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Abstract In the article a risk analysis of the production process of selected products in a plant producing votive candles was conducted. The
Pareto-Lorenz diagram and FMEA method were used which indicated the most important areas affecting the production of selected elements
of candles. The synthesis of intangible factors affecting production in the audited company was also carried out with particular emphasis on
the operation of the production system. The factors determining the validity of studies was examined, describing the principle of BOST 14
Toyota management. The most important areas of the company were identified, positively affecting the production process.
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1. Introduction e the quality of the environment,
¢ the quality of the measurement.
Modern technological processes should be charac- All variables globally a high quality of the final
terized by a production rate of products, reproducibil- ~ product, and therefore should be considered together,
ity and repeatability and stability of individual techno- ~ not forgetting that each of the components is the result

logical operations. These above attributes affect the ~ Of the impact of the following variables in a given
fulfilment of the requirements for individual process  category (ULEwICZ R. 2003).
steps. Caring for the quality of the products is un-

doubtedly a complex process because of the multiplic- L
ity of factors determining it. The basic variables that 2. Incompatibility structure of selected

affect the quality of the product include (VoGT K., products

KUJAWINSKA A. 2013):
e the quality of the material, During the manufacture of the devices incompati-
e the quality of the process, bilities were found causing the withdrawal of products
e the quality of the equipment, from sale. In order to investigate this situation, the
e quality of personnel, analysis of non-conformity was carried out with the
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Pareto-Lorenz diagram. (BORKOWSKI S., KRYNKE M.,
INGALDI M. 2012). Analysis was subjected to two
types of products: tube replacement votive candles and
base trim and stabilizing the votive candles. These
products are manufactured by an extrusion and injec-
tion machine. Discrepancies that arose during produc-
tion are included in Table 1. In Figure 1 a Pareto Lo-
renz diagram is used, which presents the structure of
incompatibility and their participation in the analyzed
30-day study period. The analysis of the data shows
that the most common non-conformities appearing in
replaceable votive candle tubes extruder is cut struc-
ture. Often, there is repeated non-conformity associat-
ed with inadequate wall thickness of the product.
There are also jagged edges of the product, the dirt
surface and the wrong colour. Cut in the tube structure
votive candle is usually caused by the presence of dirt
in the head slit extruder.

Table 1. Types of non-conformity in the manufacturing of
interchangeable tube votive candles and decorative coasters

Tube replacement votive The stand of ornamental and

candle stabilizing
Symbol Name non- | Symbol Name non-conformity
noncon- conformity noncon-
formity formity
N1 Cut structu- | N1 Shortage of material
re
N2 Too thin N2 Plastic trap
N3 Jagged N3 Flaws surface
edges
N4 Too thick N4 Wrong colour (pigmen-
tation)
N5 Dirt surface | N5 Surface stains (oil,
grease)
N6 Wrong N6 Inadequate strength
colour (rupture)
N7 Deformation
Source: own study.
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Fig. 1. Diagram Pareto-Lorenz for non-conformity:
a) removable tube votive candle, b) the stand stabilizing
candle

Zrodto: opracowanie wlasne.
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In order to prevent the occurrence of the non-
conformity in the head, application of the technology
of the extruder slit through the use of a self-cleaning
grid on which dirt settles (for example, grains of sand)
present in the granules. Elimination of non-conformity
associated with inadequate wall thickness of the tube is
possible by adjusting the modernization of the extruder
and the exact adjustment of the machine.

The highest percentage of non-conformity stand-
stabilizing votive candle on an injection molding ma-
chine is a detail exhibiting deficiency or excess plastic
material. To a much lesser extent there are non-
conformities caused by surface flaws, the wrong color,
surface dirt, cracks and deformations.

In the case of the production tube votive candle
elimination of non-conformities N1, N2, N3 or confu-
sion caused by the structure, cut too thinly and jagged
edges of the tube will reduce the number of defective
products by 71%. In contrast, the production of deco-
rative bases, eliminating the non-conformity caused by
a deficiency and an excess of material and structural
bosses, representing 28.6% of all non-conformity will
limit the number of complaints by 72.4%.

3. Analysis of the causes and
consequences of any non-conformity

The analysis of the causes and consequences of
non-compliance in the selected articles was performed
using the FMEA method. It is a method for systemati-
cally identifying potential defects of the product (or
process), to determine their possible causes and risks
which together carry the defect by identifying the
number of priority risks (LPR). On this basis, develop-
ing actions aimed at minimizing or eliminating the
causes of these defects is essential (MAZUR M.,
ULEWwICZ R. 2007, KNOP K., SELEJDAK J. 2009).

In Figure 2 a summary of non-conformity levels in
which LPR analyzed two products is presented: votive
candle tubes and decorative coasters. The resulting
figures show that the highest value of priority risk of
non-conformity due to LPR has cut into the structure
of the work. Acceptable LPR level exceeds the mis-
match caused by jagged edges of the product. For the
customer, such goods are of no value, so corrective
action to eliminate these inconsistencies should be
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taken. One key step that should be taken in order to
reduce the risk of extinction of this discrepancy is the
modernization of the extrusion head by mounting the
mesh on which the deposit may get contaminated with
the pellet plasticizing zone. On the other hand, to elim-
inate the inconsistency caused by the occurrence of
jagged edges after cutting the upper waste, cutting
blades should be replaced or properly sharpened and
repeat this step each time the inconsistency occurs.
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Fig. 2. Summary of the LPR levels for non-compliance: a)
removable tube votive candle, b) non-conformity stands and
decorative candle stabilizing

Source: own study

The most significant non-compliances are discrep-
ancies characterized by a deficiency and an excess of
plastic materials in the structure of the piece. Priority
number two non-compliance risk is much higher than
the threshold level LPR = 120. Both discrepancies are
caused by a similar factor, in the case of shortage of
material to the operating cycle, accompanied by the
injection pressure being too low or too raw material
parameters have been chosen carelessly. In the case of
plastic lugs on the part of the raw material injection,
pressure was too high, which resulted in the spilling of
material out of the mold detail. In order to avoid con-
fusion caused by short shot or a stalk of raw materials,
the structure of the piece should be monitored on a
regular basis in order to control the injection parame-
ters and settings for optimal injection pressure of raw
material.

4. Analysis of areas for company im-
provement based on Toyota principle
14

Considerations for for improvement were per-
formed by the BOST method (BORKOWSKI S.
2012a,b,c). The study examines the factors that de-

24

scribe Toyota management principle 14 contained in
the E8 BOST survey conducted among production
workers. The aim of the study was to obtain answers
and opinions of people having direct contact with the
conditions under which the system operates produc-
tion. In contrast, the test results are the opinions of
employees on the most important areas for improve-
ment due to the nature of the industry and processing.
Figure 6.3 graphically illustrates the importance of
areas for improvement (where: ZT — the employment
of workers; SM — incentive system; PT — portfolio of
technologies; JK — quality; UM — maintenance of ma-
chines; RE —boss-employee relationship; DA — docu-
mentation; PN — the flow of information; WS — coop-
eration with customers; WD — cooperation with
suppliers, cooperators. on a scale of 1+10, 10 — the
most important factor).
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Fig. 3. Principle 14. Circular graphs
— evaluation structure of the factors,
importance for E8 area: a) ZT,

b) SM, ¢) PT, d) JK, e) UM, f) RE,
g) DA, h) PN, i) WS, j) WD

Source:

own study

The employment factor (ZT) was evaluated by
production workers in the range of 2+7 ratings of dom-
inance rating of 3, indicated by 45% of respondents.
Incentive System (SM) was quite poorly in the range
of 1+4 ratings. This demonstrates the very important
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factor of improvement of the system from the point of
view of workers. The portfolio of technologies (PT)
rated quite highly. Evaluation was mainly at the level
7+10 Quality factor (JK) also played an important role
in the opinion of employees, which was assessed in the
range of 6+10 The most important factor was in the
improvement, maintenance, respondents machines
(UM). This area was rated at 8+10, where the majority
of all allocated is 10 ratings. The employer/employee
relationship (RE) has been recognized as a factor that
gives opportunities to improve the production system.
Similarly, the documentation has been assessed agent
(DA), which according to the respondents, is consid-
ered the least important in terms of improving the
whole system. It was rated at level 1+4. Most of the
ratings were 1 for a neutral area such as the flow of
information (PN), which according to the staff has
been assessed at a medium level of importance. Simi-
larly, co-operation with customers (WS) and co-
operation with suppliers, co-operators (WD) were as-
sessed.

5. Summary

The subject of study was a company operating in
the plastics processing industry. The analysis of the
study found that the main and most important area is
the economy of machinery equipment and their proper
operation. This is due to the fact that the company is
mainly involved in mass production. The BOST study
among production workers showed the greatest need
for improvement was maintenance of machines. Ac-
cording to people close to and participating in the pro-
duction process, it is also an important aspect of re-
source technology to reduce the risk of non-
conforming products. In order to improve the system
particular attention should be paid to technological
development and modernization, as well as proper
handling of machinery and equipment. It is important
to the employees directly involved in the use of ma-
chinery to keep machines at the correct level, conduct-
ing ongoing inspections and maintenance, not only
when the machine shows a decline in efficiency but
also when running without charge, because such con-
duct save on expenses. An important factor indicated
by the employees is the quality of manufactured prod-
ucts. The least important areas that affect the im-
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provement of the quality of products and thus achieve
measurable benefits by the company mentioned are
documentation, the incentive system and the employ-
ee-supervisor relationship. The most important, in
terms of production workers, is to improve areas such
as machine maintenance, quality and technology port-
folio.
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