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Accuracy
A measurement of precision. Perfect 
accuracy, for example, means advancing a 
ball nut 1 in. from any point on a screw will 
always require the exact same number of 
revolutions.

Annealed Ends
A manufacturing process which removes 
brittleness while softening screw stock to 
allow for machining of end journals.

Arbor or Mandrel
Temporary shaft used to support ball nut 
during shipping assembly/disassembly.

Axial Lash/Backlash
The axial free motion between the ball nut 
and ball screw; a measure of system stiffness 
and repeatability.

Backdrive
Application of a force on a ball nut to cause 
rotation of the screw shaft; in essence, 
converting linear to rotary motion.

Ball Bearing Spline
A linear motion device using the rolling 
contact principle. In a spline, the path of the 
bearings is parallel to the shaft to allow axial 
freedom and to provide torque transmitting 
capacity.

Ball Circle Diameter
The distance between the centerlines of two 
exactly opposing recirculating balls when 
they are in contact with the screw. The basic 
point of reference used by Thomson when 
dealing with ball screws.

Ball Nut
A nut compatible with a ball screw. The nut 
contains a series of bearing balls which are 
carried from one end of the nut to the other 
by a return tube.

Ball Screw
A ball bearing screw is a screw that runs on 
bearing balls. The primary function of a ball 
bearing screw is to convert rotary motion to 
linear motion or torque to thrust.

Bearing Ball Circuit
The closed path of recirculating balls within 
the ball nut assembly. A multiple circuits 
has a greater load carrying capability than a 
single circuit ball nut assembly of the same.

Compression Load
Compression load is a load which would tend 
to compress or buckle the ball screw shaft.

Conformity Ratio
Ratio of the ball track radius to the ball 
diameter.

Contact Angle
Nominal angle between a plane 
perpendicular to the screw and a line drawn 
between a ball and the ball tracks and 
projected on a plane passing through the 
screw axis and the center of the ball. The 
angle at which the ball contacts the groove.

Column Load
Column loading is the compression load 
on the screw. This load has a tendency to 
buckle the screw and is dependent on screw 
diameter, screw length and type of mounting.

Critical Speed
The condition where the rotary speed of the 
assembly sets up harmonic vibrations. These 
vibrations are the result of shaft diameter, 
unsupported length, type of bearing support, 
ball nut mounting method, or the shaft or ball 
nut rpm. Vibrations may also be caused by a 
bent screw or faulty installation alignment.

Cycle
The complete forward and reverse motion 
of the screw (or nut) when moving the load. 
One cycle is equivalent to two load carrying 
strokes (one forward and one backward).

Diameter — Major
The outside diameter of the ball bearing 
screw shaft. In dealing with ball bearing 
screws, this is the basic measurement.

Diameter — Minor (Root)
Diameter of the screw measured at the 
bottom of the ball track.

Diameter — Pitch
The nominal diameter of a theoretical 
cylinder passing through the centers of the 
balls when they are in contact with the ball 
bearing screw and ball nut tracks.

Driving Torque
The amount of effort, measured in pound-
inches, required to turn the ball screw and 
move the load.

Dynamic Load Rating
Dynamic load rating is the maximum load 
which a ball bearing screw assembly can 
maintain for 1.0 million inches of travel (Inch 
Series) or 1.0 million revolutions (Metric 
Series).

Efficiency
Expressed as a percentage, the ability of 
a ball screw assembly to convert torque 
to thrust with minimal mechanical loss. 
Thomson ball screws operate at over 90% 
efficiency.

End Bearing Support (End Fixity)
The three basic bearing configurations that 
are commonly used to support the ends of a 
ball screw are.

a)  A single journal or ball type bearing 
(simple support).

b)  A pair of back-to-back, angular contact 
bearings to control end play (simple 
support).

c)  A pair of spaced bearings for added 
rigidity (rigid support)

Four combinations of bearing supports are 
used throughout this catalog for selection 
purposes.

Flange
A metal mounting plate attached to a ball nut.

Gothic (or Ogival) Groove
A ball track cross-section shaped like a 
Gothic arch.

Journal
1.  A machined cylindrical surface.

2.  End journals are machined ends of ball 
bearing screws which allow for bearing 
mounting.

Land Area
The area on the outside diameter of a ball 
bearing screw between ball grooves.

Lead
The axial distance a screw travels during one 
revolution.

Lead Error
The amount of positional error per foot (Inch 
Series) or per 300mm (Metric Series) that is 
inherent in linear motion on ball screws.
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Lead Tolerance
The maximum variation from nominal, 
measured in inches per foot, cumulative.

Left (Right) Hand Threads
The direction of threads on a shaft or in a 
nut. Left hand means that the nut will move 
away if rotated counterclockwise. Right hand 
means the nut will move away if rotated 
clockwise.

Linear Expansion
Ball screw and spline inner races have a 
coefficient of linear expansion of 0.0000065 
for each degree of change (F) and for each 
inch of race length. 

Load Carrying Balls
The balls in contact with the ball grooves of 
both the nut and the screw for load carrying 
purposes.

Load/Life Rating
The usable life of a ball bearing screw 
assembly measured in inches of travel under 
a specific load. The length of travel that 90 
percent of a group of ball bearing screws 
will complete, or exceed, before the first 
evidence of fatigue develops.

Lubrication
To provide the maximum useful life, ball 
splines and ball screws require lubrication. 
In general, standard ball bearing lubrication 
practices are acceptable. 

Off Center Load (Eccentric)
A load tending to cock the ball nut on the 
screw, reducing the rated life. This must be 
considered in the selection of the ball screw 
assembly.

Operating Loads
The normal operating force in pounds (lb.) 
or Newtons (N) which the ball spline or ball 
screw will experience is considered the 
operating load. Contact us for assistance 
in applications subject to widely fluctuating 
loads or to optimize design.

Preload
The use of one group of bearing balls set in 
opposition to another to remove axial lash 
or backlash and increase ball bearing screw 
stiffness. All axial backlash is eliminated in 
preloading.

Protective Coatings
Standard outer races are supplied with 
a black oxide coating. Inner races are 
furnished with a phosphate coating. Contact 
Application Engineering for additional 
options. 

Repeatability
A measure of constancy that is directly 
related to axial backlash.  Higher backlash 
equates to lower repeatability and may 
be corrected by preloading the ball nut if 
required.

Root Diameter
The diameter of the screw shaft as measured 
at the bottom of the ball track.

Screw Diameter (land diameter)
The outside diameter of the screw shaft.

Screw Starts
The integral number of independent threads 
on the screw shaft; typically one, two, or four.

Side Load (radial)
A load from the side that will reduce the 
rated life and must be considered in the 
selection of the ball bearing screw.

Spring Rate
A ratio of load versus deflection of a  
component or of a total system. System 
stiffness will always be less than its most 
compliant member. Thus, in any system 
where a ball screw is used and where 
high system stiffness is a primary design 
requirement, Thomson should be contacted 
for recommendations based on the specifics 
of the application.

Static Load
Static load is the maximum non-operating 
load capacity above which brinelling of the 
ball track occurs.

Straightness
The linearity of a screw shaft. Precision 
screw stock is .010 in/ft. with .040 inch max. 
Precision Plus stock is typically .003 inch 
over the entire length of the screw.

Stroke
The maximum length of extension of a ball 
nut on the screw shaft.

Temperature (operating)
With suitable lubricants, ball splines and 
ball screws will operate with a minimum 
loss of efficiency between temperatures 
of -65° to +300°F (-53° to +149°C). Contact 
our application engineers for assistance in 
applications with extreme temperatures.

Tension Load
Tension load is a load which would tend to 
stretch the ball screw shaft.

Thrust Load
Thrust load is loading parallel to and 
concentric with the centerline of the screw 
shaft which acts continuously in one 
direction. Thrust loading is the proper method 
of attaching the load to the ball bearing 
screw assembly.

Travel and Travel Rate
The distance a ball nut moves relative to 
the screw shaft. Travel rate is the distance 
traveled in a specific time period.

Glossary/Formulas
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Some Useful Formulas for Ball Screw Assemblies

Column Load Strength*
(Based on Eulers Formula)

Pcr = 1.405 x 107 x Fc x d4

        L2

 Pcr = maximum loads (lbs)
 Fc = end support factor
   .25 one end fixed, other free
  1.00 both ends supported
  2.00 one end fixed, other supported
  4.00 both ends fixed
 d = root diameter of screw (in.)
 L = distance between nut and load carrying bearing (in.)
 When possible, design for tension loads to eliminate the buckling factor 
 and reduce the required screw size

* Formula only valid if L/d > 18.25.

Critical Screw Shaft Speed
(Maximum rotational speed of screw)

Cs = Fc x 4.76 x 106 x d
                L2

 Cs = critical speed (rpm)
 d = root diameter of screw (in.)
 L = length between supports (in.)
 Fc = end support factor
   .36 one end fixed, other free
  1.00 both ends supported
  1.47 one end fixed, other supported
  2.23 both ends fixed

 Critical shaft speed should be reduced to 80% to allow for other factors 
 such as alignment and straightness

Torque, Rotary to Linear
Rotating the screw to translate the nut, or rotating the nut to translate the screw.

* Acme screw efficiency is variable with the helix angle of the threads, the friction of the material and the finish. See the efficiency formula below.

Ball Screw Assemblies
Torque   =   .177   x   Load   x   Lead

 (in lbs) (lbs) (inches) 

Lead Screw Assemblies
Torque   =   Load (lbs) x Lead (inches)

 (in lbs) 2  x efficiency*

Torque, Linear to Rotary
Translating the screw to rotate the nut, or translating the nut to rotate the screw.

The higher the lead of the screw the less effort required to backdrive either the screw or the nut.  
As a rule, the lead of the screw should be more than 1/3 the diameter of the screw to satisfactorily backdrive.

Ball Screw Assemblies
Torque   =   .143   x   Load   x   Lead

 (in lbs) (lbs) (inches) 

Lead Screw Assemblies
Torque   =   Load x Lead x Efficiency

 (in lbs) 2  

Horsepower

Torque to Horsepower
hp = Torque (in lbs) x rpm

         63,000

Horsepower to Torque
Torque = 63,000 x hp

 rpm

Efficiency

Ball Screw Assemblies
Most ball screw assemblies are better than 90% efficient. 

Lead Screw Assemblies
% Efficiency =         tan (helix angle)          x 100

                            tan (helix angle + arctan f) 
f = coefficient of friction

Glossary/Formulas
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Custom Capabilities

The Thomson Advantage
In addition to our extensive standard ball and lead screw products, 
Thomson has designed and manufactured custom engineered 
products to fit the unique requirements of our customers. We 
welcome and encourage requests for specialized products, 
regardless of quantity or frequency of order. Our custom products 
range from one-time-only units to high quantity requirements. A few 
of our custom possibilities are listed below:

Custom Plastic Nuts
If cost or design constraints dictate a more integrated package, let 
our engineering staff help you simplify your design. We offer a full 
range of  manufacturing capabilities from injection molding to CNC 
machining with the largest selection of engineering plastics to suit 
your applications and specifications.
• Our engineering staff will ensure your part is right the first time
•  Full range of engineering plastics including internally lubricated 

and high temperature thermoplastics

Precision Screw Products
Thomson provides engineering support and quality assurance for all 
of its components and assemblies allowing our customers to focus on 
the larger design picture. Our full range of designs and sizes for our 
linear motion components allow greater design flexibility, while our 
support staff ensures proper initial application and comprehensive 
support once installed.

 
Components and Assemblies
From components to complete assemblies, Thomson always provides 
the highest performance products to your applications. Let us assist 
in your design to ensure proper operation of our components, or let us 
provide you a complete solution.
•  Complete solutions to your linear motion designs with our industry 

tested assemblies
•  Full complement of linear motion components: Rails (square and 

round), Motor Mounts, Bearing Mounts, Ball Nuts, Acme Plastic 
Nuts, Bronze Nuts, Anti-Backlash Nuts, Miniature Ball Nuts, 
Bearings, and more

If you don’t see it, just ask us. Our application engineers will help you 
specify these options and modifications or they will work with you to 
create entirely new ones which will improve your machine’s 
performance and lower your cost.

Design Ranges
During our 70+ years of servicing customers, our engineers have 
continuously developed new lead screw, ball screw, and spline 
assemblies required for many of industry’s most unique, demanding 
applications. Our current product offering represents our evolving and 
expanding design and manufacturing capabilities. 
The result of this experience is a portfolio of capabilities second to 
none. Thomson is the pioneer in the design and manufacture of:
• High speed ball screws – up to 300 in/min
• Telescoping assemblies – up to five sections
• Hollow shafting for low inertia and low weight
• Safety nuts with up to five redundant load paths
• Nyliner nuts, offering extreme speeds and loads
• Ultimate accuracy assemblies – up to .0002 in/ft
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Date: _______ / _______ / __________

Request for Quote
Use this form if you have already selected a product. We will respond within four hours.

1. Information

2. Screw and Nut Part Numbers

3. Bearing Supports

4.  End Machining*

 

5. Configuration*

*  Customer print will take precedence if provided.

Name Title/Dept.

Company Name

Address

Phone Fax

Email

Qty. Lead Error
0.004”/ft 0.005”/ft 50μ/300mm 23μ/300mm 12μ/300mm 

Diameter Lead

Screw P/N Overall Length*

Ball Nut P/N Flange P/N Wiper P/N

Right End  None  Floating  Quick Mount

Left End  None  Floating  Quick Mount 

Right End
 BK  BF  FK  FF  QK  QF  Cut to Length Only

 BK1  BF1  FK1  FF1  QK1  QF1  Annealed ____________ (specify length annealed)

 Ball Nut (V-Thread/Flange) Facing Left End  Ball Nut (V-Thread/Flange) Facing Right End  Modified Flange (Attach Print)

Note: If this product or assembly has been quoted or ordered before, please provide the quote number or order number.

Quote No. Order No.

Need a quote or have a question about an application? 
Contact us in North America at:

Phone:

Fax:

Email:

540-633-3549

540-639-4162

thomson@thomsonlinear.com
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Date: _______ / _______ / __________

Application Data Sheet
Use this form if you need assistance selecting a product. We will respond within four hours.

1. Information

2. Application Requirements

Name Title/Dept.

Company Name

Address

Phone Fax

Email

What is your LOAD?
 lbs  kg

 N  Other (please specify)

What is your MOTION?
 Vertical  Horizontal

 Other (please specify)

Additional Information/Comments

Accuracy Requirements
0.004”/ft 0.005”/ft 52μ/300mm 23μ/300mm 12μ/300mm Other (please specify)

Backlash Requirements
0.000” 0.002” 0.010” 0.05mm 0.2mm Other (please specify)

Bearing Supports?
 Fixed/Fixed  Fixed/Free  Fixed/Simple

 Other (please specify)

Motor Cube Required?
 NEMA 17  NEMA 23

 Other (please specify)
 NEMA 42  NEMA 34

Quantity Required?
 per Week  per Month

 per Year  Other (please specify)
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