavitation may exist on the new surfaces as well.  
 
The most viable option for addressing the cavitation and overloaded condition of 
this thrust bearing assembly requires two steps: (1) A new segmented runner plate 
correctly manufactured, then bolted and keyed together making one complete ring 
after installation, This would create an improved running surface for the bearing, 
eliminating spaces for oil pressure to vacate from the bearing surface. (2) Changing 



 

       
 

the babbitted bearing pads to high capacity PTFE bearing pads able to provide 
additional thrust support. 
 
Conclusion: 
 
Due to overloading of the thrust bearing, cavitation began to appear on the babbitted 
surface of the bearing pads. Also, slight wiping was present on the surface of the 
bearing which suggested the bearing was operating at close-to-failure limits for its 
particular design and the given operating conditions.  
 
The thrust bearing needed to be re-designed. A new segmented runner plate had to 
be designed and installed to prevent any rapid oil pressure drops on the bearing pad 
surfaces. Also, the bearing required more capacity, enabling it to operate at full load 
throughout the year. 
 
A new bolted and keyed runner plate was designed to prevent cavitation from forming 
on the bearing pads. PTFE bearing pads were supplied to replace the babbitted 
bearing pads, thereby providing double the thrust load carrying capabilities. 
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UPGRADING MARGINAL THRUST BEARINGS 
by Alfred Mohino, P. Eng, Senior Engineer, Hydro Tech Inc. 

 
Abstract 
One of the most common causes of hydraulic turbine unscheduled shutdowns is 
the failure of the thrust bearing. The logical technical solution would be the 
installation of a contemporary thrust bearing but unfortunately the cost is 
prohibitive due in part to the major structural changes required to install the new 
bearing in the existing generator. During the last few years the author, with the 
cooperation of a PTFE bearing manufacturer has successfully supplied new pads 
that are a modification of flat type bearings to tilting pad type. The installation of 
the modified bearings did not involve structural changes and were not costly. In 
addition, the load carrying capacity of the upgraded bearing is estimated to have 
been doubled.  
 
Introduction 
One of the most common causes of hydraulic turbine unscheduled shutdowns is 
the failure of thrust bearings, commonly referred to as a 'wipe'. Often the failure is 
catastrophic, sometimes requiring weeks to bring the unit back on line. Even 
when the failure is limited, when the unit can be brought to a stop before the 
bearing is completely damaged, it still involves costly repairs in terms of 
manpower, materials, and generation losses. This situation is sometimes 
aggravated by chronic or serial failures. Under pressure to return the unit to 
service, the failed bearing is replaced by another bearing of the same design 
setting the stage for a new failure. The operating strategy simply consists, at best, 
on having a spare bearing on hand, cleaning the oil pot and installing the spare. 
It should not be surprising that the bearing wipes again either on start up or 
shortly thereafter. Yet, there are good alternatives to this process.  
 
Causes 
At times, the causes of failure are improper installation, misalignment, vibration 
or simply insufficient maintenance. In these instances the return to good practice 
may solve the problem. However, often the root of the problem is that the bearing 
is of insufficient load carrying capacity. Contemporary tilting pad bearings have 
large load capacity but there are many turbines in North America, some of them 
large units installed as far back as the twenties or earlier and as late as the 
forties, that are still equipped with one or two piece flat type bearings mounted on 
a bed of springs. Some of those bearings are still serviceable especially when 
they operate on an almost continuous basis. However, changes in the electricity 
market such as deregulation demand new operating rules which are impose 
frequent stops and starts leading to an increased number of failures .This trend is 
going to continue with the result being more frequent failures.  
 
Contemporary Thrust Bearings 
The logical solution is to replace the obsolete bearing with a contemporary thrust 
bearing, often available as a standard unit equipped with high pressure oil lift for 
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safe starts and stops. Unfortunately, the cost is prohibitive due in part to major 
structural changes required to install the new bearing in the existing generator 
and the cost of a high pressure oil lift.  
      
Modified Flat Type Bearings 
During the last four years, with the cooperation of a PTFE (PolyTetraFluoro-
Ethylene) bearing manufacturer, several flat type bearings have been 
successfully modified to tilting pad type bearings. The modifications did not 
involve structural changes and were not costly although it required the purchase 
of new bearing shoes. The load carrying capacity of the upgraded bearing is 
estimated to have been doubled while the added simplicity of avoiding the use of 
high pressure oil lift has reduced the chances of failure and reduced the cost of  
the upgrade significantly.  
 
Upgrade Procedure 
To successfully carry out an upgrade we must modify three components: bearing 
pads, runner plate and support system. With the exception of the new bearing 
pads, this work can be done by any good machine shop.  
 
To upgrade the thrust bearing we must usually modify the thrust runner plate. In 
flat plate bearings, the shoe has six or eight grooves or channels to facilitate the 
movement of oil, while the runner plate has a similar set of grooves. To ensure a 
continuous oil film in the new bearing, the runner plate must be free of grooves 
as well as comply with the standard requirements regarding flatness, parallelism 
and finish common to all runner plates. If the runner plate of the existing bearing 
is made of good quality steel, it is often possible to machine down the plate and 
eliminate the grooves. This results in a thinner runner plate. In order to keep the 
thrust block face at the same level, either the new shoes or the spring bed must 
be made thicker by the same amount. Occasionally a new steel runner plate is 
made if the unit is kept in operation until the complete new bearing has been 
manufactured. 
 
The next components to be changed are the springs and spring plate assembly. 
The spring number must be reduced and the springs re-rated since the shoe 
surface has been reduced. Although the weight of the rotating equipment is 
usually well documented, the hydraulic thrust must be estimated. Fortunately 
there is some latitude in the need for accuracy on the value of the design load. 
Furthermore, the high load capacity of the PTFE bearings offers a considerable 
margin of safety in cases where the load has been underestimated. 
 
There are a variety of spring plates. In some units the spring plate or base is a 
rather thick iron casting and can be reused although the number of springs and 
spring pattern must be changed. As with the runner plate, sometimes it is 
necessary to manufacture a new spring base if the existing spring base is very 
thin. 
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The last item, the bearing shoes must be supplied by a specialized manufacturer. 
The bearing design follows the established principles for thrust bearing design 
with the only exception being the different material for the pad surface which in 
this case is a PTFE  brass composite instead of Babbitt metal. 
 
Four bearings have been modified and upgraded in Ontario using this cost 
effective solution. They have been operating satisfactorily for the past four years. 
Another two, also in Ontario, Canada will be commissioned shortly.   
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