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Introduction
The Problem of the Research

Textiles being an inseparable part of everyday human life leads to continual
improvements of their quality, aesthetic and wear properties, expanding assortment,
focusing on and integrating up-to-date technologies so that to keep pace with the
modern times and contemporary technology, current challenges and demand trends.
The range of the application of textiles extends from fashion to furniture, to
construction and even to medical appliances. This study focuses on upholstery
materials applications which have specific requirements for wear, stress/strain
concentrations during manufacturing processes, contact with human body, care and
support of the product for extended lifetime, etc.

The quality of both fashion and furniture textiles is evaluated by their physical
and mechanical parameters which are determined by standard research methods
applied until the complete disintegration of the subject. However, better wear and
strength properties are required for upholstery textiles, this being the main
distinction in opposition to the clothing textiles. The load and wear processes are
significantly more prominent in the furniture applications, upholstering products,
manufacturing and exploitation. Tensile properties are the key factor in projecting
the fabric deformational behavior which are manifested in the manufacture and use
processes. The furniture cover is always under biaxial deformation on the inside,
where constant friction is present between the fabric and other components of the
furnishing (foam, the metal or wooden frame and other materials). The outside of the
fabric is affected by friction and deformation when the piece of furniture is in use,
the main requirement here being durability and resistance to wear. This is why the
upholstery textiles, compared to the clothing, must be adequately thick and stiff,
must feature the best stability, strength and durability properties. Clothing pieces are
more often replaced if compared to upholstery, not only because of wear off, but
also due to the dynamic fashion trends. Thus furniture upholsteries are usually used
for many years until complete wear off (fabric disintegration). It is crucial that the
fabrics carry not only the best tensile properties, but are also investigated for the
deformation properties, both inside and outside, by considering friction and loads
appearing in the process of upholstery. Therefore, making the development and
manufacturing predictable and less time consuming is a major objective of our
times.

The textile industry is rapidly expanding. This is a result of the introduction of
new technologies, robotic components and automation. Production time is getting
reduced while the quality and quantity of the products increase. Up-to-date software
shortens the design process, and optimizes the whole manufacturing process line:
from the design to the final product. 3D model simulation requires specific
parameters of the fabrics used for the product. Software package Design Concept by
Lectra Company is a common measure which uses the KES-F and FAST system
parameters. Therefore, any investigation of the textile deformation behavior
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indispensably involves the proper use of the design software (e.g. DesignConcept)
and successful product manufacturing.

The Relevance of the Research

Different fiber structure, flexible and anisotropic fabrics are used for
upholstery materials. Naturally, the deformation-relaxation behavior is widely
spread. When a new fabric is introduced into furniture manufacturing, the ease
allowances of previous materials may not be applied for the new material due to
different mechanical properties. Ease allowances must allow the cover to be
upholstered on the piece of furniture and perfectly mould to the shape. The shape
must be retained while the furniture is in use — this is where the exploitation loads
and the relaxation caused by them need to be investigated considering the relaxation
behavior, that is, creep and deformation relaxation. Furniture manufacturers aim to
satisfy their client’s needs — to achieve proper long-lasting quality and aesthetic
properties of the produced furniture. Therefore, fabrics must be chosen considering
the tensile properties and the deformational behavior at low-stress loading taking
into account their non-linearity and anisotropy.

The Aim of the Work

The investigation and evaluation of upholstery materials performance
properties under uniaxial and biaxial deformations in respect to low-stress and
breaking loading.

Scientific Tasks of the Work:

1. to perform experimental analysis of upholstery materials uniaxial low-stress
properties defined by the KES-F testing system;

2. to define the effect of the properties of upholstery materials determined by
the KES-F testing system upon creep deformation processes;

3. to analyze creep and relaxation processes of upholstery materials in respect
to the anisotropy level under uniaxial loadings;

4. to define the effect of fused upholstery system structure upon the variations
of its spatial shape under biaxial punching;

5.to evaluate the effect of uniaxial pre-tension level upon biaxial punching
deformation of fused upholstery systems;

6. to determine the effect of friction in the contact zone between the punch and
upholstery material surface during biaxial deformation process.

The Novelty of the Work and Its Importance

Rapid prototyping is the key feature of innovative production, and it is closely
associated with the digitization of product development processes. Virtual
prototyping is inextricably linked with the properties of the materials to be applied
in new products. The novelty of this research is that it has proven that low-stress

11



KES-F parameters of upholstery materials can be applied in virtual simulation of
furniture cover behavior during wear. The results were validated by further
developing the method of pull-on ease level measurement directly on the furniture
(pouffe) earlier developed by the author of this dissertation thesis.

There is no specific equipment that covers the whole set of actual properties
regarding the investigation of furniture textile deformational and exploitational
behavior. Upholstery textile research was carried out by using a variety of research
methods. It enables to investigate the textile behavior under deformation, to detect
mechanical properties and to conduct surface experiments according to KES-F
measuring system thus expanding the variety of the subjects that can be investigated.
This study is integrated with and contributes to the long term scientific database and
analysis of other researches performed in the field of investigation of flexible
multilayer textile and polymer materials deformational behavior considering
exclusive attention to friction. There are fewer scholarly studies analyzing the
influence of friction between upholstery materials.

This study has tackled a highly topical problem of furniture manufacturers.
Creep and deformation relaxation experiments were performed on the specific
materials used in the production in real life thus enabling to determine the
deformation properties of the textiles which develop in the process of upholstering
and under application of the relevant force (100 N load). A specific method was
developed in order to solve the production issue — it registers the initial tensile load,
determines its influence upon biaxial deformation as these parameters are crucial for
the fluent upholstering process.

12



1. Literature Review

1.1. Textile Fabrics for Upholstery

The variety of materials used in upholstery production is extremely large. It is
not easy to select the proper upholstery material suitable to interior design or
environment, yet the main factor characterizing upholstery is the quality, low
exploitation rate, durability, stability, the strength, the ergonomics and comfort. In
terms of raw materials, upholstery fabrics are classified into natural fiber, man-made
fiber and synthetic fiber textiles (Jabbar & Shaker, 2016), (Ahmad, Choi, & Park,
2015), (Preston, 2016), (Costa, Aguiar, Luz, Pessoa, & Costa, 2015).

Natural textiles are made from linen, cotton, wool, natural leather and silk
(Guide to upholstery fabrics, 2017). Linen is an extremely strong natural textile
fiber but not very resilient, and it wrinkles easily (Abbas, 2017). Cotton is strong,
versatile and breathable, but not very resistant to wrinkling and stretching (Abbas,
2017). Wool is wrinkle-resistant, soil resistant, and can stand up to abrasion, mildew
and sunlight (Abbas, 2017). Silk dupioni, silk shantung and silk linen are most
commonly used in upholstery (Silk Fabrics for Upholstery, 2014). Silk is backed
with cotton to add weight, durability and long-lasting (Understanding Upholstery:
From Fabric to Frame, 2017). Natural leather is the most durable upholstered
material which is difficult to scratch (Leather Classics, 2016).

Synthetic textiles are made of acetate, acrylic, nylon, olefin, polyester,
microfiber, rayon and vinyl. Acetate looks like silk, is resistant to mildew, pilling,
shrinkage, wrinkling, but does not resist against soil, sun or abrasion (Guide to
upholstery fabrics, 2017), (Abbas, 2017). Acrylic fibers were developed by imitating
wool, they are resistant to wearing, sunlight, fading, soiling, wrinkling, mildew and
insects, but they are not flame-retardant (Upholstery Cover Fabrics and Leathers,
2017). Nylon is usually blended with other fibers to become one of the strongest and
durable upholstery fabrics (Understanding Upholstery: From Fabric to Frame,
2017). Olefin is made from melting down plastic pellets, during which any color is
added, and for this purpose olefin is resistant to chemicals, moisture, mildew and
abrasion (Upholstery Cover Fabrics and Leathers, 2017). Polyester is usually
blended with natural fibers (cotton, wool) to avoid wrinkling, fading, to decrease
pilling in the case of wool blends, to provide strength and resistance against
abrasion. Polyester automotive upholstery woven fabrics were investigated by
(Akgun, Becerir, Alpay, Karaaslan, & Eke, 2010) in order to determine the changes
in color and percentage reflectance values at different abrasion levels. It was
established that surface color coordinates changed with the changes of the yarn float
length of the different weave patterns and that color differences increase with the
increase of the yarn float length. Microfiber is a blend of polyester and polyamide, it
is very resistant against soiling and wrinkling. Rayon is a cellulose-based material
developed to mimic such fabrics as silk, cotton and linen; unfortunately it wrinkles
(Guide to upholstery fabrics, 2017). Vinyl is similar to leather in appearance,
possesses lots of great properties such as water, UV and fade resistances, durability,
excellent abrasion resistance, great strength and stretch (Nikki, 2014).
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1.1.1. Structure of upholstery textiles

In terms of the manufacturing technique, upholstery fabrics are classified into
woven, non-woven, and knitted materials. Woven fabrics are woven with a loom
machine which is made of two systems of threads (the warp and the weft)
perpendicular to each other, and braided in a certain order. The types of woven
upholstery fabrics are presented in Figure 1.1.

% { Woven H Chenille ‘
é -Non-woven(—  Flock
=JY Knitted — Tricot |

Figure 1.1. Types of upholstery fabrics

Non-woven upholstery fabrics are similar to fabric in appearance but are made
from lengthy fibers which are bonded (not weaved) to each other by chemical,
mechanical, heat or solvent treatment (Shanthi & Iswariya, 2013). Non-woven
fabrics can be formed in the following ways (Stanys, Adomaviéitté, & Jonaitiené,
2012), (Shanthi & Iswariya, 2013): dry forming of a fiber layer; wet forming of a
fiber layer; directly from polymer; mechanical interlocking method. After weaving,
the fabrics are taken off the weaving machine, and such fabrics are termed as heavy
fabrics which are applied with different finishing processes, such as dyeing, printing,
bleaching, mercerizing (applied only to cottons and linens by using soda for luster
effect and strengthening), shearing (it is a cutting process used to trim pile fabrics),
flameproofing (Baldiniai audiniai ir jy klasifikavimas, 2011), (James, 2001).

Jacquard materials are described as complex patterned fabrics with floats and
luster (Kadole, Gotipamul, Dhanabalan, & Saloni, 2013). These fabrics are stable,
strong and stretchy compared to the ones of basic weaves. Jacquard fabrics are
divided into flat-jacquard (the patterns have the equal number of loops in each wale
of the pattern knitting) and blister fabrics. Jacquard fabric is sub-divided into 14
types of jacquard: brocade fabric, brocatelle, damask fabric, French jacquard, poly x
catonic jacquard, jacquard nets, velour jacquard fabric, blackout fabrics, matelasse
fabric, pile jacquard, jacquard tapes, multi-layer jacquard one-piece-woven fabric
for airbags, polymeric optical fiber jacquard, 3D weaving (Kadole, Gotipamul,
Dhanabalan, & Saloni, 2013).

Tapestry is weft-faced weaving, different from cloth weaving, where all warp
threads are hidden in the finished product, weft yarns of tapestry are discountinuous
and of different colors (Mallett, 2000). Usually, in tapestry weaving, linen or cotton
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warp thread is used while weft threads are made of wool or cotton, in some cases
including silk, gold, silver (McKoy, 2015).

Other fabrics with jacquard weaving are named chenilles; they have one or
two chenille yarns. Unlike the jacquard fabrics, the chenille yarn is manufactured by
putting short lengths of yarn, which is called the ‘pile’, between two ‘core yarns’
and twisting the yarn together (Chenille fabric, 2017). The pile can be on one side or
on both sides. In the case when the pile is on one side, the yarn must be folded
before it is woven, otherwise it will be on both sides (Technical manual chapter 2:
Yarns - Chenille , 2013). Chenille fabric is usually made of cotton fiber, including
acrylic, olefin and rayon fibers as well (Manea, Scarlet, Amariei, Nechita, & Sandu,
2015), (Calin, et al., 2013), (Manea, Stanescu, Nechita, & Agop, 2015). Different
chenille yarns of 100% wool and 50% wool-50% polyester blend yarns produced
from sirospun and a two-folded ring were analyzed by (Ceven & Ozdemir, 2006).
Strong linear relationships between the mass loss values obtained in abrasion tests
and the abrasion coefficients of the chenille yarns were determined.

The pile length of chenille yarn influences the abrasion resistance of
upholstery fabrics (Ulku, Ortek, & Omeroglu, 2003). Longer fibers which are
inserted into the twists of chenille yarns are not easily removable compared to the
shorter fibers (Ulku, Ortek, & Omeroglu, 2003), (Ozdemir & Ceven, 2004). The
tendency of decreasing pile loss readings increases the pile length; in the case when
the rubbing cycle increases when all the fibers of chenille have the same linear
density, this tendency is not valid (Ulku, Ortek, & Omeroglu, 2003). Chenille yarns
with high pile density are abraded less compared to the yarns with low pile density
(Ceven & Ozdemir, 2006).

Other researchers (Pasayev, Korkmaz, & Baspinar, 2011) determined that it is
possible to decrease the seam slippage by driving the energy of the applied
mechanical forces to a seam.

Velour is an upholstery fabric with a thick, soft nap (McMahon, 2017). Velvet
is often confused with velour — although the materials are similar, they are still
different in their properties and application. Velour is a knit combined with cotton
fabric mostly used for curtains, drapes, furniture (couches, car seats) and blankets;
meanwhile, velvet is a woven fabric with a silk pile on top most used for clothing
(What is the difference between velvet and velour, 2017), (McMahon, 2017). Velour
is more stretchy and resistant to hard wear, easier to care for (What is the difference
between velvet and velour, 2017), (Madkaikar, 2012). Velour fabric can be made of
a flame-resistant thread or can be treated with flame-resistant compounds
(McMahon, 2017). Interior fabrics designed for automotive seats demand higher
requirements compared to clothing fabrics, such as mechanical, application and light
resistance properties, as well as durability. (Siyuan, Yonggang, & Aiying, 2013)
analyzed the design and development of warp-knitted velour concerning the fiber
choice, fabric structure, dyeing, sanding and brushing.

Corduroy is a ribbed pile fabric with soft hand touch feel and a high luster
(Madkaikar, 2012) mostly made from cotton or mixed with lycra as well in order to
make the fabric easier to wear or keep in shape (Thomas & Thomas, 2006).
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Corduroy fabric has the extra set of filling yarns which floats over the ground
threads (Madkaikar, 2012), (Fancy weaves, 2012). These floats are cut and brushed
after the weaving, forming a pile in parallel lines or cords (called wales) along the
length of the warp/fabric (Fancy weaves, 2012), (Madkaikar, 2012), (Thomas &
Thomas, 2006). There are two types of corduroy fabric: the V-shaped and the W-
shaped pile structure (Pai, 2009). Corduroy fabric is characterized by the number of
wales per inch, and it can vary from 1.5 to 21 wales per inch (Fancy weaves, 2012),
(Arnald, 2014). The fabrics with the higher number of wales are used in clothing
garments (jeans, jackets, shirts, caps, skirts, suits, children’s cloths, dresses) and are
usually called corded velveteen, pin cord, elephant cord, Manchester cloth, whereas
the fabric with a wide wale is mostly used for upholstery and trousers (Thomas &
Thomas, 2006), (Fancy weaves, 2012), (Madkaikar, 2012), (Arnald, 2014). The
types of corduroy fabric are determined by the width of the wales — the wide wale,
the pinwale (it is the finest wale), the standard wale (11 wales/inch) and the
featherwale (Fancy weaves, 2012), (Arnald, 2014). Corduroy fabric is described as a
warm, durable, thick and stable fabric which absorbs and releases moisture
(Madkaikar, 2012).

The acoustical properties of corduroy fabrics in relation to air permeability and
airflow resistance were investigated by (Tang, Zhang, Zhuang, Zhang, & Yan,
2017). For the experiments, five specimens with similar surface density and different
wale width were used. It was revealed that corduroy fabrics with the thicker wale
width showed higher air permeability and lower airflow resistance.

Flocked yarns for upholstery and car seat fabrics are produced by running
adhesive-coated filament yarns through the flock cloud chamber and a curing oven
(Kim, 2011). Flocked yarn does not shed as chenille yarn because pile fibers create a
dense coverage (Kim, 2011). Usually, weave structures are plain, twill, sateen as
well as drills made of rayon or a polyester/cotton blend; unfortunately, flocked
fabrics are weak enough (Kim, 2011). Fabrics are flocked when seeking to increase
the value of aesthetics, the tactile sensation, the color and appearance, and also to
boost insulation, slip-or-grip friction, low reflectivity (Flocking (texture), 2017).

The flocked fabrics of low flock fiber density and high flock fiber length are
more resistant to abrasion compared to the ones with high flock fiber density and
short flock fiber length (Bilisik & Yolacan, 2009). Also, it was determined that
rubbing resistance depends on the wet or dry flocked fabrics, i.e. the wet rubbing
resistance was lower than the dry resistance because of the low wet properties of the
adhesive (Bilisik & Yolacan, 2009).

(Slot, Weerd, Roos, Baiker, Stoel, & Zuidberg, 2017) in their investigation
tried to achieve the optimal use of flock fibers as tracers, i.e. they sought to be able
to select a fit-for-purpose flock fiber, in order to be able to predict the amount of
flock fibers to be recovered from crime-related items, and to be able to use these
numbers so that to exclude accidental uptake. The length of flock fiber, car
upholstery and trousers fabric were studied. It was concluded that flock fibers can
serve as invisible evidence to reconstruct a series of events.
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Tricot is a knitted fabric bending the yarns in loops which interlace with each
other in longitudinal and transverse directions. Tricot is specific in terms of its
softness, stability, lower wrinkling, and fitting to the surface, which makes it more
popular when choosing upholstery fabrics for modern furniture. Upholstery fabrics
warp knitting is commonly used: most tricot machines used for upholstery, wall
partition, office panel fabrics are at least four-bar warp knits (Kadolph, 2009),
raschel machines produce high pile upholstery fabrics (Kumar, 2014).

1.1.2. Structure of upholstery synthetic leathers

Among the variety of upholstery materials, there are different leathers (natural,
synthetic, perforated) which are applied for cars, boats, aircraft seats, etc. Many
scientists have studied physical, mechanical and thermal properties of natural
(Sureshkumar, Thanikaivelan, Phebe, Kaliappa, Jagadeeswaran, & Chandrasekaran,
2012), (Tsaknaki, Fernaeus, & Schaub, 2014), (Turk, Ehrmann, & Mahltig, 2014)
and artificial leathers (Turk, Ehrmann, & Mabhltig, 2014), (Schwarz, Kovacevic, &
Kos, 2015), (Ujevic, Kovacevic, Wadsworth, Schwarz, & Sajatovic, 2009).

Synthetic leather is called in many different ways: faux leather, vegan leather,
artificial leather, vinyl or leatherette. It is a manmade fabric which is made by using
PVC or PU that is treated and dyed to resemble real leather and is used in
upholstery, clothing, fabrics and other uses where a leather-like finish is required
(Kinge, Landage, & Wasif, 2013), (Schaefferr, 2003).

Vinyl is a synthetic man-made plastic material (Jezek, 2015) made from
ethylene and chlorine. When processed, both substances are combined to form the
Polyvinyl Chloride (PVC) resin, or — as it is commonly referred to — Vinyl. Vinyl is
defined as a very strong and durable plastic material. The advantages of this plastic
is the resistance against moisture and humidity; also, the production of this material
is not expensive, and it can be manufactured in a variety of colors (Jezek, 2015).
Vinyl fabrics are classified into groups or ‘grades’ according to their uses (Nikki,
2014), (Different Grades of Vinyl Upholstery Fabric, 2016): Marine Grade Vinyls,
Automotive Grade Vinyls, Decorative Vinyls, PVC Coated Vinyls.

Perforated leather features small equally spaced holes, which delivers the
advantage of using it for heated leather seats (Popely, 2012), (Are Perforated
Leather Seats Better, 2014). Usually, perforated leather is used not only in furniture
upholstery, but also in automotive, especially sports cars (also named SUV),
interior, where not only luxury seats are coated, but so is the internal panel, the
console, and the steering wheel (Are Perforated Leather Seats Better, 2014).
Perforated leather is usually related with adjustable temperature controlled seats.
The biggest advantage of perforated seats is revealed in summer due to the
breathable nature of this material: through the holes of perforated leather, the airflow
offers the seat comfort for hot weather when the holes provide a natural cooling of
the seat. Perforated leather is thicker than non-perforated leather; therefore, it is
more comfortable (Leather Seats and Trims, Are Perforated Leather Seats Better,
2014), (Popely, 2012).
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Some investigations of normal sound absorption, airflow permeability, mass,
thickness and perforation density were analyzed for perforated leathers. It was
established that perforated leathers exhibit good absorption but are still out-
performed by most cloth seat fabrics (McMullan & Mealman, 2001).

Artificial (or natural) leather may be perforated with eight standard patterns
(Fig. 1.2) that play with geometry and repetition (Spinneybeck, 2016). For all the
patterns, the perforation diameter is 1.32 mm except for pattern 6 with its 2.16 mm
diameter. The density is very different for the patterns, and it is shown in Fig. 1.2.

Pattern 6 Pattern 7 Pattern 8

...................

7 holes/in? 12 holes/in? 70 holes/in® 21 holes/in? 25 holes/in? 22 holes/in?

Figure 1.2. Standard patterns of artificial leather (Spinneybeck, 2016)

(Daukantiene & Gutauskas, 2001) in their research established that the
character of punch deformation curve P-H, as well as the level of the resistance
parameters, depend on the size of perforation (defect).

Automotive upholstery materials are usually classified into two categories
(Automotive Interior, 2010-2016) — ‘Fabric’ and ‘Non-fabric’ materials, which are
available in various types according to their compatibility with the car interior cabin
and the formability to the seat shape. The category of fabric materials for automotive
upholstery is divided into woven (moquette and plain weave fabric), circular knitted
fabric (jersey and sinker pile fabric) and warp knitted fabric (tricot and double
raschel fabric). Moquette is a type of woven pile fabric in which cut or uncut threads
form a short dense cut or a loop pile (Moquette, 2017). Generally, moquette fabrics
are made from a wool nylon face with interwoven cotton backing (Moquette, 2017).
Circular knitted jersey fabrics have excellent elongation, which is generally
applicable to moulded automotive seats. Sinker pile knitted fabric also has excellent
elongation values thus providing good form ability regarding the seat shape or
configuration.

Tricot is commonly applicable as the most standard material (like woven
fabrics of plain weave) in automotive upholstery, as well as in furniture upholstery.
The warp knitted double raschel fabric is more resistant against abrasion than flat
woven, circular knitted flat and warp knit flat fabrics (Pamuk & Ceken, 2008).

The category of non-fabric materials for automotive upholstery are divided
into woven natural leather (Luxnova), synthetic leather (neosofeel, neosofeel Quole,
neosofeel mythos), artificial leather (Lux suede and Grand luxe) and PVC leather
(Automotive Interior, 2010-2016). Luxnova is a new material based on natural
leather using its natural characteristics and improving its weaknesses. Synthetic
leathers are not only as durable as natural leathers, but also are light enough and are
thus being increasingly used in automotive upholstery. Synthetic leathers neosofeel
are manufactured so that to achieve balance between appearance and durability,
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herewith remaining environmentally friendly. Neosofeel Quole leather is very
durable and functional due to possessing high appearance quality. Neosofeel mythos
leather was designed to feature new colors and luster. Artificial leathers are
characterized by smooth hand feel and high quality thus finding applications in the
high grade automotive upholstery. Two types of artificial leather are used in
automotive upholstery — lux suede (durable and smooth hand feel) and grand luxe
(great elongation properties). The last of the non-fabrics is PVC leather which is a
low-priced material characterized by its durability, and it is generally used in
upholstery for commercial vehicles.

There are lots of requirements for seat upholstery textiles such as mechanical,
thermal, chemical, ultraviolet and infrared resistances including comfort and
aesthetics (Hada & Garg, 2015).

One of the most important criteria about ergonomically designed car seats is to
make the passenger feel no bodily fatigue due to the sitting discomfort (Fung, 2000).
In this case, the upholstery is also very significant, which is responsible for the
pleasant contact between the passenger’s body and the seat.

The main uses of hon-woven material in the interior of the seat are lining solid
metal, wooden and plastic car components. Upholstery fabric must be strong enough
and must be denoted by good aesthetics, rigidity and abrasion resistance during the
car exploitation period. The advantage of artificial leather is that additional
properties may be constructed into the fabric (Fung & Hardcastle, 2000).

Other researches describe automotive textile as an integral aspect of technical
textile (Gupta, Maheshwari, & Kumari, 2016). Gupta et al. in their study define the
significant role of monofilament yarn at fabric and seat trim levels in automotive
seating application, due to the influence of monofilament in fabric which provides
aesthetics and strength to the seat trim. Fabrics with monofilaments must be
evaluated during the stitching process. The authors conclude that the main
parameters are the importance of the monofilament yarn, its evaluation criteria and
its performance at fabric and seat trim levels.

(Koc, Mecit, Boyaci, Ornek, & Hockenberger, 2016) investigated the effects
of the filament cross section on the performance of automotive upholstery fabrics.
They prepared thirty-six yarns by changing the cross section of poly(ethylene
terephthalate) fibers (round, octolobal and W-channel) and the air-jet texturing
parameters (overfeed and the number of core and effect yarns). First of all, the yarns
were heated and dyed, and then woven into fabrics and laminated. When analyzing
the test results of air-jet textured yarns and fabrics, it was observed that the air-jet
textured yarn structure depends on the W-channel which gives the most prominent
difference. It forms a massive, irregular yarn structure with lots of open loops. The
results of recovery from strain behaviors of the air-jet textured yarns were observed
to be insignificant. With the looped structure’s increase, the higher regular
elongation values were observed for all the cross-section types. All the filament
cross sections provided adequate light fastness and the abrasion resistance test
results for fabrics. The researchers found that the most important effect on air
permeability was detected for filament cross section changing. The lowest air
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permeability was obtained from the W-channel; on the contrary, the highest value
was obtained for octolobal.

1.1.3. Coating and laminating processes for upholstery textiles

Generally speaking, upholstery fabric is a textile material of complex weave or
a compound textile material whose stability is improved when fusing with woven,
non-woven or knitted fabrics, the same as laminating artificial leather with the
woven or knitted back side (Fung, 2002).

Coating and lamination are the main processes used to complete the finishing
of a textile material. Such polymers as PVC, PU, acrylic, PTFE are usually used in
textile coating with the aim to waterproof fabrics, protect fabrics, implant electrical
installation, laminate blackout curtains, etc. (Singha, 2012).

Laminating is obtained by thermal joining, which is performed by coating a
thin adhesive film and using a high temperature bonding so that to join the surfaces
together (Fung, 2002). Laminated upholstery fabrics are denoted by higher strength
and reduced elasticity compared to the basic upholstery fabrics (Technical textile
laminates and interlinings for upholstery, 2014). Upholstery fabrics can be made of
two-layer, three-layer or multi-layer laminates. There are two main categories of
post-finishing fabric (Nielsen, 2007):

e laminating a fabric of another material (vinyl, knit, paper);
o the adhesion of a liquid used on the back of the fabric, including foam
flame-retardant finishes, acrylic latex, and silicone.

Vinyl lamination is usually used for seat cushions, headboards, table covers,
shower curtains and upholstery (Nielsen, 2007). High-quality vinyl lamination will
meet most upholstery flammability standards and should contain an ultraviolet (UV)
inhibitor to deter fabric fading and deterioration from sunlight and other light
sources. Moisture-barrier (interlining) backing is a vinyl barrier laminated to the
back of upholstery fabrics (Nielsen, 2007). Such laminated fabrics are used to
protect from fluids (spills, urine) and feature antibacterial and antifungal properties
as well. Water-repellent finish is irreplaceable in outdoor fabrics and marine
upholstery (Nielsen, 2007). Stain protection or siliconizing does not require
laminating. The fabric is protected from oil, water stains, dust and soil. Moth and
mildew resistance gives a protection against mould, mildew, and fungus growth,
which can be applied at the same time with other finishes (Nielsen, 2007). In order
to stabilize upholstery fabrics, manufacturers use a latex backing, which prevents
seam slippage, fraying, stabilizes the fabric and makes it more durable, keeps the
surface yarns from shifting, makes the cutting process very easy and accurate
(Selecting Fabric for Upholstery, 2009). Acrylic backing is used for upholstery and
wall applications (Backing or Back Coatings, 2017). Upholstery fabric with acrylic
backing is more flexible, prevents seam slippage, fraying, curling (Nielsen, 2007).
Seam slippage strength, abrasion resistance and tendency to surface fuzzing of
double woven upholstery fabrics have influence on the weave interlacing coefficient,
the average float length, the friction between intersecting yarns and yarn settings
(Ozdemir & Yavuzkasap, 2012). The researchers stated that the effect of weft
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setting, which is determined by the weave, the yarn count and the yarn type has a
major effect on the seam slippage strength of double woven upholstery fabrics.

When analyzing the thermal performance of three different textiles (100%
cotton, 50% cotton and 50% acrylic fiber, 100% acrylic fiber) by photopyroelectric
technique only from the algorithm of the amplitude pyroelectric signal, it was
determined that 100% cotton is the coldest textile (which is requested in summer);
on the contrary, 100% acrylic fiber is the warmest textile (Mami, Najoua, Mellouki,
& Yacoubi, 2017). Durablock is a high performance textile technology that
laminates a durable liquid barrier to a textile treated with Nano-Tex (Backing or
Back Coatings, 2017). The relevance of this technology is its cleanability and
optimum spill/stain prevention of the cushion. Another way of backing upholstery
textiles, which is fairly common, is knit backing, also used for drapery applications
(Backing or Back Coatings, 2017). Knit backing ensures the dimensional stability
and enhanced strength of the fabric maintaining the original appearance and touch
sensation. The effects of the selected finishing methods on the wrinkle resistance of
laminated and non-laminated car seat cover fabrics were investigated by
(Degirmenci & Celik, 2013). For the investigation, five types of warp knitted fabrics
from 100% PES yarn with different properties were used. It was determined that
silicone softener during the dyeing process did not ensure any extra resistance
against wrinkles; meanwhile, when the silicone softener was used at the time of the
fabric passing from foulard, it gave perfect resistance against wrinkles. Some
upholstery manufacturers use a fray reducing product Sprayway No Fray Spray
(Winters, 2012), which is recommended for smooth and shiny polyester and rayon
fabrics because of their ability to unravel or minimize fraying.

A composite upholstery panel includes a layer of ticking fabric, a layer of
flame and heat-resistant backing fabric, and a layer of resilient flame and heat-
resistant cushioning material sandwiched between the layer of the ticking fabric and
the layer of the backing fabric (Jones, Small, Walton, Baldwin, & Mikaelian, 2013).

1.1.4. Mechanical behavior of upholstery materials

Upholstery materials during their performance experience biaxial
deformations, which are effected by friction in the contact zones: material-to-human
skin (Vilhena & Ramalho, 2016), (Derler, Schrade, & Gerhardt, 2007), (Rotaru, et
al., 2013), (Tasron, Thurston, & Cerre, 2015), material-to-material (Bertaux,
Lewandowski, & Derler, 2007), material-to-inner parts of the furniture:
polyurethane (Takuya, Tsuneaki, Soo, & Yuji, 2010) or metal (Das, Kothari, Kumar,
& Mehta, 2005). The majority of such investigations are related to the clothing
industry with the aim to increase the comfort in contact with the human skin. It is
especially important in medicine — for injured or disabled patients who are chained
to a wheelchair (Vilhena & Ramalho, 2016), (Rotaru, et al., 2013), in sports — for
athletes to reduce the friction between the clothing and the weather conditions, e.g.
snow (Nachbauer, Mossner, Rohm, Schindelwig, & Hasler, 2016). New
technologies are applied (Dong, Kong, Mu, & Lu, 2015) in innovative textile
materials surface treatment HeiQ’s Glider, which helps the wearer feel more
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comfortable while being involved in summer sports (Phillipp, 2014). A realistic skin
model in combination with an objective friction test method allows developing new
textiles for sport and medical applications with improved skin-adapted surface and
frictional properties (Derler, Schrade, & Gerhardt, 2007).

Different lubricants are also applied in friction studies (Jawale & Patil, 2011),
(Gerhardt, Lottenbach, Rossi, & Derler, 2013). Jawale et al. applied a lubricant to
affect both yarn-to-metal and yarn-to-yarn friction (Jawale & Patil, 2011). (Ujevic,
Kovacevic, Wadsworth, Schwarz, & Sajatovic, 2009) analyzed the strength, i.e. the
breaking force and elongation, bursting strength and elongation, and the density of
two kinds of artificial leather designed for car seat upholstery: artificial leather with
woven fabrics on the back side and artificial leather with knitted fabric on the back
side. (Koochakzaei, Ahmadi, & Achachluei, 2016) analyzed the influence of
lubricants for the mechanical properties of goat leather samples. The researchers
obtained that the mechanical strength of untreated leather samples increase after
ageing while silicone oil treatment does not affect the mechanical strength of leather.
In other investigations, mechanical properties (tensile strength and elongation at
break) of chrome-tanned leather were analyzed from the standpoint of the treatment
with two different copolymers (Nashy, Essa, & Hussain, 2012). The authors
revealed that mechanical properties are higher for leather upon treating if compared
to the untreated one. Also, it was determined that tensile strength and elongation at
break are higher if compared to the leather treated by a copolymer which contains a
higher ratio of the soft butyl acrylate monomer.

It was determined in other publications (Daukantiene & Gutauskas, 2001) that
when a PE membrane was punched without any lubricant, the character of the punch
deformation curve and the failure of the shell change in the case when specimens
have major defects (a defect is a hole cut in the centre of the specimen), i.e. the sizes
of defects varied in the range of 0.06-0.22, (the ratio of the defect radius and the
specimen radius), but when using a lubricant (water), the changes were observed for
all the specimens with defects.

It is known that the main mechanical property for leathers is the tensile
strength (Liu, Latona, Lee, & Cooke, 2009). (Schwarz, Kovacevic, & Kos, 2015)
analyzed the principal characteristics and the construction parameters of artificial
leather with bonded textile fabric on the back side, also by evaluating joining
(sewing) and its quality which determines the durability, comfort and aesthetics of
the automotive interior design. The most important parameters for upholstery fabrics
(artificial leather) durability are the breaking force and the elongation at break, and
they were tested in different circular directions. The investigation showed that the
longitudinal direction (warp/wale) is denoted by higher breaking properties.

(Schwarz, Kovacevic, & Kos, 2015) carried out a research comparing two
groups of upholstery fabrics which were different in terms of the fabric back side
structure (woven and knitted) but had similar characteristics (mass per unit area and
thickness). The research aims to determine the use of laying cut parts which have
significant importance in the construction of car seat covers so that to achieve best
results in terms of durability under the influence of stress applied when in use; this is
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backed up by testing the fabric breaking properties in different directions when
seeking to identify the direction with the greatest strength. Researchers confirmed
that structural parameters of the compound material and constructional parameters
of the back side fabric (woven or knitted) influence and make a big difference in
their properties. Therefore, the highest strength of compound materials is determined
in the direction of 0° and 90°, artificial leather samples with woven back side show a
higher strength, in all other directions, material strength is greater in artificial leather
samples with the knitted back side. Sewing materials reduce the breaking properties
in artificial leather samples with the knitted back side. These factors are of great
importance in processing the cutting and the laying of cut parts when considering
the direction of the greatest strength, i.e. the direction of 90° (warp/wale direction).
It is essential to appoint the direction of the highest stress of the car seat cover in
actual use, thus improving durability and stability.

The results of the research concerning the properties of cottonized flax/cotton
rotor blended yarns and fabrics for upholstery applications are presented in (Sava &
Ichim, 2015). The researchers used a double carding technology which was
developed for producing rotor-spun yarns of 29.5 tex, 59 tex, and 100 tex linear
density from 30/70 and 50/50 cottonized flax/cotton blends. In order to compare
cotton yarns, all of them were similar in linear densities. The tensile and tear
strength parameters were tested in longitudinal and transverse directions for the
30/70 cottonized flax/cotton rotor blended yarns which were woven into three
different ways of fabrics. The evaluation of woven fabrics was performed due to
their suitability for upholstery applications.

Lengyel et al. analyzed the knitted side of two synthetic leathers of which the
first one had a PU matrix, and the second one had a P\VC matric. Both materials are
used in furniture and automotive upholstering. The researchers calculated the yarn
eye by using different geometric models and evaluated the relative surface
deformation under biaxial loading. The results revealed that a relative deformation
for the PU matrix material was 6.29% while the relative deformation for the PVC
matrix material reached 9.41% (Lengyel, Faur, Nes, & Cernescu, 2016).

The key factor (when textiles are used in outdoor architectural applications)
which should be considered during the project design is the durability of textile
membranes. During the process of coating, the degradation of the polymers
promotes the loss of functional performance, especially the mechanical properties.
Researchers (Joao, Carvalho, & Fangueiro, 2016) analyzed the durability of two
architectural membranes. One of them was made of a PES fiber coated with PVC,
whereas the second was made of a glass fiber coated with PTFE. The experiment of
in-situ degradation with the testing materials was performed in a real environment
and in the context of rapid degradation affected by moisture and ultraviolet
radiation; it was performed in an accelerated ageing chamber for 3 months. The
influence of these factors on the degradation involving the durability of the
membranes was estimated by the loss of mechanical performance performed by the
tensile strength test and in terms of the thermal performance levels according to
Alambeta test. The testing results showed the unchangeable properties of mechanical

23



performance of PES/PVC membranes; however, the glass fiber/PTFE membrane
showed a reduction of the tensile strength properties. When conducting the
accelerated degradation test (the duration was 2,160 hours), the reduction of the
membrane was more significant; the decrease reached about 34% in longitudinal and
43% in the transverse direction. No significant differences were shown via SEM
images of PES/PVC membranes or via SEM and EDS images of the glass
fiber/PTFE membrane except for the case when EDS analysis showed a loss of 52%
of the chlorine element.

1.2. Deformational Behavior of Flexible Multilayer Textile Materials

Up to date, the problems of fitting woven and knitted fabrics to three-
dimensional surfaces have been analyzed from the standpoint of their mechanical
and physical properties. The investigations have been performed with the aim to find
out the relationships between the parameters of uniaxial and biaxial behavior
(Strazdiene & Gutauskas, 2003a) and to define the effect of materials anisotropy
level upon the shapes of spatial objects obtained under biaxial loadings (Klevaityte
& Masteikaite, 2008). Other investigations showed that pre-tension is an effective
method to improve the quality of shaped composite parts (Bekampiene, Domskiene,
& Sirvaitiene, 2011). Still, the problem of practical application remains. The
dimensions of furniture upholstery patterns must be adjusted in respect to different
mechanical properties of the materials in use.

The problem lies in the fact that the entire range of upholstery materials is
denoted by differences in terms of their strength properties and deformational
behavior in longitudinal and transverse directions. Thus it is not appropriate to
design upholstery patterns with the same ease values for all the materials we make
and use. The result of such a practice is evident — furniture coverings of low quality
experience significantly high residual deformations during their exploitation. It
means that the mechanical characteristics of each applied material must be taken
into account individually. Many researchers explore such undesirable deformation as
bagging which is significant not only for garment fabrics but also for upholstery
furniture production (Jaouachi, 2013), (Hasani, Zadeh, & Behtaj, 2012) and
(Baghaei, Shanbeh, & Ghareaghaji, 2010).

A significant amount of research has been done when analyzing the behavior
of textiles in uniaxial tension and biaxial loading (Chen, Chen, & Zhang, 2013),
(Escarpita, Cardenas, Elizalde, Ramirez, & Probst, 2012), e.g. woven fabrics
(Kovacevic, Ujevic, & Brnada, 2010), (Vanclooster, Eshghyar, & Lomov, 2011),
(Saceviciene, Strazdiene, Vilumsone, & Baltina, 2012) and knitted materials
(Saceviciene, Strazdiene, Vilumsone, & Baltina, 2012), (Dobrich, Gereke, Cherif, &
Krzywinski, 2013). Fused textile systems are used not only to perfect the
functionality of clothing (Tijuneliene, Strazdiene, & Gutauskas, 1999), but for
technical purposes as well, such as the reinforcement of auto window glass
(Ancutiene & Strazdiene, 2010), architectural fabrics consisting of a woven base
cloth with an impermeable coating providing water-proofness and weave stability
(Bridgens, Gosling, Jou, & Hsu, 2012), cellular woven fabrics which can also be

24



used as technical textiles subjected to bursting and impact forces (Ozdemir & Mert,
The Effect of Fabric Structural Parameters on the Tensile, Bursting and Impact
Strengths of Cellular Woven Fabrics, 2013). Other researchers investigated the
interactive effects between warp and weft in biaxial tension (Chen, Chen, & Zhang,
2013), (Kovacevic, Ujevic, & Brnada, 2010), (Wang, Chen, Cheng, & Li, 2012).
Several researches of the effect of pre-tension (pre-stress) have also been conducted
(Vanclooster, Eshghyar, & Lomov, 2011), (Yang, et al.,, 2012), (Bekampiene,
Domskiene, & Sirvaitiene, 2011); the issue of the behavior of composite systems
with concrete, glass, fibers, etc. was investigated in (Peled, Cohen, Pasder, Roye, &
Gries, 2008); (Kruger, Reinhardt, & Fichtlscherer, 2001) discovered that pre-
stressing is even more advantageous in the case of high strength fabrics. The limit of
proportionality as well as the modulus of rupture and cracking stresses considerably
increases with the increase of pre-stressing. Meanwhile, there is no information
concerning the effect of pre-tension upon biaxial behavior of fused multilayer textile
systems which are often used when manufacturing interior products and upholstery
furniture.

It must be noted that the main part of textile materials during their exploitation
are affected by forces perpendicular to their surfaces. As a result, the shell, i.e. a
spatial surface with the biaxial state of deformation, is developed. Up to date, two
biaxial deformation test methods are well-known and widely used for such
investigations, i.e. the membrane method (pneumo- and hydro-) and the punch
method (Strazdiene & Gutauskas, 2003a), (Strazdiene, Gutauskas, Papreckiene, &
Williams, 1997). These methods yield good results of real loading simulation in
aerostatic balloons, sails, inflatable building constructions, elements of clothing, soft
packing and in other products made from thin materials. Recently, their application
has expanded by involving the testing of rubber, leather, textiles, polymer films,
paper and other materials (Gutauskas, Papreckiene, Masteikaite, Daukantiene, &
Strazdiene, 2000), (Tijuneliene, Strazdiene, & Gutauskas, 1999).

Except for the simulation factor, there is one significant quality of the thin
sheet biaxial deformation method compared with the widespread uniaxial tension
method. From the technical standpoint, the process of biaxial deformation is simple,
and samples never tear close to the clamp (Tijuneliene, Strazdiene, & Gutauskas,
1999). This allows for more reliable assessment of results and a reduction in the
expenses related to the number of test samples and their preparation. In spite of the
wide range of experiments with various types of materials, there is still significant
discrepancy between the theory and the test results. The research work comparing
the behavior of the same material in uniaxial and biaxial deformation is fairly
limited.

Bagging is a kind of three-dimensional residual deformation that deteriorates
the aesthetical appearance of a garment during its wear (Juodsnukyte, Gutauskas, &
Cepononiene, 2006). Recently, many researchers have been paying considerably
more attention to the exploration of this phenomenon (Juodsnukyte, Gutauskas, &
Cepononiene, 2006). (Yeung, Li, Zhang, & Yao, 2002) used a special method to
evaluate fabric bagging from the captured images of bagged fabrics by image
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processing and abstracting the criteria to recognize the magnitude of bagging.
(Juodsnukyte, Gutauskas, & Cepononiene, 2006) analyzed the influence of
mechanical parameters to the punch loading process. Kisilak investigated the spatial
deformation of fabric under cycle loading by simulating the process taking place in
the zones of garment elbows and knees (Juodsnukyte, Gutauskas, & Cepononiene,
2006), (Kisilak, 1999). In many cases, experiments were performed by adhering to
the punch loading principle, e.g. such a method is described in (Strazdiene &
Gutauskas, 2003a), (Strazdiene, Gutauskas, Papreckiene, & Williams, 1997),
(Juodsnukyte, Gutauskas, & Cepononiene, 2006), (Yeung, Li, Zhang, & Yao, 2002),
(Kisilak, 1999), (Strazdiene & Gutauskas, 2003b), (Strazdiene, Daukantiene, &
Gutauskas, 2003) and (Strazdiene & Gutauskas, 2001).

For the biaxial punch loading tests, different types or sizes of the punch have
been used with the intention to investigate the deformational behavior of textile
materials. (Rocher, Allaoui, Hivet, & Blond, 2013) presented the results of bias,
compaction, bending, friction and forming tests performed in order to characterize
the formability of two three-dimensional (3D) fabrics of commingled yarns where a
highly double-curved punch with a triple point (a tetrahedral punch) was used for a
forming test. (Yin, Peng, Du, & Guo, 2014) used the model where the punch, die
and binder were modeled as rigid bodies, and a constant 50 N force was imposed on
the binder so that to clamp the plain woven carbon fabric in order to prevent
wrinkling. Vanleeuw et al. used a double-dome shaped punch to measure the full
field displacements (Vanleeuw, Carvelli, Barburski, Lomov, & van Vuure, 2015).
When the double-dome punching is being performed (targeting both warp and weft
directions), the quasi-unidirectional flax reinforcement does not visualize any
significant defects. What concerns to the greater drapability of the flax fabric, it is
necessary to reduce the number of intersections. For this reason, during the initial
shear deformation, the influence of friction is reduced (Vanleeuw, Carvelli,
Barburski, Lomov, & van Vuure, 2015).

(Wu, Zhang, & Wu, 2012) investigated the size-dependent plastic deformation
of a Zr-based metallic glass under biaxial loading by conducting the small punch
test. The researchers discovered that both the critical shear offset and the density of
shear bands decrease with the reduction of the sample thickness. However, the
normalized critical shear offset keeps constant, which can well explain the worsened
plastic deformation behaviors under small punch loading. (Zhang, Sahraei, & Wang,
2016) analyzed deformation and failure characteristics of four types (PE, three-layer,
ceramic-coated, non-woven) of lithium-ion battery separators. Biaxial punching was
performed with four punches of different sizes (Fig. 1.3) which were made of Teflon
to reduce friction.

Figure 1.3. Punch test simulation with different punch sizes (Zhang, Sahraei, & Wang,
2016)
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Figure 1.4. Side-view comparison between the test and the simulation from vertical planes
along MD and TD (Zhang, Sahraei, & Wang, 2016)

Figure 1.4 shows a comparison of the model and the test during 3.175 mm
punch loading in two planes. Due to anisotropic properties, the side views from
vertical planes along MD (machine direction) and TD (transverse direction) show
different slopes.

1.2.1. Classification of flexible multilayer textile materials deformational
behavior assessment methods

The mechanical properties of textile materials have been the object of
scholarly studies for a long time. In terms of the relevance for this study, an
overview of explorations of the deformation properties of textile materials is
essential. In the 1980°’s, a new point of view was established towards textile fabric
experiments, which covers both subjective changes in the behavior of textiles and
their objective mechanical properties (Bishop, 1996). In 1972, professor Kawabata
carried out analysis of subjective evaluation methods and established the basis for
standardization. This analysis was conducted in two stages. The first stage was the
determination of the criteria for subjective evaluation while characterizing the
properties of textile fabrics. The second stage involved the development of fast, easy
to use and accurate experiment basis for textile fabrics investigation. This resulted in
manufacturing specific experiment equipment KES-F (Kawabata Evaluation System
for Fabrics). The KES-F system consists of four instruments: Tensile and Shear
Tester KES-FB-1, Bending Tester KES-FB-2, Compression Tester KES-FB-3, and
Surface Friction and Roughness Tester KES-FB-4.

KES-F is more advanced than the earlier methods and equipment used for the
investigation of mechanical and physical properties of fabric surfaces. Its advantages
are based on the capacity to investigate not only the quality of the fabric, but also the
whole product, thus having a significant role in optimization of the manufacturing
process.

Another measurement system for textile materials was developed in Australia.
It is called SiroFAST (Fabric Assurance by Simple Testing). The latter system
differs from KES-F of semicycle testing. It is of lower cost and is easier to use. The
SiroFAST system is developed with the objective to measure the mechanical and
dimensional properties of textile materials. The system can also be used to predict
the performance in garment manufacture by evaluating the mechanical properties of

27



textile materials in measuring bending, tensile, shear and compression (De Boos &
Tester, 1989). It is important to note that both measurement systems were developed
to measure at low stress level loads, which correspond to real-life wearing
conditions.

The main property of textile materials is the ability to deform without tearing.
The external forces and composition of textile materials exert a great influence on
this process. The structure of materials and their shape change when external forces
are acting. Deformation of fiber and regularities of breaking processes influence the
mechanical properties of textile materials. The most important mechanical
characteristic of textile materials is their capacity to be tensile as the prevailing loads
act in the longitudinal direction. Tensile forces till break and strain are the main
characteristics of the tension process (Matukonis, Palaima, & Vitkauskas, 1989).

Textile fabric is a system of threads and fibers. The area of the surface of the
textile fabric is very large when compared to the weight, and the system has its own
inherent mechanical strength. Woven fabric is a product consisting of two
overlaying thread systems (longitudinal and transverse). Longitudinally oriented
threads stand for warp whereas transverse threads stand for weft.
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Figure 1.5. Classification of textile materials tensile test (Ko6misikos, 1973)

double trowel ‘

Tension tests

The experimental basis of mechanical properties of textile materials simulating
their real use conditions is very wide. The forces perpendicular to the surface of the
specimen simulate the behavior of textile materials in real wear conditions. All the
new methods developed for deformational ability of textile materials are
complementary to the previous methods because the uniaxial tensile is the starting
point of deformation.

The testing strategies for textile materials tensile are very extensive. They can
be classified into 4 types according to the direction of deformation: uniaxial, biaxial
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flat, biaxial perpendicular to the surface of the specimen (membrane) and complex
biaxial perpendicular to the surface of the specimen (punching). The classification of
tensile tests is presented in Figure 1.5, which outlines the main indicators: the
character of deformation, the direction, the mode and load parameters. The
distribution of deformations and critical stresses under membrane and punch testing
methods is different as these methods differ between each other in respect to
external load application. During membrane deformation, the normal pressure
distributes equally in the entire area of the specimen’s surface, though, during punch
deformation, the main stresses concentrate in the contact zone between the punch
and the specimen (Aporosa & Conosses, 1971).

One of the modes of the tensile should be selected for the tensile test: short-
term (dynamic), medium (static) and long-term. In practice, the medium (static)
tensile mode is usually used because of lack of time. In this case, only dynamic and
static tensile test classes are presented in this classification. According to the
selected constant parameter, the tensile tests are divided into the cases when:

o the velocity of clamps is constant (AV = const) while the velocity of strain
and deformation changes with their increase;

e the strain increase of the specimen remains constant (AP = const);

o the velocity of specimen deformation remains constant (g, = const).

In terms of specimens of different shapes and various fastening techniques in
the clamps of the tensile machine used in the course of tensile tests, the tests are
classified into 4 groups:

e the ‘strip’ method is used when rectangular specimens are stretched along
the entire width;

e the ‘grip shape’ method is used when a certain area of the specimen is
stretched along the width;

e profiled or ring specimens;
closed circuit specimens.

Loadings acting in the course of product manufacturing and exploitation are
significantly lower compared to breaking forces. Therefore, the investigations which
are aimed to determine the level of such loads are very important (Makinen &
Meinander, 2005). It is known that, during garment wear, fabrics experience tension
forces which can vary from 7 N to 90 N (for the specimen width of 5 cm). Even
more, certain clothing zones can experience external loadings which comprise 18%
+ 25% of the breaking force, whereas in other zones they only reach 5% — 10% of
the breaking force.

Numerous scientists have investigated a sizable number of different textiles by
evaluating the parameters of these materials and comparing them with different
kinds of measurement systems identified by the measurement system KES-F as a
highly correctly performing evaluation system characterizing the processes of textile
deformation (Bahadir, Kalaoglu, Jevsnik, Eryuruk, & Saricam, 2015