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ABSTRACT 

Roundness is one of the important parameters of a machined workpiece. This parameter value greatly affects the 
performance and lifetime of the mechanical parts. It is considered as one of the most used parameters in the 
control of the workpiece's complex form. Increasing requirements to the workpiece's form accuracy determine 
the relevance of improving methods and instruments for the control of form surfaces. There are many methods 
used to evaluate error of roundness. The most important and famous of these methods are; least square circle 
(LSC), maximum inscribed circle (MIC), minimum zone circle (MZC) and minimum circumscribed circle 
(MCC). The current study presents an experimental investigation and comparison among the methods of 
estimating error values of roundness by these methods. Our experimental work is based on using calibrated Ra-
120 instrument. Round test RA-120 instrument was used to measure the roundness error value by the four 
methods (LSC, MZC, MIC, MCC) on cylindrical mild steel specimens. The main findings of the proposed 
experimental investigation show that the use of (MZC) method gives the lowest value for the error in measuring 
the roundness which justifies the mathematical and theoretical results in the literature. 
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INTRODUCTION 

The circular feature is one of the most basic geometric elements of mechanical parts. In manufacturing 
environments, variations on circular features may occur due to imperfect rotation, erratic cutting action, 
inadequate lubrication, tool wear, defective machine parts, chatter, misalignment of chuck jaws, etc.[1].  Types 
of fundamental geometric forms typically encountered are straightness, flatness, cylindricity and roundness. 
Roundness (R) is a geometric property of a cylindrical workpiece, in which errors are caused in the geometry of 
the machine producing the part. Thus, deviations from a perfect circle are errors in macro-geometry rather than 
micro-geometry. The achievement of desirable value is a very critical process as the parts have already passed 
through many machining stages[2]. Whether roundness error can be evaluated accurately and efficiently or not 
will directly influence the mechanical products' performance and life. Therefore, there is a requirement to 
develop an automatic inspection method that will satisfy the needs of roundness inspection. Fairly extensive 
research in the area of roundness evaluation and inspection is still underway. Roundness measurements are used 
to evaluate and control the quality of cylindrical objects.  

There are several methods how to find the reference circle. The roundness error is then defined as the maximum 
peak-to-valley distance from the reference circle. Previous work developed methods to establish the reference 
feature (circle) and for evaluating roundness error. The Measurement methods which are used for estimating the 
reference circle include maximum inscribed circle (MIC), minimum circumscribed circle (MCC), minimum zone 
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circle (MZC) and least square circle (LSC) [3-9]. In literature, the only method that complies with ISO and 
ANSI standards and has the minimum value of roundness error is MZC among the four methods. In the case of a 
maximum material condition like a shaft, it is preferred to use the MCC method to evaluate roundness error but 
in the case of a circle of a hole with the maximum material condition, it is preferred to use the MIC method. So 
MCC and MIC methods are used to determine that a male and female circular feature can be assembled or not 
[10].  

Chen et al.[11] presented experiments to demonstrate the stitching linear-scan method. They proposed a stitching 
linear-scan method for the roundness measurement of small cylinders. The proposed study solves existing 
challenges in the conventional rotary-scan method by a roundness measuring instrument. Those challenges were 
inaccurately aligning a cylinder with the rotational datum axis for a small dimension cylinder. Zhang et al.[12] 
proposed a Bayesian dynamic model for evaluating the uncertainty of roundness error. They carried out least 
square error evaluation based on coordinate measuring machine (CMM) information. Then, they described the 
probability density function (PDF) of roundness error using the maximum entropy principle. They compared 
their digital experiment and test analysis of bearing outer ring, with ISO standard method, the results showed that 
the Bayesian dynamic model correctly and effectively evaluated the uncertainty dynamically. Tiainen and Viitala 
[13] introduced a study that included quantification of the effects of probe noise, positional errors, and center 
point movement on the accuracy of the roundness profiles produced by the different methods.  

Zheng et al.[14] proposed a novel in-process measuring method of geometrical characteristics of discontinuous 
surface as spline shaft, based on extreme value memory strategy and predictive regression algorithm. The invalid 
measured size data in the keyways can be effectively replaced by the computed data. Based on the in-process 
measuring method and the established evaluation mathematical models, the roundness of the manufacturing 
workpieces can be obtained by using continuous and valid measurement data. Their experimental results showed 
that the proposed measurement method had high accuracy for discontinuous surfaces. Cai et al.[15] presented an 
online measurement method for the diameter and roundness error of balls. The proposed method integrated the 
construction of an easy-installation rotary scanning system, which integrates the principles of the diameter and 
the roundness measurements. The designed system is easy to construct both in the laboratory environment and 
the factory field. A comparative experiment with various alignment errors was conducted to prove that the 
alignment error of the ball did not influence the measurement accuracy of the diameter and the roundness error 
in the proposed online measurement method.  

Changying Liu and Libin Wang[16] constructed reasonable simulation data and calculated the roundness error of 
the simulation data. They also compared and analyzed the results of the roundness error of different evaluation 
methods. And the actual roundness error evaluation and method verification are carried out through experiments. 
Then the study results showed that the proposed method was simple to operate, stable and reliable, and has 
higher calculation efficiency, and the evaluation accuracy is significantly improved compared with the least 
square method, the largest inscribed circle method, and the smallest circumscribed circle method. Barbashov and 
Chetvernin[17] demonstrated measuring equipment meets modern requirements for the most high-precision 
instruments. They emphasized on the use of the proposed technology improved the accuracy of measuring parts 
significantly besides the quality of machine parts and devices performance. The proposed method was non-
contact and eliminates the risk of surface damage of the controlled or measured objects.  

Sahay et al.[18] focused on the investigation of filter type and size effect on roundness based on different 
mathematical methods of roundness error calculations. By varying parameters like the filter type (Gaussian 50%, 
75% and RC Filters), the filter sizes (1 through 500 UPR) and the methods of measuring the roundness; (LSC), 
(MCC), (MIC) and (MZC or MZS)), roundness at different heights of the workpiece is evaluated. They observed 
from the results, which can further help one to choose filters and their respective sizes for the respective design 
intent or the application in question. Many published articles have investigated novel filters to accurately and 
efficiently calculate roundness. However, no work was found in the literature that presents the filter size and type 
selection criteria and correlates it with roundness depending on the mathematical method of calculating 
roundness and further to part functionality.  
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In this paper an experimental investigation using Round test RA-120 instrument to measure the roundness error 
value by the above four methods (LSC, MZC, MIC, MCC) on cylindrical mild steel specimens. the proposed 
experimental will be compared to the mathematical and theoretical results in the literature. The paper is 
organized as follows; section 1 of the research explains how to calculate the value of roundness error by the four 
above methods and the rest of the paper was organized in four sections. Section 2, displays a summary of the 
roundness evaluation methods in addition to the Ra-120 instrument and the samples used in determining 
roundness errors by the four methods. Section 3 deals with the identification of roundness errors values. Section 
4 describes the results and discussions. Finally, the paper concludes with a discussion of the experimental work 
results. 

ROUNDNESS EVALUATION METHODS 

Least square-circle (LSC) method 

In the least square-circle method, roundness error is obtained by the difference between the radii of a 
circumscribed circle and the inscribed one. Both circles are concentric to the reference circle determined by the 
least-squares method, Figure 1. The accuracy of the LSC method depends on the number of points taken. 
Therefore, the use of digital instruments simplifies the process and its manual calculation is considered as 
labored and time-consuming [10,11]. 

 

Figure 1. The Least Square Circle (LSC) method 

Minimum zone circle (MZC) method 

In this method, the roundness error can be estimated as the difference between the radii of the circumscribed and 
inscribed circles. The MZC reference circle is concentric and equidistant to these circles, Figure 2. 
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Figure 2. The Minimum zone circle (MZC) method 

Maximum inscribed circle (MIC) method 

In this method, the roundness error can be estimated from the difference between the radii of the concentric 
circumscribed circle and the maximum inscribed circle. The reference method of the MIC method is the 
maximum inscribed circle, Figure 3. 

 

Figure 3. The Maximum inscribed circle (MIC) method 

Minimum circumscribed circle (MCC) 

In this method, the roundness error can be estimated from the absolute difference between the radii of the 
concentric inscribed circle and the minimum circumscribed circle. The minimum circumscribed circle is the 
reference circle in this method, Figure 4. 
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Figure 4 .The Minimum circumscribed circle (MCC) method. 

COMPARATIVE EXPERIMENTAL STUDY 

Round test RA-120 instrument was used to measure the roundness error value by the above four methods (LSC, 
MZC, MIC, and MCC) on a 25 turned cylindrical mild steel specimens as shown in Figure 5. 

 

Figure 5. Measuring of roundness error value by RA-120 

Each specimen has a diameter of 28 mm obtained by turning operation under different cutting conditions of feed, 
speed, and cutting depth. Feed rates values were taken as (0.08 and 0.1 mm/rev), speed values were (460, 955 
and 1200 rpm), and cutting depth values were (0.5, 1.0, 0.2). Roundness error values (RONt) and profile for each 
specimen measurement are determined using a Gaussian filter and cut-off 50 UPR, Table 1. The round test RA-
120 is distinguished by the presence of high accuracy, high precision, reliability, and durability. Besides it is 
characterized by the simply and speedily centering and leveling of the workpiece on the turntable. The RA-120 
instrument consists of two units as shown in Figure 6 [19,20]. 
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(a) The main unit of RA-120 instrument.

(b) The air filter unit.

Figure 6. RA-120 instrument; (a)The main unit, (b), The air filter unit.[19,20] 

Table 1. The values of roundness error and profiles using LSC, MZC, MIC, MCC methods. 

No LSC MZC MIC MCC 
1 22.8 μm 21.3 μm 22.9 μm 22.4 μm 
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2 4.7 μm 

 

4.4 μm 

 

4.9 μm 

 

4.6 μm 

 
3 5.8 μm 

 

5.4 μm 

 

6 μm 

 

5.9 μm 

 
4 6.1 μm 

 

5.6 μm 

 

5.8 μm 

 

5.9 μm 

 
5 12.5 μm 

 

10.1 μm 

 

12.4 μm 

 

12 μm 

 
6 7 μm 

 

6.6 μm 

 

6.9 μm 

 

7.2 μm 

 
7 10.8 μm 

 

10.2 μm 

 

11.6 μm 

 

10.8 μm 

 
8 7 μm 

 

5.9 μm 

 

6.9 μm 

 

6.9 μm 

 
9 10.9 μm 

 

10.1 μm 

 

11.1 μm 

 

11.3 μm 

 
10 11.6 μm 

 

10.3 μm 

 

10.8 μm 

 

10.7 μm 

 
11 4 μm 3.8 μm 4.8 μm 4.8 μm 
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12 5 μm 

 

4.4 μm 

 

5.1 μm 

 

4.6 μm 

 
13 12.8 μm 

 
 

11.7 μm 

 

11.9 μm 

 

14.1 μm 

 

14 11.5 μm 

 

11.3 μm 

 

12.5 μm 

 

13.5 μm 

 
15 10.3 μm 

 

9.1 μm 

 

11.8 μm 

 

9.4 μm 

 
16 12 μm 

 

10.7 μm 

 

12.5 μm 

 

11.1 μm 

 
17 11.4 μm 

 

10.4 μm 

 

11.3 μm 

 

11.2 μm 

 
18 10.6 μm 

 

8.8 μm 

 

9.5 μm 

 

9.4 μm 

 
19 12.4 μm 

 

10.8 μm 

 

13.8 μm 

 

11.1 μm 

 
20 3.3 μm 3.1 μm 3.5 μm 3.4 μm 
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21 0.8 μm 

 

0.7 μm 

 

0.9 μm 

 

0.8 μm 

 
 

22 1.8 μm 

 

1.7 μm 

 

2.1 μm 

 

2 μm 

 
23 13 μm 

 

12.6 μm 

 

16.3 μm 

 

13.8 μm 

 
24 4 μm 

 

3.9 μm 

 

5.2 μm 

 

4 μm 

 
25 12.5 μm 

 

12.1 μm 

 

16.6 μm 

 

11.5 μm 

 

 RESULTS AND DISCUSSION 

Values of roundness error obtained from roundness measurement of turned workpieces under different 
conditions showed that using of MZC method for roundness error evaluation has the least value in comparison 
with LSC, MIC, and MCC methods for each specimen separately for different cutting condition (feed, speed, 
depth of cut) in turning process as shown in Table.1 and Figure 7.  Besides, results shown in Table.1 and 
comparison in Figure 5 are similar to those published in the theoretical studies that have dealt extensively with 
this topic. Also by noting well the comparison in Figure 7, it can be observed that method MIC gives a value for 
error of roundness higher than that error using method MCC in most of the time. Whereas roundness error values 
obtained by the LSC method if compared with the other values, it is found that the LSC method sometimes gives 
more values or less values, so values by the LSC method are swinging.  
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Figure 7. Comparison of the four methods (LSC, MZC, MIC, MCC) used for roundness error 
measurement of each specimen separately. 

CONCLUSION 

Roundness error value greatly affects the performance and lifetime of the mechanical parts. Four methods 
(MIC), (MCC), (MZC), and (LSC) of roundness error evaluation using the Ra-120 instrument were carried out in 
this study. The important remarks are observed according to the results investigated from the present study are as 
follows: 

1- The minimum value of roundness error achieved by MZC among the four methods besides that MZC 
complies with ISO and ANSI standards.  

2- The MIC method gives a higher value of roundness error in comparison with the MCC method. As MCC and 
MIC methods are used to determine that a male and female of circular feature can be assembled or not.   

3- The value of the error in roundness using the LSC method fluctuates between rising and fall compared to 
MIC and MCC methods. 
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