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INTRODUCTION

Throughout the world, people are turning to traditional values that may, however, be adapted to
current trends. The same applies to the "drawings" made with a needle or an embroidery hoop by our
grandmothers or mothers when we were children, which we didn't know at the time were called
"traditional motifs," but now we understand that they need to be brought back into focus.

Collecting traditional motifs from textile heritage objects, digitizing them, and transferring them to
tangible and modern products represents an additional method of perpetuation alongside
conventional preservation. Together, they serve to pass down these motifs from generation to
generation, enriched over time.

A continuous recycling of ideas or knowledge from the past, which means a blend of old and new
ideas, namely tradition and innovation, can be materialized through the presence of symbols and
motifs in furniture.

The structure of the thesis is as follows:

Chapter 1, titled "Current Status of Research on Valuing Traditional Motifs from Textile Heritage,"
represents a literature review of methods for valuing and preserving traditional motifs from textile
heritage, with a focus on the use of digitization as an innovative tool for obtaining transferable
patterns through current technologies.

Chapter 2, titled "Aim and Objectives of the Doctoral Thesis," presents the overall aim and specific
objectives based on which the proposed thesis was addressed and resolved.

Chapter 3, titled "Digitizing Traditional Motifs from Textile Heritage in the Tara Barsei and
Surroundings,” presents the results of a collection and theoretical research activity regarding
traditional motifs from textile heritage in the Barsa Land and its surroundings. It describes the
method and software used for digitizing these motifs, as well as the characteristics of stitches and
sewing methods. Additionally, a database containing 100 digitized patterns from various museum
and private collections is presented, along with the symbolism attributed by ethnographers.

Chapter 4, titled "Experimental Research on the Possibilities of Transposing Traditional Motifs onto
Furniture Surfaces through CNC Milling," focuses on experimental research regarding the possibility
of transposing traditional motifs onto furniture surfaces through milling on computer numerical
control (CNC) machines. Fundamental and applied research regarding the surface quality achieved
through milling in relation to the wood fiber orientation is presented, along with applied research
involving milling and coloring technology to enhance the ornamentation on wooden surfaces.



=] Transilvania Antonela-Cristina PETRASCU (LUNGU)
University !
]| of Brasou Summary Doctoral Thesis

Chapter 5, titled "Experimental Research on the Possibilities of Transposing Traditional Motifs onto
Furniture Surfaces through Laser Engraving," continues the experimental research from the previous
chapter, utilizing laser engraving as a method of transposing traditional motifs onto wood surfaces.
An experimental investigation based on the study of color differences obtained through laser
engraving with varying laser beam power is conducted. The results obtained through stereo-
microscopic examination are presented, and a comparison between the two ornamentation
technologies (CNC milling and laser engraving) is made based on the aesthetic characteristics of the
transposed patterns on wood surfaces.

Chapter 6, titled "General Conclusions. Original Contributions. Dissemination of Results. Future
Research Directions," concludes the doctoral thesis by summarizing the results obtained from the
conducted research and indicating practical utilization possibilities, as well as future research
directions. Scientific publications resulting from the research are mentioned, including those in ISI
Web of Knowledge indexed journals with impact factors greater than 1, international conference
presentations, participation in events, and a collaborative project with NORD ARIN company from
Preluca, Neamt County, which involved the ornamentation of a furniture set (RAM table and bench)
through CNC milling and coloring, presented at the International Furniture Fair in Milan 2022.
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CHAPTER 1. THE CURRENT STAGE OF RESEARCH ON THE VALORIZATION OF
TRADITIONAL MOTIFS FROM TEXTILE HERITAGE

1.1. Methods of Valorization and Conservation of Traditional Motifs from Textile
Heritage

1.1.1. Textile Heritage

Heritage represents the natural, historical, and cultural legacy of a country and comes in various
types, as depicted in Fig. 1.1.

Places, geological formations, and delimited areas that constitute the habitat
of threatened species of animals and plants, as well as valuable natural sites

‘ Natural ’ fromascientific, conservation, or natural beauty standpoint.
UNESCO Heritage: Danube Delta Biosphere Reserve
Objects with historical and cultural value
that can be moved: books, paintings,
icons, ceramic vessels, textiles, folk
‘ Herltage I costumes.
i : UNESCO Heritage: Horezu Ceramics
Material
Immovable, buildings of historical or
It can be seen oo
artistic value: palaces, manors, schools,
and touched ,
churches, monasteries.
UNESCO Heritage: Historic Center of
‘ Cultural

Sighisoara

Crafts and various occupations (icon painting, pottery,
: egg decorating, wood carving, weaving, sewing),
| m mate I’Ia|] holiday customs, songs, dances, ballads.

UNESCO Heritage: The art of traditional blouse with
embroidery on the shoulder ("altita”)

Fig. 1.1. Classification of heritage.

Textiles represent a special category of cultural heritage, expressing the power and diversity of
fabrics. They offer a means of communication and expression through their meaning, scope, motifs,
and textures. The transmission of knowledge and professional skills in this field is passed down from
generation to generation, reflecting the aspiration for artistic perfection. Textile heritage
encompasses a wide variety of aesthetically high-quality textiles that have endured over centuries
(Muzeul de Etnografie Brasov, 2019).
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1.1.2. Valorization-Conservation of Textile Heritage

A study on the conservation of traditional textile collections in Romania highlighted the importance of
the microclimatic factor in the degradation of textile materials, particularly due to the development of
bacteria on their surfaces (llies et al, 2020). Non-destructive methods of investigation and
treatment, such as radiation technology and nuclear techniques, have been developed for textile
conservation (International Atomic Energy Agency, 2017). Not only are the motifs in textiles
important, but also the natural dyes used for them (Petroviciu et al.,, 2019).

Traditional textile artifacts are subject to copyright and industrial design protection (World Intellectual
Property Organization, 2003). Folklore and cultural traditions need to adapt to current needs while
maintaining a connection with ancestral traditions (Pozzo, 2020). The stories of Romanian women
who weave and the use of traditional techniques and materials in textiles reveal changes in values
and practices in this field (Buchcyzk, 2015a). For weavers, textile design represents a combination of
technical choices, creativity, and experimental skills (Buchcyzk, 2015b).

Tradition and innovation in crafts can be interconnected, and diversifying traditional products can add
aesthetic value (Naji, 2008), (Nugraha et al., 2022). Analysis of textile design and structure, as well as
the identification of signs of deterioration, can be facilitated by non-invasive imaging techniques
(Serrano et al., 2021).

Policies and practices for promoting and conserving craft heritage can be characterized by the use of
technology and innovation (Yongzhong et al., 2018). Heritage is considered a concept interconnected
with community, nostalgia, tradition, and authenticity and is approached from a multidisciplinary
perspective.

(The Faro Convention) promotes the understanding of cultural heritage and its relationship with the
community and society (Fairclough, 2009). The United Nations Conference on Trade and
Development (UNCTAD) has encouraged developing countries to improve their creative industries and
creative economy, which intersect crafts, services, and the industrial sector. This represents a
growing sector in global trade (United Nations, 2008).

1.2. Digitization, Digitalization, Digital Transformation - Innovative Tools
Applicable in the Valorization of Traditional Motifs from Textile Heritage

1.2.1. Definitions

Digitization involves transforming analog or non-digital information (present in physical format) into
a digital format, such as scanning physical documents into digital files, converting typed text into a
digital format, converting cassette audio into MP3 files, or converting film photographs into digital
formats like .tiff or .jpeg (www.ditrama.eu).


http://www.ditrama.eu/
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Digitalization refers to the use of digital technologies and digital data to transform the way
companies/institutions work and interact with customers, with the aim of creating new advantages
through digital flows. An example would be automating manual processes by replacing manual form
filling on paper with direct data entry into a web form or mobile application (www.ditrama.eu).

Gong and Ribiere (2021) define digital transformation as a fundamental change in an entity (such as
an organization, a business network, an industry, or society) facilitated by digital technologies, aiming
to bring innovation and radical improvements by strategically leveraging its key resources and
capabilities to create value for stakeholders.

1.2.2. Software and Equipment Used

The Geographic Information System (GIS) software was utilized for the digitization of 90 traditional
motifs collected from folk costumes in the counties of Bihor, Arad, and Maramures, yielding similar
results to specialized graphic software such as Inkscape, Adobe lllustrator, or Corel Draw. A
combination of the Radius-Vector (RV) functional method and Principal Component Analysis (PCA)
was employed for comparison purposes (llies et al., 2020).

Traditional motifs from the ethnographic region of Transylvania were analyzed and stylized,
preserving the characteristic symbolism and color of the area, using the vector graphics software
CorelDraw (Doble et al., 2017).

Other researchers (Wijnhoven and Moskvin, 2020) combined archaeology, the history of clothing, and
digital technologies to replicate a ring armor using parameterization, computer-aided design (CAD),
and rigid body simulation based on physical principles, demonstrating similarities between the
original object dated from 150-220 AD and the obtained replica.

To assist designers in the process of incorporating traditional motifs as a source of inspiration, (Hou
et al. 2023) proposed a method for representing the semantic characteristics of traditional motifs and
developed a graphical user interface (GUI) program based on MATLAB software to construct a
database of these motifs.

1.2.3. Research on the Use of Digital Tools in the Heritage Field

Current digital technologies supported by graphic programs, computer-aided design (CAD), and
computer-aided manufacturing (CAM) enable the replication of motifs found on old textiles and their
transfer onto modern ones, thus contributing to their preservation (Doble et al., 2017).

In the light of the Framework Convention on the Value of Cultural Heritage for Society (Faro
Convention), a "new heritage" is emerging, which involves using the past in the present and renewing
it for the future (Fairclough, 2012). Taking advantage of modern technologies, creative industries are
capable of translating old traditional motifs onto new objects while preserving them in new forms
(Sltgl and Karagodz, 2013).


http://www.ditrama.eu/

=] Transilvania Antonela-Cristina PETRASCU (LUNGU)
University !
]| of Brasou Summary Doctoral Thesis

1.3. Milling, Pyrography, and Painting - Opportunities for Showcasing Traditional
Motifs from Textile Heritage in Furniture Ornamentation

1.3.1. Milling

The methods of ornamentation used in the past have evolved along with new techniques and
technologies for mass furniture production. One of these techniques is milling, which is performed
using machine tools equipped with milling cutters, knives, or circular discs at high speeds and with
feed movements (Hinescu, 1989).

Computer Numerical Control (CNC) machining centers in the furniture industry allow for milling
decorations on the surface of wood. This is done by importing a vector file created using graphic
software, which contains the design of the original motif, or by converting 2D digital images into 3D
representations using specialized applications such as Visual C++ software (Sood et al., 2018).

The CNC carving process is based on optimizing milling parameters, selecting the appropriate tool,
and processing method. To evaluate the quality of milled surfaces, studies have been conducted that
measure roughness parameters (Pinkowski et al, 2012), (Hazir and Koc, 2019), (Sttcl and Karagoz,
2012), (Supadarattanawong and Rodkwan, 2006), use mathematical models to adjust feed speed
based on surface quality and cutting direction (Gawronski, 2013), or apply genetic algorithms in CAM
software (Krimpenis et al., 2014).

Assessing surface quality is extremely important both in the finishing process and in achieving a
quality final product. Roughness parameters represent the main quantitative indicators of wood
surface quality and can be measured using direct contact or non-contact roughness measuring
devices, such as laser or optical roughness meters (Koc et al,, 2017), (Sedlecky et al., 2018), (Starikov
etal., 2020), (Gurgen et al.,, 2022).

Numerous studies have been conducted to evaluate tool wear and its impact on the processing of
different wood species or wood-based materials (Ohuchi and Murase, 2006), (Aguilera et al., 2016),
(Pinkowski et al, 2009), (Keturakis and Lisauskas, 2010), (Porankiewicz, 2006), (Aknouche et al.,
2009).

(Pinkowski et al., 2009) found that roughness parameters Ra and Rz, measured after successive CNC
milling of pine wood, decreased to values lower than the initial ones after tool wear.

Table 1.1 summarizes the research results included in the specialized literature.

10
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Table 1.1. Results from scientific literature regarding milling
Technological Roughness
parameters parameters
Wood — -
Author _ Feed Milling  Rotation Tool
species Ra, Rz,
speed, depth, speed,
. pm pm
m/min mm RPM
(Pinkowski et Birch Low
2 14.500
al, 2012) Beech values
Chestnut 5,0 Tungsten
— . 025 .
(Sutciiand ~ Beech 05, 2; 12.000; 4,3 carbide-
Karagdz, 0'7:3 4; 15.000; solid
2013) Walnut 1’ ' 6 18.000 3,4 straight
router bit
0,6; 1; 3 Alloy steel
———— 12.000; —
(Cosereanu  Ash 1,5; 3; 6; Carbide
T 2 18.000  The smallest areas of
and Cismaru, 8; 10 i ] metal
. grain tearing
2014) Linden 1,5 1 18.000
Fir mici 2;3 12.000
(Hazirand  European
. 2 2,6 18.000 55
Koc,2016)  Black Pine
(Isleyen and .
' Optimal
Karamanoglu, Beech 2 18.000
parameters
2019)
Spruce Low
10.000
Chestnut values
Larix Low
o 7 18.000
(Cakiroglu et  Iroko values
al, 2019) Spruce
Chesnut High
, 9 10.000
Larice values
Iroko
(Hazir and Lebanon Minimum  Minimum
17.000
Koc,2019)  Cedar values values
Spruce 2
(Paiu etal, Poplar 12.000 The parameters are
3 _ Ball nose
2019) plywood not optimal
MDF 3,5 18.000
(Glrgenetal, .
Pine 3 17900 3.8

2022)
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1.3.2. Pyrography

Laser engraving utilizes a highly focused beam of light to cut or carve a design into a hard material. It
offers advantages such as durability, precision, versatility, protection against object damage, and
production efficiency.

Laser processing techniques rely on thermal effects (Pearsica et al, 2006). To develop an optimal
laser processing technology, it is important to establish corresponding parameters.

In Romanian folk art, pyrography and painting are often combined in decorating wooden objects,
resulting in distinct ornaments. Wood species with a homogeneous structure and color are used, and
finishing is done with transparent varnishes, oils, or waxes (Cismaru and Cosereanu, 2016).

The aesthetic evaluation of laser engraving on wood has focused on light-colored wood species since
the contrast between the pattern and background is more pronounced (Chernykh et al, 2018).
Studies have been conducted on the color shades achieved through pyrography with different laser
beam intensities (Petru, 2015), the quality of the processed surface, the heat-affected zone, and
surface burning (Liu et al, 2020). Furthermore, the effects of laser parameters such as focal distance,
cutting speed, and power on wood and wood-based materials have been investigated
(Gabdrakhmanov et al., 2019).

Research has highlighted mathematical relationships between wood surface roughness and laser
parameters (Gurdu and Petru, 2018), as well as changes in wood morphology, chemical structure, and
surface properties resulting from laser processing (Kidela et al., 2022).

1.3.3. Painting

Furniture painting is a widespread technique in various regions of the world and has a rich history in
Egypt, China, Japan, Byzantium, Renaissance Italy, Baroque and Rococo Germany, Switzerland,
Hungary, Romania, and Russia (Bucdtaru, 1991).

In Transylvania, painted furniture was created manually using stencils or direct painting and featured
region-specific decorative motifs from the corresponding period (Negoescu, 2011). Painted furniture
could be found in various types of pieces, such as cabinets, dowry chests, and coat racks (Stoica,
1973). Painting and sculpture are closely related to ornamentation and can be combined in different
ways (Marc, 2009-2010).

Currently, there is a growing interest in painted furniture, both among contemporary folk artists and
in the creations of designers and visual artists. Adding a painted furniture piece to a modern interior
combines utility with traditional artistic value adapted to current trends (Pomponiu, 2007).

12
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CHAPTER 2. THE PURPOSE AND OBJECTIVES OF THE DOCTORAL THESIS

The purpose of the thesis is to perpetuate motifs from the textile heritage by promoting the
traditional style in the current development of furniture design, contributing to the preservation of
cultural identity.

Based on the purpose of the thesis, the strategy of experimental and theoretical research entails the
following specific objectives:

SO1. Identifying the national specificity through the study of form and significance of traditional
motifs from the Romanian textile heritage.

SO2. Collecting, selecting, and digitally translating a number of 100 traditional motifs identified in the
textile heritage of the Tara Barsei and its surroundings from museum and private collections.

SO3. Experimental research on the technological possibilities of transposing traditional motifs from
the textile heritage through milling on Computer Numerical Control (CNC) machines, varying the
processing parameters and wood materials used.

SO4. Experimental research on the possibilities of transposing traditional motifs from the textile
heritage through laser engraving, studying color variations based on laser beam power and engraving
depth at a microscopic level.

SO5. Implementing the ornamentation method at the level of a business operator.

13
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CHAPTER 3. DIGITIZATION OF TRADITIONAL MOTIFS FROM THE TEXTILE
HERITAGE OF TARA BARSEI AND SURROUNDINGS

Tara Barsei is an interethnic space, a historical and ethnographic region in southeastern Transylvania
(Fig. 3.1), traversed by the Barsa, Ghimbasel, and Vulcanita rivers in the southern and central parts,
and the Olt river in the north. Numerous historians, ethnographers, anthropologists, and geographers
have studied the Barsa Land, but there is no consensus among them regarding its boundaries. Each
delineation has been based on different arguments (Pop, 2011).

Moldavia

Transylvania

Fig. 3.1. The position of the Tara Barsei area on the territory of Romania

3.1. Traditional Ornamentation

Like in all corners of the world, women in the Romanian region have been sewing and weaving,
passing down these crafts from one generation to the next. They did so to clothe themselves,
protecting their bodies from cold and sun, but also to convey information about themselves to others:
their origin, age, whether they were unmarried, married, or widowed. At the same time, these
activities served as a means of subsistence and an artistic expression, thus contributing to the
cultural heritage of each country and to the universal heritage.

14
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Traditional motifs "speak" to us about our ancestors, their perceptions of the world and life, their
values, and expectations. Traditional ornamentation has been divided (Dundre, 1979) into three
components:

1 Ornamental element: the simplest indivisible ornamental part that can exist independently in
decoration (leaf, petal, branch, stem, fruit, star) (Fig. 3.2.a).

A Ornamental motif composed of two or more ornamental elements, divisible into ornamental
elements from the same thematic group (flower) (Fig. 3.2.b).

B Ornamental composition formed by two or more ornamental motifs, which can be from
different thematic and stylistic groups (Fig. 3.2.c).

& B

a b C
Fig. 3.2. Pattern collected from a blouse of a June (young man) from Scheii Brasovului, private
collection: a - ornamental element; b - ornamental motif; c - ornamental composition.

Elements, motifs, and ornamental compositions constitute signs to which people have attributed
certain meanings correlated with representations, understandings, significances, symbols, or myths.
The signs used are more than simple graphic symbols; they become ornaments when transmitting
agents and receivers - as members of a regional or national community - attribute them aesthetic
and socio-cultural functions (Dundre, 1979).

The patterns used for ornamentation reflect the environment in which the folk artist lives, their
spiritual beliefs, and their understanding of the construction and functioning of the world. By
understanding the meanings and origins of the patterns and symbols in traditional ornamentation,
we can appreciate the skill of the creators.

In embroidery, the stitching point or unit is of great importance, as it is through its repetition that
elements, motifs, and ornamental compositions are achieved. The original patterns that form the
database in this chapter were created through cross-stitch, satin stitch embroidery, or pattern-based
satin stitch embroidery.

Cross-stitch is an ancient technique that was widely used not only by Romanians but also by other
nationalities in Romania, including the Saxons and Csangods in Tara Barsei (Dundre et al,, 1974). The
simple cross stitch (Fig. 3.3.a) is worked in rows, with two parallel lines. On the front side, diagonal
overlapping lines are formed, one from left to right and the other in reverse, from right to left, while
on the back side, vertical lines are created.

15
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Satin stitch embroidery (Fig. 3.3.b) is a traditional stitching technique performed in width with closely
spaced stitches to fill the entire pattern. This technique is worked on counted threads, with the
needle alternately passing above and below the fabric. The backside of the embroidery corresponds

to the negative of the ornament.

Pattern-based satin stitch embroidery (Fig. 3.3.c) uses the same type of stitch as satin stitch
embroidery but differs in that the pattern is either hand-drawn or copied onto the fabric using indigo.
This technique became more popular than satin stitch embroidery and was used as the main

technique in embroideries made after 1900.

SO0 RO

|
! I | | | S H
S FHH

UL

INNNSNSSNSRN I S

e

agzsanszzzzzsazanszzt P
a b C
Fig. 3.3. Stitching techniques: a - Cross-stitch; b — Embroidery on threads; c - Pattern-based satin
stitch embroidery.

3.2. Research Methodology

The working method consisted of:

| Taking photographs of each model or collecting them from textile object owners.

B Importing the JPG files into the CoreIDRAW program.

1 Drawing the model on a grid of squares for models executed using cross-stitch or embroidery
on threads (Fig. 3.4.), or tracing the outline of the image for models executed using
embroidery on the drawing (Fig. 3.5.), with closed or open contours.

R Coloring the closed contours.
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Fig. 3.5. Drawing of models executed using embroidery on the drawing.

3.3. Database of Traditional Motifs from the Textile Heritage of Tara Barsei

Subjected to Digitization

3.3.1. Digitized Traditional Patterns

The database included in the thesis consists of 100 patterns. Below is a selection of these patterns,
specifically the ones that have been transferred onto wood through CNC milling or laser engraving.
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Table 3.1. Traditional cross-stitch patterns

Model 2

1 Origin

June's blouse from Scheii Brasovului - Private collection

2 Method of execution

3 Motif

Cross-stitch

Grapevine

4 | Photography

5 | Drawing

7 | Possibilities for development in furniture: CNC milling, Laser engraving

Model 8

1 Origin

June's blouse from Scheii Brasovului - Private collection

2 Method of execution

3 Motif

Cross-stitch

The flower vase

5 ‘ Drawing 6 | Contour drawing

4 Photography

OU000000000]

7 Possibilities for development in furniture: CNC milling, Laser engraving
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Model 33
1 Origin
le from the Bran area - IE Vie collection
2 Method of execution 3 Motif
Cross-stitch Shamrock leaf, Water wave, Fir tree leaf
4 Photography 5 | Drawing 6 | Contour drawing

7 ‘ Possibilities for development in furniture: CNC milling, Laser engraving

Table 3.2. Traditional patterns executed in embroidery on the drawing

Model 64
1 Origin
Saxon women's costume bow from Tara Barsei - Brasov Ethnography Museum
2 Method of execution 3 Motif
Embroidery on the drawing Phytomorphic
4 ‘ Photography 5 ‘ Drawing 6 ‘ Contour drawing

7 ‘ Possibilities for development in furniture: CNC milling, Laser engraving, Painting
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Model 65
1 Origin
Saxon women's costume bow from Tara Barsei - Brasov Ethnography Museum
2 | Method of execution 3 Motif
Embroidery on the drawing Phytomorphic

4 l Photography 5 ‘ Drawing 6 ‘ Contour drawing

7 Possibilities for development in furniture: CNC milling, Laser engraving, Painting

Model 87
1 Origin
Saxon women's costume bow from Cristian village - Brasov Ethnography Museum
2 ‘ Method of execution 3 ‘ Motif
Embroidery on the drawing Phytomorphic
4 ‘ Photography 5 ‘ Drawing 6 ‘ Contour drawing

7 ‘ Possibilities for development in furniture: CNC milling, Laser engraving, Painting
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Table 3.3. Traditional patterns executed in embroidery on threads
Model 94
1 Origin
le from Venetia de Sus, Fagdras area - Private collection
2 Method of execution 3 Motif
Embroidery on threads Ram's horns

4 Photography

5 ‘ Drawing

7 ‘ Possibilities for development in furniture: CNC milling, Laser engraving

Model 100
1 Origin
le from Dumbravita Village - IE Vie collection
2 Method of execution 3 ‘ Motif
Embroidery on threads The star

4 Photography

5

7 ‘ Possibilities for development in furniture: CNC milling, Laser engraving
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In Tables 3.1, 3.2, and 3.3, some of the 100 collected patterns are presented, originating from
localities grouped into ten regions based on proximity (Fig. 3.6), gathered from the Ethnography
Museum of Brasov, the Urban Civilization Museum of Brasov, the County History Museum of Brasov,
the Codlea Traditions Museum, the Museum in Odorheiul Secuiesc, from private collections, or from
individuals (Fig. 3.7). The patterns were created using cross-stitch technique, full embroidery on
drawing, or full embroidery on thread (Fig. 3.8).

Number of maodels by arigin area

W Tara Barsei (without specifying the locality)
M Scheii Brasovului + Brasovechi

W Fagaras+ Cincsor + Tara Oltului

W Bran

| Feldioara

m Rupea + Maierus

m Cristian

m Covasna + Harghita

Prejmer

m Dumbrdvita

Fig. 3.6. The distribution of patterns in the database based on the textile object's origin zone.

Number of models by owner of the textile object

W Museums
m Individuals

Private callections

Fig. 3.7. Distribution of patterns in the database based on the owner of the textile object.
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Number of models by the type of execution on the
textile object

m Cross-stitch technique

W Embroidery on drawing

Embroidery on thread

Fig. 3.8. Distribution of patterns in the database based on the type of execution on the textile object.

3.3.2. Meaning and Symbolism of Traditional Motifs

The embroidered motifs first served the purpose of protecting those who used them and only then of
ornamenting the object. The symbolism of the motifs found in the database with the 100 patterns is
presented in the thesis; below is the symbolism for the aforementioned motifs.

Ram’s horns - Symbolize power, strength, and masculine energy, associated with virility and the
principle of fertility (Semne cusute, 2021).

Fir tree leaf - The fir tree, associated with the tree of life, represents the backbone of the world
(Semne cusute, 2021).

Phytomorphic motif - The symbolism of flowers is characterized by two aspects: their essence and
form. The flower, by its nature, is considered a symbol of transition, spring, and beauty (Cirlot, 2001).

Star - Considered the eyes of the sky, the children of the moon and the sun, as well as symbols of
individual destiny (Moisei, 2015).

Shamrock - Suggests the magical number three, which is present in many ritual practices and serves
to protect human life. The four-leafed shamrock is a lucky symbol (Antonescu, 2016).

Water wave - Flowing waters symbolize a passage, a test that we must go through, representing the
flow of life and the passage of time (Semne cusute, 2021).

Flower vase - Represents a stylized version of the Tree of Life symbol, symbolizing the utopian desire
for "youth without old age and life without death" (Antonescu, 2016).

Grapevine - Symbol of womanhood and a plant with sacred powers (Antonescu, 2016). It represents
the symbol of immortality, whose essence is sheltered in the vine that greens, blossoms, and bears
fruit in the summer, and in barrels during winter (Ghinoiu, 2013).
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CHAPTER 4. EXPERIMENTAL RESEARCH ON POSSIBILITIES OF TRANSPOSING
TRADITIONAL MOTIFS ONTO FURNITURE SURFACES THROUGH CNC MILLING

4.1. Wood Species Used in the Research

For the research, five different wood species were selected, including both softwood and hardwood
species, to cover a range of species with uniform light color (spruce and sycamore) and darker color
(beech), as well as species that exhibit color variations due to annual rings (larch) and species with
large pores arranged in a typical ring pattern (oak). Additionally, some bibliographic studies (Cismaru
et al, 1993), (Cismaru, 2003), (Petru, 2020) were considered for the characterization of the selected
species.

In the preliminary research, 18 mm MDF (Medium-Density Fiberboard) was used as a homogeneous
and versatile material that is easy to process and can be finished through enamel coating, veneering,
lamination, or melamine treatment.

4.2, Equipment and Methods Used in the Research

The equipment used for the research in this doctoral thesis is part of the equipment of the Faculty of
Furniture Design and Wood Engineering (FDMIL), specifically the Laboratory of Numerical Control
Technology in the Wood Industry, and the Research and Development Institute of Transilvania
University of Brasov (ICDT), as presented in Table 4.1.

Tabel 4.1. Equipment used in the research of ornament processing through milling

Operation Equipment Manufacturer Software
Milling 3-axis CNC machine ISEL GFV Eiterfeld, Germany CAM Aspire, Vectric
type
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Operation Equipment Manufacturer Software
Measurement MarSurf XT20, equipped with an MFW MAHR MARWIN  XR20,
of surface 250 scanning probe with a tracking arm  Gottingen provided by the
quality in the range of +750 pm and a stylus GMBH, manufacturer
with a tip radius of 2 pm and a tip angle Gottingen
of 90° Germany
Microscopic NIKON SMZ 18 stereo microscope, with  Nikon NIS-Elements
investigation a magnification ratio of 181 and a Instruments, Imaging, used for
magnification range between 22.5 x and Melville, USA  image capture,
405 x. Magnifications used in the measurements, and
research: 22.5 x, 120 x. analysis.

4.3. Preliminary Experimental Research for Choosing the Suitable Tooling and
Milling Method for Transposing Textile Heritage Motifs onto Wooden Surfaces

The methodology used in the research is presented in Fig. 4.1.
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Fig. 4.1. Research methodology for CNC milling.
26



=] Transilvania Antonela-Cristina PETRASCU (LUNGU)
University !
]| of Brasou Summary Doctoral Thesis

The simulation software allows for two types of processing methods. Engraving is the processing
method with a constant cutting depth (2 or 3 mm) for contours and can be applied to both closed and
open contours of the design. V-Carving is the processing method with a variable cutting depth for the
surface (between 1 mm and 3 mm) and a constant depth for the contour (2 or 3 mm). The second
method can only be applied to closed contours of the designs. The two methods can be combined for
small contour lines.

The selected tools are VV-groove cutters with angles of 90° and 120°, suitable for engraved surfaces,
which operate at higher feed rates, have a reduced processing depth, and shorter processing times.

The chosen tools for CNC milling are the CMT Orange Tools 915.817.11 with a 90° angle (Fig. 4.2.3)
and the CMT Orange Tools 663.120.11 with a 120° angle (Fig. 4.2.b).

s

a b
Fig. 4.2. CNC milling cutters used: a - with a 90° angle; b - with a 120° angle.

4.3.1. Experimental Research on CNC Milling of Traditional Motifs on Oak Wood (Quercus robur L.)
and MDF

For this study, two patterns were selected (Fig. 4.3) from the two types of textile realization
(embroidery and cross-stitch). The first one (Fig. 4.3.3) is a floral motif embroidered on a black velvet
ribbon from the costume of a married Saxon woman from Cristian (a village near Brasov). The second
one (Fig. 4.3.c) was made using the cross-stitch technique and comes from a shirt in the Schei
neighborhood of Brasov.

The patterns were chosen with a high level of complexity to be able to apply both engraving (Engrave)
and carving (V/-Carve) methods.
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Fig. 4.3. Traditional motifs from textile objects in the Tara Barsei: a - pattern 87; b - digitized pattern
87; ¢ - pattern 2; d - digitized pattern 2.

The traditional patterns drawn in digital format (Fig. 4.3.b and d) were CNC milled on oak (Quercus
robur L.) and MDF using the milling cutters from Fig. 4.2. and the two processing methods (Engrave
and V-Carve), with a rotation speed of 12,000 rpm, a milling depth of 2 mm, and a feed rate of 3
m/min.

The experimental design was planned using XLSTAT software, developed by Addinsoft, based on the
Taguchi experimental design for 4 factors and 2 levels. The available options were 8, 12, 16, or 32
experiments. To compare all the variations, the experimental design with 16 experiments was
chosen, and an additional 4 experiments were added, resulting from the combination of the two
methods.

For aesthetic purposes, a visual analysis of the processed ornaments was conducted. The images of
the milled ornaments were later analyzed using /ImageJ, an open-source image processing program
(Imagel.net, 2021), which identifies the patterns as objects, selects their contours, and returns a
mask image that retains only the objects of interest. Together with the mask image, the software
provides numerical data in a spreadsheet about the measured objects, such as the area and
perimeter of each object, the total and average area of the objects, the percentage and number of
objects detected in an image (Gurau et al., 2010).
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Fig. &4.4. Simulation results for Model 87: a - Engrave 90°; b - V-Carve 90°; c - Engrave 120°;d - V-
Carve 120°; e - Detail for Engrave 90°; f - Detail for V/-Carve 90°.

The simulation of the first model using the Engrave and V-Carve processing methods, as well as the
two types of V-shaped tools with 90° and 120° angles, resulted in the images shown in Fig. 4.4.

The simulation results revealed slight differences in the details of the first ornament (Model 87) when
using the Engrave and V-Carve processing methods. The highlighted details in Fig. 4.4 demonstrate
these differences on the flower of the ornament, but not on the leaves. The ornament engraved with
a 90° angle appears cleaner and finer compared to the others. When using the Engrave method, the
results showed only differences in the width of the processed areas, which were wider when using
the V-shaped tool with a 120° tip angle. For the V-Carve methods, no visible differences were
observed in the simulation results between the two different tools.

A similar approach was applied to the grape cluster and leaves ornament (Model 2).

At first glance, the simulation provides a good idea of how the motif would look on the processed
surface with each applied method. However, a single recommendation for a specific method to be
applied in the processing of two different motifs cannot be made at this stage.

Compared to MDF, the ornaments processed on oak wood exhibited burn marks, fiber breakage, and
wood cracking, especially when applying the V-Carve method and the combined method applied to
Model 2, with the grape cluster and vine leaf.

The material removed from the surface and the processing time are important aspects in wood
processing as they are related to tool wear and productivity.
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To calculate the processed material area, Image) analysis was used for the ornaments processed on
MDF panels in all variations.

The correlation between the processed area and processing time for each model and variation in the
experimental design is presented in the diagram in Fig. 4.5. The Engrave method was faster than all
other methods, regardless of the tool used. Engraving with the 120° angled tool generally removed
more surface material compared to other processing methods and required shorter processing times
than the V-Carve method.
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Fig. 4.5. Correlation between processed area and processing time for Model 2 and Model 87.

The general conclusion of this research is that each type of ornament requires an individual analysis
to determine the most suitable processing method, material, and tool. MDF has shown the best
surface quality and exact reproduction of both types of motifs, compared to solid oak wood.

4.3.2. Experimental Research on CNC Milling of Traditional Motifs on Maple (Acer pseudoplatanus
L)

Building upon the conclusions drawn from the research presented in Sub-subsection 4.3.1, further
experimental investigations were conducted on maple wood, a species known for its uniform
structure and lower density compared to oak wood. Maple is recommended for carving works and
ornamentation. This time, a more complex motif, stitched using cross-stitch technique, was chosen
to allow for a more detailed analysis of the wood quality when processed using the V-Carve method.
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The selected motif contains larger areas with closed contours, which are intended for a more
thorough assessment of the quality of the wood when carved using the V/-Carve method.

Furthermore, an additional evaluation analysis of tool wear, influenced by the tool's processing path
for wood material removal, was considered based on the applied method: engraving (Engrave) or
carving (V/-Carve), using a 90° angle cutter. According to the previous conclusions, this cutter angle
provides a more accurate transposition of the pattern onto the wooden surface.

For this analysis, motif number 33 (Fig. 4.6.) was selected from the database of traditional motifs
from textile heritage presented in Table 3.1. This motif offers not only large areas with closed
contours but also a noticeable contrast between two colors, namely burgund and beige.

The contour of motif 33 (Fig. 4.6.b) was CNC-machined using two methods: engraving (Engrave) with
a constant depth of 3 mm, applied to both closed and open lines, and carving (V/-Carve) applied only
to closed lines with a variable depth ranging from 1 mm to 3 mm for the surface and a depth of 3 mm
for the contour. The other milling parameters were set as follows: rotation speed of 15,000 rpm and
feed rate of 6 m/min. These milling parameters were chosen based on recommendations for wood
species with densities similar to maple wood in a comprehensive study (Cakiroglu et al., 2019), which
indicated a rotation speed of 14,000 rpm and a feed rate of 7 m/min for the lowest Rz roughness
parameter value.

For the experimental research, 20 maple panels measuring 300 mm x 200 mm x 11 mm were used,
with a moisture content of 11% and an average density of 615 kg/m?.

a b

Fig 4.6. Model 33 from the database of digitized motifs: a - photograph of the textile object; b -
contour of the ornament, used for milling on maple wood.
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