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Repairing a gear built in the 
early 20th Century
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Today’s gear units are 
not that easy to repair 
and not all gear boxes 
we receive are in very 

good condition.  
Sometimes we find 
some big surprises:



Plastic imbedded in gear teeth 
and bearings



Remnants of Gearbox after 
Rocks used as Lubricant



Gear Repair Process
• Receipt of unit and clear expectations of the 

desired repair
• Disassemble unit and clean parts
• Inspection and evaluation
• Gear engineering overview as required
• Work order creation including QA requirements
• Manufacture necessary parts 
• Assemble & test
• Prepare for shipment
• Documentation Compilation



Inspection 
and 

Evaluation



Some failures are pretty obvious









Inspections

• Visual tooth inspection
• Magnetic particle inspection
• “Dimensional” and “Run-out” checks on 

rotating elements
• Housing bore diameter and parallelism 

check
• Tooth profile, lead, pitch and spacing 

measurements if required



Magnetic Particle Inspection

• Parts coated with fluorescent particles are 
magnetized and viewed under black light.



Dimensional & Run-out Check

• Rotors are placed in V-blocks and rotated.  
Measurements are made of bearing journals, and 
coupling fits.



Housing Inspection

• Housing bores are inspected for 
size and parallelism.



Housing Inspection



Visual Tooth Inspection

• Typical Gear Failure Modes
– Wear
– Pitting
– Breakage
– Scoring

• ANSI/AGMA 1010
Appearance of Gear Teeth-Terminology of Wear 
and Failure



Gear Tooth Failure



Gear Tooth Failure



Gear Tooth Failure 

Destructive Pitting



Tooth Breakage



Gear Engineering 
Overview



Gear engineering overview

• Review Gear Rating 
– Strength rating
– Durability rating
– Deflection analysis

• Lead modification
– Lubricant analysis

• Bearing Design Review
• Shaft stress analysis
• Critical speed analysis if 

required



Use of gears goes back 
many centuries



Primitive Parallel Shaft Gears



21st Century Gearing

• Speeds in excess of 70,000 RPM
• Velocity of teeth over 300 MPH
• Some units designed and  built to run  7-10 

years continuously
• Output torque over 25 million in-lbs
• Transmit over 100,000 HP



Involute Theory

• Webster defines an 
“involute” as  ‘a curve 
traced by a point on a 
string kept taut as it is 
un-wound from a 
cylinder’.

• The profile of most gear 
teeth manufactured in 
the US are an “involute”



Involute Theory

• It doesn’t 
matter where 
on the involute 
you operate, 
you will have 
conjugate 
motion 
between the 
rotors.



Gear Tooth Loading Patterns



Gear Tooth Failure



Gear Nomenclature



Relative Sliding & Rolling Motion

Used with permission from Dr. Douglas Wright
University of Western Australia



Gear Tooth Failure



Metallurgy and Heat Treat

• Through Hardened
• Case Hardened



Through-hardened gearing

– Historically, the most common gearing- particularly 
for large gearing

– Wide range of Alloys
– Wide Range of Hardness

• 200 BHN-420 BHN
– Generally homogeneous hardness throughout 

tooth
– All heat treating is done prior to cutting teeth.
– No heat treating after teeth are cut



Case hardened gearing:

• Higher performance gearing
• Teeth are cut and then hardened
– Carburized

• 58-62 Rc Case Hardness
• 0.020”-0.250” Deep

– Nitrided
• 50-54 Rc Hardness
• 0.015”-0.025” Deep 

– Induction hardened
• 50-52 Rc Hardness
• 0.020”-0.250” Deep



Single Helical Gearing

• Gearing generates 
axial forces

• Each shaft must 
have a bearing of 
capable of handling 
axial load



Double Helical Gearing

• Gearing does not 
generate axial 
forces

• One shaft must 
have a bearing of 
capable of 
positioning gearing

• Remaining shafts 
must float axially



Effect of Geometry on Load Distribution



TYPICAL TOOTH ALIGNMENT 
CHART



Gear Checker



Profile Check



Lead Check



Pitch Error



Pitch Diameter Runout Check



Gear Repair Techniques

• Tooth repair options
• Bearing journal repair options
• Seal fit repair options



Gear Repair Techniques

• Case-Hardened
– Pitted or frosted

• Kiss grind
– Verify material is carburized
– Remove 0.003”-0.005” from load surface
– Make certain to not machine too much from case

– Broken
• Replace



Gear Repair Techniques

• Through-Hardened Gearing
– Pitted

• Kiss grind
– Remove 0.003”-0.005” from load surface 

• Re-cut gear and oversize pinion to match
– Machine off O.D. 

» Up to 40% of tooth depth per side
– Re-cut  teeth on gear to remove pits
– Machine new pinion oversized

– Broken
• Replace



Standard vs Shifted-Profile 
Gearing

Equal Addendum Gearing Shifted Profile Gearing



Re-cutting Gear Teeth



Bearing journal and seal repairs

• HVOF coating
– Bonds to parent metal
– Ideal for both journal and roller bearings
– Application thickness from 0.005” -0.025”
– Acceptable for most gear box applications
– Acceptable practice for API 687 repairs



Bearing journal and seal repairs

• Chrome Plating
– Bonds to parent metal
– May be applied to journal and roller 

bearings
– Limited sources due to environmental 

issues



Bearing journal and seal repairs

• Metal spray
– Does not appreciably bond to parent 

material
– Limited applications

• Seal Fits
• Captured areas

– Under roller bearings



Roller Bearing Repair

• Used in repair of large tapered roller,  
and cylindrical roller bearings
– Grind 0.004”-0.007” from contact surface
– Make oversized rollers

• More of an issue due to recent 
increases in lead time to obtain new 
bearings



Journal Bearing Repair

• Inspection
– Dimensional inspection
– Dye penetrant  inspection
– Ultra-sonic inspection

• Rebabbitt bearing surface
– Remachine bore, pressure dams 



Assembly & Test



Assembly & Test

• Bearing adjustment
• Tooth contact
• Lubrication



Tooth Contact Check



Typical Tooth Contact



Re-rates and up-rates

• Ratio changes
• Horsepower increases
• Re-engineering for reliability

– Bearing upgrades
– Gearing upgrades



Turbine Powered Gear

Scoring over a portion of face

•Problems
•Noise/vibration
•Scoring



•Problem evaluation:
•Abnormal tooth contact
•Inadequate lubrication
•Resonance

•Root Cause
•High temperatures in mesh
•Irregular thermal 
expansion
•Tooth count in parts

The Problem and the 
Root Cause







Solution:
•Double helical gear set

•Shorter helices
•Higher helix angle
•Different tooth count

•New high speed bearings (radial only)



High Casing Temp. Causes

• Misdirected oil flow
• Too little oil flow
• Too much oil flow
• Inadequate clearance
• Inadequate drain
• Rubs



Gear Vibration Causes 
• Unbalance
• Coupling misalignment
• Inadequate foundation or loose bolts
• Lateral and torsional critical speed response
• Bearings - design, manufacture., assembly, wear
• Couplings - lockup, wear, no lubricant, not as 

designed
• Gear tooth errors - design, manufacturing, 

assembly, wear



Vibration Frequencies Unique to Gearing

• Tooth Mesh Frequency
• Tooth Repeat Frequency
• Assembly Phase Frequency
• Ghost Frequency



Tooth Mesh Frequency

• How many teeth come into mesh during a given 
time period.
– Same for hunting or non-hunting tooth gear set

• Example 1: 24 teeth meshing with 73 teeth 
– Hunting tooth

• Example 2: 24 teeth meshing with 72 teeth
– Common prime factors are 2 and 3 : 
– Non-Hunting tooth

– TMF = Pinion speed x number teeth in pinion
» Or

– TMF = Gear wheel speed x number teeth in gear wheel



Tooth Mesh Frequency

• Number of teeth in pinion: 24
• Number of teeth in gear: 72
• Speed of pinion:1200 rpm
• Speed of gear: 400 rpm
• Tooth mesh frequency:

24 X 1200 = 28,800 cpm
72 x 400 = 28,800 cpm



Tooth Repeat Frequency

• A certain tooth on the pinion hitting a certain 
tooth on the gear wheel.  Typically heard as 
an audible beat.
– Hunting tooth gear set : TRF = gear 

speed/number teeth in pinion
– Non-Hunting tooth gear set : TRF = gear speed 

x product of the prime numbers common to 
pinion and gear wheel/ number of teeth in 
pinion



Tooth Repeat Frequency

• Hunting tooth gear set : TRF = gear 
speed/number teeth in pinion

• Example:
24 teeth in pinion turning 1200 rpm
73 teeth in gear turning 394.52 rpm
Tooth Repeat Frequency 
394.52 / 24 = 16.44 cpm



Tooth Repeat Frequency

• Non-Hunting tooth gear set : TRF = gear 
speed x product of the prime numbers 
common to pinion and gear wheel/ number of 
teeth in pinion

• Example:
24 teeth in pinion turning 1200 rpm
72 teeth in gear turning 400 rpm
Prime numbers: 2, and 3
Tooth Repeat Frequency 
400 x 2 x 3 / 24 = 100  cpm



Assembly Frequency

• A vibration caused by non-hunting tooth gear sets.
• Assembly frequency = Tooth mesh frequency / product 

of the prime numbers common to pinion and gear 
wheel teeth

• Example:
Number of teeth in pinion:  24
Number of teeth in gear: 72

Prime numbers:  2, and 3
Speed of pinion:  1200 rpm
Tooth mesh frequency:  28,800 cpm
Assembly frequency= 28,800 / (2 x 3) =  4800 cpm



Ghost Frequency

• Similar to tooth mesh, but related to the 
gear tooth cutting/grinding machine .

– GF = # teeth in worm wheel x rotor speed



Gear Noise Causes

• Tooth errors from manufacturing
– Spacing, profile (involute), lead (tooth 

alignment), surface finish,  gear cutting 
machine error, etc.

• Degradation of tooth profile during operation
– Wear, pitting or tooth breakage

• Improper design
– Tip or root relief
– Resonance in gear unit

• Other system components
– Clutches, couplings, etc



Questions?

• Thank you for your attention


