





Introduction and Safety




Introduction

/A\CAUTION

The purpose of this manual is to provide necessary information for installation, operation
and maintenance of the PumpWorks Industrial Model PWA

CAUTION:
Read this manual carefully before installing and using the product. Improper use of the product can
cause personal injury and damage to property, and may void the warranty.

Safety terminology and symbols
About safety messages

Hazard criteria

4 DANGER

/A WARNING

/A\CAUTION

Safety

/A WARNING

It is extremely important that you read, understand, and follow the safety messages in this
manual before handling the product. They are published to help prevent these specific
hazards:

e Personal accidents and health

e  Product damage

e  Product malfunction

DANGER:
A situation where a hazard, if not avoided, will result in serious bodily injury and/or death.

WARNING:
A situation where a hazard, if not avoided, could result in serious bodily injury and/or
death.

CAUTION:
A situation where a hazard, if not avoided, could result in less severe bodily injury.

NOTICE:
A potential situation, which if not avoided, could lead to product malfunctions.

WARNING:

e The operator must be aware of safety precautions to prevent physical injury.

e Any pressure-containing device can explode, rupture, or discharge its contents if it is over
pressurized. Take all necessary measures to avoid over-pressurization.

e QOperating, installing, or maintaining the unit in any way that is not intended could cause
death, serious personal injury, or damage to the equipment. This includes any
modification to the equipment or use of parts not provided by PW-IND. If there is a question
regarding the intended use of the equipment, please contact a PW-IND representative
before proceeding.

e This manual clearly identifies accepted methods for disassembling units. These methods
must be followed. Trapped liquid can rapidly expand and result in a violent explosion and
injury. Never apply heat to impellers or their retaining devices to aid in their removal unless
explicitly stated in this manual.

e Ifthe pump/motor is damaged or leaking, do not operate as it may cause an electric shock,
fire, explosion, release of toxic fumes, physical harm, or environmental damage.
Correct/repair the problem prior to putting the pump back in service.

e Do not change the service application without the approval of an authorized PW-IND
representative.




User safety
General safety rules
These safety rules apply:
e  Always keep the work area clean.
e  Pay attention to the risks presented by gas and vapors in the work area.
e Avoid all electrical dangers. Pay attention to the risks of electric shock or arc flash
hazards.
Safety equipment
Use safety equipment according to local regulations. Use this safety equipment
within the work area:
e Helmet
e Safetyglasses
e  Protective shoes
e Protective gloves
e Gas mask
e Hearing protection
e Safety devices

NOTICE NOTICE: , o o .
Never operate a unit unless safety devices are installed. Also see specific information about safety

devices in other chapters of this manual.

Electrical connections
Electrical connections must be made by certified electricians in compliance with all
international, national, state, and local codes.

Precautions before work

e  Provide a suitable barrier around the work area, for example, a guard rail.

e  Make sure that all safety guards are in place and secure.

e  Make sure that you have a clear path of retreat.

e  Make sure that the product cannot roll or fall over and injure people or damage
property.

e  Make sure that the lifting equipment is in good condition.

e Use a lifting harness, a safety line, and a breathing device as required.

e Allow all system and pump components to cool before you handle them.

e Make sure that the product has been thoroughly cleaned.

e Disconnect and lock out power before you service the pump.

o Check the explosion risk before you weld or use electric hand tools.

Precautions during work

CAUTION:
Read this manual carefully before installing and using the product. Improper use of the product can
cause personal injury and damage to property, and may void the warranty.

/A\CAUTION

e Always wear Personal Protective Equipment (PPE).

e Always lift the product as illustrated in the Transportation and Storage Section.

e  Beware of the risk of a sudden start if the product is used with an automatic control.

e  Clean all components thoroughly after pump disassembly.

e Do not exceed the maximum working pressure of the pump.

e Do notopen any vent or drain valve or remove any plugs while the system is
pressurized.




e  Make sure that the pump is isolated from the system and that pressure is relieved
before you disassemble the pump, remove plugs, or disconnect piping.
e Never operate a pump without a properly installed coupling guard.

Product Warranty

Basic Coverage
PW-IND will remedy faults in products under these conditions:
e The faults are due to defects in design, materials, or workmanship.
e The faults are reported to a PW-IND representative within the warranty period.
e The product is used only under the conditions described in this manual.
e Allservice and repair work is done by PW-IND authorized personnel.
e  Genuine PW-IND parts are used.

PW-IND will replace the Power End for 5 years after shipment,
regardless of cause of failure. Contact your PW-IND representative
for more information on the Power End warranty program.

Limitations to Warranty:
Except where noted above, the warranty does not cover faults caused by these situations:

e Deficient maintenance

e Improper installation

e  Modifications or changes to the product and installation made without consulting
PW-IND

e Incorrectly executed repair work

e Normal wear and tear

PW-IND assumes no liability for these situations:
e Bodily injuries
e  Material damages
e Economiclosses
e Environmental damage


















































































Check that the suction piping is |The suction piping must never have a
one or two sizes larger than the |smaller diameter than the suction
suction inlet of the pump. inlet of the pump.

Install an eccentric reducer be- See the Example sections for il-
tween the pumpinlet and the lustrations.

suction piping.

Check that the eccentric reducer |See the example illustrations.
at the suction flange of the pump
has the following properties:

¢ Sloping side down

¢ Horizontal side at the top

When suction strainers or suction |Suction strainers help to prevent

bells are used, check that they are |clogging.

at least three times the area of the |Mesh holes with a minimum diameter
suction piping. of 1/16in. (1.6 mm) are
recommended.

If more than one pump operates  [This recommendation helps you to
from the same liquid source, achieve a higher pump performance.
check that separate suction-piping
lines are used for each pump.

If necessary, make sure that the —
suction piping includes a drain
valve and that it is correctly in-
stalled.

Liquid source below the pump
Table 12: Suction piping guidelines — Liquid source below pump

Check Explanation/comment Checked

Make sure that the suction This helps to prevent the occurrence
piping is free from air pockets. |of air and cavitation in the pump inlet.

Check that the suction piping
slopes upwards from the
liquid source to the pump
inlet.

This prevents air from accumulating in
the suction piping.

If the pump is not self-priming,
check that a device for priming
the pump is installed.

Use a foot valve with a diameter that
is at least equivalent to the diameter
of the suction piping. End user must

accommodate for foot valve friction
losses in priming & suction
calculations

Liquid source above the pump
Table 13: Suction piping guidelines — Liquid source above pump

Check Explanation/comment Checked

Check that an isolation valve is This permits you to close the line
installed in the suction piping at |during pump inspection and

a distance of at least two times maintenance.

the pipe diameter from the Do not use the isolation valve to
suction inlet. throttle the pump. Throttling can
cause these problems:

e Loss of priming

e Excessive temperatures

e Damage to the pump

¢ Voiding the warranty

Make sure that the suction This helps to prevent the occurrence
piping is free from vapor of vapors and cavitation in the pump
pockets. inlet.

Check that the pipingis levelor |—
slopes downward from the
liquid source.

Make sure that no part of the —
suction piping extends below
the suction flange of the pump.
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Make sure that the suction
piping is adequately submerged
below the surface of the liquid

This prevents air from entering the
pump through a suction vortex.

Example: Elbow close to the pump suction inlet

Correct

Incorrect

The correct distance between the inlet flange of
the pump and the closest elbow must be at least
five pipe diameters

1).Sufficient distance to prevent disturbances
that can result in cavitation.
2).Eccentric reducer with level top.




Example: Suction piping below pump

Correct Incorrect

1).  Suction piping sloping upwards from liquid

source.
2).  Long-radius elbow.
3).  Eccentric reducer with a level top

Discharge piping checklist

Table 14: Discharge piping guidelines

Check Explanation/comment Checked
Check that an isolation valve is The isolation valve is required for:
installed in the discharge line. e Priming

e Regulation of flow

¢ Inspection and maintenance of
the pump See Example: Discharge
piping equipment for illustrations.

Check that a check valve is installed |The location between the isolation

in the discharge line, between the |valve and the pump allows

isolation valve and the pump inspection of the check valve.

discharge outlet. The check valve prevents damage to the
pump and seal due to back flow through
the pump when the drive unit is shut off.
See Example: Discharge piping
equipment for illustrations.

If increasers are used, check that See Example: Discharge piping
they are installed between the equipment for illustrations.
pump and the check valve.

If quick-closing valves are installed [This protects the pump from
in the system, check that cushioning |surges and water hammer.
devices are used.




Example: Discharge piping

Correct Incorrect

2).Bypass Line Isolation Valve
3).Check Valve (flow arrow pointing AWAY from pump). the check valve and pump.

4).Discharge Isolation Valve

( (
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1).Discharge Bypass Line 1).Check valve (incorrect position)
2).The isolation valve should not be positioned between




Commissioning, Startup, Operation,
and

Shutdown

Note: Images are for illustration purposes only and may not reflex the actual pump design
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Preparation for startup

WARNING:
AWARNING e Failure to follow these precautions before you start-up the pump could lead to serious
injury and equipment failure.

e Do not operate the pump below the minimum rated flow or with the suction or
discharge valves closed.

e Avoid death or serious injury. Leaking fluid can cause fire and/or burns. Operating the
pump above maximum rated flow shown on the pump curve leading to an increase in
horsepower and vibration along with mechanical seal and/or shaft failure.

. Never operate the pump without the coupling guard correctly installed.

o Always disconnect and lock out all potential energy sources (electrical, hydraulic,
pneumatic, etc) before you perform any installation or maintenance tasks. Failure to
disconnect and lock out driver power could result in serious physical injury.

e QOperating the pump in reverse rotation will result in the contact of metal parts, heat
generation, and breach of containment.

Precautions
NOTICE:

NOTICE e  Verify the driver settings before you start any pump.
e  Make sure that the pump casing warm-up rate does not exceed 5°F (2.8°C) per
minute.

e Risk of damage to the mechanical seal or shaft sleeve on units supplied with
cartridge mechanical seals. Prior to startup, make sure to tighten the set
screws in the seal locking collar and remove the centering clips.

You must follow these precautions before you start the pump:

e Flush and clean the system thoroughly prior to start-up to remove dirt or
debris in the pipe system.

e Iftemperatures of the pumped fluid will exceed 200°F (93°C), then warm up
the pump prior to operation. Circulate a small amount of fluid through the
pump until the casing temperature is within 50°F (10°C) of the process fluid
temperature. Soak for (2) hours at process fluid temperature.

Remove the coupling guard
1. Remove the nut, bolt, and washers from the slotted hole in the center of the
coupling guard.
2. Slide the driver half of the coupling guard toward the pump.

Figure 1: Guard removal - slide driver half

o
[a8
-]
—
a4
<
[y
(%)




3. Remove the nut, bolt, and washers from the driver half of the coupling guard.
4. Remove the driver-side end plate.

Driver-side end plate

Driver

Figure 2: Guard removal — driver side end plate

5. Remove the driver half of the coupling guard:
a) Slightly spread the bottom apart.
b) Lift upwards.

Figure 3: Guard removal —driver half
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Remove the remaining nut, bolt, and washers from the pump half of the coupling
guard. Itis not necessary to remove the end plate from the pump side of the
bearing housing. You can access the bearing-housing tap bolts without removing
this end plate if maintenance of internal pump parts is necessary.

Remove the pump half of the coupling guard:

a) Spread the bottom of the guard apart.

b) Lift upwards.

Figure 4: Guard removal — pump half

Annular groove

Pump-side end plate

Driver

Pump half of the coupling guard

Eall o

Check the rotation - Frame Mounted

/A WARNING

WARNING:
e Operating the pump in reverse rotation will result in the contact of metal parts,
heat generation, and breach of containment.
o Always disconnect and lock out all potential energy sources (electrical, hydraulic,
pneumatic, etc) before you perform any installation or maintenance tasks. Failure
to do so could result in serious physical injury.

1. Lock out power to all potential energy sources (electric, hydraulic, pneumatic,
etc.).

2. Make sure that the coupling hubs are fastened securely to the shafts.

3. Make sure that the coupling spacer is removed.
The pump ships with the coupling spacer removed.

4. Unlock power to the driver.

5. Make sure that everyone is clear, and then operate the driver long enough to
determine that the direction of rotation corresponds to the arrow on the
bearing housing or close coupled frame.
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Couple the pump and driver

/A WARNING WARNING:

Always disconnect and lock out power to all potential energy sources
(electric, hydraulic, pneumatic, etc.) before you perform any installation
maintenance tasks. Failure to do so will result in serious physical injury.

Install the coupling guard

WARNING:

e  Never operate a pump without a properly installed coupling guard.
Personal injury will occur if you run the pump without a coupling guard.

e  Referto driver/coupling/gear manufacturers IOM for specific instructions
and recommendations.

e Always disconnect and lock out power to all potential energy sources
(electric, hydraulic, pneumatic, etc.) before you perform any installation
or maintenance tasks. Failure to disconnect and lock out driver power will
result in serious physical injury.

/A WARNING

Figure 5: Required guard parts

End plate, drive end

End plate, pump end

Guard half, 2 required

3/8-16 nut, 3 required

3/8 in. washer, 6 required

3/8-16 x 2 in. hex head bolt, 3 required

Ok WN R
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1. Follow appropriate lock out/tag out procedures: De-energize the motor,
place the motor in a locked-out position, and place a caution tag at the
starter that indicates the disconnect.

2. Putthe pump-side end plate in place.

If the pump-side end plate is already in place, make any necessary coupling
adjustments and then proceed to the next step.

Table 1: Group — Guard Installation guidelines

If the pump size is... Then...
Group 1,2 Align the pump-side end plate to the bearing frame.

Put the pump-half of the coupling guard in place:
a) Slightly spread the bottom apart.
b) Place the coupling guard half over the pump-side end plate.

Figure 6: Guard install — slide pump half

Annular groove

Pump-side end plate

Driver

Pump half of the coupling guard

el

The annular groove in the coupling guard half must fit around the end plate.

Use a bolt, a nut, and two washers to secure the coupling guard half to the end
plate. Tighten securely.

Put the driver half of the coupling guard in place.

a) Slightly spread the bottom apart.

b) Place the driver half of the coupling guard over the pump half of the coupling
guard. The annular groove in the coupling guard half must face the motor.
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Annular

Groove
Guard Half

Figure 7: Guard install — slide motor half

6. Place the driver-side end plate over the motor shaft.

End Plate

Driver

Figure 8: Guard install — slide end plate

7.  Place the driver-side end plate in the annular groove of the driver-half of the
coupling guard.
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Use a bolt, a nut, and two washers to secure the coupling guard half to the
end plate. Hand-tighten only.

The hole is located on the driver-side of the coupling guard half.

Slide the driver-half of the coupling guard towards the motor so that the
coupling guard completely covers the shafts and coupling.

<i::::::::] Slide to Fit

Driver

Figure 9: Guard Install - slide motor half to fit

10. Use a nut, a bolt, and two washers to secure the coupling guard halves together.

11. Tighten all nuts on the guard assembly.

Bearing lubrication

NOTICE

WARNING:
Make sure to properly lubricate the bearings. Failure to do so can result in premature failure.

The PW-IND Model PWL bearings are lubricated by an OIL FLINGER. Oil Level must be
maintained at the center of the power end sight glass.

NOTE:
Pumps are shipped without oil. You must lubricate oil-lubricated bearings prior to
start-up.

Lubricating Oil Fill Capacities

Table 2: Lubrication capacity requirements

Frame Qts. Oz. ml
Group 2 4.0 128 3785
Group 3 5.0 160 4732
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Lubricating-oil requirements

Oil requirements based on temperature

Table 3: Oil requirements based on temperature

Temperature

Oil requirement

Pumped Fluid Temperatures below 350°F

Use ISO VG 68

Pumped-fluid temperatures exceed
350°F (177°C)

Use synthetic lubrication ISO VG 100. Use
PWA Water Cooling Coil

Acceptable oil for lubricating bearings

Acceptable lubricants

Table 4:

Examples of acceptable high quality turbine oils with rust and oxidation inhibitors.

Brand Lubricant type

Chevron GTS Oil 68

Exxon Teresstic EP 68

Mobil DTE 26 300 SSU @ 100°F (38°C)
Philips Mangus Oil 315

Shell Tellus Oil 68

Sunoco Sunvis 968

Royal Purple SYNFILM ISO VG 68 Synthetic Lube

Note: When Shell Turbo 54 X 32 lubricant is used there is no oil change required for up to 5 years.

Lubricate the bearings with oil

1. Remove the fill plug.

2. Fillthe bearing frame with oil through the vent /filler connection, which is located

on top of the bearing frame.

Fill the bearing frame with oil until the oil level reaches the middle of the sight

glass (319).

<
Ehd

}_ﬁ
Correct Qil Level g‘ o

L.

Figure 10: Power End - lube fill

3. Replace thefill plug.
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Lubricate the bearings with pure oil mist
Oil mist is an optional feature for this pump.
To lubricate bearings with pure oil mist, follow the instructions provided by the
manufacturer of the oil-mist generator.
The inlet connections are on the top of the bearing frame.

Pump priming

U ABIIA  WARNING:
/A\WARNING

Make sure to review MSDS regarding hazards for the pump process fluid. Personal Protective
Equipment (PPE) should be worn during all activities around pump.

Prime the pump with the suction supply above the pump
1. Slowly open the suction isolation valve.
2. Open the piping vents on the suction and discharge piping until all gas is
evacuated.
3. Close the piping vents.

1. Dischargeisolation valve
2. Checkvalve
3. Suction isolation valve

Figure 11: Pump Priming — supply above pump

Prime the pump with the suction supply below the pump

Use a foot valve and an outside source of liquid in order to prime the pump. The liquid
can come from one of these sources:

e Apriming pump

e Anpressurized discharge line

e Another outside supply
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Close the discharge isolation valve.

Open the vent valves in the casing.

Open the valve in the outside supply line until only liquid escapes from the vent
valves.

Close the vent valves.

Close the outside supply line.

Discharge isolation valve
Priming shutoff valve
External priming fluid
Foot valve

Check valve

Figure 12: Pump Priming with foot valve and outside supply
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Priming by-pass line
Priming shutoff valve
Foot valve

Check valve

Discharge isolation valve

e W e

Figure 13: Pump Priming with foot valve and bypass

Start the pump

/AWARNING WARNING:
Immediately observe the pressure gauges. If discharge pressure is not quickly attained, stop the
driver immediately, re-prime, and attempt to restart the pump.

/A\CAUTION CAUTION:

e Observe the pump vibration levels, bearing temperature, and excessive noise. If normal
levels are exceeded, shut down the pump and resolve the issue.

e On pure or purge-oil mist-lubricated units, remove the power end vent plug to verify
that oil mist flowing properly. Replace the plug.

e Ensure that the oil level is correct prior to starting pump.

Before you start the pump, you must perform these tasks:
e Open the suction valve.
e Open any recirculation or cooling lines.
Partially open the discharge valve, depending on system conditions.
Start the driver.
Slowly open the discharge valve until the pump reaches the desired flow.
Immediately check the pressure gauge to ensure that the pump quickly reaches
the correct discharge pressure.
5. If the pump fails to reach the correct pressure, perform these steps:
a) Stop thedriver.
b)  Prime the pump again.
c) Restartthedriver.
6. Monitor the pump while it is operating:
a) Checkthe pump for bearing temperature, excessive vibration, and noise.
b)  Ifthe pump exceeds normal levels, then shut down the pump
immediately and correct the problem.
7. Repeat steps 5 and 6 until the pump runs properly.

Eal S

Pump operation precautions

General considerations

MACAUTION caurion:

e Vary the capacity with the regulating valve in the discharge line. Never throttle the flow
from the suction side since this can result in decreased performance, unexpected heat
generation, and equipment damage.

e Do not operate pump past the maximum flow. For maximum flow refer to the pump
performance curve.

e Do notoverload the driver. Driver overload can result in unexpected heat generation
and equipment damage. The driver can overload in these circumstance.

. The specific gravity of the pumped fluid is greater than expected.
. The pumped fluid exceeds the rated flow rate.

~
o
o
)
=
o
<
=
(%}




Do not operate pump below minimum flow. For minimum flows refer to technical
manual and pump performance curve.

Make sure to operate the pump at or near the rated conditions. Failure to do so can
result in pump damage from cavitation or recirculation.

Operation at reduced capacity

WARNING:

AWARNING Never operate any pumping system with a blocked suction and discharge. Operation, even for a
brief period under these conditions, can cause confined pumped fluid to overheat, which could
result in a explosion. You must take all necessary measures to avoid this condition.

A\ CAUTION

CAUTION:

The pump and system must be free of foreign objects. If pump becomes plugged, shut
down and unplug prior to restarting pump.

Avoid excessive vibration levels. Excessive vibration levels can damage the bearings,
stuffing box or seal chamber, and the mechanical seal, which can result in decreased
performance.

Avoid increased radial load. Failure to do so can cause stress on the shaft and bearings.

Avoid heat build-up. Failure to do so can cause rotating parts to score or seize.
Avoid cavitation. Failure to do so can cause damage to the internal surfaces of the
pump.

Shut down the pump

1.
2.
3.

Disengage driver.
Allow pump to coast down.
Close discharge valve.
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Maintenance

Note: Images are for illustration purposes only and may not reflex the actual pump design




Maintenance schedule

It is recommended that a maintenance plan and schedule is adopted, in line with these Instructions, to include

the following:

Any auxiliary systems installed must be monitored, if necessary, to ensure they function correctly.

e Gland packing must be adjusted correctly to give visible leakage and concentric alighment of the gland
follower to prevent excessive temperature of the packing or follower.
e Check for any leaks from gaskets and seals. The correct functioning of the shaft seal must be checked

regularly.

e Check bearing lubricant level, and if the hours run show a lubricant change is required.

e Check that the duty condition is in the allowable operating range for the pump.

e Check vibration, noise level and surface temperature at the bearings to confirm satisfactory operation.
e Check dirt and dust is removed from areas around close clearances, bearing housings and motors.

e  Check coupling alignment and re-align if necessary.

Our field service technicians can help with preventative maintenance records and provide condition monitoring
for temperature and vibration to identify the onset of potential problems.

Routine inspection (daily/weekly)

The following checks should be made and the appropriate action taken to remedy any deviations:

e  Check operating behavior. Ensure noise, vibration and bearing temperatures are normal.

e Check that there are no abnormal fluid or lubricant leaks (static and dynamic seals) and that any sealant
systems (if fitted) are full and operating normally.

o Check the level and condition of oil lubricant. On grease lubricated pumps, check running hours since
last recharge of grease or complete grease change.

e Check any auxiliary systems are functioning correctly.

e Refer to the manuals of any associated equipment for routine checks needed.

Periodic inspection (six month)

e  Check foundation bolts for security of attachment and corrosion.
e Check pump running records for total operating hours since last service to determine if bearing

lubricant requires changing.

e  Check the coupling for correct alignment and worn driving elements.

e Refer to the manuals of any associated equipment for periodic checks needed.

Bearing maintenance

These bearing lubrication sections list different temperatures of the pumped fluid.

Table 1: Oil Change Schedule

Type of bearing

First lubrication

Lubricationintervals

Oil-lubricated bearings

Add oil before you install and start the
pump. Change the oil after
400 hours for new bearings.

After the first 400 hours, change the oil
every 2000 operating hours or every
three months.

Grease-lubricated bearings

Grease-lubricated bearings are initially
lubricated at the factory.

Re-grease bearings every 2000
operating hours or every three
months.




Lubricating-oil requirements
Lubricating Oil Fill Capacities

Table 2: Required amount of oil for oil-lubricated bearings.

Frame Qts. Oz. ml
Group 2 4.0 128 3785
Group 3 5.0 160 4732

Lubricating-oil requirements

Table 3: Oil requirements based on temperature

Temperature Oil requirement

Pumped fluid temperatures below 350° F Use ISO VG 68

Pumped fluid temperatures exceed 350° F Use synthetic lubrication ISO VG 100. Use water cooling
coil

Acceptable oil for lubricating bearings

Acceptable lubricants
Table 4:
Examples of acceptable high quality turbine oils with rust and oxidation inhibitors

Brand Lubricant type

Chevron GTS Oil 68

Exxon Teresstic EP 68

Mobil DTE 26 300 SSU @ 100°F (38°C)
Philips Mangus Oil 315

Shell Tellus Turbo T 68 or Tellus S2 MX 68
Sunoco Sunvis 968

Royal Purple SYNFILM ISO VG 68 Synthetic Lube

Note: When Shell Turbo 54 X 32 lubricant is used there is no oil change required for up to 5 years.

Disassembly

Disassembly precautions

= WARNING:

AWARNING e This manual clearly identifies accepted methods for disassembling units. These methods
must be followed to ensure safe maintenance of the pump. Trapped liquid can rapidly
expand and result in a violent explosion and injury. Never apply heat to impellers or other
pump components to aid in their removal unless explicitly stated in this manual.

e Always disconnect and lock out power to all potential energy sources (electric, hydraulic,
pneumatic, etc.) before you perform any installation or maintenance tasks. Failure to do so
will result in serious physical injury.

e Refertodriver/coupling/gear manufacturers installation and operation manuals (IOM) for
specific instructions and recommendations.

e The pump can handle hazardous and toxic fluids. Identify the contents of the pump and
observe proper decontamination procedures in order to eliminate the possible exposure to
any hazardous or toxic fluids. Wear the proper personal protective equipment. Potential
hazards include, but are not limited to, high temperature, flammable, acidic, caustic,
explosive, and other risks.




o Asmall amount of liquid will be present in the seal chamber and casing. Take proper
precautions to avoid contact with hazardous fluids.

NOTICE NOTICE:

e Avoid injury. Worn pump components can have sharp edges. Wear appropriate
gloves while handling these parts.

Tools required
Hex wrenches
Lifting sling
Rubber mallet
Screwdriver
Shaft wrench
Torque wrench with sockets
Wrenches

Drain the pump

A\ CAUTION CAUTION:

e Allow all system and pump components to cool before you handle them to prevent
physical injury.

1. Close the isolation valves on the suction and discharge sides of the pump.
You must drain the system if no valves are installed. Always disconnect and lock out
all potential energy sources (electrical, hydraulic, pneumatic, etc.) before you
perform any installation or maintenance tasks.

2. Drain the pump.
Do not proceed until liquid stops coming out of the drain valve.

3. Leavethedrain valve open and remove the drain plug located on the bottom of the
pump housing (if supplied).
Do not reinstall the plug or close the drain valve until the reassembly is complete.

4. Drain the liquid from the piping and flush the pump if it is necessary.

5. Disconnect all auxiliary piping and tubing.

6. Remove the coupling guard.

Remove the coupling
1. Disconnect the coupling.
2. Remove the coupling guard and motor end plate.
3. Remove the coupling-guard pump end-plate.

Remove the back pull-out assembly

1. Isyour bearing frame oil lubricated?
e If No: Proceed to step 2
e IfYes:
1. Remove the bearing-frame drain plug (408A) in order to drain oil from the
bearing frame.




2. Replace the plug after the oil is drained.
3.Remove the constant level oiler, if equipped.

Figure 1: Guard removal

NOTICE NOTICE:

Pump oil can be used as part of a predictive / preventive maintenance program.
Save oil in a clean container for further review.

Figure 2: Back pull-out removal

2. Remove the hold-down bolts of the bearing frame foot.
3.  Remove the casing bolts.
WARNING:

e  Never use heat to disassemble the pump due to the risk of an explosion from trapped
liquid.




4. Tighten the casingjack bolts evenly, using an alternating pattern, in order to remove
the back pull-out assembly.

Use penetrating oil if the adapter to the casing joint is corroded.

5. Remove the back pull-out assembly from the casing (100).

6. Mark and remove the shims from under the frame foot and save them for
reassembly. Reusing the shims assumes that the same motor frame and frame foot
are being installed, and that there has been no change in piping and/or foundation.

7. Remove and discard the casing gasket.

Do not ever re-use the casing gasket.

8. Remove the jackscrews.

9. Clean all gasket surfaces.

Remove the coupling hub
1. Clamp the frame adapter securely to the workbench.
2. Remove the coupling hub.
Mark the shaft for relocation of the coupling hub during reassembly.
Reusing the coupling hub assumes that the same motor frame, RPM, and

horsepower are being installed, and that there has been no change in pump
operating conditions.

Figure 3: Coupling hub removal




Impeller Removal
1. Hold outboard shaft (122) with shaft wrench or clamping device preventing shaft to
rotate.
2. Unscrew the impeller nut (412B).
Remove the impeller key (178).
4. Slide or pull the impeller (101) from shaft.

w
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Figure 8: Seal chamber removal

Remove the stuffing box cover
1. Remove the gland stud nuts (355).

2. Remove the casing cover stud nuts (370H).
3. Remove the casing cover (184),

NOTICE:
NOTICE Be careful with the stationary portion of the mechanical seal that is either clamped

between the backplate and the gland or seated in the stuffing box / seal chamber
bore. Failure to do so may result in equipment damage.

4. Remove the shaft sleeve (126)if it is used.

The mechanical seal is attached to the sleeve,

5. Remove the rotary portion of the seal from the sleeve by loosening the
set screws and sliding it off the sleeve. Refer to the mechanical-seal
instructions for more information.

. Remove the gland (250), the stationary portion of the seal, and the O-ring
(3600Q).




Figure 9: Mechanical seal removal

Remove the frame adapter
1. Remove the frame adapter (108).
2. Remove and discard the o-ring (360D).

You will install a new o-ring during reassembly.
3. Remove the dowel pins (469B) and the baolts (370B).

3708

Figure 10: Adapter removal




Remove the inboard labyrinth oil seal

Labyrinth oil-seal O-rings are part of the PWA maintenance kits, and they are sold
separately.

1. Remove the o-rings (479H and 497J0 and the seal (333A)

108

Figure 11: Labyrinth seal removal

Power-end disassembly

General Considerations

e To limit the potential for shaft damage, remove ball bearings by applying force
to the INNER race.

s Regardless of removal technique, ball bearings are NOT re-usable after they are
removed. Always use new bearings.

s |f bearings are suspected as a cause of failure, retain them for further
inspection. Detailed bearing inspection can be a valuable tool in failure analysis.

e Avoid removal of Oil Flinger (248) unless it is damaged.

Disassemble the power end

1. Remove the clamp screws (370C) and back off the jam nuts (423).

2. Tighten the jack screws (370D) evenly to move the bearing housing (134) out of the
bearing frame (228).

3. Remove the shaft assembly from the bearing frame (228).




Figure 12: Shaft assembly removal

Remove the jack screws (370D) with nuts (423).
Remove the bearing housing O-ring (496) and the bearings.

Remove the outboard bearing retaining snap ring (361A).

“ 134

Figure 13: Hardware removal




7. Remove the bearing housing (134) and the shaft (122].

Figure 14: Bearing housing removal

8. Remove the bearing locknut (136) and bearing lock washer [382).
9. Remove the inboard bearing (168A).
10. Remove the outboard bearing (112A).

Figure 15: Bearing removal




Disassemble the power end

1. Remove the clamp screws (370C) and back off the jam nuts (423).

2. Evenly tighten the jack screws (370D) to move the bearing housing (134) out of the
bearing frame (228).

3. Remove the shaft assembly from the bearing frame (228).

Figure 19: Shaft assembly removal

4. Remove the jack screws (3700) with the nuts (423).

5. Remowve the clamp-ring screws (236A) and separate the clamp ring (253B)
from the bearing housing (134).

You must remove the bearings before you can remove the clamp ring from
the shaft.

6. Remove the bearing housing O-ring (496) and the inboard bearing (168A).

2538 2364
]

.
134

332h

Figure 20: Hardware removal

7. Remove the bearing housing (134).




Disassemble the bearing frame
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Figure 31: Bearing frame disassembly - Group 4

1. Remove these plugs from the bearing frame (228].
v Oil-fill plug {113B)
»  Oil-drain plug [4084]
+  Plug-giler {4081
*  Twooil mist/grease connection plugs [208H)
#»  pil-cooler inlet and outlet plugs (4061 and 408} or oil cooler

2. For the Group 2 and Group 3 models, remove the bearing frame foot-to-frame baofts

[370F) and the frame foot [241).

Pre-assembly inspections
Guidefines
Before you assemble the pump parts, make sure you follow thesa guidefines:

#  Imspect the pump parts according to the information in these pre-assembly
topics before you reassemble your pump. Replace any part that does not meet
the required criteria.

#  Make sure that the parts are clean. Clean the pump parts in solvent im order to
remaove oil, grease, and dirt.

o

Protect machined surfaces while you clean the parts. Failure to do so moy
result in equipment damage.




Replacement guidelines
casing chedk and replacement

WARNING:
Avoid derth or rarows injury. Leaking fluid car couse fire ond/or bums. inspect ard osswre gosket
seaiing surfoces arg not domoged and regair or repioog oS RECEsSAry.

Inspect the casing for cracks and excessive weaar or pitting. Thoroughly clean gaskat
surfaces and alignment fits in order to remove rust and debris.
Repair or replace the casing if you notice any of these conditions:

#»  Localized wear or grooving that is greater than 1,/ in. 3.2 mm) deep

#  Pitting that is greater than 1/8in_ (3.2 mm) deep

Casing areas to inspect
The arrows point to the areas to inspect for wear on the casing:

Figure 32: Case inspection

impelier replacement
Table 6: Replacing the impelier
Inspection Area When to replace

Impelier vanes * When grooved deeper than 1/16 in. (1.6 mm], or
» When worn evenly mone than 132 in. (0LE mm)

Fumpout vanes (back of impefer] When worn more than 1/32 in. [0LE mm}
|'|."=n-: edzes Cracks, pitting. or cormosion damage
Labyrinth seal replacement

Replace the labyrinth s2al O-ring if it has cuts and cracks. Replace the entirz labyrinth-
seal assembby if it is damaged or bent. Rotate the seal several times by hand before

installation. i it does not spin smoothly, it should be replaced.




Gaskets and O-ring replacemeant

WARNING:
Avoid daoth or serows imjwry. Leaking fluid con cause fire and/or bums. Replace ony demoged
or wom gaskets,/ orings.

= Replace all gaskets and O-rings at each overhaul and dizassembly.

Shaft and sleeve replacement guidelines

shaft measuraments chack

Replace the shaft (122) if any measuremeants exceed acceptable values. See Bearing fits
and tolerances.

Figure 34: shaft run out inspection

straightness check
Replace the shaft (122) if runout exceeds the values in this table:
Table 7: Shaft run out tolemances for skeeve fit and coupling fit
Sleeve fit in inches | milimeters) | Coupling fit in inches [millimeters)
With sieeve 0,001 [0.025] 0,001 [0.075]
Without sleeve 0002 [0.051] 0.0 [D.DZ5]
Shaft and sleeve check

#«  Checktha shaft and sleeve [126) surface for grooves and pitting.
#  Replace the shaft and sieeve if any groowves or pits are found.

Bearing-frame inspection

Checklist
check the bearing frame for these conditions:
#  visually inspact the bearing frame and frame foot for cracks.
#  Check the inzide surfaces of the frame for rust, scale, or debris. Remove all loose
and forgign maternial.




®  Make sure that 2!l lubrication paszages are clear.
If the frame has been exposed to pumped fluid, inspect the frame for corrosion or
pitting.

=  Inspect the inboard-bearing bores.
If any bores are outside the measurements in the Bearmg fits and tolerances table,
replace the bearing frame.

surface inspection locations.
This figure shows the areas to inspect for wear on the bearing frame outside surface.

Figura 35 Dutside & Inside surface inspection locations — bearing frame

Seal chamber and casing cover inspection

Checklist
Perform these checks when you inspect the seal chamber and stuffing box cover:
*  Make sure that these surfaces are clean:
1} Seal chamber and stuffing box cover
2} Mounting
*  Reglace the seal chamber and stuffing box cover if pitting or wear excesds 1/87
{3.2 mm} deep.
*  Inspect the machined surfaces and mating faces noted in the figures. These images
point to the areas to inspect:




Figure 36: Casing cover inspection areas - Standard Bore

Figure 37: Casing cover inspection areas - Big Bore
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Figure 38: Casing cover inspection areas - Taper Bore

Bearing-housing inspection

Checkist
*  Inspect the bearing-housing [134) bore according to the bearing fits and tolerances

tahia,

+  Replace the bearing housing if the dimensions exceed acceptable values.
Reference: see Bearings fits and tolerances.

*  Vizually inspect the bearing housing for cracks and pits.

Inspection locations
The following images point to the areas to inspect on the bearing housing.

Figure 39: Inspection areas Group 2




Figure 40: Inspection areas Group 3




Reassembly

General Considerations

CAUTION:
,d!-,ﬂ.lﬂﬂﬂﬂ Wear insuimted ghoves when you use o bearmng heatar. Bearngs get fot ond oon cowse physical
imjiurry.
NOTICE:
NOTICE Miake sure that the pipe threads are clean, and that you apply threed sealant to the

plugs and fittings. Failure to do so may result in equipment domage.

NOTICE NOTICE:

Only use o degoussing induction heoter or precision oven to warm bearings for assembly.
Improper bearing heating can significantly affect bearing life and pump perfermance.

Assemble the rotating element and the bearing frame

1. Prepare the bearing frame (22 &) as follows {see the llustration):
al Imstall the oil-hill pleg (1138).
B) Imstall the cil-drain plug (2084).
c) Install the sight glass (J0BN).
d] Install the ciler plug [£0481],
2] Install the plug for the oi-cooler mlet (4080}
fl  Install the plug for the oil-cooler outlet [308M).
gl Imstall two cil-mist connection plugs (208H].
Or: Install two grease fittings 193] and two grease-relief plugs (113)
k) Attachthe bearing-frame foot [241)] and fasten the bolts [370F) and lock washer

{529] by hand.
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Figure 42: Assemble the bearing frame and foot




o R L

install the cutboard bearing (1124} on the shaft {122].

The regreaseable bearing has a single shield. The outboard bearing is installed with

the shield toward the impeller.

a) Inspect the shaft (122) to ensure that it is clean, dimensionally correct, and is
free of nicks and burrs.

b) Lightly coat the beaning seating with a thin film of il

] Remaovethe bearing [1124] from its packaging.

d) Wipe the preservative from the bearing {1124} bore and outer diameter

g) Useaninduction heater with a demagnetizing oycle to heat the bearing (1124)
to an inner ring temperature of 230 °F (110 °C).

fl  Position the bearing (1124) on the shaft (122 against the shoulder and snug the
locknut [136] against the bearing wnt# it is cool.
The locknut prevents the bearing from moving away from the shaft shoulder as
it cools.

gl Remove the bearing locknut [136) after the beaning {1124} cools to room
temperature,

Put the lock washer (382) onto the shaft[122].

Thread the locknut {136} onto the shaft (122] and tighten it untl it is tight.

Bend the tangs of the lock washer into the slots of the locknut.

Make sure that the fiat side of the snap ring is towards the bearing.

Coat the inner surfaces of the bearings with lubricant.

Install flinger disk (248} onto shaft.

Install the bearing clamp ring [2536].

. Put the inboard bearing {168) onto the shaft [122].

The regreaseable bearing has a single shield. Make sure that the bearing is instalied
with the shield away from the impeller.

382

1134
136

L480

Figure 43 Shaft Assembly

168

11. Prepare the shaft for assembly as follows:

a) Install 3 new O-ring (496).

b) Coatthe outside of the outboard bearing [1124] with oil.

c} Coatthe bore of the bearing housing [134) with ol

d] Put the bearing housing [134) onto the shaft.
Do not use force.

2| Insert the bearing-retaining ring (3614]) into the bore groove of the bearing
housing (134].




NOTICE:
NOTICE Ensure that the spoce bebtween the ends of the retgining ring are locoted such
that the oif return groove is not ohstructed. Refum groove obstruction can

couse reduced bearing fife.
Make sure that the shaft rotates freely.

fl  imstall the cutboard labyrinth cil-seal [3324) into the bearing housing (134).
Flace the drain slots of the oil seal at the bottom position (6 o'dlock).
Make sure that the edges of the keyway are free from burrs. To protect the O-
ring, cover the keyway lengthwize with a piece of electrical tape before you
install the oil seal.

Y 134 p
3.’ D: IH

Figure 44: Shaft assembly installation

12. install the shaft assembly into the bearing frame as follows (see the illustration):

al Coat the outside of the bearing housing |134) with light oil.

b} Coat all the internal surfaces of the bearing frame (228) with light ol.

¢} Install the shaft assembly into the bearing frame (228).
Make sure that the shaft rotates fresly.

d} Install the clamp bolts {370C) in the bearing housing (134) and tighten by hand.

e} install the jack bolts (370D) with the locknuts (423} in the bearing housing (134}
and tighten by hand.

Assemble the frame

1. Support the frame assembly in a horizontal position.

2. Check the shaft-end play by moving the shaft forward and backward by hand, and note
any indicator movement.
If the total indicator reading is greater than the values in this table, then disassemble the
shaft assembly and determine the cause.

Table 10: Shaft-end play
Use this table as a reference for shaft end play ranges

Double row bearing | Duplex bearing
0.0013 (0.033) 0.0009 (0.023)
0.0021 (0.053) 0.0012 (0.030)

0.0010 (0.025)

0.0015 (0.038)

Group 2 inches (millimeters)

Group 3 inches (millimeters) Mot applicable




Figure 60: Indicator Installation — shaft/shaft sleeve runout.
Check the shaft/shaft sleeve (126) runout.
a) Install the shaft sleeve.
b) Thread the impeller on the shaft until hand tight.
¢) Rotate the shaft 3602,
d) If the total indicator reading is greater than 0.002 in. (0.051 mm), then disassemble
the shaft sleeve and determine the cause.
e) Remove the impeller and shaft sleeve.




Figure 61: Indicator Installation — Shaft Sleeve Runout

4. With the frame in the vertical position check the frame-face runout by rotating the shaft
so that the indicator measures the fit for 3602. If the total indicator readng is greater
than 0,002 in. (0.050 mm), then disassemble and determine the causa.

Figure 62: Indicator installation — frame face runout
5. Place the o-ring {3600 on the frame adapter [108).
6. Install the frame adapter.
a) Place the frame adapter (108} onto the frame assembly.
b} Align the bolt holes and dowel locations on the frame adapter with the bolt holes and
dowel locations on the frame,




Figure 63: Frame adapter installation

b} Install the bolts hand tight {3708,

c) Install the dowel pins {456%B) in their holes on the back side of the frame {3600]
with a brazs hammer, then drive them through the adapter {108).

d) Tighten the bolts in a star pattern according to the specifications in the bolt
torgue vafues table.

d} Rotate the shaft 3602 to check the adapter fit.
If the total indicator reading is greater than 0.005 in. (0,13 mm), then determine the
cause and correct it before you proceed.

Figure &4: Indicator installation — Frame adapter runout

install the lbyrinth oil-seal (333A) into the adapter {108) and the bearing frame {228).
The labyrinth ofl seal is an O-ring fit.




B. Position the labyrinth oil-seal drain slots at the bottom |6 o' clock] position.

Figure 65: Labyrinth oil seal installation

ISOMAG labyrinth oil seal description

Description

The ISOMAG Labyrinth Oil Seal consists of the rotor {1), the stator [2], and the VBX Ring
3). The rotor |1} fits over the shaft and is held in place by an elastomeric drive ring (4). The
drive ring causes the rotor to turn with the shaft and provides a positive, static seal against
the shaft. Since there i= no metal-to-metal contact, there are no friction or wear Cconcems.

MNOTICE:
The I50MASG is 2 one-piece design. Do not attempt to separate the rotor from the stator
before or during instaliation. Doing so may result in equipment damage.

Figure 66: Labyrinth Oil 5eal assembly

Table 11: Labyrinth Oil S5eal Part Description

"VBX" O-ring action

Static

Dynarmic

Rotor

Stator

“VEX" ring

Rotor drive ring

Stator gasket

Expulsion port

D Eroove

Lube raturn

BRI E B EEE

Location shoulder




Install the ISOMAG labyrinth oil seal
1. Wrap electrical tape around the coupling end of the shaft to cover the keyway.

NOTICE NOTICE:

The edges of the keyway can be sharp. Moke sure to cover the keyway with tape. Failure
to do so may result in cutting the O-ring and domaging the seal.

2. Lightly lube the shaft and the drive ring [4) with lubricant.
Lubricant heips in the installation process. Be sure that the lubricant is compatible with
the O-ring material and the pump-system standards.
3. Usean arbor press te install the outboard [530MAG into the bearing cover with the
expulsion port {6} at the & o'clock position.
Press the outboard 1ISOMAG down to where the stator location ramp {9) starts to  avoid
angular misalignment. There is a nominal 0.002 in. (0.051 mm) interference fit.
4. Discard any residual material from the stator gasket (5).
5. Complete the applicable step in this tabie depending on the mode! of your pump.

Table 12: Labyrinth oil-seal installation

Pump model Action
Group 1 Press the inboard seal along the shaft into the bearing frame.
all other models After you install the frame adapter on the bearing frame, prass the

inboard seal over the shaft and into the adapter.

Shaft sealing with cartridge mechanical seal
Seal the shaft with a packed stuffing box

Pumps are shipped without the packing, lantern ring, or split gland installed. These parts are
included with the box of fittings shipped with each pump and must be installed before
startup.

1. Carefully clean the stuffing-box bore.

2. Twist the packing enough to get it around the shaft.

Packing Rings

< ()

Correct Incorrect

Lantern Rings

& O

Correct Incorrect

3. Insert the packing and stagger the joints in each ring by 90°.
install the stuffing-box parts in this order:
a) Two packing rings
b} Onelantern ring (two-piece)
¢] Three packing rings

NOTICE NOTICE:

Make sure that the lantern ring is located at the flushing connection to ensure that flush
is obtained. Failure to do o moy result in decreased performance.

4. Install the gland halves and evenly hand-tighten the nuts.




Seal the shaft

et

Slide the cariridge seal onto the shaft or sleeve until it contacts the inboard labyrinth oil
seal.

Install the seal chamber.

Slide the cartridge seal into the seal chamber and secure using the four studs and nuts.
Continue with the pump reassembly.

Set the impelier cdlearance.

Refer to the Impeller clearance setting topic for more information.

Tighten the setscrews in the seal locking ring in order to secure the seal Lo the shaft.

7. Remove the centering clips from the seal.

LUl O

m

Seal the shaft with a cartridge mechanical seal

1. Assemble the seal chamber:
a) Install a seal-chamber cover or a backplate (134] and fasten with nut

Figure &7: Mechanical Seal installation

b} Check the seal-chamber cover runout.

Figure 68: Seal-chamber cover runout inspection

c] Install the shaftsleeve (126).




2. Continue the complete reassembly of the pump, do not install Teflon o-ring (4124) at
thiz point.

3. 3etthe impeller clearance.

Refer to the Impeller clearance setting section for more information.

Scribe a line on the marked shaft and sleeve at the face of the seal chamber.

Remove the casing, the impeller, and the seal chamber.

Install the gland, with the stationary seat and gland gaskets instaliad.

Install the mechanical-seal rotary unit per the manufacturer's instructions.

Use the scribed line as the seal-reference dimension. Be sure to secure the rotary unitin

place using the set screws in the locking ring.

8. Reinstall the seal chamber and attach gland.

3. Install Teflon impeller o-ring (312A).

10. Complete the reassembly of the pump.

oL

Install the impeller
1. Place impeller key onto the shaft.
2. Install the impeller o-ring on the impeller
3. Place impeller onto shaft and axially move the impeller by hand to the maximum position toward the
drive end.hten
4. Install the impeller screw (412B) and tighten.

Install the back pull-out assembly

1. Clean the casing fit and install the casing gasket (351) on the seal chamber /
stuffing- box cover.

2. Loosen the clamping bolts (370C) and jack bolts (370D) on the bearing housing.

Install the back pull-out assembly in the casing.

4. Install casing bolts (370) and hand tighten, then tighten to appropriate torque
values in table 14.
Refer to the bolt torque values for information on how to tighten the casing
bolts.

5. Install and tighten the casing jackscrews (418).

w

NOTICE NOT’CE: ] ) ] ) ) )
Do not over tighten the casing jackscrews. Doing so may result in equipment
damage.

7. Checkthe total clearance of the impeller in the casing.
With new parts, an acceptable range is 0.030 in. (0.76 mm) to 0.065 in. (1.65
mm). If the impeller clearance is outside of this range, you either have the
incorrect parts, an improper installation, or too much pipe strain. Determine the
cause and correct the problem before you proceed.
8. Adjust the impeller clearance.
Refer to the Impeller clearance setting section for more information.
9. Replace the auxiliary piping.
10. Fill the pump with the proper lubricant. See Lubricating-oil requirements.
11. Reinstall the coupling guard.
See Install the coupling guard for more information.
Risk of damage to the mechanical seal or shaft sleeve on units supplied with cartridge
mechanical seals. Prior to startup, make sure to tighten the set screws in the seal
locking ring and remove the centering clips.




Post-assembly checks
Perform these checks after you assemble the pump, then continue with pump startup:
e Rotate the shaft by hand in order to make sure that it rotates easily and
smoothly and that there is no rubbing.
e Opentheisolation valves and check the pump for leaks.

Assembly references

Bolt torque values

Table 5: Maximum torque values in Ib-ft (Nm)

PWL with 150 Ib
(68 kg) casing flanges

Material specification

Carbon Steel casing with Alloy casing with (304SS)
A307 Grade B casing bolts |F593 Grade 1 or (316SS F593)
Grade 2 casing bolts

Casing bolt
Frame diameter (in.) Lube Dry Lube Dry
Group 2 0.50 20(27) 30(41) 35 (47) 54 (73)
Group 3 0.625 39 (53) 59 (80) 71 (96) 107 (145)

0.625 39(53) 59 (80) 71(96) 107 (145)
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Drawings




Cross Sectional Drawing and Parts List
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