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This publication is presented for the purpose of providing reference information only. You 
should not rely solely on the information contained herein. Mechanical Power 
Transmission Association (MPTA) recommends that you consult with appropriate 
engineers and /or other professionals for specific needs. Again, this publication is for 
reference information only and in no event will MPTA be liable for direct, indirect, 
incidental, or consequential damages arising from the use of this information.  
 
Abstract 
 
This informational bulletin is intended to explain the common causes for bores 
appearing to be out of print specification tolerance. 
 
Copyright Position Statement 
 
MPTA publications are not copyrighted to encourage their use throughout industry. It is 
requested that the MPTA be given recognition when any of this material is copied for 
any use. 
 
 
Foreword 
 
This Foreword is provided for informational purposes only and is not to be construed to 
be part of any technical specification. 
 
Suggestions for the improvement of or comments on this publication are welcome.  
They should be mailed to Mechanical Power Transmission Association, 1250 Tamiami 
Trail N., Suite 211, Naples FL 34102. 
 
Scope 
 
This Informational Bulletin addresses some of the common situations that may lead a 
corporation to reject couplings for dimensional size at receiving inspection when, the 
parts are within print specification.  
 
 
 
When Good Bores Appear to Have Gone Bad 
 

1. Incorrect Rejections of Power Transmission Components 
 

An increasing trend in industry is the number of reported instances of products being 
rejected by OEMs and users due to perceived non-conformances. Often these are 
attributed to poor manufacturing and/or quality practices. Often upon examination 
and root cause analysis, the reason for the rejection is a result of lack of 
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understanding in the manufacturing process, environmental factors, or differences in 
inspection methods. 

 
The purpose of this guideline is to highlight three of the most common causes that 
contribute to incorrect rejections of power transmission components. 

 
 

1.1. Understanding the Manufacturing Process: Residual Stresses in power 
transmission hubs with a keyway. 

 
Many of the power transmission hubs used in industry are made from sintered metal, 
cast iron, steel bar, or steel forgings. During the manufacturing of the raw materials, 
the material is mechanically deformed by hammering, rolling, or drawing the 
materials through dies to reduce the size and shape of the object. The mechanical 
manipulation of the material generally increases the strength of the material but at 
the same time, these processes impart residual stresses in the part. Residual 
stresses can be thought of as internal pressures within the base parts. Like having a 
spring trapped inside of a box. Most material manufacturers perform a stress 
relieving operation on the parts after they have been manipulated to align the grain 
structure of the steel which reduces the internal stresses; however, some residual 
stress always remains. 

 
During the machining of power transmission hubs, the material may spring or grow 
from the remaining residual stresses as material is removed to form the final shape. 
Depending upon the material, this can occur very quickly or can be more gradual. 
For most forgings and bar that are turned into round shapes with a bore and keyway, 
the movement is minimal and compensated during the turning operation. The hoop 
shape of the hub keeps everything in check. Once the hubs have been profiled but 
not keywayed, the manufacturer performs a final inspection on the features to 
ensure they meet print specification. 

 
If problems arise, they normally occur during the keyway operation. The keyway 
operation cuts a square or rectangular axial slot through the length thru bore of the 
hub. The removal of the material can release additional stresses contained within 
the part. The form of the hub can change from this release of stress. This normally 
manifests itself as an out of round condition. The hubs can become egg shaped.  

 
On smaller hubs with smaller keyways, this movement may be extremely small or 
non-existent; however, with larger parts, the movement can be quite pronounced. 
This condition can be exacerbated on hubs which have multiple keyways. 

 
Manufacturers may re-measure the bore after the keyway is cut into hub as an effort 
to identify changes in the hub before and after cutting the keyway.  
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If the hub bores are within specification prior to cutting the keyway, the hubs are 
within specification.  Standards such as AGMA 9002 and 9112 cite hub bore 
specifications prior to cutting hub keyway(s).  

 
To further explain, the reason the parts are still in spec is that you must think of steel 
as rubber. The bore was turned round to begin with. Any “ovality” was caused by the 
release of the internal stresses or pressures in the hub. Large hubs can be attached 
to the shafts by heat shrinking them on to the shafts. The hub is heated up and 
allowed to grow larger than the shaft. It then slides onto the shaft with a clearance fit 
and cools to form an interference fit with the shaft. The pressures induced during the 
shrink fit process will force the hubs to take the shape of the shaft and return to its 
original precut shape. It will take the shape akin to what a piece of rubber would do. 
This is generally true for all interference fit hubs. 

 
Some customers have suggested that manufacturers add an additional machining 
operation to make the bores round after the keyseat operation. The hubs rely on 
contact pressure between the hub and shaft to keep the hub in place. Manufacturers 
strive to have a high amount of contact between the hub and the shaft. If the bores 
were made round after the keyseat operation, when they are shrunk fit to the hubs, 
large sections of the bore may not be in contact with the shaft. The hub may become 
oval or trilobed during the secondary finishing operation and the resulting 
interference may not be sufficient to lock the hub securely in place. If sufficient 
interference exists, then the rest of the part may become oval or trilobed. As a result, 
gear teeth may not fit, seals may leak or interference with other components may 
occur.  

 
1.2. Temperature Compensation 

 
Ambient temperature can have a huge impact on a part’s dimensions. Most 
manufacturers ensure that their inspection gages are at the same temperature as 
the parts they are measuring. A variance in temperature at the recipient’s facility can 
affect the accuracy of the measurement of the bore and may lead to a rejection 
when the part is in specification. This is especially true of large, thick cross section 
parts that can retain heat or cold for a long time. If a large part has been in transit in 
extreme frigid temperatures, the bore may fluctuate greatly from when it was 
originally machined. The same can hold true under extreme hot conditions. With 
thick cross section parts, it can take up to 24 hours for the core of the part to reach 
ambient temperature. For example, a part may feel warm to the touch on the 
outside, however the core of the part may still be cold. It is imperative for the parts to 
have enough time to reach ambient temperature before they are checked. 

 
1.3. Method of Measurement 

 
The method of measuring a feature of a part can lead to differences in results as to 
whether a part is in or out of print specification. It is important to have a clear 
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understanding between the customer and the manufacturer as to how the part is to 
be measured. 

 
1.3.1. The following is a summary of gages used to measure a bore: 

 
Plug Gages 
• Max plug gage size is ~2” due to cost. 
• If the part eggs slightly the plug gage would reject the part as 

nonconforming. 
• The tolerance on a plug gage is 0.0001” – 0.0002”, however there is an 

additional .0002” (approx.) due to the press fit issue.  A 1.000” plug gage 
will not fit a 1.000” bore. 

Dial Bore Gage 
• Some gages are 2-point contact and others are 3-point contact.  The 2-

point contact will locate the high and low points of the bore (egg).  The 3-
point gage will give an average of the bore. 

Borematic /Holtest Bore Gages     
• Generally, 3-point contact – average bore dimension. 
• Accuracy is 0.00008 – 0.0002 depending on size. 
• The carbide tipped contact points must fully engage the part to obtain and 

accurate measurement (LTB must be = or > than the length of the contact 
points).   

• We use these gages to measure tight bore tolerances. 

CMM (Manual vs Automatic vs Portable) 
• An automatic CMM takes a hit on the part at the same location with the 

identical velocity, whereas a manual CMM each hit will be different.   (We 
are currently having a problem with a customer that has an automatic 
CMM versus our manual CMM).   

• A Portable CMM normally will be the least accurate of the CMMs – 
0.0005” / 0.005” (depending on length of the arm). 

• All CMMs will take an average of the total number of hits for the bore 
dimension. 

Calipers 
• Accuracy:  6” – 0.001”, 12” – 0.002” & 18” – 0.003. 
• Calipers have a 2-point contact; therefore, it will measure high and low 

points of the bore. 

Inside Micrometers 
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• Accuracy is 0.0002 – 0.0003 Best case (Accuracy decreases as 
Micrometer gets bigger) 

• 2-point contact 

Taper Bore 
• Apply Persian Blue to a taper gage and insert the gage into the part.  

Rotate the gage, which will transfer the Persian Blue to the part - 80 % 
contact is generally acceptable.  The step on the gage will determine if the 
big end is in tolerance.  

• The CMM uses a program that measures the conicity of the taper and will 
determine the diameter of the big end by the intersection of a plane and a 
cone. 

• The big end of the taper usually has a chamfer, therefore measuring with 
calipers will be impossible because the edge of the bore does not exist.  

Basically, each type of measuring equipment will give you a slightly different 
dimensional reading.  Two-point contact will determine the amount of egg in a part, 
three-point contact will produce an average bore dimension and a CMM will take the 
total number of hits and construct the best fit bore.   Also, regardless of the 
measuring equipment selected, it must be calibrated to verify that the measurement 
is accurate (We are traceable to NIST – National Institute of Standards and 
Technology – the highest standard). 
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