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P.T.O. Troubleshooting 

The Chelsea P.T.O. is designed and built to meet the rugged demands of the Mobile Equipment Industry. 
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Presentation Notes
The Chelsea P.T.O. is designed and built to meet the rugged demands of the Mobile Equipment Industry. 

With proper use and maintenance, the Chelsea P.T.O. will provide a long service life, both on-highway and off. 

Yet, if a problem does arise, it is important to diagnose its causes and correct it at once.



P.T.O. Troubleshooting 

On the Vehicle 
or 

On the Work Bench 
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P.T.O. Troubleshooting 

WARNING! 
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•	Rotating auxiliary driveshafts are dangerous. You can snag clothes, skin, hair, 	hands, etc. This can cause serious injury or death.

•	Do not go under the vehicle while the engine is running.

•	Do not work under or near an exposed shaft while the engine is running.

•	Shut off the engine before working on Power Take-Off driven equipment.

•	Exposed rotating driveshafts must be guarded.




P.T.O. Troubleshooting 

On the Vehicle 

• Performance

• Noise

• Leaks
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P.T.O. problems can be present in the form of performance, noise, and leaks problems

Performance
	•	Check the application – is this the right P.T.O. for this vehicle?
	•	P.T.O. doesn’t engage or disengage properly?
	•	P.T.O. runs hot – is it too hot to touch?

Noise
	•	Determine location of noise
	•	If necessary, disconnect the driveshaft from the P.T.O. to determine �		the source.

Leaks
	•	Check the P.T.O. for any signs of oil leakage
	•	Check the P.T.O. air shifter for air leakage
	•	Check the driven equipment for any signs of fluid leakage

 



P.T.O. Troubleshooting 

Performance 

The first place to look when troubleshooting a P.T.O. 
failure is in the application itself.  

Repeated or premature failure may be a sign of 
an incorrect application.  

This can be discovered by using 
HY25-3000/US Applications Catalog. 
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Performance
	•	Check the application – is this the right PTO for this vehicle?
 	•	Check to see if the proper P.T.O. was specified for the transmission, then find out if the torque handling capabilities of the P.T.O. are satisfactory for the job 			being done. 
 	•	A P.T.O. works best when it is properly specified for the transmission and job requirement.

We will discuss more on performance later in the program





P.T.O. Troubleshooting 

If the P.T.O. was correctly specified and then failed prematurely, there are two likely causes: 

1. Improper installation and/or operator misuse.

2. An improperly installed P.T.O. can normally be identified immediately by the sound (Noise) it makes.

• It will “Whine” ,“Clatter”, “Click” or “Grind”

• Sometimes, the vehicle itself may contribute enough noise to mask the sound of the P.T.O. and one
may not notice the problem

If a problem is allowed to continue, then damage to the P.T.O. will result. 
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1.	Improper installation and/or operator misuse. These are tough problems because they involve people as well as product. 

2.	An improperly installed P.T.O. can normally be identified immediately by the sound (Noise) it makes. 
		•	It will “whine”, “clatter”, “click” or “grind”. 
		•	Sometimes, the vehicle itself may contribute enough noise to mask the sound of the P.T.O. and one may not notice the problem.

Noise
		•	Determine location of noise
		•	If necessary, disconnect the driveshaft from the P.T.O. to determine the source.



P.T.O. Troubleshooting 

Noise Types 

• Whine

• Clatter

• Clicking

• Grinding
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What does it mean when your hear?
	•	Whine
	•	Clatter
	•	Clicking
	•	Grinding
Also, when a P.T.O. is installed without enough filler blocks, spacers, or gaskets between it and the transmission, a deep wear pattern will occur on the gear teeth. These patterns will lead to fatigue and early tooth failure. 
To help prevent this from occurring, always test the P.T.O. for noise just after it is installed.




P.T.O. Troubleshooting 

Noise Types 

• Whine

• Clatter
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Whine
In a New Installation:	
	•	Improper backlash – less than .006″ clearance between the (transmission) P.T.O. driver gear and the P.T.O. input gear as measured at the pitch line using a dial indicator. This causes rapid heat buildup and gear tooth breakage.

In an Existing Installation:
 	•	Pitch (Sound) change indicates a possible bearing failure.

Clatter
In a New Installation:
 	•	Excessive blacklash – more than .012″ clearance between the (transmission) P.T.O. driver gear and the P.T.O. input gear as measured at the pitch line using a dial indicator. This can cause eventual gear tooth failure due to insufficient contact.

In an Existing Installation:
 	•	Make certain the cause of the noise is the P.T.O. by disconnecting the driven equipment  and running the P.T.O.
	•	If the noise source is the P.T.O., check:
		-	Bearings
 		-	Shifter Mechanism

In Summary
1.	A unit that has been mounted to loosely could result in broken gear teeth. 
2.	A unit that is mounted too tightly could result in premature wear to the gear teeth. 




P.T.O. Troubleshooting 

Noise Types 

• Clicking

• Grinding
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Clicking
	•	This is the most commonly caused by damaged GEAR TOOTH
	•	Clicking will indicate that only one or two gear teeth are damaged
	•	Determine the frequency of the click:
		-	A FAST click is a small gear
		-	A SLOW click is a bigger gear
		-	A grinding noise will indicate that all teeth are damaged

Grinding
 	•	Operator abuse, when engaging the P.T.O., is the most common cause of grinding noises
		-	When engaging a mechanically shifted P.T.O., the operator should depress the clutch, then wait for the transmission gears to come to a stop before engaging the P.T.O.
 		-	When engaging a “hot shift” P.T.O., the operator should make sure the engine RPM’s are below 1200 before engaging the P.T.O.

 	•	New or Used Installations
 		-	A grinding noise could indicate that the shifter cable or lever isn’t adjusted correctly.
		-	Check for the correct adjustment of the clutch brake on the transmission.



P.T.O. Troubleshooting 

Leaks 

Possible Locations 

• Stud Threads

• Seals
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In this next section we will be talking about the location of leaks.

These leaks could be in the:
Stud Threads
Seals
	•	Shaft Seals
	•	Shifter Seals

Shifter Seals could be:
	•	Air
	•	Hydraulic
	•	Transmission

Gaskets
	•	Between P.T.O. & Transmission
	•	Between P.T.O. & Shifter Cover
	•	Between P.T.O. & Bearing Caps



P.T.O. Troubleshooting 

Leaks 

Root Cause of the Leakage 

• Improper Torque of Fasteners

• Improper Stud Installation

• Gasket Installation
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In this section we will be covering the root causes of leakage.

Improper Torque of Fasteners
Under or over torqued
	•	6-Bolt PTO’s: 35-40 Lbs. ft. for Self Locking Nut part #379744 (3/8”-24)
 					30-35 Lbs. ft. for nuts w/ lock washers
	•	8-Bolt PTO’s: 55-60 Lbs. ft. for Self Locking Nut part #379745 (7/16”-20) 
					45-50 Lbs. ft. for nuts w/ lock washers
 	•	Not Following “star pattern” 
 	•	Tightening to full torque in step 1

 Improper Stud Installation
 Installing studs in transmissions:
 	•	Use proper Chelsea stud kit with thread patch supplied with PTO
 	•	Thread patch prevents:
 		-	Spiral leakage along the threads
		-	Studs from backing out
	•	Make certain threads are fully engage to correct depth
 	•	Not Deep Enough:
 		-	Threads may leak
 	•	Too Deep
		-	May hit the transmission gear
		-	May not have enough threads to apply nut
 
Gasket Installation
	•	Unit is not torqued correctly
	•	Gasket cut or broken during installation
	•	Use no more than 4 gaskets
	•	If both .010” and .020″ gaskets are used, put the thinner ones in the middle of the stack
	•	Don’t substitute liquid gasket for supplied paper gaskets.
	•	If pump is direct mounted, fabricate a 4-point support bracket (2 point on the pump and 2 points on the transmission)
	•	Use material that is at least ¼″ thick for proper support. This prevents the gaskets from walking and also helps support the weight of the pump.





P.T.O. Troubleshooting 

Leaks 

Root Cause of the Leakage 

• Transmission Preparation

• Worn Seals
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Let’s take a look at the root causes of leakage in the transmission preparation and worn seals

Transmission Preparation
	•	Stuff a shop rag in the aperture to prevent getting dirt in the transmission
	•	Completely remove old gasket
	•	Use a file to ensure that there are no rough edges on the mounting surface
	•	Make certain that the aperture threads are not stripped

Worn seals
Seals are most often damaged by:
	•	Excessive heat
	•	Oil Contaminated 
	•	Improper installation
	•	Worn bearings





P.T.O. Troubleshooting 

Performance 

Symptoms & Causes 

• Hydraulic System
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This next section covers the Performance of the Hydraulic System and the P.T.O. Operation

Hydraulic System
	•	Slow operation of the hydraulic system
		-	Is the P.T.O. output speed correct?

	•	Clutch pack (or “hot shift”) units
		-	Is clutch fully engaged or is it slipping?
		-	Is clutch circuit pressure correct?



P.T.O. Troubleshooting 

Performance 

Symptoms & Causes 

• P.T.O. Operation

‒  Erratic Operation

‒  Hard Shifting

‒  Jumping out of Gear
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In this next section we will look at three different types of P.T.O. operation problems

Erratic Operation
	•	Clutch Pack P.T.O.’s:
		-	Electrical connections wired incorrectly
		-	Solenoid hang up due to contamination
		-	Dirt and/or water in the air lines of the air shift units

Hard Shifting
	•	New Installation:
		-	Check for properly shimmed input gear
		-	Reversible P.T.O.’s air piston not adjusted correctly

	•	Incorrect Adjustment:
		-	Cable shift units – bend radius is too small
		-	Air Shift Covers – air leakage ( primarily in the piston)

Jumping Out of Gear
	•	Air Shifters
		-	Low air pressure
		-	Detent ball spring missing or broken (880 Series)

	•	Cable Shift
		-	Cable not adjusted correctly






P.T.O. Troubleshooting 

On the Work Bench 
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P.T.O. Troubleshooting 

On the Work Bench 

Items to be Examined 

• Housing

• Gears

• Shafts

• Bearings

• Shifters

• Clutches
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P.T.O. Troubleshooting 

Housing Damage 

One of the most serious problems a P.T.O. can 
suffer is a cracked case. This condition can lead 
to oil loss and eventual transmission failure.  

Some causes are: 

• Improper installation

• Poorly torqued bolts

• Unsupported direct mount pump

• Foreign objects meshing between the
gear teeth

• Severe shock load

• Hitting an obstacle in the road.
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In this section, we will be talking about the damage to the P.T.O. housing

Cracks
	•	If the driven equipment is remotely mounted, check the driveshaft angles
	•	Was P.T.O. Torqued Properly? Bolts fastened in a star pattern
	•	If the driven equipment is direct mounted: make certain the pump is properly supported by a 4-point bracket with a 2-point support on the pump and on the transmission.
	•	Bottom mounts (Fuller): Does P.T.O. extend below front axle?



P.T.O. Troubleshooting 

Housing Damage 

• Damaged Threads
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In this section, we will be talking about the damage to the P.T.O. housing

Damaged Threads
	•	Threads can be damaged due to:
		-	Over Torqueing
		-	Impact wrenches improperly adjusted
		-	Cross threaded
		-	Mixing U.S., Metric & English threads




P.T.O. Troubleshooting 

Gear Damage 

• Tooth

• Spline

Pro Gear & Transmission, Inc. 877-776-4600 / 407-872-1901 parts@eprogear.com

Presenter
Presentation Notes
When inspecting gears, look for Tooth and Spline damage

 Tooth Damage
 	•	Foreign object from P.T.O. or Transmission
 	•	“Shock Loaded” from driven equipment (examples: blower start-ups and hydraulic spikes)
	•	Driver abuse – engage before they wait for gears to stop turning

Spline Damage
	•	Natural wear on one side, (the side that sees the load)




P.T.O. Troubleshooting 

Gear Damage 

• The first parts to inspect should be the
gears. Check the surface of the gear
teeth for signs of pitting

• Once pitting of the gear surfaces has
begun, there is nothing that can stop it
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The first parts to inspect should be the gears. Check the surface of the gear teeth for signs of pitting . . . pitting is a normal wear pattern in most cases. However, contaminants in the oil or an installation that is too tight will cause severe pitting.

Once pitting of the gear surfaces has begun, there is nothing that can stop it.  �Severe pitting will eventually lead to gear tooth failure, therefore the damaged gear should be replaced when a P.T.O. that is repaired or rebuilt.
(Walt the sentence in red doesn’t read correct?)



P.T.O. Troubleshooting 

Gear Damage 

Another possible problem during vehicle operation 
is “shock load”. 

• Deep Mesh Pattern Caused by Improper Backlash
Adjustment
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Another possible problem during vehicle operation is “shock load”. 

This occurs when the torque demands on a P.T.O. are suddenly greater than it was designed to take. “Shock load” could be caused by torque overloads, improper shifting, equipment failure, or excessive loads over a short period of time. If this happens, the P.T.O. is likely to fail immediately. The vehicle operator may not even be aware of the reason for the P.T.O. failure.




P.T.O. Troubleshooting 

Gear Damage 

Worn gears can easily be affected by 
“shock load”.  

If the worn gears are not replaced, 
they can eventually lead to broken 
gear teeth.  

Pro Gear & Transmission, Inc. 877-776-4600 / 407-872-1901 parts@eprogear.com

Presenter
Presentation Notes
Worn gears can easily be affected by “shock load”. If the worn gears are not replaced, they can eventually lead to broken gear teeth. 

This is the most severe form of P.T.O. failure. Worn or damaged gears are likely to break because of their reduced load carrying capacity. To prevent the possibility of broken gear teeth, always inspect auxiliary equipment for possible freeze-up. 

Also, recheck P.T.O. application, operating conditions and P.T.O. installation.




P.T.O. Troubleshooting 

Gear Damage 

Sometimes a gear will chip a tooth 
because of mishandling or improper 
shifting.  
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Sometimes a gear will chip a tooth because of mishandling or improper shifting. 

Even though a P.T.O. may continue to run with a chipped tooth, the damaged gear should be replaced immediately. 

It will damage the other teeth it comes in contact with during operation, not to mention the possible damage which could result from the loose chip. 

If the problem is allowed to continue, then failure to other parts in the P.T.O. or transmission could result.




P.T.O. Troubleshooting 

Gear Damage 

Undershifting allows incomplete gear 
tooth contact with the driver gear. This 
means only part of the tooth width is 
transmitting the torque and R.P.M. 
during P.T.O. operation. 
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Undershifting allows incomplete gear tooth contact with the driver gear. This means only part of the tooth width is transmitting the torque and R.P.M. during P.T.O. operation. 

This situation can lead to gear failure or it could cause the P.T.O. to jump out of gear. 
�These two problems can be overcome by checking linkage adjustments and proper operator training.



P.T.O. Troubleshooting 

Shafts 

Damage 

• Seals

• Bearing
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Let’s examine shafts. We will look at seal damage, bearing adjustments, shaft misapplications and fretting corrosion

Seal Damage
	•	Rubber seals will wear grooves into shafts
	•	Contamination will accelerate groove wear
NOTE: All Chelsea P.T.O. seals are Viton
	•	Viton seals are compatible with all transmission fluids

Bearing Adjustments
	•	Adjusted with shims or gaskets
	•	Adjusted for end play or preload
	•	Specifications can be found in the P.T.O. Service manual for each model
	•	Six bolt mechanical – In and out movement of shaft should be min. 0.001 to 0.005 max.



P.T.O. Troubleshooting 

Shafts 

Damage 

• Misapplication

‒ Overloads

• Shock Loads
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Misapplications
	•	Improper output shaft selection
		-	Incorrect shaft size for torque loads

	•	Improper Operation
		-	Incorrect start up procedure (example: blowers)
		-	Hydraulic shock & spikes (examples: Bouncing bed of a dump truck, hitting 	manhole covers with snow plow)



P.T.O. Troubleshooting 

Shafts 

P.T.O. shafts are also vulnerable to 
operating abuse.  

• Torsional overload

• Bending fatigue failure
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P.T.O. shafts are also vulnerable to operating abuse. 

	•	If the shaft break is irregular, this usually indicates a torsional overload. 

	•	Bending fatigue failure usually shows up as a smooth, flat break. 

Correction
To correct a P.T.O. shaft problem replace the failed shaft and check the speed and operating angle of the universal joint. 

Also, make sure the P.T.O. driveshaft is properly phased, (yokes in-line with each other). 

If a driveline is improperly installed it will cause vibration, which may lead to P.T.O. driveshaft or driven equipment problems.




P.T.O. Troubleshooting 

Shafts 

When inspecting a P.T.O. output shaft, 
always inspect the keyway.  
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When inspecting a P.T.O. output shaft, always inspect the keyway. 

Sometimes a P.T.O. will fail because of a displaced keyway on the shaft caused by a loose fitting yoke or equipment freeze-up. 

Proper maintenance on auxiliary equipment and replacing a worn yoke and/or P.T.O. driven shaft will prevent this problem.




P.T.O. Troubleshooting 

Shafts 

Damage 

• Fretting Corrosion
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Fretting Corrosion
	•	Spline is not lubricated. Be sure to use the grease pack supplied with P.T.O.
	•	Spline is contaminated with abrasives
	•	Spline is overloaded (example: application requires more than a 7/8″ - 13 Tooth Spline when a better choice may be a 1.0″ - 15 Tooth Spline)



P.T.O. Troubleshooting 

Prevention is the best cure for P.T.O. 
case damage.  

• Always torque the P.T.O. flange bolts
in sequence and the proper
specifications

• Also, be sure to check the weight of
the direct mount pump and, if it is
over forty pounds, make a support
bracket for it
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Prevention is the best cure for P.T.O. case damage. 

Therefore, always torque the P.T.O. flange bolts in sequence and the proper specifications. 

Also, be sure to check the weight of the direct mount pump and, if it is over forty pounds, make a support bracket for it.

See Chelsea owner’s manuals supplied with the P.T.O.




P.T.O. Troubleshooting 

Shifting Problems 

• P.T.O. is hard to shift
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Shifting problems are sometimes a complaint an operator will have about his P.T.O. 

A P.T.O. that is hard to shift may be caused by a tight bend in the shifter cable, poor leverage, a gear that is installed backwards, or too tight of an installation. 

Many of these problems can be solved by inspecting the P.T.O. installation and making the proper adjustments regarding cable length, gear position, or shift lever.




P.T.O. Troubleshooting 

Remember, a lever-operated shift linkage should not be connected to a wire shift cover. The mechanical 
advantage of the lever is often too great for the wire shift cover and could severely damage it. Also 
inversely, don’t use a cable with a lever shift cover. The cable isn’t capable of transmitting the force 
necessary to shift a lever mechanism. 
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P.T.O. Troubleshooting 

Shifting Problems 

• Most shifting complaints are caused
by improper shifting procedure or
incorrect linkage installation
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Most shifting complaints are caused by improper shifting procedure or incorrect linkage installation. 

Both of these situations will cause premature wear on the shift pad or fork and the shift rod or rail. 

To prevent this premature wear, avoid overshifting or undershifting the P.T.O. 

Overshifting causes the shifter fork to press against a P.T.O. gear during operation. 
�This results in unnecessary friction and wear.




P.T.O. Troubleshooting 

Shifting Problems 

• Shifting problems can also be caused
by a worn or elongated shifter poppet
hole
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Shifting problems can also be caused by a worn or elongated shifter poppet hole. 

This causes the P.T.O. to jump out of gear and the parts in the shifter assembly to break or become loose. 

If this happens, replace those parts that are worn.




P.T.O. Troubleshooting 

Seals and O-Rings may cause special 
problems in P.T.O. operations.  
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Seals and O-Rings may cause special problems in P.T.O. operations. 

Improper installation or heat build-up can cause:
	•	O-Rings and seals to fail prematurely. 

	•	Once seals or O-Rings fail, they should be replaced. 

The proper procedure for installing these parts is to lubricate them first so they will �easily slide on the shaft.




P.T.O. Troubleshooting 

Burnt 
Clutch 
Plates? 

Welded 
Clutch 
Pack? 

Burnt 
Driving 
Hub? 

Remember, when troubleshooting 
any clutch-operated P.T.O., 
carefully inspect all components for 
wear or damage. Burnt clutch 
plates, welded clutch pack, or a 
burnt driving hub are three easily 
identifiable conditions that lend 
themselves to failure analysis.  
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Remember, when troubleshooting any clutch-operated P.T.O., carefully inspect all components for wear or damage. Burnt clutch plates, welded clutch pack, or a burnt driving hub are three easily identifiable conditions that lend themselves to failure analysis. 

Generally, 
1. Incorrect air/oil pressure �2. Lack of lubrication, or �3. Excessive heat build-up 
�Will directly contribute to poor air clutch operation and eventual failure.




P.T.O. Troubleshooting 

A sure sign of potential trouble with 
a clutch operated P.T.O. is erratic 
operation.  
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A sure sign of potential trouble with a clutch operated P.T.O. is erratic operation. 

Check the air system for the proper pressure and inspect it for cleanliness. 

A dirty or contaminated system will affect the entire P.T.O. operation, so inspect it periodically and change the oil at the interval specified in the Chelsea Owner’s Manual to insure that it is always clean and free of abrasives.




P.T.O. Troubleshooting 

The 3 most common complaints 
- Noise
- Engagement Problems
- Disengagement Problems
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P.T.O. Troubleshooting 

Noise 
Listen Carefully 
Whine or High Pitched Squeal 

- Gears too tight
- Bearings
- Hydraulic Noise
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P.T.O. Troubleshooting 

Noise 
Listen Carefully 
Rattle 

-Gears too loose
-Torsional Vibrations
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P.T.O. Troubleshooting 

Engagement Problems 

Powershift P.T.O.s 

- Blocked Hoses or Fittings

- Bad Connections or Ground

- Solenoid
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P.T.O. Troubleshooting 

Engagement Problems 
Mechanical P.T.O.s 

- Low Air Pressure
- Improper Cable Installation
- Back Lash too tight
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P.T.O. Troubleshooting 

Disengagement Problems 

Powershift P.T.O.s 

- Blocked Hoses or Fittings

- Frozen Clutch Pack

- Solenoid
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P.T.O. Troubleshooting 

• Chelsea P.T.O.s are designed and built to match a vehicle’s transmission

• The gears of a P.T.O. are of the same quality as the transmission’s gears

• Successful operation depends on proper specification and installation

• Always consult your Chelsea Applications Guide and Installation Manual when working with
Chelsea P.T.O.s. Doing this will prevent serious P.T.O. problems

Review Exercise 

Pro Gear & Transmission, Inc. 877-776-4600 / 407-872-1901 parts@eprogear.com

Presenter
Presentation Notes
Chelsea P.T.O.s are designed and built to match a vehicle’s transmission. The gear’s of a P.T.O. are of the same quality as the transmission’s gears. Successful operation depends on proper specification and installation. Always consult your Chelsea Applications Guide and Installation Manual when working with Chelsea P.T.O.s. doing this will prevent serious P.T.O. problems.
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