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ABSTRACT

The geometric characteristics of mortise and tenon joints represent their ideal shape as well as the
permitted deviations from that shape. Measurement accuracy as part of production metrology is of crucial
importance for maintaining tolerances and fits as well as quality control in production. The closeness of the
measurement results to the actual true value of the measurand depends on many factors. Some factors that
affect the accuracy of a measurement are caused by the measuring equipment, the environment in which
the measurement is performed, the operator who performs the measurement, the method and procedure of
the measurement and the properties of the material.

This review paper presents an investigation of the factors and their affect on the accuracy of
measurement of mortise and tenon joints while maintaining manufacturing tolerances. The purpose of this
investigation is to consider the possibility of their minimization to obtain a more accurate measurement.

According to the theoretical analysis, the group of factors that express the heterogeneity and
hygroscopicity of wood as a material have a great effect on the accuracy of the measurement.
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INTRODUCTION

The mechanical properties of the joints are the most important factor in the technical quality
of wood products. They depend on the type of wood, the structural shape and the manufacturing
process. The strength and durability of the construction depend on many factors making this
characteristic complex. Joints in wooden constructions represent critical places where defects
often occur, so special attention should be paid to tolerances and the type of fit during
construction (Eckelman 2003). The geometric characteristics of the mortise and tenon joints
represent their ideal shape as well as the permitted deviations from that shape.

The accuracy of the measurement is part of the production metrology, and it is of crucial
importance for the preservation of the tolerances and fits as well as for the quality control in the
production (Pfeifer 2015). Dimensional accuracy is a key factor in manufacturing. Measurements
are carried out through all technological phases: material reception, processing, assembly, final
control and allow to create products that exactly correspond to the design and to guarantee the
quality of the product.

The basic principle for accurate measurements is to reduce the influence of any factor that
directly or indirectly affects the accuracy of the measurement. This is also the basis of the
measurement control process, which is a basic concept in quality control. Measurement control
is standardized as a measurement management system with the standard (ISO 10012:2003).

The development in the final wood processing is closely related to the introduction and
application of adequate measurement methods. The application of measurements today is a
decisive factor for the further development of technology. Mainly the measurements in the final
wood processing are reduced to dimensional and angular measurements.



80 NIKOLA MIHAJLOVSKI, GJORGI GRUEVSKI

This review paper presents an investigation of the factors and how they affect measurement
accuracy mortise and tenon joints while maintaining manufacturing tolerances. The purpose of
this observation is also to consider the possibility of their minimization in order to obtain a more
accurate measurement.

OVERVIEW OF FACTORS AFFECTING MEASUREMENT

The closeness of the measurement results to the true value depends on many factors. The
factors that influence the accuracy of measurement are the measuring equipment, the
environment in which the measurement is performed, the operator who performs the
measurement, the method and parameters for measurement, and the properties of the material.
Measurement errors are the result of random and systematic influences produced by the above
five main factors. These factors are causal in nature and can best be represented by a diagram
(Ishikawa 1990, American Society for Quality 2024).
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Figure 1: Diagram of factors influencing the measurement of the geometric characteristics of mortise and
tenon joints

MEASURING INSTRUMENT

Manual instruments are the most applicable for measuring the geometric characteristics of
mortise and tenon joints. This group of instruments includes: calipers, micrometers, dial gauges,
lever type dial indicators and dial bore gauges. The advantages of these instruments are multiple:
inexpensive, quick to use, long-lasting, portable and provide sufficient accuracy for measuring
wood elements. The characteristics of these measuring instruments are covered in the (ISO
14978:2018) standard. When measuring the geometrical characteristics of the mortise and tenon
joints, we have a measuring system because several instruments are used in the measurement
(VIM - JCGM 200:2012).

The influence of the instrument on the accuracy of the measurement is felt in several ways.
Instruments consist of several parts and each of them may fail. Measurement errors can occur
when the guides and moving parts of the gauge deviate due to material wear or fatigue. Also, the
instruments are subject to temperature expansion. In order to minimize this expansion, the
standard (DIN 102:1951-10) prescribes a temperature of 20 °C at which measuring instruments
will be used. In the same standard, it is said that when using the instrument at a temperature
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different from that specified for it, it causes linear and angular changes. Each instrument has its
own metrological characteristics. The static characteristics of the measuring instruments are the
most influential on measurement accuracy, of which we will mention: accuracy, precision,
calibration, resolution, stability and repeatability during measurement.

The accuracy of the measuring instrument represents the closeness of the measured value
to the true value. This parameter is present in the manufacturer's technical specifications,
represented by an accuracy class. Accuracy is improved by proper and timely calibration. Most
often, accuracy is declared as a percentage of deviation from the nominal value. The accuracy of
the aforementioned instruments used for measuring in final production ranges from 0.0lmm to
0.1mm. The method of positioning the instrument during measurement has a great influence on
the accuracy of the result. As is the case with the caliper, its beaks must be placed perpendicular
to the surface on which it is measured in order to have the best possible contact between the
instrument and the measuring object. If possible, we should always use Abbe's principle (Abbe
1890), which states that the most accurate measurements are achieved when the quantity being
measured is in the same straight line direction as the measuring scale, that is, when it is collinear
with the measuring scale of the instrument. Otherwise, an additional measurement error occurs.
This rule applies to instruments for measuring length. Therefore, when measuring mortise and
tenon joints, it is recommended to use a micrometer rather than a caliper. The resolution is the
smallest value that the instrument can measure and is also declared by the manufacturer.

The precision of the instrument is an indicator of the constancy of the value of the
measurements, and if the value of the measurements is constant over a longer period of time
under the same measurement conditions, then it is a matter of repeatability during measurement.
Calibration is important because it ensures that the instrument is capable of measuring to the
specifications for which it is intended. Many instruments lose their accuracy over time, so it is
necessary to calibrate them regularly. Stability of the instrument is the possibility that it will
retain its metrological characteristics over a longer period of time.

THE INFLUENCE OF THE OPERATOR

Errors that contribute to measurement accuracy can also be caused by the person
performing the measurement. Namely, the instruments used in the measurement can be analog
or digital. With analog instruments, it is possible to make a mistake when reading the
measurement results. A reading error with digital occurs when rounding the value. The operator,
as a factor, affects the measurement process with his education, experience, skills, current mood,
concentration and psychophysical state. The operator has a direct influence on the repeatability
of the measurement. A good operator with accurate instruments can make measurements
repeatable. However, if the operator's techniques are wrong or he is not that skilled, then
repeatable results cannot be obtained. Variations in measurements due to operator error when
the measurement system is accurate and precise are called reproducibility. Operator efficiency
is as important as instrument accuracy and precision.

METHOD OF MEASURMENT

A measurement procedure is a way of checking the nominal values of the product's
characteristics with adequate instruments under the necessary measurement conditions.
Measuring only the thickness dimension does not provide an accurate picture of the contact
surfaces in the composition. The thickness of the tenon may be within the tolerance interval, but
it may be slanted at the side (inaccuracy in location) or its thickness will not be the same
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throughout the length of the tenon (inaccuracy in orientation). Due to the complexity of the
requirements for functionality and durability of the mortise and tenon joints, we believe that the
determination and control of the tolerances and fits of the composition should be within the
matrix of (ISO 14638:2015). In this way, all the geometric characteristics of the composition
(dimensions, form, direction and position) will be covered.

The measurement procedure must include the following characteristics: dimension
tolerances (length, width and thickness); form tolerances (straightness and flatness); orientation
tolerances (parallelism and perpendicularity) and location tolerances (symmetry).

WOOD PROPERTIES

The material can participate in the measurement process with its quality, homogeneity,
temperature stability, chemical and physical characteristics. In the literature dealing with
measurement accuracy, when describing the influence of part material on measurement accuracy,
temperature expansion is often cited as the most influential factor. This is not the case with wood
because the dimensional changes that occur in wood initially depend on the relative humidity of
the air and not so much on the temperature (with the same temperature, different humidity
variations are possible).

Wood is an anisotropic, or rather orthotropic, material. It expresses its anisotropy in three
directions in which the wood fibers stretch: longitudinal, radial and tangential. Knowledge of
their mutual action and the characteristics of a certain direction of wood fibers is necessary when
constructing a wood product. Wood fibers are made of cellulose, hemicellulose and lignin. The
connection of the cellulose fibers in the cell wall is complex but especially important because
the anisotropy of the wood depends on it. It appears in the mechanical and physical properties of
the wood and is most evident in the sweling and shrinking of the wood in a different direction of
the wood fibers.

Dimensional changes in wood occur as a result of changes in relative humidity in the
atmosphere. The moisture in the wood always comes into balance with the moisture from the air.
For each percentage of humidity in the air, there is a corresponding amount of moisture in the
wood. This point of saturation of wood fibers with water is closely related to the relative humidity
of the air, and its change depends on the wood species. The time required to reach equilibrium
moisture content in the wood with the relative humidity of the air is about 48 hours, and the most
intense change occurs in the first few hours (Thompson 2002). This is especially evident for
smaller pieces of wood, as in the case of chair parts. If we have variable conditions in the
production plant, the measured dimensions of the compositions immediately after processing
and after a delay of several hours would be different. The author (Eckelman 1998) points out this
problem in his paper, according to which a change in the relative humidity in the air by a few
percent is enough to change the dimensions of the wood, so that it causes a change in the
dimensions of the joints and the type of fit. The authors (Sydor et all. 2021) also write about a
change in the dimensions of the openings when the humidity in the wood increases with a change
in the relative humidity of the air. Chair construction where the tenon has a radial direction of
the wood fibers has higher strength than construction where the tenon has a tangential direction
of the wood fibers (Likos et all. 2012, Wu et all. 2021). The application of details for chairs with
a radial direction is less common, and most often the details are in the tangential direction of the
wood fibers. This is an additional problem in measurement accuracy because dimensional
changes in wood are greatest in the tangential direction of the wood fibers (Forest Products
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Laboratory 2021). It is even more pronounced if it is a wood species with high hygroscopic
properties, such as beech (Wagenfuhr 2000), which is also the most commonly used wood
species for making chairs.

MEASURMENT EVIRONMENT

The environment has its own characteristics whose parameters affect the measurement,
namely: air temperature and humidity, air pressure, vibrations, radiation, noise, magnetic field,
air purity, and lighting. The influence of the environment can be on the object of the
measurement, on the operator, and on the measuring equipment with which the measurement is
performed.

The changing and unfavourable conditions affect the ergonomics of the operator and, thus,
the accuracy of the measurement. The influence of the effects of vibration, noise, and wood dust
in the air complicates the measurement process. It is necessary that the measurements be carried
out outside the production facility in special quality control departments where the conditions
will be controlled.

Due to the hygroscopicity of the wood, relative humidity and air temperature have the
greatest influence on the mortise and tenon joints as measuring objects. To reduce the influence
of environmental conditions on measurement accuracy, the (ISO 1:2022) standard strictly
prescribes a temperature of 20 °C for the measurement environment. In the plants for final wood
production, this temperature will not be observed most of the time. Especially in the winter
period, where the halls are heated only during working hours, in the evening there is a change in
air humidity and condensation, and thus a change in the dimensions of the wood. In most
European countries, a minimum workplace temperature of 16°C is prescribed, while the
maximum is not limited. According to (British Woodworking Federation — BWF) the
temperature of the workplace where wood is processed should range from 16°C to 24°C. The
author (Babalik 2016) states some general ergonomic workplace conditions, in which he states
that for industrial facilities for standing work, the temperature should range from 17°C to 22°C,
and the relative humidity of the air from 40% to 70%. Depending on whether the air is heated
and how much it flows, different percentages of relative humidity are possible at the same
temperature. The relative humidity of the air is more significant for wood due to the appearance
of hysteresis. The standard DIN 68101:2012-02 gives percentages of moisture in the wood for
each wood species at low, medium and high relative air humidity in the environment. In the same
standard, the values of the dimensional changes of the wood in the radial and tangential direction
are given when the humidity changes. However, the heterogeneity of the wood should be noted
here; that is, the direction of the wood fibers in the mortise and tenon will not always be the same
along the entire length of the joint, and thus the dimensional changes will not be the same.

CONCLUSIONS

The factors that influence the accuracy of measurement are the measuring instrument, the
environment in which the measurement is performed, the operator who performs the
measurement, the method and parameters for measurement, and the properties of the material.
Of the mentioned factors, the measuring instruments, the operator, and the measurement
procedure are the easiest to control.

The stability of the temperature and the relative humidity in the air of the measuring
environment have a great influence on the accuracy of the measurement.
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According to the theoretical analysis, the group of factors that express the heterogeneity
and hygroscopicity of wood as a material, which are closely related to the relative humidity of
the air in the measuring environment, have the greatest effect on the accuracy of the
measurement.

REFERENCES

ABBE, E. 1890. Messapparate fiir Physiker [Measuring Instruments for Physicists]. Zeitschrift fur
Instrumentenkunde. Journal of Scientific Instruments, 10:446-448 (in German).

American Society for Quality (n.d.). Fishbone diagram. https://asq.org/quality-resources/fishbone.
DIN 102:1951-10. Reference Temperature of Measuring Tools and Workpieces.
DIN 68101:2012-02. Fundamental deviations and tolerance zones for wood working and wood processing.

BABALIK, F. 2016. Miihendisler icin ergonomi —Isbilim. Besinci Baski, Dora Yaymn Dagitim Ltd.Sti.,
Bursa, 620s.

British Woodworking Federation Ltd. 2016. Managing workplace temperatures. https://www.bwf.org.uk/
bwf-blog/managing-workplace-temperatures.

ECKELMAN, C. A. 1998. The Shrinking and Swelling of Wood and Its Effect on Furniture, FNR 163. 26 p.

ECKELMAN, C.A. 2003. Texthook of product engineering and strength design of furniture. Purdue
University Press, West Lafayette, Indiana.

FU, W.-L., GUAN, H.-Y., ZHANG, X.-Y. 2021. Verification and further study on method of measuring
contact force between mortise and tenon joint. BioResources 16(1), 263-276.

FOREST PRODUCTS LABORATORY. 2021. Wood handbook—wood as an engineering material.
General Technical Report FPL-GTR-282. Madison, WI: U.S. Department of Agriculture, Forest
Service, Forest Products Laboratory. 543 p.

ISHIKAWA, K., LOFTUS J. H., Eds. 1990. Introduction to quality control. Tokyo Japan: 3A Corporation.

ISO 1:2022. Geometrical product specifications (GPS) — Standard reference temperature for the
specification of geometrical and dimensional properties.

ISO 10012:2003. Measurement management systems — Requirements for measurement processes and
measuring equipment.

ISO 14638:2015. Geometrical product specifications (GPS) — Matrix model.

ISO 14978:2018. Geometrical product specifications (GPS) — General concepts and requirements for GPS
measuring equipment.

JCGM 200:2011. International vocabulary of metrology Basic and general concepts and associated terms
(VIM).

LIKOS E., HAVIAROVA E., ECKELMAN C. A., ERDIL Y. Z., OZCIFCI A. 2012. Effect of tenon
geometry, grain orientation, and shoulder on bending moment capacity and moment rotation
characteristics of mortise and tenon joints. Wood and fiber science, Vol.44, No.4, 462-469.

PFEIFER, T. 2015. Production metrology. Walter de Gruyter GmbH & Co KG.

SYDOR M., MAJKA J., LANGOVA N. 2021. Effective diameters of drilled holes in pinewood in response
to changes in relative humidity. BioResources 16(3), 5407-5421.

THOMPSON, R. 2002. Moisture Breathing Properties of Wood: Let's Get It Right. CASJ Vol. 4, No. 6
(Series I1), November 2002.

WAGENFUHR, R. 2000. Holzatlas. Leipzig, Fachbuchverlag Lepzig: 707.



UNIVERSITY OF FORESTRY : m

FACULTY OF FOREST INDUSTRY

INNOVATION IN
WOODWORKING INDUSTRY
AND ENGINEERING DESIGN

2/2024

INNO vol. XIII Sofia

ISSN 1314-6149
e-ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN

Science Journal
Vol. 13/ p. 1-142
Sofia 2/2024

ISSN 1314-6149
e-ISSN 2367-6663

Edition of

FACULTY OF FOREST INDUSTRY - UNIVERSITY OF FORESTRY - SOFIA

The Scientific Journal is indexed with and included in CABI.

SCIENTIFIC EDITORIAL BOARD

Alfred Teischinger, PhD (Austria)

Alexander Petutschning, PhD (Austria)

Anna Danihelova, PhD (Slovakia)
Asia Marinova, PhD (Bulgaria)
Derya Ustadmer, PhD (Turkey)
Ivica Grbac, PhD (Croatia)

Ivo Valchev, PhD (Bulgaria)

Jan Holécy, PhD (Slovakia)

Jan Sedliacik, PhD (Slovakia)

Julia Mihajlova, PhD (Bulgaria)
Hubert Palus, PhD (Slovakia)
Ladislav Dzurenda, PhD (Slovakia)
Marius Barbu, PhD (Romania)
Nencho Deliiski, DSc (Bulgaria)
Neno Tritchov, PhD (Bulgaria)
Panayot Panayotov, PhD (Bulgaria)
Pavlo Bekhta, PhD (Ukraine)

Petar Antov, PhD — Editor in Chief
Viktor Savov, PhD— Co-editor
Vassil Jivkov, PhD

Cover Design: Desislava Angelova

Printed by: INTEL ENTRANCE

Silvana Prekrat, PhD (Croatia)

Stefan Barcik, PhD (Slovakia)
Valentin Shalaev, DSc (Russia)
Vasiliki Kamperidou (Greece)
Vesselin Brezin, PhD (Bulgaria)
Vladimir Koljozov, PhD (Macedonia)
Zhivko Gochev, PhD (Bulgaria)
Danijela Domljan, PhD (Croatia)
George Mantanis, PhD (Greece)
Hiilya Kalaycioglu, PhD (Turkey)
Biborka Bartha, PhD (Romania)
Antonios Papadopoulos, PhD (Greece)
Lubos Kristak, PhD (Slovakia)
Muhammad Adly Rahandi Lubis, PhD (Indonesia)
Widya Fatriasari, PhD (Indonesia)
Seng Hua Lee, PhD (Malaysia)

EDITORIAL BOARD

Dimitar Angelski, PhD
Pavlin Vitchev, PhD
Galin Milchev, PhD

Publisher address: UNIVERSITY OF FORESTRY — FACULTY OF FOREST INDUSTRY
Kliment Ohridski Bul., 10, Sofia, 1797, BULGARIA

http://inno.ltu.bg

http://www.scjournal-inno.com/



THIS ISSUE CONTAINS PAPERS PRESENTED AT

TWELFTH INTERNATIONAL SCIENTIFIC AND TECHNICAL
CONFERENCE

INNOVATIONS IN FOREST INDUSTRY AND
ENGINEERING DESIGN INNO 2024

7 — 9 October, Hotel Imperial Plovdiv, a member of Radisson Individuals,
Plovdiv, Bulgaria

ORGANIZED BY FACULTY OF FOREST INDUSTRY, UNIVERSITY OF
FORESTRY, SOFIA, BULGARIA

WQWELDE &
BULGARIA AD \'” KASTAMONU

VY fu}? ol.?h MEMBER OF WELDE GROUP, AUSTRIA

% mondi lindera V-

mebenu
BNOEHOB

JAF  krenespin

ool

Twelfth International Scientific and Technical Conference
INNOVATIONS IN FOREST INDUSTRY AND
ENGINEERING DESIGN INNO 2024,

is supported by the National Science Fund, Bulgaria

with co-financing agreement Ne KIT-06-MH®/40 of 13.08.2024

" NATIONAL
i @ SCIENCE
e : FUND

Ministry of Education and Science




INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 2/2024 (26): 5-6

CONTENTS

EXAMINATION OF THE DEGREE OF SHRINKAGE AND SWELLING OF THE
DOUGLAS FIR CELL WALL.....uttiiiiiiiiiiiiiiicciiiiiinec e 7

Nikolay Bardarov, Martina Todorova, Vladislav Todorov, Viktor Mollov

INFORMATION MODELLING OF SUSTAINABLE BIOENERGY AND
BIOFUEL PRODUCTION.......ccciciiiiiiitniteietetentestese ettt sttt sae st et nne e 18

Boriana Deliyska, Adelina Ivanova, Nikolay Nikolov, Radostina Popova-Terziyska

INFLUENCE OF SOME TECHNOLOGICAL FACTORS OVER VIBRATION
SPEED WHEN MILLING WHITE PINE DETAILS ON A UNIVERSAL
WOOD SHAPER ...ttt 28

Georgi Kovatchev, Valentin Atanasov

MACHINES FOR PRIMARY LOG CUTTING: PART I - A STUDY ON SOME
OPERATIONAL INDICATORS ..ot 36

Valentin Atanasov

IMPACT OF FEED RATE ON ROUGHNESS OF THE CUT SURFACE
AND ENERGY CONSUMPTION DURING CUTTING DRY BEECH WOOD
WITH A CIRCULAR SAW ..ottt ettt e 45

Anastasija Temelkova, Zoran Trposki

EVALUATION OF THE MACHINED SURFACE QUALITY OF SCOTS PINE
(PINUS SYLVESTRIS L.) WOOD SPECIMENS, DEPENDING ON THE

CUTTING MODE OF A CNC MACHINE ......coiiiiiieiiecieeeeeeeeee ettt 53
Aleksandar Doichinov, Pavlin Vitchev
PROCESSING SAWLOGS INTO PARQUET BLANKS .......cootiiiiiitieieeeeeeeeee e 63

Ana Marija Stamenkoska, Branko Rabadziski, Goran Zlateski , Zoran Trposki, Anastasija
Temelkova, Vladimir Koljozov

INFLUENCE OF THE COMPONENTS OF THE WINDOW ON THERMAL
CONDUCTIVITY ottt 71

Elena Jevtoska, Gjorgi Gruevski

A REVIEW OF SOME FACTORS AFFECTING THE ACCURACY OF MEASURING

THE GEOMETRIC CHARACTERISTICS OF MORTISE AND TENON JOINTS ............... 79
Nikola Mihajlovski, Gjorgi Gruevski
CHANGES IN THE SURFACE PROPERTIES OF WOOD DURING BROWN ROT........... 85

Marko Petri¢, Miha Humar, Andreja Zagar

PRODUCTION OF FURNITURE ELEMENTS WITH PARTICLEBOARD CUTTING
WASTE CORE......coiiiiiiieeteeeees ettt sttt sttt ettt et ne e 96

Dimitar Angelski, Krasimira Atanasova, Vanesa Angelova



6 CONTENTS

EFFECT OF AGING ON THE AESTHETIC AND DECORATIVE FEATURES
OF THE INNOVATIVE SALIXDUO PRODUCT FINISHED WITH ACRYLIC AND

POLYURETHANE LACQUERS ..ottt s

Barbara Lis, Tomasz Krystofiak, Mikotaj Sumionka, Leszek Danecki, Bogustawa
Waliszewska

FRAGMENTATION IN MACEDONIAN TRADITIONAL ARCHITECTURE IN

RELATION TO THE WOOD AS A STRUCTURAL ELEMENT .....cccccoccvviniiiniinieneene.

Branko Temelkovski

SPECIFICITIES OF BRAND DESIGN IN HIGHER EDUCATION........cccccceviiiiiiinnne

Silvina Ilieva, Kristin Ozanian

ADVANCING FABRIC MATERIAL DIGITALIZATION THROUGH

PHOTOMETRIC STEREO RECONSTRUCTION ......coccveiiiiiiiiniiiicicieieicce e

Atanas Hristozov

SCIENTIFIC JOURNAL ,INNOVATIONS IN WOODWORKING INDUSTRY

AND ENGINEERING DESIGN® ..ot





