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USE OF NEAR INFRARED SPECTROSCOPY WHIT FOURIER TRANSFORM TO ANALYSIS
OF CURD CHEESE “OLOMOUCKYCH TVARUZKU ”

VYUZITIE BLiZKEJ INFRAGERVENEJ SPEKTROSKOPIE PRI ANALYZE ,,0LOMOUCKYCH TVARUZKU*“

Monika KOZELKOVA, Kvétoslava SUSTOVA, Taria LUZOVA, Aneta BUBENICKOVA

Mendel University in Brno, Czech Republic

The aim of this study was to check the use of NIR technique for assessment of dry matter (DM), active acidity (pH), sodium chloride
(NaCl) of curd cheese to name “Olomoucké tvaruzky” by FT-NIR. Seventy two samples were obtained directly from producer, and
stored at 5 °C during five weeks. Spectra were measured in the reflectance mode with a compressive cell (radius 1 cm) wave number
between (4 000 — 10 000) cm™, averaging 80 scans, spectral resolution 4 cm™. Correlations between reference values of chemical
properties and NIR reflectance data were examined using the multivariate method of partial leas squares (PLS) regression. The correlation
coefficient for DM was 0.952 and those for pH and NaCl were 0.905; 0.975 respectively. The standard error of the calibration for DM, pH and
NaCl were found 0.285; 0.245; 0.090 respectively. The calibration models developed were verified by cross validation. The study show that

FT-NIR spectroscopy can be used for determination of some chemical properties of curd cheese — “Olomoucké tvartzky”
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Near infrared spectroscopy is a physical method, which use the
radiation of known wave number (usually 12 500 — 4 000 cm™)
and gives a complete picture of the composition of the sample
(Mi€ek, 2008). Principle of this method is the absorption
or reflection of radiation passing through the sample, which
involves changes in rotational vibrational energy of molecules
in response to changes in dipole moment of the molecule.
Analytical output is the infrared spectrum, which is a graphic
display of the functional dependence of energy, usually
expressed as a percentage of transmittance (T) or absorbance
units (A) on the wavelength of incident radiation. FT-NIR is used
widely for determination of organic constituents in feeds, foods,
products and related materials (Sorensen and Jepsen, 1998).
The technique is available for many applications, because it is
non-destructive, rapid, cheap and multiparametric, is an
alternative technique to the current methods used for qualitative
and quantitative assessment of milk and dairy products
(Coppa et al., 2010). The technique is also suitable for at-line
and on-/in-line process control. Practical use of NIR
spectroscopy in dairies has been mainly used to determine of dry
matter, fat, protein, and lactose in raw and dry milk, yogurt,
butter, hard and semi hard cheeses (Curda and Kukackova,
2004). “Olomoucké tvarizky” are sour curd smeared cheese,
which are produced of industrial curd. However, little work has
been done in curd cheese “Olomoucké tvartizky” analyses, in
literature reviewed only one article was found, which has been
written by Drackova et al. (2009). These approaches can be
combined with e.g. electrical and dielectrical properties of
tested materials as described e.g. in Hlava€ova (2005).

Materials and methods

Samples

Seventy two samples were obtained directly from producer,
and stored at 5 °C during five weeks and were analyzed for the

calibration purposes. The samples were homogenized before
the analysis. In the samples was assessed: dry matter content
(DM), active acidity (pH), sodium chloride content (NaCl).

Reference Analysis

* Dry matter content (DM) — CSN ISO 5534 2005: Cheese and
processed cheese — Determination of total solids content
(Reference method), Czech Standards Institute, Prague.

o pH — CSN 570107 1980: Testing methods for natural and
processed cheese. Determination of pH by potenciometry
(Reference method), Czech Standards Institute, Prague.

e NaClcontent—CSN ISO 5943 1996: Cheese and processed
cheese products. — Determination of chloride content. —
Potentiometric titration method), Czech Standards Institute,
Prague.

NIR analysis

NIR reflectance spectra were collected by the
spectrophotometer Thermo NICOLET ANTARIS (Nicolet CZ
s.r.0., Czech Republic). Spectra of samples were measured
on the integration sphere in the reflectance mode with number
80 scans in wave number (10 000 — 4 000) cm™ and spectral
resolution 4 cm™. The samples were measured in compressive
cell (radius 1 cm). Each sample was measured twice and
average spectrum was used to create of calibration models.

Statistic

The calibration models for quantitative analysis were
developed by using program TQ ANALYST (Nicolet CZ s.r.o,
Czech Republic). The calibrations were performed the Partial
least squares (PLS) algorithm using the first and second
derivatives of the spectra. The important diagnostic instrument
for PLS is the PRESS (Predicted Error Sum residual
or squares), which allows us to estimate the optimal number of
factors for calibration. PRESS value is the indicator of error
PLS calibration method (Jankovskd and Sustova, 2003).
Reliability of the calibration model was validated by cross —
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validation. The capability of the calibration models to predict the
concentration of the components was expressed as correlation
coefficient (R?), standard error of calibration (SEC), calibration
coefficient of variation (CCV), standard error of prediction
(SEP), prediction coefficient of variation (PCV), xNIR —average
of NIR values, x REF — average of reference values, standard
error of difference (SD), linear regression line (y = bx + a). The
range of reference values for each parameter was expressed
as average (xp), standard error average (xs), minimum value
(min), maximum value (max).

Result and discussion

The total of 72 curd cheese was used for the development of
the calibration models. Samples were measured in the wave
number between (10 000 — 4 000) cm™. Spectrum of the curd
cheese — “Olomoucké tvar(izky” is presented in Figure 1. The
ranges of the reference values for the monitored parameters
(DM, pH, NaCl) were expressed by average and standard error
of average (Table 1).

Table 1 Values of the individual parameters established by reference
methods (n =72)
Parameter (1) min (5) max (5) X, (6) Xs (7)
DMin g.kg™ (2) 34.54 38.97 37.04 0.93
pH (3) 5.45 7.70 6.14 0.57
NaClin g.kg™ (4) 4.93 6.56 5.57 0.40

DM - dry matter content, pH — active acidity, NaCl content, min, max —
minimum and maximum values, X, — average, X — standard error of
average

Hodnoty jednotlivych parametrov ur€ené referenénymi meto-
dami (n=72)

(1) parameter, (2) obsah susiny, (3) aktivna kyslost, (4) obsah NaCl,
(5) minimélna a maximélna hodnota, (6) X, — priemer, (7) X;—smero-
dajna odchylka priemeru

Tabulka 1

Basic statistical parameters of the calibrated components
are shown in Table 1. The TQ ANALYST was used to create the
chemometric models. The calibration was created by using the
partial leas square (PLS) method. With the help of diagnostic
devices called Spectrum Outlier and Leverage were removed
outlying standards, in which reference values were established
incorrectly or there was a spectrum deviation. The exact
number of samples used for calibration is shown in Table 2. In
assessment of the dry matter, pH and NaCl was obtained
a lower standard error of cross validation after the modification
of the calibration model with using the first derivative. An
important diagnostic tool is the dependence of PRESS
(predicted residual error sum of squares) on the number of PLS
factors used for calibration, which makes it possible to estimate
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Figure 1 Near infrared spectrum of Curd cheese — “Olomoucké
tvaruzky”
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Figure 2 Predicted residual error square sum (PRESS) for NaCl
Obrazok 2 Diagnosticky ndstroj, predpokladana chyba sumy Stvorcov

(PRESS) pre NaCl

the optimum number of factors (Drackova et al., 2006). The
PRESS behavior is shown in Figure 2.

The calibration models were verified by the
cross-validation. The capability of the calibration models to
predict the concentration of the components was expressed as
standard error of calibration (SEC), standard error of prediction
(SEP) and correlation coefficient (R?) between reference and
prediction values. The accuracy and the precision of the
calibration was verified by calibration coefficient of variation

Table 2 Calibration results of the individual parameters established by FT-NIR spectroscopy (n=72)
Parameter (1) y=bx+a(2) SEC (3) CCVin % (4) R? (5) Derivate (6) PLS (7)
DM in g.kg! y=0.9063X + 3.4695 0.285 0.77 0.952 1 5
pH y=0.8183x+1.1149 0.245 3.99 0.905 1 2
NaCl in g.kg y=0.9508x + 0.274 0.090 1.62 0.975 1 5

y = bx+ a-linear regression line, SEC — standard error of calibration, CCV — calibration coefficient of variation, R* - correlation coefficient, PLS — number of PLS

factors
Tabulka 2

Kalibratné vysledky jednotlivych parametrov uréenych FT-NIR spektroskopiou (n =72)

(1) parameter, (2) linedrna regresna krivka, (3) smerodajnd odchylka kalibracie, (4) variacny koeficient kalibrécie, (5) koeficient koreldcie, (6) derivécia, (7) pocet

PLS faktorov
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Table 3 Validation results of the individual parameters established by
FT-NIR spectroscopy (n = 72)
Parameter (1) y=bxza(2) SEP (3) | PCVin % (4) | R%(5)
DM in g.kg! y=0539+17.119 | 0572 1.54 0.801
pH y=0.7917x + 1.2772 0.263 4.48 0.889
NaClingkg' | y=0.4823x+2.902 | 0.255 4.56 0.802

¥ = bx+a-linear regression line, SEP — standard error of prediction,
PCV - prediction coefficient of variation, R? - correlation coefficient
Validacné vysledky jednotlivych parametrov uréenych FT-NIR
spektroskopiou (n = 72)

(1) parameter, (2) linedrna regresna krivka, (3) smerodajnd odchylka
predikcie, (4) variacny koeficient predikcie, (5) koeficient koreldcie

Tabulka 3

(CCV), prediction coefficient of variation (PCV), by the testing
of the coefficients of the regression line between measured and
predicted values and by Student test for comparison of the
means of two related (paired) samples.

The output of the obtained calibration results is given in
Table 2 and 3. The correlation coefficient R? shows the quality
of regression dependence between measured values and
predicted by NIR spectroscopy. The dependence of the
correlation coefficient from 0.95 to 0.99 is considered as very
strong, strong enough from 0.80 to 0.94 and from 0.50 to 0.79
points to moderate dependence (Drackova et al., 2009).

The correlation coefficients of calibration for measured
quantities (DM and NaCl) are considered as very strong
dependence (> 0.95), it means that the calibration models work
well and the predicted values for the calibration symplex match
to the value obtained by the reference method. The correlation
coefficient of calibration for pH is considered as strong enough
dependence. The best result was acquired for NaCl assessment,
where R? = 0.975 and SEC = 0.090 g.kg™" (Figure 3).

To develop of a validation model with using the
cross-validation method, the same calibration’s samples was
used. The correlation coefficients of validation for measured
quantities (DM and NaCl) are considered strong enough
dependence. The best result was acquired for NaCl
assessment, where R = 0.802 and SEP = 0.255 g.kg™". Another
criterion for assessing of the success of the calibration is
coefficient of variation (CCV) and prediction coefficient of
variation (PCV). Dependable calibration takes place in the case
of the value of the calibration coefficient of variation CCV being
lower than 5 %, and the value of the prediction coefficient of
variation being lower than 10 % (Jankovska and
Sustova, 2003). Based on obtained values CCV and PCV, we
can state that calibration models were reliably created for all the
monitored parameters.

Table 4 shows the results of statistical analysis of the NIR
predicted values and reference values which were tested using
Student t-test. The aim of the t-test is to determine, whether the
values of the two methods (NIR, reference) are not significantly
different.
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Obrazok 3  Kalibracny a validatny model pre obsah NaCl

If is t gt lower than t1 . and t2 ., calibration model will be
functional and values will be not significantly different from each
other. It follows from Student t-test, that there not significant
difference between NIR estimate and the result of reference
method (Table 4).

The work, which was engaged examining curd cheese —
“Olomoucké tvartzky” using NIR spectroscopy has been
published by Drackova et al. (2009). The work was named
Determination of polyamine content in curd cheese by
Near-infrared reflectance spectrometry. Sultaneh and Rohm
(2007) were dealt with providing a dry matter and protein of
curd cheese. Based on approximately 250 curd samples, they
built calibration models with using partial least squares
regression. The calibration models resulted in coefficients of
determination of R? = 0.994 for dry matter and R? = 0.985 for
protein content for unhomogenized curd, which improved only
slightly after subjecting the curd to homogenization.

Conclusion

The results proved the possibility of determining the selected
qualitative parameters (dry matter, pH and NaCl) by using of
NIR spectroscopy in the case of curd cheese — ,Olomoucké
tvarGzky*“. Relatively high correlation coefficients for calibration
were attained in almost all models. The best result was
acquired for NaCl assessment, where R? = 0.975 and SEP =
0.090 g.kg™. Statistical verification by using of indicators the
reliability of the calibration model (CCV and PCV) was right.
Statistical verification by means of the Student T-test did not
show any statistically conclusive differences between the
reference and the predicted NIR values in any cases. As
confirmed by results obtained from calibration and validation,
near infrared spectroscopy is a potential and powerful method
for the rapid monitoring of some chemical parameters of curd
cheese — “Olomoucké tvartzky”.

Table 4 Statistical values for curd cheese — “Olomoucké tvaruzky“ obtained by Student t-test
Parameter (1) xNIR (2) XREF (3) SD (4) t stat 1 kit (5) 12 it (6)
DM in g.kg™ 37.04 37.04 0.137 0.000 1.679 2.014
pH 6.14 6.14 0.073 0.021 1.653 1.973
NaCl (g.kg™! 5.57 5.57 0.059 0.032 1,679 2.013

xNIR —average of NIR values, XREF —average of reference values, SD —standard error of difference, t1 . — table value for o, = 0.05, 2 4 — table value for o = 0.01

Tabulka 4

Statistické hodnoty pre Olomoucké tvartizky ziskané Studentovym t-testom

(1) parameter, (2) priemer NIR hodndt, (3) priemer referenénych hodnot, (4) smerodajnd odchylka rozdielu, (5) tabulkovéd hodnota pre trovefi o = 0,05, (6) tabul-

kové hodnota pre troveri o = 0,01
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Sithrn

Cielom prace bolo zistit, i je mozné pouzit FT-NIR spektrosko-
piu na stanovenie niektorych chemickych parametrov: obsah
su8iny (DM), aktivna kyslost (pH), obsah chloridu sodného
(NaCl) v tvarohovom syre s nazvom “Olomoucké tvarizky”.
Sedemdesiatdva vzoriek sa ziskalo priamo od vyrobcu
a skladovali sa pri teplote 5 °C pogas piatich tyZdiiov. Spektra
boli merané v rezime reflektancie s vyuzitim kompresnej ky-
vety (polomer 1 ¢cm) v rozsahu (4 000 — 10 000) cm™, s prieme-
rom 80 skanov a pri spektralnom rozligeni 4 cm™. Vztah medzi
referenénymi hodnotami chemickych vlastnosti a NIR hodno-
tami bol skimany multivariaénou metodou Ciastoénych naj-
mensich Stvorcov (PLS — partial least squares). Korelaény
koeficient pre DM bol 0,952 a pre pH a NaCl 0,905; 0,975. Da-
lej sa zistila smerodajnd odchylka kalibracie pre DM, pH
a NaCl: 0,285; 0,245; 0,090. Vytvorené kalibraéné modely boli
overené pomocou krizovej validacie. Stidia ukazuje, Ze
FT-NIR spektroskopia moze byt pouzitd na stanovenie nie-
ktorych chemickych vlastnosti tvarohového syra — “Olomo-
ucké tvarazky”.

Klacové slova: FT-NIR spektroskopia, tvaroh, kalibracia,
“Olomoucké tvarizky”
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EVALUATION OF SELECTED AGRO-PHYSICAL PROPERTIES OF A ROOT VEGETABLE
ZHODNOTENIE VYBRANYCH AGROFYZIKALNYCH VLASTNOSTi KORENOVEJ ZELENINY

Jan JOBBAGY, Dalibor GABAJ, Julius ARVAY
Slovak University of Agriculture in Nitra, Slovak Republic

This paper deals with evaluating the variability of selected agro-physical properties of carrots. The variety grown was the carrot Tinga. The
average value of yield for the whole field was 10.63 t.ha™. The yield values in individual monitoring points ranged from 9.03 t.ha™
(monitoring point 6) to 13.09 t.ha™ (monitoring point 3). The field was irrigated using the Bauer Rainstar T41 reel hose irrigation machine.
The average value of a coefficient of slenderness within the field under investigation achieved 4.65; the values ranged from 4.36
(monitoring point 2) to 4.92 (monitoring point 1). The average value of a coefficient of convergence was 5.62; the values of this coefficient
were in the interval from 5.1 (monitoring point 2) to 6.2 (monitoring point 3).

Key words: carrots, agro-physical properties, conicity of carrots, coefficient of slenderness and coefficient of convergence of carrots

Transition to the third millennium was accompanied by
a transition from Green Revolution, when environmental issues
were accentuated, to the Blue Revolution characterised by
combating water and a struggle for water. In regions lacking
natural water resources, this means the struggle for water, food
and for survival (Hribik, 2006).

Currently, the main objective is the cost reduction in
producing agricultural products and the reinforcement of the
overall competitiveness in the global market with agricultural
commodities. This trend is known as precision agriculture
(Nozdrovicky, 1999).

New methods in the field of rational intensification of crop
production, focusing on plant nutrition by connecting irrigation
with fertilisation, are providing extensive opportunities for the
control and optimisation of nutritional and water regime during
the growing season. Despite the knowledge already obtained, it
is necessary to elaborate and better characterise the conditions
intensifying production and increasing the availability of water
and nutrients from fertilisers by crops grown in different soil and
climatic conditions, and at a constant need to further protect the

environment and health condition of production and the
consumer (Nielsen and Roberts, 1996; Paoli, 1997).

The objective of this paper is to evaluate the variability of
agro-physical properties of the root vegetable in selected
monitoring points of the investigated field.

Materials and methods

The Paulen farm was founded in 1996. It is located in West
Slovakia, in the district of Topol€any, and currently manages
220 ha of agricultural land. Its business interests extend to
a wider area of Topol€any. Carrots were grown in a field with
the total area of 1.85 ha (Figure 1). The results of a soil analysis
have shown that the soil is slightly acid (Table 1). Crop yields as
well as carrots are significantly influenced by rainfall; the results
are shown in Table 2. The company is monitoring the rainfall
amount using a rain gauge.

The crop was irrigated using the Bauer Rainstar T41 reel
hose irrigation machine (Figure 1). The water demand of

Table 1 Content of nutrients and soil pH
Sample (1) pH Pinmg.kg™ K inmg.kg" Mg in mg.kg™
1 6.3 31 234 405
2 6.7 33 222 336
Average (2) 6.5 32 228 370
Evaluation (3) slightly acid (4) low (5) medium (6) high (7)
Tabulka1  Zasoba Zivin a pH
(1) vzorka, (2) priemer, (3) zhodnotenie, (4) slabo kysl4, (5) nizka, (6) strednd, (7) vysoka
Table 2 Rainfall in the investigated field
Months (1) 1 2 3 4 5 6 7 8 9 10 11 12 Per year (2)
2009 4 28 46 7 85 50 67 6 9 62 61 53 515
2010 35 30 16 74 138 121 78 94 88 - - - -

Tabulka 2  Zrazky na zameranom pozemku

(1) mesiace, (2) za rok
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Figure 1 a — Position of the investigated field, b — reel hose irrigation
machine
1 - water resource, 2 — investigated field

Obrazok 1  a—zamerany pozemok, b — pasovy zavlaZovac
1 - zdroj vody, 2 — pozemok

carrots is 520 — 620 mm per growing season. In our conditions,
its successful growing during an average year requires to
replenish natural rainfall with irrigation water ranging from 120
mm to 180 mm. The field boundaries were determined using
a hand-held GPS receiver — Leica GS20. After setting up the
necessary functions of the device, it is necessary to go around
the field boundaries and to save the data gathered. The layout
of monitoring points for taking samples was determined by
means of a computer.

Table 3 Descriptive statistics of measured parameters, monitoring point 1

Acta technologica agriculturae 3/2011

[ Localized field

Monitoring points
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Figure 2 Field boundaries and monitoring points
Obrazok2 Zamerany pozemok a monitorovacie body

The agro-physical properties were determined in 6
monitoring points. We focused on the following parameters of
carrot roots:

¢ length (mm),

e conicity (mm.mm™) derived from the upper and lower

carrot diameter,

e yield (tha™).

Conicity:
Ku =%
4
where:
on - diameter at the root head (m)
[ - diameter at the root end (m)
L — root length (m)

The coefficient of convergence (1) is expressed by the ratio
between the diameters in the upper (¢5) and lower (¢x) parts of
the root. The coefficient of slenderness (1) is given by the ratio
between the length (/) and the upper diameter (¢,) of the root.
The samples were taken from the length of 1.33 m (in one row),
corresponding to an area of 1 m2. The following parameters
were determined:

* weight of all of the samples taken from 1 m? (kg),

¢ weight of individual roots (kg),

e length of individual roots (m),

¢ diameters of the upper and lower parts of roots (m).

Results and discussion

Monitoring point 1

Table 3 shows the results of measured parameters in
monitoring point 1 (descriptive statistics). The total weight of
the sample taken was 1 061 g; there were 22 pieces of carrots.
The minimum root weight was 12 g, and the values reached up

Parameter (1) Length in mm (2) Weight in g (3) Conicity (4)
Mean (5) 110.36 48.23 0171
Standard deviation (6) 34.61 34.83 0.045
Minimum (7) 53 12 0.078
Maximum (8) 170 140 0.262
Number of samples (9) 22 22 22
Coefficient of variation (10) 31.36 72.23 26.25

Tabulka 3  Popisna $tatistika nameranych parametrov, monitorovaci bod 1
(1) parameter, (2) dizka, (3) hmotnost, (4) kuZelovitost, (5) priemer, (6) smerodajné odchylka, (7) minimum, (8) maximum, (9) pocet, (10) variacny koeficient
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Figure 3 Length of roots, monitoring point 1
Obrazok 3  Dizka korefiov, monitorovaci bod 1
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Figure 4 Weight of roots, monitoring point 1

Obrazok 4  Hmotnost korefiov, monitorovaci bod 1
(1) hmotnost korefov, (2) poCetnost

to 140 g. The average value was 48.23 g, with a high
coefficient of variation (72.23 %). The samples of carrots were
separated from foliage and weighted after that. The results
show that the average vyield of carrots in monitoring point 1
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Figure 5 Conicity, monitoring point 1

Obrazok 5 KuZelovitost, monitorovaci bod 1
(1) kuZelovitost, (2) poCetnost

was 10.61 t.ha”. Biological yield belongs to the most
important production indicators. The length values in
monitoring point 1 ranged from 53 mm to 170 mm. The value
of the coefficient of variation for the length was only 31.36 %.
The average length of roots depends not only on the variety,
but also on the soil penetration resistance, soil structure,
intake of nutrients during the growing season, growing
location, and the method of irrigation. The average conicity
represented 0.171.

The graphic representation of frequency distribution results
for the length of carrot roots is shown in Figure 3. The frequency
distribution for the net weight is shown in Figure 4, and Figure 5
is for conicity. Carrots need nutrients, water, light, and space
sufficient for their continuous development.

Other monitoring points

In monitoring point 2, there was an increase in the total weight
of roots from the sample taken in relation to monitoring point 1.
The resulting value was 1309 g. This change also indicates an
increase in the hectare yield of up to 13.09t.ha™. There were 26

Table 4 Descriptive statistics of measured parameters, other monitoring points

Parameter Monitoring point Mean (3) Standard deviation Minimum (5) Maximum (6) Number Coefficient
(1) (2) (4) of samples (7) of variation (8)

2 108.54 42.27 53 168 26 38.95

3 113.09 44.85 53 168 22 39.66
h}err‘ng;jh ) 4 107.19 41.04 53 173 21 38.29

5 107.25 38.47 53 166 20 35.87

6 98.77 35.23 53 167 22 35.67

2 50.35 38.49 12 148 26 76.46

3 57.32 37.24 13 122 22 64.97
:’X%‘g(%) 4 51.24 37.66 15 150 21 73.50

5 501 35.51 12 119 20 70.88

6 41.05 32.97 12 138 22 80.32

2 0.171 0.051 0.069 0.277 26 29.82

3 0.2 0.048 0.11 0.293 22 23.91
Conicity (11) 4 0.189 0.059 0.081 0.298 21 31.22

5 0.19 0.049 0.087 0.29 20 25.79

6 0.186 0.046 0.097 0.278 22 24.73

Tabulka 4 Popisnd Statistika nameranych parametrov, ostatné monitorovacie body )
(1) parameter, (2) monitorovaci bod, (3) strednd hodnota, (4) smer. odchylka, (5) minimum, (6) maximum, (7) poCet, (8) variatny koeficient, (9) diZka, (10) hmot-

nost, (11) kuZelovitost
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carrots taken in the sample. The summary of descriptive
statistics for monitoring point 3 is shown in Table 4. The total
weight of the sample taken was 1 261 g. This means that the
average yield of carrots in monitoring point 3 was 12.61 t.ha
(number of carrots: 22). The total weight of the sample taken in
monitoring point 4 was 1 076 g. In this point, 21 pieces of
carrots were taken, and the yield was 10.76 tha™. The
summary of descriptive statistics for monitoring point 5 is
shown in Table 4. The average length was 107.25 mm. There
were 20 pieces taken in this sample. The weight of carrot roots
ranged from 12 g to 119 g; the average value being at 50.1 g.
The yield achieved the value of 10.02 t.ha™.

Table 4 contains the results of descriptive statistics for the
parameters (length, weight and conicity) in monitoring point 6.
In this point, there were 22 pieces of carrots taken, having the
weight of 903 g. The results show that the average yield of
carrots in this point is the lowest of all monitoring points, equal
t0 9.03 t.ha™.

It results from the measured values of crop characteristics
that the average biological yield varies depending on varieties,
locations where the crop is grown and soil conditions. Crop
characteristics indicate that the biological yield in our growing
conditions is good. In year 2000, the average biological yield
of the carrots Cartago in Kova&ovce was 29.6 t.ha™ (min. 24.6
t.ha and max. 41.8 tha™); in the Bu$ince farm fields, the
average biological yield in 2001 was 43 t.ha™ (min. 38 t.ha™
and max. 55 t.ha™). In the SELEKT Bugany farm fields (2001),
the soil was prepared after ploughing only by ridging (in
autumn), and before sowing during spring, the shape of
mounds was renewed by ridging. The average biological yield
of carrots was 64.8 t.ha™ (min. 38 t.ha™ and max. 82 t.ha™)
(Poni¢an et al., 2004).

Coefficient of slenderness and coefficient of convergence

The coefficient of slenderness (1) and coefficient of
convergence (A) were also evaluated. The coefficient of
slenderness (1) expresses the ratio between the average
length of roots () and the root head diameter (¢»). A higher
value of this coefficient means a slenderer root shape, and vice
versa. The average value for all monitoring points was 4.65.
The slenderest carrots were taken in monitoring point 1.

The coefficient of convergence (A1) expresses the ratio
between the diameter at the root head (¢) and the diameter at
the root end (¢x). A value close to one represents a cylindrical
root shape, and values greater than one mean conical root
shapes. The average value obtained from 6 monitoring points
was 5.62.

The values of convergence indicate that the roots of carrots
were of the conical shape. The highest value was observed in
roots occurring in monitoring point 3.

The slenderest root shape was observed in carrots grown in
the BuSince farm fields in 2001 (Sugarsnax variety). The roots
of this variety were characterised by the coefficient of
slenderness of 8.67. The least slender shape was observed in
carrots (Bolero variety) grown in Bu€any (year 2001), where the
value of slenderness was A = 5.03 (Poni¢an et al., 2004). In
terms of the root shape (cylindrical), the Bolero variety grown in
Bucany (year 2001) comes closest to this value (the value for
the root shape was L = 1.25) (Poni¢an et al., 2004).

As regards the evaluation of agro-physical properties
defined by the slenderness and convergence of roots, these
properties are affected primarily by the characteristics of
varieties and the way how the soil is prepared before sowing
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(Poni¢an et al., 2004). Achieving a high production in our
climatic conditions requires irrigation.

A correct and adequate connection between both of the
intensification factors, irrigation and fertilisation, enables to
achieve high and economically interesting yields of a standard
quality and good storage with regard to environmental
protection (Pavelkova, 2005).

The size of soil aggregates, soil compaction and an
inappropriate structure can restrict plant emergence and
deform roots. Carrot roots are unevenly developed, rough,
deformed, with incisions at the top of the head of a green
colour. On the other hand, the growing of carrots in profiled
beds created by rotary cultivators provides nearly ideal
conditions for the emergence, growth and development of
plants (Poni¢an et al., 1998).

The technological procedure for soil preparation before
sowing root vegetables significantly affects the physical and
mechanical properties of the soil and consequently the quality
of root vegetables (Poni¢an et al., 2004).

Other measurements under irrigation were carried out in
Marcelova. The variety grown was the carrot Maestro. There
were 73 pieces of carrots taken from the sample. To determine
the hectare yield it was necessary to calculate the total value of
the net weight of roots taken from the sample. The weight of
roots ranged from 12.10 g to 269.8 g. The value of the
coefficient of variation was 57.66 %, with the average value of
98.35 g. Also the yield of 71.79 t. ha™ is a result of measuring
the weight of roots. The comparison of yields enabled to reveal
that the value obtained under fertilisation was higher by 2.32
t.ha™ (Jobbagy and Simonik, 2009).

When measuring the length of roots, the average value was
183.93 mm, with the coefficient of variation of 19.88 %. The
length of roots ranged from 96 mm to 266 mm. When
comparing these values with the values obtained under
fertilisation, it is possible to find that the mean root length was
higher at the lower value of the coefficient of variation. The
mean value of conicity was 0.071, with the coefficient of
variation of 32.82 %. The conicity ranged from 0.010 to 0.133
(Jobbagy and Simonik, 2009).

Slovakia produces 300 to 500 thousand tonnes of
vegetables per year depending on the weather impact during
a year. In years 2000 to 2004, the highest production of
vegetables was achieved in year 2000 amounting to 469
thousand tonnes, and the lowest in year 2002 when 363
thousand tonnes of vegetables were produced. The share of
individual groups of vegetables in the total production and total
area in individual years does not change significantly. The
harvested areas of carrots from years 2000 to 2004 range from
2 915 ha to 3 983 ha, with the largest area in year 2000 (3 983
ha). Production ranges from 37 079 t to 51 240 t. The highest
production of carrots was achieved in year 2001 (51 240 t). The
average yields of carrots for the period are fairly balanced and
range from 11.89 t.ha™ to 13.89 t.ha™. The highest average
yield for the whole of Slovakia was reached in year 2002 (13.89
t.ha™"). The highest yields of carrot were recorded in the region
of Trnava (20.42 t.ha™), followed by the regions of Nitra (16.57
t.ha™"), Bratislava (15.39 t.ha™"), Banska Bystrica (14.92 t.ha™),
and Zilina (12.39 t.ha™). Relatively low yields were achieved in
the regions of KoSice (9.90 t.ha™) and Tren&in (8.28 t.ha™). The
lowest average yield was achieved in the region of PreSov (7.06
t.ha™) (Val$ikova and Robin, 2006).
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Table 5 Slenderness and convergence of roots, carrot yield
Monitoring point (1) Measured values in mm (2) Coefficient of Coefficient of Yield in tha” (5)
slenderness (1) (3) convergence (A1) (4)

average root length (6) 110.36

1 root head diameter (7) 22.41 4.92 5.6 10.06
root end diameter (8) 4.00
average root length (6) 108.54

2 root head diameter (7) 22.15 49 5.1 13.09
root end diameter (8) 4.31
average root length (6) 113.09

3 root head diameter (7) 25.91 4.36 6.2 12.61
root end diameter (8) 418
average root length (6) 107.19

4 root head diameter (7) 23.29 4.6 5.4 10.76
root end diameter (8) 4.29
average root length (6) 107.25

5 root head diameter (7) 23.5 4.56 59 10.02
root end diameter (8) 3.95
average root length (6) 98.77

6 root head diameter (7) 21.68 4.56 55 9.03
root end diameter (8) 3.9

Average (9) 4.65 5.62 10.93

Tabulka 5

Prepotitané hodnoty Stihlosti a zbiehavosti korefov, tiroda mrkvy

(1) miesto merania, (2) namerané hodnoty, (3) koeficient &tihlosti, (4) koeficient zbiehavosti, (5) tiroda, (6) priemerné dizka korefiov, (7) priemer hlavy korefiov,

(8) priemer konca korefiov, (9) priemer

Conclusions

When carrots are grown in beddings, costs will rise in relation to
the conventional method. However, the achieved effect of
yields is sufficiently significant, and the grower should take
account of this production method. The current exercise price
and the amount of production per hectare are decisive for
economic benefits.

When the carrot shape is uneven, the selling price is
reduced. Therefore, it is necessary that the soil be prepared by
rotary cultivators and using the bedding method. It creates
good conditions for a regular cylindrical shape of roots, and the
highest hectare yields are reached under observed irrigation
scheme and sufficient nutrients during the growing season.

Siihrn

V danom prispevku sa zaoberalo zhodnotenim variability vy-
branych agrofyzikalnych vlastnosti porastu mrkvy. Pestovanou
odrodou bola mrkva Tinga. Priemerna hodnota Urody na ce-
lom pozemku bola 10,63 t.ha™. Hodnoty trod v jednotlivych
monitorovacich bodoch boli od 9,03 t.ha™ (monitorovaci bod
6) do 13,09 t.ha™ (monitorovaci bod 3). Zavlaha na pozemku
sa uskutoCnila pasovym zavlazovacom Bauer Rainstar T41.
Priemerna hodnota koeficientu stihlosti na zameranom pozem-
ku bola 4,65. Hodnoty sa pohybovali v rozpéti od 4,36 (monito-
rovaci bod 2) do 4,92 (monitorovaci bod 1). Priemerna hodnota
koeficientu zbiehavosti bola 5,62. Hodnoty koeficientu zbieha-
vosti boli od 5,1 (monitorovaci bod 2) do 6,2 (monitorovaci bod 3).

Kracové slova: mrkva, agrofyzikalne vlastnosti, kuzelovitost
mrkvy, koeficient Stihlosti a zbiehavosti

This paper is related to research project VEGA No 1/0407/11
“Research of the effectiveness of growing arable crops with the
support of spatially variable irrigation“ conducted at the
Department of Machines and Production Systems, Faculty of
Engineering, Slovak University of Agriculture in Nitra.
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ASSESSMENT OF WALL STRUCTURES IN TERMS OF TEMPERATURE DAMPING
POSUDENIE STENOVEJ KONSTRUKCIE Z HLADISKA TEPLOTNEHO UTLMU

Stefan POGRAN, Timea REICHSTADTEROVA, Dugan PALES, Jana LENDELOVA
Slovak University of Agriculture in Nitra, Slovak Republic

The objective of this work was to assess the influence of solar radiation on the indoor climatic conditions of the examined hall in the summer
and winter season. We focused on the determination of temperature damping of an external wall structure. By comparing the temperature
damping of the given wall structure with the recommended value of temperature damping we found that the external wall satisfies the
thermal requirements for the summer season. Further increasing of the wall thickness would have no impact on the internal environment
quality. The assessment of temperature damping for the winter season does not satisfy this condition. The comparison of both calculation
methods did not reveal any significant differences that would influence the overall assessment of the wall structure.

Key words: temperature damping, indoor climatic conditions

The purpose of investigating the thermal stability of rooms is to
assess the influence of solar radiation on the increase of
internal air temperature of the examined room (Ficker, 2004).
The indoor climatic conditions in a building influence the
physiological needs of persons and their activity (Priecel,
2007). The determination of temperature damping in structures
i expresses the influence of heat absorption capacity in building
structures on the fluctuation of internal surface temperature
under daily variations in external temperature. It means
structure behaviour under a modelled, unstable thermal
condition (Vaverka et al., 2006).

The fluctuation of external air temperatures invokes the
fluctuation of temperatures in the structure, on the external and
internal surface of the building structure (Chmurny, 2003). The
temperature damping of the structure i means the ability of this
structure to damp the thermal variations of external surface and
specifies how many times the amplitude of internal surface
temperature is lower than the amplitude of external air
temperature (Vaverka et al., 2006). Temperature damping is
determined on the basis of thermal performance of the external
cladding structure or its layers (Chmurny, 2003).

Materials and methods

The temperature damping of the external wall structure was
assessed in the mechanised repair workshop Kolifiany. The
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external masonry of the building is made of light-weight aerated
concrete blocks with a thickness of 300 mm; both of its sides
are of a lime-cement plaster with a thickness of 15 mm. The
composition of the external structure is shown in Figure 1, and
the thermal performance of individual layers of the wall is
presented in Table 1.

Assessment will be done upon a precise calculation by
means of a Fourier equation according to Sklover et al. (1966)
and Halahyja et al. (1985), where the outputs are expressed in
a complex form. The results of this calculation will be compared
with commonly used approximate equations according to

@
2)

| e
15 300 15
O —
Figure 1 Composition of the external wall structure
1, 3 — lime-cement plaster, 2 — light-weight aerated concrete blocks
Obrazok 1 Skladba obvodovej stenovej konstrukcie

1, 3 — vépenno-cementova omietka, (2) plynosilikdtové tvarnice
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Table 1 Thermal performance of building materials (STN 73 0540-3)
Layer Material (2) Thickness of Bulk weight —p, Coefficient of thermal conductivity Specific heat capacity — ¢
(1) layer — din m (3) in kg/m3 (4) —xin W/(m x K) (5) in J/(kg x K) (6)
1. Lime-cement plaster (7) 0.015 2000 0.99 790
2. gt weight ;f;a(tg)d 0.300 550 0.19 840
3. Lime-cement plaster (9) 0.015 2000 0.99 790
Tabulka 1 Teplotechnické vlastnosti stavebnych latok (STN 73 0540-3)

(1) vrstva, (2) materidl, (3) hribka vrstvy, (4) objemové hmotnost, (5) su€initel tepelnej vodivosti, (6) tepelnd kapacita, (7) vdpenno-cementové omietka, (8) plyno-

silikatové tvérnice, (9) vapenno-cementova omietka

Chmurny (2003) and Vaverka (2006) with the subsequent
assessment.

A.

Specification of temperature damping

Fourier equation of temperature damping for
a three-layer structure can be expressed in the

following form:
5 )
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where

N - oefficient of thermal conductivity for the jth layer,
W/(m.K)

Sj - heat absorption capacity for the jh layer of the
structure, W/(m?.K)

h® — coefficient of heat transfer on the external side of the
structure, W/(m?.K), (STN 73 0540-3)

d; — thickness of individual layers, m

M, N - parameter indicating the ratio between the heat flow

and thermal amplitude
Taking into account the time period t =24, h=86 400 s, the

following equation shall apply to heat absorption capacity of
layers according to Standard STN 73 0540-4:

)

27t

where:

G - pecific heat capacity, J/(kgxK)
D) — bulk weight, kg/m®

Then:

5 =5 ©

The mathematical expression of the parameters specified

in Equation (1) is as follows:

M = cosh[%-d1j+h’sinh[s‘-
}\'1 S1 }\'1

N =sinh| 3.q, |+ BeosH S,
}\'1 s1 7\'1

The thermal resistance of individual layers will be
calculated according to the following equation (Chmdurny,
2003):

(6)

In order to determine the structure temperature damping in
the summer and winter seasons, the absolute value of
temperature damping v shall be specified in the complex form
® — a+ bi, where ais a real part and bi is an imaginary part.
The absolute value of temperature damping is determined by
means of a complex number modulus:

@)

v, =mod® = (a° + b)

Procedure for calculation

1. The thermal resistance of the external wall R will be
determined according to Equation (6).

2. The heat absorption capacity of individual layers s, and s,
will be specified according to Equation (2).

3. Thevaluescos (R, - s )and sinh(R; - s;) will be calculated.
Here:

CoshR, - s, = cosHy + yi) = coshy-cosy + isinhy - siny =
=a+ bi
sinhR, - s, = cosy + yi) = sinhy-cosy + icos hy-siny =
=c+di
where: y = f-s

7

4. The values M and N will be calculated according to
Equations (4) and (5).

5. Temperature damping will be calculated according to
Equation (1).

6. The absolute value of temperature damping for the summer
season v, and for the winter season v, will be calculated
according to Equation (7).

7. The minimum values v, . or v, . will be determined in
accordance with Standard STN 73 0540-4, and assessment
will be carried out after that.

B. Temperature damping will be calculated by means of
an approximate procedure specified by the standard

Results and discussion

The following results were obtained on the basis of the
submitted procedure:

e Summer season
1. Calculation by means of Fourier Equation (1) v, =41.76
2. Approximate calculation v,, = 37.83
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e Assessment
1 . VL1 > VLmin
4176 >14.89
2. V2 ZVimn_ _, conforms to the condition
37.83>14.89

— conforms to the condition

¢ Winter season
1. Calculation by means of Fourier Equation (1) v,,=39.75
2. Approximate calculation v, = 35.97

e Assessment
1 . V21 > VZ min
39.75 >44.47

2. _Vz2 2Vzmin_ _, fails to conform to the condition
35.97 >44.47

— fails to conform to the condition

Temperature damping determined in the investigated wall
structure in both examined cases satisfies for the summer
season the requirements for the minimum value of temperature
damping; the recommended values are exceeded more than
two times. It means that further increasing of the wall thickness
would have no effect as regards the internal environment
quality. Because of this reason, it will be necessary to focus on
whether the size of transparent surfaces, their qualitative
thermal performance, and their orientation towards the
compass directions is well-founded in relation to the
requirement on the power and placement of a local
air-conditioner. The assessment of temperature damping for
the winter season is usually not required. In our case, it slightly
fails to conform to this requirement.

Conclusions

By comparing the temperature damping of the given wall
structure with the recommended value of temperature damping
it was discovered that the external wall satisfies the thermal
requirements for the summer season. For a comprehensive
assessment of the building it is necessary to verify all of the
other parts of the building external cladding that are exposed to
external environment influence. It was found that the wall is
able to contribute significantly to the thermal stability of the
assessed internal space. The comparison of both calculation
methods did not reveal any significant differences that would
influence the overall assessment of the wall structure.

Sithrn

Cielom prace bolo posudit vplyv sine€ného Ziarenia na vnutor-
nu klimu skiimaného halového objektu v letnom a zimnom ob-
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dobi. V praci sme zamerali pozornost na stanovenie teplotného
utlmu obvodovej stenovej konstrukcie. Porovnanim teplotného
utimu danej stenovej konstrukcie s odporu€anou hodnotou
teplotného utimu sme zistili, Ze obvodovéa stena vyhovuje
teplotechnickym poZiadavkam kladenym na letné obdobie.
Dalsie pdsobenie na kvalitu vntitorného prostredia iba zvaéso-
vanim hrubky steny by uz nebolo efektivne. Postudenie teplot-
ného Utlimu pre zimné obdobie podmienke nevyhovuje. Pri
porovnani oboch vypo&tovych metéd neboli zistené vyz-
namné rozdiely, ktoré by ovplyvnili celkové hodnotenie ste-
novej konstrukcie.

Klacové slova: teplotny utlm, vnatorna klima

This paper was prepared with the support of research project
VEGA 1/0769/10.
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METHODOLOGY OF PROCESS MODELS CREATION USING
THE ENTERPRISE ARCHITECT SOFTWARE TOOL

METODIKA PRO TVORBU PROCESNICH MODELU POMOCI SW NASTROJE ENTERPRISE ARCHITECT

Pavel MACHAL

Mendel University in Brno, Czech Republic

A continuous improvement of business processes is a must for any company that wants to stay in the market. Customers requiring better
and better products and services force all enterprises to think continuously about improving of their business processes. Such an approach
is based on a good understanding and measuring of an existing process and, thus, from the resulting stimuli of its improvement. A software
(SW) tool called Enterprise Architect enables, among others, to model individual business processes. The main objective of business
processes modelling is to create a correct specification of these processes and to analyse their properties. The purpose of business
processes modelling is to create such an abstraction of a process which would enable to understand all its activities and all relationships
existing between these activities on one hand and roles represented by capabilities of people and facilities involved in a given process. The
objective of this paper is to create a uniform methodology of business processes modelling when using the SW tool Enterprise Architect.

Key words: Process model, methodology of modelling, activity, process, modelling area

Process modelling is basically a dynamic image of real
business activities displayed via the methods and approaches
used for specifying and analysing these processes. Enterprise
Architect (hereafter referred to as EA) is a CASE type tool
developed by Australian company Sparx Systems. Versions
are currently available for MS Windows and Linux platforms.
Enterprise Architect is based upon UML version 2.1 support
but, along with the ability to define other elements and their
features, comes practically unlimited potential for designing the
user's own models. It is a tool which can support and greatly
facilitate the entire phase of the software development, from
defining the system requirements and designing, to preparing
test and system documentation. Furthermore, EA supports
Business Process Modelling, which is surely an advantage
against other CASE tools that support only UML based
modelling.

Creating a unified methodology for the process modelling
technique designed using EA can subsequently help to provide
an efficient business process modelling.

Materials and methods

Business process modelling has experienced a rapid growth
over the past few years. It has brought success where previous
approaches failed as it provided business strategists and
technologists with a unified set of tools and strategies for
achieving the common goals. The future promises even more
expansive growth and development, mainly due to the global
economic crisis and the subsequent need for re-engineering
enterprises, businesses and all manner of other institutions.
The EA software itself enables both extensive variety
during business process modelling and various interpretations.
The author of this contribution created an original methodology
and standards for an effective process model using EA. The
methodology and standards primarily enable the unified

interpretation and comparison of different models designed
using the afore-mentioned software tool.

Results and discussion

After the opening of the EA tool a basic screen appears. It is
useful to separate the basic screen into three graphic areas.
Each of them has a name describing its functions. The areas
are as follows: Toolbox, placed on the left side of the screen,
Diagram, placed in the middle, and, finally, the third area,
Project Browser, on the right side of the screen.

The Toolbox contains tabs with elements that can be
dragged into the “Modelling Area” in the middle of the screen.
The ,Modelling Area“, though, serves mainly to display the
graphic representation of the constituent processes. A storage
site for elements is then automatically created within the
“Project Browser“. The database content is created in this
manner as the elements are filed under the active Package.

These three areas can be switched on, off, widened or
narrowed, depending on which area of a model is currently
being processed.

When creating a process model, this methodology works
with the following practices.

e Colouring the elements

This method uses colour distinction of elements. In the final
state, the colours improve the legibility and arrangement of
diagrams. The colours can be chosen (bottom left corner of the
screen) when the cursor is placed on the corresponding
element. It is also possible to choose them accumulatively — in
the “Modelling Area” by dragging the mouse while holding the
left button.

e Rectangular convention
To arrange the diagrams neatly it is necessary to use the
rectangular convention for the sequence of activities and
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situations. Since the system does not support this convention, it
must be done manually. The rectangular convention improves
the legibility of diagrams.

¢ Element alignment

After choosing the elements to align (using the right mouse
button), the alignment possibilities appear on screen (up, down,
right, left). Alternatively, the alignment can be carried out
automatically by creating even spaces between the elements —
downwards or upwards.

¢ One name practice

In EA a unique identification number is assigned to each
established element. This is necessary for the purpose of
copying the multiple elements into diagrams. The identification
number is assigned to each element automatically, unlike the
name that is assigned by the user. When changing the name of
an element in the database, all its copies within diagrams are
renamed. However, a danger exists in creating (by establishing
or copying) an element with the same name but different
identification number. In such a case, when used in diagrams,
the advantage is lost. Therefore, any element should have only
one name and one unique identification number.

e The principle behind creating packages

When modelling, it is necessary to create the structure of
the packages (in the “Project Browser”) first, so the established
elements can be filed within these packages.

Elements filed in such a direct way can be easily and
systematically used after the process analysis is completed.

When creating packages and, subsequently, outputs, it is
good to know that:
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— Elements filed in a package carry their text into the
diagrams (“From....”).

- ltis possible to import/export whole packages.

— Documentation (HTML, RTF) can be created only from
the active package — the package on which the cursor is
placed. Only what is saved in the active package will be
transferred into the documentation. When creating
documentation of the whole model, the highest-level
package must be highlighted.

e Creating Hyperlink

Graphs can be linked to documents filed in a defined
package by dragging the Hyperlink element from the top tool
bar and placing it on the relevant element (Output). Double
clicking on a file will open it (MS WORD, MS EXCEL...). This is
useful for a more detailed description of activities. Furthermore,
a relevant document or template can be opened directly when
entering/leaving an activity.

e Creating package

A new package can be created by clicking the “New
package” icon and giving it a name. Deleting is done by the right
hand mouse button and choosing Delete. The entire methodology
used in the process modelling is based on the package
structure.

e Diagram

Double clicking on the “New Diagram“ icon will create
a diagram. However, a package will be created first and will be
assigned the name of the future process. Afterwards, a diagram
is established in the empty “Modelling Area”. A diagram
established this way would carry the package name.
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e Element

An element can be created either from the Toolbox, in the
case of its being a unique incidence, or from the Project
Browser, in the case of its being a repeated incidence. Creating
from the Project Browser enables the establishment of a set of
diagram elements without their presence in a diagram. These
elements can be dragged into the “Modelling Area” using the
mouse.

This is how it is established and subsequently placed into
the “Modelling Area”:

- Actor.

- Artefact.

- Requirement.

The most commonly used elements in process
modelling using the EA software

Activity

The element “Activity“ is used for an activity description. It is
established by dragging the mouse from the Toolbox on the
“Activity“ tab into the “Modelling Area”. The activity is marked
green. The heading can contain a short name activity.

actTest /
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actTest /

act Test

s Excel

MS Excel

Used application
Source: author
Obrazok 4 PouZitd aplikace
Zdroj: autor

Figure 4

Used application

The blue “Actor” element is used to describe the application
used for the document related to the activity. It is placed to the
right of the “Activity“ and is linked via “Relation*.

Events

The “Send“ element from the “Analysis” tab can be used to
express an event (the external activity initiative). Its colour is
purple. Such highlighting improves the legibility of the
diagram.

actTest Actor % ;‘*—_‘__;A ﬂsi
Event >

Figure 2  Activity
Source: author
Obrézok 2 Aktivita
Zdroj: autor
Actor

The yellow “Actor” element is used to define a process
participant, i.e. the person who carries out the activity. It is
placed to the left of the “Activity”“ and linked with the activity it
does through “Relation*.

It is necessary to differentiate between a position in an
organization chart and a “Role“. One position can have many
defined roles within one process (e.g. employee, leader). The
“Role” is established within the “Project Browser” and can be
dragged into the “Modelling Area“ by mouse. Individual roles
can be dragged by mouse, placed one beneath the other and
form a structure of the “roles”, which does not appear in the
diagram.

2, Tast 7
S
AL Test 7 e~
Figure 3  Actor

Source: author
Obrazok 3 Role
Zdroj: autor

Events
Source: author
Obrazok 5 Udadlosti
Zdroj: autor

Figure 5

Status

The “Receive” element from the “Analysis” tab can be used
to express status (the internal activity initiative). Its colour
is brown. Such highlighting improves the legibility of the
diagram.

act Technical serv... /

Repair or
maitenance
ending

(from Situation)

Status
Source: author

Obrazok 6 Stav
Zdroj: autor

Figure 6

Input/Output

The “Artefact” element is used for documents and data objects.
It is created by establishing it within the “Project Browser” and
can be dragged into the “Modelling Area” by mouse. The colour
of this element is blue. The input is to the left and the output to
the right. The relation is “Information Flow”.
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Figure 7 Input/Output

Source: author
Obrazok 7 Vstup/Vystup

Zdroj: autor

Requirement
When the goal of the project is to define, for example, the
requirements for IS/IT, the element “Requirement is
established within the “Project Browser“. The element can be
dragged by mouse onto the desktop and linked with an activity.
The requirement is assigned to a specific (concrete) activity in
this manner.

The structure of the output document will be formed by
moving into other packages and sorting all the requirements
prior to creating the documentation.

actTest 7

Requirement

Requirement
Source: author
Obrazok 8 PoZadavek
Zdroj: autor

Figure 8

Parallel processes

Parallel processes can be represented by a horizontal or
vertical line “Fork/Join“ from the “Activity” tab. The “Fork/Join“
line represents parallel processes that are independent from
each other but must be executed before the process continues.
The line can be extended to the necessary length by placing the
cursor on the end and pulling with the left mouse button.

act Test /

Figure 9  Parallel processes
Source: author

Obrazok 9 Paralelni procesy

Zdroj: autor
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Decision-making activities

The “Decision” element from the “Activity“ tab is used to
bifurcate the process when there is a known condition and the
process continues accordingly along one branch or the other.
The red colour is used for this condition. The bifurcation
condition is placed into the name of the “Control Flow“ by
double clicking on the line and entering the name. To bend the
line it is necessary to click on the line with the right button and
choose “Bend Line at Cursor®. The black “Merge” element from
the “Activity” tab is used to merge processes when the dynamic
link returns into the logical flow of the diagram.

Connecting status, activity and other elements in a logical
sequence is done by switching on the “Control Flow” on the
“Activity“ tab followed by dragging the mouse from one element
to another (e.g. status — activity). An arrow on the line will
respect the direction of drag (logic).

actTest/ actTest/ """" ’
<

Figure 10 Decision-making activities
Source: author

Obrazok 10 Rozhodovaci ¢innost
Zdroj: autor

Connecting diagrams

After dragging a process symbol (from the “Project Browser”)
into the “Modelling Area” and choosing Hyperlink, the symbol,
representing the process of the given name, will appear.
Clicking it enables switching between processes within the
diagram and also within the subsequently created HTML
documentation.

act Technical services /
| Wages and ]
Salaries©
Process

Source: author

Obrazok 11 Proces
Zdroj: autor

Figure 11

General rules for process modelling
via the EA software

Deleting unused objects

During modelling, one element can be established both in the

“Modelling Area“ and in the “Project Browser‘. When the

element is deleted from the “Modelling Area“, it remains in the

“Project Browser*.

The EA software does not have a function for deleting
unused elements. It is necessary to use the following
procedure:
® open process,
 right click on all the elements, one after the other,

e open the drop down menu and when the text “Locate in
Current Diagram® is black, the element also exists in the
“Modelling Area“. When itis grey, the element does not exist
in the “Modelling Area“. The “Delete” function deletes the
element.
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Packages system
During the modelling, all elements are gradually arranged in
one file. If the diagram is larger and has a lot of elements, their
graphical symbols may be merged.

For that reason, it is necessary to establish the following
subsets:

e Events,

e Activities,

e Statuses,

e Linking to processes,

¢ |nputs/Outputs.

Filing up elements into packages

Elements can be dragged into packages with the mouse. This
makes the established elements look neater. The “From...” sign
then appears beneath the graphic symbol in the “Modelling
Area”. This improves the legibility of the diagram.

actTest /

0

Actor

Input - “cliow» Output

(from Inputs/Outputs) (from Inputs/Outputs)

Figure 12 A part of the process after the insertion of elements into
packages
Source: author

Obréazok 12 Cast procesu po zafazeni elementl do sloZek
Zdroj: autor

Documentation

Icons in the top left corner of the “Project Browser” are used to

create the documentation. The documentation can be created

in the following formats:

e HTML
Clicking on a package in the “Project Browser* highlights the
target package in which the documentation will be created.
When the documentation concerns the whole model, the
highest-level package should be selected. Thus, the
generation begins. The documentation acts in a similar
manner to a live system: it is possible to switch between
applications and so on.

¢ RTF
The same rules concerning the work with packages apply to
an export into MS WORD — RTF. The difference is that it is
necessary to choose a template — the form of the output
report. The templates provided can be altered to suit.

Export/import
When creating a copy of a process or a model, it is
recommended to export into “XLM*“ followed by import from the
newly created file. Copies contain all the graphics and are the
same as the original.

Export/Import is done by clicking the right mouse button on
the relevant package and choosing the Export/Import function.

Pavel MACHAL

Conclusions

The purpose of business process modelling is to create
a precise specification of the processes and to analyse their
features. The intent of business process modelling is to create
a process abstraction that enables the understanding of all its
activities, the links between these activities and roles
represented by the abilities of the people and facilities involved
in the process.

There are many approaches and methodologies
concerning business process modelling. These are usually
created in connection with a software product designated for
the process modelling.

The aim of creating this methodology for modelling
techniques was to provide the users of Enterprise Architect
software with the basic set of terms and rules for their use, so
the process model maker could describe all the real behaviour
and features in an easy way that does not change.

Souhrn

ZlepSovani podnikovych procest je dnes nezbytnosti pro udr-
Zeni firmy na trhu. Podniky jsou nuceny svymi zakazniky, ktefi
Zadaiji stale lep&i produkty a sluzby, soustavné uvazovat o zlep-
Sovani svych proces(. Tento pfistup je zaloZen na porozuméni
a méfeni stavajiciho procesu a z toho pfirozené vyplynuvsich
podnétll k jeho zlepSovani. SW nastroj Enterprise Architect.
Umozriuje mimo jiné modelovani obchodnich procesu. Hlavnim
u€elem modelovani obchodnich procesu je vytvoreni korektni
specifikace procesu a analyzy jejich vlastnosti. Smyslem mo-
delovani obchodnich procest je vytvofit takovou abstrakci pro-
cesu, ktera umoznuje pochopeni vdech jeho aktivit, souvislosti
mezi témito aktivitami a rolemi reprezentovanych schopnostmi
lidi a zafizeni zapojenych do daného procesu. Cilem pfispévku
je vytvorit jednotnou metodiku techniky modelovani procesl
pomoci nastroje Enterprise Architect.

Kliéova slova: procesni model, metodika modelovani, ¢innost,
proces, modelovaci plocha
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ASSEMBLY PROCESS CAPABILITY OF AUTOMOTIVE SEATS
SPOSOBILOST PROCESU MONTAZE SEDADIEL AUTOMOBILOV

Zuzana ANDRASSYOVA, Jozef HRUBEC, Martin KOTUS
Slovak University of Agriculture, Slovakia

The study focuses on the evaluation of assembly process capability of automotive seats according to safety/regulation S/R characteristics
defined by organization and ISO 9001: 2008 Quality Management Systems. Requirements. Therefore, there is analysed the statistical
process control on the basis of normality and stability of processes and following manufacturing process capability indexes C, and Cp are
calculated. The level of quality is assured with a control system Poka Yoke for each manufacturing process of S/R characteristics, such as
screwing of airbag, RSE, safety lock, Isofix, bladder, backrest plus seat. This fact is considered in the results of capability which met the

conditions C,, Cp =2 specified by Faurecia.

Key words: automotive seat, control charts, manufacturing process capability C, and C, process stability, Poka Yoke method

The seats of an automobile represent an important part of
automotive industry taking into account the quality, safety,
comfort, etc. Therefore, it is required to assure the quality of
manufacturing process within each production phase. The
monitoring and evaluation of manufacturing process capability
presents one of the methods for ensuring and improving the
processes in manufacturing organization. It includes the
monitoring of stability and normality of obtained values from
manufacturing processes and the calculation of manufacturing
process capability indexes C,and C,. The assembling process
of first row seats is analysed through the manufacturing
processes considering the safety/regulation S/R characteristics
in perspective of capability. The manufacturing process of
individual S/R characteristics is assured by the Poka Yoke
system, i.e. by a 100 % check. “The basic principle of Poka
Yoke is to prevent the non-conformities systematically. Using
technical tools, modification of a product, fixture, device, etc.,
the Poka Yoke system enables to register and warn against the
non-conformity and, if it is necessary, to stop the manufacturing
process immediately” (Andrassyova, 2010).

The objective of this paper is to monitor the manufacturing
process capability for every S/R characteristic of seats
assembly. Processes will be controlled by the evaluation of
control charts for the average x and range R (STN I1SO 8528:
1995 Shewhart control charts). If the provisions for the
evaluation of control charts and for the achievement of
manufacturing process capability are not fulfilled, the monitored
process shall be subjected to a detailed study immediately and
corrective and preventive measures shall be proposed. It is

Material and methods

Quality indicators

The S/R characteristics which consider the safety level and
legislative requirements of final customer’s country (Figure 1)
are defined as the most important indicators taking into account
the quality of automotive seats assembly. The screwing
process is applied to the components of the first row seats as
follows: airbag, back seat equipment — RSE, bladder (USA),
safety lock, Isofix, backrest plus seat. The process parameters
of screwing the S/R characteristics are introduced in Table 1.

BACKREST
+SEAT

also necessary to follow up the state of the Poka Yoke system ISORIX BLADDER
which assures the quality of the manufacturing process. Figure1  The S/R characteristics of the automotive seat
Obrazok 1  Bezpecnostné charakteristiky automobilového sedadla
Table 1 The process parameters of screwing the S/R characteristics of the automotive seat
Airbag (1) RSE (2) Bladder (3) Safety lock (4) Isofix (5) Backrest plus seat (6)
Screwing torque in Nm (7) 101 45+05 25+0.3 345+15 111 345+1.5

Tabulka 1

Parametre procesu skrutkovania bezpe¢nostnych charakteristik automobilového sedadla

(1) airbag, (2) sedadlové vybavenie zadnej €asti, (3) sedadlovy senzoricky prvok, (4) bezpe€nostny zdmok, (5) dchytky — isofix, (6) opierka + seddk, (7) moment

skrutkovania
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Data collecting

The analysed values of measured parameters are collected
from the screwing process of S/R characteristics at
approximately hourly intervals (time interval depends on the
given S/R characteristic). The values are recorded by the Poka
Yoke system directly in the manufacturing process and sampled
from the database of measured torque values for analysis. After
that, they are separated into subgroups k = 25 with the subgroup
range n=10. The study below will analyse in details one of the
S/R characteristics of the manufacturing process of the
automotive seat, namely the safety lock (Table 2). The described
procedure is applicable for all remaining S/R characteristics to
be monitored during the manufacturing process.

The measured values are used for the calculation of:

e An average value of a subgroup sample:

Zuzana ANDRASSYOVA, Jozef HRUBEC, Martin KOTUS

j—1, 2,..., n— sequential number of the measured value in the

subgroup
k — number of subgroups
n — subgroup size
Xjj — measured value in the ith subgroup

¢ Range in the subgroup:

R, = max(X;) — min(X; ) (2)

where:
max(Xj) and min(Xj)— maximum and minimum value measured
in the ith subgroup
The average )71 and range R;are plotted into control charts.
The points are linked by lines to visualise the groups and trends.

e Sample mean of the process:

7,' — 1 i Xij (1) B .
X = 3X ©
where: ki
i-1,2,..., k- sequential number of the subgroup
Table 2 Measured values of screwing torque for the safety lock
n Measured values (1) in Nm
1 2 3 4 5 6 7 8 9 10 11 12 13
1 35.07 34.89 34.72 34.75 34.79 34.90 34.76 35.0 34.63 34.76 34.74 34.80 34.80
2 34.69 34.57 34.59 35.09 35.07 34.94 34.68 34.63 34.99 34.63 34.64 34.57 34.85
3 34.66 34.66 34.53 34.75 34.71 34.99 34.79 34.68 34.71 34.75 34.92 34.85 35.0
4 34.69 34.89 34.89 34.68 34.59 34.82 34.72 34.58 34.78 34.96 34.81 34.61 34.85
5 34.62 34.57 34.65 34.52 34.97 34.56 34.64 34.86 34.69 35.08 34.58 34.62 34.61
6 34.98 35.02 34.86 34.57 34.88 34.99 34.56 35.12 34.96 34.61 34.76 34.99 34.70
7 34.85 34.69 34.71 34.88 34.59 34.67 34.61 35.13 34.59 34.84 34.65 34.83 35.01
8 34.73 34.52 34.56 34.88 34.55 34.66 34.76 34.89 34.71 34.87 35.09 34.59 34.75
9 34.59 34.98 34.94 34.78 34.58 35.17 34.56 34.80 34.86 34.78 34.69 34.63 34.97
10 35.04 34.68 34.77 34.80 34.93 34.53 34.54 34.54 34.67 34.58 34.61 34.57 34.58
X, 34.79 34.75 34.72 34.77 34.77 34.82 34.66 34.80 34.76 34.79 34.75 34.71 34.79
Ri 0.48 0.50 0.41 0.57 0.52 0.64 0.25 0.59 0.40 0.50 0.51 0.42 0.43
Continuation of Table 2
n Measured values (1) in Nm
14 15 16 17 18 20 21 22 23 24 25
1 34.52 34.73 35.10 34.70 34.54 34.59 34.85 34.80 34.89 35.07 34.57 34.69
2 34.64 34.79 34.63 35.09 34.58 34.89 34.87 34.50 34.56 34.64 35.04 34.86
3 34.67 34.89 34.51 35.25 34.70 34.59 35.07 34.94 35.15 34.54 34.81 34.68
4 35.02 34.61 34.61 34.64 34.72 34.89 35.0 34.81 34.63 34.81 35.05 34.76
5 34.52 34.89 34.68 34.59 34.50 34.64 34.52 34.61 34.94 34.89 34.75 34.54
6 34.80 34.52 34.90 34.51 34.71 34.78 34.86 34.81 34.53 34.83 34.84 34.61
7 34.81 34.67 34.95 34.77 34.93 34.71 35.20 34.95 34.85 34.99 34.71 34.78
8 34.67 34.58 34.73 34.61 34.80 34.61 34.54 34.52 34.89 34.57 34.56 34.89
9 34.59 34.60 34.67 34.53 34.70 34.78 34.98 34.83 34.86 34.78 34.61 34.54
10 34.71 34.61 34.53 34.89 34.50 34.95 34.68 34.58 34.60 34.56 34.59 34.50
X; 34.69 34.69 34.73 34.76 34.67 34.74 34.84 34.74 34.79 34.77 34.75 34.68
Ri 0.50 0.37 0.59 0.74 0.43 0.36 0.68 0.45 0.62 0.53 0.49 0.39
Tabulka2 Namerané hodnoty momentov skrutkovania pre bezpe¢nostny zdmok

(1) namerané hodnoty
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e Sample average range:

R-1%R “)

x|

where:

X., Ri - average and range in the ith subgroup (i=1, 2,..., k)

e Upper and lower control limits for the range and average:
— for the range:

ucCL, =D, -R (5)
LCL, =D,-R (6)
- for the average:
UCL)?:)?+A2~§ (7)
LCL. =X -A,-R (8)

where:

Ao, D53, Da — are the constants of control limits; they are chan-
ged depending on the subgroup range from 2 to
25, the values A, = 0.308; D3 = 0.223; D, =1.777
conform to the range n = 10 (STN ISO 8258:
1995; Hrubec, 2009)

Plotting and evaluation of control charts
for the average X and range R

Calculated values are used for plotting the control charts for the
average and range which are analysed and evaluated after
that. The manufacturing process is statistically controlled when
its variability is caused by random causes only. If the
manufacturing process is affected by assignable causes, it is
necessary to define the causes of negative effects and also the
corrective measures that lead to achievement of the process
stability.

Production process capability

We can evaluate manufacturing process capability, if the

following conditions are complied:

e process is statistically controlled (stable),

e measured values from the process are featured by the
normal distribution,

e technical and other specifications are defined by customer
requirements,

* nominal value is located in the centre of the tolerance range.
The capability rates of manufacturing process are

presented by the capability indexes C, and C,. Before we start

to calculate the process capability indexes, the process

standard deviation shall be estimated.

e Estimation of the process standard deviation:

s_B )
d2
where:
R — average range in subgroups
d> - constant of a central line; it changes according

to the subgroup range (from 2 to 25), the value
d, = 3.078 corresponds to n = 10; (STN ISO
8258: 1995; Hrubec, 2009)
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* Process capability index Cp:

c -Yst-tst_ T (10)
6-c 6-c
where:

USL, LSL - upper and lower specification limits
T - tolerance

e Corrected process capability index Cp:

X 11

, - Ust-X )
3-c

X — 12

Cpk:X LASL (12)
3-c

Resulting manufacturing process indexes must meet the
previously specified condition (C, > 1.33 and Cp > 1.33) which
can be corrected by the given organization according to internal
requirements (cannot be lower). Faurecia defined this condition
of production process capability indexes as follows: C, > 2
and Cy > 2.

Results and discusion

The manufacturing process of screwing the S/R characteristics
of the automotive seats was statistically evaluated for the
individual parameters of each characteristic. The calculation
was carried out by means of Microsoft Excel using the data
collected from the manufacturing process by the Poka Yoke
system with controls the quality of the seat screwing process.
The values from the manufacturing process were featured by
the normal distribution according to the criterion of the
Pearson’s chi-square test (x%). The monitoring and regulation
of the manufacturing process were performed along with a

nominal value of the characteristic and control limits
representing the tolerance for the variability of the
characteristic.

The values of the range R;and primarily their location within
the control limits were analysed on the basis of the control chart
for the range R. The screwing process of the safety lock (Figure
2) as well as of other evaluated S/R characteristics (airbag,
RSE, Isofix, bladder, backrest plus seat) was stable on the
basis of analysed variability. Therefore, an evaluation of the
control chart for the average X for the S/R characteristic of
screwing the safety lock as well as other S/R characteristics
was approached.

ucly

LoLg

Figure 2
Obrazok 2

Control chart for the range R, safety lock
Regulacny diagram pre rozpatie R, bezpe¢nostny zdmok
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Table 3 Calculated values for the defined S/R characteristics in Nm
Airbag (1) RSE (2) Bladder (3) Safety lock (4) Isofix (5) Backrest plus seat (6)
):( 10.08 4.53 2.50 34.75 11.03 34.71
R 0.13 0.07 0.01 0.49 0.07 0.49
UCLg 0.231 0.124 0.018 0.871 0.124 0.871
LCLg 0.029 0.016 0.002 0.109 0.016 0.109
UCL; 10.120 4.552 2.503 34.901 11.052 34.861
LCL; 10.040 4.508 2.497 34.599 11.008 34.559
Cp 7.892 7.329 30.78 3.141 14.657 3.141
Coin 7.261 6.889 30.78 2.617 14.217 2.701
Coka 8.524 7.768 30.78 3.664 15.097 3.581

Tabulka 3  Vypocitané hodnoty pre definované bezpecnostné charakteristiky v Nm
(1) airbag, (2) sedadlové vybavenie zadnej ¢asti, (3) sedadlovy senzoricky prvok, (4) bezpecnostny zémok, (5) tichytky — isofix, (6) opierka + seddk

The control chart for the average X of the safety lock
(Figure 3) shows the position of the manufacturing process

taking into account the average value — process mean X. The
screwing process of the S/R characteristic was statistically
controlled and, therefore, stable. The same result was shown in
the control charts for the average X and was determined for
other S/R characteristics of the seat assembly process.

Resulting from the calculated manufacturing process
capability indexes C, and C, of screwing the S/R
characteristics (Table 3) it is obvious that the manufacturing
process capability condition defined by the organization C,>2
and Cpc>2 is met.

The lowest capability indexes were reached in case of the
screwing process of safety lock C, = 3.14, Cy = 2.62 (As the
lower value of index Cy is always considered for the evaluation,
we did not respect the value Cpq = 3.66.) and backrest plus seat
C, = 3.14, Cy = 2.7. The highest capability indexes were
reached in case of the screwing process of bladder C, = 30.78,
Cor=30.78. These results were achieved with support of applied
Poka Yoke method for the quality control that ensured the 100 %
check of the manufacturing process. All S/R characteristics of
the assembly process for automotive seats in Faurecia are
ensured by the Poka Yoke system (Andrassyova, 2010).

Shigeo Shingo (1988) considers the statistical process
control (SPC) of taken samples a kind of estimation because of
discrepancy of real process behaviour and tolerance of the
certain level of non-conformities. The Poka Yoke method
discovers the non-conformity in a sub-process and thus
prevents the production of non-conforming products. Kaplik
(2010) formulates that Visteon Interiors Slovakia, s.r.o0. uses
the Poka Yoke method to induce the non-conformity
intentionally (an insertion of non-conformed part of door
panels). A machine must show the failure; otherwise, the

Hen

“\ \ PN A /\' =
e /_/ ‘\"-,I ..f"j & \/ \_\.;/,/\\\ ) / \/ ‘“‘-\i

LeLg

Figure 3 Control chart for the average X, safety lock
Obrazok 3  Regulacny diagram pre priemer X, bezpegnostny zamok

sensor is failed and a repair shall be performed. The stability
and capability of the manufacturing process is a supportive
control tool along with the Poka Yoke system (especially in
case of Poka Yoke failure or its ineffective design).

According to Sestak (2006), a qualified evaluation of control
charts is more difficult than their structure itself. The analysis of
causes (random, assignable) and their effects on the
manufacturing process is an important part of the process
monitoring. It is necessary to seek interactions of individual
elements and move beyond the present knowledge of
manufacturing processes behaviour.

Conclusions

The methods of statistical process control and the evaluation of
manufacturing process capability verify an ability of the process
(together with related circumstances) to meet the defined
requirements of product quality (PPM, % non-conformities,
reliability, etc.) stably. The Poka Yoke method prevents the
non-conformities exactly in the process, so it eliminates the
production of non-conformed final outputs. The interaction of
these approaches in quality control allows achieving the 100 %
quality control and monitoring of process behaviour in a period
of time. The production quality is ensured also by other tools
and methods of quality control implemented in the organization
(Quick Response Quality Control QRQC, Eight Disciplines 8D,
1. OK produced part, etc.); therefore, it is necessary to assess
their efficiency, or suggest another approach in the usage of
tools and methods in quality control.

Sithrn

Stidia sa zaobera vyhodnotenim spdsobilosti vyrobného pro-
cesu sedadiel automobilov na zdklade bezpe&nostnych cha-
rakteristik definovanych organizaciou a ISO 9001: 2008
Systémy manazérstva kvality. PoZiadavky. Statisticka regula-
cia procesu zahfila sledovanie normality, stability vyrobného
procesu a vysledny vypocet indexov sposobilosti procesu C,
a C,cmontaze automobilového sedadla. Vo vyrobnom procese
skrutkovania — airbag, RSE, Isofix, bladder, opierka+sedak je
kvalita zabezpe&ena kontrolnym systémom Poka Yoke pre jed-
notlivé bezpe€nostné charakteristiky. Tato skuto¢nost je zoh-
[adnena aj vo vysledkoch spdsobilosti vyrobného procesu,
ktoré splnili podmienku C,, Cx>2 stanovenu organizaciou Fa-
urecia, S.r.o.

77



Jozef PRIECEL, Milada BALKOVA, Dusan PALES

Klacové slova: automobilové sedadlo, regulacné diagramy,
sposobilost vyrobného procesu C, a Cy, stabilita procesu, me-
téda Poka Yoke

The results obtained within research project VEGA 1/0576/09
(2009 — 2011) — “The quality improvement of agricultural
machines and production systems” were used in this paper.
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STRESSES IN THE THREE-LAYER SANDWICH BOARDS
NAPATOST V SENDVICOVYCH TROJVRSTVOVYCH PANELOCH

Jozef PRIECEL, Milada BALKOVA, Dugan PALES

Slovak University of Agriculture in Nitra, Slovakia

Three-layer sandwich boards compose boundary layers from fibrocement plates and middle layer from foamy polystyrene. The boundary
layers carry bending and normal stresses and the middle layer carries shear stresses. Except shear transfer the polystyrene satisfies the
function of thermal isolation too. Two functions of the material may result to economy savings. Simple supported beam was assumed,
resisted to continuous load and pressure axial force, with section as the three-layer sandwich board. The relations for calculation of the
bending, normal and shear stresses were acquired in the paper. Specificity of computation consists in change of stresses in contact of
different materials. The derived formulas were employed for numerical example with assignment of particular values of quantities.
Multi-layer boards are essentially more difficult for calculation of stresses.

Key words: sandwich board, bending stress, normal stress, shear stress

In the paper we deal with theoretical principles of the solution of
three-layer boards, which boundary layers form fibrocement
plates of type Minerit or Cemvin. Basic properties of these
plates are sufficient strength, incombustibility, long period of
service and non-corrosion. The deficiency is higher
absorbability, which assumes safety against direct moisture,
mainly using for roof structures. As protection asphalt
paperboard or foils may be used. The plates are produced to
18 mm of thickness.

Middle layer of the boards can be foamy polystyrene, which
have sufficient strength to transfer of shear stresses. In the
case of the insufficient strength is needed his bracing with wood
diaphragms. The contact area between the middle layer and
the boundary layers is created by glued joint from bitumen
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glues. The strength of the glue has to satisfy shear strength of
the glued materials.

Material and methods

Theoretical principles and analysis

We assume three-layer board, which forms section of simple
supported beam with theoretical width 1 m, as it is drawn on the
Figure 1. The thicknesses of boundary fibrocement plates are
on the figure denoted d and middle layer is described with letter h.
On the beam works general load q and pressure axial force
N. In arbitrary section x arise bending moment M(x), normal
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force N(x) and shear force T(x). Step by step we express
stresses in section x from these internal forces.

Figure 1 Simple supported beam with the section of the three-layer
sandwich board
Obrazok 1 Prosty nosnik s prierezom trojvrstvového sendviového panelu

Results and discussion

Bending moment in the section x— M(x)

We exploit the known formula from the elasticity theory for
bending stress o:

o=Mx)/J,-z, Pa (1)
where:
M(x) - bending moment in the section x of beam, N.m
Jy — moment of inertia of the section to axis y, m*
z — distance of fibre of the section from neutral axis, m

Moment of inertia of compound section J, we determine as
sum of moments of inertia of parts that form a cross — section:

Jy = Jy1 + J}Q, m4 (2)
where:
Jp1 — moment of inertia of the boundary plates, m*
Jp — moment of inertia of the middle layer, m*

According to Figure 1 partial moments of inertia J,; and J,,
can be expressed:

Jp=2-(1/12-1-d°+d-1-(h/2+d/2)? (©)
Je=1/n-1/12-1- K (4)

In formula (4) is entered factor n reflecting by ratio of
modules of elasticity the different materials creating compound
section:

n=Ei/E (5)
where:
= - modulus of elasticity of the boundary plates, Pa
E, - modulus of elasticity of the middle layer, Pa

From the form (1) we can calculate normal stresses in
bending for individual fibres of section, while on joint of
boundary layer and middle layer have to hold:

Gz’ = Oxp / n, Pa (6)

In neutral axis, in middle of the middle layer, is the stress
from bending zero. Development of the stresses o shows
Figure 2.
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Figure 2 Development of normal stresses from bending moment in the
three-layer sandwich board
Obrazok 2  Priebeh normalovych napéti od ohybového momentu v troj-

vrstvovom sendvi€ovom paneli

Normal force in the section x— N(x)

We go out from condition of identity of relative deformation on
joint of boundary plates and middle layer:

Ni(x) 1 (A1 - Eq) = Nao(X) / (A2~ Ez) (7)

Second equation for calculation N;(x) and Nx(x) is summary
condition of equivalence:

N(x) = Ni(X) + Na(x) 8
where:
N(x) - total normal force in the section x, N
Ni(x) - part of the normal force functioning on the boundary
plates, N
No(x) - part of the normal force functioning on the middle
layer, N

A, A; — areas of the boundary plates and the middle layer, m?
Ei, E; - corresponding modules of elasticity, Pa

We solve then two equations about two unknown quantities
and final stresses we calculate by equations:
[o]] (X) =N, (X) / Ay Gg(X) = Ng(X) / Ao (9)

Development of stresses from the normal force shows
Figure 3.

REZ A-A’

z1 Oz1
22=72
h y z3
Z\;
22=22
d r z1

Figure 3 Development of normal stresses from normal force in the
three-layer sandwich board
Obrazok 3  Priebeh normalovych napéti od normalovej sily v trojvrstvo-

vom sendvi€ovom paneli

Shear force in the section x - T(x)
For shear stress 1 the elasticity theory applies:

1=(T(x)-S))/ (b-J,), Pa (10)

where:
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T(x) - shear force in the section x, N

S, - static moment of area above fibre of section to gravity
centre axis, m®

b — section width —in our expression unit, m

Jy — moment of inertia of the compound section, m*

Shear stress according to height of section is represented
on the next Figure 4. Its values are:

1 =0; 12 = (T(X) - Sy») / (b - Jy) (11)
where:
Sp=d-1-(h/2+d/2) (12)

Between points z1 and 22 as well as between points z2°and
Z3 will have stress according to section development of
quadratic parabola. For determination of shear stress in point
z2" we use condition of equality of angular slews in points 22
and z2". By help of coefficient m, which gives in relation (13) to
ratio the modules of shear of boundary plates and middle layer.

m= Gy /Gy (13)
the shear stress in point 22” is expressed:
T =Tpn/Mm
In point Z3 of section is the shear stress:
18 = (T(X) - Syz) / (b~ Jy)
where:
Sp=d-1-(h/2+d/2)+1-h/2-h /4-1/m  (16)

is static moment above neutral axis in the middle of section.

REZ A-A’

z1 T2=0
z2=22’ — T2
h y 73 Tz3 y
Z\; /.,
d 72=72" o 122
4 z1 Z T=0
. m o,
Figure 4 Development of shear stresses from shear force in the
three-layer sandwich board
Obrazok 4  Priebeh $mykovych napéti od priecnej sily v sendvicovom

trojvrstvovom paneli

Numerical example

We employ formulas introduced above for substitution of
specific numerical values and we calculate corresponding
stresses from each of the three internal forces.

As material for the boundary plates we chose fibrocement
plates Minerit and middle layer we designed from foamy
polystyrene.

Input values into numerical example then are:

E; = 8 000 MPa; s = 0.6; d = 18 mm (17)

E, =2 MPa; u, = 0.62; h=120 mm (18)
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where:
Ei, E; — modulus of elasticity of Minerit and foamy
polystyrene, MPa
uq, 2 — Poisson’s numbers of materials
d, h - thicknesses of layers according to figures, mm
The applied internal forces are:
M(x) = 10 N-m; N(x) = 500 N; T(x) =500 N (19)
For the ratio of modulus of elasticity the relation (5):
n=E;/ E,=8000/2=4000 (20)

Moments of inertia according to formulas (3), (4), (2):

Ji=2-(112-1-+d-1-(h/2+d/2)? =
=2.(1/12-1-183 + 18- 1. (60 + 9)2) = 172 368 mm*

(21)

Je=1/n-1/12-1. K = (22)
=1/4000-1/12-1-120°% =36 mm*
Jy=Jdy + Jyp = 172 368 + 36 = 172 404 mm* (23)

And at last the stresses from the bending moment in the
individual points of section from relations (1) and (6):

6= MXx)/J, -z =10000/172 404- (60 + 18) = (24)
= 4.524257 MPa

622 = M(x) / Jy- 22 =10 000 / 172 404 - 60 = (25)

= 3.480 198 MPa
6z =Gp/n=23.480 198 /4 000 = 0.00087 MPa (26)
65 =0 MPa (27)

Area of the Minerit A; and the foamy polystyrene A; in the

section:
A;=d-1000-2 =236 000 mm? (28)
Ay = h-1000 = 120 000 mm? (29)

Two equations of two unknown quantities for the normal
forces (7), (8):

Ni(x) / (A1~ Eq) = Na(x) / (A2 Ez); Ni(x) /
/(36 000 -8 000) = Nx(x) / (120 000 - 2)

(30)

N(x) = Ni(X) + Na(X); 500 = Ni(x) + Na(X) (31)

And of these is Nj(x) = 499.583680 N and Nx(x) = 0.41632 N.
Resulting stresses from the normal force are (9):

671 = G = Ni(Xx) / Ay = 499.583680 /36 000 =  (32)
=0.013877 MPa

Gn =65 = No(X) / Ay = 0.41632 / 120 000 =
=3.469333-10° MPa

(33)

For stresses from the shear force we calculate at first shear
modulus G; and Go:

Gi=E /(2-(1+p,)=8000/(2-(1+08)= (34)
=2 500 MPa
Go=E,/(2-(1+m))=2/(2-(1+062)=  (35)

=0.617284 MPa
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Shear modulus ratio from the expression (13):

m= G/ G,=2500/0.617284 = 4 049.999676  (36)

Resulting shear stresses in the individual points of section
by formulas (11), (12), (14), (15), (16):

1,1 =0MPa (37)

12 =(T(0) - S,z) / (b-J,) = (5001 242) / (38)
/(1-172 404) = 3.602005 MPa

Sp=d-1-(h/2+d/2)=18-1-(60 +9) = 1242 mm° (39)
Tz =1/ m=3.602005 / 4 049.999676 = 0.000889 MPa (40)

5= (T(X)- Syx) / (b-J,) = (500 1242.444444) / (41)
/(1-172 404) = 3.603294 MPa

Sym=d-1-(h/2+d/2)+1-h/2-h/4-1/m= (42
=18-1-(60+9) +1-60-1/4049.999676 - 30 =
=1 242.444444 mm®

Conclusion

The presented theoretical results may be used for solution of
stresses in critical sections of sandwich boards. Some authors
show cases of soft middle layers, in which with bending and
pressure or tension are stressed only the boundary layers.
Shear stresses transfers then only middle layer. Thereby the
calculation simplifies. In supports of the simply supported beam
are the maximal shear forces and so the biggest shear stresses
too. On the contrary in the middle of span is the maximal
bending moment and so the biggest bending stresses too. In
the total analysis of stresses is recommended intermediate
section, where are manifested the bending, pressure or tension
stresses and shear stresses too.

Sihrn

Trojvrstvovy sendvicovy panel sa sklada z okrajovych vrstiev
z vldkno-cementovych dosiek a zo strednej vrstvy z penového
polystyrénu. Okrajové vrstvy prenasaju ohybové a normalové
napatia a stredna vrstva prend8a Smykové napétia. Okrem pre-
nosu Smykovych napéati mdze polystyrén sluzit tiez ako tepelna
izolacia. Dvojita funkcia strednej vrstvy poskytuje ekonomické
vyhody. UvaZujeme jednoducho uloZeny nosnik zatazeny spo-
jitym zatazenim a tlakovou normalovou silou, ktorého prie¢ny
rez tvori trojvrstvovy sendviCovy panel. V ¢lanku sme odvodili

Jozef PRIECEL, Milada BALKOVA, Dusan PALES

vztahy pre vypocet ohybovych, normalovych a Smykovych na-
pati. Zvlastnost vypoctu spogiva v zmene napéti na styku okra-
jovej a strednej vrstvy z réznych materidlov. Ziskané vztahy
sme pouZili na vy&islenie numerického prikladu s dosadenim
konkrétnych hodnét. Viacvrstvové panely su podstatne zloZitej-
Sie pre vypocet napati.

Klacové slova: sendviCovy panel, ohybové napétie, normalo-
vé napatie, Smykové napatie
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WELD STRENGTH OF A PACKAGING MATERIAL IN PACKAGING MEDICAL PRODUCTS
PEVNOST ZVARU OBALOVEHO MATERIALU PRI BALENi ZDRAVOTNICKYCH VYROBKOV

Stanislav ZEMAN, Martin PRSAN, Magdaléna VALSIKOVA
Slovak University of Agriculture in Nitra, Slovakia

The objective of this work was to determine the weld strength of the investigated packaging materials used in packaging medical products. The
lap joints of the packaging materials were welded using a discontinuous, indirect welding machine at the pressure of 0.5 MPa. The weld strength
is influenced by the temperature of the welded material, the welding time, and the pressure of weld jaws. Based on the evaluated measurements
the best weld strength was found in welding the packaging material ED — FLEX NO 058 — 100 — FM with a sterile paper STERIKRAFT D.

Key words: weld strength, welding temperature, tensile machine

Packaging as a means of transport and storage neutralises by its
properties temporal, spatial and content-based frictions and fills
the space between the production and consumption of goods.

In the packaging of products, it is advisable to consider a
more comprehensive optimisation model that would reflect an
optimum solution concerning the packaging method for a wide
scope of products or for certain groups of products with similar
requirements on packaging, having regard to all important
functional requirements. Methodically, it is attributing
instructions for packaged products to the corresponding
properties of a certain packaging and packaging practices. The
mathematical solution of such optimisation problems is usually
based on linear programming. A prerequisite for a wider
application of optimisation methods in packaging is particularly
a quantitative statement of considered evaluation criteria which
is still quite difficult in most products.

There are specific requirements imposed on packaging;
packaging must also meet the conflicting requirements, such
as resistance to heat in sterilisation, cooking and freezing, good
barrier properties, as well as a minimum impact on the
environment (Curda, 2001).

Such requirements are considered justified as regards the
importance for mechanical stresses in transport and consumer
packaging and transport packaging units. Unless transport
packaging units are sufficiently strong, they will be unable to
provide an adequate protection for the packaged product, and it
is impossible to expect a trouble-free transport (Lukas, 1990;
Zeman, 2008; Rizi¢ka, 1988).

Weldability or the quality of welded joints is significantly
influenced by the degradation of plastics by ultraviolet radiation
or thermal oxidation. Stabilisers in plastics protect plastics from
their effects, however, the ageing process supported by such
influences continues. This is the reason for protecting plastic
products in order to preserve their bonding ability by welding
(Martinec, 1989, 1991; Nemcova, 1996; étaudner, 1984).

Materials and methods

Welding values must be reviewed periodically in order to ensure
the optimum weld quality. When welding is performed by
overlapping, it is necessary to observe the relationship between
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the seam width and material thickness specified in Standard
STN 77 0140. The weld jaws with a permanently heated heater
were used for welding. The weld pressure was constant, at 0.5
MPa. Experimental measurements were performed using the
UltraTest Mecmesin tensile machine (Figure 1), and the sliding
speed of gripping jaws was 250 mm.min"'. The measured values
were statistically evaluated, and the optimum welding conditions
were subsequently determined.

Tensile machine
Trhaci stroj

Figure 1
Obrazok 1

In measurements, we used the following packaging
materials that are used for packaging medical products:

e Foil EK—FLEX NO 050 — 100 — FM — a packaging material
consisting of polyamide with a thickness of 50 um and
polyethylene 100 um thick, weight per unit area of 149 g.m?,
and water vapour permeability of 18 cm®.m?.d".0.1 MPa™.
The foil is not harmful to health.

e Foil ED — FLEX NO 030 — 070 — FM — a packaging material
composed of polyamide with a thickness of 30 um and
polyethylene 70 pm thick, weight per unit area of 98 g.m?,
and water vapour permeability of 30 cm®.m2.d".0.1 MPa™.
The foil is not harmful to health.
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e Sterile paper STERIKRAFT D — a packaging material with a
thickness of 90 um, weight per unit area of 69.6 g.m?,
pressure strength of 350 kPa, and air permeability of 465
cm®m®d™.0.1 MPa™.

Results and discussion

The objective of experimental measurements was to assess
the effect of temperature on the weld strength in packaging
medical products. The temperature of welding packaging
materials, that usually affects the weld strength, was determined
in all experimental measurements. The results of experimental
measurements obtained from welding the packaging material
EK — FLEX NO 050 — 100 — FM with the sterile paper
STERIKRAFT D were evaluated using the analysis of variance.
The results of the one-way analysis of variance are shown in
Table 1, at significance level a.= 0.05. We reject the hypothesis
of equal means of force under different temperatures. The
result of the analysis will determine the effect of each factor
separately, or the magnitude of impact the interactions of these
factors have on the weld strength. The statistical evaluation of
the weld strength for the packaging foil EK — FLEX NO 050 —
100 — FM welded with the sterile paper STERIKRAFT D shows
that the weld strength increases with increasing temperature
from 1.78 N.15 mm™ to 4.36 N.15 mm™* (Table 2). The Tukey’s
HSD test of contrasts was used to determine differences in
force, and individual homogeneous groups were created. The
process of welding is evaluated in Figure 2.

The results obtained during welding the packaging material
ED — FLEX NO 030 — 070 — FM with the sterile paper
STERIKRAFT D were evaluated using the analysis of variance.
These results were tested by the one-way analysis of variance
under different temperatures at significance level o = 0.05
(Table 3, 4). The Tukey’s HSD test of contrasts was used to
determine differences in force, and individual homogeneous
groups were created. Based on the obtained results it is
possible to state that the weld strength achieved at 125 °C was
1.86 N.15 mm™. It was revealed by comparing the measured

Table 1
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Figure 3 Graph of load force versus welding temperature.
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Obrazok 3  Graficky priebeh zataZujtcej sily v zavislosti od teploty. De-
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values (Table 2) that the difference in weld strength is almost
equal. The gradual increasing of temperature from 125 °C to
131 °C caused that the weld strength increased from 1.86 N.15

One-way analysis of variance for the foil EK — FLEX NO 050 — 100 — FM welded with the sterile paper STERIKRAFT D

Factors of variability (1) Sum of squares (2) Degrees of freedom (3) Variance (4) F-test (5) p-value (6)
Abs. element 841.5939 1 841.5939 4618.102 0.00
Temperature in °C 73.3221 6 12.2203 67.057 0.00
Error 19.1350 105 0.1822 - -

Tabulka 1  Jednofaktorové analyza félie EK — FLEX NO 050 — 100 — FM zvéranej so sterilnym papierom STERIKRAFT D
(1) faktor premenlivosti, (2) suma Stvorcov, (3) stupne volnosti, (4) rozptyl, (5) F-test, (6) p-hodnota
Table 2 Basic statistical characteristics of the weld strength for the foil EK — FLEX NO 050 — 100 — FM welded with the sterile paper STERIKRAFT D
Number of Temperature Mean value Standard Significance level 95 % (5) Number
measurements (1) in°C (2) inN.15 mm™ (3) error (4) lower (6) upper (7) of repetitions (8)
1 129 1.788069 0.1882 1.576456 1.999681 16
2 130 2.081113 0.2461 1.869501 2.292726 16
3 131 2.207866 0.2749 1.996253 2.419479 16
4 132 2.547741 0.3480 2.336128 2.759354 16
5 133 2.974978 0.3934 2.763365 3.186591 16
6 134 3.227041 0.5391 3.015429 3.438654 16
7 135 4.361660 0.7327 4.150048 4573273 16

Tabulka 2  Zékladné Statistické charakteristiky pevnosti zvaru félie EK — FLEX NO 050 — 100 — FM zvdranej so sterilnym papierom STERIKRAFT D
(1) pocet merani, (2) teplota, (3) priemernd hodnota, (4) Standardnd chyba, (5) hladina vyznamnosti, (6) dolnd, (7) hornd, (8) pocet opakovani
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Table 3 One-way analysis of variance for the foil ED — FLEX NO 030 — 070 — FM welded with the sterile paper STERIKRAFT D
Factors of variability (1) Sum of squares (2) Degrees of freedom (3) Variance (4) F-test (5) p-value (6)
Abs. element 970.1734 1 970.1734 2 882.710 0.0
Temperature in °C 70.1319 6 11.6886 34.732 0.0
Error 35.3377 105 0.3365 - -

Tabulka 3  Jednofaktorovd analyza félie ED — FLEX NO 030 — 070 — FM zvdranej so sterilnym papierom STERIKRAFT D

(1) faktor premenlivosti, (2) suma Stvorcov, (3) stupne volnosti, (4) rozptyl, (5) F-test, (6) p-hodnota

Table 4 Basic statistical characteristics of the weld strength for the foil ED — FLEX NO 030 — 070 — FM welded with the sterile paper STERIKRAFT D
Number of Temperature Mean value Standard Significance level 95 % (5) Number
measurements (1) in°C (2) inN.15 mm™ (3) error (4) lower (6) upper (7) of repetitions (8)
1 125 1.866754 0.1450 1.5791 2.1543 16
2 126 2.057796 0.6242 1.7702 2.3453 16
3 127 2.520229 0.3154 2.2326 2.8078 16
4 128 2.902579 0.5612 2.6150 3.1901 16
5 129 3.324867 0.4972 3.0372 3.6124 16
6 130 3.850458 0.7429 3.5628 4.1380 16
7 131 4.079521 0.9215 3.7919 4.3670 16

Tabulka 4  Zakladné Statistické charakteristiky pevnosti zvaru félie ED — FLEX NO 030 — 070 — FM zvéranej so sterilnym papierom STERIKRAFT D
(1) pocet merani, (2) teplota, (3) priemernd hodnota, (4) Standardnd chyba, (5) hladina vyznamnosti, (6) dolnd, (7) hornd, (8) pocet opakovani

mm™ to 4.07 N.15 mm™'. The graphical representation of weld
strength versus temperature is shown in Figure 3.

Conclusions

The experimental measurements conducted in determining
the weld strength enabled to find the welding temperature
values optimum for packaging materials used for packaging
medical products.

These results lead to the conclusion that the weld strength
depends on the welding temperature and welded material. The
weld strength of packaging materials in packaging disposable
medical sets is important in the sterilisation process, where
pouches with medical products and primarily their welds
withstand high-pressure gases and there is the highest risk of
breakage with a subsequent contamination and degradation of
the actual content.

Laboratory results can be used as a guide for selecting an
appropriate combination of the most-used materials for
packaging disposable  medical sets. Experimental
measurements revealed the highest weld strength of 4.36 N.15
mm™ at 131 °C for the combination of foil ED — FLEX NO 050 —
100 — FM welded with the sterile paper STERIKRAFT D. The
results of measurements meet Standard STN EN 868-5
~Packaging materials and systems for medical devices which
are to be sterilised”, where tensile strength that results in
breakage of the weld must be at least 1.5 N.15 mm™.

Sithrn

Ciefom prace bolo stanovit pevnost zvaru skiumanych obalo-
vych materialov, ktoré sa pouZivaju pri baleni zdravotnickych
vyrobkov. Preplatované spoje obalovych materialov boli zvara-
né diskontinualnym nepriamym zvaracim zariadenim pri tlaku
0,5 MPa. Na vysledok pevnosti zvaru vplyva teplota zvaracieho
materialu, doba zvarania a tlak zvaracich €elusti. Z vyhodnote-
nych merani najlepSiu pevnost zvaru sme zistili pri zvarani oba-
lového materialu ED — FLEX NO 058 — 100 — FM so sterilnym
papierom STERIKRAFT D.

Kracové slova: pevnost zvaru, teplota zvarania, trhaci stroj
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