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This study explores the development of smart electronic textiles (E-textiles) crafted from knitted fabrics,
designed for everyday wear and specifically engineered to meet the needs of individuals with chronic conditions. We
propose the design of a vest and knee braces equipped with heating elements and specialised sensors for monitoring
human body temperature. The ergonomic structure of these garments ensures their suitability for both athletes during
training sessions and for everyday wear. The products are made from wool yarn using various knitting techniques,
including double jersey, press stitch, and 2x2 ribbing. During the development of the knee braces, samples of varying
densities were examined, employing the double jersey technique. The edges of the braces were finished with ribbing to
ensure secure fixation due to its superior dimensional stability. For the main section of the vest, a press stitch was
selected, providing excellent shape retention, a three-dimensional texture, and enhanced thermal insulation—qualities
that make it ideal for warm clothing. The lower part of the vest incorporates double jersey knitting to ensure structural
integrity and facilitate the integration of electronic components. The heating elements and temperature sensors are
integrated through specially designed openings formed during the knitting process using double jersey construction.

Keywords: innovative technology, knitwear, smart and intelligent textiles, electronic textiles, e-
textiles.
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byn 3epmmey Kynoenikmi Koa0amyea bIHAUIbl MHCIHE CO3BLIMAILL  aypyaapel o6ap adamoapowiy
Kadicemminikmepine apuaitvl Oeitimoenzen mpuxomadxcoan icacanzarn E-mpuxomasc oyiivimoapuin dcacayza
oazeimmanzan. bi3 yceinean omimoepee Kvi30vlpambuln rnemeHmmepi mMeH AOAMHBIH O€He MeMnepamypacovii
onuweiimin apnaitvl damuukmepi Oap Keydewie MeH mizexkanmap dyncamaovl. OHIMOepOil bIHEAIIbl KYLPblAblMbl
0napovl CHOPMWBLIAAP HCAMMBIZY Ke3iHOe JHeaHe KyHOeaikmi omipoe Ko10amnyea MymKinoik oepedi. Byiivimoap
Kocapnanzan odipmezic, npecc xycone nacmuk 2X2 opimoepimen xncyn uipim ncivinen moxwvinzan. Tizekanmapout
oauviHOay OapvicblHOQ Ipmypai  MbI2bI30bIKMAZLL  KOCAPAAHAH Oipmezic opiminen ynzinep a3ipienzen.
Tizexanmapovly, eKi wiemi OHBIY QOPMAMYPAKMBLILIZLIH CAKMAY MAKCAMBIHOA CO3bLIMAAbL JACHMUK OpPIMIMeH
MoOKbLI2aH, Oy OYUbIMHBIY CbIPELIN Kemneyin Kammamacwsl3 emeodi. Keyoewenin nezizei 6onici ywin npecc opimi
manoanzan, OUMKeHi 071 Hco2apvl RIWIH MYPAKMBLIbIK KAMMAMACHL3 emeoi dcane penvedmi, api KoJ1emoi Oyitbim
mMoKy2a MyMKIiHOIK Oepedi, cOHObIKmaH npecc opimi dHewlivl Kuimoep yuiin ome Koaaitnvl. Keyoeweniny momenci
bonicinoe 31eKmpoHObl I1emenmmepoi OpHamy yYuiin Kaxcemmi KypoliablMOblK, OepikKmik nen MOHmMaxic MymKiHOicin
KamMmamacel3 emy makcamvlnoa Kocapiaanzan dipmezic opimi Konoanwiizan. Kvizovipevius snemenmmep men oene
memnepamypacsln onuwieiimin oamyuxmep oOyivimoapea Kocapaanzan dipmezic opimimen moxy dapuviceinoa aoeiti
Jcacanzan mecikmep apKulivl en2i3inzen.

Heri3ri €o3/1€p: HHHOBAIIUSJIBIK TEXHOJIOT'Us, TPUKOTAXK, CMAPT K9HE HHTC/UICKTYyaJ/Ibl MaTaJJap,
JICKTPOHABI TEKCTUJIb, €-MaTa.
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Hccneoosanue nanpaeneno na cozoanue E-mexkcmuna uz mpuxomajirca, no0Xo0aue2o 015 eHceOHeeHo20
UCNONIB306AHUA U CREYUATLHO AOANMUPOSAHHO20 0714 HYMHCO J100ell ¢ XpoHuueckumu 3aooneganuamu. Hamu
npeonazaromca 0e3pyKaeKka u HAKOJIEHHUKU, OCHAUW|EHHblEe NOOO0ZPeCAIOW{UMU INEMEHMAMU U CHEYUATLHBIM
oamyuxkam OnA u3MepeHus memnepamypvl mena uenogexa. Komgopmnasa koncmpykyua uzdenuii nozeonsem
UCNOIB306AMY UX KAK CHOPHICMEHAM 80 6PEMA MPEHUPOBOK, MAK U 8 NOGCeOHEBHOIU Jcusnu. H30enus paspabomansl
U3 WEPCMAHON NPANCU C UCHONB30GAHUEM Nepenjiemenuil: 080UHan Kyaupnasa 21ads, npecc u aacmux 2X2. B
npoyecce pazpadomKu HAKOIAEHHUKOG ObLIU UCCIE006AHbL 00PA3YbLL PA3NUYHON NIOMHOCMU C UCNOJIb306AHUEM
O0gotinon Kynupuou 2naou. Kpaa nakonieHHUK08 céA3aHBI ACMUKOM 0714 00ecneuenus HadeyHcHou Qukcayuu
onazooapa ez2o 6vicokoul popmoycmoiiuueocmu. [Ansa ocnoeHuoul wacmu 6e3pyKkasKku 0vlio 6vl0pano nepeniemenue
npecc, maKk Kak OHO obecneuugaem XOpouwiylio Gopmoycmouuugocms u no3eojasem co30amv penveuocms u
00beMHOCHIb, UMO 0eNIaIOm €20 NONYNAPHBIM 0N Mennvlx geulell. /]6oinas KynupHnan 2nadb 6ul1a npumenena npu
dopmuposanuu nudcneii wacmu 6e3pyKasku 011 odecneueHus HeodOXO00UMOU KOHCMPYKMUGHOU HPOYHOCHMU U
603MOICHOCHIU NOCTIEOYIOULE20 MOHIMANCA ITNEKMPOHHO20 Inemenma. Humezpayus ¢ uzoenus nemeHmog nooozpesa
U 0amuuKa memnepamypvl meia 0Cyuw|eCmenaenca uepe3 CneyuaibHo npeoycMompeHHble OmMeepcmus, Konopbole
ObL1U 00pazoeansvl 6 npoyecce 63a3aHUA 060UHON KYIAUPHOIU 211A0bIO.

KiioueBnle ciioBa: HHHOBAIlUOHHAsI TEXHOJOIWsl, TPUKOTAK, YMHBLIC H HHTECJICKTYAJbHbLIC
TKaHH, 3ﬂeKTp0HHbIﬁ TeKCTWIb, €-TKaHb.

Introduction Consequently, our research focuses on the development
Over the past decade, the textile industry has of smart knitwear tailored for daily use and specifically
witnessed significant advancements due to the adoption adapted for individuals with chronic diseases [10-12].
of innovative technologies. Smart and intelligent Materials and methods
textiles, as well as electronic textiles (E-textiles), have The primary objects of this study were a knitted
emerged as transformative solutions within the sector. vest and knee braces made from wool yarn (merino,
Although smart textiles are no longer a futuristic 32X2 tex). The knitting structures applied included
concept, their widespread application remains an double jersey, press stitch, and 2x2 ribbing.
imminent reality. Imagine garments that autonomously Additionally, supplementary components such as
adapt to environmental conditions, delivering optimal heating elements were integrated into the garments to
comfort. For individuals with chronic health conditions, provide thermal comfort.
“smart” medical garments equipped with sensors will The double jersey knitting structure consists of
monitor their health status and even initiate therapeutic two layers of interlocked loops. Due to this dual-layer
interventions. Athletes are already experiencing the configuration, the fabric demonstrates enhanced
benefits of smart textiles, including temperature stability and superior resistance to stretching and
regulation, enhanced aerodynamics, and real-time data deformation compared to single-layer jersey fabrics.
collection during training [1-5]. Double jersey was employed in the formation of the
Electronic textiles, or E-textiles, represent a lower section of the vest and the primary structure of
subclass of smart and intelligent textiles the knee braces to ensure the required mechanical
incorporating electronic components [6-9]. Sensors strength and facilitate subsequent integration of
may be externally attached, as seen in products from electronic components.
major sportswear brands such as Adidas, Nike, and The press stitch knitting technique was
Under Armour, or seamlessly integrated into the selected for the main part of the vest. This method
fabric itself, as implemented by Samsung, Alphabet, allows for the creation of varied textures and patterns,
Ralph Lauren, and Flex. ranging from simple vertical stripes to complex
We foresee a future in which smart textiles geometric designs. The press stitch was favoured due
become an integral part of everyday life, offering not to its ability to provide dimensional stability and
only convenience and practicality but also addressing aesthetic appeal, making it highly suitable for warm
the needs of individuals with chronic health conditions. garments.
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The selection of wool yamn was based on several
key factors: wool fibres possess a unique structure that
imparts excellent functional properties. The scaly
surface of the fibres offers high thermal insulation and
breathability. Additionally, wool’s hygroscopicity,
driven by its amino acid residues, enables effective
moisture absorption, maintaining an optimal
microclimate. Wool also exhibits inherent antimicrobial
properties and is resistant to odour development. Its
durability and ecological sustainability make wool an
attractive material for textile applications.

Results and discussion

During the development of the knee braces,
samples of varying knitting densities were examined,
specifically focusing on two different knitting depths:
350 and 330 (Figure 1). Experimental findings revealed
that a knitting depth of 330, achieved through double
jersey knitting, provided optimal structural stability for
the knee braces. This density demonstrated superior
shape retention compared to samples with a knitting
depth of 350.

Figure 1. Samples of varying densities for knee braces

Heating elements were  seamlessly
integrated into the knee braces through precision-
engineered openings formed during the double
jersey knitting process. (Figure 2). The edges of the

knee braces were finished with ribbing, ensuring
secure placement on the body due to the ribbing’s
excellent form stability.

0

Figure 2. Heating components for the knee braces: a - heating element; b - opening for inserting the heating element

The resulting knee braces combined comfort
and functionality, making them suitable for daily
wear. Their design was specifically adapted to meet

the needs of individuals with chronic conditions
(Figure 3).



AJIMAaTBI TEXHOJIOTUSUIBIK YHUBEPCUTETiHIH Xadapubichl. 2026. Nel.

Figure 3. Heated knee pads

In addition to the knee braces, we developed daily routines. To determine the optimal knitting
a vest equipped with electronic components. Its structure for the vest, samples employing both the
ergonomic design allows it to be used both by fang and press stitch techniques were tested at
athletes during training and by individuals in their different knitting densities (Figure 4).

[\

a

Figure 4. Knitted structure samples: a- fang stitch; b- press stitch

The press stitch was ultimately selected for the of the vest to ensure structural strength and to allow
main body of the vest due to its superior dimensional for the installation of electronic components (Figures
stability and its ability to create three-dimensional 5 and 6).

textures. Double jersey was used in the lower portion

Figure 6. Lower part of the vest: with an opening for inserting the electronic element
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Through the adaptation of the textile
construction and knitting structures, we successfully
developed garments capable of providing heating

through integrated heating elements. A temperature
sensor was embedded in the armhole area of the vest
to monitor the wearer’s body temperature (Figure 7).

Figure 7. Vest with integrated electronic components

This design combines the functionality of a
conventional vest with the enhanced capabilities of
embedded electronics. The vest is intended to monitor
the wearer’s body temperature while providing
comfort and protection against hypothermia in various
situations. It is particularly beneficial for individuals
with specific health needs and athletes engaged in
winter sports. Additionally, the vest can offer comfort
to vehicle drivers by preventing the cooling of the back
muscles before the car’s seat heating system becomes
operational.

Conclusion

This study highlights the feasibility of
developing smart knitted garments with seamlessly
integrated electronic components, offering a unique
combination of functionality, comfort, and
manufacturability. The selection of press stitch in
combination with double jersey knitting allowed for an
optimal balance between the effective integration of
electronic elements, comfort during wear, and
aesthetic appeal. The outcomes of this research open
new avenues for expanding the range of electronic
textiles, which are increasingly in demand in both
sports and active lifestyle markets, as well as for
everyday use by individuals with varying needs.
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