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Foreword

This Part of BS 6101 has been prepared under the direction of the Machine, 
Engineers and Hand Tools Standards Committee. It has been produced in 
advance of related work being prepared in the International Organization for 
Standardization (ISO) in order to facilitate discussion between manufacturers 
and purchasers of machine tool ball screws.
A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i and ii, 
pages 1 to 18, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on the 
inside front cover.

Full document details: BS 6101-4:1987

http://www.avadocuments.com/doc/bs-6101-4-1987
http://www.avadocuments.com/doc/bs-6101-4-1987


BS 6101-4:1987

© BSI 12-1999 1

0 Introduction
This Part of BS 6101 describes a method of 
calculating static axial rigidity of ball screws due to 
tensile or thrust load.
The rigidity of a ball screw exerts a major influence 
on its positioning accuracy. It is a function of the 
design of the ball screw, its support and bearing 
arrangement. For the purpose of the calculations 
given in this Part of BS 6101, support and bearing 
arrangement have been disregarded.
The rigidity of linear springs is constant, i.e. the 
deflection and the force are proportional to each 
other. This does not apply to a ball screw. For the 
study of rigidity, a ball screw may be conceived as a 
combination of several linear and non-linear spring 
elements. For this reason the rigidity value 
indicated is correct only for one value of load.
The axial deflection to be determined is caused by:

a) axial screw shaft and nut deflections;
b) radial screw shaft and nut deflections;
c) deflection of the thread land;
d) Hertz stress;
e) shear stress distribution.

As it is very time-consuming, and hence unsuitable 
for practical purposes, to determine the axial 
deflection on the basis of precise formulae, a 
reasonably simplified calculation method is 
outlined, so that the calculation may be effected 
with a pocket calculator.

1 Scope
This Part of BS 6101 gives a method of calculating 
the static axial rigidity of machine tool ball screws.
For the purposes of this Part of BS 6101, where the 
term “rigidity” is used, it means static axial rigidity.
NOTE The titles of publications referred to are listed on the 
inside back cover.

2 Definitions
For the purposes of this Part of BS 6101, the 
definitions given in BS 6101-3 apply.

3 Notation
The following is the notation used in this Part of 
BS 6101. Figure 1 shows the notation of the ball 
screw.

Figure 1 — Notation of the ball screw
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4 Method of determining rigidity
4.1 General

The static axial rigidity R (in N/4m) is the resistance 
to deformation and denotes the force F (in N) which 
is required to effect a component deflection dla 
by 1 4m in the direction of load applications. The 
value of R shall be calculated from the equation:

Symbol Term

cE Material constant (for steel cE = 0.4643)

ck Geometry factor

dc Diameter of load application on the ball 
screw shaft (in mm)

Dc Diameter of load application on the ball 
nut (in mm)

dl Elastic deflection (in 4m)

Dw Ball diameter (in mm)

d0 Nominal diameter (in mm) of ball screw

d1 Ball screw shaft outer diameter (in mm)

D1 Ball nut outer diameter (in mm)

D3 Ball nut internal diameter (in mm)

E Young’s modulus of elasticity (in N/mm2) 
(for steel = 2.1 × 105)

Fa Axial force (in N)

Fam Limit load of anti-backlash double-nut 
system (in N)

FN Normal force (in N)

FP Preload force (in N)

F1 Actual axial force applied to ball nut 1 
(in N)

F2 Actual axial force applied to ball nut 2 
(in N)

far Accuracy factor (rigidity)

fr Conformity factor (ratio of ball track 
radius divided by ball diameter)

i Number of loaded turns

k Rigidity characteristic 
(in N/4m2/3)

Symbol Term

l Length (in mm)

P Lead (in mm)

r Radius (in mm)

R Rigidity (in N/4m)

Rtot Overall rigidity (in N/4m)

Y Auxiliary value according to Hertz for 
the description of the elliptic integrals 
of the 1st and 2nd kind

Z1 Number of loaded balls per turn

Ì Lead angle (in degrees)

µ Contact angle (in degrees)

Ô Reciprocal curvature radius (in 1/mm)

Ù Ratio of the semimajor to the semiminor 
axes of the contact ellipse

Subscript

a Axial direction

b/t Ball and ball track area

m Mean

n Ball nut

n/s Nut body and screw shaft area

p Preload

s Screw shaft

u Ball screw within the loaded nut area

u½ Ball screw within the loaded nut area 
modified by accuracy factor (far)

(1)
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4.2 Overall rigidity

The inverse of the overall rigidity Rtot (in N/4m) is 
the sum of the inverse rigidity values of the 
components and shall be calculated from the 
equation:

Ru is the sum of Rn/s and Rb/t. The methods of 
calculating the rigidity values of the components Rs, 
Rn/s, Rb/t and Ru½ are given in 4.3, 4.4, 4.5 and 4.7 
respectively.

4.3 Rigidity of the ball screw shaft

4.3.1 General. The rigidity of the ball screw shaft Rs 
(in N/4m) follows from the elastic deflection of the 
shaft dls caused by the axial force Fa and is 
dependent on the bearing arrangement. The value 
of Rs shall be calculated as described in 4.3.1 
and 4.3.2.

4.3.2 Rigid mounting of the ball screw shaft at one 
end. (See Figure 2.)
The rigidity Rs1 (in N/4m) of the ball screw shaft 
rigidly mounted at one end shall be calculated from 
the following equation:

where

4.3.3 Rigid mounting of the ball screw shaft at both 
ends. (See Figure 3.)
The rigidity of the ball screw shaft rigidly mounted 
at both ends Rs2 (in N/4m) shall be calculated from 
the following equation:

(2)
(3)

dc = d0 – Dw cos µ (4)

(5)

Figure 2 — Ball screw shaft rigidly mounted at one end

Figure 3 — Ball screw shaft rigidly mounted at both ends
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The minimum of rigidity shall be calculated from 
the following equation:

and thus

4.4 Rigidity of nut body and screw shaft under 
radial component due to axial load

The rigidity of the nut body and screw shaft under 
radial component due to axial load, Rn/s (in N/4m), 
shall be calculated from the following equation:

The axial rigidity of nut body and screw Rn/s 
(in N/4m) under this type of load shall be calculated 
from the following equation:

where

NOTE It has been assumed that the ball screw shaft is solid and 
that the ball screw shaft and ball nut have the same Young’s 
modulus and Poisson’s ratio.

As both nut bodies act like preloaded rings, the 
rigidity Rn/sp of a double nut is twice as high as that 
of a single nut, and shall be calculated from:

4.5 Rigidity in the ball/ball track area
NOTE 1 An alternative graphical method, suitable for 
approximation only, is given in Appendix A.
NOTE 2 The following have been disregarded in the 
calculation:

a) the nut expansion factor (common ball screws are assumed 
to have a sufficiently large thread cross section);
b) uneven distribution of load on the balls and threads;
c) machining inaccuracies;
d) change of contact angle;
e) relative displacement between ball nut and ball screw shaft 
due to the axial back lash [see Figure 4(a) and Figure 4(b)].

4.5.1 General

In order to obtain high rigidity in the ball/ball track 
area, nut systems are preloaded (see Figure 5). Thus 
the backlash in the individual nut and the relatively 
large ball/ball track deflection at low load are 
eliminated.
The preload to be applied has to be determined 
carefully as excessive preload will reduce life.
The preload Fp for symmetrical double nuts shall be 
calculated from the following equation:

NOTE This equation gives an approximate value for Fp.

For loads beyond Fam, the point at which the 
preload nut is unloaded, the double-nut system then 
exhibits single nut behaviour.
The extent of deflection in the ball/ball track area is 
a function of the following:

a) load applied;
b) number of loaded balls;
c) conformity;
d) contact angle;
e) ball size;
f) nominal diameter.

The axial deflection in the ball/ball track area can be 
derived from Hertzian formula but shall be 
approximated by the following equation:

Following Hertz, the approach of the components 
shall be calculated from:

where

(6)

(7)

(8)

(9)

Dc = d0 + Dw cos µ (10)

Rn/sp = 2 × Rn/s (11)

(12)

(13)

dls,n b/t = Ys,n × c2
E  × 3Æ(FN

2 CÔs,n) (14)

(15)

Fp
1

2.83
------------ Fam=
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