











4.6.6 LONGITUDINAL EXPANSION
ALLOWANCES

End keepers or stops are always recommended with
Thordon bearings as added security to prevent axial
movement in the event of unbalanced loads, excessive
vibration, or other unanticipated factors. A gap should
be left between the end keeper and the staves to allow
for axial water absorption and thermal expansion. The
Thordon Bearing Sizing Calculation Program will indicate
the required length of the staves.

4.6.7 ENCAPSULATED KEEPER STRIPS

Occasionally, stave installations are designed so that
keeper strips fitinto machined grooves in the back of staves
rather than between staves. In this case dimensioning
should be the same as for an installation using no keeper
strips. Grooves should be machined in the backs of the
appropriate staves. These grooves should provide ample
clearance over the keepers so that a proper fit can be
achieved even when the staves are frozen.

DIMENSIONING

4.7 DOVETAIL ASSEMBLIES

Thordon staves are also available in dovetail form for
dovetail (slotted) housings.

Thordon dovetail staves are designed for interference
fitting into slotted carriers as shown in Figure 28. This
ensures a snug fit throughout the length of the stave. To
dimension dovetail staves, select “Type of Installation”
as “Dovetail Staves-Standard or Custom” in the Thordon
Bearing Sizing Calculation Program. For standard staves,
the Thordon Bearing Sizing Calculation Program will
select the appropriate stave, and give the required width
of the slot. This width must be verified. The standard side
angle of Thordon dovetail staves is 10°. If a standard
stave is not suitable, then select “custom” and the Thordon
Bearing Sizing Calculation Program will indicate the
options available. If the carrier has a 15° side angle, then
the staves should be milled to suit. Thordon staves must fit
well into the grooves. If the grooves have been damaged
or widths are uneven, the staves may vibrate in service
and suffer hysteresis.

The 1.D. of the Thordon dovetail stave assembly must be
machined. Although a flatinterior surface is acceptable for
some rubber staves, itis not acceptable for Thordon staves.
The Thordon Bearing Sizing Calculation Program will
calculate the I.D. of the Thordon dovetail stave assembly
at the same time as it calculates the stave details above.

Figure 28: Side View of Dovetail Stave Assembly
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4.8 KEYED TUBULAR BEARINGS

Thordon bearings are often installed with both an
interference fit and a set of locking keys. To size the
Thordon bearings and split gap widths to obtain the
correct interference for a keyed bearing application, the
following procedure should be used.

1. Calculate the bearing dimensions based on a normal
tube, and an interference fit using the Thordon
Bearing Sizing Calculation Program.

2. Machine the bearing according to the calculated
dimensions.

3. Measure the circumferential width of the key(s) and
measure or approximate the width of the cut on the
side opposite the key in the case of a single key as
illustrated in Figure 29.

SINCHLE KEY DCUBLE EEY

Xl ] L4 2

WEY WIDTH = X1 + X2 EEY WIDTH = K1 = K2

Figure 29: Measuring Key Widths

4. Cut the slot(s) in the bearing so the total width of
material removed equals the width of the keys/
keyset plus the width of the cut if any. Ensure that the
combined circumferential interference of bearing and
key(s) is the same as for a non-split bearing.

For an installation with two keys or key sets, the same
basic approach should be used. The bearing should be
dimensioned as if it were not split. Then each cut in the
bearing should be machined to the exact width of one
of the keys. Again, this is done to ensure that the correct
circumferential interference is maintained.

4.9 SPLIT BEARINGS WITH
NO KEEPERS

In some applications such as rudder bearings, it may be
necessary to split a Thordon bearing to facilitate fitting
without removing the complete rudder assembly. In this
case bearing dimensions should first be calculated as
if the bearing were a normal non split tubular bearing.
Then an allowance should be added to the calculated
machined bearing I.D. and O.D. to allow for material lost
in the cutting process. This allowance should be the total
thickness of the splitting cuts divided by 1t (3.1416). The
resulting bearing will be slightly oval, but will become
round when interference is applied from the housing.
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4.10 WORKING WITH THE THORDON BEARING SIZING

CALCULATION PROGRAM

4.10.1 METRIC SIZING CALCULATION
EXAMPLE - BEARING MACHINED

AFTER FITTING INTO HOUSING
NOTE: See figure 30 on the next page

Given Data

1. Type of Service......... Marine Propeller Shaft

2. Grade of Thordon . . . . ... SXL

3. Lubrication ............ Water

4. Type of Installation. . . . .. Interference Fit, machined

after fitting in housing
5. Grooved Bearing Style . . Grooved

6. Shaft Diameter......... 100mm +0.00/-0.13mm

7. Housing Diameter . .. ... 150mm + 0.08mm

8. Housing Length ........ 400mm

9. Operating Temp. ....... Min. 10°C Max. 45°C
10. Ambient Temp. ......... 21°C

Use the Thordon Bearing Sizing Calculation Program to
calculate the finished dimensions of the bearing. In this
case the program gives the following results:

NEXT STEPS.

Assuming machine shop temperature is 21°C

Step 1: Bearing O.D. is machined to 150.81mm as per
Thordon Bearing Sizing Calculation Program

Step 2: Machine bearing length to 395.97mm

Step 3: Fit bearing into housing

Step 4: Machine bearing I.D. to maximum shaft diameter
plus Minimum Installed Diametrical Clearance

100 +0.921 = 100.91mm

(Thordon Bearing Sizing Calculation Program
gives bearing I.D. including bore closure, which
has already happened, when the bearing is fitted
into the housing).

NOTE 1: If this procedure is used with interference fit
ungrooved bearings, the machining of the I.D. after fitting
in the housing should not be more than 5% of the wall
thickness. Machining more than this amount may have an
adverse effect on the interface pressure of an interference
fit. If the procedure is used with grooved bearings, the
amount of machining after fitting must be limited to 10% of
the wall thickness or 25% of the groove depth, whichever
is less. It may be necessary to premachine the bearing I.D.
to remove enough material to allow for final machining of
the I.D. after fitting within the above limits.

NOTE 2: Grooves must always be machined before fitting
the bearing into the housing.

4.10.2 IMPERIAL SIZING CALCULATION
EXAMPLE - BEARING MACHINED
AFTER FITTING INTO HOUSING

NOTE: See figure 31 on the page after next.

Given Data

1. Type of Service. ........ Marine Propeller Shaft

2. Grade of Thordon . . .. .. SXL

3. Lubrication . ........... Water

4. Type of Installation. . . . .. Interference Fit, machined

after fitting in housing
5. Grooved Bearing Style . . Grooved

6. Shaft Diameter......... 4" +0.000/-0.005"

7. Housing Diameter . . . . .. 6" +.003"/-0.000"

8. Housing length. . .... ... 16"

9. Operating Temp. ....... Min. 50°F Max. 110°F
10. Ambient Temp. ......... 70°F

Use the Thordon Bearing Sizing Calculation Program to
calculate the finished dimensions of the bearing. In this
case the program gives the following results:

NEXT STEPS.

Assuming machine shop temperature is 70°F.

Step 1: Bearing O.D. is machined to 4.077" as per
Thordon Bearing Sizing Calculation Program

Step 2: Machine bearing length to 15.845"

Step 3: Fit bearing into housing

Step 4: Machine bearing |.D. to maximum shaft diameter
plus Minimum Installed Diametrical Clearance

4" +.0035" = 4.035"

(Thordon Bearing Sizing Calculation Program
gives bearing I.D. including bore closure which
has already happened when the bearing is fitted
into the housing).

NOTE 1: If this procedure is used with interference fit
ungrooved bearings, the machining of the ID after fitting
in the housing should not be more than 5% of the wall
thickness. Machining more than this amount may have an
adverse effect on the interface pressure of an interference
fit. If the procedure is used with grooved bearings, the
amount of machining after fitting must be limited to 10% of
the wall thickness or 25% of the groove depth, whichever
is less. It may be necessary to pre machine the bearing I.D.
to remove enough material to allow for final machining of
the I.D. after fitting within the above limits.

NOTE 2: Grooves must always be machined before fitting
the bearing into the housing.
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SAMPLE CALCULATION - METRIC

Thordon Bearing Sizing Calculation Program Thordon Bearings Inc,
V2024 SP0D.0 3225 Mainway, Burlington, Ontario, Canada LM 146
Print Date: 25-Nov-2024 Tel: 905-335-1440 www.thordonbearings.com

General Information

Thardon Distributor:

Custormer:

Project Reference: Thordon Maring Bearing Installation Manual
Calculated By: Thordon Engineering

Checked By:

Comments:

Drawing Mumber:

MREP Number:

Data Sheet

== ATTENTION =-
Means of axial retention required.
Positive flow of lubricant is reguired,

Designed at 21 #C Machined at 21 *C
Machined Bearing Outside Diameter: 151.08 151.08 mm +0.13, -0.00
Machined Bearing Inside Diameter: 102.30 102.30 mm +0.13, -0.00
Calculated Machined Bearing Length: 395.97 355.97 mm +0.00, -0.50
Bearing Wall Thickness: 24.39 24.3% mm [For reference anly)
Amount of Interferance: 1.00 mm
Bore Closure Factor: 1.250
Bore Closure Amount: 1.39 mm
Minimum Installed Diametrical Clearance (MIC): 0.91 mm
Diametric Running Clearance: 0.32 mim
Diametric Thermal Expamsion: 0.23 mm
Diametric Absorption Allowance: 0.37 mm
Axial Thermal Expansion: 2.03 mm
Axlal Absorption Allowance: 2.00 mm
Number of Grooves: ]
Width of Grooves: 5,00 mm
Depth of Grooves: 5.00 mm
Dutside Diameter after dry ice cooling: 149.71 mm
Qutside Diameter aftér nitrogen coaling: 148.02 mm
Input Data
Dimension Scale: Metric [mm)
Temperature Scale: Celsius
Maximum Operating Temperature: 45 *C
Minimum Operating Temperature: =2 *C
Machine Shop Ambient Temperature: 21 °C
Maxirnurm Shaft Diameter; 100.00 mm
Maximurm Howsing Diarmeter; 150.08 mm
Mimimum Housing Diameter: 150.00 mm
Housing Length: 400.00 mm
Type of Lubrication: Water
Grade of Thordon Used: SXL
Type of Service: Marine Propeller Shaft
Type of Installation: Interference Freeze Fit
Grooved Bearing Style: Grooved
Load on Bearing: 0 kg
Shaft RPM: 4]

Figure 30: Metric Sizing Calculation Example — Bearing Machined After Fitting Into Housing
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SAMPLE CALCULATION - IMPERIAL

Thordon Bearing Sizing Calculation Program
V2024 SP0.0
Print Date: 25-Mov-2024

Thordon Bearings Inc,
3225 Mainway, Burlington, Ontario, Canada LM 146
Tel: 905-335-1440 www.thordonbearings.com

General Information
Thardon Distributor:
Custormer:

Project Reference;
Calculated By:

Checked By:

Comments:

Drawing Mumber:

MREP Number:

Thordon Maring Bearing Installation Manual

Thordon Engineering

Data Sheet

== ATTENTION =-
Means of axial retention required.
Positive flow of lubricant is reguired,

Designed at 69.8 °F

Machined at 70 *F

Machined Bearing Outside Diameter: 5.032 5,032 in +0.005, -0.000
Machined Bearing Inside Diameter: 4.077 4,077 in +0.005, -0.000
Calculated Machined Bearing Length: 23.767 23.767 n +0.000, -0.040
Bearing Wall Thickness: 0.978 0.978 in [For reference anly)
Amount of Interference: 0.029 in

Bore Closure Factor: 1.250

Bore Closure Amount: 0.042 in

Minimum Installed Diametrical Clearance (MIC): 0.035 in

Diametric Running Clearance: 0.013 in

Diametric Thermal Expamsion: 0.008 in

Diametric Absorption Allowance: 0.015 in

Axial Thermal Expansion: 0.113 in

Axlal Absorption Allowance: 0.120 in

Number of Grooves: ]

Width of Grooves: 0.250 in

Depth of Grooves: 0.188 in

Dutside Diameter after dry ice cooling: 5.977in

Qutside Diameter aftér nitrogen coaling: 5.910 in

Input Data
Dimension Scale:

Imperial {in)

Temperature Scale: Fahrenheit
Maximum Operating Temperature: 110 *F
Minimum Operating Temperature: 50 °F
Machine Shop Ambient Temperature: 70 °F
Maxirnurm Shaft Diameter; 4,000 in
Maximurm Howsing Diameter; 6.003 in
Mimimum Housing Diameter: 6.000 in
Housing Length: 24,000 in
Type of Lubrication: Water
Grade of Thordon Used: SXL

Type of Service:
Type of Installation:

Marine Propeller Shaft
Interference Freeze Fit

Grooved Bearing Style: Groowved
Load on Bearing: 0l
Shaft RPM: 4]

Figure 31: Imperial Sizing Calculation Example — Bearing Machined After Fitting Into Housing
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MACHINING & MEASURING THORDON BEARINGS

5.1 GENERAL MACHINING

Thordon XL, SXL, COMPAC and RiverTough/Composite
are hard, tough elastomeric polymer products that can
be easily machined. ThorPlas-Blue is a thermoplastic and
requires slightly different machining than the elastomeric
grades and is covered in Section 5.5. It is necessary,
however, to remember that Thordon elastomers and
ThorPlas-Blue are non-metallic materials, and must be
machined differently than metal. Due to the elastomeric
nature of Thordon it has a tendency to “move away” from
anything that exerts pressure on it, including machine tools
of all types. Thordon cannot be burnished or chipped; it
must be cut with a sharp tool. The importance of sharp
cutting tools cannot be over emphasized if Thordon is to
be successfully machined.

NOTE: Machining videos are available from Thordon
Bearings Inc. or from your local distributor. This is an
excellent tool for understanding the requirements for
machining Thordon bearings.

When thin wall bearings are being machined itis important
to recognize that the exertion of excess pressure may
actually deform the bearing. In some situations it may be
necessary to use modified chuck jaws, to support the tube
using a spider, plug or a mandrel or to mount the tube
using screws to fix it to a faceplate. For large, thin-walled
tubular bearings, it is recommended to machine them on a
vertical boring mill.

Cutting speeds are also important. Low feed rates
combined with too low a turning speed tend to produce a
rough cut due to the toughness and elastomeric nature of
Thordon. High speeds combined with a low feed rate may
produce excessive frictional heat, resulting in a gummy-
galled finish. The most suitable speed/feed combinations
are similar to those used when machining aluminum.

Clearances, as specified using the design information in
this manual, may seem excessive in comparison to metals.
Thordon, however, expands from temperature change and
submersion in liquids. Thordon also exhibits bore closure
shrinkage at a rate greater than 100% of interference. This
is due to the incompressible nature of Thordon elastomers.
The minimum installed clearance takes all of these factors
intfo account. As well, clearance for a liquid lubrication
film if the bearing is water or oil lubricated and safety
clearance for frictional heat build up are also accounted
for. The recommended running clearance should not be
decreased without first consulting your Thordon distributor
or Thordon Bearings Inc.

NOTE: If adequate running clearance is not provided,
bearing failure is almost certain.

Virtually all operations that can be performed on metal,
including machining, drilling, tapping, shaping, routing,
sawing, milling and bonding, can be performed on
Thordon. Thordon can also be worked or shaped with
conventional hand tools, keeping in mind that carbide
tipped cutting blades should be used to prevent heat build
up when sawing.

5.2 MACHINING XL, SXL, AND
COMPAC
5.2.1 CUTTING TOOL

To machine Thordon elastomers, it is critical that the correct
cutting tool be used. The tool must be designed to slice the
material and project it away from the machined surface.
When machining Thordon properly, a continuous streamer
is projected from the cutting tool. The cutting tool must be
sharp. After grinding, the cutting tool should be honed
with an oilstone to ensure a sharp cutting edge. Some of
the new carbide cutting tools currently available provide
excellent results machining Thordon. They are extremely
sharp initially and hold their edge very well.

Thordon Bearings recommends a tool bit manufactured
by Kennametal that is available worldwide. The tool bit is
Titanium Nitride PVD coated carbide and is Kennametal
part number: CPGT3251HP-KC730 as shown in Figure
32. The tool holder is part number: SCMPN-083V. There
are a number of tool bits and holders offered in the
Kennametal KC730 series. The applicable ISO standards
are MO5 - M20, S15 - $25. If you have trouble locating
this, or a similar product, please contact Thordon Bearings
or your local Thordon Distributor.

Figure 32: Kennametal® Tool Bit



MACHINING & MEASURING THORDON BEARINGS

It is important when machining Thordon and particularly
when boring, to ensure that the machining streamer is
removed from the work. If this is not done, it will interfere
with the cutting tool and a rough finish will result.

NOTE: Due to the very elastic nature of the material,
caution should be taken when removing cuttings from the
work area.

The drawings on this page illustrate the proper cutting
tool configuration when using conventional tool bits. High
speed steel can be used for SXL and COMPAC; tungsten
carbide tool bits are used with XL.

10 500" 0. HIGH SPEED STEEL

12,7 mm,

116" R
1.5 mm.

i~
30° *
[ 116" R. —330
| N —l

1.5 mm.

Figure 34: Step Machining Tool Bit

5.2.2 MACHINING SPEEDS AND FEEDS

Suggested turning speeds for bearings of various
diameters are provided in the chart below.

Bearing Diameter

RPM  Coarse Feed Fine Feed
(mm) (inches)

75mm 3" 600 | 0.6mm/rev. | 0.4mm/rev.
150mm 6" 450 | (0.025"/rev.) | (0.015"/rev.)
300mm 12" 300 | forHSStool | for HSS tool
450mm 18 150

600mm 24" 120 | 0.3mm/rev. | 0.2mm/rev.
750mm 30" 95 | (0.012"/rev.) | (0.007"/rev)
900mm 36" 80 | fortippedtool | for HSS tool

Figure 35: Typical Speeds and Feeds

NOTE 1: The turning and feed speeds are provided as a
guide only. The optimum speed may vary higher or lower
depending on such variables as the length of tube, the
wall thickness, and how the bearing is being supported,
i.e. simply chucked, spider at chuck or on a full length
mandrel. As is common with all machining operations,
some experimentation is required to obtain optimum results.

NOTE 2: Cutting lubricants are not required and are not
recommended.

5.2.3 BEARING SET UP
MACHINING - PARTIAL LENGTH FROM A TUBE

A bearing that is being made from the partial length of a
tube can be chucked at one end in a normal 3 jaw chuck,
the O.D. rough machined, the I.D. finish machined, the
O.D. finish machined and then parted to length. Care must
be taken not to over tighten the chuck and distort the tube.

MACHINING (1.D.)
THIN WALL TUBE WITH SOFT JAW CHUCK

”* - "
To machine the I.D. of a thin wall tube, the O.D. should be
rough machined, the tube gripped in an extended soft jaw

chuck and the I.D. finish machined. The extended chuck
will grip and support the tube without deforming.

35



36

MACHINING & MEASURING THORDON BEARINGS

MACHINING (1.D.)
THIN WALL TUBE WITH EXTERNAL SLEEVE

A thin wall tube I.D. can also be machined by first
machining the O.D. fo size, lightly pressing the tube into a
machined metal housing, chucking the housing and then
machining the |.D. of the tube. It is possible to obtain tighter
tolerances than those obtained with external soft jaws with
this method but it is more complicated and typically not
necessary.

MACHINING (O.D.)
FULL LENGTH OF A LUBRICATION GROOVED
BEARING - SUPPORTED ON CENTRES

After the I.D. of a bearing with lubrication grooves has
been finish machined, the bearing can be chucked on

centres, driven by a key in one of the grooves and the O.D.

finish machined. This method is acceptable for propeller
shaft bearings, but will not yield the tight tolerances
required for pump bearings.

MACHINING (0.D.)
MACHINED STEEL PLUG OR ADJUSTABLE SPIDER

After the I.D. of a tube has been finish machined, a
machined steel plug can be slip fit into the I.D. of the
bearing. On larger tubes, a 3 or 4 arm spider can be set
to the inside diameter of the tube and located opposite
the chuck jaws. Both of these devices eliminate distortion
from chuck jaw pressure. A simply constructed 4-arm
spider is illustrated below. With either of these methods it
is necessary to add a 50mm (2”) chucking allowance to
the required length of the bearing.

E SPIDER

Bar or Tube

a1

ADJUSTABLE 16 mm (5/8")
SCREW & LOCKNUT

[

=

s



MACHINING & MEASURING THORDON BEARINGS

MACHINING (0.D.)
PREFERRED MACHINING METHOD - O.D. & I.D.

Bearings larger than 380mm (15”) O.D. are most easily
mounted for machining by lag screwing them to a
faceplate. The faceplate can then be set up on a vertical
mill, or chucked in the lathe. An additional 50mm (2”)
must be added to the required length of the bearing as
a chucking allowance. The faceplate is centered as
accurately as possible and then screwed to the tube using
lag screws into predrilled holes.

After mounting, the tube can be trued for machining, if
required, by loosening the screws and adjusting the
position of the tube using the slots in the faceplate.

The O.D. of the tube is rough machined first, then the 1.D.

finish machined, the O.D. finish machined and then the
bearing is parted to length from the tube. If the bearing
is too large to safely catch as it is parted off from the
tube, the following procedure should be used. Part the
tube approximately 80-90% of the way through, remove
faceplate and tube from the lathe and knife cut the bearing
from the tube.

If the bearing is mounted in a lathe, it should be completely

machined without stopping for extended periods of time.

This prevents the bearing drooping or going out of round
under its own weight.

NOTE: Ensure that the tube is securely mounted to the
faceplate before turning. Failure to mount the tube
securely could result in the tube coming loose and causing
personal injury.

5.2.4 PARTING TO LENGTH

Thordon can be parted to length with a standard parting
tool, however, additional rake and side clearance are
helpful to prevent heat generation resulting from the
Thordon contacting the side of the parting tool. Cuttings
from Thordon should be constantly removed during
parting off, in order to achieve a uniform cut face.

NOTE: Due to the very elastic nature of the material,
caution should be taken when removing cuttings from the
work area.

5.2.5 MACHINING LUBRICATION
GROOVES

Lubrication grooves can be machined by hand or with a
router.

To machine lubrication grooves by hand, a formed tool bit
is mounted to the lathe boring bar and manually pushed
through the bearing (broached). Several passes may be
required to achieve the final groove depth.

The grooves can be machined much more easily by
mounting a 90° routerto the boring bar and then machining
to the correct depth in one pass through the bearing.
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MACHINING & MEASURING THORDON BEARINGS

The outside diameter of the chuck can be divided and marked
to act as a guide for locating the grooves in the bearing.

NOTE: Lubrication grooves must always be machined
before the bearing is fitted into the housing. Bearing I.D.
can sometimes be machined after fitting into the housing,
but grooves cannot.

5.2.6 GENERAL MACHINING TIPS

1. To obtain optimum dimensional and surface finish results,
the final machining cut should be 1.5mm (0.060") to
2.5mm (0.100”) and the cutting tool razor sharp.

2. If machining is not done in a temperature controlled
environment, the Thordon Temperature Chart must be
used to adjust the machining dimensions to suit the
actual temperature at the time of machining. Changes
in temperature can result in significant bearing
dimensional changes.

3. Due to the elastomeric nature of Thordon bearings,
if a machining error is made on the I.D. and if the
wall thickness is still adequate, it may be possible
to recalculate the O.D. of the bearing and still use it.
Contact Thordon Bearings for corrected O.D. value.

4. Before making a final machining cut, the bearing
should be checked to ensure that it has not retained
any heat from previous cuts. If the temperature of the
bearing is higher than the machine shop ambient
temperature, the resulting final cut dimensions will not
be correct.

5.2.7 MACHINING LARGE BEARINGS
1,000mm (40”) or LARGER

The easiest way to machine large Thordon elastomeric
bearings is on a vertical boring mill. When machining on
a vertical boring mill, the following basic steps should be
followed:

* Use a two stage machining procedure (see below) to
avoid significant dimensional issues after part off

* Machine on a vertical boring mill

* Use a Pl tape for checking O.D. dimensions

* Use a ball micrometer to check wall thickness

A large Thordon bearing will change dimensions
significantly with changes in temperature, so it is essential
to monitor the temperature of the bearing during inspection.
Use an accurate temperature gun to verify temperature of
the bearing for all inspections. Take care when measuring
temperature. Thordon streamers and the heat generated
from the chuck can be misleading.

5.2.7.1 FIRST STAGE MACHINING

Rough machine O.D. and I.D. and leave overbuild on all
diameters including stepping the length (flange) with a
groove for final machining/clamping.

5.2.7.2 FINAL MACHINING

Clamp on grooved flange step as described above.
Thordon recommends machining from chuck/flange up
as Thordon streamers will generate heat and will cause
difficulties determining actual bearing temperatures for
getting finish cuts. Also, material streamers around the
cutting tool will tend to push the tool and may cause a
very rough finish or issues holding tolerances.

e Skim O.D. and I.D.

* Finish O.D. - use temperature charts. Check O.D. at a
minimum of three positions (top, middle and bottom)

* Finish I.D. by measuring the wall thickness - use

temperature charts. Check wall thickness. Machine a
partial part-off, and knife cut.

Recommend flipping and facing to length. Holding method
needs to be determined by the machine shop (best method
available) as part off will result in the end collapsing and
clamping stress which may lead to gouging.

Re-check O.D. at 3 positions and wall thickness at both
ends.
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5.3 MACHINING
RiverTough/COMPOSITE

Machining Thordon RiverTough or Composite is different
from machining Thordon XL, SXL or COMPAC because
of the softer (black) bearing wear surface material,
GM2401. The O.D. or yellow shell, can be machined
using the same techniques as outlined in section 5.2. The
I.D. (black), however, machines differently and is covered
in this section.

5.3.1 CUTTING TOOL

The new Kennametal or equivalent Titanium Nitride PVD
carbide coated tool bits described earlier in the section on
machining XL, SXL or COMPAC are highly recommended
for machining Thordon RiverTough/Composite bearings.
With these tool bits, the black GM2401 |.D. of the bearing
material can be finish machined to an acceptable surface
finish without using a grinding hog as was recommended
in the past.

If a conventional high speed cutting tool is used for
machining the inner RiverTough/Composite bearing
material it should be made to the configuration illustrated
in Figure 36. As with other types of Thordon bearings, it is
essential that the cutting tool is kept sharp.

500" SQ. HIGH SPEED STEEL

12.7 mm.

116" RO
1.5 mm.

A

Figure 36: High Speed Cutting Tool

3/16" RO
5 mm.

i iSZ"D

When using a conventional high speed tool bit to machine
the I.D. of a Thordon RiverTough/Composite bearing
some extra steps must be taken. Due to the nature of the
GM2401 (black) wear surface material, conventional tool
bits wear very quickly. In the course of one machining pass
through the I.D., the tool bit will wear enough to produce a
taper along the bearing |.D. This taper must be corrected

for on a second pass, so the first step is to ensure that two
final passes in a range of 2.0 to 3.0mm (0.080" to 0.120")

deep are required to finish machine the |.D. of the bearing.

The first pass is used to measure the amount of taper that is
occurring (a taper of 0.15mm (0.006") over the length of
a standard Thordon tube is common) and then this taper
must be corrected for on the second pass.

NOTE: It is very important to note that the final pass must
be made at the same depth, speeds and feed rate as
the preceding one. Otherwise the wear on the tool bit
producing the taper will change and the correction that is
being made by hand will not be correct.

Machining the I.D. results in a burr at the lubrication
grooves that can be removed using emery cloth or a
deburring tool. The surface finish of the bearing will be
somewhat rough but the bearing will bed in quickly and
perform well.

Deburring tool
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5.3.2 MACHINING SPEEDS & FEEDS

Suggested turning speeds for Composite bearings of
various diameters are given in the chart below.

Bearing

Bearing

Diameter =~ Diameter = RPM Feed HSS Fee(:_;l'ti)?ped
(mm) (inches)

150mm 6" 250 | 0.5mm/rev. | 0.25mm/rev.
300mm 12" 100 | (0.020"/rev.) | (0.010"/rev.)
450mm 18" 75

600mm 24" 60

750mm 30" 50

900mm 36" 40

Figure 37: Typical Speeds and Feeds for Machining
RiverTough/Composite

5.3.3 MACHINING PROCEDURE
O.D. UP TO 250mm (10”)

The procedure for machining Thordon RiverTough/
Composite bearings up to 250mm (10”) O.D. can be
summarized in the following steps.

a. Part the bearing oversize and face to the required
finished length.

b. Mount the bearing on centres and rough machine the

O.D.

c. Press the bearing (light press fit) into a housing to
support it and finish machine the I.D.

d. Lightly press the bearing onto a mandrel and finish
machine the O.D.

5.3.4 MACHINING PROCEDURE
O.D. LARGER THAN 250mm (10”)

RiverTough/Composite bearings larger than 250mm
(10”) are best machined by mounting them to a faceplate
and then machining the I.D., machining the O.D., parting
oversize and facing to length.

NOTE: Ensure that the bearing is securely mounted to the
faceplate before turning. Failure to mount the bearing
securely could result in it coming loose and causing
personal injury.

5.4 Machining ThorPlas-Blue
5.4.1 GENERAL MACHINING

ThorPlas-Blue is easily machined to fine tolerances.
ThorPlas-Blue can be milled, sawed, planed, drilled,
tapped and threaded. Depending on bearing sizes, allow
for 25 to 40 mm (0.984" to 1.575") of material length for
chucking and holding the part to any standard lathe.

GUIDELINES FOR SAFE MACHINING:
* Use sharp tools (carbide grade) with fast speed rates

* Provide good support to the part without over-clamping
(to avoid cracking)

* Avoid sharp corners/edges
* Adequate material cuttings removal during machining
* Coolants may be considered for drilling holes

Typical cutting speeds for ThorPlas-Blue are between

150 to 300m/min (492 to 985 fpm) as shown in Figure 38.

Diameter ‘ RPM
200mm (7.874") 350
300mm (11.8117) 300
400mm (15.750") 200
500mm (19.685") 150
600mm (23.622") 100

Figure 38: Typical Cutting Speeds for Machining
ThorPlas-Blue

Cutting Feeds used for rough turning are 0.38 mm to 0.5
mm (0.015” to 0.020") per revolution. For finish turning,
0.12 mm to 0.25 mm (0.005” to 0.010") per revolution
are recommended.

As mentioned, fine tolerances can be achieved for ThorPlas,
as shown in Figure 39.

See the ThorPlas Bearings Engineering Manual for more
information.
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THORPLAS-BLUE MACHINING TOLERANCES

A - Bearing OD Machining Tolerances

C - Bearing LENGTH Machining Tolerances

METRIC: Tolerance on METRIC: Tolerance on
Bearing OD Bearing Length OD (mm) Bearing Length Length (mm)
up to 100mm +/-0.03 +0.00
Upto 150 to 1
pio mm above 100mm +/-0.05 Up to 150mm -0.25
up to 150mm +/-0.05 +0.00
150 to 250
e T 1150 10 250mm +/-0.07 1500 250mm -0.50
250mm and up moxicr)'r;u]r:r} L/D +/-0.07 250mm and up +]OOO(§)
IMPERIAL: Tolerance on IMPERIAL: Tolerance on
Bearing OD Bearing Length OD (in.) Bearing Length Length (in.)
Up 10 6,00" up to 4.00" +/-0.001 " 0,000
above 4.00” +/-0.002 Upto 6.00 20,010
" " up to 6.00” +/-0.002 +0.000
6.00"to 10.00 6.00" to 10.00” +/_ 0.003 6.00" to ]OOO”
: o v : -0.020
. maximum L/D +0.000
10.00" and up of 1:1 +/-0.003 10.00” and up 0.040
B - Bearing Wall Thickness Machining Tolerances )
J J D - ThorPlas Washer Tolerances
METRIC: Tolerance on METRIC:
Bearing OD Bearing Length Ufell ) Bearing Dimension" Tolerance (mm)
+0.00
up to 100mm 0.03 oD +0.00
Up to 150mm ‘ -1.00
+0.00
above 100mm 0.05 D +1.00
-0.00 0.00
+
up fo 150mm 0'05 Thickness +/-0.50
150 to 250mm — IMPERIAL:
+0.00 ; ; P—-"
150 to 250mm 0.07 Bearing Dimension Tolerance (mm)
-0.00 oD +0.000
. +
250mmandup | T L/D 0'07 -0.040
: s +0.040
IMPERIAL: Tolerance on ID 0.000
Bearing OD Bearing Length Wall (mm) Thickness +/.0.020
] +0.000
up to 4.00 -0.001 Figure 39: ThorPlas-Blue Machining Tolerances
Up to 6.00”
P +0.000
above 4.00”
-0.002
+0.000
up to 6.00” 0.002
6.00" to 10.00” '
+0.000
6.00" to 10.00"
-0.003
" maximum L/D +0.000
10.00” and up of 1] 20,003

41



MACHINING & MEASURING THORDON BEARINGS

5.4.2 GROOVE CUTTING

Water grooves, when required, are normally broached
using a custom-made boring bar on the lathe. The

5.4.3 CHAMFERS

Chamfers should be machined on the O.D. of each end of
the bearing to facilitate installation following guidelines in

42

boring bar and tools should be designed to produce
the dimensions given in Figure 40 and 41. The following

custom made tool bits can be ordered from Thordon
Bearings or your Thordon distributor using the appropriate Bearing Length Chamfer Detail
Part Numbers: Below 25mm 1.5mm x 25°
F9OTBOO03: Toolbit with profile to machine 3mm (0.118") 25mm to 100mm 3.0mm x 25°
radius groove with 7 mm (0.276") radius edge Over 100mm 5.0mm x 25°

FQOTBO04: Toolbit with profile to machine 4mm (0.157")
radius groove with 7 mm (0.276") radius edge

Figure 38 and the dimensions in Figure 42.

IMPERIAL:

Bearing Length Chamfer Detail
Below 1 inch 1/16" x 25°
Lo N ~~ 1 inch to 4 inches 1/8" x 25°
< T
i \. \ Over 4 inches 1/4" x 25°
“B" GROOVES ; / \ N

EQ. SPACED A
/ N\

/ T \
o \

[ )
| gttt >
[N E= N
- = / |
I'. \ 7 [l
\ - /
\ |\ av.
X
\ /
™~ — -
N s
oA+(2°C)

Figure 40: Typical Groove Configuration for ThorPlas-
Blue Bearings

A y:\ B C C
Shaft Shaft

Number | Groove | Groove

Diameter Diameter of Radius | Radius

(mm) (in.) Grooves | (mm) | (in.)

up to 30 up to 1.20 3 3 0.120
3110 50 1.21 10 2.00 4 3 0.120
5110 80 2.01 10 3.15 6 3 0.120
81 to 120 3.161t0 4.70 6 4 0.160
12110 160 | 4.71 t0 6.30 8 4 0.160
161 to 200+ | 6.31 to 790+ 10 4 0.160

A, B and C refer to dimensions in Figure 40.

Figure 41: ThorPlas-Blue Water Groove Dimensions

NOTE: Water grooves are only used when there is a flow
of water through the bearing such as a vertical pump.
Grooves are not required when a bearing is inmersed in
water with no significant flow, as in a wicket gate bearing
application.

Figure 42: Dimensions for Machining Chamfers

Figure 43: Chamfer on ThorPlas-Blue bearings
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5.4.4 STEP-BY-STEP MACHINING PROCESS

Steps 1 through 7 illustrate the machining process for ThorPlas-Blue in a standard lathe.

Step 1

Step 2a

Cut part allowing extra length for chucking,

parting off and facing. Typically chucking
lengths of 25mm (1) are sufficient for bearings
up to 152mm (6”) O.D. For large parts - O.D. in
excess of 152mm (6"), thin wall bearings and/or
for parts with tighter than standard tolerances, an
internal plug or “chucking ring” is recommended
to support the bearing in the chuck jaws.

Set the part in the chuck jaws as shown below.

These figures show a piece with sizes of 76.2mm
O.D. x 25mm I.D. (3" x 1”) squared in the chuck
using a three-jaw configuration. Use light to
moderate clamping forces. Do not over clamp
as this can cause stresses in the material resulting
in cracking.

Step 2b  For parts needing a metal chucking ring, machine

slightly the O.D. to clean uneven surfaces and
machine the I.D. so that the chucking ring has
a slight interference with the ThorPlas-Blue
- interference of 0.03mm (0.001"). Typical
thickness of chucking rings vary from 12mm
(0.5") for small parts to as high as 25mm (1.0")
for parts with O.D. values in excess of 250mm
(10”). Figures below show a ThorPlas-Blue
bearing, size of 152mm (6.0”) O.D., where a
chucking ring is used for extra support.
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Step 3 Sharp and smooth tool bits will ensure the best ~ Step 5 Machine bearing O.D. using the appropriate tool.
finish when machining ThorPlas-Blue. The photo
below illustrates the tools used to machine
ThorPlas-Blue — the bit on the left is used for
machining the I.D. while the bit on the right is
used for the O.D.

NOTE: Cutting feeds for rough turning are 0.38 to 0.50mm
(0.015" to 0.020") per revolution. For finish turning, 0.12
to 0.25mm (0.005” to 0.010”) feeds are recommended.

Step 6  Part bearing to length using the parting tool.
Support the bearing as the cut is made so that it
does notfall. As shown below, fine streamers are
collected after machining ThorPlas-Blue.

Step 4 Proceed to machine bearing I.D. using the tool ~ Step 7 Include chamfers on the end of the bearings to
bit and the boring bar. Clearing of chips or ease installation. Use Figure 42 to for proper
shavings from bearing I.D. is important to reduce dimension of chamfers based on bearing size.

heat build up and to obtain desired tolerances.
Finish the bearing O.D. prior to routing the
grooves using the round edge tool shown below.
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5.5 SPLITTING THORDON
BEARINGS

There are two methods to split a Thordon elastomeric
bearing, either using a saw blade or with a knife. These
methods are explained further below.

5.5.1 SPLITTING A THORDON BEARING
USING A SAW BLADE

The O.D., I.D., bearing length, lubrication grooves, and
all chamfers must be fully machined prior to initiating the
procedures to split the bearing segments.

A horizontal boring mill with an indexed rotating table is
the best type of equipment to use to ensure proper location
and accurate measurement of the splits. The pictures

below illustrate the recommended process and equipment.

Depending on the length of the bearing, create two or
three support disks that are the same diameter as the
fully machined bearing I.D. The wooden inserts should
be approximately 19.05mm or 0.75” thick. Two holes
should be cut in each insert, 180° apart, to allow for two

threaded rods to be placed through for securing purposes.

Locate the support discs at the top and bottom (and mid
section if required) of the bearing ID. These will keep the
bearing “roundness” during the splitting process.

Centre the mill table and use four blocks to raise the
bearing up from the surface of the mill table. Use the
indicator so that the blocks are set to the centre of the
table and the bearing is centered on the mill. The blocks
should be positioned at approximately 90° apart from
each other to support the bearing. The bearing is to be set
on the blocks and oriented to place the cut on the split line
shown on the Bearing Details Drawing.

NOTE: Measure the ID of the bearings at the temperature
at which they are being machined and use these numbers

to create the wooden inserts. Maintain the machine shop
temperature constant as the splits are being machined. If the
temperature changes drastically, the bearings may shrink or
expand and the woooden inserts will not fit properly.

The bearing is clamped onto the table with 2 threaded
rods secured with “T” nuts located in a groove on the
table. Two metal bars are placed on the top of the bearing
located directly over the metal support blocks on the mill
table and clamped into position using a nut threaded onto
the rod. Care is to be taken to ensure the clamps are not
secured too tight.
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Line the spindle of the machine to the split line indicated
on the drawing and square to the bearing surface. A
high-speed steel metal slitting saw 203.2 mm x 3 mm
x 31.75mm (8" x 1/8" x 1 1/4") cutter is typically used
by the Thordon Machine Shop (saws with side chip
clearance) to do the splits. The cutting speed should be

approximately 0.25 m/min (10 inches/min) at 140 RPM.

The blade should be positioned with its saw teeth on the
opposite direction of the bearing so that the saw is cutting
away from the bearing.

Begin cutting the split line. Position the spindle to make the
incision from the bottom up, cutting from the O.D. towards
the 1.D. of the bearing. The depth of the cut should leave
a 0.794 mm (1/32") section of material at the bottom
of the cut for further cutting after opposite side is cut.
See figure below. If the bearing is cut all the way through,
the material will have a tendency to spring back losing its
roundness and making it very difficult to continue with the
split on the opposite side (180°).

First incision
At split line
LEAVING
bearing
material until
opposite side
is cut

— +— {/32" or 0.7937 mm depth (not to scale)

Rotate the table 180° and proceed with the second
cut, again leaving approximately 0.794 mm (1/32") of
bearing material behind. Ensure that both halves have
the same arc length. Air should be used constantly during
slitting to remove shavings. If shavings are not removed,
the saw blade could get stuck and break. Take the bearing
off the boring mill table. Using a sharp knife cut through
the 0.794mm (1/32") gap of material that was left behind

until the two segments are separated. Clean off the edges.

NOTE: Use compressed air to remove the material as it
is being split away from the bearing. If the material is not
removed it will tend to melt on the blade as the splitting
process continues.
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5.5.2 SPLITTING A THORDON BEARING
USING A KNIFE

The O.D., I.D., bearing length and grooves of the bearing

must be fully finished before proceeding with this technique.

Mark the split before splitting.

A Hydraulic Press is used to “knife” cut bearings without a
gap. The knife or blade holder has been made in house
to fit our press. The two holders at the bottom support the
shaft used to position the bearing.

The shaft is placed inside of the bearing to be split and the
assembly is located over the two stand supports.

The first cut is made. Hold the bearing so that there is no
movement while the blade is being lowered.

Rotate bearing 180°, and support the bearing so that
there is no movement while the second cut is being made.

5.6 DIMENSIONAL & SURFACE
FINISH MEASUREMENTS
5.6.1 DIMENSIONAL MEASUREMENTS

Outside micrometer

In most cases Thordon bearings can be measured using
the same instruments and methods as any other material.
It must be remembered that Thordon elastomeric bearings
require a light touch when measuring because it is
possible to deform the bearing out of round. In addition,
Thordon elastomeric bearings have a high coefficient of
expansion compared to metals, so measurements must be
taken at machine shop temperature. If this is not possible
then the dimensions must be corrected for the thermal
expansion and contraction that has occurred because of
the difference between the machine shop and ambient
measuring temperatures.

In the case of larger diameter, relatively thin wall bearings
that have been machined and removed from the lathe, it
is typical to find that they show ovality. This deformation
can be the result of the bearing sagging under its own
weight or from being secured to a pallet for shipping. The
bearing may appear to be out of tolerance due to the
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fact that it has become out of round. This is not a problem
because when the bearing is pressed into a housing, it will
conform to the shape of the housing and will be round. To
accurately measure the bearing outside the housing, use
a pi tape to measure the O.D. and then measure the wall
thickness using a ball micrometer to obtain the correct I.D.
dimension.

A pi tape is a precision steel tape calibrated to
measure diameters by measuring circumference.

5.6.2 SURFACE FINISH AND
TOLERANCES

Thordon, due to its non-metallic elastomeric nature, cannot
be machined to as smooth a surface finish as metals. This is
not a problem because the bearing goes through a normal
break in period during which the initial surface roughness
is worn smooth. It is important, however, to strive for as
good a surface finish as possible to reduce friction and
initial break in wear. The mechanics of obtaining a good
surface finish have been covered in the machining section
but it is important to know how to measure the surface
finish of a Thordon bearing.

Due to the non-metallic nature of Thordon bearings, they
will tend to feel smoother to the touch in comparison to
metal than they really are. To measure accurately the
Thordon bearing surface finish, a stylus type of surface
finish gauge should be used. Practical experience has
shown that the use of a comparator will usually result in
a value that is less than the actual value. This is because
Thordon bearings are softer than metal and feel smoother
than they actually are when measured with a stylus.

The tolerances on surface finish are as follows:

XL, SXL, COMPAC, ThorPlas:
3.2 micro-metres (125 micro-inches) Ra

RiverTough/Composite:
4.2 micro-metres (175 micro-inches) Ra

NOTE: Due to the unique characteristics of Thordon
bearings, compared to metals, optimal performance can
still be obtained at relatively high (compared to metal)
surface finishes.

5.6.3 MACHINING TOLERANCES

Thordon bearings are non-metallic and consequently
cannot be machined to the same tight tolerances as bronze
orotherrigid materials. Conversely tight metallic tolerances
are not necessary to obtain optimum performance. The
standard machining tolerances for Thordon elastomers is
shown in Figure 44.

Bearings up to 330mm (13.00”)
+0.13mm, -0.00mm | (+0.005" -0.000")
I.D. +0.13mm, -0.00mm | (+0.005" -0.000")

Bearings between 330 - 530mm (13.00 - 21.00”)

O.D. +0.18mm, -0.00mm | (+0.007” -0.000")
W.T. n "
e hicknesq | +0-00mm, -0.13mm | (+0.000",-0.005")
.D. +0.18mm, -0.00mm | (+0.007”. -0.000")

(Composite only)

Bearings over 530mm (21.00”)

o.D. +0.25mm, -0.00mm | (+0.010" -0.000”)
W, +0.00mm, -0.13mm | (+0.000”, -0.005")
1.D. +0.25mm, -0.00mm | (+0.010”, -0.000")

(Composite only)

Bearing Length Tolerance:

For bearings
shorter than
500mm (20”)
long

+0.00mm, -0.50mm | (+0.000" -0.020")

For bearings
longer than
500mm (20”)
long

+0.00mm, -1.00mm | (+0.000", -0.040")

Figure 44: Machining Tolerances
XL, SXL, COMPAC and RiverTough/Composite

NOTE 1: For Thordon XL, SXL and COMPAC bearings
over 330mm (13”), machined I.D. tolerance should be
controlled by controlling the wall thickness of the bearing.
For RiverTough/Composite bearings over 330mm (13”)
only, the actual I.D. of the bearing should be controlled.

NOTE 2: If the wall thickness is less than 25mm (1”) then
there may be restrictions as to the length of bearing that
can be properly machined. Consult Thordon Bearings for
details.

NOTE 3: If an application requires tolerances that are
tighter than those outlined in this manual please contact
your Thordon distributor or Thordon Bearings for guidance.



INSTALLATION METHODS

6.1 GENERAL

Thordon bearings are generally fitted with an interference
fit. Actual installation is very quick and easy, especially
when freeze fitting is used. The housing should always be
clean and dry. No grease or oil should be used to help
press or drive fitting, as this will have a negative effect on
the interference. The housing should be round and not
tapered or bell mouthed. It should provide support to the
Thordon bearing along its full length. Thordon bearings
will not function properly when not fully supported. Gaps
in the housing must be filled, or a sleeve fitted before
installing the Thordon bearing.

The relatively light weight of Thordon bearings is a

significant advantage in the installation of large bearings.

Large tubular bearings can be handled and freeze fitted
manually or with light lifting equipment. The interference
fit is normally sufficient to prevent bearing rotation under
normal conditions, but anti rotation devices should be
fitted when the orientation of the bearing is critical (such
as COMPAC bearings). A forward stop and an end
keeper ring are recommended to avoid any possibility of
axial movement. These keeper rings must be of adequate
proportion and have an inside diameter equal to the

maximum acceptable bearing/liner weardown plus 10%.

The removable keeper ring should be retained with bolts
rather than welded.

If the housing is cast or machined steel, it should be
suitably protected from corrosion. The housing I.D. input
used for bearing size calculations should take account of
any coating thickness.

As an alternative to interference fitting, it is possible to
bond Thordon bearings into housings. Bonding is used
when the bearing wall is too thin for an interference fit and
also when the housing does not provide a smooth round
supportforthe bearing. Further information on preparation
and bonding techniques is found in Section 6.4.

6.2 FREEZE FITTING
6.2.1 GENERAL

Because Thordon elastomers have relatively high
coefficients of thermal expansion, they contract
significantly when cooled. This makes freeze fitting the
easiest way to install Thordon bearings. Dry ice is a
common cooling agent, but liquid nitrogen is the optimum
for XL, SXL, COMPAC and RiverTough/Composite. The
amount of shrinkage during freeze fitting is calculated by
the Thordon Bearing Sizing Calculation Program, or can
be estimated as follows:

* Each 10°C decrease in temperature will result in an
approximate decrease in diameter of 0.0014mm/mm
of diameter.

* Each 10°F decrease in temperature will result in an
approximate decrease in diameter of 0.0008 inches/
inch of diameter.

Thordon elastomeric bearings do not become brittle at
low temperatures. If a Thordon elastomeric bearing is
dropped while frozen it will usually not shatter or crack.
Simply clean and degrease any surfaces which came into
contact with the ground, re-freeze the bearing and install
it into the appropriate housing.

6.2.1.1 DRYICE

When using dry ice, it should be in pelleted form or, if
supplied in block form, the block must be broken into
smaller pieces. The dry ice must make good contact with
both the inside and outside surfaces of the bearing. The
bearing should remain in the dry ice for a minimum of
three hours and can then be checked to see if it has shrunk
sufficiently for installation. If not, the bearing should be re-
packed and checked in another hour.

SAFETY CAUTION: Use of dry ice in closed or poorly
ventilated areas should be avoided, as the gases tend to
displace the existing oxygen and can be fatal.
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6.2.1.2 LIQUID NITROGEN

Liquid nitrogen can be used for fitting SXL, XL, COMPAC and RiverTough/Composite grades using a gas tight container
where the liquid cannot leak out and cause harm. The bearings should be completely immersed (or as close to completely
submerged as is practical) or evenly coated with liquid nitrogen. When the liquid nitrogen stops boiling, the bearing has

reached -196°C (-320°F) and can be easily installed (approximately 5 to 30 minutes depending on the surface area of
the bearing).

NOTE 1: ThorPlas-Blue bearings should not be exposed to liquid nitrogen. Freeze fitting of ThorPlas-Blue bearings should be
done with dry ice only. See the ThorPlas Bearings Engineering Manual for more detailed installation instructions.

NOTE 2: Any Thordon bearing bonded in a metallic carrier must not be exposed to temperatures below 0°C (32°F) as the
bond can fail.

Typically, freeze fitting tanks are designed to fit as large a variety of bearings as possible while using as little liquid
nitrogen as possible as shown in Figure 45.

12 GAUGE STEEL— — 12 GAUGE STEEL
INNER TANK WALL / QUTER TAMEK WALL

VERMICULITE —
INSULATION

)

ool e e e ]
I
1
!

s

SPLIT BEARING —
FREEZE TANK

i
=
\

!

B o o A S |

P

— WOODEN ’)\
SUPPORT BOX 12 GAUGE STEEL

TANK BOTTOM

Figure 45: Typical Freeze Fitting Tanks

SAFETY CAUTION: Use of liquid nitrogen in closed or poorly ventilated areas should be avoided as the boiled off gasses tend

to displace the existing oxygen and can be fatal. Do not let liquid nitrogen come info contact with exposed skin; the extreme
cold will cause burns.
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6.2.2 TUBULAR BEARINGS

Thordon tubular bearings, when frozen, can normally
be slid into the housing without difficulty. It is possible,
however, that a bearing may become stuck when only
partially inserted. It is recommended that a hydraulic
jack or rubber mallet be readily available to complete
the installation — speed becomes important in such cases
because the bearing will continue to warm up and expand.
If any fitting force is applied, then the frozen bearing must
be protected against localized damage.

For all tubular bearings, Thordon Bearings recommends
a machined stop or ring at an appropriate point in the
housing to prevent the bearing from moving too far when
being installed. Frozen bearings can easily slide too
far into the stern tube or rudder housing if a stop is not
provided. Thordon also recommends a keeper ring at the
other end to eliminate any possibility of axial movement.
The designed interference fit is usually sufficient, but a
tapered housing, or cyclical unbalanced loading may
occasionally cause a large bearing to move axially if it is
not secured.

To make handling and machining easier, Thordon
bearings are often supplied in multiple segments to make
up one length. Each segment can be installed and allowed
to warm up before the next is fitted, or the segments can
be fitted immediately after each other, however, care
must be taken not to disturb the position of the previous
segment. Each segment should be installed with its centre
correctly positioned axially — the cooled segment will
have also contracted in length and must be free to expand
in the axial direction at each end as it warms. There will
therefore be gaps between each end of the bearing and
the keepers, and also between any bearing segments.
Gaps should also be provided to allow for a portion of the
axial absorption and thermal expansion to occur between
segments.

Grooves of propeller bearing segments should be aligned
to avoid restriction of the water flow. This can be done
visually, or a piece of flat bar stock can be fitted so that
it engages the grooves on adjoining segments. To avoid
possible constriction problems from minor misalignment of
water grooves, each section of a Thordon tubular bearing
should be machined with a circular recess at one end
(the same width and depth as the water grooves). This
facilitates flow of water from one set of grooves to another
even if there is groove misalignment. Care must be taken to
ensure that these recessed ends are properly installed - in
the middle, not the outside.

6.2.2.1 RECOMMENDED PROCEDURE FOR

PROPELLER SHAFT BEARINGS

1. Freeze the Thordon tubular bearing as described in
section 6.2

2. Slide the bearing section(s) into the housing.
If there are multiple sections:

a.

)

Immediately before each section is pushed into
the housing, its length should be measured. The
segment is then pushed into the housing until the
centre of the segment is positioned correctly.

EXAMPLES: A bearing for a 600mm (23.6”) housing
would be machined to approximately 596mm (23.5")
long (to allow for axial water absorption and thermal
expansion). It would shrink to 584mm (23.0") after
freezing in liquid nitrogen. The centre of the bearing
should be 300mm (11.8”) from the end of the housing,
but the frozen bearing is only 584mm (23.0”) long,
so the gap to the internal keeper is 300 - 584/2 =
8mm (11.8 = 23.0 / 2=0.315").

For two segments in a 1200mm (47.2") long housing,
install the first segment as above. Install the second
segment until it has passed the location of the
external keeper by 8mm (0.31”). This will result in
a gap between segments which is normal. The size
of this gap cannot be predicted as the first segment
will have warmed some amount and correspondingly
expanded. Once the bearing is operational and
water absorption and thermal expansion have
occurred, all gaps will disappear.

. Place circumferential grooves (if any) towards the

inside of the bearing.

. Ensure all lubrication grooves (if any) are aligned

either visually or with a piece of bar stock

. Install the axial keeper ring at the open end. The

keeper ring should not block the flow of water
through a propeller shaft bearing.

. Allow bearings to warm to ambient temperature.

As Thordon bearings are an effective thermal
insulator, it can take considerable time for the core
material to warm. It is recommended that at least
12 hours elapse before measurements are taken.

. Measure the bearing bore and record readings

from throughout the bearing length and around

its bore. The difference between bearing I.D.

and shaft diameter should be checked against

the calculated Minimum Installed Diametrical
Clearance. If the measured clearance at any point
in the bearing is less than the Minimum Installed
Diametrical Clearance, this should be investigated
and corrected.
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6.2.2.2 RECOMMENDED PROCEDURE FOR RUDDER BEARINGS

The actual length of a Thordon rudder bearing will be less than the housing length by the amount of the allowances for thermal
expansion and absorption. It is important that this amount be evenly distributed. If the bearing is a single tube, then the total
of the allowances should be divided in two with half being allocated to the bottom of the bearing and half to the top. If the
bearing is made up of two or more segments, then an appropriate portion of the total allowances should be allocated to

gaps between the segments.

With freeze fitted rudder bearings, positioning of the bearing(s) is more difficult than in horizontal bearings because the
bearings want to slide down to the stop. To avoid this, use shims made of wood or cardboard to hold the bearing in the
correct position until it starts to warm up and establishes its “grip” on the housing. Then the shims can easily be removed.
Do not use metal shims because, once the bearing has warmed up, they will be very difficult to remove. Similar shims
should also be used to create the appropriate space between bearing segments in the case of a multi segment bearing.

6.2.3 STAVE BEARING INSTALLATION

1. Take care to ensure all staves are cooled by
alternating layers of staves and dry ice. The staves
should be left in dry ice for approximately 2-3 hours.
A cylinder of liquid nitrogen large enough to immerse
the staves can also be used. The staves should be
immersed until bubbling of the nitrogen stops.

2. Frozen staves are placed side by side in the housing
until all staves are assembled. When fitting staves on
the upper half of the assembly they may be kept in
place by using hoops, wooden discs or other devices.
Once the staves begin to warm-up, no special support
will be required.

3. Place machined staves next to the keeper strips. It is
sometimes necessary to drive the last stave into the
housing if the assembly has begun to warm up during
the installation. Once the staves are fully warmed-up,
they will be held tightly in place by their interference fit.

4. While frozen, Thordon staves, especially Composite
staves, may twist or warp a little, but this should not
unduly affect the assembly.

5. Any staves that come loose should be hammered
back into place.

6. While it is warming up, the assembly should be
checked to ensure that all staves are tightly seated
against the housing.

7. A keeper ring should be used to prevent axial
movement of the staves under unusual conditions

When staves of different lengths are used, an interlocking
pattern is recommended; long and short and then short
and long. Care should be taken to ensure the long and
short machined staves are matched together against the
keeper strips.

A forward stop and an end keeper ring should be used
when installing stave bearings to eliminate any possibility
of axial movement of the staves under unusual operating
conditions.

6.2.4 SPLIT BEARINGS
(SINGLE KEY, DOUBLE KEY)

6.2.4.1 SINGLE TAPERED KEYSET DESIGN

The single tapered keyset design consists of a full form
housing, a single keyset split into two tapered components
and split Thordon bearing segments, normally COMPAC.
One key segment is fixed to the carrier while the other half
is loose as shown in Figure 46. One major advantage
of this concept is that the bearings can be removed and
replaced without removing the shaft. Complete installation
instructions are found in Appendix 1: Thordon COMPAC
Bearing with Single Tapered Keyset Installation Manual.
A Bearing Technology Training CD containing videos
on COMPAC bearing single tapered keyset design and
installation is also available from Thordon Bearings.

W .

Figure 46: COMPAC Single Tapered Keyset Design
Installation
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6.2.4.2 DOUBLE KEY DESIGN (FIGURE 47)

1. Bearing segments can be installed individually. All
the bearing halves do not have to be frozen at once.

2. Slide the bearing segments in place. Ensure each
segment is in the correct spot (grooves on upper half

for COMPAC bearing).

3. Leave space between the bearing segments for
axial growth when the segments normalize to room
temperature.

4. Install keeper ring.

Figure 47: COMPAC Double Key Design Installation

Often, the spring force of the bearings against the keys will
cause the carrier to become slightly oval. The carrier can
easily be forced round by inserting it into the housing.

6.3 PRESS OR DRIVE FITTING
6.3.1 CYLINDRICAL BEARINGS

Although freeze fitting is the preferred way to install
Thordon bearings, it is also possible to use a drive or press
fit when freezing facilities are not available. Drive fitting
is possible for small bearings. Hammer impact will not
harm the bearings. Because of the significant amount of
interference on Thordon bearings, considerable pressing
force is required to install larger bearings. All press or
drive fit bearings should be machined with an entry
chamfer to facilitate entry into the housing. For multiple
segment bearings, a piece of flat steel bar should be
fitted into adjoining grooves to ensure proper groove
alignment. To avoid possible constriction problems from
minor misalignments of lubrication grooves, each segment
of a Thordon tubular bearing should be machined with
a circular recess at one end (the same width and depth
as the lubrication grooves) This facilitates flow of water
from one set of grooves to another, even if there is minor
misalignment of the grooves. Care must be taken to ensure
that these recessed ends are properly installed - in the
middle, not on the outside. Pressing force required to fit
a Thordon bearing is provided by the Thordon Bearing
Sizing Calculation Program, or can be calculated as
follows:

Press force (kg) =

interference(mm) x wall thickness(mm) x length{mm) x 85
housing bore(mm)

Press force (N) =

interference(mm) x wall thickness(mm) x length(mm) x 850
housing bore(mm)

Press force (lbs.) =

interference(inch) x wall thickness(inch) x length(inch) x 120000
housing bore(inch)

NOTE: These are estimations, using a 0.3 friction co-
efficient and a nominal Compression Modulus to suit all
grades of Thordon elastomeric polymer bearings.

6.3.2 SINGLE TAPERED KEYSET DESIGN

The single tapered keyset design consists of a full form
housing and a single keyset split into two tapered
segments, and split tubular Thordon bearings (normally
COMPAC). One half of the key is fixed to the carrier
while the other half slides along it. The single key design
allows the bearings to be removed easily from the carrier
without removing the shaft. Detailed instructions for press
fitting are provided in the Thordon COMPAC Bearing with
Single Tapered Keyset Installation Manual in Appendix 1.
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6.4 ALTERNATIVE METHODS: BONDING

6.4.1 DIMENSIONING FOR BONDING

When bearings are bonded in place, there is no
interference on the O.D. of the bearing, and no bore
closure allowance on the I.D. The allowances for running
clearance, absorption and thermal expansion must still
be considered. The Thordon Bearing Sizing Calculation
Program will provide dimensions for a bonded fit. Consult
with Thordon Bearings if the bearing will be bonded at a
temperature different from where it was machined.

6.4.2 TG-75

TG-75 is a flexible, high strength, two-part epoxy
based adhesive which has been specially selected by
Thordon after extensive testing of a variety of adhesives.
It cures with enough flexibility to accommodate the
stresses generated by the thermal expansion and
absorption of Thordon elastomers. It is used primarily
to form strong bonds between cured elastomers and
metals. It can fill gaps up to 3mm (0.125"). Detailed
instructions for using TG-75 are found in Appendix 2.
Alternative adhesives can be used in an emergency.

6.4.3 FILLING RECESSES

When gaps larger than 3mm (0.12”) are encountered it is
necessary to use a different type of adhesive. In such cases
Thordon recommends the use of a chocking compound
designed for marine applications.

6.4.4 CHOCKING COMPOUNDS

Chocking compounds can fill substantial gaps with minimal
shrinkage. Pot life and viscosity can be such that they can
be poured into the annular space between a bearing and
its housing without difficulty as long as proper venting
provisions are allowed.

Most chocking compounds have a significant exothermic
curing process. When the wall of the chocking compound
is thick, this heat may be sufficient to damage the Thordon
bearing. In this situation, Thordon Bearings cautions that
the temperature should be monitored when chocking with
a wall thickness greater than 12mm (0.5").

Contact the chocking compound manufacturer or
distributor for details about their chocking compound.

There are two installation methods using chocking
compounds, one using the chock as an adhesive to bond
the bearings into place, and the other using chock to
form a housing into which a bearing can be interference
fitted. The use of chocking compounds is popular in new
construction as an alternative to boring and aligning struts,
and in repair when badly worn housings are encountered.

For any Thordon bearing installation involving
chocking compounds, anti rotation devices (as
described in Section 3.10) should be used to prevent
relative movement between the chock and the housing
and between the chock and the bearing. If using pins,
then two pins per bearing segment are recommended.

6.4.4.1 BONDING DIRECTLY INTO THE HOUSING
USING CHOCK

The bearing O.D. must be clean before bonding. Use a lint
free rag or cloth wetted with a solvent to clean the bearing
O.D. Ensure the solvent is allowed to dry before chocking
the bearing. The bearing must be correctly aligned using
jacking screws, etc. Follow the chock manufacturer’s
instructions for venting and damming the assembly, and
for mixing and pouring the chock. Avoid abrupt drops
in temperature during curing of the chock as these may
cause the bearing to shrink. This in turn can affect the
integrity of the bond.

Chocking bearings directly into the housing can make the
removal of worn bearings difficult. It is often necessary to
chisel out the chock. An alternative is to use the chocking
compound to make a housing into which a bearing can be
freeze or press fitted. See instructions below.

6.4.4.2 MAKING A HOUSING FROM CHOCK

Making a housing from chock is an alternative to bonding.
It may be more expensive initially, but replacement of
worn bearings is much easier. The process involves using a
“dummy bearing” which has the same O.D. as the nominal
O.D. of the final Thordon bearing. The dummy bearing
is coated with a mould release compound to prevent
the chock from sticking to it. The dummy bearing is then
aligned and installed following the procedures outlined
in 6.4.4.1 above. Once the chock has cured, the dummy
bearing can be removed, leaving a round aligned chock
housing into which a Thordon bearing can be fitted using
the normal interference fit methods described above.

6.4.4.3 CHOCKING STERN TUBES OR BEARING
CARRIERS

Some shipyards fit Thordon bearings into carriers or
stern tubes, and then chock the carrier or stern tube into
position. This procedure is acceptable as long as the
temperature on the inside of the carrier or stern tube does
not exceed 55°C (130°F). The exothermic reaction from
some chocking compounds, especially if the wall is thick,
can transfer sufficient heat through the carrier or stern
tube wall to stress relieve the Thordon bearing, causing it
to lose its interference fit. The preferred method is to chock
the carrier or stern tube with the bearings removed.
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6.5 INSTALLING CARRIERS FOR SINGLE TAPERED KEYSET DESIGN

The carriers are supplied in accordance with customer requirements and can either be chocked or fit directly into the
bearing housing provided in the ship structure (stern tube, strut, or other.)

All parts are finish machined, ready for installation, unless otherwise directed.

NOTE: COMPAC bearings segments are to be removed from the carrier prior to chocking and installed only after Chocking
of the carriers is complete

6.6 REMOVAL OF THORDON BEARINGS
6.6.1 GENERAL

If Thordon bearings have to be removed, there are several acceptable procedures.

1. For smaller bearings it is often feasible to use a “come-along” to pull the bearings out. Fit a pulling plate behind the
bearing to be removed and pull with a hydraulic jack. See Figure 48 below.

METAL PLATE HOUSING METAL PLATE

A A R AL A AR A A AR AR A A A A AR A A AR A AR @

%__ THORDON BEARING

SECTION A-A

Figure 48: Technique For Removing Small Thordon Bearings

2. Itis also possible to pack a small bearing with dry ice and freeze it enough to be able to pull it with little force.

3. For larger bearings, the easiest way is to remove the interference fit. This can be accomplished by cutting a groove
in the worn part of the bearing using a router or similar tool such as a circular saw or a chain saw. The groove
should be 3—5 mm (.01"-0.2") wide. Recommended procedure is to cut the groove almost through the wall of the
bearing leaving 1-2mm (0.04"-0.08") of bearing wall that can then be cut with a sharp knife. This procedure
minimizes the risk of damage to the bearing housing. Once the bearing wall has been completely cut, one side can
be pried up and doubled over the other to completely remove the interference pressure. Then the bearing can be
manually removed.

4. An alternative method is to heat the bearing to more than 70°C (158°F) for at least an hour, and then cool it.
This will effectively stress relieve the bearing and it should be easily removed.

6.6.2 REMOVAL OF SINGLE TAPERED KEYSET BEARINGS — SEE APPX. 1

The tapered keyset concept allows removal of Thordon COMPAC bearings for inspection with the shaft in place. The
removal of the tapered key and bearing is outlined in Appendix 1: Thordon COMPAC Bearing with Single Tapered
Keyset Installation Manual. A Bearing Technology Training video on COMPAC bearing single tapered keyset design and
installation is also available from Thordon Bearings.
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THORDON COMPAC BEARING WITH SINGLE TAPERED KEYSET

INSTALLATION MANUAL

EQUIPMENT DESCRIPTION
The Thordon COMPAC with tapered keyset bearing

system consists of the following items:

a. A bronze or stainless steel bearing carrier.
b. A bronze tapered keyset.
c. Split COMPAC polymer bearing segment/segments.

d. Bronze or Stainless Steel axial retaining rings.

The bearing assembly for all sizes of COMPAC bearings
with tapered keyset is similar in construction. A brief
description follows:

Each bearing assembly comprises an outer metallic carrier
lined with Thordon COMPAC polymer bearing segments.

The bearing carrier is supplied in cylindrical form for
permanent chocking or interference fitting into the ship.
One end of the carrier is typically flanged to provide
means for a positive location to the mating face of the
housing.

The COMPAC polymer bearing is made up of segments;
the top halves have lubrication grooves while the bottom
halves have a smooth bore. The number of segments
required per carrier is dependent upon the length and
diameter of the bearing.

A single axial key provides the interference to retain the
COMPAC bearing segments in the carrier. The key is split
with a taper. The bottom half is bolted to the carrier and
the top half is removable allowing easy extraction of the
bearing without removing the shaft.

Retaining rings are bolted at the outer end of the carrier
to prevent any possible axial movement of the bearing
segments.

PRINCIPLE OF OPERATION

The bearings are designed using hydrodynamic theory.
The smooth bore in the bottom half of the bearing allows,
at lower shaft speeds, the quick development of a fluid film
between the shaft and the bearing. Thus the bearings can
operate more quietly and effectively at lower revolutions
per minute. The Thordon COMPAC polymer bearings
have inherent self-lubricating properties facilitating lower
startup torques.

The bearings are cooled by a flow of water over the
bearing surface. Pumped lubrication flow is recommended
and the minimum recommended lubrication flow rate is
0.15 litres per minute per millimetre of shaft diameter. If
pumped water lubrication is not provided such as in a strut
bearing, the forward motion of the vessel must provide
sufficient water flow to the bearings.

The elastomeric nature of the bearing also allows for the
passage of abrasive particles through the bearing without
causing excessive wear to the shaft.

Note: Shaft liners in way of bearings should be clean and
smooth (0.8 um surface finish) for optimum performance.

The bearings are retained in the bearing carrier by an
interference force between the bearing and the carrier
developed by fitting of the key. Removing the key releases
the interference force allowing for easy removal of the
bearing segments.

BREAK-IN OF NEW BEARINGS

A new bearing supplied from the factory or a replacement
bearing machined on site will have machining marks on
the wear surface.

During initial operation of the shaft, the peaks of the
machining marks will be worn away and a smooth surface
will be generated. This is normally accomplished during
commissioning of the propulsion system on new ships and
initial manoeuvering on existing ships.

For commissioning procedure, please refer to the
“Generic Commissioning Procedure” attached at end of
this document in Appendix 1.
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BEARING CARE & MAINTENANCE
AFTER FITTING

To maximize bearing life and bearing performance, routine
bearing maintenance and care should be undertaken.

Where a vessel is idle for periods lasting longer than two
days, good marine practice is to slowly rotate the shaft on
turning gear for 2 revolutions every 1-2 days to dislodge
marine growth and salt deposits on journal surfaces.

Shaft surface roughness should be maintained at less
than 1.6 micro-metres (63 micro-inches) Ra to prevent
accelerated bearing wear.

CARRIER INSTALLATION INSTRUCTIONS

The carriers are designed to either be chocked or press
fit into the bearing housing provided in the ship structure
(stern tube, strut, or other.)

The carriers and bearings are shipped from the Thordon
factory on cradles in wooden crates. All parts are finish
machined, ready for installation, unless otherwise directed.

KEY AND BEARING INSTALLATION
(SHAFT INSTALLED)

Place the beginning end of the removable key (thinnest
end of the key) on the fixed key. Press the key into position
using hand pressure. A non-metallic 5 kg mallet hammer
may be required to tap the key into the position.

Leave approximately 150 to 160 mm of the end of the key
out and proceed to install the COMPAC bearing segments
as detailed below.

With the shaft centered in the carrier, install the bottom
segments one at a time and slide them into the bearing
carrier. The upper edge of the bearing on the key side
should be in contact with the stationary section of the key.
When the bottom segments are fully in, the shaft should
be lowered to allow insertion of the top segments. Each
segment in turn is rested on the shaft and slid into the
housing.

When all segments are fully inserted, the Extractor Rod is
removed from the extraction tool and the extraction tool
is threaded into the mounting holes in the housing. The
Extractor Bar is positioned to allow the fitting of a hydraulic
cylinder between the end of the key and the Extractor Bar.
The hydraulic cylinder is pressurized pushing the key fully
into the housing.

Install the retaining ring and screws and tighten in
accordance with torques specified on the drawing.

KEY AND BEARING INSTALLATION
(SHAFT REMOVED)

The fixed key, lower half, is bolted into the required position
in the carrier.

Place the beginning end of the removable key (thinnest
end of the key) on the fixed key. Press the key into position
using hand pressure. A non-metallic 5 kg mallet hammer
may be required to tap the key into the position.

The COMPAC polymer bearing segments are delivered to
the shipyard in a fully machined state ready for installation
in the metallic carriers.

Note: COMPAC bearing segments are to be installed only
after Chocking of the bronze carriers is complete

The recommended method to cool the bearing segments is
using liquid nitrogen. To accomplish this, a holding tank as
illustrated in Figure 1 should be used.

Note: COMPAC bearing grooves are to be on top half only.

Place one segment at a time in the tank and leave the
segment in the tank for approximately 20 minutes or until
the liquid nitrogen stops boiling. It is recommended that
the bottom halves of the bearing are cooled first and fit
in the carrier followed by the top halves. In lieu of liquid
nitrogen, dry ice can be used as a cooling medium to cool
the bearing segments

Slide the frozen bearing segments into the carrier starting
with the bottom segments then slide the top halves in
ensuring that the top and bottom segments are aligned.

Care must be taken to ensure that the segments are
installed in the correct order making sure that:

* The lubrication grooves are on the top of the bearings

* The circumferential grooves are positioned towards
the centre of the bearing

Install the retaining ring and retaining ring screws onto the
carrier. Tighten the screws to the torque recommended on
the arrangement drawing.

WARNING:

Nitrogen, although not a poisonous gas, will displace air
and if the work is being conducted in a depressed areq,
the localized atmosphere may become devoid of oxygen
even though the area in general may be well ventilated-
--adequate precautions must be observed to preserve
personnel safety regarding oxygen depletion and the low
temperature of the coolant.
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PREGLLATION

.

LICHID NITROGEN BEARING CODLING BOX

i

AMUCE STEEL
BOTTOM

Figure 1. Dimensions are typical - vary to suit size of actual bearing segments being cooled

REMOVAL OF COMPAC BEARING SEGMENTS (SHAFT INSTALLED)

Key Removal

Centre the shaft in the bearing by lifting with block and
tackle or other suitable securing method so that the shaft is
no longer contacting the bearing.

Remove the retaining ring bolts and retaining ring. Store for
re-installation later.

Remove the Wear Down Gauge, as it will impede the
removal of the bearing.

Attach the key extraction tool supplied by Thordon Bearings
shown in Figure 2. The tool must be firmly attached to the
key. Place the cross bar on the adjustable rods so that it is
extended from the key as far as possible, while still allowing
for a minimum 25 mm engagement of the Extractor Nut
over the Extractor Rod (puller) Figure 3.

ADJUSTABLE THREADED ROD

EXTRACTOR BAR

EXTRACTOR ROD

EXTRACTOR NUT

Figure 2. lllustration of the extractor key tool




COMPAC INSTALLATION

Figure 3. Extractor tool set up to begin detachable
single key extraction.

Using the hex wrench turn the nut onto the puller to increase
the nut engagement, which will extract the key.

When the Extractor Nut has bottomed out on the puller,
set up the extraction tool as described in the previous
section. Move the nuts outward along the adjustable rods
to extend the distance between the crossbar and carrier.
Turn the Extractor Nut again until it bottoms out. Repeat the
procedure until the key can be removed by hand. Figure

4 illustrates what a typical key extraction procedure looks
like.

Store the key for re-installation later. Store the extraction
tool for later use.

Figure 4. Single Key removal using key extraction tool
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CUSTOMER FOCUSED TO SUPPORT
YOUR IMMEDIATE AND FUTURE NEEDS

Supply and Service

Geared to provide quick response to customer needs, Thordon Bearings understands the importance of fast delivery
and reduced down time. Thordon marine and industrial bearings can be designed, produced to the exact requirements
of the customer and shipped quickly.

Distribution

With Thordon bearings and seals specified all around the world, an extensive distribution network has been established
in over 100 countries. Inventories of common bearing sizes are stocked by local Thordon Distributors and are backed
up by large regional and head office Thordon stocks.

Application Engineering
Thordon Bearing’s engineers work closely with customers to provide innovative bearing system designs that meet or
exceed the technical requirements of the application.

Manufacturing

Thordon’s modern polymer processing facility is staffed with experienced and dedicated employees. Bearings up to
2.2 m (86") in diameter have been supplied and bearings up to 1.5 m (60”) O.D. can be machined in-house.

Quality
Thordon Bearings Inc. is a Canadian company manufacturing to ISO 9001 Quality System requirements.

With over 40 years experience in polymer bearing design, application engineering and manufacturing,
Thordon marine and industrial bearings are recognized worldwide for both quality and performance.

Research and Development

Thordon bearings are being continuously tested by our Bearing Test Facility. The Facility evaluates new designs and
applications before they are put into service. Ongoing testing not only allows for design refinements, but ensures
quality and performance after installation. Our polymer laboratory evaluates new and modified polymers in a
continuing quest to improve Thordon bearing performance and searches for new polymer bearing solutions.
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