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MEASUREMENT OF ROLLER BEARING GEOMETRY DEVIATIONS USING COORDINATE MEASURING MACHINE 

Amna Bajtarević
, Samir Lemeš
, Fuad Hadžikadunić

Summary: The focus of this paper is to determine dimension deviations of two representative roller bearings that have the same nominal dimensions and that are intended to be used for the same purpose. The only difference between the chosen bearings is their market price, which implies the difference in quality. We tested two samples, the one assumed to have lower quality and whose price is 40% lower than the other one. The measuring of geometry deviations is accomplished by the coordinate measuring machine.
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1. INTRODUCTION 
Quality control should be accomplished at almost all procedures of the manufacturing processes in industry. For many people from manufacturing sector, Geometric Dimensioning and Tolerancing (GD&T) is a relatively new topic. Essentially, GD&T is a tool which is used for design of mechanical elements. Size, shape, orientation and other characteristics of individual elements are determined by means of this tool. Features toleranced with GD&T reflect the actual relationship between the mating parts. Drawings with properly applied geometric tolerancing provide the best opportunity for uniform interpretation and cost-effective assembly [1].
It should be underlined that manufacturing technologies are continuously implemented, therefore the requests for better quality are constantly increased. To ensure given quality of elements, it is necessary to execute metrological analysis. In that way, it is possible to determine dimensional characteristics of all produced elements, even the most complex ones. For that reasons, it is necessary to apply flexible and precision measuring machines such as Coordinate Measuring Machine (CMM). Thus, the quality and shape accuracy of products depend on degree of implementation of GD&T and they could be controlled by modern technology such as CMM. 
The focus of this paper is to determine dimension deviations of two representative roller bearings that have the same nominal dimensions and that are intended to be used for the same purpose. The only difference between the chosen bearings is their market price, which implies the difference in quality. We tested two samples, the one assumed to have lower quality and whose price is 40% lower than the other one. Our goal is to test whether the difference in price means consequent difference in quality, i.e. does cheaper bearing have required dimension and shape deviations that are beyond allowed tolerances.  
There are a lot of researches about this subject. For example, Oswald, Zaretsky and Poplawski performed various computational analyses on the effect of operating clearance on the load distribution and fatigue life of the rolling elements for radially loaded ball bearings as well as roller bearings [2]. A project being performed currently by Alexander Aschenbrenner and Rahul Dahiwal considers new design of typical products such as bearings [3]. An interesting project which is related to this subject is proposal of mechatronic equipment for dimension control of bearing ring surface [4]. 
2. GENERAL CHARACTERISTICS OF ANALIZED SUBJECT
2.1 FUNCTION OF BEARINGS BEING ANALYZED
The ball bearing 6201 is part of constitution of alternator. Essentially, alternator is alternate generator which is used for production of electrical current that is necessary for all consumers in automobiles. The alternator consists of two bearings different in size. We observed the smaller bearing, marked by number 5 in Figure 1.
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Fig. 1 Parts of alternator
2.2 TECHNICAL DESCRIPTION

The bearing being analysed is a single-row ball bearing 6201 with simple design, inseparable, adapted for higher speeds. Sealing is performed by synthetic rubber material and internal clearance is defined by the standard (C3). The bearing cage is standard with cylindrical inner race. Operating temperatures of bearing are between -40°C and +170°C. The overview of dimensional characteristics is shown in figure 2. 
Table 1 provides values of dimensional characteristics of observed bearings. 
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Fig. 2 Nominal dimensions of bearing
Table 1 Values of dimensional characteristics of bearing 6201
	Mark
	Value [mm]

	d
	12

	D
	32

	B
	10

	d1
	≈18,45

	D2
	≈27,34

	da,min
	16,2

	da,max
	18,4

	Da,max
	27,8

	ra,max
	0,6


Allowed dimensional deviations for this type of bearing are determined by standard ISO 286-2:2010 [5]. These values are necessary for comparison with real deviations that can be measured by CMM. Deviations are shown in table 2.
Table 2 Values of tolerances of bearing 6201 [5]
	Diameter
	Upper deviation
	Lower deviation

	Internal
	0
	-0,008 mm

	External
	0
	-0,01 mm


According to ISO tolerance system, allowed deviation of cylindricity for this bearing is IT5/2. Thus, allowed tolerance for inner race with diameter 12 mm is 0,004 mm. 
3. CONDUCTING AN EXPERIMENT
3.1. OPERATING MACHINE
We used the coordinate measuring machine Zeiss Contura G2 700 Aktiv. The temperature during the measurement was 20°C. Measurement uncertainty according to ISO 10360-2 is MPE_E=(1,8+L/300 μm, MPE_P=1,8 μm). 
3.2. MEASURING OF GEOMETRICAL DEVIATIONS
Dimensions which have been controlled are: internal diameter (d), external diameter (D), width (B) and cylindricity of internal and external cylinder. Before the start of measuring, it was necessary to position the operating elements. The first bearing measured is denoted "bearing 1" (the cheaper one). It was fixed by means of magnetic fixture. The first step was to manually determine the local coordinate system. The actual measurement was performed by appropriate measuring strategy, determined by authors. Figure 3 shows localization of coordinate system and measuring. 
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Fig. 3 Determining of local coordinate system and measuring
The same procedure and strategy were used for "bearing 2". CMM software creates 3D model of measuring object, based on defined characteristic points and local coordinate system, as shown in figure 4. 
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Fig. 4 3D model of measured object
3.3. RESULTS

After the measuring was done, the results are as shown in figure 5. Tolerances for internal and external diameter are known, so they are entered into software. 
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Fig. 5 Defining the tolerances in CMM software
Measured dimensions of low cost bearing 1 are shown in table 3. The deviation of external diameter is -0,017 mm and the deviation of internal diameter is +0,007 mm. Hence, the deviations are beyond allowed deviations given in table 2. The deviation of internal and external diameter are 7 µm beyond allowed deviation. Deviation of bearing width is about 19 µm.
Table 3 Results of measuring bearing 1
	Measured magnitude
	Value [mm]

	External diameter (D)
	31,983

	Internal diameter (d)
	12,007

	Width (B)
	9,981

	Deviation of cylindricity of external cylinder
	0,004

	Deviation of cylindricity of internal cylinder
	0,004


 Results of measuring higher cost bearing, which is 60% more expensive, are different, as shown in table 4.
Table 4 Results of measuring of bearing 2
	Measured magnitude
	Value [mm]

	External diameter (D)
	31,987

	Internal diameter (d)
	12,009

	Width (B)
	9,989

	Deviation of cylindricity of external cylinder
	0,003

	Deviation of cylindricity of internal cylinder
	0,003


In this case, the deviation of external diameter is 3 µm and deviation of internal is 9 µm. Deviation of width of bearing 2 is 11 µm. Deviations of cylindricity are lower that the first bearing.  
4. CONCLUSION

When two or more products are being compared, it is common to expect that more expensive product have better quality. Reasons for that fact could be: more expensive products are made from more expensive raw materials, with more expensive and more precise technologies, with more expensive manpower etc. However, this is not always the case, and it is desirable to check whether it is true, i.e. does the higher price is justifiable. 

In this case, one can conclude that higher prices does mean the better quality. Namely, bearing 1, which is 40% cheaper, has higher deviations than bearing 2. Deviation of external diameter of bearing 1 is higher for 4 µm than bearing 2. Deviation of width of bearing 1 is higher for 8 µm. Deviations of cylindricity of bearing 2 are within allowed values and deviations of cylindricity of bearing 1 are 4 µm, that is the limit value. The only exception is internal diameter whose deviation is higher at bearing 2 than bearing 1, but since this dimension is not prescribed by the appropriate standard, it is irrelevant. The flat geometry, which is easier to be accomplished in high quality can be achieved with low costs, but the more complicated and demanding geometry, such as cylindricity, demands higher costs, which justifies the higher price of the bearing. 
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