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Abstract: In the article analysis of the discrepancies in the production process for selected products in a company producing candles was 
carried out. Using the Pareto-Lorenzdiagram and the FMEA method the most essential areas having influence on the production of candles 
were shown. Apart from factors connected with the manufacturing side of the process, factors of the labour organization and requirements 
concerning the quality of material were also noted. An appropriate quality of equipment constitutes one of the essential conditions of produc-
tion process functioning and this directly influences manufacturing possibilities of the enterprise. A synthesis of immaterial factors that 
influence the production of the enterprise, taking into consideration conditions of functioning the production system, was also carried out. 
The set of factors selected for description was the fourteenth Toyota management principle. Respondents were asked to provide answers 
which could bring the best improvements.  
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1. Introduction 
 
Modern technological processes should be charac-

terized by a high rate of production, reproducibility 
and repeatability and stability of individual technolog-
ical operations. These features influence the require-
ments for individual process steps. Careful discern-
ment about the suitable quality of the products is 
undoubtedly a complex process because of the multi-
plicity of factors determining it. The basic variables 
that affect the quality of the product are: (MIELCZAREK 

K., MAZUR M. 2007): 
• quality of the material, 
• quality of the process, 
• quality of the equipment, 
• quality of staff, 

• quality of the environment, 
•  quality of the measurement. 
All variables globally create a high quality of the 

final product, and therefore should be considered to-
gether, not forgetting that each of the components is 
the result of the impact of the following variables in 
every aspect of production (BORKOWSKI S., KRYNKE 

M., INGALDI M. 2012).  
The quality of the process depends largely on the 

methods and techniques used to implement the indi-
vidual technological operations on time. In addition to 
factors directly linked to the party manufacturing pro-
cesses are also important factors of work organization 
and quality requirements of the material. Suitable qual-
ity equipment is also significant. It is one of the basic 
conditions for the functioning of production lines and 
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directly affects the production capacity of the company 
(VOGT K., KUJAWIŃSKA A.2013).  

 

2. Structure of discrepancies for chosen 
products 
 
During manufacturing,  product deviation causes 

withdrawal from sale. For the purpose of investigating 
this situation analysis of the discrepancies was carried 
out with the use of the Pareto-Lorenzdiagram. The 
following types of products was analysed: removable 
tube votive candle. 

These products are produced on extruding press 
and injection moulding machines. Discrepancies that 
turned up during the production are introduced in ta-
ble 1.  
 
Table 1. Types of discrepancies in the production of remov-

able tube votive candle 
Discrepancy symbol  Name of discrepancy 
N1 cut structure  
N2 too thin  
N3 jagged edges  
N4 too thick  
N5 dirty surface  
N6 wrong color 

Source: own study 

 
In Fig. 1 Pareto-Lorenz diagram is presented. The 

Pareto chart shows, in descending order, the relative 
share of each element in the overall effect. This meth-
od has been applied to demonstrate the participation 
of each element in the area, and then to arrange all 
elements according to their level of significance. It 
shows the structure of the discrepancies and their par-
ticipation in an analysed 30 day research period. It 
results from the data analysis that the most often ap-
pearing discrepancies there is cut structure produced 
on extruding press. The discrepancies connected with 
the inappropriate thickness of the product wall were 
also often revealed.  

In order to prevent the occurrence of the discrep-
ancies in the sheet die, it is necessary to apply the 
technology of the extruder slit through the use of self-
cleaning grid on which dirt settles (for example, grains 
of sand) present in the granules. Elimination of dis-
crepancy associated with inadequate wall thickness of 
the tube is possible by adjusting the modernization of 
the extruder and the exact adjustment of the machine. 
In the case of the production removable tube votive 

candle elimination of discrepancies N1, N2, N3 that are 
caused by the cut structure, too thin structure and jag-
ged edges of the tube, the number of defective prod-
ucts will be reduced by about 71%. 
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Fig. 1. Pareto-Lorenz diagram for discrepancyof removable 

tube votive candle 

Source: own study 

 

3. Analysis of the causes and conse-
quences of any nonconformity 
 
The analysis of the causes and effects of non-

compliance in the selected products was introduced 
using the FMEA method. Failure modes and effects 
analysis (FMEA) is a step-by-step approach for identi-
fying all possible failures in a design, a manufacturing 
or assembly process, or a product or service. A suc-
cessful FMEA activity helps to identify potential fail-
ure modes based on experience with similar products 
and processes or based on common physics of failure 
logic. Effects analysis refers to studying the conse-
quences of those failures on different system levels 
(KNOP K., SELEJDAK J. 2009). 

Fig.2  presents a summary RPNthat was analyzed 
for the analyzed product. The results show that the 
highest value of the risk priority is for discrepancy: cut 
of element structure.  RPN acceptable level exceeds 
the mismatch caused by jagged edges of the product 
(ULEWICZ R. 2003). For the customer, such goods are 
without value that should take corrective action to 
eliminate these problems. Steps that should be taken in 
order to reduce the risk of extinction of this discrepan-
cy is the modernization of the extrusion head by 
mounting the mesh on which the deposit will be get-
ting any contamination with the pellet plasticizing 
zone. On the other hand, to eliminate the discrepancy 
caused by the occurrence of jagged edges after cutting 
the upper waste cutting blades should be replaced or 
properly sharpened and repeating this step each time 
the occurrence of the discrepancy. 



Marek Krynke, Krzysztof Mielczarek, Problems concerning product quality enhancement, Vol. 10(1)/2016 

19 
 

0
40
80

120
160
200
240
280

N1 N2 N3 N4 N5 N6

R
P

N
 v

a
lu

e

Discrepancy indicating
 

Fig. 2. Summary combination of RPN for discrepancy: re-
movable tube votive candle. 

Source: own study. 

 

4. Analysis of areas for improvement of 
company based on the fourteenth 
Toyota management principle 

 
The fourteenth principle encourages continual re-

flection and continuous improvement (BORKOWSKI S. 

2012a). According to this principle it is crucial to de-
termine the causes of a problem by solving technical 
issues. Continuous improvement of the process and 
production is extremely significant for a company 
which has been functioning on the market for many 
years. The study examines the factors that describe the 
fourteenth Toyota management principle contained in 
the E8area BOST survey conducted among production 
workers. Respondents were asked to provide answers 
to the following question (BORKOWSKI S. 2012b): 
Decide with the use of the scale 1-10 (10 the most im-
portant factor) which area can bring the best effects 
after being improved? Table 2 presents a percentage 
significance list rates for factors belonging to area E8.  
 
Table 2. Principle 14. Evaluation structure [%] of the fac-

tors’ importance for E8 area. 

Evaluation	 Indicating	the	factors
ZT	 SM	 PT JK	 UM	 RE	 DA	 PN WS WD

1	 0	 25	 0	 0	 0	 15	 60	 0 0 0
2	 10	 35	 0	 0	 0	 15	 25	 10 5 0
3	 45	 20	 0	 0	 0	 15	 10	 0 5 5
4	 20	 20	 0	 0	 0	 35	 5	 5 5 10
5	 15	 0	 5	 0	 0	 15	 0	 5 10 50
6	 5	 0	 0	 5	 0	 0	 0	 35 40 15
7	 5	 0	 15 10	 0	 5	 0	 30 15 20
8	 0	 0	 35 30	 15	 0	 0	 0 20 0
9	 0	 0	 20 25	 40	 0	 0	 15 0 0
10	 0	 0	 25 30	 45	 0	 0	 0 0 0

where ZT – the employment of workers; SM – incentive system;
PT – portfolio of technologies; JK – quality; UM – maintenance 
of machines; RE –boss-employee relationship; DA – documenta-
tion; PN – the flow of information; WS – cooperation with cus-
tomers; WD – cooperation with suppliers, cooperators.	

Source: own study. 

Data from table 2 shows the assessment of em-
ployees’ rates for a particular answer. It allowed for 
determining a percentage structure of significance rates 
for particular factors.   

To assess the validity of the various factors affect-
ing the areas of improving the company, Pareto-
Lorenz diagrams for individual assessments were in-
troduced, which are presented in Fig.3. 

 

 
Fig. 3. Principle 14. Pareto-Lorenz diagrams of the factors’ 
importance E8 area for evaluations: a) „1”, b) „2”, c) „3”, 

d) „4”, e) „5”, f) „6”, g) „7”, h) „8”, i) „9”, j) „10”. 
Source: own study. 
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Analyzing data presented in Fig. 3, it is easy to 
acknowledge that the least important areas in terms of 
improving  the quality of products identified by the 
employees are areas related to documentation, incen-
tive system and employer-employee relationship. In 
contrast, the areas that are most important from the 
point of view of production workers were improve-
ment such as maintenance of machines, the quality and 
portfolio of technologies. 

 

4. Summary 
 
The study has been subject to a company operating 

in the plastics processing industry. The analysis of the 
study shows that the most important area is the econ-
omy of machinery equipment and their proper opera-
tion. This is due to the fact that the company is imple-
mented mainly in mass production. The study BOST 
among production workers showed the greatest need 
for improvement in the area of maintenance of ma-
chines. According to people participating in the pro-
duction process another important aspect of resource 
technology reduces the risk of non-conforming prod-
ucts. In order to improve the system particular atten-
tion should be paid to technological development and 
modernization, and proper handling of machinery and 
equipment. It is important to the employees directly 
involved in the use of machinery to instill an objective 
to keep machines at the correct level, conducting ongo-
ing inspections and maintenance, not only when the 
machine shows a decline in efficiency but also when 
running without charge, because such conduct will 
bring more benefits in the form of the company's prof-
it. An important factor also indicated by the employees 
is the quality of manufactured products. 

The least important areas that affect the improve-
ment of the products quality and thus, achieve measur-
able benefits by the company mentioned are documen-
tation, the incentive system and the factor of 
employee-supervisor relationship. The most important, 
in terms of production workers is to improve areas 
such as machine maintenance, quality and portfolio of 
technologies. 
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