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Abstract. The research aims to study noncompliances in the production process, defects in
chipboard manufacturing and the related costs. The influence of production process parameters
on the parameters of finished products and correlation dependence of considered parameters
have been shown. The mathematical model of the multiple-factor production process has been
developed.

1. Introduction

One of the key factors to ensure the enterprise competitiveness is the quality of products. The product
quality is determined not by the quality control and sorting based on the principle of compliance, but
mostly by manufacturing environment. The level of noncompliances in the production process output
can be reduced by control of the process parameters. The dependence of output parameters of the
product quality on variations in the process parameters should be known to reduce noncompliances.
To determine such dependencies based on investigation of the process behavior is crucial for
enterprises aspiring to the reduction of costs, organization of production process, and enhancement of
efficiency of the company's activities and competitiveness as a whole [1].

The combination of factors and conditions of production process results in problems with product
guality, but consistent changes in the factors and conditions are capable of eliminating
noncompliances. Factors include working facilities; the ability of workers to work in a qualitative and
efficient manner; work objects. Conditions include the nature of production process, its intensity,
rhythm, duration; climatic conditions in industrial premises; industrial interior and design; the nature
of material and moral stimuli; forms of organizing the information service and workplace equipment;
social and material conditions for workers [2, 3].

Investigation of influence of the production process parameters on the quality parameters of
finished products enables the quality control during the process of manufacturing. This leads to
reduction in losses and costs for noncompliances, including sorting reduction, lower cost of the
finished product, costs for utilization of unusable products, compensations and payments to consumers
due to the possible delivery of defective products.
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The enterprise manufacturing chipboards urgently needs determination of the level of costs due to
the occurrence of defective products in the production process, and investigation of types and causes
of these costs [4].

The aim of the research was to determine the environment of the chipboard manufacturing process
using the method of planning the experiment [5-9] at the stage of the wood chip cover formation. The
parameter characterizing the process of production is the chipboard density (kg/m%). According to the
enterparise requirements, the optimum values of density correspond to the limit values of (680—700)
(kg/m®).

2. Research description

Before the development of a mathematical model of the process, a priori information was considered
by analyzing the chipboard production process using statistical methods of control. As a result, losses
attributable to the issue of defective products were estimated, stages of the chipboard production
process with the greatest number of defective boards were defined, types of defects and most common
defects were identified in accordance with the rule 80/20. "Short and friable boards" refer to these
defects. The causes of their formation in the production process were identified in the study of these
types of defects.

The chipboard density (kg/m*) was defined as the main parameter of chipboard quality. It was
revealed that the wood chip cover formation is the stage of the process with the greatest number of
defects. The parameters that affect the chipboard quality at this stage and can be regulated during the
production process were identified. The parameters are fixed in the process maps by the laboratory
technicians every two hours. The parameters are as follows: wood chip moisture, %; resinification of
the board inner layer, %; resinification of the board outer layer, %; rate of the wood chip cover
formation, mm/s; ratio of layer,%; weight of the wood chip cover, kg; pressing temperature, °C;
pressure on the press, kgc/cm?.

The correlation dependence between the parameters was calculated to reduce the number of
considered parameters. If the correlation coefficient (r) evidences the presence of correlated values,
one of the values can be excluded from consideration. The evaluation of correlation dependence of the
considered production parameters were presented in pairs in the form of scatter diagrams in figure 1.
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Figure 1. Correlation dependence between the chipboard inner layer and wood chip moisture.

The absence of tolerable correlation connection indicates that all parameters of the production
process should be included in the experiment.
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After considering a priori information, the object of consideration was defined in the form of
"black box". At this stage, all investigated parameters of the chipboard production process were
divided into two groups: factors such as chip moisture, resinification of the inner layer, resinification
of the outer layer, and random effects such as rate of the wood chip cover formation, ratio of layers,
weight of the cover, pressing temperature, pressure on the press. It was decided to develop a
mathematical model for the stage of the wood chip cover formation because the largest qualitative and
quantitative amount of defective products is formed at this stage. The quality indicator, namely the
board density was chosen as a response.

The next stage of the research is to collect data on the density parameter under different conditions
of the production process. The mechanisms and optimum parameters of the chipboard manufacturing
can be determined based on these data.

Divide all the parameters into three groups:

- Chip moisture, ratio of layers, pressing temperature.
- Resinification of the inner layer, pressure on the press.
- Resinification of the outer layer, rate of the wood chip cover formation, weight of the cover.

The model for the stage of chipboard manufacturing, that is wood chip cover formation is shown in
figure 2.

W1 W2 W3 Wi Ws

X1 &
Pressed wood-fiber
1{: Y h "r‘
board .
X3 &

Figure 2. Model of the multi-factor process of chipboard manufacturing.

The factors are designated as: X; is chip moisture, %; X, is resinification of the inner layer, %; Xs is
resinification of the outer layer, %.

All other parameters correspond to random effects: w; is rate of wood chip cover formation, mm/s;
W, is ratio of layers, %; wjz is weight of the cover, kg; wy is pressing temperature, °C; ws iS pressure on
the press, kge/cm?.

The quality index, namely density y (kg/m®) was taken as a response of the chipboard
manufacturing.

The random effects such as rate of the wood chip cover formation, ratio of layers, weight of the
cover, pressing temperature, pressure on the press can be varied at this stage. It is impossible to change
the factors such as chip moisture, resinification of the inner and outer layers at this stage. They come
to the process input with concrete values.

Based on a priori information, the values within which each factor may change its values.

The principle level and variability interval determined for each of the factors are presented in table
1.

All possible factors are determined by the equation 1

N =p", [1]

where p is the number of levels; k is the number of factors.
Each of the eight factors varies at two levels; therefore equation 1 takes the form equation 2:

N = 2%, [2]
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The factors are divided into three groups; the experiment is to be carried out for each of the groups.
As an example, consider the experimental plan for the first group of factors: chip moisture, ratio of

layers, pressing temperature (table 2).

Table 1. Levels of factor variability.

Factors Factor levels _Variabi lity
Lower level «-1» Zero level «0»  Upper level «+1» interval
X1 2 2.25 25 0.25
X7 6.7 7.1 7.5 0.4
X3 10,9 11.55 12.2 0.65
Wi 320 370 420 50
W, 20 20.55 21.1 0.55
Ws 125 130.5 136 55
Wy 195 196.5 198 1.5
Ws 192 221 250 29
Table 2. Extended matrix of planning the experiment of 23 type.
Xo1 X1 W, Wi | X W Wo. Wy X1 Wy X1 Wa. Wy

+1 +1 +1 +1] +1 +1 +1 +1

+1 -1 +1 +1 -1 +1 -1 -1

+1 +1 -1 +1 -1 -1 +1 -1

+1 -1 -1 +1] +1 -1 -1 +1

+1 +1 +1 -1 +1 -1 -1 -1

+1 -1 +1 -1 -1 -1 +1 +1

+1 +1 -1 -1 -1 +1 -1 +1

+1 -1 -1 -1 +1 +1 +1 -1

3. Summary

Thus, depending on the input factor value, for instance, chip moisture at the input stage of chipboard
manufacturing, namely the formation of wood chip cover, the necessary values of random effects such
as correlation of layers and pressing temperature may be chosen so that the chipboard density will
correspond to the required values.
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