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PUMP CLINIC 16

AN OVERVIEW OF SEAL TROUBLESHOOTING

“Seal problems are almost always associated with face leakage, but as we will soon learn, there are other
leak paths in addition to the obvious one between the lapped seal faces.

In the following paragraphs, we'll be looking at all these leak paths. Keep in mind that seals are classified into
many categories: stationary, rotary, balanced, unbalanced, inside, outside, metallic, non-metallic, single, dual,
elastomer, metal bellows, rubber bellows, cartridge, split, solid, etc. Try to keep these classifications in mind
as we investigate the cause of seal failure.

| will be presenting the troubleshooting hints in an outline form. You should not find these terms confusing

because I've assumed you have a pretty good knowledge of mechanical seals or otherwise you wouldn't be
attempting to troubleshoot them.

LEAKAGE AT THE SEAL FACES

The seal face is not flat. (Flatness should be measured within three helium light bands, (0,000033" or 1
micron)

e The face was damaged by mishandling.

e Poor packaging. The seal should be able to survive a 39" (1 metre) drop. To ensure this, the seal
must be shipped in a reusable box insulated with plenty of foam or any other adequate insulation.

e The face was distorted by high pressure or surges in pressure. "Water hammer" would be an
example.

e The face was distorted when you tightened it against an uneven surface.

e The clamping is not "equal and opposite" across the stationary hard face. This is a common problem
with "L" shaped and "T" shaped stationary faces.

e The "hard" seal face has been installed backwards. You're running on a non-lapped seal face. Itis
common practice to lap only one side of a hard face.

e The face is being distorted by a change in temperature. This happens when you forget to vent a
vertical pump.

e The face never was flat. You have a bad part.

e The carbon metal composite was not stress-relieved after the carbon was "pressed in".
The face has been chemically attacked.

e Oxidizing agents attack all forms and grades of carbon graphite.

e Some de-ionized water will attack any form of carbon.

e Corrosion increases with a temperature increase. A 10°Centigrade (18°F) rise in temperature will
double the corrosion rate of most corrosives.

e A cleaner or solvent is being flushed through the lines and is attacking the carbon.
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e You are using a poor grade of Carbon. Go to an unfilled grade such as Pure Carbon Company grade
658 RC. This is a common occurrence if the seal is being repaired by someone other than the
original manufacturer.

The plating or hard coating is coming off the hard face.

e All coatings are porous. The chemical is penetrating this porous coating and attacking the bond
between the coating and the base material, or the base material itself.

e Aninferior plating was originally put on the base material.
o Differential expansion of the dissimilar materials is causing them to separate.
The seal face is cracked, pitted or damaged.

¢ High temperature is heat checking (cracking) the plated face. This is a common problem with cobalt
based tungsten carbide. The nickel base version is less likely to crack.

e The product is solidifying between the faces and they're breaking at start up. Most face materials
have high compressive strength, but tend to be weak in tension.

e Excessive vibration is causing the drive pins to crack the face. Low cost seals experience this
problem quite often.

e There is a high temperature differential across the ceramic, 7 to 10 cycles can break even good
ceramics in hot water or hot petroleum products.

e Airistrapped in the carbon face. Heat is causing it to expand and blow out pieces of the carbon face.
The carbon usually blisters prior to blowing out. The solution is to go to a more dense carbon.

e The product is vaporizing and allowing solid material to blow across the lapped face. Thisis a
common occurrence in boiler feed water applications.

e The seal faces have opened, solids penetrated and imbedded into the soft carbon are causing rapid
wear in the hard face. The same problem occurs if the carbon was re-lapped using lapping powder.

e Lubricant on the faces is freezing in cryogenic (cold) applications.

e The elastomer is being chemically attacked and swelling up. This can break the face in those seal
applications where the elastomer is positioned in the seal inside diameter. In some instances the
swelling elastomer will open up the two faces, allowing the solids to penetrate. This can be a
problem with boot mounted faces

e The rotating shaft, or sleeve, is hitting the stationary face. This can happen if the pump is running off
of its B.E.P. which almost always occurs at start up.

e The seal is being mishandled during installation. Good packaging and proper training can solve
many of these problems.

e The crack may have occurred during disassembly. Check to see if there is discoloration deep in the
crack. Discoloration means that it occurred during, or before, operation.

e Petroleum products can "coke" at the face causing pieces of carbon to be pulled out as the face
rotates. You will have to select two hard faces for this application.

e The rotating face is not centered in the stationary face and is running off the edge of the stationary
face. Look for rubbing marks around the O.D. of the rotary unit. A bent shaft or out of balance
rotating assembly is the most common cause.

o0 You will notice a much wider wear track if you are experiencing this problem.
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0 The seal will appear to "spit" as lubricant is dragged across the face and off the seal outside
diameter.

o Dirt can be dragged across the faces as they separate.
The movable face is not free to follow whip, wobble or run out.
e The rotating face is hitting the 1.D. of the stuffing box.

e The recirculation line from the pump discharge is aimed at the seal faces and interfering with their
free movement.

e Dirt or solids are clogging the movable components. Magnetite is a very big problem in most hot
water applications.

e The product is interfering with the free movement of the components. It is:
o0 Crystallizing ( like sugar)
o Solidifying (like glue)
0 Viscous (molasses)
0 Building a film on the sliding components (hard water or paint)
0 Coking (oil or any other petroleum product)

e The elastomer has been chemically attacked causing it to swell up and interfere with free movement
of the face.

o Temperature growth of the shaft is interfering with the free movement of the movable face.
e The shaft or sleeve is the problem.

o ltis over size - + 0.00" - 0.002" (0,00-0,05 mm.) is ideal.

0 ltistoo rough; it should be at least 32 R.M.S. (0,8 microns)

o ltis fretted, corroded or damaged in some way.

0 Solids have attached themselves to that portion of the shaft where the dynamic elastomer is
located.

e A gasket or fitting is protruding into the stuffing box.

e Solids from outside the stuffing box are getting under the faces. This is a common problem with
vertical pumps.

e The elastomer is spring loaded and the interference on the shaft is restricting the face movement.
o The elastomer has extruded because of high pressure or excessive clearance.

o A foreign object has passed into the seal chamber and is interfering with the free movement of the
seal.

The product has plated, or formed on the face and a piece of it has broken off.
e This problem occurs with products that are sensitive to temperature and/ or pressure changes.

The set screws have come loose.
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e The shaft has been hardened.

e They have worked loose in a sleeve that is too soft.

e The hardened set screws have corroded.

e They were not replaced when the seal was rebuilt and as a result are not "digging" into the shaft.
The face has lost its spring load.

e The initial setting was wrong.

e Temperature growth of the shaft has altered the original setting.

e The impeller has been adjusted towards the wet end of the pump.

e The sleeve moved when the impeller was tightened to the shaft.

e The cartridge seal was pushed on the shaft by pushing on the gland and the seal is now over
compressed.

o0 In a dual seal application this will over compress the inner seal and open up, or unload the
outer seal.

The product is vaporizing and blowing the faces open. This happens in hot applications if there is water in the
product.

e |t can also occur if the pump/seal was hydrostatically tested with a water base fluid.
The inner seal, of a dual seal application was not balanced in both directions and is opening up with reversing
pressure. This is a common problem in unbalanced seals that are subject to both vacuum and pressure or if
the barrier fluid pressure varies.

The single spring, found in some seal designs, was wound in the wrong direction for the shaft rotation.

The Bellows seal has lost cooling and the anti vibration lugs are engaging the shaft. Shaft movement will
cause the faces to open.

LEAKAGE AT THE ELASTOMER LOCATION

Compression set (the elastomer has changed shape).

e Either the product is too hot or there is too much heat being generated at the seal faces. You must
vent vertical pumps to prevent this problem.

The elastomer is cracked.

e The shelf life has been exceeded. Buna N (Nitrile) has a shelf life of only twelve months because of
its sensitivity to ozone attack.

e High heat is the main cause.

e Chemical attack. In most cases the elastomer swells, but cracking and shrinking does occur in
isolated cases.

e Cryogenic (cold) temperatures freeze the elastomer and it will crack when hit.

e The rubber bellows did not stick to the shaft because the wrong lubricant was used. The shaft turned
inside the bellows causing high heat.
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o The seal faces stuck together. The shaft was turning inside the rubber bellows causing excessive
heat.

The elastomer is cut or damaged.
e Mishandling.

e The elastomer was slid over a rough spot on the shaft or sleeve. Be careful of old set screw marks,
splined shafts, key ways, etc.

e |t was extruded by high pressure. You may need a backup ring.

e The product is penetrating into the elastomer and blowing out the other side. This problem is a
common occurrence when you are trying to seal ethylene oxide.

o Teflon jacketed o-rings can split in the presence of halogenated fluids. The halogen will cause the
elastomer to swell up, inside of the teflon jacket. Halogens can be recognized because most of them
end in the letters "ine", such as bromine, astintine, chlorine, fluorine, iodine, etc..

The elastomer is not seated properly.

e |t was twisted during installation. O-rings groove.

e Solids have "built up" or penetrated between the elastomer and the shaft.

e The shaft is corroded, damaged, or fretted.

e The shaft is oversized.

e Excessive travel can cause the elastomer to "snake". Most o-rings can roll up to one half of their
diameter.

e The o-rings groove is damaged or coated with a solid material.
The elastomer has swollen or changed color.
e Product attack. This is the most common cause and usually occurs within five to ten days

e The wrong lubricant was used at installation. As an example, you should never put petroleum grease
on EPR o-rings.

e Solvents or chemicals used to clean the lines are not compatible with the elastomer.
e Steam can harm many elastomers including most grades of Viton®.
e Oxidizers can attack the carbon black in o-rings and other elastomers.

The elastomer leaks when pressurized in the opposite direction.

e A common problem with unbalanced, dual seal applications. Two-way balanced seals are
recommended for these applications.

e Remember that o-rings are the only elastomers that seal in both directions. Wedges, U cups, and
chevrons do not have this ability.

OTHER LEAK PATHS TO CONSIDER

Between the carbon and its metal holder.

Information reproduced with permission of author, Bill McNally, the McNally Institute
Pump Clinic 16 26/07/07 Page 5 of 12



Ph: 1300 789 466 Fax: 02 9678 9455 Email: kelair@kelairpumps.com.au  www.kelairpumps.com.au

f Kelair Pumps Australia Pty Ltd ~ ABN 28 001 308 381 215 Walters Road Arndell Park NSW 2148
\. QLD Fax: 07 3808 8758 VIC Fax: 03 9569 7866 TAS Fax: 03 63319102 WA Fax: 08 9248 2255

PUMPS STEAM TURBINES BUILDING & FIRE WASTEWATER SERVICE
KelairPumps

e Some seal companies, and most seal repair facilities, glue the carbon in place. The glue may not be
compatible with the product you're sealing.

e "Pressed in" carbons can leak in a high temperature application because of the differential expansion
between the carbon and its metal retainer. Low expansion metal is available for these applications

Between the shaft and the sleeve.
e Damaged gasket or gasket surface.

e Distorted sleeve or shaft. Many packed, double ended pumps have this problem because there's no
gasket between the impeller and the sleeve that's holding it in place.

Stationary face gasket or elastomer leaking.
e This leak path isn't always visible. It often looks like face leakage.
Gland gasket or gasket surface leakage.
e This leak path should always be visible.
Pipe flange leaking above the seal and dripping into the seal area.
o | found this one after every other troubleshooting avenue was exhausted.
At the weld location if a seal face holder is welded to the cartridge sleeve.
At the pipe connections, ancillary hardware, A.P.l. Gland fittings, and recirculation lines.

A scratch or nick in the o-ring groove. Remember that up to 100 psi (6 bar) o-rings seal on the O.D. and the
[.D. not the sides.

Seal faces will not leak visibly if they are lapped flat and we keep them in total contact. Shaft movement is
the main contributor to the opening of the seal faces and allowing solids to penetrate. Shaft movement is
caused by many factors. In the following paragraphs we'll be looking at most of them.

CAUSES OF EXCESSIVE SHAFT MOVEMENT, INCLUDING VIBRATION

Cavitation
e Vaporization caused by too high a product temperature, or too low a suction head.

e Airis entering the stuffing box. A common problem with pumps that run in a vacuum or taking a
suction from an evaporator or condenser.

e Internal recirculation. Occurs when the Suction Specific Speed is too high, or when either the
impeller or wear ring clearance becomes excessive.

e The vane passing syndrome form of cavitation occurs if the O.D. of the impeller is too close to the
pump cutwater. This clearance should be at least 4% of the impeller diameter in the smaller size
impellers and at least 6% in the larger diameter impellers (greater than 14 inch or 355 mm.)

e Turbulence. Occurs if there's not laminar flow in the lines.

The bearings are worn excessively.

e Contamination of the lubricant is the biggest cause. Grease or lip seals have a useful life of only
2000 hours (84 days).
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e Poor fit or installation.

e Serious misalignment. The misalignment can be the result of pipe strain, or misalignment between
the pump and its driver.

The shaft is bent.
e Usually occurs during sleeve removal, or if the bearing was installed with an arbor press.
e Improper storage with the long shaft supported only on the ends causing it to sag.
e Heating the shaft to remove the sleeve is another common cause
The impeller is out of balance.
e The impeller was damaged by either wear or corrosion or cavitation.
e Product has built up on the vanes or in the balance holes.
e The impeller diameter was reduced and the impeller was not re-balanced
e The impeller never was balanced.
An unbalanced rotating assembly.
Pressure surges or water hammer.
Worn coupling.
The pump is operating off its best efficiency point.
Rubbing of a rotating component.
e The shaft is hitting the wear ring, or a stationary wear ring is contacting a rotating wear ring.
e The shaft is hitting the seal gland or stationary face.
e A seal rotating component is hitting the stuffing box 1.D..
e A gasket or fitting is protruding into the stuffing box.

The stationary seal face is not perpendicular to the rotating shaft. This causes the spring loaded, rotating
face to move back and forth twice per revolution.

e The stuffing box face is not square to the shaft. The stuffing box face is often a rough casting.
e Tightening the gland bolts through a gasket is cocking the stationary face.

e Pipe strain.

e Temperature growth.

e A convection tank, or some other heavy device is hanging off the gland distorting it.

e Bearing fit or wear.

e Coupling alignment.

e Shaft deflection. The deflection can be caused by operating the pump off its best efficiency point, the
rotating assembly is out of balance, or the shaft is bent.
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e Poor installation technique.
VIBRATION AT THE SEAL FACES

Harmonic vibration.

e The seal is vibrating in harmony with some rotating component. The same thing that causes a rear
view mirror to vibrate in an automobile. Most harmonic vibration can be stopped by changing the
speed of the equipment or "damping" the vibrating component.

Slipstick (an alternating slipping and sticking of the seal faces,) caused by:

e Poor lubricating fluids.

e Hot water.

e Solvents.

e Some detergents.

o Gases

e Dry running applications.

e Too high a face load.

0 You are using unbalanced seals.
e Poor installation technique.
e Face load has changed because of temperature growth, or impeller adjustment.
e You are using a high friction face combination. Often occurs if you use two hard faces.
A discharge recirculation line aimed at the seal faces.

e Each time the impeller passes the recirculation connection it causes a pulse of fluid at the seal face.
Vaporization of the product at the seal face.

e Happens with products that contain water, and are operated at elevated temperature.

e Can occur at the seal face because of high face load caused by using unbalanced seals.
EXCESSIVE AXIAL MOVEMENT OF THE SEAL

e Temperature growth.

e The impeller was adjusted, after the seal was installed, to compensate for wear.

e The rotor motor, moved to its magnetic centre at start up.

e The equipment is equipped with sleeve or babbitted bearings and has excessive end play.

e Shaft thrust.
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0 There is a thrust towards the bearings caused by the combination of the fluid changing
direction in the impeller and acting on the shaft and/or impeller surfaces. This thrust is offset
by a thrust towards the wet end caused by the impeller shape.

o In centrifugal pumps the resulting force can be in either direction, depending upon how close
the pump is operating to its best efficiency point. Above 65% of its best efficiency, the thrust
is towards the wet end. Below 65% of the best efficiency the thrust is towards the power or
bearing end. There is little to no movement at 65% of the pump’s best efficiency. This
means that at start up the shaft moves in both directions accounting for a higher percentage
of seal failure at start up.

o Vertical mixer shafts often lift vertically when solids are mixed with liquid.

THE SHAFT IS NOT CONCENTRIC WITH THE STUFFING BOX, this will cause a wiping action in stationary
seals.

The shatft is bending as you move away from the pump B.E.P.
o0 It bends at 240 degrees, from the cutwater, at low flow and high head.
0 It bends at 60 degrees, from the cutwater, at high flow and low head.

e Coupling misalignment.

e Poor bearing fit.

e Pipe strain.

e Temperature growth causes the stuffing box to move relative to the shaft.

e The sleeve is not concentric with the shaft.

e The seal is not concentric with the sleeve / shaft.

e A bolted on stuffing box has slipped.

e The back plate is not machined concentric to the stuffing box.

Heat is always an indication of wasted energy, but it can also have a disastrous affect on seal life and
performance. Let's take a look at what's causing this heat.

CAUSES OF HIGH HEAT AT THE SEAL FACES.

Too much spring compression.
e |Installation error.
e No print was used, or the mechanic cannot read the print he was given.
e The shaft installation reference was marked in the wrong location.
e The mechanic used the wrong marking tool. The mark is too wide.
e The sleeve moved when the impeller was tightened.

e The impeller was adjusted after the seal was installed.
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e A cartridge seal was installed on the shaft, by pushing on the gland. Interference from the sleeve
elastomer has caused an over compression of the seal. In some dual seal applications the outer seal
will become under compressed.

e The shaft moved because of thrust.

e Thermal growth of the shaft.

Problems with some seal designs.

e Unbalanced seals are supplied by original equipment companies. They generate more heat than
balanced seals.

e The elastomer is located too close to the seal faces. The heat generated at the faces is affecting
both the elastomer and the seal face.

e The carbon face is insulated by an elastomer.

e The face is too wide causing the hydraulic force to generate excessive heat.

e The carbon seal face is too narrow causing excessive heat from the spring pressure.
o A vertical seal installation is not being vented. The faces are running dry in a bubble.

e Speeds above 5000 F.P.M. (25 m/sec) require a special hydraulic balance and less spring load. A
60/40 balance and a face load of 8 psi to 15 psi (0,07 to 0,2 n/mm2) would be normal.

e An outside metal or elastomer bellows seal is almost impossible to vent.

e Spring loaded elastomers cause varying seal face loads. The actual load depends upon shaft
tolerance and installation dimension.

e Some seal faces are glued in. The glue acts as an insulator preventing the face heat from conducting
to the metal holder.

e Many single spring designs are uni-directional requiring both right handed and left handed seals on a
double ended pump.

¢ Many metal bellows designs lack effective vibration damping.

e Stationary seal designs require clean flushing if solids are present. Centrifugal force does not throw
the solids away from the moveable (spring loaded) components.

Problems with face materials.
e Heat conductivity is low in some materials. (Ceramic, carbon, Teflon)
e The coefficient of friction varies with face combinations and various sealing products.

e Carbon / metal composite faces conduct heat better than plain carbon / graphite, as long as there is a
true interference fit and they're not glued together to hold them in place.

Problems with the pump operation that causes high heat at the faces.
e Operating off the B.E.P
e The degree of the problem is determined by the L*/D* ratio.
e Operating too close to the vapor point, causing cavitation.
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e Running dry.
e Gases.
e Dry solids.
e Pumping a tank dry.
e Losing barrier fluid in a dual seal application.
e Shutting off the flushing water.
e Vacuum applications.
e Vertical pumps not vented in the stuffing box.
e The liquid is not a lubricant.
e Pump out rings on the back of the impeller, running too close to the pump back plate.
Other causes of high heat.
e The shaft, or sleeve is rubbing a stationary component.
o0 The gland.
0 The bushing in the bottom of the stuffing box.
0 The bushing in the A.P.1. gland.
0 A pump wear ring.
0 A protruding gasket.
o Afitting.
0 The stationary portion of a mechanical seal.
e The shaft, or sleeve, is not straight.
o0 lItis bending, because the pump is operating off its best efficiency point.
o0 ltis bent. This often happens when the sleeve is removed.
0 The rotating assembly is not balanced.
0 The shaft never was straight.
e There is not enough circulation around the seal.

o Install a large diameter stuffing box. You should be able to get at least 1" (25 mm) all around
the rotating unit.

o0 Connect a recirculation line from the bottom of the stuffing box to the suction side of the
pump. You can do this in almost every case except when you're pumping a product at its
vapor point, or if the solids have a specific gravity lower than the fluid.

e The cooling jacket is clogged.

e There is no carbon restriction bushing in the bottom of the stuffing box and you are using the cooling
jacket. The restriction bushing slows down the heat transfer.
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e Loss of an environmental control.

(0]

The flush is not constant. The pressure is changing.
Quenching steam or water has been shut off during pump shut down.
The double seal barrier fluid is not circulating.

The cooling jacket has become clogged by the calcium in the hard water. Try condensate
instead.

e The filter, or separator, is clogged.

e Either the suction or discharge recirculation line is clogged.

e If you are using double seals, remember that two seals generate twice as much heat and
conventional cooling may not be sufficient. Contact the manufacturer for the rules when using
convection tanks and dual seals. You may need a "built in" pumping ring.

e Solids in the stuffing box are interfering with a rotating component.”

Information reproduced with permission of author, Bill McNally, the McNally Institute

Pump Clinic 16

26/07/07 Page 12 of 12



	PUMP 
	PUMP CLINIC 16

