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Abstract: In this article, the objects of research are 40 pieces sleeves made from aluminum alloy 6080 and results were obtained from the 

measurement of the observed sign of inner cylindrical surface runout relative to the external one. The graphical visualizations of the 

analyzed data were made. A comparison is made between the amount of error obtained by two setting methods on a CNC lathe- in a 

universal self-centering chuck and between centers. 
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1. Introduction 

 The accuracy of CNC machines is determined by various 

factors, including machine class, type and work condition of used 

tools, type of material being processed and selected machining 

technology[1]. The requirements for CNC machined parts are 

becoming higher and higher, and at the same time complexity of  

details is increasing [2]. This necessitates a more detailed analysis 

of CNC errors such as geometric errors of tools, erros due to 

deformation processes ,set up erros etc [3]. Setting error during 

machining cylindrical parts in self-centering chuck depends on: 

 Degree of precision of the chuck 

 Hesitation of the clamping 

 Deviations from the correct position of the part set up 

bases  relative to  base surfaces of  chuck 

When the setup base is fine, influence of the form accuracy on 

setup error is insignificant compared to of other factors. 

Sleeves are details that have more than one internal or external 

surface and meet the condition 1<L/D<3. Their functional purposes 

in machines and mechanisms are very diverse. They often 

determine relative position of single parts in assembly, joining parts 

of different sizes, for leading tools and mechanisms. Depending on 

accuracy of the central hole, the sleeves are particularly accurate - 7 

degree of precision, accurate - 8-9 degree of precision and reduced 

accuracy - 10-11 degree of precision. In addition to the mentioned 

requirements for the accuracy of the central hole, there is a 

requirement for forms deviation in relation to internal and external 

surfaces, accuracy to the longitudinal functional dimensions and 

low roughness of the processed surfaces to increase durability of 

components[4]. Alignment of rotationally symmetrical parts is 

performed on external, internal and frontal surfaces, depending on  

type of workpiece. The purpose of the first operation is to process 

an internal or external surface and the adjacent face,The alignment  

error is a sum of two errors - of set up and clamping.  

2. Materials and methods 

The objects of the research is a series of 40 pieces sleeves from 

material-AL 6082. fig 1[5]. The research was carried out on a CNC 

lathe equipped with an 8 inch chuck with quenched jaws[6]. The 

runout of the self-centering chuck was pre-measured to be 

0.03mm[7].The drawing is presented in fig.2. 

 

Fig 1.A series of 40 pieces sleeves 

The measurement was made with dial gauges with an accuracy 

of 0.001 mm and 0.002 mm. The blanks have a fine external base φ 

33 and a pre-prepared length - 180mm. 

Examination of the machining error in a three-jaw chuck 

follows the following methodology: the workpiece is set up in the 

chuck, then the bearing seats and a 30° chamfer are turned. After 

relocation, the other bearing seat is processed - the short one and a 

30° chamfer. After processing the two seats,the control checking 

using dial gauges is performed  fig.3. The examination of the runout 

error  when turning between centers follows the following 

methodology: the workpiece is set up and the external cylindrical 

surface is turned to dimension φ32, fig 3. 

 
Fig.2 The drawing of the sleeves 

 

Fig 3 Processing between centers 

 

Fig.4 Experimental set up 
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When measuring the runout, the samples are set up at random 

angle in the chuck. In this position, which the workpiece has 

occupied in the radial direction, the error is obtained as a difference 

between the external and internal runout.The absolute value of the 

deviation is measured using dial gauges-fig 4. 

3. Results and discussion 

 The one-time sampling method was used. For its application, a 

population was considered, processed under nominally unchanged 

conditions [8]. The condition that the measuring device has a scale 

division value of 1/6-1/10 of the tolerance of measured size is 

fulfilled for correct results. The measurements of runout of the short 

and long bearing seats are presented in tab 1. 

Table 1: Measurements of runouts of the short and long bearing seats, 
processed in the chuck 

Short beating seats Long bearing seats 
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1 25 10 15 27 22 5 

2 22 20 2 28 102 74 

3 35 52 17 24 14 10 

4 24 54 30 26 34 8 

5 30 34 4 42 80 38 

6 35 6 29 26 18 8 

7 32 72 40 30 28 2 

8 30 70 40 24 62 38 

9 28 8 20 25 36 11 

10 30 34 4 32 50 18 

11 25 70 45 27 24 3 

12 33 8 25 29 22 7 

13 25 68 43 32 70 38 

14 32 42 10 26 2 24 

15 26 6 20 25 38 13 

16 37 88 51 38 24 14 

17 25 14 11 27 66 39 

18 30 38 8 29 2 27 

19 27 92 65 30 42 12 

20 35 68 33 34 38 4 

21 30 18 12 32 56 24 

22 30 48 18 26 46 20 

23 32 76 44 30 18 12 

24 38 68 30 31 88 57 

25 29 48 19 30 56 26 

26 25 10 15 36 60 24 

27 35 36 1 31 38 7 

28 25 84 59 29 14 15 

29 25 64 39 30 10 20 

30 27 50 23 30 74 44 

31 30 58 28 30 26 4 

32 34 54 20 31 44 13 

33 26 28 2 32 52 20 

34 22 56 34 26 74 48 

35 32 46 14 30 40 10 

36 18 70 52 30 72 42 

37 26 10 16 25 74 49 

38 34 62 28 30 18 12 

39 30 82 52 23 76 53 

40 32 58 26 29 64 35 

 

 
Fig.5 Summary report-runout short beating seats 

 
The summary report samples fig. 5 and fig. 6 for the short and 

long seats gives an idea of the symmetry of the distribution. 

 An Anderson-Darling statistical test was used, which measures 

how the data follow a chosen distribution[9]. For a given data set 

and distribution, as much as  the distribution fits the data,  smaller is 

the value. In this article, all data are sampled with a normal 

distribution. 

For the short seat, fig3 the sample volume N=40, the mean is 

26.1, the sample standard deviation (Std. Deviation) is 16.662, the 

sample dispersion (Variance) is 277.631, the sample coefficient of 

asymmetry (Skewness) is 0.472, so the distribution is right 

asymmetric, the sample coefficient of kurtosis is -0.501. Similarly 

for the long seat, fig4 the sample volume N=40, the mean is 23.2, 

the sample standard deviation. (StDev) is 17.506, the sample 

dispersion (Variance) is 306.472, the sample coefficient of 

asymmetry (Skewness) is 0.965, so. the distribution is right 

asymmetric, the sample coefficient of kurtosis is 0.344. 

 

 
Fig.6 Summary report-runout long bearing seats 

 

Figures 7 and 8 show normal distributions of the 

measured deviations of the external and internal cylindrical 

surface of the seats during processing in the three-jaw self-centering 

chuck. 
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Fig.7 Probability Plot short seat 

 

 
Fig.8 Probability Plot for long seat 

 

Table 2: Measurements runout-long and short seats, processed between 
centers 

 
Short bearing seats Long bearing seats 
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1 35 32 3 28 22 6 

2 37 43 6 37 22 15 

3 30 40 10 35 30 5 

4 35 30 5 43 42 1 

5 42 30 12 37 43 6 

6 32 18 14 30 40 10 

7 40 28 12 30 32 2 

8 35 38 3 27 39 12 

9 38 46 8 30 18 12 

10 30 28 2 35 30 5 

11 25 22 3 37 22 15 

12 32 18 14 35 30 5 

13 40 44 4 30 32 2 

14 30 40 10 40 28 12 

15 23 24 1 26 16 10 

16 30 28 2 45 22 23 

17 45 22 23 35 30 5 

18 40 44 4 40 30 10 

19 35 38 3 40 30 10 

20 45 22 23 32 18 14 

21 25 22 3 40 28 12 

22 45 22 23 35 30 5 

23 35 38 3 37 22 15 

24 37 43 6 35 30 5 

25 30 40 10 43 42 1 

26 35 30 5 37 43 6 

27 42 30 12 30 40 10 

28 32 18 14 35 30 5 

29 40 28 12 42 30 12 

30 35 38 3 40 28 12 

31 38 46 8 30 28 2 

32 30 28 2 35 30 5 

33 25 22 3 40 30 10 

34 45 22 23 40 30 10 

35 35 38 3 32 18 14 

36 38 46 8 40 28 12 

37 30 40 10 35 30 5 

38 35 30 5 37 22 15 

39 30 28 2 35 30 5 

40 35 30 5 35 26 9 

 

Fig.9 Short bearing seats 

 

Fig.10 Long bearing seats 

The summary report sample tab.2 fig.9 and fig.10, for the short 

and long necks in the second processing based between centers 

gives an idea of the symmetry of the distribution, which in this case 

is right asymmetric. 
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It should be noted that in technological research the main goal is 

to obtain the probable scattering field indicator of the studied 

phenomenon. In this case, what has been stated about the 

determination of practical scattering limits is sufficient. 

Figures 11, 12,13 show the graphs for the normal distribution of 

the measured values of the external and internal cylindrical surfaces 

of the seats when processing between centers. 

 

 
Fig.11 Probability plot-external and internal cylindrical surface-short seats 

 

 
Fig.12 Probability plot-extarnal and internal cylindrial surface-long seats 

The test rejects thehypothesis of normality when the p-value is 

less than or equal to 0.003. A failed normality test allows us to state 

with 95% confidence that the data does not follow a normal 

distribution.  

 

Fig.13 Probability plot summary of set up erros-in the chuck and between 

centers(Er-S1-error short seat processed in the chuck, Er-L1,error long seat 
processed in the chuck, Er-S2-error short seat processed between centers, 

Er-L2-error long seat processed between centers.) 

 Anderson-Darling statistic may be used to compare the fit of 

several distributions to determine which is better. However, to 

conclude that a distribution is the best, its Anderson-Darling 

statistic should be significantly lower than the others[10]. When 

statistics are close together, you should use additional criteria, such 

as probability plots. 

 

Fig.14 Area graph of Er-S1;Er-L1,Er-S2,Er-l2 

From fig. 14, it may be seen visually that the error from runout 

of the bearing seats has decreased by more than 3 times. Research 

on beating in CPU continues to be extremely current[11] 

4.Conclusions 

The experimental data set is subjected to statistical processing 

in order to analyze the dimensional space and extract the most 

valuable information contained in the experimental data set. 

Passing the normality test only allows us to state that no 

significant departure from normality was detected. 

The obtained high percentage of accuracy confirms the 

successful implementation of the set task. The proposed 

methodology may be applied to different details. 

 Grouping of the results is observed, which is most likely due to 

a measurement error due to the small values of the dispersion of the 

runout processed between centers (Er-S1, Er-L2).. 

 The error from runouts of the bearing seats has decreased by 

more than 3 times. 
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