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Abstract. In order to meet the demand of high position accuracy, many methods have been developed for mea-
suring the thread profile features of ball screws. However, most of these efforts are limited to measuring a small
number of ball screw features and therefore less efficient. In this study, an automatic, non-contact measuring
system for the thread profile of a ball screw was developed. It is capable of measuring most common features
of the ball screw thread profile and can measure ball screws of different sizes and lengths. The main part of the
system is the light curtain which has a high-resolution line-scan CCD camera to measure the projected outer
contour of the target. Data points from the thread profile of a ball screw were collected by the measuring system
and data pre-processing was performed. Then, the proposed method was used to calculate the most important
geometric parameters and errors of the thread profile. The accuracy of the measuring system was verified by
testing and evaluating four sets of ball screws from different manufacturers.

1 Introduction

The reciprocating ball screw mechanism is a force and mo-
tion transfer device. By using ball screws, the rotational mo-
tion can be transformed to the linear motion with little fric-
tion, low noise and high capacity. Because of their advan-
tages such as precise positioning and high efficiency, ball
screw mechanisms are widely applied to feed-drive mech-
anisms of machine tools and high-precision levelling plat-
forms (Wei and Lin, 2003; Wei and Lai, 2011; Verl et al.,
2014). In recent years, the demand for high position accuracy
ball screws increases rapidly. One of the major factors that
affect the positioning stability and accuracy of a ball screw
is the profile of the thread, which alters the contact situation
between the balls and the screw. In traditional method, the
inspection of thread profile usually uses a contour measur-
ing instrument to obtain the profile image of a ball screw and
then projects the magnified profile image on a screen. The
magnified profile image will be compared with the standard
design contour magnified to the same level as the profile im-
age. There are two major disadvantages of the traditional vi-
sual method. Firstly, the method has big reading error and it
is difficult to quantify the measurement results. Secondly, it

is time consuming. The measuring range of the contour mea-
suring instrument is very small and the measurement speed
is slow. Therefore, it is essential to find an accurate, fast and
simple method of the thread profile inspection.

In order to solve the inspection problem, some non-contact
measurement methods were developed. Gadelmawla (2004)
used a micrometer microscope to measure and inspect com-
mon types of screw thread. The developed system was able
to measure the most common features of screw threads. Tong
et al. (2014) developed a measuring system to calculate the
thread pitch, pitch diameter and half thread angle of the inter-
nal or external screw thread. The measuring unit of the sys-
tem was mainly composed of a laser displacement sensor, a
laser measuring head and a liner encoder. The thread profile
contour can be obtained by using the longitudinal position
data, which is collected by the laser displacement sensor and
laser measuring head, and the transverse position data, which
is collected by the linear encoder. Feng et al. (2011) de-
veloped an automatic measuring system, which was mainly
composed of a light curtain and a high-accuracy linear en-
coder, to calculate the important parameters of thread pro-
file of a ball screw, such as effective diameter and thread
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Figure 1. The mechanical structure: (1) the headstock; (2) the air
floating platform; (3) the measurement frame; (4) the tailstock; (5)
the V-shape cushion block; (6) the bed; (7) the V-sharp track; (8) a
groove used to fix the tailstock.

pitch. However, the method of data pre-processing requires
manual removal of unavailable data. Chen et al. (2002) de-
veloped a measurement method for the contact angle of ball
screws by using the photo elastic effect and digital image
processing techniques. Experimental results showed that this
method was more accurate. Chen et al. (2011) combined the
profile projector and commercial digital camera to build an
imaging based, non-contact, measurement system. It can im-
plement the contact angle measurement accurately. Although
both contact angle measurement methods mentioned above
have high accuracy, only one raceway can be measured at a
time, which makes them less efficient. Besides contact an-
gle, image processing based methods can be used to mea-
sure other parameters. Liu et al. (2006) proposed a method
to calculate the screw pitch by using a screw image. Rao et
al. (2013) developed a measurement system based on image
processing method to calculate the major diameter, minor di-
ameter, pitch diameter, pitch, thread height and other param-
eters of screw thread. Liu et al. (2016) presented a method of
measuring the geometric parameters of the ball screw race-
way based on the digital multi-step phase-shifting profilome-
try. The three-dimensional ball screw surface image was con-
structed, from which parameters such as arc radius and pitch
could be calculated. This method provides a new idea for the
measurement of parameters of ball screws, but the accuracy
of the method is limited to the 3-D digital imaging system.

In some of the aforementioned studies, the measured ob-
ject is not a ball screw and the methods cannot be applied
directly to a ball screw. Other studies are for ball screws, but
the parameters they can measure are not enough and usually
the methods are less efficient. In this study, an automatic,
non-contact system for the thread profile of a ball screw was
developed. It is capable of measuring most common features

Figure 2. Schematic diagram of the mechanical structure.

of the ball screw accurately and rapidly. Moreover, the me-
chanical structure developed can measure ball screws with
different sizes and lengths.

2 The mechanical structure and the measurement
system

2.1 The mechanical structure

The mechanical structure is shown in Fig. 1. The material
of the bed is marble. The bed has a V-sharp track. Two V-
shape cushion blocks were placed in the V-sharp track. The
headstock and the tailstock were fixed on the two cushion
blocks, respectively. The headstock is immovable, while the
tailstock is movable in order to measure ball screws with dif-
ferent lengths.

A spindle motor and a feed motor were installed inside the
left end of the bed (as shown in Fig. 2). The spindle motor
is used to drive the tested ball screw and the feed motor is
used to drive the feed ball screw. The air floating platform
was connected with the nut of the feed ball screw. The feed
motor drives the feed ball screw and the nut and the platform
can move along the x0-axis with the rotated feed ball screw.

The measurement frame was fixed on the air floating plat-
form. It has three main parts: a support frame, a screw, and a
worm and gear mechanism. The support frame is used to in-
stall the light curtain sensor. The screw was connected with a
rising hand wheel, which is used to make the support frame
move up and down. The worm and gear mechanism was con-
nected with a rotatory hand wheel, which is used to rotate the
support frame around the y0-axis.
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Figure 3. Details of the measurement frame.

2.2 The measurement system and measuring process

The measurement system consists of a KEYENCE LS-7030
light curtain sensor, a KEYENCE LS-7001 controller, a HEI-
DENHAIN LS187 grating ruler, a HEIDENHAIN ERM220
circular grating, two HEIDENHAIN IK220 counter cards,
a SIEMENS 840D CNC system and two drive motors. The
curtain light sensor was installed on the measurement frame.
The light source of the light curtain is a LED light source.
The receiver has a high-resolution line-scan CCD camera,
which is used to measure the projected outer contour of the
target. The controller was installed on a metal cover envelop-
ing the headstock. The grating ruler was located below the
air floating platform and was fixed on the bed. The circular
grating was installed inside the headstock for recoding the
rotation angle of the tested ball screw.

Before a test, the ball screw is fixed between the headstock
and tailstock. The support frame of the light curtain should
be rotated to an angle equal to the lead angle of the ball screw,
by rotating the rotatory hand wheel (as shown in Fig. 3). Ro-
tating the rising hand wheel can move the support frame to an
appropriate height. This design allows the measuring system
to measure ball screws with different diameters.

The measuring and control software is based on the Mi-
crosoft Foundation Classes and designed by Microsoft Visual
C++6.0. As shown in Fig. 4, the CNC system drives the feed
motor and the feed motor rotates the feed ball screw. The nut
of the feed ball screw and the air floating platform can move
along the x0-axis when the feed ball screw rotates. The light
curtain sensor moves with the air floating platform and mea-
sures the y0-axis value of the thread profile. The grating ruler
measures the x0-axis values. The measured profile curve is
located in the o-x0y0 plane. The data measured by the light
curtain sensor is first sent to the controller for processing and
then the controller sent the processed data to the IPC. The
movable signal of the grating ruler and the rotary signal will

trigger the accumulation of the counter cards and the IPC
will call library functions through the dynamic link library
to obtain the count value and process it. The spindle motor
can rotate the tested ball screw so that the profile at differ-
ent places can be measured. The circular grating is used to
precisely control the rotation angle of the tested ball screw.

3 Data processing method

The data processing method proposed in this study is for the
double-arc ball screw. The data processing can be divided
into three steps: (1) obtaining the data points of the left and
right arcs from the profile curve collected by sensors; (2) cal-
culating the center of the left arc (xLc,yLc), the center of the
right arc (xRc,yRc), the radius of left arc rL, the radius of
right arc rR and the projected position of the center of a ball
(xb,yb) (as shown in Fig. 5); (3) calculating geometric pa-
rameters and errors of the ball screw thread profile.

3.1 Data pre-processing

The data processing in this study is based on the method pro-
posed by Feng et al. (2011). Because the method of data
processing in Feng et al. (2011) requires manual removal
of unavailable data, we introduced the data pre-processing
with two steps: determining the starting point and separating
the left and right arc. As shown in Fig. 6, a complete thread
profile curve can be divided into four sections: chamfering
and external diameter, left arc, chip pocket and right arc. The
starting point of the whole curve obtained from each mea-
surement may be in any of the four sections. If the first or
the last profile curve is not complete, the calculation may be
incorrect. Therefore, it is necessary to ensure that the first
profile curve is complete (in other words, the starting point
of each whole curve is at the same position). After determin-
ing the starting point, the ending point can be calculated by
using the pitch of the tested ball screw. It will ensure that the
last profile curve is also complete.

A simple way to determine the starting point is to remove
the initial first profile curve despite whether it is complete or
not. As shown in Fig. 6, the coordinates of point A (xsA,ysA),
B (xsB,ysB), C (xsC,ysC) and M (xsM,ysM) need to be found.
P0 (xs0,ys0) denotes the initial starting point. T1 is related
to the chamfering size of the tested ball screw. The process
is shown in Fig. 7, where ia, ib, ic and im are subscripts of
point A, B, C and M, respectively. Firstly, we need to find the
point which has the biggest y0-axis value ysmax_0 within the
length of the first pitch. Then, T3 = ysmax_0− T1. Secondly,
we need to find points A, B and C. If ys0 < T3 (as shown
in Fig. 6a), point A is the first point that satisfies the condi-
tion ysA ≥ T3. If ys0 ≥ T3 (as shown in Fig. 6b), point A is
the first point that satisfies the condition ysA ≤ T3. Point B
and C can be found by using the similar method. Thirdly,
we need to find point M. If ys0 < T3, point M is the first
point from point A that satisfies the condition xsM ≥ xsAB,
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Figure 4. The measurement system.

Figure 5. Double arc thread profile.

where xsAB = (xsA− xsB)
/

2. If ys0 ≥ T3, defining xsBC =

(xsB− xsC)
/

2 and point M is the first point from point B
that satisfies the condition xsM ≥ xsBC. Finally, we can delete
data before point M.

Before separating the left and right arc, T2, the height
of arc section, needs to be determined. The process is
shown in Fig. 9. Firstly, we find the point which has
the biggest y0-axis value, ysmax

[
j
]
. Secondly, we re-

move the data points in external diameter and chamfer-
ing sections. Declaring a container named vecIndex, if a
point meets the condition,

(
P [i] .y <= ysmax

[
j
]
− T1

)
&&(

P [i] .y > ysmax
[
j
]
− T1− T2

)
, the point will be saved in

the container. Thirdly, we separate the left and right arc
by declaring two containers, vecLArc and vecRArc, respec-
tively. We then declare a container named vecBuff to save the
index of left or right arc data points. Through this container
we can add data points in container vecLArc or vecRArc. The
division point of left and right arc need to meet the condition
vecIndex[i+ 1]−vecIndex[i]> 1.

Figure 6. There are two locations for the starting point: (a) the
starting point is located below the separation line; (b) the starting
point is located above the separation line.

3.2 Arc fitting

Arc fitting is conducted using the least squares method. The
fitting equation is

f (xc,yc, r)=
∑n

i=1

[
(xsi− xc)2

+ (ysi− yc)2
− r2

]2
(1)

where (xsi,ysi) : the collected point of the profile curve, i =
1,2, . . .,n. n denotes the total number of the points, (xc,yc) :
the center of the arc, r : the radius of the arc.

Let ∂f (xc,yc,r)
∂xc

= 0, ∂f (xc,yc,r)
∂yc

= 0 and ∂f (xc,yc,r)
∂r

= 0, we
have
∑n
i=1xsi

[
(xsi− xc)2

+ (ysi− yc)2
− r2]

= 0∑n
i=1ysi

[
(xsi− xc)2

+ (ysi− yc)2
− r2]

= 0∑n
i=1(xsi− xc)2

+ (ysi− yc)2
− r2
= 0

(2)

The solution of Eq. (2) can be expressed as:
xc =

m1−m2(
2a2

1
/
n− 2a2

)(
2b2

1
/
n− 2b2

)
−
(
2a1b1

/
n− 2c11

)2
yc =

m3−m4(
2a2

1
/
n− 2a2

)(
2b2

1
/
n− 2b2

)
−
(
2a1b1

/
n− 2c11

)2
r =

√∣∣(a2+ b2− 2a1xc− 2b1xc)
/
n+ x2

c + y
2
c
∣∣

(3)
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Figure 7. The process of determining the starting point.

where

a1 =
∑n

i=1
xsi,a2 =

∑n

i=1
x2

si,a3 =
∑n

i=1
x3

si

b1 =
∑n

i=1
ysi,b2 =

∑n

i=1
y2

si,b3 =
∑n

i=1
y3

si

c11 =
∑n

i=1
xsiysi,c12 =

∑n

i=1
xsiy

2
si,c21 =

∑n

i=1
x2

siysi

m1 =
(
2a1b1

/
n− 2c11

)[
b3+ c21− b1 (a2+ b2)

/
n
]

m2 =
(

2b2
1

/
n− 2b2

)[
a3+ c12− a1 (a2+ b2)

/
n
]

m3 =
(
2a1b1

/
n− 2c11

)[
a3+ c12− a1 (a2+ b2)

/
n
]

m4 =
(

2a2
1

/
n− 2a2

)[
b3+ c21− b1 (a2+ b2)

/
n
]

3.3 Locating the center of a ball

Let DW denote the nominal diameter of the ball. Because
the ball circle is always tangent to the left and right arc at
the contact points, the center of the ball can be calculated by
using the center and the radius of the left and right arc. The
relationship can be represented as

Figure 8. The left and right arc.

{
(xLc− xb)2

+ (yLc− yb)2
=
(
rL−DW

/
2
)2

(xRc− xb)2
+ (yRc− yb)2

=
(
rR−DW

/
2
)2 (4)

The solution is

xb = A−Byb (5)

where A=
(rR−rb)2

−(rL−rb)2
+
(
x2

Lc−x
2
Rc
)
+
(
y2

Lc−y
2
Rc
)

2(xLc−xRc) ,
B =

yLc−yRc
xLc−xRc

and yb can be represented as(
B2
+ 1

)
y2

b + 2
[
B (xLc−A)− yLc

]
yb

+ (xLc−A)2
+ y2

Lc− (rL− rb)2
= 0 (6)

Therefore,

yb = (7)
−2

[
B (xLc −A)− yLc

]
−

√{
2
[
B (xLc −A)− yLc

]}2
− 4

(
B2 + 1

)[
(xLc −A)2

+ y2
Lc − (rL − rb)2]

2
(
B2 + 1

)

3.4 The calculation method of geometric parameters of
screw raceway

3.4.1 Eccentricity and contact angle

Under the ideal condition, the contact angle is 45◦ and the
axial and radial eccentricities are equal. However, the actual
angle is usually not equal to 45◦, and the axial and radial
eccentricities need to be calculated, respectively, according
to Fig. 10
eL = |xLc− xb|

eR = |xRc− xb|

hL = |yLc− yb|

hR = |yRc− yb|

(8)

where eL, eR: the axial eccentricities of the left and right arc,
respectively. hL,hR : the radial eccentricities of the left and
right arc, respectively.

The contact angle can be represented as
αL = arc tan

(
eL

hL

)
αR = arc tan

(
eR

hR

) (9)

where αL and αR denote the left and right contact angles,
respectively.
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Figure 9. The process of separating the left and right arc.

Figure 10. Geometric parameters.

3.4.2 Pitch and pitch error

The pitch is the absolute value of the difference between the
x0-axis values of the two adjacent ball centers:

Phj =

∣∣xbj − xb(j−1)
∣∣

cosφ
(j = 2,3, . . .,m)

(Ph1 = Ph) (10)

where xbj : the x0-axis value of the center of the ball num-
bered j ; Phj : the pitch of the j th raceway; φ : the lead angle
of the ball screw; Ph : the standard value of the pitch; m : the
total number of balls measured.
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Table 1. Measurement results of the tested ball screw.

Raceway number Parameters

rL (mm) rR (mm) αL (◦) αR (◦) eL (mm) hL (mm) eR (mm) hR (mm)

1 3.4429 3.4410 46.357 45.995 0.1938 0.1848 0.1913 0.1847
2 3.4373 3.4405 46.301 45.860 0.1896 0.1812 0.1905 0.1849
3 3.4338 3.4426 46.691 45.711 0.1883 0.1775 0.1915 0.1868
4 3.4380 3.4399 46.440 45.860 0.1905 0.1812 0.1901 0.1844
5 3.4409 3.4379 46.272 46.068 0.1921 0.1837 0.1893 0.1824
6 3.4362 3.4405 46.397 45.916 0.1891 0.1801 0.1907 0.184
7 3.4375 3.4321 46.589 46.255 0.1906 0.1803 0.1857 0.177
8 3.4430 3.4250 46.165 46.213 0.1933 0.1856 0.1804 0.1729
9 3.4357 3.4392 46.625 46.136 0.1895 0.1790 0.1904 0.1830
10 3.4355 3.4390 46.511 45.956 0.1889 0.1792 0.1898 0.1835
11 3.4353 3.4410 46.714 45.964 0.1894 0.1784 0.1912 0.1849
12 3.4409 3.4349 46.282 46.145 0.1921 0.1837 0.1874 0.1801
13 3.4395 3.4405 46.425 45.980 0.1916 0.1823 0.1909 0.1845
14 3.4406 3.4389 46.383 45.977 0.1923 0.1832 0.1897 0.1833

Average value 3.4384 3.4381 46.439 46.003 0.1908 0.1814 0.1892 0.1826

Standard deviation 0.00295 0.00463 0.16638 0.14895 0.00174 0.00251 0.00299 0.00367

Table 2. Arc radius (mm).

Raceway number A B C D

rL rR rL rR rL rR rL rR

1 3.4355 3.4359 3.7632 3.6399 3.4435 3.4467 3.4975 3.4959
2 3.4372 3.4343 3.7443 3.6409 3.4427 3.446 3.4983 3.4947
3 3.4351 3.4358 3.7648 3.6458 3.4445 3.4441 3.498 3.4975
4 3.4338 3.4368 3.7542 3.6354 3.4425 3.4472 3.4981 3.4979
5 3.4351 3.4368 3.7627 3.6348 3.4414 3.444 3.4994 3.4982
6 3.4366 3.4334 3.7396 3.6370 3.4398 3.4424 3.4965 3.4961
7 3.4357 3.4341 3.7590 3.6501 3.4428 3.4425 3.4974 3.4936
8 3.4362 3.4355 3.7366 3.6426 3.4399 3.4419 3.4953 3.4984

Average value 3.4357 3.4353 3.7531 3.6408 3.4421 3.4444 3.4976 3.4965

Standard deviation 0.00098 0.00118 0.01060 0.00494 0.00156 0.00193 0.00116 0.00164

The pitch error of the j th raceway can be represented as

1Phj =
∣∣Ph−Phj ∣∣ (j = 2,3, . . .,m)(
1Pj1 = 0

)
(11)

where 1Phj denotes the pitch error of the j th raceway.

3.4.3 Radial jumpiness of screw pitch circle

The radial jumpiness of screw pitch circle is defined as the
difference between the y0-axis values of each ball center and
the first ball center. It can be represented as

1Zpj = ybj − yb1 (j = 1,2,3, . . .,m) (12)

where 1Zpj : the radial jumpiness of the j th raceway; ybj :

the y0-axis value of the center of the j th ball.

3.4.4 Roundness error

The roundness error of each raceway is expressed as
Tmax =Max[lLmax, lRmax]
Tmin =Min[lLmin, lRmin]
1Tp = Tmax− Tmin

(13)

where lLmax and lLmin denote the maximum and minimum
values of the distance from each data point of the left arc to
the center of the left arc, respectively, and lRmax and lRmin de-
note the maximum and minimum values of the distance from
each data point of the right arc to the center of the right arc,
respectively. The larger one of lLmax and lRmax is denoted
by Tmax, and the smaller one of lLmin and lRmin is denoted
by Tmin. The roundness error 1Tp is the difference between
Tmax and Tmin. The lLmax, lLmin, lRmax and lRmin can be rep-
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Table 3. Contact angle (◦).

Raceway number A B C D

αL αR αL αR αL αR αL αR

1 24.485 23.984 37.891 35.761 44.726 45.273 43.750 44.053
2 24.465 24.015 38.043 35.547 44.690 44.993 43.918 44.237
3 24.400 23.967 37.923 35.742 44.850 45.298 43.692 44.014
4 24.401 23.981 38.007 35.681 44.751 45.113 43.891 44.291
5 24.360 24.026 37.961 35.568 44.949 45.379 43.800 44.179
6 24.326 23.917 38.123 35.807 44.747 45.173 43.938 44.255
7 24.438 23.945 37.958 35.664 44.732 45.173 43.823 44.195
8 24.467 23.992 38.288 35.792 44.920 45.320 43.951 44.143

Average value 24.418 23.978 38.024 35.695 44.796 45.215 43.845 44.171

Standard deviation 0.05237 0.03325 0.12060 0.09200 0.09108 0.11800 0.08823 0.09070

Table 4. Radial jumpiness and pitch error.

Raceway number Radial jumpiness (mm) Pitch error (mm)

A B C D A B C D

1 0 0 0 0 0 0 0 0
2 0.0002 −0.0006 0.0001 −0.0008 0.0001 0.0012 0.0003 0.0007
3 0.0016 −0.0023 0.0005 −0.0003 0.0008 0.0007 0.0001 0.0007
4 0.0021 −0.0027 0.0006 −0.0006 0.0004 0.0018 0.0006 0
5 0.0016 −0.0041 0.0011 −0.0010 0.0008 0.0011 0.0003 0.0002
6 0.0032 −0.0041 0.0012 −0.0007 0.0003 0.0010 0.0006 0.0006
7 0.0052 −0.0059 0.0014 0 0.0002 0.0008 0.0012 0.0001
8 0.0054 −0.0061 0.0016 0.0001 0.0002 0.0010 0.0008 0.0003

Maximum (absolute value) 0.0054 0.0061 0.0016 0.0010 0.0008 0.0018 0.0012 0.0007

resented as

lLmax =
Max

i ∈ (1,2, . . ., nL)

[√
(xsi− xLc)2

+ (ysi− yLc)2
]

lRmax =
Max

i ∈ (1,2, . . ., nR)

[√
(xsi− xRc)2

+ (ysi− yRc)2
]

lLmin =
Min

i ∈ (1,2, . . ., nL)

[√
(xsi− xLc)2

+ (ysi− yLc)2
]

lRmin =
Min

i ∈ (1,2, . . ., nR)

[√
(xsi− xRc)2

+ (ysi− yRc)2
]

(14)

where (xsi,ysi ) denotes the collected points of the profile
curve; nL and nR denote the total number of the data points
of the left and right arcs, respectively.

4 Experiment results and discussion Accuracy test

The designed measuring system is used to accurately mea-
sure the profile of a ball screw so as to evaluate it. In order
to do so, we performed experiments: first to verify the accu-
racy of the measuring system, and then, to evaluate four ball
screws.

4.1 Accuracy test

In order to verify the accuracy of the measuring system, the
sample ball screw was measured first. The measurement was
conducted for 14 raceways and the results are shown in Ta-
ble 1. Then, a contour measuring instrument was used to ob-
tain one raceway profile image of the sample ball screw and
the magnified profile image was projected on a screen. Then
the measurement results from the measuring system were
used to construct a profile image magnified to the same level
as the image from the reference instrument. The two images
were then compared by highly skilled professionals to assure
that the measured profile matches the reference image per-
fectly.

4.2 Test results of four tested ball screw and discussion

After the accuracy of the designed machine was confirmed,
four ball screws denoted by A, B, C and D were then tested
and evaluated. Each ball screw was measured for 8 raceways.
The radii, contact angles, radial jumpiness, pitch errors and
roundness errors were obtained from the test, which can be
used to evaluate the processing quality of the ball screws.
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Table 5. Roundness error.

Raceway number Roundness error (mm)

A B C D

1 0.0059 0.1288 0.0077 0.0058
2 0.0076 0.1128 0.009 0.0091
3 0.0051 0.1247 0.0055 0.0054
4 0.0082 0.1251 0.0099 0.0063
5 0.0064 0.1358 0.008 0.0055
6 0.0104 0.1168 0.0101 0.0049
7 0.0073 0.1179 0.0056 0.0098
8 0.0061 0.1021 0.0058 0.0081

Maximum 0.0104 0.1358 0.0101 0.0098

Minimum 0.0051 0.1021 0.0055 0.0054

Average 0.0071 0.1205 0.0077 0.0069

The results of arc radius are shown in Table 2. For ball
screw A, C and D, the two standard deviations of left and
right arc radii are very small, and implying that the left or
right arc radius of the 8 raceways are almost identical. The
standard deviations of the left and right arc radii of ball screw
A are the smallest, while the results of screw D are the sec-
ond, and the results of screw C are slightly larger than screw
D. The measured results of ball screw B exhibit the biggest
standard deviations, indicating a big difference between the
left or right arc radii for its 8 raceways.

The measured contact angle of the four ball screws are
very different, as shown in Table 3. Many studies showed
that the contact angle is a very important parameter affecting
the kinetics and mechanical characteristics of a ball screw.
Therefore, the performance of the four ball screws will be
different when they are installed in some machine tools. The
measured contact angles of ball screw A exhibit the small-
est standard deviations. The standard deviations of screw B,
C and D are very close, although the results of screw D are
slightly smaller than screw B and C.

As shown in Table 4, the radial jumpiness of ball screw A
and B are much bigger than the results of screw C and D. The
radial jumpiness of a ball screw is mainly related to its own
weight and the position of the two center holes. Because the
ball screw is short, the effect of its weight can be ignored. The
main reason why the radial jumpiness of ball screw A and B
are bigger is that their two center holes are not collinear. The
pitch errors of the four ball screws are not big. The maximum
of pitch errors of the four ball screws is less than 2 µm, and
the pitch error of ball screw A and D are less than 1 µm.

The results of roundness error are shown in Table 5. The
average of ball screw A and D are almost equal, while the re-
sult of screw C is slightly larger. Ball screw B has the biggest
roundness error which is more than ten times that of ball
screw A, C and D. The surface quality of ball screw B is
much worse than the other three.

From the above analyses, the following conclusions can be
obtained:

For roundness error and pitch error, the measured results
of ball screws A and D are almost the same. Then it is rea-
sonable to assume that there is no difference between the two
ball screws in these two parameters. Although ball screw D
is slightly inferior in comparison with A regarding radii and
contact angles, the radial jumpiness of screw A is much big-
ger than screw D. Ball screw D is the best based on the mea-
sured results of all parameters.

The two center holes of ball screw A are not collinear. If
the manufacturer of screw A can resolve this problem, the
ball screw will have very high precision thread profile.

The measurement result of C for each parameter always
lies in the middle. The precision of ball screw C is lower
than D.

Ball screw B is the worst of all four tested samples. Not
only are its two holes not collinear, the difference between its
contact angles and arc radii are very large as well. Further, its
surface quality is much lower, while the pitch error is higher
than the other three.

5 Conclusions

In this study, a non-contact system was introduced for the
automatic measurement and inspection of the thread profile
of ball screws. Most common features of the screw threads
could be measured and inspected by the developed system.
Compared with original measuring equipment, the present
system is accurate, efficient and easy to operate. The mea-
surement results can be used to evaluate the thread profile
precision of a ball screw, and manufacturers can improve the
quality of their products based on the measurement results.
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