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Abstract

The article is devoted to the quantitative evaluation of quality of flexographic prints on polymer films.
Based on the conducted analysis, we have set the key parameters of quality imprints, such as color
difference, reproduction of a minimum raster dot, ink adhesion to the substrate, image positioning.
In accordance with the known terms, the fuzzy knowledge base of parameters of imprints quality with
the performance of the condition “if-then” has been formed. Based on this knowledge base, fuzzy
logic equations of calculation of imprints quality options have been built and defuzzification by the
method “center of gravity” has allowed to get the quantitative parameter of imprints quality that is the

result of keeping to the relevant modes of flexographic printing process.
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1. Introduction

When the topic of modern printing trends is
discussed, they always mention flexography in
one way or another. This is one of those print-
ing methods that have continued to develop
dynamically in the new millennium. The pos-
sibility to print up various surfaces from paper
to polymer and metal has made it one of the
most universal ones. And the introduction of
new technologies in the production of printing
plates and revolutionary improvement of print-
ing technologies and equipment ensures such
quality of the original reproduction that flexog-
raphy successfully competes with flatbed offset
in the market of label products.

The dynamic development of flexography sets
a number of problems before printers. And,
of course, the key issue is quality, which, in
its turn, is directly related to the issue of stan-
dardization. The problem of standard is not
new in flexography, stating that this variable
printing process is very difficult to bring to a
certain standard, primarily because the range
of materials that are printed up is very wide
as well as a range of printing inks (from water
and solvent to UV-curing). In addition, there
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is also a wide range of printing presses — from
narrow web presses intended for label printing
to presses with a central cylinder for printing
on polymer films and large presses for printing
on corrugated cardboard (Dreher, 2004). The
attempts to embrace the flexographic workflow
are concentrated in standards ISO 2846-5, ISO
12647-6 and guidelines (Claypole; Flexographic
Image Reproduction Specifications and Toler-
ances, 2002).

One solution to the problem is the use of so-
called “internal” standards for specific busi-
nesses that would take into account their spe-
cific features, equipment, properties of printing
materials, etc. The design of such a standard is
a laborious and time-consuming process. It be-
gins, in its turn, with the design of a system of
production quality control. Quality assurance
must comply with three basic functions:

- quality planning;

- quality management;

- quality evaluation.

Quality planning should be understood as
comprehension, optimization and setting
pre-set values for all elements relating to the
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product quality. Quality management must
carry out the task of control and regulation of
all elements related to the quality of the order.

Reproduction quality is a value that has cer-
tain restrictions related to the subjectivity of
visual perception and imperfection of printing
equipment and technology. Some parameters
of quality can be evaluated both subjectively
and objectively, using devices. We have select-
ed those quality parameters that are primary in
the overall evaluation of the original reproduc-
tion and controlled in every enterprise: accu-
racy of image positioning, correctness of color
reproduction (color difference), reproduction
of a minimum dot and adhesion of ink layer to
the substrate.

Image positioning (color register) is one of the
most important parameters of prints quality.
The easiest way to check the inks positioning
is to examine a certain area of the image with
a magnifying glass. If the magnifying glass is
equipped with a measuring scale, the printer
can evaluate the misalignment of inks and ad-
just it to the necessary extent. To simplify the
process of control they print special register
marks along the image. When printing multi-
ple inks overlaying (e.g. CMYK) the marks are
overlapped and form certain structures - regis-
ter crosses or other elements, deviations from
which are determined visually with a magnify-
ing glass and subsequently taken into account
when adjusting a printing press. Maximum
non-positioning of directly overlapping inks,
depending on the width of the printing (ISO
12647-6), shall not exceed 0,3 mm, and despite
the fact that six ink printing is common in flex-
ography.

In flexographic presses they move plating cyl-
inders in the side direction to adjust ink posi-
tioning in that direction, taking the base posi-
tion of one of them. They use as semi-automat-
ic (with an electric motor) control of side color
matching and automatic control system, one of
which is the use of a sensor of the side edge po-
sition. Adjusting the longitudinal matching is
done in semi-automatic mode by rotating the
plating cylinders by the value of non-matching.

In practice, it is sometimes very difficult to
achieve the ideal ink positioning because it is
affected by too many factors. First of all it is
necessary to take into account the quality of

printing plate production, accuracy of installa-
tion and stability of printing equipment work.
Image non-positioning may be the result of
several factors, and it is difficult to determine
exactly the cause of it in prints. Therefore, the
knowledge of the causes of image register vio-
lations in the printing process and the physical
nature of the phenomena that cause it are nec-
essary to specialists at different levels (printers,
engineers, mechanics). For example, non-po-
sitioning can be caused by such printing ma-
terial properties as “creeping” — the ability to
change its size over time under constant load (it
is common for some polymer films, particular-
ly polyethylene) that must be considered when
printing (Deutschspachinge Flexodruck-Fach-
gruppe and Meyer, 1999).

The correctness of color reproduction (color
difference) is also among the most important
parameters of the printing process. The hu-
man eye can be considered as one of the most
accurate measuring instruments. But it is not
able to assign certain numeric values to the
color and memorize the shades of color accu-
rately. Quantitative characteristics of color and
color differences are defined and evaluated by
three numbers (necessary and sufficient col-
or parameters) — color coordinates (e.g. color
model CIE Lab), which are measured using a
spectrophotometer. To compare colors they
use the parameter AE | - characteristics of col-
or differences, which is a functional parameter
of modern spectrophotometer. Mathematically,
this parameter can be described as (CIE, 2012):

R R R IR

k,S, kS, k,S, kS N\ kuSy )" ()
where AL, AC’, AH’ - the color attributes (light-
ness, chroma and hue differences);

S, S.» S, — compensation for lightness, chroma
and hue, according;

kszczkHzl - parametric factors; R, - rotation
term.

The definition of the digital value AE allows
you quickly and with relative high accuracy to
determine the need for operational parameters
adjusting of grade correction, color correction,
dot gain, ink amount, etc.

Standard ISO 2846-5 approves the value AE of
not more than 5 for yellow ink and not more
than 6 for blue and purple. According to ISO
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12647-6 the value AE for yellow ink should not
be more than 6, and 5for the rest. If this value is
exceeded, the eye will perceive color difference
between the standard and the evaluated print.
The excess of this value for mixed (Pantone)
inks is especially critical (Deutschspachinge
Flexodruck-Fachgruppe, 1999).

The minimum reproduction dot is determined
by conducting tests on the printing press. In
fact, the minimum dot size depends on sev-
eral conditions: functional adjustments of the
press, such as a printing plate type, printing
material, ink properties. Regarding the print-
ing material, it is the nature of the surface that
determines the degree of reproduction of ras-
ter dots range. Thus, according to standard ISO
12647-6 the surface of uncoated paper can re-
produce a minimum raster dot 3% and 2% of a
polymer film. It should be noted that at present,
the work is underway on reproducing 1% of a
raster dot (Siniak, Moyson, 2008).

Another criterion of the prints quality is adhe-
sion of the ink layer. Control of the level of ad-
hesive resistance of the ink layer to the printed
material is held immediately after printing, and
when controlling the quality of finished prod-
ucts.

According to standard ASTM F 2252 and
guidelines (FINAT Technical Handbook, 2001),
a strip of an adhesive tape (e.g. Scotch 3M
610 or Tesa 7475) is put on a print, smoothed
manually without pressing, but so that no air
bubbles remain under the tape. Then the adhe-
sive tape is pulled back with the angle 90° and
removed quickly, but not abruptly. This test is
performed after joining the adhesive tape with
the print. The level of adhesive strength is mea-
sured at five-point system: five points if the ink
layer is not removed and four to one points, de-
pending on the amount of the ink layer left on
the surface. For FINAT the adhesion estimated
by inverse scale.

The reasons for the lack of adhesion may be
several: not activated, reverse side of the roll
has been printed up, the material is not appro-
priate for the ink type, the film requires addi-
tional treatment to improve adhesion (surface
energy of the film has been reduced) (Flexog-
raphic inks, 2000).

In evaluating the quality of prints, all of the ele-
ments must be analyzed and evaluated in their
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entirety. The development of comprehensive
evaluation of quality parameters of the origi-
nal reproduction by the flexographic printing
method is one of the key elements of designing
the quality control system in a production envi-
ronment. This article is devoted to the solution
of this urgent problem by applying the princi-
ples of fuzzy logic.

2. Methodology

The design of intelligent systems that can ade-
quately interact with the person requires math-
ematical tools that would translate ambiguous
statements into the language of clear and for-
mal mathematical formulas. It was implement-
ed in the work of Lotfi Zadeh (Bellman, Zadeh.,
1970), who laid the foundations of fuzzy logic
and introduced the concept of some universal
set for the entire problem area.

In general, the fuzzy logic is a logic that oper-
ates linguistic variables using rules that are un-
derstandable to a human and close in structure
to the normal spoken language. The advantage
of fuzzy logic systems is the ability to handle
fuzzy input data, such as continuously variable
time values.

The overall evaluation of prints quality by
means of fuzzy logic includes:

- setting a universal term-set of values and
corresponding linguistic terms of certain
quality factors (linguistic variables);

- design of a matrix of pair wise comparisons
for a set of linguistic terms of relevant range
of values and obtaining a membership func-
tions for each of matrices;

- development of fuzzy knowledge base using
fuzzy logic statements of “if - then” type;

- design of fuzzy logic equations based on a
matrix of knowledge and membership func-
tions that define the relationship between
the membership functions of input and out-
put data;

- defuzzification of fuzzy sets, the essence of
which is to calculate a numerical indicator
of predicted quality, for example, by the
method of gravity center of a plane figure
(Rothstein et al., 2008; Durnyak et al., 2014).

3. Results and discussion

Qualitative parameters of prints are the result
of some interaction of information, energy and
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material flows (Velychko, 2005). They depend
on the characteristics of the used materials,
equipment specifications and technological
process modes (Izdebska, 2015) and must meet
the quality parameters that are set by the previ-
ously obtained practical results and standards
(Fig. 1).

Technological Material Machinery
regime properties parameters

dlfference AE osmonm L
' ‘» 4.

Low quality Medlum quality ng,h quality

Figure 1. Effect of characteristics of materials,
equipment and technological modes on quality
parameters of imprints

Accordingly, the quality of flexographic prints
is defined as:

0=/(S,E,AL) o)

where S - is a linguistic variable, which charac-
terizes the reproduction of a minimum raster
dot;

E - is a linguistic variable, which characterizes
the parameter of color differences AE;

A - is a linguistic variable, which characterizes
the parameter of adhesion of printing inks;

L - is a linguistic variable, which characterizes
the positioning precision of printing inks.

The evaluation of linguistic variables is held
through a system of quality concepts. Each of
these concepts makes a relevant fuzzy set, i.e.
some property that is considered as a linguis-
tic term. Linguistic variables that provide print

quality and evaluation terms, are shown in Ta-
ble. 1

Table 1. Linguistic variables of the quality of
flexographic prints

Ne | Variable name | Universal set | Fuzzy terms
1 Color 0-8 units slight
differences, E medium
big
2 Image 0-0,3 mm high
positioning, L satisfactory
low
3 | Reproduction 1-5% high
of minimum medium
raster dot, S low

Ne | Variable name | Universal set | Fuzzy terms
4 Adhesion to 1-5 point poor
the substrate, A good
excellent

Based on the experts’ statements in terms of
the quality parameters of flexographic prints,
we construct membership functions. Accord-
ing to the standards or recommendations, the
parameter value “color differences” is defined
in the universal set: u,= 0 units; u,= 2 units; u,=
4 units; u = 6 units; u= 8 units.

For the linguistic evaluation of this parameter
we use a set of fuzzy terms: T (E) = <slight, me-
dium, big>. After the formation and solution of
the matrix of pair wise comparisons of impact
parameter on prints quality in accordance with
these terms we get a membership function of
the linguistic variable “color differences” (Fig.
2,a).

For the variable “reproduction of a minimum
raster dot”, the parameter is defined in the uni-
versal set: u=19%; u,=2 %; u,=3 %; u=4 %;
u=5 %.

For the linguistic evaluation of a variable we
use a set of fuzzy terms: T (S) = <high, medi-
um, low>. After forming the matrix of pair wise
comparisons of the parameter “reproduction
of a minimum raster dot” in relation to these
terms, we obtain the membership function
(Fig. 2, b).

We make the membership functions for the lin-
guistic variable “image positioning” as one of
the characteristics of prints quality (Fig. 2, c).
Image positioning when printing is defined as
the universal set: u, = 0 mm; u,= 0,05 mm; u,=
0,08 mm; u, = 0,12 mm; u, = 0,3 mm.

For the linguistic evaluation of the parameter
we use a set of fuzzy terms: T (L) = <high, sat-
isfactory, low>. The effect of color matching
on precision of prints quality in a membership
function is shown in Fig 2, c.

Similarly to previous calculations we define the
membership function of the linguistic variable
“adhesion of ink layer” (Fig. 2, d). For the vari-
able “adhesion of ink layer”, the parameter is
determined in the universal set: u, = 1 point;
u, = 2 points; u, = 3 points; u, = 4 points; u, = 5
points. The set of relevant terms: T (L) = <poor,
good, excellent>.
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Figure 2. Membership function of linguistic variables:
color differences for CMY-inks separately or the
average value, E (a), reproduction of a minimum
raster dot, S (b), image positioning, L (c), adhesion of
ink layer, A (d).

We form the fuzzy knowledge base on the se-
lected quality parameters of flexographic prints:

1. For the term of print quality “high”™
If (E is slight) and (L is high) and (S is high)
and (is A excellent)
or (E is slight) and (L is satisfactory) and (S
is high) and (A is excellent)
or (E is slight) and (L is high) and (S is me-
dium) and (A is excellent)
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then (Q is high).
2. For the term of print quality «medium»:
If (E is medium) and (L is satisfactory) and
(S is high) and (A is excellent)
or (E is medium) and (L is satisfactory) and
(S is high) and (A is good)
or (E is slight) and (L is low) and (S is medi-
um) and (A is excellent)
then (Q is medium).
3. For the term of print quality «low»:
If (E is medium) and (L is satisfactory) and
(S is high) and (A is poor)
or (E is big) and (L is high) and (S is low)
and (A is good)
or (E is big) and (L is low) and (S is medi-
um) and (A is excellent)
then (Q is low).
Logic equations, providing the quality of flexo-
graphic imprints, are as follows:

ﬂh,gh _ ﬂ.rligh/ (E) A ,Llhigh (L)A 'uh[gh (S)A luexce] (A)v
qulighl (E) A ﬂ)‘d/i)f (L) A Iuhigh (S) A Iuexcel(A) v
/f’ight (E) A ﬂhigh (L) A ﬂmedium (S) A ﬂexcel(A) (3)

U = (EY A (L) A S) A ()

U EY A (L) A (S) i ()

U EY A (L) A () A ™ () @
U = T EY A (L) A (S) A (A)Y

K (BY A " (L) A " (S) A i (A) v

U E) A ™ (L) A" (S) A ™ () )

The operations determining minimum and
maximum in logic equations are denoted as A
and V respectively. Then for any values of two
membership functions we obtain two resulting
options:

My =max(h, ) phy A =min(4, 1) 6)

Using the membership functions and substi-
tuting the degree of membership in the system
of fuzzy logic equations (3-5), we can calcu-
late one of the cases of the impact of selected
parameters on the quality of flexographic im-
prints:
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1" =0,7270,78 70,67 70,77 v
0,77A0,72 70,67 A0,77 v
0,77 A0,78 A0,66 A0,77 =0,67
1 =0,72 70,72 70,67 A0,77 v
0,72A0,72A0,67A0,72 v
0,77A0,72A0,66 A 0,77 =0,67
1" =0,77 70,72 70,67 A 0,22V
0,220,788 A0,67A0,72v
0,22 A0,33A0,66A0,77=0,22
We can set the upper and lower limit of the
quality of flexographic prints Q: bottom - 1
unit, top - 10 units. After defuzzification of the
obtained fuzzy values of prints quality (e.g. ac-
cording to the principle of the center of gravi-

ty), we can get a quantitative evaluation of their
quality (Rothstein et al., 2008):

()
Q= i:]m ,

i1 , (7)

where ui — the output value of linguistic vari-
able on a corresponding interval; y(ui) - mem-
bership function.

According, get a quantitative measure of qual-
ity:

- 10.22+5:0,67+10-0,67

0,22+0,67+0,67

= 6,58 units

The formed knowledge base has been verified
in simulation (Fig. 3) using Fuzzy Logic Tool-
box system of the environment of technological
calculations MATLAB on the basis of Mamdani
(Mamdani, Assilian, 1975). As a defuzzification
method we have used the method of “center of
gravity”.

3a

SO

Figure 3. Effect of the print parameters on its quality:
image positioning (L) and color difference (E) (a),
reproduction of a raster dot (S) and adhesion of ink
layer (A) (b).

The simulation results show the adequacy of
the developed knowledge base and possibility
of its use for the complex evaluation of prints
quality for the purpose of statistical analysis of
the printing technological process on the rele-
vant production.

4.
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Conclusions

Thus, the work has selected the parameters
of prints that are independent of each oth-
er to some extent, and are taken into account
for quality control in the printing production
environment. The analysis of parameters of
flexographic prints using the expert-linguistic
information and “if-then” rule has allowed get-
ting fuzzy logic equations of linguistic variables
influence on the quality of flexographic prints
and then, evaluating the quality of the printing
process comprehensively and quantitatively.
The suggested method of calculating imprints
quality in a quantitative way enables the devel-
opment of a simulation model of forecasting
and statistical evaluation of the quality of the
printing process.
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Abstract

There are several methods for the measurement compressive strength of linerboard and fluting me-
dium paper. The results of different method can vary up to 30% and more for same material sample
and the biggest challenge is to determine compressive strength uninfected by other properties. It still
isn't specified which method is technically more correct. The Short-Span Compressive Test (SCT)
method is assumed to be more accurate. However, the Ring Crush Test (RCT) method is still widely
use despite that it is established it is affected by buckling load of test specimen. In this study these two
different methods were performed to measure the compressive strength of corrugated board’s com-
ponents. The results were implemented in Maltenfort equation for prediction of board compressive
strength. The accuracy of methods was evaluated by comparing predicted compressive strength with
measured board edgewise compressive strength (ECT). The result confirmed that SCT method is
more successful for predicting compressive strength of corrugated board and therefor, more accurate.

Key words: compression testing, linerboard, fluting medium, corrugated board, Ring Crush Test,

Short-Span Compressive Test, Edge Crush Test

1. Introduction

Mechanical resistance of packaging depends on
the strength of the packaging material used; i.e.
it depends on the paper components that the
corrugated board is made of. Mechanical con-
sistency of the packaging, as well as protection
of the product inside, depends on compressive
strength. Compressive strength is the largest
compressive force that a test specimen tolerates
without failing. It is one of the most important
properties of paperboard (Niskanen, 2008).

Compressive strength of linerboard and/or flut-
ing medium can be measured in various stan-
dardized ways: Ring Crush Test (RCT), Short
span Compressive Test (SCT) and Corrugated
Crush Test (CCT). Most common methods are
RCT and SCT. Both measurements are supposed
to measure the same property but results can
vary up to 30% and more for same material sam-
ple (Markstrom, 1999). Principles of method are
different; hence results differ because in most
cases buckling cannot be prevented. SCT is con-
sidering the most reliable compressive strength
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measurement method however RCT specifica-
tions are still widely used as the primary strength
characteristic for linerboard and fluting medium
(Dimitrov and Heydenrych, 2010). SCT meth-
od uses a 0.7 mm length of a specimen which
excludes any bending and buckling is prevented
while RCT is a combination of compression and
buckling failure (Fellers and Donner, 2002). It
still isn’t specified which method is technically
more correct therefore the practice of using RCT
method continues.

Compressive strength of linerboard and flut-
ing medium directly depends on compressive
strength of the corrugated board (van Eperen et
al., 1983; Whitsitt, 1985; Markstrom 1999, Popil
et al,, 2004). Compressive strength of corrugat-
ed board is measured with Edgewise Crush Test
(ECT) method. The ECT of corrugated board
is used as a primary quality control parame-
ter since it correlates to box stacking strength
(McKee and Gander., 1962; Whitsitt, 1988). The
ECT is mainly dependent on the compressive
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properties of the components as predicted by
mathematical model known as Maltenfort equa-
tion (1) (Markstrom, 1999). It can be estimated
using components’ compression strength, mea-
sured either with RCT or SCT method:

ECT = k((’c,u +0,,+ a0, .. D) (1)

where o _is the compressive strength in cross ma-
chine direction (CD) of boards’ components, li-
nerboard and fluting medium, a denotes take up
factor of the specific fluting profile used (the ra-
tio of the length of fluting medium to the length
of liner), and the constant k should be always
equal to unity, regardless of the paper compres-
sion strength test used (this is theoretically, if
there would not be test errors).

The aim of this research is to estimate which
method for compressive strength testing of li-
nerboard and fluting medium gives better pre-
dictive accuracy based on Maltenfort equation;
Ring Crush Test or Short span Compressive
Test, compared to measured board compres-
sion strength values using Edgewise Crush
Test. The paper confirm that proposed model
which uses SCT strength provides significantly
better predictor of the ECT then use of the RCT
measured values.

2. Material and Methodology

Principle for compressive strength testing ac-
cording to the RCT method implicated a sam-
ple of paper placed into a ring formation and
subjected to an increasing edge compression
force until it breaks (***, 2016). The main prob-
lem is how to prevent the buckling of a thin
sample. There is discontinuity point; hence the
ends of test specimen are not banded togeth-
er as shown on Figure 1 (Niskanen, 2008). The
RCT data is the average of 10 tests in CD. Mea-
surements were made according to TAPPI - T
822 using L&W Crush Tester.

A A
-’

Figure 1. Test specimen in ring formation of RCT
method

Compressive strength principle for testing ac-
cording to the SCT method evaluates the short
span compression properties of the paperboard.
A test specimen is compressed in the length di-
rection by two clamps 0.7mm apart, until rup-
ture occurs as Figure 2 illustrates. Therefore
the buckling is prevented and the compressive
properties and strength of paper can be evaluat-
ed (Ek et al, 2009). The SCT data is the average
of 20 tests in CD direction. Measurements were
made according to ISO 9895:2008, for paper and
board - compressive strength — Short span test
using L&W Short span Compressive Test.

Figure 2. Principle of SCT method

A test specimen of prepared sample of corru-
gated board at ECT method is placed on its
edge between parallel platens, one of which
traverses towards the other and is connected
to a load cell. Load direction is parallel to the
flutes or the cross direction of the board (Fig-
ure 3). The ECT data is the averages of 10 tests
according to ISO 3037:2013; for corrugated fi-
breboard - determination of edgewise crush re-
sistance (unwaxed edge method). L&W Crush
Tester was used.

o1

]

Figure 3. Test specimen consisted of cutting samples
parallel to the flute direction (CD)

To determine correlation between compressive
strength of corrugated board and its compo-
nents, two single wall (double face) boards with
B flute were analysed. Board known as quality
271 was analysed with its component’s paper:
two linerboards, 125 g/m? and 120 g/m? and
one medium 100 g/m? and board known as
quality 276 with its component’s paper: two
linerboards, 180 g/m? and 170 g/m? and one
medium 150 g/m>.
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3. Results and Discussion

Results of compressive strength of linerboard
and fluting medium measured with the RCT
and SCT method are summarized in Table
1 and Table 2. As it was expected strength is
increasing as basis weight of papers increase.
Although these two methods are measuring
the same property, outcomes are different. Ac-
cording to results it can be deduced that paper
at RCT method had suffered certain failure,
therefore measured values are lower up to 16%.

Table 3 obtained the ECT measured results of
compressive strength of single wall corrugated
boards known as quality 271 and quality 276,
both with B flute.

Table 3. Test specimen results for ECT

X c max min | median
(kKN/m) (kN/m) | (kN/m) | (kN/m)
Board 2,50 0,06 2,63 2,40 2,51
271
Board 4,81 0,09 4,98 4,65
276

4,815

Comparisons are made with values of the pre-
dicted ECT calculated from equation (1) and
actual ECT values obtained from Crush tester.
The compression strength of linerboard and
medium, measured by the short span com-
pressive method uses constant k=0,6982; and
for ring crush data uses k=1,028 (Seth, 1985;

Dimitrov and Heydenrych, 2010). Take up fac-
tor for B flute amounts a=1,25.

Table 4. Predicted and calculated differs of ECT values

Method for ECT | predicted empirical | differ
prediction ECT (kN/m) | ECT (kN/m) | (%)
ECT from RCT 3,03 2,50 21,2
(quality 271)

ECT from SCT 2,58 2,50 3,2
(quality 271)

ECT from RCT 5,47 4,81 13,7
(quality 276)

ECT from SCT 4,91 4,81 2,07
(quality 276)

Predicted ECT values calculated from equation
(1) differ from actual ECT values, depending
on the selected testing method. According to
results summarised in Table 4 disagreements of
actual values from predicted values are larger
for RCT data. Predicted ECT from RCT mea-
sured results differ by 21,2% for quality 271 and
13,7% for quality 276. An error in prediction
for RCT occurs possibly in buckling failure.
The expected ECT from SCT data is more pre-
cise. Predicted ECT from SCT measured re-
sults differ by 3,2% for quality 271 and 2,07%
for quality 276. This statistically indicates that
useful predictive model for ECT is better suited
from SCT strength.

Table 1. Test specimen results for the RCT and the SCT of board 271 in CD

RCT (CD) SCT (CD)
Paper X o max min X o max min differ
(kN/m) (kN/m) | (kN/m) | (kN/m) (kKN/m) | (kN/m) | (%)
Medium 0,97 0,12 1,17 0,81 1,08 0,12 1,17 0,81 -10,18
100 g/m?
Linerboard 1 1,27 0,05 1,34 1,19 1,48 0,14 1,68 1,42 -14,18
120 g/m?
Linerboard 2 | 1,37 0,07 1,42 1,24 1,59 0,14 1,70 1,47 -13,83
125 g/m?*
Table 2. Test specimen results for the RCT and the SCT of board 276 in CD
RCT (CD) SCT (CD)

Paper X o max min X o max min differ

(kN/m) (kN/m) | (kN/m) | (kN/m) (kKN/m) | (kN/m) (%)
Medium 1,63 0,33 2,59 1,45 1,92 0,13 2,1 1,69 -15,10
150 g/m?*
Linerboard 1 1,78 0,28 2,18 1,33 2,09 0,18 2,54 1,9 -14,83
170 g/m?
Linerboard 2 1,85 0,18 2,11 1,53 2,22 0,33 3 1,9 -16,66
180 g/m?
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4. Conclusion

An analytical model that combines the com-
pressive strength of the linerboards and fluting
medium provides an important predictive ac-
curacy for ECT data and reliable ECT informa-
tion contribute to the paperboard packaging
product with optimized mechanical properties
at minimal cost without compromising the
protection function of the packaging.

The ECT value of corrugated board was mea-
sured and analysed in this paper in three dif-
ferent methods for chosen approach of evalu-
ating selected measurement techniques. Di-
rect measured board edgewise compressive
strength values were used to provide guidance
for the interpretation and qualification of test-
ing results of two most common methods for
compressive strength testing of linerboard and
fluting medium, the RCT and the SCT method.
Measured results of each method were imple-
mented in mathematical model of Maltenfort
equation, calculated and gained results were
compared to actual ECT values. Comparison
showed that the SCT data used in mathemat-
ical model relates better to the ECT prediction
since the gained result of Maltenfort equation
with SCT data is nearly identical to direct mea-
sured ECT value. Additionally, it is expected
that RCT data implicate buckling load which
is seen as increased value of the ECT obtained
from the RCT measured values. The analysis
presented in this paper is a contribution to SCT
method and implies substitution of RCT meth-
od which is still significantly used as relevant
indicator of compressive strength of paper.
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