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Use of statistical acceptance of products
in the automotive industry

Agata Dudek’

I Czestochowa University of Technology, Institute for Material Engineering, Faculty of Production Engineering and Materials Technology,
Czestochowa, Dabrowskiego 69, Poland, phone 48343250721, dudek@wip.pcz.pl

Abstract: The article presents the results of studies on the implementation of statistical acceptance of products with the example of a sty-
rene-rubber plastic connector, while considering particular stages of production. The characterization of factors determining the transition
from normal inspection to relaxed or tightened inspection for products made of styrene-rubber plastic materials has been made. The effect of
the type of inspection on the level of non-conformance of products has been determined.

Key words quality, SCP, automotive, control

1. Rules of the statistical acceptance
of styrene-rubber plastic connector

The principles of the statistical inspection of a sty-
rene-rubber plastic connector have been developed and
implemented on the basis of the PN-ISO 2859+AC1
standards. Sampling plans based on the acceptable
quality level (AQL) were used during lot-by-lot in-
spection [PN-ISO 2859-1:2003]. The following two
inspection systems have been implemented in the en-
terprise:

e normal inspection (recommended as initial inspec-
tion); and

e tightened inspection —in situations of enhanced
requirements or the necessity of tightening the in-
spection for other reasons.

These activities are applicable to the evaluation of
connectors transferred between particular phases of
production (ULEwicz R. 2003, SURINOVA Y.,

LESTYANSZKA SKURKOVA K. 2013, SONTA G., DUDEK A.,

SELEJDAK J., ULEWICZ R. 2015).

For the assessment of the quality of transportable
lots with normal inspection, a single-stage sampling
plan, the general inspection level II, and the acceptable
quality level, AQL = 2.5%, were taken. A schematic
diagram of the procedure is shown in Fig. 1.

In order to determine the conformance of a trans-
portable lot to the specification, it is necessary to:

e cstablish the number of pieces in the transportable
lot,

e take a random sample of products of the size as
specified in the sampling plan,

e cxamine each piece taken for conformance with
the established acceptance criteria and determine
whether it is good or bad, then count bad pieces in
the sample and compare their number with the
qualifying and disqualifying numbers — isolate the
rejects and mark them with the card “Rejects”;
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e consider the lot as conforming to the requirements,
if the number of bad pieces in the sample is equal
or less than the qualifying number;

e consider the lot as non-conforming to the require-
ments, if the number of bad pieces in the sample is
equal or greater than the qualifying number;

e consider the lot as non-conforming to the require-
ments, if the number of bad pieces in the sample is
equal or greater than the qualifying number, and
mark it with the card “To be sorted / reworked”.
The procedure for the assessment of a transporta-

ble lot with tightened inspection is similar to that for
normal inspection, except for the number of acceptable
nonconformities in the sample, which is different. Fig-
ure 1 shows the schematic diagram of the statistical
control procedure.

LOT OF N PIECES

!

LOT OF n PIECES

!
, !

NUMBER OF BAD NUMBER OF BAD
PIECES PIECES
IN THE SAMPLE IN THE SAMPLE
Z >Re Z <Ac
LOT LOT
NON-CONFORMING CONFORMING
TO TO
THE REQUIREMENTS THE REQUIREMENTS

Fig. 1. Schematic diagram of the statistical control proce-
dure: Ac - qualifying number, Re — disqualifying number,
N — lot size, n — sample size, Z — number of bad pieces found
in the sample.

Source: own study

2. Conditions and procedures

of transition

Transition from normal inspection to tightened
inspection. When performing normal inspection,
tightened inspection should be introduced, when
two of five or less successive lots are found to be
non-conforming to the requirements at the first
time during inspection, which means that lots re-
submitted are not taken into account in this proce-
dure.

Transition from tightened inspection to normal
inspection. When performing tightened inspection,
normal inspection should be restored, if five suc-
cessive lots have been considered conforming to
the requirements at the first time during inspection.
Transition from normal inspection to relaxed in-
spection. When performing normal inspection, re-
laxed inspection should be introduced, if all of the
following conditions are satisfied:

0 10 previous lots were submitted to normal
inspection and all of them were accepted
at the first time during inspection,

O the total number of non-conforming units
in the samples taken from the 10 previous
lots is equal or less than the applicable
limiting number,

0 production is stable,

0 relaxed inspection has been recognized as
advisable by the authorized person.
Transition from relaxed inspection to normal in-
spection. When performing relaxed inspection,
normal inspection should be restored, if any of the
following conditions occurs for the first time dur-

ing inspection:

0 the lot has not be accepted,

0 the lot has been considered acceptable on
the basis of the relaxed inspection proce-
dures,

0 deliveries have become irregular or de-
layed,

0 other conditions exists, which justify the
necessity of restoring normal inspection.

Figure 2 shows a schematic diagram of conditions

for transition from normal inspection to relaxed or
tightened inspection.
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- 10 previous lots underwent normal inspection,
- 10 previous lots were accepted with the overall
number of non-conforming units equal or less

that the limiting number,
- production is stabilized,
- the authorized person has expressed approval

2 OF 5 OR LESS SUCCESSIVE
LOTS WERE NOT ACCEPTED

5LOTS WERE NOT ACCEPTED
DURING TIGHTENED INSPECTION

/

RELAXED
INSPECTION

\ START

NORMAL

INSPECTION

TIGHTENED
INSPECTION

- lot has not been accepted,
- lot has been accepted, but the number
of non-conforming units is between
the qualifying number (Ac) and the disqualifying
number (Re),
- sampling plan or production is unregulated,
- other circumstances provide grounds
for transition

5 SUCCESSIVE
LOTS WERE ACCEPTED

SUPPLIER
HAS IMPROVED QUALITY

Fig. 2. Schematic diagram of transition from normal inspection to relaxed and tightened inspections.

Source: own study

3. Conclusion

The development and implementation of the statis-
tical acceptance of styrene-rubber plastic connectors
for serial manufacturing on particular stages of produc-
tion have brought about a reduction of non-conforming
products and faulty products by 9%. Data coming from
inter-operational acceptance are processed by the
Quality Control Department and the Production Plan-
ning Department. The results of analyses serve for
modifying the parameters of the production cycle. By
using processed statistical data, new procedures for
taking actions at the limiting number of
conformities have been developed. This has enabled
the shortening of time necessary for the identification
of the critical points of the production cycle. The large
number of factors influencing the quality of produced
styrene-rubber plastic connectors requires careful qual-
ity control. The use of a variable quality inspection
system is quite expensive and is associated with the
necessity of engaging larger human and equipment
resources. The
mechanism of transition from normal inspection to
tightened or relaxed inspection requires an immediate

non-

change of inspectional and executive procedures
[ULEWICZ R., DIMA I.C., GRABARA J. 2013]. The imple-
mentation of this form of inspection has proved to be
more efficient that the traditional form of quality con-
trol, and, in combination with new procedures, short-
ened the time from the identification of a non-
conformance to the initiation of corrective actions.
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The assessment of quality of products using
selected quality instruments

Edyta Kardas!

ICzestochowa University of Technology, Faculty of Materials Processing Technology And Applied Physics, Ul. Dabrowskiego 69, 42-201
Czestochowa, Poland, (+48) 34 32 50 753, ekonstan@wip.pcz.pl

Abstract The quality parameters of products should be controlled at every stage of the production process, since it allows detection of any
problems even in the initial stages of production processes and removes their causes during manufacturing. Final control of products is in-
tended to capture non-conforming products that did not go to the customers. The results of such controls should constantly be analysed. Such
analysis can help to detect the most common problems, determine some dependences or identify the causes of such situations. A lot of differ-
ent instruments that can support improvement of processes can be used for this kind of analysis. The paper presents the possibility of using
some tools which can be utilized to support the analysis and assessment of quality of products at different stages of the production process.
The quality analysis of exemplary products using selected quality methods and tolls is carried out. Metal sleeve, that is part of electronic
control subassembly of anti-blocking system of ABS, which was the research component being studied.

Key words — quality, quality assessment, methods of quality managements, quality instruments, metal sleeve

various stages of manufacturing to the control of prod-
ucts in stock, is one on the most important factors rele-
vant to the quality of finished products (BORKOWSKI
S., INGALDI M., JAGUSIAK-KOCIK M. 2014, INGALDI

1. Introduction

Quality of products is one of the factors determin-
ing customer satisfaction and profit for the company.

For companies which work in the automotive industry,
the quality of products has additional significance for
customers. The quality of the produced component
affects the quality, comfort and safety of use of vehi-
cles, which has a significant impact on people’s health
and life. Production of repeatable products (products
with the same level of quality parameters), which have
the best parameters compatible with the specifications,
standards and requirement of the customers, is very
important for the companies (TORUNSKI J. 2012,
HAMROL A., MANTURA W. 2009). Continuous analysis
of products at each stage of the production process,
from assessment of quality of materials, through to the

M. 2014, SYGUT P. 2015). The analysis of sleeve, that
is part of electronic control subassembly of anti-
blocking system of ABS, was presented in this paper.
This analysis was based on results from a manufactur-
ing company of automotive industry operating in the
region of Lodz. The assessment of the quality of the
finished product was also presented. The research co-
vers the period of 1 calendar year.

2. Characteristics of the tested object

The quality analysis of metal sleeve is presented in
this paper. The appearance of this sleeve is presented
in Fig. 1.
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Fig. 1. The appearance of the sleeve
Source: [6, 7]

This sleeve is the part of braking system. This is
the part of component of electronic control subassem-
bly of anti-block system of ABS, which is presented in
Fig. 2.

SLEEVE
Fig. 2. Control subassembly of anti-block system of ABS
Source: (KOZIEN A. 2011)

This sleeve has to be produced with the utmost ac-
curacy and precision due to the fact that the ABS con-
trol system effects on safety of vehicle users.

3. Methodology

In order to assess the quality of finished products
the following quality tools were used:

1. Pareto chart — quantitative analysis of non-
conforming products was made, all defective
products were divided into 10 groups and the
most frequent non-conformance was identified.

2. Ishikawa’s diagram — causes of the most frequent
non-conformance were identified and were divid-
ed into 5 groups.

3. 5xWHY? method — one of causes of the most fre-
quent non-conformance was analysed deeply.

4. SPC - statistical analysis was made for one of
parameters connected with the most frequent non-
conformance. Elements of this analysis were fol-
lowing: histogram, basic statistics, three sigma
law, process performance indexes (Pp, Ppk), con-
trol chart.

4. Pareto chart for non — conforming
sleeves

The Pareto chart of finished sleeves was made. Re-
sults used in the analysis covered 12 months of 1 cal-
endar year. Ten of the most frequent non - conform-
ances were observed in the research products:

e Dimensional error — wrong dimension, usually too
short element,

e Material error — visible joining of mould during
casting of material, which cannot be removed dur-
ing treatment,

e No treatment — untreated product,

e Edge — protruding edge on the lateral surface of
the sleeve,

e Notches - corrugated lateral surface inside the
sleeve,

e Loose chips — chips inside the sleeve,

e Impressions — damages on the surface caused by
tool outside the sleeve,

e Surface — surface defects inside the sleeve,

e Steps — corrugated lateral surface inside the
sleeve,

e Damage — defects of the surface caused by inac-
curate treatment.

The Pareto chart was made based on the results on
the quantitative analysis of non - conformances. Dia-
gram was presented in Fig. 3.

The Pareto chart (Fig. 3) showed that dimensional
error was the most frequent non - conformance (almost
22%), than surface (20%) and damages (18%). These
three non - conformances in total has an effect in 60%
of all non — conforming sleeves. Non - conformances
(loose chips, impressions, notches, material error) oc-
curred in small amount of product were insignificant in
point of view of production process.
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The percentage of non-
conformances, %

Non-conformances

Fig. 3. Pareto chart of non — conformances
Source: Own study based on (KARDAS E. 2013, KARDAS E. 2014)

5. Ishikawa’s diagram for causes of ap-
pearing of non-conformance of dimen-
sion of metal sleeve (short part)

Using Ishikawa’s diagram the analysis of causes of
appearance of the most common non-conformance was
made. It demonstrated all significant relations, which
caused the problem of dimension (short part). Groups
of the causes of this non-conformance using Ishika-
wa’s diagram is presented in Figure 4.

Ishikawa’s diagram presented in Figure 4 shows
how the source of failure and malfunctioning of the
process can be discovered and identified. In addition, it
indicated essential relations among various reasons
causing research non-conformance. The application of
diagram enabled the identification and classification of
causes of the issue and presentation of imperfections
of the process.

6. The analysis of selected reason of non-
conformance of short part (chipping
tool) for metal sleeve using SxWHY?
method

After the Ishikawa’s analysis, the method of
5xWHY? should be made in order to further identifica-
tion of the problem and improving its quality. This
analysis is presented in Table 1. The analysis of the
causes associated with chipping tool was made.

5xWHY? method showed how the causes of non-
conformance — short part can be eliminated. The anal-
ysis of cutting tool showed that the roll of cam in the
automatic lathe was deformed due to the low hardness
of the used material.

Table 1. The analysis of selected reason of non-conformance,
dimensional error of sleeve — short element (crushed tool), using
method 5x WHY?

Why did the problem occur?

Why ? | Chipping cutting edge of the tool

Why ? | Vibrations transmitted form the tool post

Why ? | Unstable bringing the tool post to the material

Why ? | Roller of running cam has been deformed

Why ? | Deformation of rolls caused due to the low
hardness of used material

Source: Own study based on (KARDAS E. 2013, KARDAS E.
2014)

8. Summary

The assessment of quality of products, especially
in automotive industry, has great importance for cus-
tomers due to their satisfaction and significant impact
on people’s health and life. Metal sleeve, which is part
of braking system, was the product under study.

Based in the analysis, presented in this paper, it
can be said that:

e There was no trend or periodical fluctuation in the
amount of non — conforming products, only small
changes were observed. These changes can be
caused mainly by various factors of the produc-
tion process.

e Pareto chart showed that during study period ten
non — conformances appeared. Three of them: di-
mensional error (almost 22%), surface (20%) and
damage (18%) were the most frequent and had the
greatest importance for the quality of products.

e The use of Ishikawa’s method presented all sig-
nificant relations among various reasons that
caused non-conformance occurring the most fre-
quently - improper dimension of metal sleeve
(short part). Diagram enabled the identification
and classification of causes of this issue and indi-
cation of causes of imperfections of the process.

e 5xWHY? method showed what was the primary
cause of non-conformance — short part. During the
analysis of cutting tool it turned out that the roll of
cam in the automatic lathe was deformed due to
the low hardness of the used material.

e Amount of non — conforming products is very
low. During research period only 138 pieces of
product were detected. Analysis shows that quali-
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ty of product is very high and performs require-
ments of customer. That small amount of non —
conforming products is the result of the quality

control on every step of production process, what
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Fig. 4. The analysis of causes of dimensional error of sleeve (short element)
Source: Own study based on (KARDAS E. 2013, KARDAS E. 2014)
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Abstract. This paper will explore the mutual correlation of fatigue characteristics ((Kath, oc, ac = f (Rm)) of five structural steels tested at high-
frequency loading based on tests (f~ 20 kHz, T =20 + 10 °C, R = -1). Different fatigue resistance parameters have different meanings and mis-
understanding can lead to significant quality problems in component operation. Consequently, it is necessary to completely understand the rela-
tion between the two most important fatigue characteristics which are fatigue limit 6. and the threshold value of the stress intensity factor am-
plitude Kam and how they act with changing of steel ultimate tensile strength.

Key words— structural steels, fatigue, K., 0., ac, fatigue parameters relation

1. Introduction

Degradation of structural materials properties
caused by fatigue is a serious problem in engineering
applications, because more than 90 % of all fractures
which occur during the operation of a component are
caused by fatigue (BOKUVKA O. et. al. 2015). Fatigue
of structural materials has therefore been studied inten-
sively in the past 170 years (BOKUVKA O. et. al. 2002,
Kunz L. 2003, ULEwWICZ R. 2013).

Fatigue life of a component or a construction
(number of cycles N) contains a number of cycles nec-
essary for fatigue crack initiation Ni and a number of
cycles necessary for crack propagation N,. Compo-
nents or constructions in term of their resistance to
fatigue damage can be evaluated using two methods,
that is according to total lifetime (number of cycles N
where N = N; + N,) or according to fatigue crack prop-
agation with respect to laws of fracture mechanics

(according to number of cycles necessary for crack
propagation N,), (SKOCOVSKY P. et. al. 2015, TRSKO
L. et. al. 2013).

When evaluating the material resistance according
to total lifetime method, the dependence of stress am-
plitude o, (for high cycle fatigue) on number of cycles
to failure or run - out N is evaluated. High cycle fa-
tigue is characterized by Wohler diagram, o, = f (N).
From the Wohler diagram fatigue limit o.. Fatigue
limit 6. can be evaluated and is the highest amplitude
of alternating stress at a certain mean stress oy, which
can theoretically withstand for an infinite number of
cycles. During fatigue tests it is impossible to load the
specimen for an infinite number of cycles. In practical
usage the material has a good resistance to fatigue if it
can withstand the basic number of cycles Nc, which is
in standards for steels - N, = 107 cycles.

When evaluating the material resistance according
to fatigue crack propagation, the dependence of the



Libor Trsko et. al., Quality and fatigue characteristics relation, Vol. 10(1)/2016

fatigue crack growth rate da/dN on the stress intensity
factor amplitude K, is evaluated. From the
da/dN = f(K,) the threshold value of the stress intensity
factor amplitude K.n can be evaluated which repre-
sents the resistance of material against the crack
growth. It is determined according to interatomic dis-
tance (crystallography lattice parameter). If the crack
increase for one cycle is smaller than one interatomic
distance, than cyclic loading has no degradation effect
from a physical point of view (it does not cause a mac-
roscopic growth of fatigue crack). In application it
means that for values K. < Kaun cracks don’t grow or
growth is extremely slow (slower than da/dN = 107"
m.cycle) and it does not cause breaking of material
by fatigue fracture for expected time of using
(KLESNIL M. 1975, SKOCOVSKY P. et. al. 2006).

If it is assumed that structural material will be in
operation subjected to fatigue cyclic loading, then it is
important to evaluate complex fatigue characteristics
for the exact kind of working conditions. This means
obtaining the exact values of fatigue limit o. for given
structural material and threshold value of the stress
intensity factor amplitude Kqm; but is also very im-
portant to know the correlation between o, and Kan.
Knowledge of material constants and their relation is
essential for proper design of machine components and
their safety and reliability (HURTALOVA L. et al.
2013).

In this work the authors, on the basis of these re-
sults, discuss the mutual relationship between the
threshold value of the stress intensity factor amplitude
Kam and fatigue limit o.

2. Experimental

The experimental works, quantitative chemical
analysis, tensile tests and fatigue tests were carried out
on five structural steels. The tensile tests were carried
out on a ZWICK Z050 testing machine at an ambient
temperature of T =20 £ 5 °C, with the loading range in
interval F =0+ 20 kN and the strain velocity range of
em = 107 s'. Round cross-section specimens were
used; the shape and dimensions of the test specimens
fulfilled the requirements of EN 10002-1 standard.
Three specimens of each material were used.

The fatigue crack growth tests were carried out on
a KAUP-ZU resonance testing device, Fig. 1. The
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resonance fatigue testing device consists of ultrasonic
generator, piezoelectric transducer, booster, exponen-
tial concentrator and a test specimen. The electric
power from ultrasonic generator is transferred to me-
chanical vibration in the piezo-ceramic converter of
the ultrasonic horn. This causes vibration at both ends
of the specimen at resonance frequency. The power is
increased until requested displacement amplitude is
obtained (measured by deformation amplitude reader
on the end of the specimen). A resonance fatigue test-
ing machine allows fatigue tests to be performed with
symmetrical push-pull loading (R=-1) at a frequency
of f = 20 kHz in the temperature interval of T=20+ 5
°C.

Power
amplifier

Piezo-ceramic —
converter

Ultrasound
generator

Booster —— .
Mounting r | Personal

ofthehorn ~— | [ [& computer
| Lock-in
amplifie
Concentrator — | plner
Displacement
amplitude
reader
Specimen —

Fig.1. Schematic diagram of the construction of KAUP-ZU fatigue
testing device
Source: own study

)

2 y
JHEIL L ]
N7

8
13 50 13
(76)
:_::3 ( - )‘
?1.5
Fig. 2. The shape and dimensions of the fatigue crack growth test
specimen

Source: own study
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Fig. 3. The method to determine Kamn by gradual decreasing of Ka
value until the fatigue crack growth is terminated

Source: own study

The shape and dimensions of specimens used in
the fatigue crack growth tests are given in Fig. 2. The
procedure for evaluation of K, values result from Fig.
3. This method is based on gradual decreasing of the
loading value until the crack stops propagating. The
test can be controlled by the decrease of the loading
force or by decrease of the K-factor. After each step
(each decrease of the loading force or K-factor) the
crack has to grow through the plastically deformed
zone together with the zone of residual stresses, which
were created by the previous loading values. The crack
stops its propagation when the threshold value is
reached. The applied stress intensity factor amplitude
K, was determined using the following equation:

K, = .-;'E.(w. tam  MPam'? (1)
in which o, is stress amplitude (MPa), « is the half
crack length (m) and w is the specimen width (m),
(KLESNIL M. 1975, PUSKAR A. et. al. 1987). The value
of K was determined at da/dN =102 m.cycle'; three
specimens of each tested material were used.

3. Results and discussion

The results of quantitative chemical analysis
(chemical composition) and tensile tests (ultimate ten-
sile strength Ry,) of five tested structural steels are in
Table 1.

The results of fatigue tests at high-frequency fa-
tigue loading, the threshold values K, fatigue limit o,
and half cracks length a. of fifth tested structural steels
are shown in Table 2.
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Tab. 1. Chemical composition (in weight %) and tensile strength
R of tested steels

Ele-

Rn]
ment) ¢ Mo p s o M N ¢ v o
n o u
Steel Pa)
0. 0. 0 00 00 o 0. o
P'l26 96 35 19 2 o7 ~ 02 o5 - 0
L]0 0 0 00 00 0 0 0 0 0 o
2 80 40 40 4 3 05 3 3 05
S0 L0 00 00 ) 109
78 25 70 15 22 7
410 0 100 00 0 145
52 6 44 2 24 57 B 2
slo o 100 00 o 15
s4 61 41 19 04 57 2

Source: own study

Tab. 2. Threshold values Kan, fatigue limit o. and half cracks
length ac of tested steel

Steel (MIE: ‘;11 2) o.(MPa) ac(mm)
1 4.50 196 0.1670
2 3.38 294 0.0420
3 2.80 383 0.0160
4 2.28 508 0.0060
5 2.10 536 0.0048

Source: own study

The approximate fatigue limit o. was calculated
using the equation o= 0.35 Ry (valid for structural
steels with Ry, in interval from Ry, = 500 MPa to R, =
1500 MPa), with regards to the work (SIMEK V. 1969).
A discussion of the tensile strength Ry, vs. threshold
Kan and tensile strength R, vs. fatigue limit o, re-
sponse incl. relation of threshold Kan vs. fatigue limit
o. behavior was possible to describe by Fig. 4 where
the Kan values obtained in structural steels is decreas-
ing with increasing of Ry, and on the other hand the o,
increasing with Ry, increase. The same trend was re-
ported by authors (RITCHIE R. O. 1981, BOKUVKA O.
et. al. 1992), retardation effects to fatigue crack propa-
gation have also been found to be highest in low-
strength steels (PETRAK G. J. 1974, BOKUVKA O. et. al.
2012). The microstructural factors (e. g. strength and
grain size) indicate that thresholds for crack growth
(Kam) is decreased by high strength levels and fine
grain sizes whereas thresholds for crack initiations, e.
g. fatigue limit (o.) are increased by high strength lev-
els and fine grains sizes (RITCHIE R.O. 1981,
BOKUVKA O. et. al. 2015).
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This means that with the increase of the ultimate
tensile strength of structural material, the critical
length of the crack which starts to propagate by fatigue
mechanism decreases. This seems to be contrary to the
values of the fatigue limit, which is higher for materi-
als with higher tensile strength. It must be un-

5.0 600

- 4 A Kath
T © 9 L 500
LR
E L 400 ®
m‘ 3.5 = &u
g =
= 30 |
= 300 ©
2 297 200

20 4 o

15 ; : : . : 100

400 600 800 1000 1200 1400 1600
R, (MPa)

Fig. 4. Kan and ocdependence on ultimate tensile strength Rm
Source: own study

derstood that the Kan value is a parameter representing
only the critical size of a crack or a defect from which
the fatigue crack will propagate. If defects in material
are smaller than the critical size, other fatigue crack
initiation mechanism has to take place during the fa-
tigue degradation process. Materials with higher ulti-
mate tensile strength have higher resistance to fatigue
crack initiation, but lower resistance to fatigue crack
propagation. Because the fatigue crack initiation peri-
od represents more than 90 % of the total number of
cycles to fracture (this is related to smooth specimens
and components without presence of defects and
notches) and just the rest is needed for the fatigue
crack propagation. Usually materials (mainly steels)
with lower tensile strength are more ductile, thus they
are able to create a plastically deformed zone in the
surrounding of a crack tip. This deformed zone signifi-
cantly slows down fatigue crack during its propagation
and is the main reason why these materials have higher
Kam values. Again in the case of defects smaller than
Kan the fatigue crack initiation process depends only
on the strength of the material and these materials have
a lower fatigue limit o..

4. Conclusions

Based on fatigue crack growth, test results on five
different structural steels with increasing ultimate ten-
sile strength and their relation to approximate fatigue
limit, it can be stated that with increasing materials
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ultimate tensile strength increases the fatigue limit o,
and decreases the critical defect size represented by
Kan value. In general, materials with higher strength
are more resistant to fatigue loading but also more
sensitive to various kinds of material defects (pores,
inclusions etc.), surface defects (scratches, machining
marks etc.) and artificial notches (sharp edges between
different diameters, holes, grooves etc.). This means
that the stronger the material used to improve the fa-
tigue resistance of the component, the bigger the care
necessary to take on the surface quality and construc-
tion of the component to avoid sharp notches.
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Abstract. The analysed theme of this article is based on the training of environmental measurements for workplaces. This is very important
for sustainable quality in technical educational institutions. Applied kinds of software, which are taught at technical educational institutions,
have to offer the professional and methodical knowledge concerning conditions of working ambient for students of selected technical spe-
cialisations. This skill is performed in such a way that the graduates, after entering the practical professional life, will be able to participate in
solutions for actual problems that are related to environmental protection by means of software support. Nowadays, during the training pro-
cess it is also obligatory to introduce technical science. Taking into consideration the above-mentioned facts it is possible to say that infor-
mation technology support for environmental study subjects is a relevant aspect, which should be integrated into the university educational
process. There is an effective progress that further highlights the focus on the quality of university education not only for environmental
engineers. Actual trends require an increasing number of software/hardware educated engineers who can participate in qualitative university
preparation, i.e.IT environmentalists. The Department of Environmental Engineering at the Faculty of Mechanical Engineering, Technical
University in KoSice, Slovakia is an institution specified and intended for quality objectivisation. This institution introduced into the study
programmes (“Environmental Management” and “Technology of Environmental Protection”) study subjects with the software support,
which are oriented towards outdoor and indoor ambient and in this way the Department of Process and Environmental Engineering is inte-
grated effectively and intensively into the area of measurement training with regard to the requirement of quality educational processes.

Key words —software support, indoor, outdoor, measurement, quality

1. Introduction a solution for challenging specific problems which are

closely related to environmental measurement. At

Nowadays there is a frequently repeated idea that present, in the educational process there is sn

information technology support has a key role in obligation to introduce technical development to an

environmental education as well as skills in increasingly high standard (CHOVANCOVA .,
measurement  performance and  expresses an HARAUSOVA H. 2013).

irreplaceable function in the field of sustainable
development. At the technical educational institutions
there is the important intent of software education to
provide the professional and methodical knowledge
about IT skills for students. It is presented in such
a way that in practice they can participate in seeking

2. Software support for environmental
measurement

The selected institution for environmental objec-

tivisation was the department of Process and Environ-
mental Engineering, Mechanical Engineering Faculty,
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Technical University in Kosice, the Slovak Republic.
This institution demonstrates the synergistic effect of
information technology skills and environmental edu-
cation within the framework of the strengthening of
quality development (MARKULIK, S., NAGYOVA, A.
2008).

Measuring of noise and vibration

For measurement of noise and vibration the pho-
nometer Norsonic 121 and Norsonic 140 (see Fig. 1)
are used.

Norsonic 121

Saftware:
X Fér

Norsonic 140

Fig. 1. Scheme of the measured noise data transferring from the
phonometer to PC (Source: own study)

Source: own study

Apparatus perform creation of the sound record,
evaluation of the structural acoustics, identification of
the sound source, creation of the sound maps, noise
measuring in outdoor and indoor environments,
measuring of the vibrations (with completing of the
software evaluated modem). There are characteristics,
more detailed descriptions of the apparatus and its
purpose of the important elements.

Software X Fér connects the data transfer from the
phonometer to the PC. It secures the transfer of the
measured data together with necessary explaining data
from the phonometer.

Software Nor Rewue is designed for processing of
the sound and vibration data. It is used for the creation
of simple reports and eventually to the creation of
more widening developing and complex projector re-
ports. It serves for evaluation of industry and traffic
noise.

The acoustic camera Array-Ring 32/75 and acous-
tic camera Array-Ring 36/48 are other devices which
are used for the noise measuring by students during
their studies. The acoustic camera is an apparatus de-
signed for the visualisation, localization and analysis
of the sources of the noise. It is suitable for the meas-
uring of the vast industry sources of the noise and also

for measuring very quiet sounds in the laboratories for
purposes of identification and the following quantita-
tive and qualitative analyse. The scheme of the appa-
ratus arrangement represents in Fig.2.

Arrey - Ring 32/75 Saftware: Noise Image

Fig. 2. Scheme of the apparatus arrangement for noise meas-
uring with the acoustic camera (Source: own study)

Source: own study

Software Noise Image enables the processing of
measured data from the acoustic camera. It enables the
transfer into the evaluating equipment, the evaluation
of these data, the creation of the acoustic snaps and
films shots. Noise Image is developed with the purpose
of the reaching the interaction among the space, time
and frequency. At the model creation there is observed
only the equivalent level of the acoustic pressure. In
the acoustic picture the values colour differed in such
away that they could be created with the point
sources.

The apparatus performs the following operations:

- the spectral analyse of the pictures

- the data edition for individual channel

- the narrow-band filtration

- the utilization of the built-in oscilloscope for the
definition of the time and spectral functions

- the linear and the logarithmic A evaluation.

The materials absorption and isolation is measured
by means of a device called the Impedance tube SW
466, Fig 3.

| Sotusare: VA - Lab 4 |

Fig. 3. The set up scheme of an apparatus and outputs of ma-
terial absorption measurements,(Source: own study)

Source: own study
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In the laboratory the psychoacoustic head HSU 111
is used for measuring of psychoacoustic noise. This
apparatus analyses the influence of noise on human
psychic and operates on the basis of the statistical data.
It is able to analyse the noise perceptions as effectively
as a human ear. It evaluates the physical and psychoa-
coustic parameters of the noise for human psychic.

The program VA-Lab4 performs analysis which is
necessary for noise measuring. The obtained values
appear in a different time period. The program is effec-
tive to create a curve with selected average times
(CRYSTAL INSTRUMENTS 2009).

Vibrations are an attendant factor of the noise.
These parameters are measured in the laboratory with
the apparatus CoCo 80, Fig. 4.

CaCo 80

Fig. 4. The set up scheme and software outputs of the vibra-
tion measurements (Source: own study)

Source: own study

In principle the device CoCo 80 is a vibration ana-
lyser dedicated to measuring in an industrial environ-
ment. EDM software creates the protocols and dia-
grams and their dependences from the device Crystal
Instrument CoCo 80 which supports the registration of
measured results (TESTO 400 A 435 2009).

Illumination

The illumination is a further factor which
significantly influences the quality of the working
environment. The analysis of this factor is also a basic
part of the environmental engineers’ knowledge. The
students learn to operate with Luxmeter Testo 545 and
Radiolux 111, Fig.5.

Luxmeter Testo 545 is designed for the measuring
of the illumination intensity in the producing work-
places, in the institutions and schools. By means of the
program it is possible to report the list of the measur-
ing points and then to generate a graph from consecu-
tive loaded values. In such a way created ,,light pro-
file* gives areview of the illumination equability of
the evaluated environment.
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Fig. 5. The scheme and the software outputs for the illumina-
tion measurement (Source: own study)

Source: own study

The luxmeter has got the following functions de-
signed for the illumination intensity evaluation:
the determination of the point or time medium val-
ue:
- the selection of more than 99 measuring points
- inner memory (3000 values)
- possibility of the rapid documentation by means of
the protocol printer Testo in place, (optional)

Radio Lux 111 is a manual portable apparatus de-
signed for photometric and radiometric measurement
and enables light measuring and the light radiation. It
is suitable for external field measurements for accurate
laboratory measurement as well. The brightness meas-
urement is a supplementary function which can be
accessible with a special adapter.

Software is an integral part of Luxmeter Testo 545
and Radiolux 111 and creates the interface for data
transferring from the luxmeters to the PC (TESTO 545
2009).

Electromagnetic radiation
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Electromagnetic radiation is measured by the ap-
paratus Efa 200. The device is an analyzer which is
designed for the magnetic and electric field measuring
of the indoor and outdoor environment. The apparatus
works with the software Efa tool and software NBM-
TS. Efa tool is designed for the gathering and transfer-
ring of the measured data from devices (control unit of
the apparatus Efa 200/300) to the PC. It enables the
outputs in the rtf format.

Software NBM-TS provides the visualisation, anal-
ysis of the measured results and their exporting the
table calculator MS Excel (NARDA SAFETY TEST
SOLUTIONS 2009).

Microclimate conditions

The evaluation of the basic physical environmental
factors also represents the measuring of the microcli-
mate conditions. Microclimate is measured by means
of the apparatus Testo 435 and Testo 400. The device
Testo 435 enables the measuring of the following pa-
rameters of the air and environment:

- temperature - turbulence
- relative humidity -  differential pressure
- illumination - relative pressure

CNARDA SAFETY TEST
SOLUTIONS 2009)
- speed of airflow
The apparatus Testo 400 is as the reference meas-
uring equipment enabling the large scale measuring of
the environment parameters, gas, liquid and rigid mat-
ters as well. This device performs measurements for
following:

- temperature - revolutions
- humidity - content of CO/CO»
- pressure - electric values, (NARDA

SAFETY TEST SOLUTIONS
2009).
The advantage of these devices is direct reading of
the measuring data from a display.

Conclusion

The integrated “Laboratory of the Objectivisation
and Evaluation of Environmental Factors” is situated
at the Mechanical Engineering Faculty, the department
of Process and Environmental Engineering. The labor-
atory equipment and its instruments and technologies
are able to measure the basic physical factors of work-
ing indoor and outdoor environments. At present there
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are 5 environmental factors: noise, vibration, illumina-
tion, electromagnetic radiation and micro-climate.

It is necessary to obtain more environmental edu-
cated engineers who participated in qualitative aca-
demic preparation. But technical science and develop-
ment can also claim high quality IT skills. It is
a challenge for academic educational institutions to
build a lot of well equipped laboratories. The estab-
lishment of a “Laboratory of the Objectivization and
Evaluation of Environmental Factors” undoubtedly
contributes to increased quality of studies and prepara-
tion for undergraduates.
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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.

Key words — FMEA method,Pareto-Lorenz diagram, BOST analysis, Toyota Principles, quality, candles production

1. Introduction + quality of the environment,
*  quality of the measurement.

Modern technological processes should be charac- All variables globally create a high quality of the
terized by a high rate of production, reproducibility final product, and therefore should be considered to-
and repeatability and stability of individual technolog- gether, not forgetting that each of the components is
ical operations. These features influence the require- the result of the impact of the following variables in
ments for individual process steps. Careful discern- every aspect of production (BORKOWSKI S., KRYNKE
ment about the suitable quality of the products is M., INGALDI M. 2012).
undoubtedly a complex process because of the multi- The quality of the process depends largely on the
plicity of factors determining it. The basic variables methods and techniques used to implement the indi-
that affect the quality of the product are: (MIELCZAREK vidual technological operations on time. In addition to
K., MAZUR M. 2007): factors directly linked to the party manufacturing pro-

«  quality of the material, cesses are also important factors of work organization

«  quality of the process, and quality requirements of the material. Suitable qual-

«  quality of the equipment, ity equipment is also significant. It is one of the basic

« quality of staff, conditions for the functioning of production lines and

17
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directly affects the production capacity of the company
(VOGT K., KUJIAWINSKA 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
Ny cut structure

N» too thin

N3 jagged edges

Ny too thick

Ns dirty surface

Ns 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
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candle elimination of discrepancies N, N», 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%.

Percentage share
[%]

B D @ S

o o o o

N
o

o

Discrepancy indicatina
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
(KNoOP K., SELEIDAK 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
(ULeEwicz 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.
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280
240
200 o
160 o
120 +
80 1
40 1

0+

RPN value

N1 N2 N3 N4 N5 N6
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 ES.

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 o [25] 0 o] 015|600 o0 | 0
2 103500 0 [15[25]10] 5| o
3 45|20 00| o0 [15]10] 0| 5| 5
4 202000 0 [35]5 5| 5 | 10
5 15/ 0 |50 0 [15] 0 [ 5 [10] 50
6 50050 0o]o35]40]15
7 5|0 [15]10] 0 |5 0 [30]15] 20
8 0|0 35301500 0 2] o
9 00 ]z0(25]40 00 [15] 0 [ 0
10 0o 25304500 oo o

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.

a) b)
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%’D / P . 550 / ..
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¥ 60 g - o
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4 240
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Fig. 3. Principle 14. Pareto-Lorenz diagrams of the factors’
importance E8 area for evaluations: a) ,,1”, b) ,,2”, ¢) ,,3”,
d),4",e .57 0,672 .7 1,87, 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 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.

incentive
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Abstract: This paper deals with transformation of the customer's requirements into the specified technical parameters by means of the QFD
(Quality Function Deployment) method on condition that the customer disposes of basic technical knowledge. The relevant technical param-
eters are describing an engineering product, which is chosen from the automotive industry area. The QFD method enables elaboration of the
individual functions of quality using a multi-phased mapping process in order to transform efficiently the customer's requirements into the
real technical parameters of the given product. The chosen technical product is the petrol engine 1.2 Ecotec® installed in the passenger car
and it is working in the functional connection with 5 stage manual gearbox. This article analyses in detail only the first phase of the petrol
engine production, taking into consideration the given technical requirements. The following step of this process is the next phase, which is
focused on the engine aggregates, further it is the phase of the engine aggregate production and the final phase is the global production.

Key words —QFD, automotive, petrol engine, industrial engineering, industrial management

1. Introduction 2. Methodical Procedure for Creation of
the QFD Diagram
The QFD method (Quality Function Deployment)
is a multi-phased mapping method developed for The chosen engineering product of automotive
elaboration of quality functions. This method consists industry is the petrol engine 1.2 Ecotec® (51kW/70k),
of several steps and it enables efficient transformation which is installed in passenger car and coupled with 5
of the customer's requirements into the real technical stage manual gearbox, (SZENDRO G. 2015), Fig. 2.
parameters relating to the given product. This tool, Identification of the Customer's Requirements
introduced during the 1970s by the Japanese engineer — What the customer wants
Yoji Akao, is a universal instrument, which can be The main task of the first step, which is necessary
utilised not only in the phase of proposal and for creation of the QFD diagram, demands definition
development of a new product, but also for of a target group of customers and to identify their
improvement of the individual processes, as well as for requirements (conceming the petro] engine) by means
projection of the production systems,(RUDY V2009). of the specific procedures that are applying the tools
The specific methodical procedure, which was VOC and CTQ, (JAGUSIAK-KOCIK M. 2014).
developed for a successful application of the QFD Afterwards, the solution team has to analyse these
method, is illustrated in Fig.1. requirements in detail and to arrange them into the set
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of priority requirements using either the affinity
diagram or the Kano model. The given set of
requirements, which is prepared in this way, creates
abase needed for following assembly of the QFD
diagram, (NAGYOVA A. 2016).

Selection of automotive industrial product: Petrol Engine

2. Designalion of
Importance Degree for the
Customer's Requirements
for Petrol Engine

1. Identification of the
Customer's Requiremants
for Petrol Engine

3. Determination of
Technical Parameters for
Petrol Engine

4. Analysis of

| Interrelationships

(requirements varsus
amelers,

5. Calculation of Global
Impertance for the
FParameters

6. Comparison of the
Technical Parameter
Correlations

'

7. Customer's Comparison
of Our Company and
Compelitive Company

9. Determination of the
Targel Values and Proposal
of Product Improvement

ggi
Sad
il

Fig. 1 Procedure developed for application of the QFD method

Source: own study

Fig.2 Petrol Engine 1.2 ECOTEC®

Source: own study

Designation of Importance Degree for the
Customer's Requirements How much the
customer needs them

It is necessary to designate a degree of importance
to each of the customer's requirements. A suitably
selected evaluation scale is based on a collective
decision of the solution team, taking into consideration
the solution team experiences or it is also possible to
use the results obtained from the previous Kano model
application. The next evaluation scale was chosen, in
this case: 1- the least important requirement, 3 —the
most important requirement (SZKLARZYK P. 2014).
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Determination of Technical Parameters
Definition of values

This step has to ensure a mutual co-operation
between the department of design and the department
of technology or production, because the main task of
these departments consists of suggestion of technical
specifications needed during the design proposal of the
petrol engine in accordance with the customer's
requirements, whereas there is defined a tendency or
direction for a future improvement of the individual
technical parameters (KRYNKE M. 2015).

This direction offers information about a necessity
to increase or to reduce value of the given parameter in
order to reach a higher quality level. Eventually, the
given parameter value is defined invariably, (KRYNKE
M. 2014).

Analysis of Interrelationships — Looking for
interconnections

The functional analyses of the relationships are
performed within this step among the customer's
requirements and the technical parameters in order to
consider whether the given technical parameters of the
petrol engine are important with regard to fulfilment of
certain customer's requirements. It is necessary to
define a proper evaluation range in this step, as well.
For example: 3 — strong relationship, 2 — moderate
relationship, 1 — weak relationship, 0 — without
a relationship (no relationship).

Calculation of Global Importance for the
Parameters — Evaluation of technical parameters

The main purpose of this step is identification of
such technical parameters, which are the most
important with regard to the customer's requirements
and therefore the priority of these parameters is the
highest during the phase of the petrol engine design.
The calculation process creates a sum of the
arithmetical products between the degree of
dependence and the degree of importance for each of
the technical parameters. The parameters with the
highest calculated values, obtained within the
framework of the performed evaluation process, are
the most relevant technical parameters (BIGOS P. 2012)

Comparison of the Technical Parameter
Correlations — Diagram shelter

It is necessary to compare not only the customer's
requirements with the technical parameters, but also to
analyse the functional correlations among the
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individual technical parameters. In the case that
a correlation between two technical parameters is
positive, i.e. if increasing of one parameter causes an
increase of the second parameters, then the parameters
are marked with the sign (+). In the case of a negative
correlation, i.e. if increasing one parameter reduces the
value of the other parameter, the parameters are
marked with the sign (-). The third possibility is
a variable correlation, i.e. the correlation is either
positive or negative. The variable correlation can be
reached, for example, by changing another
constructional parameter and the sign (*) is applied in
that case. If there is no relevant correlation between
two parameters, the corresponding field is without
infilling, i.e. this field remains empty, (GIRMANOVA
L.2009).

Customer's
competitors

Before composition of this QFD diagram part it is
necessary to choose the competitive engines of the
same type or the same price category, which are
produced by the most important competitors (A and
B). Afterwards it is possible to compare the proposed
or the present state of the customer's requirement
fulfilments with the situation concerning fulfilment of
the customer's requirements by our competition. A
suitably defined evaluation scale is a necessity in this
step, too. There is chosen, for example: 1 — represents
the weakest evaluation, 2 — means a moderate
evaluation and 3 — is the best evaluation. The plan for
a following improvement of the petrol engine
production should be scheduled according to the
results obtained from the above-mentioned
comparisons (TOPOLSEK D. 2015)

Technical Evaluation — Monitoring of technical
and competitive parameters

The main intention of this step is comparison of
the relevant technical parameters with the competition.
The used evaluation method is similar to the previous
step, however the data collection process is a more
complicated task with regard to the fact that the
individual companies are protecting their own know-
how. From this reason it is possible to apply only the
publicly accessible information presented on the web-
pages of the companies or in the production catalogues
published by the competitive companies (JAGUSIAK-
Kocik M. 2013).

Evaluation of

Monitoring
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Determination of the Target Values and
Proposal of Product Improvement — Finalisation of
the First House from QFD method

The project solution team is able to identify
possible disadvantages of the petrol engine thanks to
the performed technical comparisons and the
customer's comparisons (BORKOWSKI S. 2013).

Consequently, this team has to set-up the target
parameters for their own petrol engine so that it could
be competitive. At the same time it is necessary to
consider, which of the target parameters can be
ensured and maintained during the long time period by
the production company
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Fig. 3 The final QFD diagram with shelter and with the
target values necessary for production of the petrol engine

Source: own study
3. Conclusions

Assembly of the QFD method diagram represents
a four-matrix approach. This fact means that after
determination of the target parameters of the petrol
engine only the first phase from the group of four
phases as a whole is complete. The final QFD diagram,
created for the first phase, is presented in Fig.3. This
diagram includes two shelters and it defines the target
values required for intended innovative production of
the petrol engine.
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The results obtained from the first part of the QFD
diagram are necessary for a following development of
the second part of the QFD diagram, as well as for the
third part and fourth part of this diagram consequently.
The results or outputs obtained from the previous parts
represent inputs for the following QFD diagram parts
at the same time.

The functional differences among the individual
matrixes consist in the next characteristics: the second
part of the QFD diagram 1is specified for
transformation of the technical parameters (outputs
from the first part) into the individual machine design
parts or aggregates of the petrol engine.

The third part of the QFD diagram transforms the
petrol engine constructional parts or components
(outputs from the second part) into the parameters of
the petrol engine production process.

Finally, the fourth part of the QFD diagram
performs transformation of the production process
parameters (outputs from the third part) into the
parameters of the whole production system with regard
to the global production. It is important to emphasize a
fact that this article analysed in detail only the first
phase of the petrol engine production, taking into
consideration the given technical requirements, (BIGOS
P.2011).
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Abstract: The main aim of this paper is to present the standard ISO/TS 16949. In the modern world of competition, quality is one of the
most important factors. Modern organizations should gamble on quality, regardless of the type of business, because it is the basic form of
running a business effectively. It is not only a factor of market success, but also an indication of organizational culture.

Key words — quality, automotive industry, ISO/TS 16949

1. Automotive industry

Thanks to the constant globalisation process and the
systematically encountered fierce competition in inter-
national markets, change in the location of production
processes has become a common practice for entrepre-
neurs representing the automotive sector all over the
world. At the same time, the phenomenon of capital
concentration can be observed in the automotive sector
(CALADOR D., SILVAM B., SILVABOASORTEOLIVEIRA
A., SPAGNOLG S., SARANTOPOULOS A., LIL M. 2014).

The nature of the automotive industry in the era of
accelerating technological progress, increasing consum-
er awareness and the ever changing market demands that
global car-makers and their suppliers use and implement
systems that are capable of providing the highest quality
and safety of their products (BORKOWSKI S., ROSAK-
SZYROCKA J. 2009, ROBAK B.,ULEWICZ R. 2013,
ROSZAK M., SPILKA M., KANIA A. 2015, ROSZAK M.
2014). Apart from the individual automotive quality
management systems characteristic to particular car-
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companies, the basic standard currently used in the in-
ternational automotive markets is the quality manage-
ment system based on the ISO/TS 16949 technical speci-
fication.

2. ISO/TS 16949 standard

ISO/TS 16949 together with ISO 9001(BORKOWSKI
S., ULEWICZ R. 2000, BORKOWSKI S., ULEWICZ R. 2001)
is posing guidelines for the implementation and
maintenance of quality management systems in the
whole chain of production processes and the produc-
tion of spare parts in the automotive industry.

ISO/TS 16949 was developed by the International
Automotive Task Force (IATF) to create common
processes and procedures across the automotive indus-
try. IATF members include some of the world’s largest
car manufacturers, including BMW Group, Chrysler
Group and General Motors
(HTTP://WWW.KANTNERCOMPANY.COM/AA 16949 . KC.HTM.).
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"Revolutions" car manufacturers in quality manage-
ment systems, causing difficulties in managing the
factory system documentation, which was often carried
out for several different independent quality manage-
ment systems, such as working with Renault, BMW
and Ford organization had to have three implemented
quality management systems: EAQV(French quality
management system), VDA 6.1(Germanquality man-
agement system), QS-9000 (U.S. quality management
system).
The initiator of this project was the IATF (Internation-
al Automotive Task Force- International Operations
Team Industry Automotive) and national trade associa-
tions(AIAG -America, VDA - Germany,SMMT- Unit-
ed Kingdom,ANFIA-Italy, FIEV-France) who were
responsible for the design of the technical group Inter-
national Organization for Standardization ISO TS 176.
As result of heated debates a new standard
ISO/TS16949"Quality systems was set for suppliers to
the automotive market- the specific assumptions for
ISO9001:1994." The intention was to harmonize the
requirements of the quality management systems of the
automotive market: the U.S.(SQ9000), Italian
(AYSOIJ, French(EAQV) and German(VDAG6.1)with
1SO9001:1994. Message of ISO/TS16949:1994was to
ensure continuous improvement, prevent defects, re-
duction of volatility and losses in the supply chain.
Top tips for implementing ISO/TS 16949 are fol-
lowing:
1. Make sure your whole business and supply chain
are committed.
2. Engage your business and supply chain with good
communication.
3. Compare existing quality management with ISO/TS
16949 requirements.
4. Get supply chain and stakeholder feedback on cur-
rent quality processes.
5. Establish an implementation team to get the best
results.
6. Map out and share roles, responsibilities and time-
scales.
7. Adapt the basic principles of the ISO/TS 16949
standard to your business.
8. Motivate staff and supply chain involvement with
training.
9. Encourage your supply chain to become ISO/TS
16949 certified.
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10.Regularly review your ISO/TS 16949 system to
make sure it remains effective and that you are con-
tinually improving it.

According to the investors, the factors which make
the automotive sector particularly attractive include:

e the convenient location of Poland in the centre of
Europe and the proximity of approximately 40
large automotive industry plants:

e the developed network of sub-suppliers and co-
operators which exceeds 900 plants of which over
500 companies hold ISO/TS 16949 quality certifi-
cates,

e the availability of a highly skilled labor force,

e an attractive system of investment incentives, in-
cluding non-reimbursable grants and tax exemp-
tions.

Poland is being increasingly chosen by investors
operating in the automotive industry. Among approxi-
mately 40 automotive plants located in Central and
Eastern Europe and operating in 16 are located in Po-
land (Table 1).

In 2014, 578.4 thousand passenger cars and com-
mercial vehicles were produced, an increase of 0.6%
against the previous year. Further increases in produc-
tion is expected due to the commissioning of a plant
manufacturing VW Crafter in Wrzesnia in 2016 (max-
imum production capacity will amount to 100 thou-
sand vehicles). Large production plants also operate in
Tychy, Gliwice and in Watbrzych. Toyota plants man-
ufacture engines for themselves, Peugeot and Citroen;
Fiat produces engines for their own needs and for
Ford. The Volkswagen factory in Polkowice is a pro-
ducer of engines for passenger cars and commercial
vehicles for VW, as well as for Audi, Seat and Skoda.
The Toyota Motor Manufacturing Poland in
Watbrzych manufacture engines and gearboxes for
itself, Citroen and Peugeot. Also, General Motors’
decision to launch production of the latest generation
of Opel Astra is another significant investment. The
production in the Gliwice plant commenced in Sep-
tember 2015. The investment outlays related to the
implementation of the project amounted to approxi-
mately EUR 150  million(WWW.PAIZ.GOV.PL,
HTTP://WWW.STANDARDS.ORG/STANDARDS/LISTING/ISO_TS
16949)



Joanna Rosak-Szyrocka, Automotive standard ISO/TS 16949..., Vol. 10(1)/2016

Table 1. Engines and cars producers in Poland

Localization area of the company

Name and kind of the company

Stupsk SCANIA (coaches)
KAPENA (coaches)
VW Poznan (cars)
Poznan Solaris (coaches)
Solbus (coaches)
WolkswagenWrzesnia (cars factory from 2016)
Wroclaw Walbrzych Toyota (engines)
JelczLaskowice Toyota (engines)
Polkowice VW (engines)
Katowice General Motors MP Tychy Engines factory (from 2017)
Krakow Bielsko-Biata FPT Diesel/Gasoline (engines)

AndrychéwAndoria (engines)
Tychy Fiat/Ford (cars)
Gliwice GM Opel (cars)
Tychy GM MP (engines)

Source own study basis on: www.paiz.gov.pldostep: 23.04.2016

3. Meaning ISO/TS 16949 in the

company

The benefits of being certified to ISO/TS 16949
Standard includes are but not limited to:

Quality improvement in product & process,
Additional confidence to the customers,

Common approach for managing Quality Manage-
ment System,

Reassignment of resources to quality improvement
and

Reduction in the multiple 3rd party registrations.
Implementation of ISO/TS 16949 management
system is by no means an easy task. Organizations that
have chosen the DIY (Do-It-Yourself) approach may
find it confusing when upgrading their [ISO 9001 man-
agement system to ISO/TS 16949 which includes addi-
tional automotive industry requirements and customer-
specific requirements. For a company of around 100
staff, it will probably take close to a year to ready itself
for the certification process. Even though ISO 9001 is
not a pre-requisite for ISO/TS 16949, it is recommend-
ed to be implemented first.To be effective, a project
team that consists of a team leaders and members from
the key processes should be formed to spearhead for
the project. Usually, in the initial phase, the team will
spend almost 50% of their working time devoted to
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this purpose. Additional costs could come from the
additional staff employed to temporarily take over the
duties of the team members assigned.The costs of cer-
tification for ISO/TS 16949 depend on the scope of
certification, size of the organization, number of manu-
facturing sites and remote locations. IATF through its
“Rules for Achieving Recognition” states the audit
man-day requirement be based on the number of em-
ployees in the organization. Most of the certification
bodies follow the rule quite closely in quoting audit
man-days for the organization. Certification bodies
usually charge a certain day rate for the audit per-
formed and the rate can be quite different among dif-
ferent countries and different -certification bod-
ies(BEVILACQUA M., CIARAPICA F.E., GIACCHETTA G.,
MARCHETTI B. 2011, CALADOR D.SILVAM B.,
SILVABOASORTEOLIVEIRA ~ A., SPAGNOLG S.,
SARANTOPOULOS A., LIL M. 2014).

4. Summary and conclusions

Requirement for the production of the product with
the highest standards of quality beyond the use of the
most modern technological methods is the implemen-
tation of quality management systems and their con-
tinuous improvement in organizations using qualitative
methods.
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In Poland, the first quality systems began to be im-
plemented in the 90's. The first companies that have
decided to change the approach to quality have been
exporting companies their products to EU countries.
Boards of these companies wanted above all to enter
new markets. So it was the main, and often only goal.
However, after a few years, a large group of compa-
nies began to implement quality systems in accordance
with ISO9000 with a view to acting in the Polish mar-
ket. Their goals were similar to those of the leading
European companies: reduce costs, increase competi-
tiveness and internal benefits. Soon, however, entre-
preneurs looking for a shorter route through the pur-
chase documentation or even purchase a certificate
became common. These, however, are not enough,
most of the management decided to implement the
system consciously aware of the benefits to be
gained.At the end of June 2010, a total of 42,189 cer-
tificates were issued to ISO/TS 16949(LYSAK D.
2013). Asia Pacific region accounted for the biggest
number of certificates issued - 16,585 (47%). Among
all the countries, China was the fastest growing coun-
try which itself accounted for 13,031 (31%) certifi-
cates.

The fact that a given company has a certificate be-
ing in accordance with ISO/TS16949 is an important
argument in business talks. This standard introduces a
common ground for all participants of the supply
chain(Hys K. 2015.).
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Abstract. Researchers of different scientific disciplines, such as management strategies, organizational theories and marketing, have in the
past explored relations of mutual influences and the importance of cooperation between different functions in a company. The increased
focus on the logistics function has potential to increase competitiveness. This is especially true for globally aimed production companies. In
any company, logistics functions cooperate with various related functions such as production, marketing, procurement, engineering or devel-
oping new products as well as with financial functions. Each of the aforementioned connections or cooperation among logistics and its com-
plementary functions can have a decisive effect on the company's competitiveness. Using a survey, we determined which activities in the
surveyed companies are performed by the logistical function together with the marketing function and which activities they suggest should
be performed together but are currently not, meaning they are co-dependent. Since interfunctional integration between logistics and market-
ing increases the success of a company, we also examined the connection between the current joint performance of activities and the sug-
gested joint performance of activities among the before mentioned sectors, connected to the effectiveness of the company. To examine the
mentioned connections among the logistical and marketing functions, Explanatory Factor Analysis (EFA), Confirmatory Factor Analysis
(CFA) and Structural Equation Modelling (SEM) were performed.

Key words — Integration, Logistics, Marketing, SEM

1. Introduction while manufacturing or production represents the pro-
duction of something; nonetheless, it is necessary to
Logistical functions cooperate (are connected) look at a company on a higher level (BALLOUR.
with different interconnected functions such as produc- H.2004).
tion, marketing, procurement (GUSTIN C. M. 1991), Logistics must be closely connected to production
engineering or new product development (GUSTIN C. and marketing, as only as such it can plan, coordinate
M., 1991) and with financial functions as well (COYLE and integrate their cross-functional activities (MORASH
J.J.,BARDIE. J.& LANGLEY J. C. 2003). E. A., DROGE C.&VICKERY S. 1997).
Traditionally, many companies are organized Marketing is thus basically responsible for market
around marketing and production functions. This is not research, promotion, sales management and product
unusual, since marketing means selling something, availability. Production/operations refer to the creation

of a product or a service which creates value of the
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product because of its shape. Logistics is hidden in
these activities and gives the product or service the
value of time and place. This separation of activities
into three groups, and not into two, is not always nec-
essary or even advisable. Logistical activities may in
fact be coordinated otherwise. Marketing and produc-
tion systems/operations may successfully carry out
logistics activities without creating additional organi-
zational entities.

Various authors differently interpret the integration
and cooperation between functions in a company. The
integration of logistics and marketing function is
a process of interaction and collaboration, in which
logistics and marketing functions work together in
a cooperative mode to achieve mutually acceptable
results for the company.

Logistics and marketing functions are now already
integrated to a certain level in many companies, but
BOWERSOX D. J., CLOSS D. J. andSTANK T. P.(2008)
show two catalysts or initiators for the classification of
logistics into a system of key strategic resources.
These two catalysts are time and competition, based on
quality, efficiency and effectiveness. These factors
seek to eliminate wastage of time, effort, incomplete
units and supplies in the production-distribution sys-
tem (SCHULTZ D. P.1985). The most common con-
cepts, which are based on time and quality, are Just in
time — JIT and Quick response - QR. Typically, posi-
tive effects from such concepts are fully utilized only
if the logistic function is internally integrated with
marketing.

Recently, researchers have highlighted the need to
increase the level of cross-functional collaboration
between logistics and marketing, whereas the latter
increases the performance of the company (KAHN K.
B. &MENTZERJ. T. 1998; MORASH E. A., DROGE C.&
VICKERY S.1997). BOWERSOX D. J., CLOSS D. J., and
STANK T. P.(2000) made an initiative claiming that the
improvement of integration between logistics and
marketing function is crucial to the success of compa-
nies in the 21st century. The success of the company is
to be understood as the sum of performance of teams,
departments and individuals. That is why companies
recently place great emphasis on assessing work per-
formance, staff motivation, development of human and
intellectual capital.
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Based on the given facts, it can be concluded that
the integration of logistics and marketing functions is
crucial to the success of the company. On this basis,
this study focuses on which activities of logistics and
marketing functions are actually carried out jointly,
and which activities should be carried out together and
interdependently. Because of that, the main research
field of this research is focused on the implementation
of joint actions and the impact there of on the perfor-
mance of the company.

2. Methodology of research

To determine the relation between the current state
of implementation of the activities, the proposed state
of implementation of the activities, and performance of
the company, an anonymous survey was carried out
among Slovenian companies. The sample of enterpris-
es was based on a predetermined scope, represented by
companies whose business is defined as Retail trade,
except for motor vehicles.

In the analysis, we dealt with 78 correctly com-
pleted questionnaires. The questionnaire is comprised
of two main sets of questions that relate to the imple-
mentation of the activities and performance of the
company. All questions were answered by employees
in the logistics sector as well as in the sector of mar-
keting.

Respondents evaluated the existing state of im-
plementation of activities and the proposed status of
implementation of activities on a Likert scale (1 Never,
5 Always). We also evaluated the performance of the
company from the perspective of four items on a Lik-
ert scale (1 Very Low, 5 Very High).

Table 1: Variable names

Which activities are performed together (left side) and which activities
should be performed together (right side)

Variable Description Variable-
— current suggestedstate
state

CURR 1 Transport SUGG 1
CURR 2 Warehousing and storage of goods SUGG 2
CURR 3 Industrial packaging SUGG 3
CURR 4 Goods manipulations SUGG 4
CURR 5 Maintenance of stock SUGG 5
CURR 6 Order processing SUGG 6
CURR_7 Demand predictions SUGG 7
CURR 8 Production planning SUGG 8
CURR 9 Procurement SUGG 9
CURR 10 | Consumer support SUGG 10
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CURR _11 | Location of production and storage facili- | SUGG_11
ties
CURR 12 | Handling of returned goods SUGG 12
CURR 13 | Support to service activities and supply of | SUGG_13
spare parts
CURR_14 | Solving problems with waste and their | SUGG 14
disposal or recycling
CURR_15 | Designing specific characteristics of the | SUGG_15
product or service from the view of useful-
ness, quality or design
CURR_16 | Packaging design SUGG 16
Assessment of performance of the company
Variable
My company has achieved a reduction in the costs services
PERF 1 that we have in order to meet the specific requirements of a
certain consumer
PERF 2 My company has achieved a reduction in costs in transporting
- certain goods to certain consumers
My company has achieved a reduction in costs in the pro-
PERF 3 . . .
- cessing of certain orders of certain consumers
My company has achieved a reduction in outgoing stocks of a
PERF 4 . .
- given product for a given consumer
PERF 5 My company has achieved a reduction in the delivery time for
= a given consumer

To explore the problem defined, a statistical analy-
sis was carried out, which included exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA)
as well as structural equation modelling (SEM).

3. Results

With the help of a questionnaire we measured
what activities respondents from both sectors (logistics
and marketing) actually carried out jointly and which
activities the respondents proposed to be carried out
jointly or interdependently between sectors.

Basic developed insights suggest that the percep-
tion of the implementation of interdependent activities
among employees in complementary functions varies
considerably. We note the continuing differences in the
responses of employees in the marketing function in
comparison to the answers of employees in the logis-
tics function, from which we detect some non-
compliance and poor understanding of the actual im-
plementation of activities.

EFA and CFA

Exploratory factor analysis (EFA) is designed for
situations where the links between the observed and
latent variables are unknown or uncertain. Based on a
normality test we can conclude that the distribution is
normal, which allows for the use of Maximum Likeli-

hood estimation. To determine reliability, the Bartlett’s
test of sphericity (BTS) and the Kaiser-Meyer-
Olkin(KMO) test were also conducted. The BTS value
was highly significant ( =2798.229 with df=276 and
p<0.001), while the value of KMO was 0.736 > 0.05.
Therefore we can claim that factor analysis is reliable.
Item loadings on factors were significant, since they
reached the value 0.40 or more.

The EFA resulted in 3 factors — see Figure 1 for
details. It is evident that the variables concerning the
current state (CURR), suggested activities (SUGQG)
and company’s performance (PERF) are significantly
loaded on the corresponding factors. Loading factors
resulting from EFA were assigned to confirmatory
factor analysis (CFA). Based on the assumption of
multivariate normality, the maximum likelihood (ML)
method was used.

Structural equation model

Six steps of SEM modelling were performed as
recommended by Kline (2005). In SEM the maximum
likelihood (ML) estimation method was used.

Figure 1 shows SEM results, where the estimated
path coefficients are significant at p<0.10 level among
the variables.

The latent variable CURR for currently jointly per-
formed activities was constructed with 7 measured
variables. From the path coefficient, it is obvious that
the maximum value is that of the CURR 14 (Solving
problems with waste and their disposal or recycling)
and of CURRI15 (Designing specific characteristics of
the product or service from the view of usefulness,
quality or design). This means that these two variables
are most commonly presented and are most commonly
performed together with a complementary business
function.

The latent variable SUGG is comprised of 14
measured variables, among which SUGG 4 (Goods
manipulation) in SUGG 5 (Maintenance of stock)
stand out, meaning that they are the most important
activities for cooperation.

For PERF variables, the EFA and CFA revealed 4
latent variables, among which PERF 2 (Reduction in
transport costs) has the largest coefficient and is there-
fore the most important factor in a company’s perfor-
mance and success.
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The SEM results also identified 3 significant rela-
tions among the latent variables. First negative relation
is between current performance of activities and effec-
tiveness. This shows that current joint performance of
activities is not at a satisfactory level and even has a
negative effect on the company’s performance. On the
other side, results show an important positive relation
between the suggested performance of activities to-
gether with other functions and the company’s perfor-
mance. This leads to the conclusion that such compa-
nies are on the path towards economical success.

Figure 1: Results of the SEM model and coefficients
of relations
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All indices of model fit are inside the allowed lim-
its or surpass the given minimal values (Chi-Square =
2411.883; Relative Chi-Square of the discrepancy =
8.867; RMSEA= 0.032; NFI =0.961; CF1 = 0.978; IFI
=0.985; SRMR = 0.0562).
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4. Conclusion

The paper presented one of the most important as-
pects of a company’s operations — its internal integra-
tion of different functions, most importantly the logis-
tics and marketing functions. Previous studies show
that internal integration of various functions, and also
of the marketing and logistics functions, bring benefits
to company operations. Our study confirms this prem-
ise and expands on it, showing that the interdepend-
ence of the logistics and marketing function is indeed
important, and importantly contributes to the set
measures of a company’s performance.

We showed that the current state of interdepend-
ence and joint performance of activities is not on
a desired level and therefore, the company perfor-
mance suffers from it. However, in the case of joint
performance on a suggested level, the company’s per-
formance would increase significantly and aid the
overall company effectiveness and efficiency.
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Abstract: Only ambitious and success-driven enterprises are able to adapt to continuous changes in closer and further business surround-
ings. Modern enterprises strive for meeting the customers' expectations and needs. Even the most successful enterprises cannot cease to be
competitive and survive only with what they have already achieved. Enterprises have to adopt strategies to ensure continuous development.
The aim of the SWOT method, on the one hand, is to indicate the direction the enterprise should take in order to utilize their potential as
much as possible and, on the other hand, to realize the shortcomings that should be improved. SWOT analysis helps determine the strategic
factors to be used during planning further development of the enterprise. The analysis carried out in the study provided a transparent insight
into the factors which depend on the enterprise and those that cannot be affected directly. The recommended mini-mini strategy means that
the enterprise is in a good market situation whereas external threats are deepened with internal weaknesses of the enterprise.

Key words — SWOT analysis, construction sector, mini-mini strategy

1. Introduction

The enterprise analysed in the study operates in
the area of comprehensive performance of construction
works, comprehensive construction of detached hous-
es, production halls, public utility facilities and demo-
lition of buildings. The SWOT (INGALDI M.,
SKURKOVA K. 2015) analysis was employed in order
to point to the strategy of development in an enterprise
that provides construction services. The aim of the
SWOT analysis was to indicate the components of the
assets which might be regarded as an advantage in the
market rivalry with potential competitors, to reveal
weaknesses that reduce the strength of the competitive
effect and to identify specific competencies of the en-
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terprise in order to use new opportunities that emerge
in the international market (KOSINSKAE. 2008). The
term SWOT TOWS is often used in the literature
(ZABINSKIL. 2000). The term TOWS (LAKE 2005)
was obtained through reorganization of the letters in
the acronym SWOT and points to the reversion of the
order of the analysis. The difference lies in that the
SWOT analysis starts from evaluation of internal
strengths and weaknesses for which the method for the
most effective utilization is attempted to be found,
whereas in the TOWS analysis the opportunities and
threats are first identified in the enterprise's surround-
ings and then they are compared to the internal capa-
bilities of using these opportunities and balancing the
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threats. The SWOT acronym derives from the first
letters of English words (OBLOJK. 2010):
strengths (S),
— weaknesses (W),
opportunities (O),

— threats (T).
The aim of the SWOT analysis is to compare the most
important factors that characterize the standing of the
enterprise and conditions in its surroundings in order
to determine the optimal solutions for the activities
which the enterprise will be able to start in the market
(CZUBALAA. et al. 20006).

2. Material and methods

The SWOT analysis can be divided into the fol-
lowing steps:
Step 1: Determination of strengths and weaknesses
as well as opportunities and threats of the enter-
prise analysed

One should select key areas of enterprise opera-

tion and determine whether they represent strengths or
weaknesses of the organization and focus on the most
substantial opportunities and threats. The SWOT
method offers a method to identify strength, weak-
nesses, opportunities and threats in the enterprise
(ROMANOWSKAM.2004). This analysis is based on the
simple pattern of classification: all the factors that have
an effect on current and future structures of the enter-
prise are divided into:

— external with respect to the organization and
those having the character of internal determi-
nants,

— the factors which have a negative effect on the
organization and those having a positive effect.

Classification of the factors which affect the strategic
position of the enterprise (Ingaldi and Jagusiak-Kocik
2013) in the SWOT analysis are presented in Fig. 1.
Step 2: All the characteristics should be described
A detailed description of the selected characteristics
should be made.
Step 3: The strength of the relationship should be
evaluated between strengths/weaknesses and op-
portunities/threats
The two analyses should be carried out:

e Analysis of the effect of strengths and
weaknesses on opportunities and threats.

e Analysis of the effect of opportunities and
threats on strengths and weaknesses in the enterprise.

=
E e N | N
% | OPPORTUNITIE THREATS

. < J

4 N\ | 7 N\
= STRENGTHS WEAKNESSES
g U VARN J
e
£

positive negative

Fig. 1 Factors that affect the strategic position of the
enterprise.
Source: OBLOJ K. 2001, CZAJKOWSKA A. 2014

Step 4: Based on the results obtained, the matrix of
relationships should be prepared between individu-
al factors.
Step 5: Proper strategy should be chosen
There are four strategies of operation discussed in the
literature:

o Competitive strategy,

e Aggressive strategy,

e Defensive strategy,

e Conservative strategy.
The  strategies of  operation (OBLOJ K.
2001,CZAJKOWSKA A.2014) which can be used are
presented in Fig. 2.

4L
g
COMPETITIVE S AGGRESSIVE
STRATEGY 8' STRATEGY
D>
Weaknes- Strengths
DEFENSIVE @ CONSERVATIVE
STRATEGY § STRATEGY
=
Fig. 2 Optional directions of strategic activities.

Source:Obloj K. 2001, Czajkowska A. 2014
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3. Results and discussion

Potential strengths and weaknesses of the enterprise
and opportunities and threats present in the environ-
ment are present in Table 1. Another step in the SWOT
analysis is to investigate the relationships between

weaknesses/strengths and opportunities/threats.
The two analyses should be carried out:

e The effect of opportunities and threats on
strengths and weaknesses in the enterprise (Table
2).

e The effect of strengths and weaknesses on
opportunities and threats, presented in Table 3.

The effect of strengths and weaknesses on

opportunities and threats, presented in Table 2.

Table 1. Internal and external factors identified in the enterprise analysed in the study

Strengths

Weaknesses

Comprehensiveness of the services

Organizational effectiveness

Educated and experienced managers

High quality of services

Good reputation of the enterprise among customers
Meeting deadlines

Guarantees for the services performed

Experience in the sector

No financial liquidity

No competitive advantage

Problems with new orders

High prices compared to competitors

Opportunities

Threats

Favorable economic situation in the country
Preferential loans for potential customers
Increase in the demand for new flats
Subsidies from EU funds

Finding new markets

Increasing number of investments

Increased competition in the local market

High unemployment rate

Decline in the incomes among the society
Substantial limitation of construction tax deductions
Freedom of entry of new competitors in the market
Ageing society

Source: own study

Table 2. SWOT analysis for opportunities and threats / strengths and weaknesses

strengths/ sl2|2 |z|§ 5 ls|=|2|E
Weaknesses = | = |8 § E=|Z|E H EERE
= |2 |E o = [E]82 121z |2
P = =2 EleE == — |2l == =
2 ls | =|Z 5|E|22|=]=|Z |2
F [ = Zl= [z E|E|Z |2 |= 2
= = = = o w|l= 2 |2lz2|Z2 | = L=
= T E|E|2¥|=S|s E|E|E|2 |2z ¢
Opportunities/ Z|E |2 HEETEI R B
Threats = |2 |2 NN _E 5 = E R
=152 |73 s |5 |2 IET
Good economic situation in the countrsy | 0 1 1 0 0 ] ojol| o 1 0
Preferential loans for potential 0 i 0 0 0 0 0 olalaola 0
customers
Increase in the demand for new flats 1 0 0 1 0 1 1 ojt1] o 1 0
Subsidies from EU funds U 1 2 0 0 ] o121 1 1
Findinz new markets 0 0 0 0 0 0 ] o112 1
Increasing number of investments 1 0 0 0 0 1 o op1]1]2 1
In d tition i the local
creased competition in the loc: ol o 0 . o ) ) olalala ]
market
High unemplovment rate 0] 0 0 0 0 0 0 ojpz2| 1] 2 0
Dth:le in the incomes among the 0 0 0 0 0 0 0 ol il o 1 0
society
Substa.nnalhmttatmn of construction tax 1 0 0 0 0 0 0 ol 212 2 0
deductions
Freedom of entry of new competitors in
) - 1 0 1 1 0 1 1 o212 0
the market
Ageing society 0 0 0 0 0 0 o of1 1 2 0
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The effect of opportunities and threats on strengths and
weaknesses in the enterprise , presented in Table 3.

Table 3. SWOT analysis for strengths and weaknesses/ opportunities and threats

Opportunities/ |-= = ) = = -

Threats i = = z Elz |ZE|EE
2 EER |z| Elz |= 22 2E25|82| =
Strengths/ SpESlE |3 ElzElsE| 2 2 ERIE
Weaknesses E ERERERE __:' 2| F|E g 2 Z|E = Z|lEg| @
Comprehensiveness of the services 1 1 20 1 1 1 1 0 1 o
Orzanizational effectiveness ] 1 ol 1 1l 0 0 1l o
Educated and experienced managers 1 1 9 1 1l o 0 il o
High quality of services 1 1 1] 1 1 1 2 0 1 0 o o

Good reputation of the enterprise among

customers 0 0 1 0 1 1 1| 0 0 1] 1| 0
Meeting deadlines 0 0 1 o 1 1 1 0 0 0 1| 0
| Guarantees for the services performed 0 0 1l o 1 1 1l 0 0 0 1l o
Experience in the sector 1 0 1] 1 1 1 1] 0 0 0 1] 0
No financial iquidity 1 1 1] 1 1 1 21 0 1 0 21 0
No competitive advantage 1 0 1] 0 1 0 21 0 0 0 21 0
Problems with new orders 1 0 1] o 1 0 2 2 2 2 200
High prices compared to competitors 0 1] 1If 0 1 1 21 1 2 1 1| 0

Source: own study

Based on the results obtained in the study, a matrix of
relationships between individual factors was prepared.
The following sums were input to the Table 4:
strengths (S) and opportunities (O), sum:
SO+0S

strengths (S) and threats (T), sum: ST+TS,
weaknesses (W) and opportunities (O), sum:
WO+OW

weaknesses (W) and threats (O), sum:
WT+TW.

Table 4. Comparison of the sums of values

Factors Sum
Strengths/Opportunities 50
Strengths/Threats 27
Weaknesses/Opportunities 36
Weaknesses/Threats 55

Source: own study

36

Results of the collective SWOT/TOWS analysis
indicate that the enterprise studied should implement
the mini-mini strategy, defensive strategy.
Weaknesses of the enterprise are strongly connected
with the threats. Therefore, the enterprise should focus
on the activities aimed at survival in the unfavourable
environment through minimization of the costs of
operation or attempting to merge with the bigger
enterprise. However, the assets of the enterprise are too
poor to face the challenge of the threats.

1.€.

4. Conclusion

Based on the analysis of the enterprise in the construc-
tion sector and the analysis of the environment the
enterprise has to operate in, its prospective position
was determined and, importantly, the strategy of op-
eration was recommended. Unfortunately, the only
strategy that can be recommended is the defensive
(mini-mini) strategy. The analysis showed that the
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enterprise studied operates under little advantageous
conditions and does not have strengths which could be
used for improvement of its standing. The mini-mini
strategy consists in reduction of the weaknesses, cost
reduction and stopping investments. The enterprise
might use the optimistic variant of the defensive strat-
egy, take actions to ensure the survival of the enter-
prise and wait for new opportunities to emerge in the
market.
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Abstract: The study concerns on investigation of Remanium CSE alloy, one of the dental alloys used in metal-ceramic connection prepara-
tion. The alloys based on Ni-Cr-Mo are widely used in dental engineering because of their high mechanical, tribological properties as well as
high corrosion resistance. The tested alloy has been processed in three ways — it has been remelted and then casted using three technolo-
giescommonly used in dental laboratories, i.e. with: oxy-acetylene burner (1), induction furnace (2) and Volts arc (3). The aim of the study
was to evaluate the effect of the melting and casting techniques on the mechanical strength and stereometric surface properties. The results
revealed that the quality of Remanium CSe dental alloys significantly depend on the method of the material processing.

Key words: casting alloy, quality, surface roughness

ty of the material highly affect the use of non-

1. Introduction protective atmosphere in the process - only in an in-
duction furnace is it capable of being applied. The least

In prosthetic treatment, beneficial effects are frequently used technique is casting method Volta arc
achieved through proper selection of engineering mate- (KLIMECKA-TATAR D., RADOMSKA K., JAGIELSKA-

rials with simultaneous control of technical procedures ~ WIADEREK K. 2014; RADOMSKA K., PAWLOWSKA G.,
in prosthetic constructions preparation. For long-term KLIMECKA-TATAR D. 2013). A number of research

use of dental restorations the materials should have works (K. RADOMSKA, G. PAWLOWSKA, D.

satisfactory mechanical properties, strength and aes- KLIMECKA-TATAR 2015a,b,c,d) indicate the relation-
thetic (MAJEWSKI S., PRYLINSKI M. 2013; ship between production methods, structural/chemical
SCHMIDSEDER J. 2011; MARCINIAK J. 2003). composition of based alloys and the quality of pros-

The formation of metallic prosthetic constructions thetic  constructions. Furthermore, the processing
are carried out by classical casting. The most popular method affects the surface development and conse-
methods include the use of oxygen-acetylene burner, quently on the contact area between the material and
and an induction furnace. Casting quality, especially the wall of bacterial cells contained in body fluids in
when using oxygen-acetylene burner, depends on the patient's MOUTH (HILTBERT L.R., BAGGE-RAVN
many external variable factors. Inter alia, on the quali-  D., KOLD J., GRAM L 2013; TAYLOR R., MARYAN C.,,

38



Dorota Klimecka-Tatar et. al., Technical aspects of casting..., Vol. 10(1)/2016

VERRRAN J. 1998; SZYMANSKI W. 2008; KAWAI K.,
URANO M., EBISU S. 2000; DELIGIANNI D., KATSALA
N., LADAS S., SOTIROPOULOU D., AMEDEE J.,
MISSIRLIS Y.F. 2001). The surface roughness is a pa-
rameter that affects the wettability of the surface
which, in turn, promotes the deposition of bacteria.
Colonization of the material by bacteria can be a
source of infection and constitute an obstacle to the
proper functioning of prosthetic constructions. Accord-
ing to Bollena and Quiryena research (BOLLEN CM.,
LAMBRECHTS P., QUIRYNEN M., 1997) the arithmetic
average of absolute values Ra = 200 nm is a threshold
value and below it a significant reduction of bacteria
number on the surface of the prosthesis is observed.

Previous studies of the team conducted on this
group of dental alloys are related to their corrosion
resistance. The aim of this study was to evaluate the
effect of the melting/casting method on the mechanical
strength of the dental alloy based on Ni-Cr-Mo and
also the estimation of the quality surface based on the
selected roughness parameters.

2. Experimental
2.1. Material

The material of investigation was Remanium
CSe casting alloy with the chemical formula
Nig1Cr26Mo11Si1,5 (the subscripts denote percentages
by mass) with the residual content of: Fe, Co, Al and
Ce. Metallic material were melt casted using: oxy-
acetylene burner, induction furnace and Volta arc.

Table 1. Identification and characterization samples
according to technologies of melting/casting

(iiﬁglsiz{;ncbgz The selected method
dental alloy) of melting/casting
) oxy - acetylene burner
(ceramic crucible, air atmosphere)
@) induction furnace
(ceramic crucible, air atmosphere)
Volta arc
3) (ceramic crucible, air atmosphere,
voltage 220V)

Source: own study

Melted dental alloy was introduced into the
previously prepared molds, the shape of a disc with
dimension ¢ =10 mm, # =5 mm. The samples were
made using three methods of melting/casting and
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determined as (1), (2) and (3) (Tab. 1). In order to
standardize the surface of all the samples the surface
was subjected to grinding aqueous paper ending
gradation equal to 4000 to obtain the proper
condition of their surface.

2.2. Methodology of research

Surface roughness is a characteristic of the solid
surface and is recognizable optical or mechanical
perceptible surface irregularities, not impacting on
the shape. This parameter has a decisive influence on
the functional properties of the final product.

The results of the surface roughness analysis of
Remanium CSe casting alloy with the chemical
formula Nie;Cr,sMo;:Si; s are presented below. The
roughness studies were conducted with contact
profilometer (Taylor Hobson), section 4 mm for each
sample. During the measurement the surface
roughness profiles were recorded and outlined the
Abbott curve, surface share of peaks and distribution
of their size and the parameter values including
stereometric parameter: Ra, Rz and Rt (RADOMSKA
K., PAWLOWSKA G., KLIMECKA-TATAR D. 2015b).
To compare the quality of the casted material in
terms of different melting/casting methods the
mechanical properties were evaluated by Vickers
hardness.

3. Results and discussion

In Table 2 and Fig. 1 the results of roughness
measurements of NisiCrsMo01:Si1; 5 alloy are presented
— in this study numerical values of parameters: Ra, Rz
and Rt were assigned.

Table 2. The surface profiles’ selected parameters
of Nie1Cr26Mo11Si1,5 alloy

Parameters
Ra, pm Rt, pm Rz, pm
Sample
1) 0,01+0,02 1,0340,09 0,64+0,02
2) 0,05+0,00 0,48+0,09 0,42+0,11
3) 0,11+0,03 1,01+0,05 0,83+0,01

Source: own study

It was observed that all tested samples obtained us-
ing three methods of melting/casting are characterized
by low surface roughness parameters Ra < 200 nm,
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which according to the Bollena et al. study (BOLLEN
CM, LAMBRECHTS P, QUIRYNEN M. 1997) is a satis-
factory value. However, the samples are recognized by
different values of roughness parameters which is de-
pendent on the processing technology (Fig. 1).
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Fig.1. The comparison of the selected roughness parameters of
Nis1Cr26Mo11Si1,scasting alloy with respect to different melt-
ing/casting methods: a) Ra, b) Rz, ¢) Rt

Source: own study

Although all samples had been subjected to the
same final treatment (mechanical polishing) their sur-
faces are defected to varying degrees - taking into ac-
count all the roughness parameters, the smoothest sur-
face obtained was done so by the materials made in an
induction furnace (2) (Fig.1b). The method using Volta
arch, as expected, had the most affects on the growth
of roughness - in comparison to other samples
(Fig.1c).

For registered profile the curve of vertices share
and the verticle size distribution curve and The Abbott
curve (bearing area curve) (Fig.2) has also been de-
termined. Surface share of the vertices and their distri-
bution indicates the smallest density of peaks for the

sample (2) (Fig.2b).
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Fig.2. The Abbott curve (bearing area curve)
of Nie1Cr26Mo11Siiscasting alloy with respect to different
melting/casting methods: a) oxy - acetylene burner;
b) induction furnace; c¢) Volta arc
Source: own study
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As follows from the Abbott curve the Remanium
CSe alloy casted/melted in induction furnace should
exhibit the highest wear resistance (Fig.2).

As one of the parameters testifying to the mechan-
ical resistance of materials is hardness, it can be as-
sumed that the use of an induction furnace provides the
ability to obtain a product with the best mechanical
properties. As follows from hardness measurements of
the tested dental alloy, the HV is in the range 125 -
425. The highest HV value were obtained for Re-
manium CSe alloy casted/melted in induction furnace

2).
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1- oxy - acetylene burner
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3

500
450
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350
300
250
200
150
100

50

- induction furnace
- Volta arc

HV

Nig1CragMoq4Siq scasting alloy

Fig.3. The hardness (HV) comparison of the
Nis1Crz6Mo11Siiscasting alloy with respect to different melt-
ing/casting methods
Source: own study

5. Summary and conclusions

Technology of metal melting/casting has a signifi-
cant effect on the surface roughness which is closely
associated with metals wettability and colonization of
the material by bacteria. All tested samples exhibit a
satisfactory surface roughness (Ra below 200 nm) with
varying degrees of surface area which may determine
the final machining. A suitable method allows for fin-
ishing the surface of a material with high quality pa-
rameters. Materials using arc Volts require chemical
methods or electrochemical polishing and for the mate-
rials obtained in an induction furnace mechanical
grinding may be sufficient.

Literature

1. BOLLEN CM., LAMBRECHTS P., QUIRYNEN
M.1997. Comparison of surface roughness of oral hard
materials to the threshold surface roughness for bacte-

rial plaque retention: a review of the literature. Dent
Mater 13 (4) 258-269.

41

10.

11.

12.

13.

14.

15.

DELIGIANNI D., KATSALA N., LADAS S,
SOTIROPOULOU D., AMEDEE J., MISSIRLIS
Y.F.2001. Effect of surface rough— ness of the titanium
alloy Ti—6A1—4V on human bone marrow cell response
and on protein adsorption. Biomaterials 22, 1241-
1251.

HILTBERT L.R.,, BAGGE-RAVN D., KOLD J,
GRAM L.2003. Infuence of surface roughness of stain-
less steel on microbial adhesion and corrosion re-
sistance. Int. Biodeter. Biodegr. 52, 175-185.

KAWAI K., URANO M., EBISU S.2000. Effect of
surface roughness of porcelan on adhezion of bacteria
and their synthe— sis glucans. J. Prosthet. Dent. 83,
664—-667.

KLIMECKA-TATAR D, RADOMSKA K,
PAWLOWSKA G.2015. Corrosion resistance, rough-
ness and structure of CogsCrasMos(Fe,Si,Al,Be); and
Cos3Cr20Mos s(C,Si,Fe,Mn); 5. Jurnal of the Balkan
Tribological Association, 1Vol.21, 5.204-210.
KLIMECKA-TATAR D, RADOMSKA K,
JAGIELSKA-WIADEREK K.2014. Wplyw sposobu to-
pienia/odlewania komercyjnego stopu Ni-Cr-Mo na je-
go odpornos¢ korozyjng w roztworze Ringera, Ochrona
przed Korozja, 7.

MAJEWSKI S., PRYLINSKI M.2013. Materialy
i technologie wspdiczesnej protetyki stomatologicznej,
Lublin.

MARCINIAK J.2003. Biocybernetyka i inzynieria bio-
medyczna 2000, tom 4 Biomaterialy, rozdziat 2 Bioma-
teriaty metaliczne, PAN, Warszawa, 62-74.
RADOMSKA K.., PAWLOWSKA G., KLIMECKA-
TATAR D.2015. The corrosion processes effect on
surface roughness of bonded magnetic material based
on Nd-(Fe.Co)-B powder type. Solid State Phenomena.
1 Vol.227. 5.39-42.

RADOMSKA K.., PAWLOWSKA G., KLIMECKA-
TATAR D.2013. The effect of melting/casting method
of Ni - Cr — Mo dental alloy on the corrosion resistance
in Ringer solution. Ochrona przed Korozjg. 11.
RADOMSKA K., PAWLOWSKA G., KLIMECKA-
TATAR D.2015. Wplyw parametrow technologicznych
na wlasciwosci materialow inzZynierskich stosowanych
w medycynie odtworczej. Inzynieria Stomatologiczna-
Biomateriaty, 09/ 7.

RADOMSKA K., PAWLOWSKA G., KLIMECKA-
TATAR D.2015. Struktura i wilasciwosci tribologiczne
biomedycznych stopow odlewniczych Co-Cr-Mo. Inzy-
nieria Stomatologiczna- Biomateriaty, 09/13.
SCHMIDSEDER J. CZELEJ. 2011. Stomatologia este-
tyczna. Lublin.

SZYMANSKI W.2008. Badanie biofilmu bakteryjnego
na powierzchniach biomateriatow. Praca doktorska,
Politechnika Lodzka.

TAYLOR R., MARYAN C., VERRRAN 1J.1998. Re-
tention of oral microorganisms on kobalt—chromium al-
loy and dental acry— lic resin with different surface fin-
ishes. J. Prosthet. Dent. 80, 592-597.



ARCHIWUM INZYNIERII PRODUKCJI

PRODUCTION 2016, Vol. 10, No 1, pp 42-45
ISSN 2353-5156 (print version)
ENGINEERING ISSN 2353-7779 (online version)
ARCHIVES
Article history: Received: 11.02.2016 Accepted: 13.03.2016 Online: 31.03.2016
Available online on: http://www.qpij.pl Exist since 1™ quarter 2013
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Abstract The increasing demand on components obtained using powder metallurgy is driven by economic changes that have turned product
quality into the most basic criterion which affects the interest in a component and its successful use. The improvement in quality should be
expected in the beginning of the planning of the technological process and selection of adequate raw materials. High requirements concern-
ing product quality management and production improvement stimulates the development of the current automotive industry where sintered
steels represent the highest percentage of products. The multiphase sinters investigated in the study were prepared from two types of water—
atomized steel powders: 316L and 409L. Optical microscopy, X-ray phase analysis and examinations of microhardness were performed in
order to determine the microstructure and basic properties of sintered steels. The main assumption for this study was to analyse the micro-
structure and mechanical properties of sintered steels used for manufacturing of various car parts.

Key words — powder metallurgy, ISO/TS 16949, automotive industry

1. Introduction Powder metallurgy of stainless steel components
represents an important and dynamically growing sec-

Powder metallurgy (PM) is a technology used for ~ tor of the PM industry. At present, the biggest con-

manufacturing of structural materials from metallic sumer of sintered products is the automotive industry
powders with addition or without addition of non- (ca. 73% of all sinters — see Figure 1). These products
metallic powders as a result of processes of forming are mainly used for replacement of the components
and sintering. An interesting aspect of using the PM obtained using standard casting or forging methodolo-
technology is a small number of process steps, which gies. The most characteristic products of powder met-
offer opportunities for bulk production of components allurgy for the automotive sector are parts of engines,
with complex shapes while maintaining the dimen- bearings, gears, filters, pumps, rings in anti-lock ABS
sional precision and surface quality. Furthermore, a systems or flanges for exhaust systems (CIAS A,
significant factor that makes the PM technology unri- ~ FRYDRYCH H., PIECZONKA T. 1992, ULEWICZ R,
valled is the degree of the consumption of raw materi- ~ NOVY F., MAZUR M., SZATANIAK P. 2014, DUDEK A.,
als of around 97%, which is considered as a chipless WRONSKA A., ADAMCZYK L. 2014).

manufacturing of sinters (SHEPPARD L. 2007, The concept of quality has a long history and nu-
WROKSKA A., DUDEK A. 2014, LIPINSKI T. 2015). merous definitions. One of them was created by Dem-

ing, who argued that quality is a predictable degree of
product homogeneity and reliability while keeping

42



Barbara Lisiecka, Determinants of quality of sintered steel for the automotive industry, Vol. 10(1)/2016

costs as low as possible and meeting market expecta-
tions (PUENTE J., PINO R., PRIORE P., FUENTE D.
2002).

= Antomotive indnstry

® Steering. hydraulics. revision
control system

® Spout, hobby

mHouselold appliances

IT equipment

Industral machiery and
equipment

Other

Fig. 1. Main customers for sintered products

Source: Author's own elaboration based on (CiAS A., FRYDRYCH H.,
PI1ECZONKAT., 1992)

The highest quality of products is expected in the
automotive industry, leading to the necessity of certifi-
cation for quality management standards (ISO/TS
16949) by suppliers of all components. ISO/TS 16949
defines the basic requirements concerning the quality
at the initial stages of the research and development,
material production, installation and service in the
automotive sectors. The use of this specification is
required over the whole supply chain, from producers
of raw materials (steel, paint, polymers, composites) to
companies that assemble bigger products (cockpit,
gearbox etc.) (TORUNSKI J. 2012, SPECYFIKACJA
TECHNICZNA ISO/TS 16969:2002, SELEIDAK J. 2013,
ULEWICZ R., MAZUR M. 2013).

2. Material and Methods

Sintered steels were made of water-atomized
commercial powders 316L and 409L manufactured by
Hoganés (Sweden). Table 1. presents chemical compo-
sition of the powders. The three different mixtures of
ferritic and austenitic steel powders were prepared
with the following composition: 80% 316L+20%
409L, 50% 316L+50% 409L, 20% 316L+80% 409L,
which was subjected to uniaxial compaction at 720
MPa. The molded pieces were heated at the tempera-
ture of 1250°C for 30 minutes and then cooled at the
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rate of 0.5°C/s. The whole process was carried out in
the reducing atmosphere using hydrogen which helps
significantly limit oxidation of the batch and protects
from reduction of the chromium content.

Table 1. Chemical composition of steel powders (%owt.)

316L 409L
16.8 11.86
12.0 0.14
2.0 0.02
0.9 0.82
0.1 0.14

0.022 0.02

0.005 0.01

Balance Balance

Source: Author's own elaboration

The analysis of the microstructure was carried out
using Axiovert 25 optical microscope. Vickers meth-
odology (with load of 980.7 mN) was used to measure
microhardness of the sintered stainless steel.

Identification of phase composition was carried
out using the X-ray diffractometer (Seifert 3003 T-T)
with a cobalt lamp with characteristic radiation wave-
length of Acoke = 0.17902 nm (Table 2. presents others
parameters).

Table 2. X-ray diffractometer parameters

Supply voltage (Uy) 30+40 [kV]
Current intensity (I) 30+40 [mA]
Angle range (20) 10+120°

Measurement step 0.1°

Pulse integration time (t) 10 [s]

Source: Author's own elaboration

3. Results and Discussion

The microstructures were observed using the
metallographical sections etched with Nital. Figure 2
presents the microstructures obtained for sintered
stainless steels by the optical microscope Axiovert 25.
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Fig. 2. Microstructure of sintered steels:
a) 80%316L+20%409L, b) 50%316L+50%409L,
¢) 20%316L+80%409L

Source: Author's own elaboration
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Hardness measurements were used to evaluate me-
chanical properties. The results represent the mean
from four measurements (Figure 3).

S0%31 6L+ SOHHABL

Sintered stainless steel

Fig. 3. Microhardness of sintered steel
Source: Author's own elaboration

Identification of the phase composition of the sur-
face layers in sintered steels was carried out based on
X-ray phase analysis. The results are presented in
Figure 4. The phase analysis for individual specimens
revealed presence of the austenitic and ferritic phases
with the content proportional to the powders used,
which was confirmed by microscopic observations.
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Fig. 4. Sinter diffractograms: a) 80%316L+20%409L,
b) 50%316L+50%409L, c) 20%316L+80%409L

Source: Author's own elaboration
4. Conclusions

In an ever increasing climate of business competition,
quality is expected in all types of services and com-
merce. It has a substantial effect on manufacturers, for
whom quality should become a priority and on con-
sumers, who have opportunities for finding the sources
of supply they appreciate. A key decision is to proper-
ly choose materials for the components used in the
automotive industry since this translates into the quali-
ty of the final product. Strength properties of the fin-
ished product depend directly on e.g. the structure,
chemical composition and phase composition of the
material. The sinters are selected depending on the
expected application of the structural components of
car parts.
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ABSTRACTS:

Agata Dudek

The article presents the results of studies on the implementation of statistical acceptance of products with the example of a styrene-rubber plastic connector,
while considering particular stages of production. The characterization of factors determining the transition from normal inspection to relaxed or tightened
inspection for products made of styrene-rubber plastic materials has been made. The effect of the type of inspection on the level of non-conformance of prod-
ucts has been determined.

Edyta Kardas

The quality parameters of products should be controlled at every stage of the production process, since it allows detection of any problems even in the initial
stages of production processes and removes their causes during manufacturing. Final control of products is intended to capture non-conforming products that
did not go to the customers. The results of such controls should constantly be analysed. Such analysis can help to detect the most common problems, determine
some dependences or identify the causes of such situations. A lot of different instruments that can support improvement of processes can be used for this kind
of analysis. The paper presents the possibility of using some tools which can be utilized to support the analysis and assessment of quality of products at differ-
ent stages of the production process. The quality analysis of exem-plary products using selected quality methods and tolls is carried out. Metal sleeve, that is
part of electronic control subassembly of anti-blocking system of ABS, which was the research component being studied.

Libor Triko, Otakar Bokiivka, Franti§ek Novy, Jan Lago

This paper will explore the mutual correlation of fatigue characteristics ((Kath, oc, ac = f (Rm)) of five structural steels tested at high-frequency loading based
on tests (f =~ 20 kHz, T =20 = 10 °C, R = -1). Different fatigue resistance parameters have different meanings and misunder-standing can lead to significant
quality problems in component operation. Consequently, it is necessary to completely understand the relation between the two most important fatigue charac-
teristics which are fatigue limit oc and the threshold value of the stress intensity factor amplitude Kath and how they act with changing of steel ultimate tensile
strength.

Alena Paulikova,Katarina Cekanova, Renata Novikova

The analysed theme of this article is based on the training of environmental measurements for workplaces. This is very important for sustainable quality in
technical educational institutions. Applied kinds of software, which are taught at technical educational institutions, have to offer the professional and methodi-
cal knowledge concerning conditions of working ambient for students of selected technical specialisations. This skill is performed in such a way that the
graduates, after entering the practical professional life, will be able to participate in solutions for actual prob-lems that are related to environmental protection
by means of software support. Nowadays, during the training process it is also obligatory to introduce technical science. Taking into consideration the above-
mentioned facts it is possible to say that information technology support for environmental study subjects is a relevant aspect, which should be integrated into
the university educational process. There is an effective pro-gress that further highlights the focus on the quality of university education not only for environ-
mental engineers. Actual trends require an increasing number of software/hardware educated engineers who can participate in qualitative university prepara-
tion, i.e.IT environmentalists. The Department of Environmental Engineering at the Faculty of Mechanical Engineering, Technical University in Kosice,
Slovakia is an institu-tion specified and intended for quality objectivisation. This institution introduced into the study programmes (“Environmental Manage-
ment” and “Technology of Environmental Protection”) study subjects with the software support, which are oriented towards outdoor and indoor ambient and
in this way the Department of Process and Environmental Engineering is integrated effectively and intensively into the area of measurement training with
regard to the requirement of quality educational processes.

Marek Krynkel, Krzysztof Mielczarek

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 production process func-tioning 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 produc-
tion 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 improve-ments.

Alena Paulikova, Katarina Cekanova, Melichar Kopas

This paper deals with transformation of the customer's requirements into the specified technical parameters by means of the QFD (Quality Func-tion Deploy-
ment) method on condition that the customer disposes of basic technical knowledge. The relevant technical parameters are describing an engineering product,
which is chosen from the automotive industry area. The QFD method enables elaboration of the individual functions of quality using a multi-phased mapping
process in order to transform efficiently the customer's requirements into the real technical parameters of the given product. The chosen technical product is
the petrol engine 1.2 Ecotec® installed in the passenger car and it is working in the functional connection with 5 stage manual gearbox. This article analyses in
detail only the first phase of the petrol engine production, taking into considera-tion the given technical requirements. The following step of this process is the
next phase, which is focused on the engine aggregates, further it is the phase of the engine aggregate production and the final phase is the global production.

Joanna Rosak-Szyrocka

The main aim of this paper is to present the standard ISO/TS 16949. In the modern world of competition, quality is one of the most important factors. Modern
organizations should gamble on quality, regardless of the type of business, because it is the basic form of running a business effectively. It is not only a factor
of market success, but also an indication of organizational culture.
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Darja Topolsek, Borut Jereb, Tina Cvahte

Researchers of different scientific disciplines, such as management strategies, organizational theories and marketing, have in the past explored relations of
mutual influences and the importance of cooperation between different functions in a company. The increased focus on the logistics function has potential to
increase competitiveness. This is especially true for globally aimed production companies. In any company, logistics functions cooperate with various related
functions such as production, marketing, procurement, engineering or developing new products as well as with financial functions. Each of the aforementioned
connections or cooperation among logistics and its complementary functions can have a decisive effect on the company's competitiveness. Using a survey, we
determined which activities in the surveyed companies are performed by the logistical function together with the marketing function and which activities they
suggest should be performed together but are currently not, meaning they are co-dependent. Since interfunctional integration between logistics and marketing
increases the success of a company, we also examined the connection between the current joint performance of activities and the suggested joint performance
of activities among the before mentioned sectors, connected to the effectiveness of the company. To examine the mentioned connections among the logistical
and marketing functions, Explanatory Factor Analysis (EFA), Confirmatory Factor Analysis (CFA) and Structural Equation Modelling (SEM) were per-
formed.

Agnieszka Czajkowska

Only ambitious and success-driven enterprises are able to adapt to continuous changes in closer and further business surroundings. Modern enterprises strive
for meeting the customers' expectations and needs. Even the most successful enterprises cannot cease to be competitive and survive only with what they have
already achieved. Enterprises have to adopt strategies to ensure continuous development. The aim of the SWOT method, on the one hand, is to indicate the
direction the enterprise should take in order to utilize their potential as much as possible and, on the other hand, to realize the shortcomings that should be
improved. SWOT analysis helps determine the strategic factors to be used during planning further development of the enterprise. The analysis carried out in
the study provided a transparent insight into the factors which depend on the enterprise and those that cannot be affected directly. The recommended mini-mini
strategy means that the enterprise is in a good market situation whereas external threats are deepened with internal weaknesses of the enterprise.

Dorota Klimecka-Tatar, Klaudia Radomska, Grazyna Pawlowska

The study concerns on investigation of Remanium CSE alloy, one of the dental alloys used in metal-ceramic connection preparation. The alloys based on Ni-
Cr-Mo are widely used in dental engineering because of their high mechanical, tribological properties as well as high corrosion resistance. The tested alloy has
been processed in three ways — it has been remelted and then casted using three technologiescommonly used in dental laboratories, i.e. with: oxy-acetylene
burner (1), induction furnace (2) and Volts arc (3). The aim of the study was to evaluate the effect of the melting and casting techniques on the mechanical
strength and stereometric surface properties. The results revealed that the quality of Re-manium CSe dental alloys significantly depend on the method of the
material processing.

Barbara Lisiecka

The increasing demand on components obtained using powder metallurgy is driven by economic changes that have turned product quality into the most basic
criterion which affects the interest in a component and its successful use. The improvement in quality should be expected in the beginning of the planning of
the technological process and selection of adequate raw materials. High requirements concerning product quality management and production improvement
stimulates the development of the current automotive industry where sintered steels represent the highest percentage of products. The multiphase sinters inves-
tigated in the study were prepared from two types of water—atomized steel powders: 316L and 409L. Optical microscopy, X—ray phase analysis and examina-
tions of microhardness were performed in order to determine the micro-structure and basic properties of sintered steels. The main assumption for this study
was to analyse the microstructure and mechanical properties of sintered steels used for manufacturing of various car parts.
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