
University Review, Vol. 15, Issue 1, p.1-6, 2021.                                   
_________________________________________________________________________________________________________________ 

1 

 

USE OF STATISTICAL REGULATION IN MAINTENANCE PROCESSES  

 
Alena Breznická1*  

 
1Department of Design and Special Technology, Faculty of Special Technology, Alexander Dubček University of 

Trenčín, Ku kyselke 469, 911 06, Trenčín 

 

ARTICLE INFO   Abstract:  

Article history:  

Received: 15.3.2021 

Received in revised form: 23.4.2021 

Accepted: 3.5.2021 

 In a submitted paper we are going to deal with 

possibilities in using statistical instruments and 

methods of product quality management and with 

application of simulation modeling in production 

and maintenance introducing procedures on exam-

ples being solved in mechanical engineering com-

panies in Slovakia. 

Keywords:  
Maintenance 

Analysis 

Statistical process control 

 

 

 
* Ing. Alena Breznická, PhD., Tel.: 0327400241 

E-mail address: alena.breznicka@tnuni.sk 

1 Introduction  
 

1.1 Manuscript preparation  
 

The most widely used are in operative quality man-

agement.  Seven basic Instruments enable solving 

problems of quality improvement in manufacturing 

areas from a condition determination through pro-

duction sheets, through looking for ways and possi-

bilities of their solution up to a statistical regulation 

of improved processes [1]. The basic Instruments 

include a check list, a histogram, causes and conse-

quences diagram, Paret´s analysis, correlation dia-

gram, flowchart and a regulation diagram. These 

Instruments have been used also in solving a defined 

aim of the work. Significance and importance of use 

of statistical Instruments and quality management 

methods in processes when welding a connector on 

a copper wire of glued carbon brushes in an un-

named company [2]. 

 

2 Basic classification of statistical methods 
 

2.1 Basic Information 
The concept of stability is derived from the systems 

theory. Several different definitions of the system 

stability can be found in the literature. Most of them 

refer to the concept of the point/state of balance and 

define the stability of a system as its ability to return 

to the state of balance after the disturbances that 

caused the instability have ceased. The stability of a 

production system will be understood as maintain-

ing the steady state of the system for a certain as-

sumed period. 

 
The statistical methods and instruments used in an 

industrial practice can be divided in three categories: 

1. simple (basic, elementary) statistical methods, 

2. medium demanding statistical methods,  

3. more demanding statistical methods [3]. 

 

Simple methods include seven instruments:  

- check tables and recorders, histogram, flowchart, 

correlation diagram, Paret´s analysis, causes and 

consequences chart (Ishikawa´s diagram) and regu-

lation diagrams. 

Medium demanding and more demanding statistical 

methods include e.g.:  

- Analysis of a measuring system, verification 

of a manufacturing equipment capability, verifica-

tion of a process capability, statistical inspection, 

FMEA [4]. 

Quality control can be defined by STN EN ISO 

9000:2005 as a part of quality management aiming 

to meet the quality requirements.  

Statistical quality control is a part of a quality man-

agement, in which the procedures of mathematical 

statistics are used. There are three basic areas of a 

statistical quality control:  

- statistical process regulation 

- statistical (selective) inspection 

- methods of experiment designing. 
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In the process the inputs are transformed to a prod-

uct, on which the quality characteristics and quality 

indicators can be defined. Main problem of quality 

improvement is a reduction of variability of quality 

indicators values. Usually the variability of values 

of quality indicators can be reduced based on ob-

tained results and to find such combination of levels 

of variables being controlled, that optimizes a pro-

cess performance. After having indicated the most 

important variables, having effect on a process, of-

ten it is very useful to simulate relations between 

input variables and quality indicators of the product.  

When we know character of relations between vari-

ables, the techniques of a statistical regulation of the 

process can be applied in an effective way – one of 

an instrument of a so called on-line quality control, 

enabling monitoring of a process and maintaining it 

in a requested condition.  A process of an imple-

mentation of methods of a statistical quality control 

in organizations usually starts by applying a statisti-

cal inspection (it relates a selective inspection, when 

a decision is taken, whether a batch is to be accepted 

or not based on results from selection or selections 

made from this batch), and goes on by implementa-

tion of a statistical regulation in a process and then 

often the methods of experiment designing start to 

be applied [5]. 

 

Based on these facts and after consultation in a 

company the following conceptual and simulation 

model has been proposed. The simulation model of 

a working place is composed of a set of three pro-

duction machines, containers and conveyors for 

parts with random period intervals between failures, 

time period of a maintenance provided by repair-

men. The machines process the parts with random 

intervals of manufacturing operations. To simplify a 

model the personnel servicing the machines is not 

depicted.  

 

2.2 Statistical regulation of processes 
Statistical regulation of a process is a set of instru-

ments for maintaining a process stability and im-

provement of its capability through a reduction of 

variability. A fundamental question in an organiza-

tion aimed at the quality is a question, to which ex-

tend is it capable to meet the expectations of the 

customers. When the expectations of the customers 

are defined, it is necessary that the supplier is able 

to quantify an extent he can satisfied such expecta-

tions.  A product, which should be appropriate for a 

use, should be generally produced in a stable or a 

repeatable process. It means that a process should be 

able to produce products with an acceptable varia-

bility of defined indicators of quality in terms of 

their defined aims or values.  

Statistical regulation of a process represents a pre-

ventive approach to a quality management, as it en-

ables interventions into a process based on a timely 

detection of variations in a course of a process aim-

ing to keep it for a long-time on a requested and sta-

ble level. Achieving and keeping a process on a re-

quested and stable level is dependent on a compre-

hensive analysis of process variability, when it is 

needed to detect, how the process functions, what 

are its limitations and their reasons, whether they 

repeat and what kind of affect do they have on a 

process.  So a statistical regulation of a process can 

be defined as an immediate and continuous control 

of a process, which is based on a mathematical-and-

statistical assessment of product quality. It provides 

information for operative and timely interventions 

into a process [6]. 

 

Basic principle of an analysis and improvement of 

processes and systems, defined by W. Shewhart is 

based on a presumption, that variability of values of 

quality indicators are caused by two kinds of causes: 

- Random causes; the causes being a perma-

nent part of a process or a system and that 

influence all components of the process. 

- Definable causes; the causes that are not a 

permanent part of a process or a system; 

however they come into being due to specif-

ic circumstances.  

 

A process or a system, which is affected only by 

random a cause is called a stable process, it means, 

that it is in a statistically managed condition. Only 

natural variability is involved in a stable process or 

in its products. It means, that a variability of output 

values can be predicted in statistically defined lim-

its. A process, whose outputs are influenced by ran-

dom as well as definable causes is called a non-

stable process, it  means, that it  is in a statistically  

non-mastered condition. It is called non-stable as 

variability on various time sections is non-

predictable. When the definable causes are identifi-

able and they are removed, the process becomes 

stable [6]. 

 
3 Determination of a statistical stability of a 

manufacturing process 
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Statistical process control (SPC) is a method of 

quality control which employs statistical methods to 

monitor and control a process. This helps to ensure 

that the process operates efficiently, producing more 

specification-conforming products. In manufactur-

ing, quality is defined as conformance to specifica-

tion. However, no two products or characteristics 

are ever exactly the same, because any process con-

tains many sources of variability. In mass-

manufacturing, traditionally, the quality of a fin-

ished article is ensured by post-manufacturing in-

spection of the product. Stability of a manufacturing 

process means a capability to observe technical and 

technological regulations and specified limit values 

in a certain time period. Aiming to reveal the causes 

why the process is violated, therefore it is necessary 

to deal with such analysis enabling to reveal and 

eliminate them. SPC uses statistical tools to observe 

the performance of the production process in order 

to detect significant variations before they result in 

the production of a sub-standard article. There are 

many methods and techniques for system modeling, 

while a broad range of advanced IT packages for 

process modeling is available in the market. Statisti-

cal analysis and a process regulation are interlinked 

and at the same time they influence stabilization of 

a manufacturing process in three phases. 

- Definition of an instability of 

a manufacturing process, 

- Introducing a process from instable into 

a stable condition,  

- Keeping a process in a stable condition [7]. 

A regulation diagram ( Rx, ) for a diameter and 

a range was used to define an instability of 

a manufacturing process, which is one of the most 

widely used regulation diagrams due to its simplici-

ty. An essence of this diagram is a superior sensibil-

ity to revealing of extreme values within 

a subgroup.  

The diagram predicates about stability or instability 

of a monitoring process, i.e. whether the process has 

been mastered. Aiming to define a stability of a req-

uisite amount of 125 products within 2 hours time 

intervals the subgroups consisting of 5 products 

were sampled being assigned for an analysis.  Value 

from processing of a descriptive statistics for a mean 

value and a range is presented on the table (Table 1). 

The values of the measured quantity enter the as-

sessment process, arranged in ascending order ac-

cording to individual groups. Descriptive statistics 

offer us maximum, minimum and mean values. 

 

Table 1   Table of a descriptive statistics for a mean 

value and a range 

 

Analysis of stability of a manufacturing process: 

The data measured were analyzed using the Palstat 

software. Its main task is a computer aided support 

to a statistical regulation of a process, monitoring 

and taking measures of processes, verification of 

processes and machines capabilities.  It facilitates 

a definition, which remedies are to be implemented 

in a process in order to achieve its stability and so 

cost reduction as well due to defectiveness. Value 

from processing of using the Palstat software are 

preseted in the figure 1. 

 

 
 

Fig. 1     Histogram and critical value of a testing 

statistics at exponential distribution [own resource] 

 

It stems from a regulation diagram for a mean and a 

range that a process is statistically mastered. Regu-

lation limits were exceeded in neither case, so the 

process appears as a stable one. We can say that a 

regulation diagram for this particular process had 

been properly chosen [7]. Information about a fact, 

whether the values of an attribute sufficiently ap-

proach a normal distribution was obtained through 

an analysis of values plotted into a probability grid. 
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Result of normal distribution test is shown in the 

figure 2.  

 
Fig. 2     Normal distribution test 

 

A green line suggests ideal values and a blue line 

points at real measured values. A red line shows a 

difference in terms of significance of measured val-

ues. Resulting values are presented in the figure 3. 

 

 
Fig. 3    Assessment of SPC analysis 

 

SPC is method of measuring and controlling quality 

by monitoring the manufacturing process. Quality 

data is collected in the form of product or process 

measurements or readings from various machines or 

instrumentation. The data is collected and used to 

evaluate, monitor and control a process. SPC is an 

effective method to drive continuous improvement. 

Statistical Process Control is based on the analysis 

of data, so the first step is to decide what data to 

collect. There are two categories of control chart 

distinguished by the type of data used: Variable or 

Attribute. It stems from resulting analyses that a 

particular process of welding a connector onto a 

copper line of a carbon brush is stable, so the cus-

tomer´s requirement was met; it means that series 

production can be started. Then we acted upon a 

check plan.  In the next part we were focused on a 

saw production line, where the dimensions of pieces 

cut away are collected with a slide gauge with a dig-

ital display, which is considered as an objectionable 

in terms of number of faulty pieces.  

In addition to an improved manufacturing process 

through an implementation of a SPC method, we 

planned to adopt a new measuring method on a giv-

en line. As we can see in the table thereinafter, we 

analyzed measurements in three operators, who had 

taken measures of a cutting angle in ten products 

with three repetitions.  Resulting values are present-

ed in the table 2. 

 

Table 2   Analysis of measurements operators 

 
 

We used a measuring system analysis (MSA), to 

define a capability of that particular measuring 

gauge, namely through indicators of repeatability 

and reproducibility.  MSA is defined as an experi-

mental and mathematical method of determining the 

amount of variation that exists within a measure-

ment process. Variation in the measurement process 

can directly contribute to our overall process varia-

bility. A measurement systems analysis (MSA) is a 

thorough assessment of a measurement process, and 

typically includes a specially designed experiment 

that seeks to identify the components of variation in 

that measurement process. The analysis of this 

measuring method is based on tolerance.  Accepta-

ble tolerance range of a cutting angle is 91,5 up to 

88,5 degrees and a mean required value has got 90 

degrees. In the under mentioned table there are situ-

ated the measured values expressed as a variance, or 

a discrepancy from a mean value and characteristics 

for computation of required indicators  

 

Resulting values are presented in the table 3. The 

data are from the monitored production process 
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where:  

R – range of values in particular operators 

R – a mean of value ranges 

X – a mean of measured values 

 

Table 3   Table of a descriptive statistics 

 
 

Analysis of the process capability was performed 

based on data obtained from regulation cards filled 

in with a sufficient ranges of values.  Statistical Pro-

cess Control is based on the analysis of data, so the 

first step is to decide what data to collect. There are 

two categories of control chart distinguished by the 

type of data used: Variable or Attribute. Statistical 

process control was developed as a feedback system 

that aids in preventing defects rather than allowing 

defects to occur. One element of a process control 

system is control charts. 

 

Variable data comes from measurements on a con-

tinuous scale, such as: temperature, time, distance, 

weight. Attribute data is based on upon discrete dis-

tinctions such as good/bad, percentage defective, or 

number defective per hundred. We drew the above 

mentioned regulation diagram for a median and a 

range so that we can analyze a particular process. 

We can see from diagrams, that in the process there 

are no definable causes and it is statistically mas-

tered. So additional requirement for analyzing of the 

process capability was met. Analysis through SPC 

regulation diagrams is shown in the figure 4. 

 
 

Fig. 4  Analysis through SPC regulation diagrams. 

 

Computation of the indexes of process capability 

Based on the same data as we had drawn regulation 

diagrams, we compute a capability index Cp, which 

expresses what we are able to achieve and Cpk, 

showing us a fact – what we had achieved and there-

fore a fact about the process condition. We analyzed 

a capability of this particular process using Minitab 

12 software for Windows results of which are stated 

hereinafter in the figure 5. 

 

 
Fig. 5     Assessment of an analysis through a histo-

gram 

 

Another suitable approach that is appropriate to as-

sess the processes in the company by means of 

mathematical analysis is a tool Histogram and criti-

cal value of a testing statistics at exponential distri-

bution. Histograms are graphs that display the dis-

tribution of your continuous data. They are fantastic 

exploratory tools because they reveal properties 

about your sample data in ways that summary statis-

tics cannot. The histogram shows sample data. On 

the other hand, the customized distribution line will 

try to find a probability distribution function for 

monitored quantity that has the maximum probabil-

ity of creating a distribution that exists in monitored 

sample. It is well known that, the exponential distri-

bution is one of the fundamental lifetime models 

and is widely used for describing a failure mecha-
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nism of a system. Applications of this distribution in 

survival analysis and reliability theory are presented 

in statistical literature. Therefore, there is a clear 

need to check whether the exponential distribution 

is a reasonable model for the observations. 

Testing statistics χ2 = 8,54. A critical value of χ2 

distribution in such case has a value of χ2 < 

χ2<0,95,4=13,124. So χ2 < χ2
0,95,4. As a testing statis-

tics is smaller than a critical value of 
2 distribu-

tion, H0 on a significance level α=0,05 is not refused 

and therefore we can note with credibility 0,95 that 

a time period between failures is a random variable, 

which has an exponential distribution. The elements 

is presented in the figure 6. 
His togram (muran 150v*100c )
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Fig. 6     Histogram and critical value of a testing 

statistics at exponential distribution 

 

4 Results and discussion   
 

The above mentioned methods were developed in 

real conditions of a company, which its manufactur-

ing area concentrated into production of carbon ma-

terials, semi-finished products and finished pieces. It 

has been acting in electrical engineering, mechanical 

engineering, transport, automotive industry, chemi-

cal and metallurgical industry etc. 

 

5 Conclusion  
 

When performing an analysis in presented outputs 

we can note, that the processes are statistically mas-

tered, but a prediction tool is missing for a mainte-

nance crew intervention that should in an appropri-

ate way to influence a next development. Statistical 

processing of data provides us with a basic for an 

analysis of a present condition, which is a base for 

predicative measures. In practice, it is very advanta-

geous to use modeling and simulations based on the 

obtained statistical data using SPC. Simulation and 

evaluation predict the process and we do not have to 

spend money on failures or adverse events that 

would actually occur. Operations performed on a 

model instead of the actual production system do 

not disturb the stability of production processes. 

Treating a model as a duplicate of the actual system 

enables, inter alia, the transfer of the conclusions 

from the studies performed on the computer model 

to the actual production system. The use of statisti-

cal analysis methods allows us to predict in which 

direction the monitored processes will go. The arti-

cle presents several possibilities of using SPC ana-

lyzes, which were performed in the past in various 

companies in order to improve maintenance pro-

cesses. 
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