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Microclimate of Smart Garment

Inese Parkova Ausma Vilumsong *?Riga Technical University

Abstract -Clothing comfort is a very important aspect of
garment quality evaluation. It is especially signitant in the
designing of smart clothing, where specific designis
complemented with the presence of electronic compents. The
electronic system must provide an additional valudor clothing
instead of causing discomfort. The article summarizea number
of recommendations for a comfortable smart clothingdesign, by
analyzing human-clothing interaction, processes oheat and
moisture conduction, under-garment microclimate, aswell as
offering constructive solutions for garments and tle appropriate
use of materials for a better circulation of heatlirough clothing.
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|.INTRODUCTION
When designing comfortable and high quality cloghiit is

necessary not only to take into account aesthetid a

functional aspects but also to think about the ratton
between a garment design and a human body corsidiési
anatomical, physiological and psychological needq. [
Clothes ensure the normal course of human life ge®c
protect human health and human capacity for wodkiffierent
climatic and working conditions [2]. In the processsmart
clothing industry development, electronic technasgare to
be integrated into clothes, thus creating smartmgats
equipped with different additional functional propes.
Products with integrated electronic systems hawepecific
structure, i.e. a garment package is provided aitladditional
electronic layer. The size and characteristicslefteonics as
well as its placement can affect garment wearing/enience.
The interaction between a garment and a human bedy
important as well; for example, the conductivity lefat and
humidity, which affects both user's wearing comfand the
safety of an electronic system, as well as the igpgec
functioning of a smart garment. Thus, when desigrsmart
garments, it is necessary to think about garmentatiimate,
location of an electronic system, cushioning, etc.

(28°C - 36°C) [4]. Different studies [2, 4] show that the
optimal temperature of human body skin surfacééstate of
rest is 32.10C — 34.30 C. If the temperature ranges within
the limits of 1.8 C — 3 C, a human is a little cold or hot; if the
temperature ranges within the limits of more thasf €, a
human feels discomfort [5]. The core temperatura biman
body is almost unchangeable: 36.80 It ranges only within

the limits of several tenths of a degree dependmghe place

of a body and time of the day [4]. Air temperatureder a
garment is not uniform. Thus, it is rather diffictd determine

the air temperature between a human body and aegarm
because the air temperature under garment should be
evaluated differentially taking into consideratidmiman
physical activity. Garments create a certain mignuate
around the body, and it depends both on the hetd sff a
human and meteorological conditions of the envireniras
well as on the characteristics of a garment. Gatmen
microclimate (between human skin and the first tapé
clothes) depends on many processes. The factors tha
influence these processes are shown in Fig. 1.

Microclimate
under clothing

Air humidity
under clothing

Air temperature
under clothing

Carbonic acid
under clothing

Comfort 35 — 60%.
Lower parameters are
better for hygienic
requirements

According to human
physical activity comfort-
able air temperature in
rest state is 30" —32° C,
working physical action

Estimation of under-
garment ventilation and
pollution level of skin
producted substances:
C02 < 0.8%

15°C
Fig. 1. The factors that influence microclimatelengarments

In case of body overheating, when humidity dischaigy

The aim of the paper is to provide the optimuninsufficient, humidity accumulates on the garmevitich may

microclimate of garments and wearing comfort in pinecess
of smart garment design. The range of smart gasviemather
wide, therefore in this research only smart garsenith

integrated electronic systems have been analysed.

II.LHUMAN BODY THERMOREGULATION

One of the main functions of a garment is to emsiermal
comfort, which can be achieved by maintaining prapermal
balance, which is related to the thermoregulatimcesses of
a human body, or by using proper clothes [2]. Therrhal
balance of a body exists when the amount of retkasat is
equal to the amount of discharged heat [3].

The temperature of separate skin surface areasvagn
considerably; it also differs in various places tbé body

cause skin irritation. Excretion of carbonic adilough skin,
in its turn, can be increased as a result of agthyesical work
and warm environmental conditions; intensity of tilation
depends on the air permeability of a garment a$ agebn its
construction [2].

|.INTERACTION BETWEEN AHUMAN AND A GARMENT

A garment system can be characterized as a phygsialo
system interacting with a body. A garment protectsuman
body from various conditions of the external enmirent
(from cold, heat, fire, toxic substances, etc.)th& same time,
a garment can create undesirable heat insulati@m\ihis not
needed or block the evaporation of excessive sfueat skin
surface.
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In normal conditions, without any activity, metaicoheat
produced by an ordinary human being is approximag8él W
(like an electric bulb); while under the condition$ high
activity, a human can produce more than 1 kW [Zrténly,
this situation has some positive aspects, for examihe
conversion of mechanical energy into electric ofigere are
some studies conducted on this topic, for exangukstion of
energy storing nanofibres, which can be woven teiile
fabric [6], or garments with a flexible generatongerting the
energy of wearer's body movements into electridify.
However, this research deals with the provisionacaftable
microclimate. It requires an effective cooling gyst and the
human physiological system provides this effecterEhare
several "human-garment" system mechanisms ensuhag
maintenance of proper body temperature, the mogbitant
of which are as follows:

*Produced metabolic heat should remain on the riater
layer of the skin, which can be achieved througleative
sweat circulation;

*To cool the body, the skin has to produce a aedaiount
of sweat;

*Produced sweat (in the form of water or steam)thaget
through the garment layers.

Between a human skin and the external environniemetis a
layer (or layers) of clothes; therefore, it is imamt to
consider which textile materials to use for the nfaoturing
of clothes. Different fibre materials have differeheat
conductivity, which should be taken into considieratwhen
thinking about garment microclimate. Thermal coritity of

different textile materials is shown in Table 1.[9]

TABLE |

THERMAL CONDUCTIVITY OF DIFFERENTFIBRES
No. |Fibre Thermal conductivity (mW/m*K)
1 Cotton 71
2 Wool 54
3 Silk 50
4 PVC 160
5 Cellulose acetate 230
6 Nylon 250
7 Polyester 140
8 Polyethylene 340
9 Polypropylene 120
10 Still air 25

Textile materials transfer heat much better thamees, so

The first two factors are uncontrollable (in normakhey are relatively poor insulators. As the tatileves, the best

conditions), while the third mechanism can be cdlgd by
using relevant clothes. In order to regulate miltnoate,
different types of garments can be used:

-Garments with an integrated cooling / heatingeyst
-Traditional garments of a specific design / mafispecific
materials.

The garments with an integrated cooling / heatipgtesn
mostly have an experimental nature; research
developments are made in this area. The giveriadantains
the analysis of traditional garment features, whoan be
taken into consideration when designing smart gatsne

II.FACTORS THATINFLUENCE THERMAL CONDUCTIVITY OF
GARMENTS

insulator is air.

Textile thermal conductivity very much depends ¢ t
guantity of air in fabric and to a lesser extentthe fibre
composition [5]. Therefore the thermal transferoiréxtile
fabrics affects the degree of porosity, dependiath lon the
fibre arrangement of yarn and on weave and streafifabric
[8].

Therefore to avoid sweating, it is recommended $e u
breathable fabrics in clothing production. Howeivethis case

angin or snow can make clothes wet — moisture spréadugh

clothing and can reach wearer's skin. During evapon of
moisture a wearer will feel cold and discomfort.indgsthe
breathable air permeable/waterproof fabric it isgiole to
avoid such distress — the material passes thrdugtvapour,
but does not let water in. This feature can beairpl by the
size difference of water drop and vapour molecules:water

Conduction of heat and humidity steam through lkexti droplet diameter is 100 pm, while the vapour mdesu-
materials is one of the most important issues ie tH.0004 um, so the difference between them is abb0t000

development of clothes for special purposes. Tontaai
comfortable skin temperature, a human has to putraiake
off clothes depending on the environmental condgio If
clothes could automatically change heat resistaiegending
on the temperature, they would be able to contmlspeed of
heat production and regulate internal temperatuheis
ensuring body comfort [5]. Unfortunately, it doest happen.

Microclimate is very important to the process ofthand
humidity conduction from skin to the external eoviment;
therefore, it is necessary to take into accountesomportant
parameters that influence this process:

ephysical and structural fabric properties;

emorphological properties of fibres;

estructure of filaments [8].

100

times.

Vapour permeable/waterproof fabrics can be classbifn
three main categories:

- Coated fabrics: fabrics with waterproof coatiagsl films,
through which fabric pore structure is able totlke air in.
There can be micro-porous or hydrophilic materiahtmngs.
Most of all, polyurethane is used as a coating risdte

- Laminated fabrics (membranes): a micro-porous or

hydrophilic membrane is placed between the innet #e
outer fabric layers [10]. A 3-layer construction psssible,
where a membrane is laminated between the outerfaasic
layer and the inner lining layer, or a 2-layer damgion,
where a membrane is attached to the base fabrics.
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- High-density fabrics consist of cotton or synibet assess thermal insulation properties of differeymies of
microfilament yarns with a compacted weave strigctur clothing with a number of physiological hygienicdioators,

Usually yarns are weaved parallel to each others{iyasing
oxford weave) with no pores for water to penetratthen
fabric is wetted the cotton fibres swell transvirseducing

the size of pores in the fabric and requiring Veigh pressure

to cause penetration. Densely woven fabrics can als
produced from micro-denier synthetic filament yarfi$e
individual filaments in these yarns are less th@nricrons in
diameter, so that fabrics with very small pores dam
engineered [11].

The material repels rain and wind, but can trartspaeat
vapour, which is useful for designing smart clothir-
hygienic properties and electronics componentseaiired,
as well as a wearer is protected from externalceffeThere
are several companies producing these kinds ofctbfor
example Gore-Tex, eVent, Polartec, Sympatex, Patagonia etc.
Membranes differ by their properties, so it is reseey to give
a clear definition to the intended application. leaample, a
three-layer membranesore-Tex Pongee is provided for
clothing with high demandsGore-Tex XCR and Gore-Tex
Ural are particularly air permeable and intended fer most
active applications, while a two-layer membraGere-Tex
Jura has a universal use. Such fabrics are traditipnaiéd for
ski clothing, raincoats, mountaineering clothingl @o on.

Such insulating materials are suitable for smasothihg
development. Designing intelligent textile garmenisth
integrated electronic systems require that the trelpic
components are isolated or at least partially tedla For
example, integrating moisture or temperature sengtdp a
smart clothing system for measuring the microclamahder
clothing, complete insulation of moisture sensor rist
possible, otherwise it will not be possible to makecise
measurements. Contact of electronic components thih
environmental agents (such as humidity) is notrdes both
for data detection accuracy and system protechiothis case
it would be useful to use the waterproof/breathabégerial as
the base fabrics — it would work as a protectivellsfor
electronics, which protects system components
undesirable contact with the external environmentaisture
(rain, snow), as well as ensures hygienic conditidor a

such as heat flow, skin temperature, temperatudenthe
clothing, heat resistance.

Silhouette (volume). Thermal isolation is affected by
garment fit — tight fit clothing compared to thedrfit clothing
with the same thickness of material package haskevea
thermal insulation properties [2].

Smart garment silhouette depends on product typg an
function. For example, for designing smart clothingth
integrated electrodes, which measure heart ratht tfit
silhouette is required. In this case it would befgrable to use
elastic material, which has a faster heat and m@stemoval
feature. These kinds of materials are used for mhér
underwear. Constructing other types of smart aathivhich
does not require direct contact with the skin, deaample —
microclimate monitoring jacket, it is advisable dboose free
fit silhouette, which will ensure better microclitea
maintenance, and electronic elements will be lasgible by
contact with the body, as well as the electron&tesy will be
subjected less to friction and other deteriorafamtors.

Ventilation of material packag€lothing thermal insulation
properties depend on the clothing package: clothiragerial
and the number of air layers between different fayef
clothing and between the skin and inner layer ofmgat [2].
Clothing fabric heat loss is affected by heat tesise, but
humidity transport — by fabric weave. Heat and e
distribution is not only the diffusion process; ig also
influenced by air movement and ventilation throwdthing.
During human body motion, the thickness of air taye
between the layers of clothing vary depending ogsial
activities and environmental impact (e.qg. sittingyning, wind
etc.). By increasing air layer thickness, clothimgulation
increases as well. But once the trapped air lagmkihess
reaches 1 cm, the insulation provided by the trdpge layer
will decrease because of the natural convectivé betveen

frothe skin and garment layer [10].

Sometimes automatic lowering of heat insulationn
sufficient. Body overheating can be reduced by gisan

human body. Types of membranes should be adjusteditable garment design and construction, provididditional

according to a smart clothing function — the clothifor

ventilation into clothing. This can be achieved daveral

emergency workers should be composed of durab&®nstructive ways:

membranes, while for daily use in the smart clahlighter
membranes can be used.

I1.I MPACT OFGARMENT CONSTRUCTION ONTHERMAL
PROTECTIONCHARACTERISTICS

Clothing construction and technical parameters afemial
layers greatly affect the ability to support normmatroclimate
between clothing and a human body.

* Create openings in garments in different parthefbody
— neck, wrist, ankle, waist, allowing convection éccur
naturally.

» Design free silhouette clothing, ensuring thee filew of
air and convection.

* Provide zippers for ventilating proper zoneslotling for
specific needs. Example with an integrated zippemderarm
area is shown in Fig.2b

Garment type Clothing heat insulation properties depend * DO not use waterproof materials wherever it issiole —
on the existing air flow, while human thermal comfo this will contribute to cooling in the evaporatif@m [8]. It is
depends on the type of clothing, which regulates tHMore preferable to use breathable waterproof fabsiead.

penetration of external air under the clothingslpossible to
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« Create perforation in zones of intensive sweatimgnore
effective ventilation.

* Place an appropriate fabric inset in the incrdaseeating
areas for better water elimination [8]. Therefdres important
to know human body thermoregulatory processes laadnbst
active sweating areas. Several studies regardiisgstibject
have been done — the heat and moisture releasegsex: of
human body are analyzed determining the averagemtnod
sweat excreted in the relevant areas of the huradyg turing
physical activity [12]. For example, companylountain

» Technology and type of electronic system insafatiFor
the insulation of electronic circuits a variety wisulation
methods can be used to create a protective coatiiiy
different thickness and different flexibility.

e Technology and type of electronic system shock
absorption. Different methods and materials carussd for
creating shock absorption layers — coating, embrgid
laminating, etc.

« System integration method. Electronic systemchitey
technology affects the package properties, for etam

Hardwear uses light moisture elimination material (polyesteplacing electronics into pockets, circuit printimg fabric,

net) in its climbing garment, which is located iady active
sweating zones, while heat conservational
(merino/polyester knit) is used as a base mat§tid]. The
example is shown in Fig.2a.

ab

Fig. 2. Additional ventilation in clothing.[15;16]

Thickness of the material packade order to maintain a
comfortable under-clothing microclimate, multipléothing
systems are used for special application clothiigst often
these systems are composed of several layersheadts own
features. Generally there are three main types agkrk
defined: an inner layer, middle layer and outeetay

- The first layer (inner layer) absorbs sweat, sabk skin
and transports moisture [8].

- The second layer (middle layer) insulates bodwathe

transports moisture to the external layer and dyigskly.

- The third layer (shell) protects against harshemal
environment, releases body from moisture, as veepratects
against external damage [14].

In smart garments thickness of material packagelss
influenced by the electronic layer, which dependsseveral
factors:

 Physical characteristics of electronic elemebepending
on the type of electronic components it can havéerint
properties: dimension, weight, flexibility, bulkise etc.

« Arrangement and distribution of electronic eletseim
clothing. When choosing the location of electronits
garment, it is necessary to take into account avééise body
— it is important that electronics are away fromagaels with
increased friction, bending, etc.

102

wires and electronic sewing on fabric, circuit eoibtery, etc.

fabriBome methods are shown in Fig. 3.

Fig. 3. Some electronic system integration mettjp@ds20]

IV.CONCLUSIONS

Human comfort is affected by both body's internal
processes and body-garment interaction. To ensure
comfortable feeling, it is important to maintaintiopal under-
garment microclimate that can be regulated by dewarof
clothing construction solutions and the appropriate of
materials, leading to better heat and moistureutation. The
article summarizes a number of recommendations for
comfortable smart clothing design, which is the ibaer
further research of intelligent and interactive tptgpe
developing.

V.SUMMARY

In the article factors and processes that influesoeart
clothing wearing comfort have been studied. Humawl a
clothing interaction was considered a physiologisgstem,
which simultaneously protects the human body angsea



Scientific Journal of Riga Technical University
Material Science. Textile and Clothing Technology

2011
Volume 6

adverse effects to it.

Factors, which affect therrmal

conductivity through the clothing, have been diseds

Suitable textiles, which protect smart clothingteys and the [1g]

wearer from unwanted contact with the external mmment

humidity conditions,

as well

Influence of clothing construction on the propestief the
garment heat protection indicators has been ardilyztething
type, size, materials, ventilation package, thekitéss of
material package, the electronics layer.
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Inese Parkova, Ausma Mumsone. Viedagérba komforts

Radotértu un kvalitaivu aperbu, janem \era ne tikai €rpa esitiskie un funkcioalie aspekti, bet arjadoma par agérba dizaina / konstrukcijas un dika
kermena mijiedaribu, p@rdomajot ta anatomisks, fiziologiskas un psiholgiskas praghas. Atistoties viedagerba industrijai, agerbs tiek izmantots arka
vietne elektronisko tehnaigu integieSanai, rezuitta radot viedos aggrbus, kas apkoti ar da#dam papildus funkciolajam Tpagbam. Sadiem izstadajumiem
ar integetu elektronikas sistmu ir specifiska konstrukcija — gfrba paketei tiek pievienota papildus elektronikassk

Rakst tika izpetiti viedaperba vallkiSanas komfortu ietekgoSie procesi un faktori. Izanadi cilveka kermepa termoreguicijas procesi un zegdrba
mikroklimatu ietekngjoSie parametri. Ciktka un agerba mijiedarfba apskata ka fiziologiska sistma, kas vienlaigi gan pasarmcilveka kermeni, gan rada
newlamu ietekmi uz to. Iztiri faktori, kas ietekra siltuma vadmibu cauri agerbam, pierdram, %iedru siltuma vadspgja, gaisa $ini starp agerba kartam,
dranu porainbas pakpe, matedla tvaika caurlaitba untadens necaurlaila utt. Apskati pieneroti tekstiimaterili, kas pasarg viedaerba sisEmu un
valkataju no neélama kontakta argjas vides mitruma apaliem, ka af nodroSina higiniskus apgiklus cilveka kermenim. Aprakstas tis galvemns tvaiku
caurlaidgo/idensnecaurlaido dianu kategorijas, kai apkopoti vaiiiki komercili pieejamie &da veida mateili. 1zanaliZta aggrba konstrukcijas ietekme uz
izstradajuma siltumaizsardbas ipadbu raditajiem: apérba veids, apjoms, mateii paketes ventjamiba, matetilu paketes biezums. Tika apsitas ar
elektronikas krtasipatribas un faktori, kas ieteldviedaggerbu materilu paketes biezumu: elektronikas elemepasbas, izvietojums un sadpims apgerba,
sisemas izoficijas un amortiacijas veids un tehnoffjas, sistmas integiSanas veids. Ralkstpkopotie ieteikumi komfortabla viedsgsba projek&Sanai ir
pamats turprakajiem gEtijumiem viedo un interakto prototipu izstidg.

Hnece IlapkoBa, Aycma Bumomcone. KomdopT ymHoii ogexasb!.

Co3naBas KOM(OPTHYIO M BBICOKOKAQYECTBEHHYIO OZIEXK Y, HEOOXOANMO YYECTh HE TOMBKO SCTETHYECKUE M (DYHKIMOHAIBHBIC aCTIEKThl OJEXK/IbI, HO U TyMaTh O
B3aUMOJICHCTBUN IM3aiiHa / KOHCTPYKLIMM OJIGK/IbI M YEJIOBEYECKOTO Tela, MPOIYMbIBas aHATOMUYECKUE, (PM3MOIOTNUYECKHIE U TICUXOIOTHYECKHE TTOTPEOHOCTH.
C pasBUTHEM HUHIYCTPUU WHTEUIEKTYyalbHOH OAEKIBI, OJEKJA HUCHOJB3YeTCs TAKKe B KAueCTBE MeCTa Il MHTErpaluy JIEKTPOHHBIX TEXHOJOrHH, B
pe3y/ibTaTe YEro UHTE/UIEKTyalbHas OAEKAA OCHAIEHA pPa3IUYHBIMH JOMNOJHUTENbHBIMU  (YHKIHOHAIBHBIMU CBOHCTBaMU. Y TakuX M3JeIHH ¢
HMHTETPUPOBAHHOI CHCTEMOI AIEKTPOHUKH CrielM(pUUEcKUii TU3aiiH — K TTaKeTy OJeXkIbl J0OaBIAETCS AOTIONTHUTENBHBIIN CIIOI YIEKTPOHUKH.

B cratee ObumM mccnenoBaHbI Mpouecchl W (haKTOPBI, BIMAIOMHKE Ha KOM(OPT HOLIEHWS MHTEIUIEKTYalbHOI onexabl. [IpoaHanu3poBaHbl IPOLECCHI
TEpMOpPETy/IMU OpraHu3Ma 4eoBeKa M MapaMeTpsl, BIMAIONME Ha MUKPOKIMMAT MOJ OfexkI0H. B3auMozeiicTBue uenoBeka M OIEXKIbl PACCMOTPEHA Kak
(u3nonornueckas cucTemMa, KOTOpas OJHOBPEMEHHO 3aNIMINACT OPraHM3M 4eJIOBEKa, TaK M BBI3BIBATH HEONArONpPUATHBIC TMOCTEACTBUA Ui Hero. bBeumm
00cysk1eHbl (haKTOPhI, KOTOPBIE BIUAIOT HA TETIONPOBOAHOCT YEPE3 0Ky, TAKHUE KaK TEIUIONPOBOAHOCTh BOJOKOH, CIIOM BO3IyXa MEXIY CIOSMHU OJCKIBI,
MOPUCTOCTh TKAHHU, NAPOIPOHULIAEMOCTb U BJIarOHENPOHUIAEMOCTh MaTepuaia U T.A. PaccMOTpeHbI MOAXOMIME TKaHU, KOTOPbIE 3allUINA0T CUCTEMY YMHON
OJICK/IBI U €€ BJAJCNIbIA OT HEXETATEIBHBIX KOHTAKTOB C BHEMIHUMH YCIOBUSIMH BIOKHOCTH OKPYXKAOIIEH CPepl, a Takke 00ECTeUnBAOT THTHEHUYECKHE
YCIIOBUS JUIS YeoBeyeckoro Tesia. OnucaHbl TPH IJIABHBIE KATErOPHU MAapONpPOHHIAEMBIX / BIArOHENPOHULIACMBIX TKaHEeil, a Takke 0000ILIeHbI Pa3InyHbIe
KOMMEPYECKH JIOCTYIHBIE MaTepualbl JaHHOro BUJA. [IpoaHanu3upoBaHO BIUSIHUE KOHCTPYKLHUU OJEX/bl HA CBOHCTBA TEIUIOBLIX IOKa3aTesel M3eIus: TUIl
OJCKIbI, 00BEM, BEHTWIALMS NaKeTa MaTepualoB, TOJIIMHA NAKeTa MarepuaioB. Takke pacCMOTPEHbI XapaKTEPUCTHKU U (hAKTOPBI CIIOS DIIEKTPOHMKH,
BJIMSIOMINE HA TOJIIIMHY NAKEeTa MaTepHaloB UHTEIUIEKTYaIbHON OJEKIBI: XapaKTepHCTUKA IEKTPOHHBIX KOMIOHEHTOB, MECTOINONOKEHHE M pACTIPEIEIICHUE B
oleXKIe, TUN M TEXHOJOTMH M30IALMUM U aMOPTH3alUM, TUI MHTErpali cUCTeMbl. [IpuBeJeHHblE B CTaTbe PEKOMEHIALUU I IPOEKTUPOBAHMS
HHTEJUIEKTYaIbHOM OIEK 1Bl SBJIAIOTCS OCHOBOM JJI JA/IbHEHUIINX UCCIIENOBAHUI Pa3pabOTKU IPOTOTUIIOB YMHOH U HHTEPAKTUBHOMN OJEXKIbL.
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