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The information contained in this document has been prepared from the
company’s many years of experience in the manufacturing and installing of
Thordon Bearings worldwide.

This information is offered as part of our service to customers. It is
intended for use by persons having technical training and skill, at their
discretion and risk.

The company reserves the right to change or amend any
specification without notice.
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CORPORATE PROFILE

Thordon Bearings Inc., a member of the Thomson-Gordon Group of Burlington, Ontario,
Canada, designs and manufactures a complete range of high performance, environmentally-
friendly bearings and bearing systems. Recognized internationally for superior performance,
Thordon solutions and products are specified extensively in marine, offshore, pump, hydro-
turbine and other many other industrial applications through more than 85 distributors in over
100 countries throughout the world.

Utilizing proprietary polymers developed and manufactured by Thordon as the bearing surface,
Thordon bearing solutions deliver high reliability and long wear life, particularly in tough,
abrasive operating conditions. This high level of product performance results in decreased life
cycle costs and increased mean time between failures for Thordon's customers. A team of
experienced, in-house application design engineers provides innovative bearing system designs
to meet or exceed each customer's technical requirements. Thordon products and services are
available worldwide through local distributors whose factory-trained specialists consult with
customers from the establishment of bearing system specifications to ensuring the product is
correctly installed and commissioned in the field.

Since the turn of the century, Thordon Bearings' parent company, the Thomson-Gordon Group,
a fourth generation family-owned business, has recognized the importance of providing industry
with superior products, precision manufacturing and solid application engineering support.
Thordon Bearings' own engineering and quality focus has earned worldwide recognition from its
many customers. Quality procedures are certified to ISO 9001:2008 Quality System
requirements.

Thordon bearings, and bearing systems, are the proven, cost-effective, environmentally-friendly,
solution for rigorous and demanding journal bearing applications.
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HIGH PERFORMANCE OIL & GREASE-FREE PUMP BEARINGS

Thordon Bearings is the world’s leading manufacturer of high performance, long lasting
bearings that require no oil or grease. Thousands of pump repair shops, OEM’s and end users
around the world recognize Thordon bearings as the proven choice for performance and value.
Thordon bearings are built to last, with no impact to the environment.

We design and manufacture the most complete line of oil and grease-free vertical pump
bearings in the industry. Our elastomer grades offer the best combination of strength and
stiffness with flexibility and elasticity, along with high abrasion resistance. Our thermoplastic
grades operate at higher temperatures and pressures than Thordon elastomers with improved
chemical resistance.

Regardless of grade or configuration, Thordon bearings do not require grease or oil lubrication
in dry or wet conditions, and can be used in a wide range of water and product lubricated
vertical pumps.

Benefits for Pump Operators:

* Long wear life and lower maintenance costs mean predictable, lower life-cycle costs

* Self-lubrication eliminates pollution

* Global availability provides superior customer service and quick turnaround

* Full-cycle technical support includes system design, machining, installation and after-sales
service

* ThorPlas-White has been listed by the NSF International Certification and WRAS for
NSF/ANSI 51 (food equipment) and 61 (Drinking Water System Components)

* Certification to ISO 9001:2008 ensures consistent quality of custom and stock
solutions
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PRODUCT AND CONFIGURATIONS

Thordon has developed two types of polymer bearings and several grades that allow selection of
the optimal bearing for your unique application.

Elastomeric Bearings

Thordon Bearings infroduced a proprietary, elastomeric, synthetic polymer alloy more than 30
years ago originally for use as a sleeve bearing for vertical pump applications. The unique
polymer structure yields basic properties more in line with those you could expect from a very
high performance rubber if one existed. However, Thordon is harder - yet elastomeric, tough
and resilient in nature, self-lubricating with a much lower coefficient of friction and able to
accommodate much higher specific pressures than rubber.

Thordon elastomeric bearing grades are not reinforced with layers of woven fabric, rather, it is a
fully homogenous product with all properties consistent throughout the entire wall thickness of
the bearing. Compared to other non-metallics such as phenolic laminates, Thordon is somewhat
softer and more compliant. As a result, under slight misalignment conditions where edge
loading is created, Thordon is able to deform slightly, allowing the load to be distributed over a
larger area. The localized pressure on the bearing edge is significantly reduced. Due to its
elastomeric nature, Thordon is also able to withstand higher degrees of vibration and shock
loading without incurring permanent deformation or damage.

Continuous research over the years has resulted in development of four different pump bearing-
grade elastomer products - XL, SXL, Composite (GM2401), and PT80. This allows selection of
an optimum solution based on matching product characteristics to the specific application
requirements.

ThorPlas-Blue Thermoplastic Bearings

ThorPlas-Blue is a proprietary, engineered thermoplastic bearing product recently introduced by
Thordon Bearings. While the Thordon range of high performance elastomeric bearing products
clearly offers superior performance in the applications in which they can be specified, there are
technical limits, such as maximum temperatures and pressures beyond which they cannot be
used.

To address this issue, Thordon Bearings has introduced ThorPlas-Blue, which significantly
expands the range of applications where Thordon bearings can be specified, while still
maintaining many of the recognized Thordon performance advantages.
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PRODUCT AND CONFIGURATIONS (cont’d.)

When compared to the Thordon elastomer-based products, ThorPlas-Blue offers:

* Improved ability to operate at elevated temperatures up to 80°C (176°F) in water
or other fluids

* Improved chemical resistance in all major chemical categories

* Enhanced wear life in non-abrasive environments

* Increased strength and rigidity allowing maximum dynamic working pressures up to 45 MPa
(6527 psi) in a full-form tubular configuration

Thor-Plas White

ThorPlas-White is an engineered thermoplastic alloy specifically developed to operate as a
drinking water system component used in the treatment and distribution of potable water, and as
a material used in the construction of food equipment. ThorPlas-White has several certifications
including:

* NSF/ANSI 51 for Food Equipment Applications
* NSF/ANSI 61 for Drinking and Potable Water Applications
* WRAS (Water Regulations Advisory Scheme) approval

When compared to the Thordon elastomer-based products, ThorPlas-Blue offers:

* Low friction operation

* long bearing wear life

*  Good dry run capability due to built-in lubricants
* Easy to machine — no nuisance dust

* Easy to install

* High resistance to heat, corrosion and abrasion
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CHEMICAL RESISTANCE CHART

The compatibility of Thordon and ThorPlas-Blue to the following chemical fluids is a general rating based on the effect of

the chemical at room temperature. For more information, please contact Thordon Bearings Inc.

Chemical/Fluid Thordon ThorPlas- Chemical/Fluid Thordon ThorPlas-
Elastomers Blue Elastomers Blue
Salt solutions A A Hydrocarbon/fuels A-B A
Sodium chloride A A Aromatic — benzene, toluene B A
Weak acids B-D A-B Aliphatic — gasoline, grease A-B A
Acetic acid D B Lubricating oils (petroleum) B A
Lactic acid B A Chlorinated solvents D C-D
Strong acids B-D A-C Alcohols D A
Sulphuric, 5% B-C A Ethanol D A
Sulphuric, concentrated D © Methanol D A
Hydrochloric, 10% B C Ketones D A-B
Weak bases A-B A-B Methyl ether ketone D A
Ammonia 10%Aq. A A Acetone D B
Sodium carbonate B A Ethers D A
Triethanolamine B-D B Diethyl ether D A
Strong bases B C-D Esters D A
Sodium hydroxide, 10% B (¢ Ethyl acetate D A
Oxidizing agents B-C A Methyl acetate D A
Hydrogen peroxide, 1-3% B A Freon 12 A-C A
Chromic acid C A Vegetable Oils A-B A

A: Excellent-No Affect; B: Good-Little Affect; C: Fair-Moderate Affect;

GENERAL MATERIAL SELECTION GUIDE FOR VARIOUS
APPLICATION PARAMETERS

D: Unacceptable

Recommended Thordon Grades
R0, 2.2.0.¢ R 2. 2.0 ¢ Yokk

Lubrication /
Operating Pressure
Dry (sealed or minimal abrasives)

0-10 MPa (0-1450 psi) SXL / PT80 ThorPlas-Blue
10-15 MPa (1450-2175 psi) HPSXL ThorPlas-Blue
15-45 MPa (2175-6525 psi) ThorPlas-Blue HPSXL TRAXL
45-55 MPa (6525-8000 psi) HPSXL TRAXL

Dry (abrasives present)
0-5.5 MPa (0-800 psi) XL
5.5-10 MPa (800-1450 psi) SXL / PT80
10-15 MPa (1450-2175 psi) HPSXL
15-45 MPa (2175-6525 psi) ThorPlas-Blue
Wet (sealed or minimal abrasives)

SXL/PT80
ThorPlas-Blue
ThorPlas-Blue

ThorPlas-Blue

0-10 MPa (0-1450 psi) SXL / PT80 ThorPlas-Blue
10-15 MPa (1450-2175 psi) HPSXL ThorPlas-Blue
15-45 MPa (2175-6525 psi) ThorPlas-Blue HPSXL TRAXL
45-55 MPa (6525-8000 psi) HPSXL TRAXL

Wet (abrasives present)

0-3 MPa (0-500 psi) GM2401 SXL / PT80 ThorPlas-Blue
3-10 MPa (500-1450 psi) SXL / PT80 ThorPlas-Blue
10-15 MPa (1450-2175 psi) HPSXL ThorPlas-Blue

15-45 MPa (2175-6525 psi)
Potable Water (wet or near dry)
0-3 MPa (0-500 psi)

3-10 MPa (500-1450 psi)

10-15 MPa (1450-2175 psi)
15-45 MPa (2175-6525 psi)

ThorPlas-Blue

ThorPlas-White
ThorPlas-White
ThorPlas-White
ThorPlas-White

Note: The maximum pressures given for the various products are based on maximum dynamic
working pressures for intermittent, limited motion. For applications involving continuous
rotary motion, PV limits of the materials will significantly reduce the maximum
allowable pressures stated above.

This is a general guide for technical reference only. Critical applications that are close to
pressure or temperature limits, or subjected to non-standard environments should be
reviewed and approved by Thordon Engineering.
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TECHNICAL SUPPORT

Thordon Bearings recognizes the importance of superior products, precision manufacturing and
application engineering support. Thordon Bearings in-house engineers work closely with
customers to provide innovative bearing system designs that meet or exceed the technical
requirements of the application. Full engineering drawings are generated as necessary. Thordon
has many years of experience with numerous industrial applications in virtually all industries and
offers technical support during machining and installation.

Geared to provide quick response to customer needs, Thordon Bearings understands the
importance of quick delivery and reduced downtime. Standard size bearings are stocked at the
factory and by Thordon distributors around the world. Special sizes or designs can be machined
to the exact requirements of the customer and delivered quickly throughout the world.

THORDON BEARING SIZING PROGRAM

The Thordon Bearing Sizing Calculation Program is provided to assist designers in the
calculations required to correctly size Thordon bearings. The program input parameters include
shaft RPM, interference or bond fit, type of lubrication, type of service, load on bearing, etc.
Output parameters include machined bearing sizes and tolerances, amount of interference, bore
closure amount, min. installed clearance, running clearance, etc. An example of the Thordon
Bearing Sizing Calculation Program output is attached.

Designed to operate on a PC (personal computer), the software operates in the

Windows operating system. The program is in a color, menu-based format so that entries can be
made with a minimum of effort. Outputs can be printed and inputs can be saved to a file.
Contact Thordon or your distributor to obtain a copy of the program or visit our website af
http://www.thordonbearings.com.
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SAMPLE OUTPUT

11/13/2015

DESIGN AND INSTALLATION CONSIDERATIONS

Before choosing Thordon or ThorPlas-Blue for an application, the following criteria must be
considered:

* speeds (rpm) * process temperature (pumps)
* type of lubrication * pH levels (pumps)
* pressures * Thordon has produced a Bearing Sizing
* amount of abrasives Calculation computer program to assist
* degree of impact loading designers in the calculations required to
* ambient temperatures (maximum/minimum) correctly size Thordon bearings
* special ambient conditions (e.g. intermittent (see sample output above)

exposure to high temperature steam cleaning) * Thordon engineers can help in designing
* media temperature (pumps) bearing solutions and drawings can be

provided
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PROVEN BENEFITS OF USING THORDON PUMP BEARING PRODUCTS

Pollution-Free High Performance Bearings
Thordon’s pollution-free bearings help preserve the environment. They require no oil or grease
lubrication and offer an outstanding wear life, reduced downtime and lower life cycle costs.

Long Wear Life, Low Friction & High Abrasion Resistance
Thordon bearings absorb impact or shock loads with a dampening capacity that is nearly 500%
greater than rubber!

Our bearings are self-lubricating which reduces abrasion and prevents wear. They also have a lower
dry coefficient of friction which improves efficiency in frequent stop-starts. Low friction bearings also
operate longer, wear less and have reduced start-up torque and “stick-slip”.

High Temperature & Improved Chemical Resistance

Thordon bearings are corrosion resistant and can withstand high temperatures. ThorPlas-Blue and
ThorPlas-White can be used in water and chemicals up to 80°C (176°F) while our elastomeric
polymer grades operate up to 60°C (140°F).

Easily Machined & Installed On-site
Thordon bearings are easily machined to exact dimensions and can either be press-fit or freeze-fit
using dry ice or liquid nitrogen, or bonded using a Thordon approved adhesive.

Over 40 Years Experience in a Variety of Pump Applications

Thordon pump bearings have been used in open and closed tube vertical pumps in a variety of
applications including power plants, pulp and paper mills, sewage and waste water treatment plants,
nuclear power plants, steel mills, oil and chemical refineries, and shipyards.

Continuous innovation along with a variety of bearing grades and configurations position Thordon
bearings as the ideal solution for cooling water, potable water, circulating, drain, stock, fire, dry dock,
deep well, drain water lifting, condensation, submersible and screw lift pumps.

For pump-turbine applications refer to Thordon’s Hydro-Turbine Bearings brochure.

10



THORDON PUMP
BEARING
SOLUTIONS

Thordon Bearings designs and
manufactures the industry’s most
complete line of oil and grease-free
water lubricated vertical pump
bearings.

Elastomeric grades (XL, SXL,
Composite, GM2401 and PT80)
offer exceptional wear life, low
friction and reduced starting

torque. Thordon also manufactures
ThorPlas-Blue and ThorPlas-White
engineered thermoplastic bearings
that offer better chemical resistance
and operate at temperatures up to
80°C (176°F). ThorPlas-White is the
newest Thordon grade, specifically
developed to operate as a drinking
water system component used in the
treatment and distribution of potable
wafter.

11
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THORDON SXL SEGMENTED SHAFT SEALS

Reliable shaft sealing is an important concern for large pump or hydro turbine operators for
shaft dia. 400 to 20004+ mm (16 to 80 in). Typical turbine axial seals are constructed of a non-
rotating segmented carbon face ring operating against a rotating steel collar. Carbon seal rings
comprise of very brittle segments which present significant handling and installation difficulties
and may have a somewhat foreshortened life span if misaligned or subjected to abrasives.

Thordon Bearings Inc. has embarked on a program to optimize designs of such seals utilizing its
proprietary SXL elastomeric material. SXL has high natural abrasion resistance and is well suited
for such sealing applications.

Typical axial seal segments comprise two annular lands
formed via a central groove. The individual segments are
bonded into place to form the ring and secured with bolting.
The ends of the segments are typically sealed with adhesive.
Each of the circumferential lands will perform a pressure
breakdown function between a centrally fed injection pressure
and the turbine pressure on the one side and atmospheric
pressure on the other. The arrangement will depend on
whether the seal is outside or inside pressurized. The higher
pressure injection flow (10 to 15% above turbine pressure)
functions as a seal lubricant, coolant and a barrier to
abrasives entering the seal faces.

Typical radial segmented seals comprise three stages of
interlocking segments. Each ring has both dynamic (against
the shaft) and static (against the housing) sealing sections.
First stage seals are normally reversed compared with the two
upper rings, to allow introduction of a higher-pressure
injection flow between the first and second rings. This higher
pressure flow (1.10 to 1.15 turbine pressure) functions as a
seal lubricant, coolant and a barrier preventing abrasives
from entering the seal faces. A garter spring functions to hold
the segments with a nominal light force against the shaft
during periods of shutdown and low pressure and also to
maintain the integrity of the seal ring within the housing
cavity.

12



T H ) R D o N Pump OEM and OEM Repair Centres Using Thordon

THORDON BEARINGS INC Bearings
OEM Country Pump Types Thordon Grades
Flowserve Corp. Australia Vertical GM2401, SXL, ThorPlas-Blue, XL
ITT Pumps Australia Vertical SXL, XL
Sulzer Pumps Australia Vertical SXL, ThorPlas-Blue
Xylem Australia Vertical SXL, XL
KSB Pumps Brazil Water Treatment ThorPlas-Blue
Weir Pumps (Clear Liquid Div.) |Brazil Vertical SXL
Flowserve Pump Division Canada Vertical SXL
ITT A-C Pumps Canada Vertical Cooling Water SXL
Sulzer Pumps (Canada) Inc. Canada Vertical SXL, XL
Weir Pumps Canada Canada Vertical GM2401, SXL, XL
Changi China Vertical SXL, XL
Changsha Pump China Vertical SXL, XL
Hai Duong China Vertical SXL, XL
Huanggong Pump China Vertical ThorPlas-Blue
KSB Pumps China Vertical SXL
Kumdian China Vertical SXL, XL
Lanzhi China Vertical SXL, XL
Liou China Vertical SXL, XL
QHP China Vertical SXL, XL
Shanhai Hong Zhou China Vertical SXL, XL
Shenyang Pumps China Vertical SXL, XL
Weiyana China Vertical SXL, XL
Sigma Lutin Czech Republic Vertical GM2401, SXL
Flowserve Corp. France Vertical SXL, ThorPlas-Blue
Sulzer Pumps France Vertical SXL, ThorPlas-Blue
KSB Pumps Germany Vertical GM2401, SXL
Sulzer Pumps Germany Vertical SXL
Ganz Pumps Hungary Vertical GM2401, SXL
Flowserve Corp. India Vertical GM2401, SXL, ThorPlas-Blue, XL
ITT Pumps India Vertical SXL, XL
Jyoti Itd. India Vertical SXL
Kirloskar Brothers Ltd. India Vertical Turbine, Horizontal Split Case SXL
WPIL India Vertical SXL
Kylem India Vertical SXL, XL
DMW Corp. Japan Vertical SXL
Ebara Corp. Japan Vertical Cooling Water GM2401, SXL
Hitachi Japan Vertical SXL
Ishigaki Japan Vertical SXL
Kubota Hirakata Japan Vertical SXL
Mitsubishi Japan Vertical SXL
Torishima Pump Japan Vertical SXL
Flowserve Corp. Mexico Vertical SXL
ITT Pumps Mexico Vertical SXL, XL
Ruhrpumpen Pumps Mexico Vertical SXL
Sulzer Pumps Mexico Vertical SXL, ThorPlas-Blue
Kylem Mexico Vertical SXL, XL
Flowserve Corp. Netherlands Vertical GM2401, SXL
KSB Pumps Pakistan Vertical SXL
Sulzer Pumps South Africa Vertical SXL
Daehlan South Korea Vertical SXL, XL
Hyosung Ebara Corp. South Korea Vertical Cooling Water, Drain Pump SXL, XL
Shilla South Korea Vertical SXL, XL
Flowserve Corp. Spain Vertical GM2401, SXL, ThorPlas-Blue

13
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Pump OEM and OEM Repair Centres Using Thordon

THORDOMN BEARINGS INC Bearings
OEM Country Pump Types Thordon Grades
Sulzer Pumps Switzerland Vertical SXL, ThorPlas-Blue
Carry Pumps USA. Vertical SXL
Floway US A Vertical SXL
Flowserve Corp. U.S A Vertical GM2401, SXL, XL, ThroPas-Blue
Hayward Tyler US A Vertical Cooling Water GM2401, SXL
ITT A-C Pumps USA. Vertical GM2401, SXL, XL
ITT Goulds Pumps US A Vertical Cooling Water GM2401, SXL
Johnston Pump Company US A Vertical Cooling Water GM2401, SXL
Lawrence Pumps USA Waste Water GM2401, SXL, XL
Peerless Pump Company, Inc. US A Vertical SXL
Ruhrpumpen Pumps USA. Vertical SXL
Sulzer Pumps USA Vertical SXL, ThorPlas-Blue
Xylem USA. Vertical SXL, XL
Flowserve Corp. United Kingdom Vertical GM2401, SXL
Sulzer Pumps United Kingdom Vertical SXL, XL
Ebara Corp. Vietham Vertical SXL

14
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THORDON APPLICATIONS

Public Utility - Salt River Project

Company:
Pump Type:

Application:

Solution:
Installation:

Results:

Pump Supplier
Company:
Pump Type:

Application:

Solution:

Results:

Michael and Associates, U.S.A.
Vertical pump

Bearings installed in the stuffing box, spider, bowl and suction bell
locations

Replaced bronze with Thordon SXL in May 2002
Fully machined and pressed in

Pump pulled in January 2007, with 31,000 operating hours. Original
target was 22,000. Many lineshaft bearings showed limited wear

KSB Pumps, Brazil

Vertical pump

Liquid composition details: Kerosene 70-85%, Copper extractant 15-30%,
Chlorine - 1000 mg/Il, H2SO4 - 50 g/I, Solids < 20 mg/|, Temperature
15 to 50°C (59°F to 122°F)

Installed ThorPlas-Blue bearings in May 2005

Excellent wear life

15
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THORDON APPLICATIONS

Pump Manufacturer
Manufacturer:
Pump Type:

Application:

Sizes:

Problem:

Solution:

Installation:

Results:

Reason for
selection:

Johnston Pump
Vertical; full line
Standard pumps, all bearings except top stuffing box

11/4” -4 1/2" (31.7mm - 114.3mm) shafts
8” - 10” (200mm - 250mm) long

Abrasive water wear
Thordon Composite [GM 2401] with hard shaft liners
Fully machined and pressed in

Longer life than rubber

Initial use based on customer request

Nuclear Generating Station

Company:

Pump Type:

Application:

Problem:

Solution:

Installation:

Results:

Reason for
selection:

Northeast Utilities, Connecticut, USA
Hayward Tyler vertical pump
Supply cooling seawater to Millstone Nuclear Generating Station

Silt in seawater causing bearing wear resulting in short periods
between overhaul

Thordon Composite (GM2401) polymerized in a metallic shell
Replaced bronze with an open line shaft design using Thordon
Composite making it self lubricating along with a hard-coated shaft
sleeve to protect from abrasive wear and corrosion

Doubled the bearing wear life and lengthened the period between
overhauls from three years to six years; eliminated the need for a

separate lubricating system

Discussed application with other utilities using Thordon Composite
which had excellent improvements in increasing bearing wear life

16
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THORDON APPLICATIONS

Pump Manufacturer

Manufacturer:
Pump Type:

Application:

Typical Pump:

Problem:

Solution:

Installation:

Reason for
selection:
Processing Plant
Company:
Pump Type:
Application:
Typical Pump:
Problem:
Solution:
Installation:
Results:

Reason for
selection:

Wellmaster, Canada
Submersible pump

Farms and rural residents of Canada; pressure on-demand
water systems

7/16" (11.1Tmm) to 2" (50.8mm) shaft size; 2 to 3 bearings per
pump

Sand in well water, very fine to coarse [unpredictable]

Thordon Composite [GM 2401] on 304 Stainless steel sleeve;
bearings always submerged

Fully machined and bonded, approx. 2” (50.8mm) length.

Hundreds of bearings per month

Thordon’s history of performance working in the Mississippi River

Shell Chemical, Geismer, LA, USA

Peerless deep well 2-stage

Supply plant service water from Mississippi River

1.687" (42.8mm) and 2.187” (55.5mm) shaft sizes

Very abrasive Mississippi River water

Thordon Composite [GM 2401] in bronze shell on chrome sleeve
Dec. 1993. Fully machined and pressed in, 6” (152.4mm) length.
No vibrations or other signs of wear after 24+ months and 18+

months operation. Previously experienced a 6 - 8 month life.

Thordon's history of performance working in the Mississippi River

17
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THORDON APPLICATIONS

Feed/Fertilizer Manufacturing Plant

Company:
Pump Type:

Application:

Problem:

Solution:
Installation:

Results:

Reason for
selection:

Westway Trading, Omaha, NE, USA
Positive Displacement Pump (Roper Model No. 3658)

Pumping raw soap stock consisting of soybean fat/oil, soybean meal,
propyonic acid and sulfuric acid

After six months operation, the abrasive conditions caused the four
bronze bushings to wear so much that the shaft would wear into the
cast iron housings. This meant a complete rebuild every six months
and a new pump after 18 months.

Thordon SXL bearings

Replace bronze bearings when pump was disassembled

After 16 months of operation the pump was disassembled. After
inspection the pump was reassembled with the same components.

After 24 months operation the pump was still running with the same
parts.

Thordon evaluation and recommendation

Coal Fired Power Plant

Company:

Pump Types:

Application:

Problem:
Solution:

Installation:

Results:

Tennessee Valley Authority (TVA), Paradise Plant, Kentucky, USA
Layne-Bowler vertical, multi-stage, 600 HP, 3 1/2” (90mm) shaft
U.S. Pump, 7 stage vertical, 1 7/16” (36.5mm) shaft Foster
Wheeler circulating, 5” (127mm) shaft

Supply plant service water and cooling water from Green
River [tributary of Ohio River]

River water very abrasive
Thordon SXL tubes with NI-Cr-B sleeves

Replaced Cutless rubber on larger shafts, bronze on smaller
diameters; each bearing machined at plant

Some bearings now exceed 10 years service

18
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THORDON APPLICATIONS

Coal Fired Power Plant

Company:

Pump Type:

Application:

Problem:

Solution:

Installation:

Results:

Reason for
selection:

Nuclear Power Plant

Company:

Pump Type:

Application:

Problem:

Solution:

Installation:

Results:

Reason for
selection:

Virginia Power, Chesapeake Energy Center, USA

Ingersoll-Rand single stage vertical, 4-1/2” (114.3mm) shaft
Supply plant service water and cooling water from Elizabeth River
Bronze components sufffered from chemicals in water [chlorides,
sulfides, etc.]; Cutless bearings suffered from silt.

Bronze/rubber serviced every 6 mos.

Thordon Composite, fully finished

Epoxy bonded with nitronic 60 shaft sleeves, 6” - 9” (152mm -
228mm) bearing length

4 years+ life with minimal wear observed

Thordon evaluation and recommendation

Southern California Edison, El Segundo, CA, USA
Goulds vertical pump, 4-stage
Plant cooling water intake screen wash pump

Excessive abrasive wear

Thordon SXL bowl and shaft bearings,
Nine bearings with 11/4” (31.8mm) shaft

Sept. 94, replaced bronze having relatively short life
Have not been inspected to date

Evaluation of Thordon and success in plant with Thordon on
condensate pump application dating from mid 1980's.

19
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MAKING A CASE FOR NON-

METALLIC PUMP BEARINGS

This article will discuss some of the
issues associated with vertical pump
bearings in general, and non-metallic
bearings specifically. Non-metallic
bearings may not be the best answer in
every case but have been an excellent
choice for a great many applications
worldwide. In general, these will be
product lubricated bearings thus
precluding additional contaminants
(oils, greases) infiltrating the pumped
fluid.

Non-metallic materials include rubbers,
synthetic rubbers (elastomers), plastics,
graphite based materials, ceramics and
lignum vitae.

Design

When selecting bearings for a given
application, there are many design
issues to be considered involving
aspects from both bearing and pump
design. Bearings in a vertical pump are
a necessary machine component
forming the basic support structure for
the power transmission system from the
driver to the impeller(s). This system
must be designed and selected with all
the pertinent mechanical aspects
considered to ensure that the overall
performance will be satisfactory for the
pump operating life. If the pump
design and operating conditions are not
carefully explored, the bearings being
the weak link in the chain will indicate
distress well before other components
in the pump are affected. This is true
whether the issue belongs specifically
to the bearings or the pump.

Bearing Considerations

The typical length of non-metallic
bearings conforms to L/D ratios
ranging from 1 to 1.5. Bearing
stiffness values for the general range of
pump shaft sizes will be equivalent to
metallic bearings from a shaft and
column dynamics standpoint.

Loading of vertical pump bearings is

difficult to analyze in general. It will
normally be fairly light establishing
bearing stability as a significant issue.
While typical pump speeds are not high
enough to develop serious observable
instability effects, such activity may
have detrimental outcomes on the life
of a bearing.

Grooves in the bearing will tend to
develop centering forces and small side
loads may result from the stack up of
tolerances during the assembly stage.
For this situation, minor assembly
offsets may be a good thing, resulting
in improved operating stability.

Bearing clearances must be adequate to
allow free running of the bearings but
not so large as to compromise the
important shaft support mechanism
provided by the bearing. Typical
running clearances will be 0.0015
mm/mm  (0.00006 in./in.) of shaft
diameter with a minimum of 0.08 mm
(0.0031 in.). In the case of non-
metallic materials, consideration must
be made for fluid absorption and
thermal expansion. These allowances,
although less for Thordon than for most
other materials, must be considered and
may be minimized by reducing

wall thickness to minimum

values. In any case, the
operational dynamics of the

pump will be dependant on
establishing correct running
clearances between the shaft

and bearing.

Standard pump sleeve
materials such as 400 or 300
series stainless steels will
function well with Thordon.
For salt or brackish water
applications, better corrosion
resistance will be experienced
with the 300 series or duplex
type stainless steels. If
significant  abrasives are
present in the pump fluid,
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enhanced life of the bearing system will
be achieved with hardened sleeves. In
such case, superior performance has
been achieved with Thordon GM2401
material mated with nickel chrome
boron (NiCrB) coated shaft sleeves.

In general, grooves should be provided
to allow adequate flow through the
bearing and to allow easy passage of
any abrasive particulate debris. Some
smaller bearings (under 50 mm or 2 in.
shaft dia.) operating in clean fluids may
work well without grooves. In either
case, the recommended supply of clean
water must flow through the bearing to
ensure adequate lubrication and
cooling.

Pump Issues

Bearing spacing is the province of the
pump designer, but is often an issue for
pump re-builders if bearings of
different materials are contemplated.
The preferred design approach is to
provide a shaft/bearing system stiffness
having the first bending critical of the
shafting above the operating speed by a
margin of 10 to 20% (stiff shaft
design). However, for small shafting

...continued on back

ThorPlas® pump bearings offer a broader chemical
compatibility and higher operating temperatures
than other Thordon grades



...continued from page 5

Elastomeric Thordon SXL pump bearings offer
excellent load distribution, low coefficient of

friction and dry start-up capability

20% (stiff shaft design). However, for
small shafting using more flexible
bearings such as rubber, it has been well
accepted to design based on the operating
speed falling between the first and
second bending critical speed (flexible
shaft design).

The above shafting criticals must be
determined using the stiffness values for
the actual bearings and support system in
use. The stiffness of a Thordon bearing
will be large enough in comparison with
typical shaft bending stiffness to be
considered equivalent to a metal bearing
for establishing spacing requirements.
Use of a less stiff rubber material may
require closer spacing of the bearings or
a change in philosophy to the flexible
shaft design.

Most of the installed vertical pumps
worldwide do not have any lateral
structural support below the pump
mounting floor. This means that the
casing holding the bearings, which are
supporting the shafting, is itself quite
flexible and subject to the possibility of
resonance in the operating speed range.
If this issue is not carefully investigated
in the design of the machine, the bearings
may suffer odd wear patterns which may
not be easily interpreted.

Many vertical pumps are located in
sumps without proper attention to
approach velocities, or clearance

guidelines provided in the
literature for bottom, back wall,
sidewall, or neighboring
pumps. This may result in
cavitation and/or separation
producing excessive turbulence
in operation. In addition, if
minimum submergence
recommendations by pump
manufacturers are contravened,
vortexing may be generated
allowing air to be entrained in
the suction flow with associated
undesired machine vibrations.

Many pumps are operated
across the performance
curve without appropriate
consideration for the best
efficiency point. If a pump is highly
throttled, or allowed to run out well
beyond best efficiency point, excessive
vibration can again result with possible
overheating and damage of product
lubricated bearings.

It is common practice to dynamically
balance impellers of vertical pumps to
ensure smooth operation without
vibration. However, if an impeller core
shifts in the casting process, it will not
only result in mechanical unbalance, but
hydraulic unbalance as well. No amount
of dynamic balancing can correct for the
latter condition which may lead to
excessive vibration and shorter bearing
life.

Advantages of Non-Metallic
Bearings

There are several advantages offered by
non-metallic bearings such as impact
capability, low friction, self-lubricating
qualities, edge loading capability. Most
non-metallics, Thordon included, offer
significant electrical resistance. As a
consequence stray currents will not be a
factor in bearing erosion, and a
connection point is not provided for
galvanic activity.

The significant advantages of using non-
metallic pump bearings will ensure many
years of excellent service life provided
the various design issues imposed upon
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the pump and system are carefully
investigated and considered in the pump
design or re-build stage prior to putting
the machine into service. |\w

Written by:
Dr. Keith Laskey, PhD.,
Chief Design Engineer,
Thordon Bearings Inc.



THORDON SXL APPROVED FOR

DEEP WELL PUMPS IN ARIZONA

Ensuring the water supply for residents
of the driest desert in North America - the
Sonora - isn't a task that Salt River
Project (SRP) takes lightly. Through a
system of reservoirs, canals, irrigation
laterals and more than 250 deep wells,
the organization delivers nearly 1.2
billion m3 (1 million acre-feet) of water
to central Arizona; a vast area that
includes Phoenix and other surrounding
cities, plus a myriad of towns and rural
villages.

SRP is actually a combination of two
cooperative entities: The Salt River
Project Agricultural Improvement and
Power District, a political subdivision of
the State; and the Salt River Valley Water
Users' Association, a private corporation.

"The organization is very careful when it
comes to selecting components for its
systems," says Mike Helfrich, President
of Michael & Associates Inc., Thordon's
distributor in Arizona. "Water is a huge
issue in this State, and residents take
quality, supply and conservation very
seriously."”

Oil And Water Don't Mix

Traditionally, SRP uses oil-lubricated
metal bearings in their deep well
pumping applications. This material
works fine, but has some distinct
disadvantages. Unlike oil-lubricated
metal bearings, Thordon SXL would not
fail catastrophically. This is significant",
says Helfrich, "because the cost of
pulling a pump out of the ground for
repairs averages US $30,000 to $80,000!
Costly maintenance and repairs,
particularly unscheduled maintenance,
are a big concern".

In addition, there are environmental and
esthetic issues. Minute amounts of oil
from the pump bearings can potentially
make its way into the water supply. The
oil used is mineral oil and, therefore,
harmless. However, it could create an

unsightly sheen if it were to find its way
into the drinking glasses of Arizonians.

Fortunately, there is a solution. "We
introduced the folks at SRP on the
advantages of water- and product-
lubricated Thordon SXL pump bearings
in 2001," says Helfrich. "Three years ago
they finally decided to put the product to
the test.” ‘

Putting Thordon To The Test

The initial project involved replacing the
metal bearings in one of the deep well
pumps with Thordon SXL in March
2002. SRP worked in tandem with
Michael Helfrich's team and the
engineers at Thordon on the new design.

Rather than completely re-configuring
the well for open spider bearings, the
project team converted the enclosed tube,
oil drip system, so that the existing
column and coupler bearings could be
used.

The results in terms of performance?
After three years and almost 20,000
hours of operation, the Thordon SXL
bearings are still operating within
specifications. There have been no
problems. And no sign that the bearings
need to be replaced.

In terms of water quality and
environmental concerns, Thordon SXL
uses water exclusively as a lubricant. Oil
has been completely taken out of the
equation. It's no longer an issue.

Tom Frost, Pump Specialist at SRP,
added, "...we are impressed on how well
the Thordon bearings have performed.
The bearings in the well installed in 2002
have over 20,000 hours of run time and
are still operating with no problems."
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Water Lubricated SXL Bearings Ins
Well Pump, Arizona, U.S.A.

Other Water Manag
Authorities

The performance of Thordon SXL in
water supply applications has made other
jurisdictions take notice.

The City of Scottsdale, for example, has
specified Thordon SXL bearings for their
re-charge wells and recently ordered 320
bearings. The City of El Paso has also
installed Thordon SXL bearings for two
water supply pumps for their new reverse
0Smosis system.

"Many water treatment facilities are
switching from flocculating as a means to
take contaminants out of the water to
reverse osmosis,” Helfrich points out.
"But the membranes used in this process
are very sensitive and cannot tolerate oil.
That's what makes Thordon's oil-free
bearings so attractive."

Oil and water don't mix. But oil-free
Thordon SXL bearings and deep well
pumping applications are fast becoming a
perfect match. |y



GM2401 SHOWS NO VISIBLE SIGNS OF
WEAR IN DIRTY WATER PUMP APPLICATION

When the engineers at Peach Bottom
Atomic Station (Pennsylvania, USA)
needed to improve the facility's river
water circulation system, they were
faced with two options: a costly
upgrade of the water filtration system
by installing new corrosion-free
piping to protect the current bearings;
or, a much less expensive upgrade of
the Bingham pumps by replacing the
bearings with Thordon GM2401. They
choose the latter. Two years after
installation, an inspection has revealed
no visible signs of bearing wear,
despite the dirty water conditions.

"Obviously, the Peach Bottom
engineers are very pleased,”
says Larry Bohn, Sales
Engineer for  Fleetwood
Industrial ~ Products, the
Thordon Bearings distributor
in Pennsylvania. "They now
expect to get several years out
of the bearings before
replacement is required."”

Long. jife in abrasive
conditions

Thordon GM2401 is a tough
elastomeric polymer bearing
material that was introduced
by Thordon in 1974. In
applications around the globe,
the product has demonstrated
incredible wear resistance in
extremely abrasive
environments when used in
combination with a hard shaft
surface. The bearing material has
significantly outperformed rubber -
often by a factor of two or more - in
pump and propeller shaft bearing
applications.

"We needed reliable, water-lubricated
pump bearings that could stand the test
of time in abrasive-laden water
conditions," says Phillip Hennessy,
Equipment Reliability Engineer for

Exelon Nuclear, the operator of the
station. "Thordon was the obvious
choice.”

Peach Bottom Atomic Power Station
is situated on the Susquehanna River
in York County, Pennsylvania, U.S.A.
Peach Bottom has two boiling water
reactors, which jointly produces over
2,300 megawatts. The station is co-
owned by Public Service Electric &
Gas of New Jersey and Exelon
Corporation.

River water is circulated throughout
the facility and is used for cooling a

Bingham SAFV Vertical Pump with Thordon GM2401 Bearings

(Photo Courtesy of Sulzer-Bingham)

variety of systems and components.
Although Susquehanna waters are
relatively clear on most days, rain and
other weather conditions can stir up
silt from the river bed. These particles
remain suspended in the water and are
highly abrasive.

A world of references

During plans to upgrade the river
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water circulation system, Peach
Bottom engineers were enthusiastic -
yet cautious - about a bearing material
that claimed to perform well in dirty
water. Replacing the pump bearings
would be significantly less costly than
replacing the piping. Yet, convincing
evidence was required before Thordon
GM2401 could be specified.

"That's where that staff at Thordon
was very helpful," says Bohn. "The
Peach Bottom people were definitely
impressed by what we were telling
them [about the bearing material], but
they wanted to contact references
before making a final decision."

Fortunately, references were not a
problem.

Thordon GM2401 is installed in
dozens of hydroelectric and pump
systems worldwide. Numerous
references were available involving
applications that were just what the
Peach Bottom engineers were
looking for: large, vertical pump
bearings operating in dirty river
water and seawater. "Those
references really helped us close
the deal."

Peach Bottom is now another
application of a long history of
successes  featuring  Thordon
GM2401. The bearings have been
operating for approximately two
years; running on 215 mm (8.5 in.)
nickel-chrome-boron coated
sleeves in the six Bingham pumps
with a capacity of 250,000 GPM.
Divers were recently sent into the river
to inspect for bearing wear. They
didn't find any. "In fact,” says

Hennessy, "they described the
bearings using just one word:
pristine." |\
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THORDON SOLUTION TO ABRASIVE-
MEDIUM PUMP PROBLEMS

Sleeve bearings in vertical, medium
lubricated pumps are a frequent
source of problems. Poor shaft sup-
port, dry starts, high friction and
rapid wear in abrasive services are
some of the more common problems
encountered. One of the common
solutions to some of these problems
is the addition of a sealed tube
around the shaft with either a fresh
water flush or oil/grease lubrication.
This approach has a high initial cost
and a continuing expense in the sup-
ply of fresh water or oil/grease and
also has the potential for contamina-
tion of the medium being pumped.
Jacksonville Electric Authority
(JEA) of Florida has solved their
abrasive wear problem by installing
Thordon bearings.

Jacksonville Electric Authority has
been using Thordon bearings in their
riverfront circulating water pumps
since 1996. “Over the past 3'/2years,
Thordon steel-backed GM2401
(Composite) bearings have held up
well under brackish, high silt, river
water application on S00HP vertical
shaft circulating water pumps at
Northside Station,” stated John
Kang, Director of Maintenance at
JEA. John said, “In one incident,
one of the pumps ran with minimal
seal water for 24 to 48 hours due to a
clogged seal water strainer. Past

experience with a different bearing
material would have been cata-
strophic.” John added, “This pump
continues to operate with no devia-
tions in vibration which is the pri-
mary indicator of pump bearing
wear. We have also had excellent
follow-up and professional service
during the past three years of materi-
al evaluation from Thordon’s Florida
Distributor, Coppedge Marine.”

JEA has initiated a complete inven-
tory switch to Thordon Composite
from cutless bearings for all circulat-
ing pumps. John added, “We believe
that Thordon GM2401’s superior
material characteristics over cutless
rubber enables it to be more resilient
and resistant to silt and sand impreg-
nation resulting in longer wear and
stable pump operation.” Nv

Typical Bearing Abrasive Wear Rates
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After 3 years of rigorous testing
by Ebara Japan, Asia’s largest pump
manufacturer, Thordon SXL has
proven to be Ebara’s best choice for
“friction free” (defined by Ebara as a
bearing allowing dry running during
pump start up and not requiring pre-
lubrication) vertical pump bearings.

Thordon’s first major Asian pump
bearing success story began over 10
years ago in Korea where annual
precipitation is high with occasional
summertime rains of 500mm (20”) in
a 24 hour period. To manage these
rainfalls, Korea’s cities have built
extensive networks of drainage
pumping stations alongside the rivers
to pump out the water.

The pumps used were commonly
fitted with grease lubricated sealed
bronze bearings and were leaking
grease into the water. The bronze
bearings were also failing due to
insufficient lubrication when the
grease hardened in the supply lines to
the bearings. Shinshin Engineering
Co. Ltd., Thordon’s Korean
Distributor, was consulted, and
recommended that the seals be
eliminated, the greased bronze
bearings converted to water lubricated
Thordon SXL and the grease lines be
removed. “The engineers had serious
concerns when we told them that
with SXL, the pumps could be started
dry and would not require pre-lube of
the bearings that were not
submerged,” explained Mr. H.S. Park,
Sales Manager of Shinshin
Engineering. “They told us that dry
running at start up was impossible!
We were able, however, to show them
tests that Thordon Bearings had
conducted on behalf of Kirloskar
Pumps of India showing Thordon SXL
would survive dry running start up in

ASIA GETS “PUMPED” ON THORDON

their pumps. Even with these test
results, it took a number of visits
before we convinced them to convert
a pump and try it. Finally they said
okay, and agreed to go ahead if
Shinshin Engineering took full
responsibility for any problems. We
agreed and supplied SXL bearings for
a vertical pump with a 220mm (9”)
diameter shaft. We worked with them
on the conversion and the pump has
performed flawlessly.”

“Since then, we have fully
converted more than 10 pumping
stations,” said Mr. Park. “The
engineers tell us that they never
worry about grease polluting the
water anymore; they save money
because the bearings last longer, they
don’t have to purchase grease and
maintain the grease lines; and when a
pump has to be brought on line
quickly they just push the start
button with no worries about
lubrication status.”

A number of Korean pump
manufacturers are now specifying
Thordon SXL as their standard pump
bearing.

“One of the Korean pump
manufacturers who converted to
Thordon was Hyosung Ebara and
word of their satisfaction reached
Ebara Japan,” said Larry Leung,
Thordon’s Asian Sales Manager. Ebara
Japan was using a teflon coated
rubber bearing for dry running start
up. Due to the teflon lining this
bearing had low friction
characteristics and performed well
during dry running start up, but was
quite expensive to manufacture.
When operating in even small
amounts of abrasives both the shaft
and bearing experienced significant
wear. Ebara was looking for an
alternative product and contacted
Japan Marine Technologies Co. Ltd.
(JMT), the Japanese agent for
Thordon industrial bearings. JMT
supplied technical information and a

set of SXL test bearings and in time
were advised by Ebara that the
bearings had failed. “After visiting the
Ebara factory and reviewing the test
procedure, we determined that the
test pressure was almost 10 times the
normal operating pressure and the
dry running test time was greater
than what was required,” said Larry.
“The combination of these two
factors had resulted in failure of the
bearings. We then asked Jeffrey Butt,
Manager of Engineering Services for
Thordon Bearings to work closely
with the Ebara engineers to develop
more realistic test procedures. The test
was rerun with satisfactory results
this time and Ebara went on to set up
a very comprehensive series of tests
including dry running at varying
pressures and time intervals where
they measured friction, wear and
shaft vibration. Wear tests in dirty
water were run as well.”

“Ebara has told me that Thordon
SXL performed better than expected
and passed their entire series of tests,”
said Larry. “Bearing and shaft wear
were significantly less compared to
their existing locally produced
bearing. In the future, Ebara plans to
specify Thordon, having proven that
SXL bearings will make their pumps
simpler and even more reliable than
in the past.”

Thordon SXL Pump Bearings



THAT'S A LOT OF WATER!

Moving water across the state of
Arizona is by no means an easy task and,
when that water has to be pumped up the
side of an 870’ (265m) high mountain at
volumes as great as 3,000 cubic feet per
second (85,000 litres/second), the need for
pump reliability is critical.

Relying on six large 60,000 hp Hitachi
pumps, the Central Arizona Water
Conservation District pumps water from
the Colorado River to an open cement
lined canal. From there it passes through a
mountain that is 7 mi (11km) long and
comes out into an open aqueduct. The
water then travels 356 mi (573km) across
the state of Arizona from the Colorado
River to Tucson, Arizona. During the trip,
the water passes through 13 re-lift plants
that pump the water up to the next
elevation. Some water is then pumped
into a 765,000 acre (3,096 km’) storage
reservoir for power generation and later
use.

“The unique thing about our pump is
that it is a single stage centrifugal pump
that pumps water on a 45 degree angle up
a mountain that is about 870’ (265m)
high,” says Glenn Weddle, Supervisor of
Mechanical Maintenance. “By the time
the water reaches the top of the mountain
you have about 400 psi (2.75 MPa) head
pressure. In similar projects requiring that
type of lift, two or three stage pumps or
two different pumping stations staged
progressively up the mountain are usually
used.” Glenn added, “We don’t pump
year round, but during the heavy pumping
season (typically about 5 months of the
year), these units run 24 hours a day each
pumping 500 cubic feet/second (14,166
litres/second)...that’s a lot of water!”

“We were having sealing problems
resulting from two different conditions,”
says Dick Gibson, Mechanical Engineer.
“Due to the grit in the water, the carbon
seals were wearing quickly causing
downtime during our busiest time of the
year. Secondly, we were also experiencing
pitting of the shaft sleeve because of

Six 60,000 HP Hitachi pumps at the Havasu Pumping Plant, Arizona.

electrolysis resulting from the number of
dissimilar materials in the stuffing box. We
had stainless steel, cast steel, bronze, two
rows of carbon seals and a row of phenolic
impregnated material. Our first approach
was to change the carbon seals to
something which was more inert and the
best product we could find was Thordon
SXL.”

“The first trial with Thordon seals was
about 5 years ago,” says Dick, who did the
initial research of the Thordon material to
see if it would stand up to the challenge of
their applications. “We had heard of the
great results from the Bureau of
Reclamation regarding the use of Thordon
SXL at the Grand Coulee Dam. They had
used SXL successfully in their seals, which
are somewhat similar to ours, so we
thought we’d try Thordon. Fortunately, it
has worked out very well.”

“During the initial installation, we had
problems determining the proper reference
points for machining the seals,” says
Glenn. “We were working with a very
large diameter shaft - close to 42”
(1067mm) - rotating at 514 rpm, which
means the surface of the shaft is traveling
at over 5500’ (1700m) per minute.

Initially, the Thordon seal did not
expand as much as was originally
factored into the machined dimensions,
so we re-calculated and machined to
tighter tolerances.”

“We have had the pumps apart for
overhaul several times and we are
reasonably pleased with the results,” says
Glenn. “Sometimes the seals get hot and
scorch the running faces so we take them
into the shop, put them in a big lathe
and bore them out; removing the burnt
surface and bringing a new surface to the
top, making it like a brand new seal.”
Glenn added, “Although the carbon seals
could also be remachined, they did not
seal as well as Thordon SXL. Unless we
have something catastrophic happen, by
remachining the faces of the Thordon
seals occasionally, we expect them to last
over 10 years.”

As of June 1996, Thordon SXL is
installed in all six pump turbines at the
Central Arizona Water Conservation
District.

“We are investigating converting the
oil-lubed main guide bearings in some of
our vertical turbine pumps to Thordon
water-lubricated bearings for



environmental reasons, as well as
exploring a few ideas on other auxiliary
equipment,” says Dick. “We have been
really pleased with the success we've had
with the Thordon seals in the pumping
units. Thordon SXL is a good product
that has multiple uses.” [Wv

Thordon SXL segmented shaft seals used in Central Arizona Water

Conservation District pumps.

”We have been really
pleased with the success
we’ve had with the Thordon
seals in the pumping units.
Thordon SXL is a good
product that has multiple
uses.”
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