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Abstract: The goal of the article was to determine the capability of the manufacturing process of turning 

component ,,the turbine hub.” The subject of the practical part is to measure 4 specific parameters on 100 

collected samples. Measured results have been evaluated  according to the specified methodology. It was being 

determined whether the variability and average of the process are in the statistically mastered state. The second 

parameter of the process did not complied with this requirement in three cases. Identified results of each four 

parameters are: first: Pp=1.803, Ppk=1.886. The process is capable when Pp / Ppk .≥ 1.67. Production process 

was fully capable. 

Keywords: quality management, production process, monitoring the capability of the manufacturing 

process, process capability index. 

INTRODUCTION 

At present, the world market is full of organizations that seek to attract and, above all, 

maintain customers. Their goal must not only be the production of any kind of products. Their 

products must have a high level of quality so they can take on a potential customer because 

today's customers can choose what they buy and therefore it’s their right to be demanding 

[1,6,13]. Therefore, it is necessary for the organization to constantly strive to be competitive. 

The right  way is to introduce statistical control methods into the processes. One of these 

methods is to determine the capability of the production process. The ISO 9001 standard even 

requires and specifies the requirements for the quality management system and includes 

methods that help keep the production process in a stacked state. When these methods are 

applied correctly in practice, the quality of the process increases as well as the product quality 

and customer satisfaction [7,9]. 

Nowadays, it is essential for the organization to ensure that its products exhibit the 

highest possible quality. It depends on its survival in the market where there are a number of 

other competitive organizations. In this regard, one of the important tools for the organization 

is the use of statistical methods to control processes, which contribute to process, 

improvement, and make the final products meet the required quality [2,5,8]. The aim of the 

article was to apply statistical methods in quality management. In this paper, we investigated 

the short-term capability of the turbine cartridge turning process. This component is used in a 

four-speed hydrodynamic torque converter [4,16]. 

MATERIAL AND METHODS 

In the given organization, we collected 5 parts of the components during 20 shifts. 

Sampling was done by random selection. About 100 samples were collected. On each of 

them, we measured the specified parameters and wrote down in the table, from which we 

subsequently produced the measured value card [17,18,20]. The measured data was divided 

into 20 subgroups of 5 measurements, which were processed according to the formulas given 

in the methodology [1,19,23]. The necessary values were recorded in the X-card and R card, 

which helped to determine whether the process is in a stacked state. If proven, we continued 

to investigate the process capability [10,22]. 

Evaluation of measured values 

̶ average range in subgroups  
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i= 1,2,... k  j = 1,2, ... n, 

ijX – measured value in  i- subgroups 

j –serial number of measured value in  i- subgroups 

k –number of subgroups 

n –file size  

̶ interval in subgroups: 

 )()( ijiji XMINXMAXR    (2) 

i = 1,2,...k and  j = 1,2,... n, 

 ijXMAX  a  ijXMIN   maximum and minimum measured value in  i- subgroups  

̶ calculation of equivalent span  R  and average  process  X : 
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̶ average  process:  
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ii XR ,  interval and averages  in  i- subgroups (i = 1,2,....k). 

R , X  in regulations diagrams produce central lines (CL).  

̶ calculation Specification limit:  

 RDUCLR .4  (5) 

 RDLCLR .3  (6) 

 RAXUCL
X

.2  (7) 

 RAXLCL
X

.2  (8) 

234 ,, ADD : constant factor which is being changed by range of subgroup, in our case 

for 5 measured    rates in a choice 577.0,0,114.2 234  ADD  

Qualification of a process 

Before counting of indicators of process qualification, a standard deviation should be 

estimated: 

 2d

R






 (9) 

R - average range in subgroups  

2d - constant factor which is being changed by range of subgroup, in our case for 5 

measured    rates in a choice  d2=2.326 

̶ capability  process index 
pC : 
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   (10)  

USL –  Upper Specification limit 

LSL – Lower Specification  limit  
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̶ corrected Capability process index PKC : 

 σ

XUSL
C pk

ˆ6




  (11) 

 σ

LSLX
C pk

ˆ6




  (12) 

 

Component characteristics 

Turbine charge is a component used in most cars and light and heavy trucks. It is 

located between the brake drums or wheels and the drive axle. On the axle side, it is mounted 

from the chassis to the holding console. 

This component is part of a four-speed hydrodynamic torque converter. It is supplied as 

a semi-finished product that has a deformed outer and inner diameter [7]. 

 

 

 

 

Fig. 1 Component before trimming 

 

Fig. 2 Component after trimming 
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Examined parameters 

̶ 5.7 mm  ± 0.05 mm lenght parameter, important feature. 

Important feature – this dimension must be manufactured as precisely as possible, or it 

may cause problems in the future assembly of the component (in conjunction with the other 

components in the system). Labeling of the important features is determined after the design 

has been done in the production / assembly drawing, and the character is given in a rounded 

frame [11,12]. 

 

 

From a technological point of view, trimming is considered as the basic machining 

method. It is versatile, it can be machined by various external and internal surfaces.  

Gauges 

Examined component dimensions are controlled objectively by means of gauges (fig. 

4). In these cases, a comparative measurement is performed using numerical deviations, in 

which the deviations are directly measured from the set dimension. It is determined if the 

dimensions are within the prescribed limits, which guarantee the assembly of the components 

without further modifications [7,15]. 

Quality feature FP: there are features that qualitatively affect manufacturing or 

assembly processes. 

 

 

Fig. 3  The drawing of the component and the examined parameters 
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Evaluation of measured values 

From each parameter, 100 values were collected, which were processed into 20 

subgroups with 5 values. The collected data is graphically displayed in the measured values 

tab [7,14,21]. 

Determination of limit values 

We calculated the mean value of the feature in the subgroup  the span in the 

subgroup  and the process diameter    and the average span  

   (13) 

   (14) 

   (15) 

    (16) 

 

The values were processed into card and R card. They are analyzed individually. In 

the - card there are six points out of the regulatory limits. This process parameter is 

statistically unmanageable. There is no point in the R card outside of the regulatory limit. The 

process parameter is in a stacked state. 

 

Parameter 5.7 mm ± 0.05mm 

 

Fig. 4  Gauger for the dimension 5.7 mm ± 0.05mm 
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Tab. 1 Table of measured values divided into 5 subgroups for parameter 5.7 mm ± 0.05mm 

5.7 mm ±0,05mm 

P.č. X1 X2 X3 X4 X5 X̅i Ri 

1 5.710 5.705 5.710 5.715 5.710 5.710 0.010 

2 5.705 5.725 5.710 5.695 5.700 5.707 0.030 

3 5.710 5.730 5.730 5.715 5.715 5.720 0.020 

4 5.705 5.710 5.695 5.690 5.695 5.699 0.020 

5 5.690 5.685 5.720 5.720 5.705 5.704 0.035 

6 5.685 5.680 5.710 5.695 5.695 5.693 0.030 

7 5.720 5.715 5.710 5.710 5.715 5.714 0.010 

8 5.720 5.725 5.725 5.710 5.710 5.718 0.015 

9 5.730 5.730 5.730 5.730 5.735 5.731 0.005 

10 5.705 5.710 5.715 5.715 5.715 5.712 0.010 

11 5.710 5.710 5.695 5.690 5.695 5.700 0.020 

12 5.720 5.720 5.720 5.730 5.730 5.724 0.010 

13 5.710 5.710 5.705 5.710 5.695 5.706 0.015 

14 5.705 5.710 5.695 5.710 5.710 5.706 0.015 

15 5.715 5.725 5.710 5.705 5.725 5.716 0.020 

16 5.725 5.730 5.730 5.725 5.730 5.728 0.005 

17 5.710 5.725 5.710 5.705 5.715 5.713 0.020 

18 5.720 5.730 5.730 5.710 5.710 5.720 0.020 

19 5.705 5.720 5.720 5.725 5.710 5.716 0.020 

20 5.715 5.710 5.695 5.685 5.720 5.705 0.035 

      x̿ = 5.712 0.0182 

 

 

Fig. 5 The measured value card for the parameter 5.7 mm ± 0.05mm 
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Fig. 7 R – card for parameter 5,7 mm ± 0,05mm 

Process capability  

Before calculating process capability indices, it is necessary to determine the standard 

deviation, with the constant  = 2.326 

We have calculated the  and  indices, taking the lower value in the evaluation 

into account. 

 
(17) 

 
(18) 

 

Fig. 6  X – card for parameter 5.7 mm ± 0.05mm 
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(19) 

 
(20) 

This process is conditionally eligible. 

CONCLUSION 

If an organization is interested in being able to compete with other organizations at 

present but mostly in the future, it needs to take certain measures. Their capability must be 

periodically inspected to avoid unwanted disturbances and if they occur to be quickly 

identified and removed. Therefore, it is appropriate to introduce statistical methods for 

process control. 

In the article we applied statistical methods in the turbine turning process. The goal was 

to examine the short term capability of this process using the Pp a Ppk.indices by means of the 

parameters of this component. The necessary values were recorded in the X-card and the R-

card, from which we determined if the process diameter and the process variability are in a 

statistically controlled state. Variability was statistically mastered in each process. The 

process average did not meet this requirement. The manufacturing process has proved to be 

conditionally capable. From the acquired findings about these processes, it may be concluded 

that corrective actions need to be taken to eliminate undesirable effects, that means stabilize 

processes. An appropriate measure already carried out by the organization is the input control 

of the semi-product when taking on from the supplier by means of a check sheet. 

Among the causes that influence the process, the parameter settings in the machining 

process can be considered. To improve the process, for example, it is advisable to use cutting 

blades with the longest possible life. They will ensure the most accurate dimension of the 

component. During the process, it is also important to use a suitable coolant to monitor the 

machining temperature. 

In addition, it is necessary to regularly check the condition of the lathe and take care of 

the correct maintenance method. It is therefore important to train staff involved in the 

inspection, maintenance and operation of the machine. 

The results of the process could also be adversely affected in the component parameter 

measurement phase. The causes that can affect the measuring area include the ambient 

temperature at which the component parameters were measured. When using high precision 

instruments, changing ambient temperatures may cause measurement deviations. Therefore, it 

is necessary to ensure conditions for measurement at a suitable ambient temperature without 

any deflections. 

ACKNOWLEDGEMENT  

This paper was created with financial support of the grant project Vega no. 1/0718/17 " 

Study about the effect of technological parameters of the surface coating in agricultural and 

forestry techniques for qualitative parameters, safety and environmental acceptability." 

REFERENCES 

[1] Bujna, M.,Prístavka, M., Polák, P., Žitňanský, J., Prístavková, M., (2017) Application of 

fault tree analysis at selected process. In: Bezpečnosť – Kvalita –  Spoľahlivosť. Košice. 

pp. 37-42   ISBN: 978-80-553-3115-7. 

[2] Bujna, M., Prístavka, M., Žitňanský, J., Polák, P., (2016) Safety assessment of selected 

systems. In: Quality, technologies, diagnostics of technical systems.  1st ed., Nitra: 

Slovenská poľnohospodárska univerzita, pp. 21-26. ISBN 978-80-552-1506-8. 



Agricultural, Forest and Transport Machinery and Technologies (ISSN: 2367– 5888) 

Volume V – Issue 1, 2018 

 

- 91 - 

[3] Bujna, M., Prístavka, M., (2013) Risk analysis of production process for automotive and 

electrical engineering industry using FMEA. In Acta technologica agriculturae. Vol. 16, 

no. 4 (2013), pp. 85-87. ISSN 1335-2555. 

[4] Hrubec, J., Prístavka, M., Cseh, E., Hrubec, M., (2011) Capability Of Manufacturing 

Machines. In: Toyotarity. Heijunka, Dnipropetrovsk, ISBN 978-966-1507-74-5. 

[5] Hrubec, J., Prístavka, M., (2010) The quality improvement by self-evaluation according 

to CAF 2006 model at the Slovak university of agriculture in Nitra. In: Toyotarity. 

Knowledge using in service management, Warszawa, ISBN 978-83-61949-24-4 

[6] Hrubec, J., Prístavka, M., (2011) Quality Management System in the Educational 

Process. In: Quality, Technological, Improvement, Trnava, ISBN 978-80-89291-44-1. 

[7] Joneková, J., (2017) Sledovanie spôsobilosti výrobného procesu vo vybranej organizácii 

[bakalárska práca], Nitra, 2017. 

[8] Nikolov, M., (2017) Povishavane kachestvoto na remontiranite mashini chrez analiza na 

Pareto. V: Agricultural Machinery, Volume 2, Varna, 2017, str. 113-115, ISSN 2535-

0269. 

[9] Nikolov, M., Kangalov, P., (2018) Pulnoto proizvodstveno poddurzhane kato sredstvo za 

osiguryavane kachestvoto na remontiranite mashini. V: Agricultural Machinery 2018, 

Volume 1, Burgas, str. 40-42, ISSN 2535-0269. 

[10] Polák, P., Bujna, M., Prístavka, M., (2015) Improvement of the production process by 

using Shewhart control charts. In: Bezpečnosť-Kvalita-Spoľahlivosť. Košice. pp. 204-

209. ISBN 978-80-553-2044-1. 

[11] Polák, P., Prístavka, M., Kollárová, K., (2015) Evaluating the effectiveness of production 

process using pareto analysis. In: Acta technologica agriculturae. Nitra: Slovenská 

Poľnohospodárska Univerzita. Vol. 18, no. 1 (2015), pp. 18-21. ISSN 1335-2555. 

[12] Polák, P., Žitňanský, J., Bujna, M., Prístavka, M., (2017) Quality assurance production 

based on customers' requirements. In: Bezpečnosť – Kvalita – Spoľahlivosť. Košice. 

pp. 188-194. ISBN: 978-80-553-3115-7. 

[13] Ponjičan, O., – Bajkin, A., – Findura, P., – Prístavka, M., (2012) Influence the Rotary 

Tiller Rotor Rotation Direction in Soil Tillage Quality. In: Savremena poljoprivredna 

tehnika. Vol. 38, no.4 (2012), s. 317--326. ISSN 0350-2953. 

[14] Prístavka, M. - Beloev, H., Kročko, V., (2014) Quality Control in Production Processes. : 

scientific monograph. 1. vyd. Ruse : Angel Kanchev University of Ruse, ISBN 978-619-

7071-62-7. 

[15] Prístavka, M., Beloev, H., (2015) Engineering of Products Quality. 1. vyd., Ruse: Angel 

Kanchev University of Ruse, ISBN 978-954-712-655-8. 

[16] Prístavka, M., Bujna, M., Polák, P., Žitňanský, J., (2016) Quality management tools. 

In: Quality, technologies, diagnostics of technical systems : zborník vedeckých prác. 1st 

ed. Nitra : Slovenská poľnohospodárska univerzita,  pp. 84-91. ISBN 978-80-552-1506-8. 

[17] Prístavka, M., Bujna, M., Polák, P., (2015) Capability of production 

equipment. In: Bezpečnosť-Kvalita-Spoľahlivosť. Košice. pp. 217-222. ISBN 978-80-

553-2044-1. 

[18] Prístavka, M., Bujna, M., Polák, P., (2015) Improvement the quality management system 

in production organization. In: Kvalita, technológie, diagnostika v technických 

systémoch. Nitra: Slovenská poľnohospodárska univerzita, pp. 73-77. ISBN 978-80-552-

1329-3. 

[19] Prístavka, M., Hrubec, J., Škůrková, K., (2008) Spôsobilosť meracieho zariadenia. In: 

Zborník z 13. Medzinárodnej vedeckej konferencie Kvalita a spoľahlivosť technických 

systémov 2008, Nitra 20.-21.5.2008. SPU v Nitre, 2008. ISBN 978-80-552-0059-0 



Agricultural, Forest and Transport Machinery and Technologies (ISSN: 2367– 5888) 

Volume V – Issue 1, 2018 

 

- 92 - 

[20] Prístavka, M., - Hrubec, J., (2010) Integrovaný manažérsky systém. In: Zborník z 15. 

Medzinárodnej vedeckej konferencie Kvalita a spoľahlivosť technických systémov 2010, 

Nitra 25.-26.5.2010. SPU v Nitre, ISBN 978-80-552-0390-4 

[21] Prístavka, M., - Hrubec, J., (2013) Riadenie kvality vo výrobnej organizácii. vedecká 

monografia. 1. vyd. Nitra : Slovenská poľnohospodárska univerzita v Nitre, 130 s. ISBN 

978-80-552-1007-0. 

[22] Savov, R., Lančarič, D., Prístavka, M., (2013) Využitie kritérií MBNQA v hodnotení 

manažmentu kvality v agropodnikateľských subjektoch SR = Utilization of MBNQA 

criteria in quality management evaluation in agribusiness companies. In: Trendy v 

podnikání. Roč. 3, č. 4, s. 26--34. ISSN 1805-0603. 

[23] Stasiak-Betlejewska, R., Prístavka, M., Beloev, H., (2014) Qualitative Analysis of the 

Combine Harvesters Production. In:  Agricultural, Forest and Transport Machinery and 

Technologies, Ruse, Bulgaria, 2014. Vol. 1, ISSN 2367 – 5888. 

[24] Stasiak-Betlejewska, R., Prístavka, M., Czajkowska A., Tóth, M., (2015) Influence of 

machine exploitation effectiveness on furniture production quality level. In: Acta 

technologica agriculturae. Nitra: Slovenská poľnohospodárska univerzita - ISSN 1335-

2555. Vol. 18, no. 4, pp. 113-117. 

CONTACTS 

Pavol Findura, Department of Machines and Production Biosystems, Faculty of 

Engineering, Slovak University of Agriculture in Nitra, Slovakia, Tr. A. Hlinku 2, 949 76 

Nitra, Slovakia, pavol.findura@uniag.sk 

Maros Korenko, Department of Quality and Engineering technologies, Faculty of 

Engineering, Faculty of Engineering, Slovak University of Agriculture in Nitra, Slovakia, Tr. 

A. Hlinku 2, 949 76 Nitra, Slovakia, maros.korenko@uniag.sk 

Slawomir Kocira, Department of Machinery Exploitation and Management of 

Production Processes, University of Life Sciences in Lublin, Poland, 

slawomir.kocira@up.lublin.pl 

Marek Gugala, Department of Agricultural, Siedlce University of Natural Sciences and 

Humanities, Siedlce, Poland, marek.gugala@uph.edu.pl 


