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Abstract. This study describes the significance of process admission to modelling of work 
processes which are in function of quality management advanced by series of standards ISO 
9001:2000. As metodology of modelling has not been strictly regulated, this represents an area 
interesting for research, both from scientific and practical aspect. The function of quality 
management provides a simple governing the work processes, as well as effectiveness/efficiency of 
the processes in organization. Developed metodology of modelling of work processes was tested in 
Factory for Electrothermic Products in Kraljevo. A necessity of applying of some statistical 
methods as quality system tools needed for achieving greater efficiency of work process within 
above mentioned factory was shown.  
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1.0 INTRODUCTION 
 
Economic, politic and other changes which appear 
in the surrounding condition changes in the 
companies’ ways of doing business in order for 
them to stay in the market competition. The quality 
system established in accordance to the series of 
ISO 9001:2000 standard requests represents a base 
as well as a guarantee for ensuring the quality of a 
product in the market-oriented economy. The 
certificate of the acknowledged quality system 
represents a proof to the buyers that the deliverer 
can always secure the level of the desired quality 
in the same documented way The next step in the 
companies with an existing quality system is 
implementation of the quality management system 
(QMS) with the aim to improve the quality.  
The basic request the series of ISO 9001:2000 
standard insists on is the process approach (the 
identification of all processes and sub-processes) 
and the effectiveness (whether the aims were 
reached by process implementation) and process 
efficiency (the optimal expenditure of resources 
necessary for the process ). The process approach 
is the means by which work processes in 
companies are managed. The process approach 
requires that the basic processes, sub-processes 
and components are identified, the relations among 
them established and confirmed, enough 
information secured for their following as well as 
documenting [1] them 1.7.4. –“The process 
approach”. The process approach to work process 
modeling provides more efficient and more 
effective business dealings of a company. The 

methodology for modeling of the working process 
in companies is not uniquely defined and mostly 
depends on knowledge and expertise of the 
personnel. 
ISO 9001 is a world-wide acknowledged 
organizational standard. This standard is wider 
when compared to other existing organizational 
standards (including ISO 14001, ISO 17025, 
OHASAS 18001), so it is logical that it directly 
promotes the process approach (which is not the 
case with the others). Those standards are made 
with the intention to eventually become parts of 
ISO 9001 forming, therefore, a requirement [1] for 
a common-integral management system. 
The process approach of process modeling in an 
organization must incorporate strategic goals and 
identify the key/basic processes and sub-processes 
and their relations/connections. An interesting 
decomposition of macro processes [3], is the cross 
function for the top management is in charge of.  
The other level of decomposition is represented by 
function processes with identified tactic goals 
which are the responsibility of the middle level 
management. Third level of decomposition relates 
to sub-functions and operations operative 
management is responsible for.  
The concept of information product [4] in which 
information is a product of an information 
manufacturing system. If input for this information 
manufacturing system is data. Similar to a product 
manufacturing system, an information 
manufacturing system is hierarchical in that 
information output from a certain stage can be 



 

considered data for the next stage of the 
information manufacturing system. 
The process mapping [7] appliend in companuy is 
results graphic desing of detaized process diagram 
with description of input, tasks and activities in 
appropiate order. Mapp process, as a result of the 
mapping process, present the model of process, 
which is requirement QMS. 
The work itself is organized in the following way: 
Section 2 describes the process of work process 
modeling in the Factory of electricthermal 
products from Kraljevo, and Section 3 briefly 
shows the application of statistical methods being 
an imperative for constant process improvement. 

 
2.0 WORK PROCESS MODELING 
 
This section describes the process of work process 
modeling which has been developed and 
implemented in the Factory of electricalthermic 
products in Kraljevo. The modeling procedure is 
realized in four steps which are described in detail 
below. 
Step 1.The analysis of the existing quality system 
status results in procedure, instructions, 
requirements  
           and forms applicability on the basis of 
which the process activity following in an 
organization is  
           performed. 
Step 2. In this step the lists of elementary 
management and accompanying processes in the 
company are defined. The identification of 
processes and sub-processes is product-, market- 
and buyers  oriented. A process chart has been 
devised for each and every service/sector on the 
basis of internal communication which exists in-
between. The common directive for filling in the 
process charts is shown in Appendy 1. Appendy 2. 
shows the process chart for the process of 
evaluation of suppliers.   
During process and sub-process identification 
vertical and horizontal structure of the functional 
organizational company structure need to be taken 
in consideration. The vertical processes are: 
managing processes (operational and annual 
production planning, operational production 
preparation, application of the Law on public 
purchase, quality system managing). The 
horizontal processes are: product realization 
processes (market research, development, 
purchase, production, selling, servicing) and 
support processes (quality control, maintenance, 
storage and financial flows). Activities of the 
managing processes and support processes are the 
direct support [3] to basic processes for making a 
more effective and more efficient business in an 
organization. 

The primary goal of the “Process chart” from 
Appendy 2. is to describe all the elements of the 
process necessary for the process model. The 
Process chart includes: 

 the process symbol (P-a sign for the 
process and the number of the working 
unit where the process  activities take 
place, PP-a sign for the sub-process-the 
field used for liaison with other 
processes).  

o the name/symbol of the process 
(the name of the process depends 
on the activities) 

o The process owner 
(sector/service, plant, the 
manager responsible for the 
process completion) 

 The process documenting – 
procedure/instruction/inquiry/form that 
follow the activities of a process 

 the process goals (the goals are most 
often related to securing the product 
quality, customers’ satisfaction and the 
development of a new quality 
product/half-product) 

 ins and outs of the process (documents of 
the quality system, information, material 
and financial  documentation flows) 

 resources (equipment, knowledge, 
personnel potentials, working 
environment, warehouses) and measuring 
sizes ( AQL sampling results, results of 
measuring with measuring equipment, 
results of statistical methods which are to 
enable efficiency and efficacy of the 
process) 

o personnel education (seminars, 
newsletters, conferences) 

o special requirements/work 
conditions (conditions of 
sampling, the way of data 
collecting) 

Step 3. In this step, the procedure of creating the 
“Process chart” is defined. The result of the 
process charts based on particular guidelines on 
filling in the process charts (Append 1.) is handed 
out to all services/sectors accompanied with a 
blank form of the process chart to be filled in. 
Every service/sector must hang on to the 
guidelines on filling in the process charts and has 
to clearly define its process with all the elements 
stated in the process chart. If all the elements 
required in the process chart are not properly 
defined, it is the direct communication between 
sectors which solves problems in the process 
functioning. In FETP all the processes are 
organizationally separated and clearly defined in 
accordance to the function they perform; so, they 



 

are fairly easy to be described in the process chart 
and connected to the appropriate diagram of the 
data flow with reference to the order of activities 
in the process.  
Step 4. In this step the analysis and the control of 
compliance of the ‘Process chart” is done. The 
analysis of the process charts collected from all 
services/sectors (process owners) starts by 
modeling the process model  in an organization. In 
the course of the analysis of the collected process 
charts, a great deal of attention was dedicated to 
respecting certain rules which confirmed their 
efficacy during the projection of information 
systems. The check-up of all identified processes 
described in the chart must carry a mark that can’t 
be repeated and it represents a “field” for 
connecting with other processes. Each exit from 
one process that is the entrance for the other must 
carry the same name/mark in order to be identified 
and represent a “field” for liaison with other 
processes. The check-up of the validity 
(functionality) of all process charts aims to 
examine validity, documenting, information flow, 
possible measurability, the ability to follow and 
the efficiency of the process development. All the 
processes and their elements are defined, balanced 
and documented, which enables the modeling of 
the process model. The created process model 
enables managing all the process activities, 
together with effectiveness and efficiency of the 
process. Established process model must 
constantly be improved 1.7.6. – “Constant 
improvements” ISO 9001-2000. Statistical 
methods, as the basic tool of the quality system, 
are used for continual process enhancement. 
 
3.0  THE APPLICATION OF SOME 

STATISTIC METHODS     
 
In the Factory for electrical-thermic products the 
processes have been determined which can be 
improved by  applying  some statistic methods 
like: Pareto diagram, histogram, control charts and 
the statistic capability of the process. These 
methods are presented briefly below. Their 
applicability in the company in question has been 
presented in detail. 

 
3.1. Pareto analysis 
Pareto analysis includes following error costs, as 
well as the evaluation of the correction measures, 
which significantly enhance its use in the business 
analysis [5]. Pareto or the ABC diagram is a 
graphic method for analyzing events where 
ranging of sizes/events or errors and their samples 
in the falling (decreasing) order is done. 
Application of Pareto analysis is simple and it is 
done in the following way: from the total 

distribution of some values (error costs) a small 
sub-set of values (errors) which has the greatest 
value (the highest expenses) is separated. Pareto 
analysis is also known as ABC analysis where 
letters are used in the correct order to mark the 
most significant/highest values (the highest costs 
of the non-complied products) as to their weight. 
The relative significance (partaking, influence) of 
the observed standard/phenomenon is the 
frequency in the set of standards/phenomena that 
are being examined. It can be applied in all 
organizational units of the FETP [8] where it is 
possible to identify the problem and apply 
correction activities based on the obtained analysis 
results. 
Pareto diagram  is applied: 

 in the Production sector for the analysis 
of the con-compliance that occurs in the 
production process of tube heaters, heat 
tablets and home appliances; 

 in the Quality sector of the electrical-
thermic products (ETP) and commercial 
sector for the analysis  of complaints 
frequency as to products and complaint 
costs; 

 in the purchase department to classify the 
suppliers in accordance to the level of the 
material importance which affects 
products’ quality, total financial partaking 
in material supply in the total value   of 
the purchase and to number of fault-found 
deliveries with the aim to choose and 
evaluate the status of   the suppliers; 

 in Marketing section in order to analyze 
buyers’ requirements and range the 
market about the needs for the products of 
the Factory for electrical-thermic products 
(FETP). 

The analysis contains both table and graphic 
representation of the error frequency according to 
the number of their appearance. This analysis 
pointed out the errors that most frequently 
occurred in the examined period. In the graph, the 
curve represents the total error sum (cumulative) 
starting from left to right and it always has 
exponential shape while asymptotically 
approaching the total value. The first three most 
common errors, which make up to 90% of the total 
value, got the priority to be evaluated as to their 
value and to plan correction activities, investments 
necessary for their application, the time of 
application and the probability of error correction. 
These data would help determine which correction 
activities are economically cheaper. Pareto 
analysis defined  [6] the priority for the observed 
errors on the basis of the priority index, 
expression: 

 



 

  PriorityCorAct=SumLosses*SucessProbability (1)                              
             Investment* RealizationPeriod 
Where: 

 PriorityCorAct is the priority of the 
correction activities; 

 SumLosses is the total sum of the losses 
made due to a mistake in a certain period, 

 SucessProbability is the success 
probability of the correction activity; 

 Investment is the level of investment in 
the correction activity, and 

 RealizationPeriod is the number of years 
necessary for its realization.  

Pareto analysis also concluded what correction 
activities are worth investing into. Correction 
activities are worth if Ipka >1. Correction activities 
parities can be determined in two ways: 
individually for all errors and totaled for correction 
activities. 

 
3.2. Histogram application 
Histogram is used to examine samples of the 
problems in a process where it is necessary to 
determine the waste of the exit process 
characteristics quickly and efficiently and analyze 
the distribution of process characteristics being 
examined. The procedure of making a histogram, 
the way of data collecting, R-range calculating, 
stating the width of the class interval (H) and the 
number of the class intervals (K), setting the 
boundaries of the class intervals and making 
frequency tables and histogram drawing [9], has 
been applied to follow the distribution of the 
radius of the straightened steel tubes of the 
washing machine tube heater in FETP. The shape 
of the histogram and the drawn tolerance borders 
and the average value (X) process stability is 
shown. A typical histogram shape which indicates 
normal distribution (a stable process) is 
symmetrical, with the average value (X) in the 
middle of the range, maximal frequency (poll 
height) in the middle and a symmetrical decreasing 
tendency towards the ends. Anomalies appearance 
and process variations lead to an irregular 
histogram shape (a comb-shaped histogram; a 
histogram with two peaks). The analysis of the 
average value(X) indicates the process adaptation. 
Histogram analysis based on the data from the 
previous period can be used to calculate the 
percentage of non-complied products in the 
process for the next business period. It can be 
practically used to follow the lather treatment in 
FETP. Application of histograms established the 
distribution of the quality measuring characteristic, 
i.e. its waste with reference to specified 
requirements (upper and down tolerance line). The 
analysis of the collected data confirmed the 
influence of workers or lather to the quality of 

processed castings. The result of the analysis also 
points out taking appropriate correction measures 
to improve the process by introducing the analysis 
of the ability evaluation of the process and the 
capacity of the machine. 

 
3.3. The application of control charts       
Control charts are statistical tools used to analyze 
and study input data about the process in detail. 
Control charts analysis gives information about the 
process status and the process result quality. In 
addition, the reasons of the process disorders are 
identified and eliminated. Process saving is a way 
to confirm whether the process is stable or not (or 
under statistical control). Process conquering 
means that the cause of the process instability 
should be found. The further process completion is 
monitored and enhanced until it is brought back to 
stable level (the level under control). Process 
enhancement indicates that the process is stable 
but results in non-complied products, meaning that 
the ability of the process to produce in 
continuation products that satisfy requirements of 
specification must be examined. 
Application of control charts examined stability of 
the lather work  i.e. whether the process was under 
control in the plant of heat tablets. Depending on 
the series, (the number of castings to be 
determined and technological time of the 
processing the frequency of sampling has been 
determined (the time interval when the sampling 
will be done). In established time intervals 5 
castings from the lather have been sampled if the 
quality measurable characteristic is being 
examined; or 30 castings if we follow attributive 
characteristics of the quality (example: casting 
cracked or not). Sub-groups have been identified 
and quality characteristics established. 25-30 sub-
groups have been sampled. The same controller 
with only one metrically valid-engraved measure 
performs measurement in the sample. The 
worker’s name, the number of lather, the work 
regime of lather, shift, supplier who delivered the 
castings, the number of receipt. 
Capability of the process is correctly defined by: 
Cp (process capacity index) and Cpk, expression: 

                   
prir

p T
TC =  

σ
=

3
Z

C min
pk                           (2) 

),min(min DGTXXGGTZ −−=        (3) 

Where: 
T = GGT – DGT 
Tprir = 6 σ           σ = R/d2 
The minimal satisfactory value of the capacity 
index (Cp and Cpk) is one, but for safety reasons we 
take 1,33 (if they are smaller, the disturbances in 



 

the process could result in production of non-
complying products). The process is capable when 
Cp>1,33 and/or Cpk >1,33. 

 
3.4. The study on the process capacity  
The machine is also an important factor of the 
process stability. Therefore, it is necessary to do 
the Study of the machine capacity. The study is 
done while starting the machine [10], after the 
repairs or the maintenance and when we want to 
confirm reasons for the process instability. The 
study has been applied in the sample of 50 pieces 
produced one after the other and it measures the 
required quality characteristic while registering 
measured values in the form. The study has been 
practically applied on the lather capacity. The 
lather worker must adjust the lather to work in 
compliance to the regime defined. The controller 
of the Operative quality control (OKK) collects 
data on: the speed of lather operation, lather and 
the worker, shift, date and time of sampling and 
this is notified in a form. It is necessary to sample 
50 consecutively produced pieces (where each of 
the 50 is notified). The controller of all castings in 
the sample measures with engraved measure 
(notify the code of the measure) the required 
quality characteristic which must have its upper 
and lower tolerance border. The measured results 
are noted down in a particular form and then sent 
further to the Service of quality securing for the 
procession of the collected data where the analysis 
can show whether the lather in question is capable 
of  quality casting handlings in accordance with 
the given specification. The study on process 

capacity (SPC), calculates allowed width of the 
outflow (T) and the average value (Xsr), on the 
basis of noted/measured data, expression: 

T  =  GGT- DGT   
2

DGTGGTX sr
−

=   (3)                              

  
 the width of the natural process outflow is 

calculated Tprir = 6 σ 
 the indexes of the machine capacity Cm 

and the index of the machine safety Cmk, 
expression: 

prir
m T

TC =
prir

min
mk T

Z2
C =            (4)                            

)DGTX,XGGTmin(Zmin −−=   (5) 
In case the value of Cmk is greater or the same as 
1,33 and value of Cm more or equal to 1,33, the 
machine makes good quality products. 
 
DIRECTIONS FOR FILLING IN THE 
“PROCESS CHART”                                                                               
Append  1. 

 To define the procedure of internal communication 
in the organization 

                     The ways of collecting data with the process chart: 
 process chart the system for quality 

management 
 instruction for modeling the documents of 

the quality system 
 instruction for making the flow diagram 
 knowledge and experience of the 

participants 
 

Process mark     
                                                                               THE PROCESS CHART ISO 9001 requirement 5.5.3. 
GOALS: 
-to transmit information which helps to define activities, 
-to lessen the uncertainty (appearance of non-compliance) 
-to enhance efficiency and  effectiveness of the quality 
management system, 
-to enlarge the partaking of employees in realization of quality 
policy and its goals. 

INFLUENCES: 
-Labor market, 
-Communication systems development 
-Level of personnel education in communicating 
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-report of internal check-up 
correction measure 
-prevention measures,                 
-customers’ complaints,              
-suggestions and ideas 
 

INTERNAL 
COMMUNICATION 
--information preparation, 
processing and presentation 
-information analysis (system re-
examination) 
-suggested measures for 
improvement 
-advertising (boards, 
magazines..) 
-information distribution after 
re-examining QS 

 
-the report on quality policy and goals 
organization 
-the report on re-examination 
-Suggestions on how to solve complaints 
  -Internal documents and statements of 
employees 
-Newspaper articles 
-Advertising on the boards 
-Audio and visual information on QS re-
examining  
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RESOURCES 
-people enabled to manage communication 
-communication equipment 
-work methodology 
 

MEASUREMENTS: 
-economic effects of the improvement 
-information transmission speed 
-information quality 
 



 

Append  2. 
Process mark: P3026 PROCESS CHART 
Level: process 
Version: 1 Changes: 0 

 

Process: 
                    SUPPLIERS EVALUATION Date: 

Owner:   DEPARTMENT FOR SUPPLYING 

Documented by:  Procedure EP.06.01. – Evaluation and choice of the supplier 
 
 
Goals: 
- to manage the process of supplying in order to ensure the quality of the supplied products in   
  accordance to needs and requirements of the organization 
- to evaluate capability of the potential supplier to supply requested quality of the material  
   which is the delivery subject and to fulfill requests from the Contract 
Process entrances: 
Request for the check-up of the quality system of the supplier, 
- Information on the supplier (fulfillment of the contract obligations, quality system,        
  developmental potential) 
- Information about the material /product in question (quality-specification, technical  
  conditions, conditions of approval, annex on quality, price, transport costs, verification and    
  final examination with the deliverer) 
- Material samples delivery 
- Supply request  
Process exits: 
- Questionnaire for evaluation of the supplier, completed by the supplier (form EP:06.01-02) 
- Month report of the material/final product quality –the list of the approved suppliers   
  (EP.01.01-01 ) 
- Examination sample results –the list of the sample quality (form EU.0604.01-03) 
- record of quality of the material complaint (form EU.0604.01-02) 
- The list of the approved/acceptable and refused suppliers  
Resources: 
- office equipment 
- Communication means 
- Salespeople, Quality sector and   
   Development sector 

Measure standards: 

Training: 
Special working conditions/requirements: 
Market research, commission gathering to ponder the supplier  

Done by: 
Snezana Mijailović 

Confirmed by: Approved by:           

 
CONCLUSION 
 
 Practical and graphical presentation of functioning 
of the system of quality management model based 
on the processes, points out to improvements in 
process management, quality policy and goals 
realization, internal/external communication in the 
organization, care of the management about the 
organization image and its competitive position in 
the market. 
If National bureau for statistics, in collaboration 
with experts from the quality systems area define 

unique guidelines/methodology for identifying and 
modeling of the work process and it systematic 
application in practice the following would be 
made easier: processes and their communication 
defining and managing, internal check-ups 
performing, measurement and analysis of  quality 
costs on the side of the person in charge of control, 
together with the appropriate and timely 
application of correction measures and readiness of 
real systems to introduce the model of excellence. 
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