
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Four-point technique development for measuring spherical surfaces of
machine parts
To cite this article: D T Safarov et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 570 012084

 

View the article online for updates and enhancements.

This content was downloaded from IP address 182.35.87.189 on 14/10/2019 at 21:50

https://doi.org/10.1088/1757-899X/570/1/012084


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ISTC-IETEM

IOP Conf. Series: Materials Science and Engineering 570 (2019) 012084

IOP Publishing

doi:10.1088/1757-899X/570/1/012084

1

Four-point technique development for measuring spherical 

surfaces of machine parts  

D T Safarov
1
,
 
 A G  Kondrashov

2 
and I I Khafizov

3
 

1,2
 Naberezhnye Chelny Institute of Kazan (Volga Region) Federal University, 

Naberezhnye Chelny, Mira Ave. 68/10, 423800, Russian Federation 
3
 Engineering Institute of Kazan (Volga Region) Federal University, Kazan, 420008, 

Russian Federation 

Abstract. The article presents the theoretical foundations of the four-point measurements of 

spherical surfaces of parts  method, allowing to increase the efficiency of spherical structural 

elements of ball tips of various sizes control. Compared to the measurement method on the 

coordinate measuring machine, the developed technique can be used at workplaces of forming 

spherical elements. The technique ensures the efficiency of measurements and increases the 

efficiency of carrying out the cutting tool settings. 

1. Introduction. 

Traction is considered to be the most important knot of the car from the viewpoint of its safety, when 

being driven. Traction are a mandatory element of the steering system, it can also be included in the 

vehicle suspension. The behavior of the vehicle during maneuvering and cornering depends on its 

technical condition. It ensures the transmission of forces and the prescribed laws of displacement 

between the various connecting levers. Spherical mates are the main elements that allow this class of 

parts to perform the function of assignment. Structurally, they are made in the form of a spherical 

support and a spherical finger. One of the most important key characteristics of a spherical finger is 

the diameter of the sphere. The correctness and durability of the operation of a spherical coupling 

depends on the value of this indicator determined as a result of simulating operational loads by the size 

of the gap in a spherical mate [1]. As a rule, the parameters of the spherical surface of these parts are 

measured on coordinate measuring machines. Measurements on the coordinate machines are 

distinguished by high accuracy, but low efficiency and high labor intensity. 

As a rule, at workplaces, instead of CMM measurements, measurement of a spherical surface 

radius by the two-point method (micrometer) is used, these values differ from the values of the 

diameter of a spherical surface measured by the coordinate method. Since there is an error associated 

with the position of the measuring tips of the device during the two-point measurements. The 

difference can be up to 0.02 mm. from the actual size of the spherical surface.  Generally accepted 

tolerances on spherical surfaces allow 0.05 mm, this value can reach up to 1/3 of the tolerance field. 

Using the two-point method instead of measuring the diametral size of a spherical surface can make 

the process of timely amending a CNC lathe program dependent on the qualifications of a controller or 

adjuster, and can potentially lead to the appearance of inappropriate products for the diametrical size 

of a spherical surface, an excessive gap in the pairing and, as a consequence, increased wear on the 

whole pairing. 
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At present, the radius of the spherical surface of the ball pin and the position of its center in an 

enterprise is measured only in the laboratory on the IOTA 2204 coordinate measuring machine (Figure 

1 b). 

 
Fig. 1 a) the key indicators of the ball pin, affecting the performance of the function of official 

purpose, b) the IOTA 2204 measuring machine in the process of measurement. This is a rather 

complicated and time-consuming procedure. According to internal regulatory documents of an 

enterprise, 1-2 out of 100 manufactured parts are exposed to measurement. As a consequence, the 

rapid assessment of values for the management of these indicators in the process is impossible [2, 3].  

2. Theoretical part 

The task was set to improve the performance of measurements of these indicators, with the 

organization of measurements near workplaces of forming a spherical surface. This problem can be 

solved by applying the four-point method of measuring a spherical surface coordinates. To find the 

diametrical size of a sphere, it is necessary to know the position coordinates of any four points lying 

on the sphere. To obtain such information it is necessary to apply to  the following measurement 

scheme: the finger is installed on a special support before contact with four recording devices 

(indicators), registering the size value along the Z coordinate with the previously known position 

coordinates of the measuring tips along the X and Y axis (X1, Y1, X2, Y2, X3, Y3, X4, Y4) - figure 2. 

The values of the coordinates along the  
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axis Z - (Z1, Z2, Z3, Z4) obtained in the process of measurement must be inserted into a system of 

four equations with four unknown parameters of a spherical surface (1).  

Fig. 2  Diagram of four-point measurements of the radius and coordinates of its center. 

Measuring spherical tips Contact points and measured 

spherical surface points 
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In this case, the system of equations will have one solution, in the form of the coordinates of the 

position X0, Y0 , Z0 , RH, the center of the spherical element of the tip of the measuring indicator and 

the radius of the spherical surface tangent to the measurement points. 

 

(𝑋1 − 𝑋0)2 + (𝑌1 − 𝑌0)2 + (𝑍1 − 𝑍0)2 = 𝑅𝐻
2  

    (𝑋2 − 𝑋0)2 + (𝑌2 − 𝑌0)2 + (𝑍2 − 𝑍0)2 = 𝑅𝐻
2  (1) 

(𝑋3 − 𝑋0)2 + (𝑌3 − 𝑌0)2 + (𝑍3 − 𝑍0)2 = 𝑅𝐻
2  

(𝑋4 − 𝑋0)2 + (𝑌4 − 𝑌0)2 + (𝑍4 − 𝑍0)2 = 𝑅𝐻
2  

 

The found values of the coordinates of the sphere center of the measuring tips X0, Y0, Z0 are the 

desired coordinates of the center of the measured spherical surface of the ball pin X_, Y_, Z _. 

To find the value of the radius of the spherical surface R, it is necessary to subtract from the found 

radius R_H the value of the known diameter of the spherical tip ρ_Н (2). 

R = R_H − ρ_Н (2) 

To use the methodology, it is necessary to automate calculations for finding solutions to the system 

of equations. The simplest method of finding a solution to a system of equations is to use the built-in 

search for solutions add-in in the standard Excel package. To test the methodology, the above 

formulas of the equations were entered into the program cells. The actual values of the coordinates are 

obtained by measuring the spherical surface of a known diametrical size. The measurements were 

carried out when installing the part in the universal globes vice with the single-coordinate altimeter of 

the MahrDigimahr 817 L firm, similar to the method of finding the diametrical size in [4-8]. The 

measured values of the indicators are highlighted in red in table 1. 

3. Practical results 

The main condition for successful solution of the equation is that the coordinates of all four points 

should not lie in the same plane (this condition must be taken into account when making the body of a 

special measuring device). After that, a solution was found to the system of equations. 

Table1.Table of search results for a system of equations by a superstructure 

"Search for solutions" package Excel 

 

c  conventional 

notation 

       Diameter of measuring tip, mm. 

. 

Ppoint number 1 2 3 4 

x  xi -10,000 9,000 10,000 -9,000 

y yi 10,000 9,000 -10,000 -9,000 

z zi 10,001 9,000 10,003 9,002 

 The results of solving the equation - the coordinates of the radius of 

the measured sphere, mm 

x x0 0,000000 0,000000 0,000000 0,000000 

y y0 0,000000 0,000000 0,000000 0,000000 

z z0 28,500000 28,500000 28,500000 28,500000 

  Rн  23,286262 23,286262 23,286262 23,286262 

 The square of the radius of the sphere center points 

 

  Rн ^2  542,25 542,25 542,25 542,25 

 Sphere radius, mm 

 

  R 20,286262 
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The obtained values of the radius of the sphere and the coordinates of the position of its centers 

coincided with their theoretical values. 

Thus, it has been established that the developed four-point measurement technique is suitable for 

finding characteristics of the accuracy of a spherical surface provided that a special measuring device 

is developed, for example, using inductive linear displacement sensors, and measurement data 

processing instrumentation. 
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