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September 10th, 2013 

 

Welcome to the inaugural issue of Helical Paths.  We trust that this will be very 
beneficial to your company and will prove to be a valuable point of reference.  

Thank you for letting us share our many years of knowledge and experience with 
you. 

 
An Inexpensive Ball Screw 
  
Machine tool down time can be very costly. The most inexpensive ball screw 
repair for your machine tool will always be the one that eliminates the most down 
time over the life of the machine. Barnes Industries builds high quality and 
precision into every ball screw serviced or produced so that our customers will 
have the maximum benefit. 
  
Barnes Industries has started the Helical Paths publication to help educate 
customers and ball screw users throughout the machine tool industry. Each issue 
will be straight to the point using validated data and real examples of premature 
ball screw failures as well as many Paths to success. See why ball screws fail, and 
how to prevent failures that could cost much more than just the price of the ball 
screw. 
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Engineering Insight 
 

 The Right Angle 
The ball contact angle in a ball screw is a critical parameter in determining the life. 
Ball screw life is rated at a ball contact angle of 45 degrees. If the contact angle of 
the ball to the raceway is too low the life of the screw goes down dramatically. At 
a 25 degree contact angle the life of the screw is reduced to 1/3 of its rated life at 
45 degrees. 

 

 
Figure 1- Spalling in raceway of Ball Nut (50x Mag.) 

But what happens if the contact angle is too high? And how high is too high? 

The contact angle in the ball nut raceway in Fig.1 is near 72 degrees. Normally, 
the higher the contact angle, the higher the load capacity and life of the ball 
screw. But as the contact area of the balls (the ball path) approaches the top of 
the thread, it can become truncated by the crest of the thread (or the large 
corner break in this case-colored red).  
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The contact area tends to “spill” over the edge resulting in a narrower ball path 
than normal. The Load applied to this area is then concentrated at the corner 
causing early raceway fatigue in the form of spalling (See Fig.2). 

 

 
Figure 2-Narrow ball path with spalling in ball nut 

 

Spalling is the removal of small, discrete particles of metal as the raceway is 
subjected to the repeated loading and unloading of the balls in the contact area. If 
the ball screw operation is continued, then the spalling propagates down the 
raceway as more metal is fractured away. This process is similar to a “pothole” in 
the road that widens rapidly with repeated impacts from vehicle tires. This 
process of erosion of the raceway continues until the axial play in the ball nut 
assembly exceeds what is acceptable by the machine or controls, or until the ball 
nut assembly locks up on the screw due to the buildup of metal particles in the 
ball return system. 
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Spalling in a raceway of a bearing or a ball screw is generally centered in the ball 
path. This is primarily due to the conformity of the raceway to the ball. As the 
load is applied to the ball and raceway, the highest concentration of load is at the 
center of the ball path and gradually diminishes in load at either side of the ball 
path. In Fig.1 the spalling is obviously offset toward the top of the thread by the 
corner break because of the truncated ball path. The ball path is also visibly 
narrower than normal for a 0.375” diameter ball. This unit failed quite rapidly 
without any abuse or misuse by the customer. 

 

A cast was taken of the ball thread in the nut to determine the contact angle of 
the balls to the raceway (See Fig.3). The cast shows the spalled area quite vividly. 

 

 
Figure 3- Cast of Nut Thread (20x Mag.) 

The cast is then placed in the comparator (Fig.4) and inspected for an exact 
contact angle measurement. 
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Figure 4- Comparator Inspection 

It is determined from the inspection that the 4.0” diameter x 195” long ball screw 
assembly failed prematurely, largely due to manufacturing defects in the grinding 
of the ball nut. The ball nut had an excessive amount of radial play causing the 
contact angle of the balls to be much higher than normal. The corner break in the 
nut was also too large, which proved to be a lethal combination, both serving to 
reduce the contact area in the nut and cause a high concentration of load near 
the crest of the thread. 

 

At Barnes Industries, every ball nut assembly is inspected not only for contact 
angle, but also for raceway radius, root diameter, taper, ball conformity, running 
condition, flange squareness, and drag torque due to preload. 
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The Maintenance Crib 
  

A Simple Contact Angle Inspection 
The ball contact angle is the angle between a plane perpendicular the screw axis 
and a line drawn through the theoretical points of tangency between the ball and 
the raceways of the nut and screw (See Figure 1). 

 

 

As the load is applied to the ball nut it is transferred to the screw through the 
contact angle of the balls. The life of the ball screw is rated at a contact angle of 
45°. A contact angle within the range of 35° to 50° has little effect on ball screw 
life. But if it is reduced to 15°, the life of the ball screw drops to one eighth (1/8) 
of its rated life at 45°. This is a critical parameter used in determining the life of 
ball screw assemblies. 

If a ball screw is “suspect” to having early failure problems, there is a simple 
inspection that will give a level of confidence that the balls in the ball nut are 
loaded at the proper contact angle. This can be accomplished in or out of the 
machine. 
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1. Clean an area of the screw thread and apply a thin layer of layout blue to 
the raceway (a spray-on type bluing will suffice). 

2. Apply lightweight oil to the screw thread in this area (way oil or spindle oil). 
3. Run the ball nut over the “blued” area of the screw several times until a 

clear ball path is visible in the bluing. 
4. Lightly wipe the blued area to remove excess oil and inspect the location of 

the ball path with respect to the major diameter of the screw. 
5. If the ball path leaves a wide area of bluing above at the top of the thread 

and little to nothing in the root of the thread, then the contact angle is too 
low (See Figure 2). 

6. If the ball path is riding all the way to the top of the thread leaving no 
bluing at all near the top of the thread, the contact angle may be too high. 

  

A properly designed and manufactured ball nut assembly should leave a small 
area of bluing at the top of the raceway and a blue area in the root diameter 
where the balls should never ride (See Figure 3). 

 

Make sure the inspected area is thoroughly cleaned, all bluing removed, and re-
lubricated prior to resuming operation of the ball screw. 
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In Future Issues... 
  
Look for these much needed topics in upcoming issues of Helical Paths. 

• Overcoming friction in ball screws; the benefit of lubrication. Oil vs. Grease? 
• Demystifying ball screw life ratings. How long should a ball screw last? 
• How to properly stretch a ball screw and WHY! 
• Backlash; Stiffness; Deflection... Can they be controlled? 
• Ball return system failures; Internal vs. External ball return systems. 
• Side load and misalignment. How close is close enough? 
• AND MANY MORE... 

Submit requests and ball screw questions and they will be addressed in future 
issues. Click Here or copy and paste the following URL into your browser. 
www.barnesballscrew.com/helical-paths/suggestions  
 
Barnes Industries is to keep this publication focused on helping customers achieve 
maximum up time on their machine tools through education of how ball screws 
fail... and what makes them succeed. A well-educated customer is our greatest 
asset. Thank you for your faithful patronage as Barnes continues to serve you.  
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