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Tepelné rovnovaha (tepelna pohoda, tepelna neutralita)

U udrZovani stalé télesné teploty = cely systém v tepeln€ ustilenem stavu
\~I

U rovnovaha mezi tvorbou tepla v organismu (metabolizmus + okoli) a piestupem
tepla z organizmu do okoli (salani, vedeni, proudéni, odparovani a dychani)

VYROBA TEPLA

ROZDIL =
AKUMULACE

VYDEJ TEPLA

TEPELNA ROVNOVAHA

— e

hypotermie neutralni pasmo mokreé poceni hypertermie



Funkce odévu

Thermal input ~ Thermal release

Hot weather Cold weather




Hodnoceni termo-fyziologického komfortu

HODNOCENI

TRANSPORTNICH FYZIOLOGICKEHO
VLASTNOSTI ODEVNICH KOMFORTU
TEXTILII ODEVU

Pristroji dle standardi Probandi
(norem)

Thermal Manikins
Alternativni metody




Transportni viastnosti neboli propustnosti

(J podle druhu prostupujiciho média

= propustnost vzduchu — prodysnost R [m/s ]
= propustnost vednich par WVTR[g/m?24 hod], P [%], Ret [m2.Pa/W]
= propustnost tepla — tepelné izolacni vlastnosti A[W/m.K], Rct [m2.K/W]

» propustnost vody — nasdakavost, smacivost, vzlinavost [%], st. et.,[mm]

[ podminky prostupu média — materidl se nachazi ve fyzikalnim prostiedi S riiznou
intenzitou na obou jeho stranach — zalezi na velikosti tlakového,
teplotniho gradientu, nebo rozdilu parcialniho tlaku vodnich par



Hodnoceni transportnich vlastnosti

ALAMBETA

SWEATING GUARDED

\_HOTPLATE SYSTEM (SGHP) /
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Hodnoceni tepelné-izola¢nich vlastnosti

" Sstaciondrni podminky méteni, ve stavu kdy tepelny tok je ustalen tak,
ze se rozlozeni teplot uvnitt latky s ¢asem neméni (SGHP, Togmetr,
Alambeta,...)

|
Q J méfici metody
\\ |

= nestaciondarni podminky, MTPS (Modified Transient Plane Source, TCi),
méfeni béhem dynamiky ,,zahfivani* objektu

THERMAL CONDUCTIVITY ANALYZER (TCi tester)




Hodnoceni propustnosti tepla

“ d C-Therm TCi tester, (Thermal Conductivity Analyser)
\,
et

(J méfeni tepelné izolacnich vlastnosti pénovych, praskovych i tekutych materialt

veetné textilnich struktur, zvlasté plosnych textilii, dle normy ASTM D7984

= princip méreni - pristroj pouziva jednostranny mezi-kontaktni teplotn€¢ odrazivy snimac,
ve kterém se mimo jiné nachazi zdroj tepla, které proudi smérem od senzoru k materialu.
Zjistuje se rist teploty snimace v ptechodové roviné mezi vyhtivanym ¢idlem a
zkouSenym vzorkem. Nartst teploty na rozhrani snimace vyvola zménu elektrického
elektrického napéti.

= yyhoda systému — rychlost méfeni (cca 2 min), nedestrukce vzorku — mala velikost
vzorku (min 20x20mm), teplotni rozsah od -50 do 200°C

 Lower
CONDUCTIVITY
SAMPLE

= mérené parametry: tepelna vodivost A, TC [W/m.K],
tepelnd jimavost b, TE [W.s}2/m?K]



h,

Hodnoceni propustnosti tepla

O princip mereni metodou konstantni teploty — vzorek textilie je umistén na
vyhtivaneé Celisti a po ustaleni tepeln€¢ho toku se odecitda mnozstvi energie,
ktere¢ je nutno dodat do vyhtivané Celisti, aby byl realizovan stacionarni
tepelny tok (rozloZeni teplot uvnitf latky se s Casem neméni)

1 ;
é’tlule udici vzduch extilie




Hodnoceni propustnosti tepla, SGHP

| ‘ J SGHP systém (Sweating Guarded Hot Plate), ,,skin model*
\~ I

O CSN EN 11092 (80 0819): Textilie — méfeni tepelné odolnosti a odolnosti viiéi
vodnim param
= podminky mereni — teplota klize (vyhtivané ocel.desky) 35 °C, teplota okoli 20°C,
vlhkost okoli 65% RH, rychlost proudiciho vzduchu nad vzorkem 1 m/s

= hodnoceny parametr — tepelny odpor Rct [M?K/W], rozdil teplot mezi dvéma
povrchy materidlu déleny vyslednym tepelnym tokem na jednotku plochy ve

sméru eradientu
s _ (T _T).A

Rct = — Rct
H — AH, 0
kde Rct, - konstanta pristroje [m* K/W], Tm - teplota méifici jednotky [°C], Ta - je teplota vzduchu ve zkusebni komore [°C]
A- plocha méfici jednotky [m?], H - vyhievnost dodavana dodavana meéfici jednotce [W], AHc- je korekce pro vyhievnost pii méfené
tepelné odolnosti Ret,



Hodnoceni propustnosti vodnich par, SGHP

» princip mereni — elektricky vyhifivana porézni desticka zakryta membranou (propousti
vod. pary, nepropousti vodu) a vzorkem plosné textilie — voda piivadéna k desticce se
odparuje a vod. pary prochazi membranou a nasledné textilii — tepelny tok, nutny pro
zachovani teploty na desticce, je mirou rychlosti vypafovani

= podminky méreni — teplota kiize (vyhfivané ocel.desky) 35 °C, teplota okoli 35 °C
vlhkost okoli 40% RH, rychlost proudiciho vzduchu nad vzorkem 1 m/s

" nevyhoda — dlouha doba ustalovani tepelné¢ho toku, doba méteni 1-1,5 h

* hodnoceny parametr — vyparny odpor Ret [m?.Pa/W]- je rozdil tlaku vodnich par mezi

dvéma povrchy materialu déleny vyslednym vyparnym tepelnym tokem na jednotku
plochy ve sméru gradientu

(};??I_PL;)-A + Reto

Ret =

P, Nasyceny parcialni tlak vodni pary [Pa] na povrchu mérici jednotky pri teploté T p, parcialni tlak vodni pary ve vzduchu [Pa] ve
zkuSebnim prostoru pri teploté T, A plocha mérici jednotky [m?], H vyhrevnost dodavana mérici jednotce [W], AH_ korekce pro
vyhfevnost pri méfeni odolnosti vici vodnim param R

Produlkce vod.par , ,
Druh Sinnosti Jo /224 o] RET < 6 velmi dobra nad 20 000 g/m? za 24 hod.
. B} 2
Klidovy stav 7 200 — 1 500 RET 6-13 dobra 9 000 - 20 000 g/m? za 24 hod.
Chiize 3 000 — 10 000 RET 13-20 uspokojivi 5000 - 9 000 g/m? za 24 hod.
Béh 20 000 — 25 060
Extrémuni fyzickd zatés nad 35 000 RET > 20 neuspokojivda pod 5 000 g/m2 za 24 hod.




Hodnoceni propustnosti vodnich par

« 2
>

O index propustnosti vodnich par i, [-]
- je pomér tepelné odolnosti ku odolnosti vii€1 vodnim param

R
im = S []
e

I O ... material nepropoustéjici vodni paru

I 1 ... material s odolnosti vii¢i vodnim pardm stejnou
jako ma vrstva vzduchu shodné tloustky

S ... koeficient, 60 Pa/K



Klasifikace termoregula¢nich vlastnosti

TNI CEN /TR 16422 — technicka normaliza¢ni informace. Definuje miru funkcionality odévu v daném prostiedi.
Specifikace do jakého prostiedi a pro jakou fyzickou aktivitu se dany odév hodi. Klasifikace do tii tirovni a to: A, B a C.
Konkrétni hodnoty testovanych transportnich vlastnosti vymezuji jednotlivé trovné A - velmi dobré troven, B - dobra
uroven a C - pfijatelnd Groven.

Tabulka 1 — Urovné vlastnosti pro materialy ve styku s pokozkou, teple podnebl

Vlastnost Jednotka A B C

Tepelny odpor
ISO 5085-1 nebo
EN 31092

m? KW R, <0,015 0,015 < Ry < 0,03 0.03 < Ry < 0,04

Pleteniny

Index propustnosti vodnich par index 0-1

EN 31092

Tkaniny

im 2 0,35 025> im=20,15

Vyparny odpor m? Pa/W

EN 31092

RQ(SS 3<Rets4 4<Rq($5

Prody$nost
EN ISO 9237

mm/s - - -

Odolnost proti pronikani vody
a vodoodpudivost

-O—do;n;)st- -proti pronikani vody
EN 20811

Vodoodpudivost

EN 29865

EN 24920

cm H20 w— - i

stupen 1-5

rychlost
zkrapéni

Vedeni kapalného potu

Vedeni kapalné vihkosti
AATCC TM 195

index OMMC =4 OMMC <3

g/m’h

F=810

Vyrovnavani kapainého potu
Priloha B

index 0-1

K: 20,95

095> K;=0,85

765 > F 2695

0,85>K;20,78




= princip metody — voda je odparovana skrz plosnou textilii v klimatizované komofte.
Nasledny ubytek vody je odecten od plivodniho mnozstvi vody podle vzorce a
stanoven parametr WVTR (Water Vapour Transmission Rate) v [g/m?2.24h]

| d FX 3180 CupMaster - gravimetricka metoda (prima), JIS L 1099-A (Japonsko)
‘\\ l

A, —aq

WVTR =
Sa

a, — ptivodni hmotnost vody,
a, — hmotnost vody v misce po testu
S,— plocha vzorku

= podminky méreni - t=40°C, relativni vlhkost ¢ = 50%, rychlost proudiciho
vzduchu v =0,8 m/s
= 12 vzorkl najednou, dlouha doba méteni 24 h

L




Evaluace distribuce vihkosti - termografie

[ hodnoceni vzlinavosti, termografie + obrazova analyza, eliminace

° problému tmavych materialu

Experiment Infrared camera Thermographs

samples
]
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Pneumatic control |

dynamic water spreading in

of automatic | - Detail
pipette — ] me¥=  horizontal plane of sample, on
]| T the upper face
. ¥ ]
Pipette laser
32::22 Thermocamera
/ e o dynamic water spreading in
Sandwich : e Crsssection cross-section in the transversal
fabric v
T ] «- L plane of sample
Car seat
foam [ |
knitted spacer fabric PU foam nonwoven Moisture transport - cross-section
550
500
450
7 400
E 350
® 300
5 250
2 200
2 150
100
50
0
0 50 100 150 200 250 300 350
Time [s]
b c ==e==S1 (knitted spacer fabric) ==e==S2 (PU foam)

e=e==S3 (nonwoven padding)
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sledovani distribuce vlhkosti v roviné textilie
z rubni 1 licni strany najednou

rychlost §ifeni v rliznych smérech

zjiSténe charakteristiky (zvlhéena plocha
rub/lic, tvarové charakteristiky: kruhovitost
objektu, protaZeni a orientace objektu.....)

vyhodnoceni: obrazova analyza, Matlab




Hodnoceni transportnich vlastnosti

U standardni metody

dle norem ISO, EN, CSN

objektivita méteni, zachovani normovanych podminek méieni (teplota 20 & 2°C, relativni
vihkost 65 + 2%), ! Nereflektuje redlné podminky noseni!

stacionarni charakter pirenosu médii, ! Nestaciondrni charakter transportu (parametry
prostupu v danem casovém useku jsou nekonstantni)!

transportni vlastnosti zkoumany prevazné oddélené, 'Pisobeni nékolika médii najednou a
castokrat z obou stran (vzduch, vodni para, teplo, voda) — kombinovany prestup!

textilie - vysokomolekularni latka zména konfigurace molekulové a nadmolekulové
struktury vlivem pusobeni vlhkosti a tepla — prostup nehomogenni vrstvou (vlhkost
bobtnani vlaken porovitost, vodivost textilie)

mensi ¢asova naro¢nost méteni, mensi spotieba vzorkl, levng;si

nepfitomnost lidského subjektu, ktery tvofi neoddélitelnou ¢ast systému ,,organismus — odév
— prostredi*

hodnoceni transportnich vlastnosti vlastni textilie, ze kter¢ho je od€év tvoten, chybi vliv
tlouSt’ky mikroklimatu, siluety odévu, konstrukéniho a technologického tfeseni odévu,
meéfeni naplocho, real - cylindricky tvar odévu, atd

O modifikované metody ( véetné tepelnych figurin)

simulace realnych podminek (teplota, proudici vzduch, vlhkost), pro kter¢ jsou testované
odévni vyrobky ureny

zkoumani transportnich vlastnosti v kombinaci

zaClenéni lidského faktoru (nebo figuriny simulujici termoregulacni chovani lidského
organizmu) do méteni

hodnoceni odévu jako komplexu: vliv siluety odévu, konstrukéniho a technologického
feSeni odévu

vEtsi Casova naroCnost méteni, vétsi spotieba vzorki (materialu)

vy$$i naklady



Hodnoceni termo-fyziologického komfortu
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Pristroji dle standardi Probandi
(norem)

Thermal Manikins
Alternativni metody




Hodnoceni komfortnich vlastnosti odévu

= reakci lidského organismu

= klimatickém prostredi

= odévnim systému, do kterého je zkoumana osoba odéna (silueta —
volnost odévu, ,,tloust’ka* mikroklimy, konstrukéni a technologické
zpracovani, atd.)

‘ J komplexni hodnoceni komfortu odévniho vyrobku v zavislosti na:
A
|

J vérohodnéjsi a presnéjsi zobrazeni skutecné funkcni hodnoty textilie a
odévniho vyrobku

J hodnoceni:
= objektivng
= subjektivné
= kombinace objektivniho a subjektivniho hodnoceni



| Hodnoceni komfortnich vlastnosti odévu

N U subjektivné
. ! = zkouSky noSenim, vyhodnoceni - formou dotazniku

= zahrnut pocit nositele - pocit tepla (mirné teplo — teplo — horko), pocit chladu
(chladno — zima — tuhnuti), vlhkostni pocity
= nejcastéji 3 nebo 5 — ti bodova Skala hodnoceni, dle normy 1 9 bodova

 objektivné
= osoba (proband) nebo tepelny manekyn (figurina) vykonava ¢innost na
pristrojich v bioklimatické komote, sttidani fazi klidu a zatéze
= nastaviteln¢ parametry prostiedi (teplota, vlhkost, rychlost proudéni vzduchu)
= snimani teploty pokozky, vlhkosti produkované organismem (senzory)
= hodnoceni neni zavislé na vnimani nositele

d kombinace
= asovy zaznam subjektivnich pocitii probanda (reakce na vytvofené
podminky v bioklimatické komofte) ..... je konfrontovan s Casovym pribéhem
télesnych povrchovych teplot a vlhkosti produkované organismem (snimano
pristroji)



Subjektivni hodnoceni fyziologického komfortu
probanda pri simulované zatézi

Protokol o prabéhu testovani
start 1/2 konec relaxace

V priibéhu testu

Datum testu: Cas testu (Casovy plan):

Klimatické podminky:

Proband: Typ odévu (vriek/spodek )

Typ {oznadeni) testu

Termogram:
Poznamky:
Jaky mate nyni pocit? (oznadte prisludny étveredek): Je mi .,
1a) Tepelna vnimavost
Pred testem
Pocas testu
Po testu
Relaxace
POl A (-4) -3 -2 -1 L] 1 2 3 (4)
Chiad Velka zima Zima Chladno Mirné chladno Neutralni bod Mirné teplo Teplo Horko Velké horko
Chladné&jsi ani horko Teplejdi
ani 2ima
1b) Schledali by jste ho jako ... ? Pozndmky:
Pred testem Pred testem - pfed zacatkem mérfeni
Poéas testu Pocas testu - po 1/2 testu
Po testu Po testu - na konci testu
Relaxace Relaxace - po 10 minutach
Komfortni Mirné Diskomfortni Velmi Extrémné Stupen intenzity 4 znaci extrémni limitni stav
diskomfortni diskomfortni diskomfortni diskomfortu!
Stredovy bod nerozhodnosti odpovida absenci zmény.
Jaky mate nyni pocit? (oznacte prislusny ctverecek): Je mi ...
2a) Vihkostni vnimavost Poznamky:
PFed testem Pied testem - pfed zalitkem méfeni
Pocas testu Potas testu - po 1/2 testu
Po testu Po testu - na koncl testu
Relaxace Relaxace - po 10 minutach
0 1 2 3 4
Sucho Trochu vihko Mirné vihko Velmi vihko Extrémné vinko




| Hodnoceni komfortnich vlastnosti odévu

N U subjektivné
. ! = zkouSky noSenim, vyhodnoceni - formou dotazniku

= zahrnut pocit nositele - pocit tepla (mirné teplo — teplo — horko), pocit chladu
(chladno — zima — tuhnuti), vlhkostni pocity
= nejcastéji 3 nebo 5 — ti bodova Skala hodnoceni, dle normy 1 9 bodova

 objektivné
= osoba nebo tepelny manekyn (figurina) vykonava ¢innost na ptistrojich v
= nastaviteln¢ parametry prostiedi (teplota, vlhkost, rychlost proudéni vzduchu)
= snimani teploty pokozky, vlhkosti produkované organismem (senzory)
= hodnoceni neni zavislé na vnimani nositele

d kombinace
= asovy zaznam subjektivnich pocitii probanda (reakce na vytvofené
podminky v bioklimatické komofte) ..... je konfrontovan s Casovym pribéhem
télesnych povrchovych teplot a vlhkosti produkované organismem (snimano
pristroji)



Objektivni hodnoceni fyziologického komfortu
probanda pri simulované zatézi
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Objektivni hodnoceni fyziologického komfortu

probanda pri simulované zatézi

Termogram probanda po relaxaci 10 minut — ,,tmavsi‘
mista (mista S niz§i zdanlivou teplotou) na
termogramu  indikuji mista, Vv kterych doSlo
k transportu vihkosti od pokozky probanda na povrch
odévu a ktera jsou nasycena potem probanda.




| Tepelné figuriny — Thermal manikins




Tepelné figuriny — Tepelni manekyni

J napodobuji termoregulac¢ni funkce lidského organismu
' hodnoceni
= fyziologického komfortu odévili v€etné procest v mikroklimatu (tvar a velikost
vzduchove mezery, vliv siluety odévu, konstrukéniho a technologického feSeni)
testovani odévi do extrémnich klimatickych podminek, profesni ochranné odévy
= v prostiedi, kde pfi testovani nelze vyuzit lidskych subjekt — toxicke latky
= Cistota ovzdusi
= simulace fyziologickych podminek — budovy (HVAC), dopravni prostiedky,
inkubatory, ...
L vyvoj cca 100 manekynu za poslednich 80 let, nejcastéji vyuzivané figuriny (cca 7 typu) :
ADAM, NEWTON (USA); COPPELIUS (Finsko); WALTER(Hong Kong); SAM
(Svycarsko); TARO, KEM (Japonsko)

g




Klasifikace tepelnych figurin

1 dle ¢asového vyvoje a funkcionality
= |. generace — torzo, nepohyblivée stojici figuriny, nepotici se
= |l. generace — pohyblive kloubove figuriny (rizné staticke polohy),
nepotici se
= 1lI. generace — pohyblivé figuriny (rychlost chiize 2,5 — 6 km/h) potici
se, s funkci dychani

A dle zptisobu fizeni manekyna
= princip tepelnych ztrat
= princip konstantniho tepeln¢ho toku
= princip konstantni teploty

 dle antropometrie
= full body -y
= body part — specifické ¢asti téla (ruka, noha hlava)




| Zakladni ¢asti tepelnych manekynu

[ outer skin — plastic (polyester), heat conducted composites (conductive carbon-epoxy
composite shell, fiberglass composite), metal (aluminium, cooper), PES fabric

 heating supply system— (connected in the skin or interior of manikin), the more is the heating
elements (resistance wire) embedded inside the manikin; the higher is the stability of the heat
supply to the skin surface.

J sweating supply system — sweating nozles, wet fabric ,,skin‘, etc source of water

[ sensors system — wire elements into skin, sensors for enviromnents condition measurement
(temperature, humidity, air speed)

O PC control unit




Zpusoby simulace poceni

= pumping water to the manikin surface through sweating nozzles, e.g., “NEWTON”
sweating manikin

= advanced porous metal sweating skin, ¢.g., the advanced automotive manikin “ ADAM?”

= holding water using a piece of waterproof, but moisture-permeable fabric “skin”, e.g., the
“WALTER”

= covering a piece of prewet fabric “skin” onto a dry heated manikin, e.g., “ TORE

Simulation through sweating nozzles and wicking fabric skin - Newton

sweat-glands by sweating ,,wicking fabric skin* ,,different distribution of water by
nozzles ,,fabric skin“



Vyvoj tepelnych figurin
' O POTICI SE TORZO ... pfedchiidce tepelnych manekynti (1940, USA — hodnoceni tepelnd

Q 1zolac¢nich vlastnosti armadnich odévi, 1941, USA — vyvoj a standardizace jednotky tepelné
\~ I

izolace odévu ,,clo“ (1 clo = 0,155* Rct [m?K/W], oblek s vestou + kosile s dlouhym rukavem

+ spodni pradlo) )

= 1/4 celkového povrchu lid.téla, EMPA — Svycarsko, Tampere — Finsko, Thermetrics - USA

= simulace pfenosu tepla a vlhkosti z lidského trupu pies odév (az 36 poticich
trysek - voda, 20 ¢idel teploty, pramér ,,téla“ — 30 cm)

= podminky: vétrny tunel, sttidani faze zatéze a klidu

PTFE 01 mm epidermis

polystylens 20 mm dermis
/ polyamide 50 mm fat layec
aluminium 10.0 myn  core
sweating nozzles / /_ )

guards power supply

0 STATICKE (STOJICI) TEPELNE FIGURINY
= 1942 — figurina Sam — keramicka roura bez hlavy a pazi, pokryta méd. plechy
(EMPA, Svycarsko), pozdgji figurina doplnéna na full body
= 60. Ieta — inovace, kovovy povrch (méd’, hlinik) + topné zony (segmenty)
= analogové fizeni




Vyvoj tepelnych figurin

\' Q POHYBLIVE TEPELNE FIGURINY
A
—

= plastove, klouboveé, vice topnych zon

= 1973 — Dansko — plastova pohybliva figurina, 16-ti segmentova,
1984 — Svédsko — kloubova termalni figurina s 19 topnymi zénami

= analogove — digitalni

O POHYBLIVE, POTICI SE TEPELNE FIGURINY

= simulace tepelné vymény pi1 poceni — prestup tepla soucasné s
prestupem vodni pary (1988 - Finsko - manekyn Coppelius) —
objektivni méfeni prestupll pres odév

= potni Zlazy na povrchu figuriny — regulace a kontrola mnozstvi dodan¢
vody — odparovani vlhkosti ... hmotnostni pfiriistek figuriny

= 1989 — Dansko — 1. Zenska figurina

= povrch — plast, textil, kompozity

Q + SIMULACE DYCHANI
= 1996 — Dansko — dychajici manekyna Nille



Tepelny manekyn - vyvoj

No. Segmentation Series Material Regulation Posture  Country & year
| |-segment COPPERMAN Copper Analog Standing USA, 1942

2 | 1-segments ALMANKIN  Aluminum Analog Standing UK, 1964

3 Radiation manikin CEPATA400 Aluminum Analog Standing  France, 1972

4 | 6-segments HENRIK2 Plastic Analog Movable Denmark, 1973
5 | 6-segments CHARLIE Plastic Analog Movable Germany, 1978
6 | 6-segments SIBMAN Plastic Digital Sit, stand Sweden, 1980
7 | 9-segments VOLTMAN  Plastic Digital Sitting Sweden, 1982
8 36-segments ASSMAN Plastic Digital Sitting Sweden, 1983
9 | 9-segments TORE Plastic Digital Movable Sweden, 1984
10  7-segments CLOUSSEAU  Plastic Analog Standing  France, 1980

Il  sweating manikin COPPELIUS  Plastic Digital Movable Finland, 1988
12 female manikin NILLE Plastic Comfort Movable Denmark, 1989
13 33 + 3-segment HEATMAN Plastic Multi Sitting Sweden, 1991
14 | segment sweating TARO Copper Digital Standing  Japan, 1992

I5  breathable manikin NILLE Plastic Multi Movable Denmark, 1996
16 26-segments sweating SAM Plastic Digital Movable Switzerland, 2001
I7  |-segment sweating WALTER Breathable fabric Digital Movable Hong Kong, 2002
I8  26-segments TOM Copper Digital Movable USA, 2003

19  l-segment not available ~ Windproof fabric Digital Movable USA, 2003

20  126-segments ADAM Porosity metal Digital Movable USA, 2003

21 17 segments sweating KEM Porosity material Digital Movable Japan, 2004

22 Sweating manikin NEWTON Wicking skin with water tubes Digital Movable USA, 2005

23 Thermoregulatory sweating manikin NEWTON Wicking skin with water tubes Digital Movable USA, 2009

24  Female sweating manikin WENDA Breathable fabric Digital Movable USA, 2016

25  Baby sweating manikin RUTH Wicking skin with water tubes Digital Movable USA, 2017
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Tepelny manekyn Newton, Liz

Measurement Technologies Northwest, ted’ Thermetrics (USA), ISO 15831
simulace ztrat tepla vedenim, proudénim a salanim, pocenim

konstrukce manekyna, tepeln¢€ vodivy hlinik, obal: uhlikovo-epoxidova
pryskyfice;

pln¢ kloubovy — pohyb v kotnicich, loktech, kolenech, a kyclich (+ zapéstich a
krk) — rtizné statické pozice

20, 26, nebo 34 nezavislych tepelnych zon, samostatné tepelné regulovatelne
simulace pohybu, tzv. ,,walking motion stand*

,,Wet* test a ,,dry“ test, probihaji oddélené, (134 poticich otvori, 0-1000ml/h)
rozsah teplot okoli: -20°C to +50°C, rozsah RH v okoli 0-100%

méfené parametry: tepelny tok, tepelny a vyparny odpor (Rct, Ret, pfepocet na
clo), méfeni Rct - stejny princip jako SGHP, métfeni Ret - PES kiize saturovana
potem, ustaleni tepeln¢ho toku az pak méfeni s obleCenou vrstvou odévu
moZnost zapojeni tzv. ,,externiho dychani* — detekce aerosold, transport
prachovych Castic
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Tepelny manekyn Coppelius

(

vyzkumné centrum VTT, Tampere University of
Technology, Finsko

simulace termoregulace za riznych klimatickych
podminek, riznych Grovni aktivity, riizné pohyby a
pozice (protetické klouby — kolena, ky¢le, lokty, ramena)
méfeni ztraty tepla a vlhkosti

PC tizeny topny systém, 18 samostatné fizenych sekci
téla

PC tizeny potici se systém, 187 jednotlivé ovladanych
potnich zlaz (nepotici se hlava, ruce, nohy)

umoznuje simulaci poceni (0-200 ml/h), voda + vodni
para

wet a dry test, hodnoceni mnoZstvi vlhkosti prosle
odévem + vlhkost v odévu (hmotnost pred a po testu)
konstrukce: kompozitni material (mikroporézni
skofepina + netkana textilie)

laboratorni podminky: teplota -50°C to +50°C, relativni
vihkost 15-95%
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Tepelny manekyn Walter, Wenda

Polytechnic University of Hong Kong, 2001
jednosegmentovy manekyn (vy$ka 172 ¢cm, povrch 1.66 m?, systém cirkulace vody v
nepropustné membrané (GoreTex) — vyztuZeni figuriny kovovou konstrukci

kliZze - nepropustna textilie (jenom vodni para), vypli — voda, ohtfev vody — 2 tepeln¢
Cerpadla

meéfeni tepelnych ztrat (dry test) a vlivu pocenim (wet test) v ramci jednoho testu, tj.
Ret+Rct dohromady

ruzné statické pozice, pohyblivy (rychlost chlize 2,5 km/hod)
laboratorni podminky: teplota 10-40°C, relativni vlhkost 30-80%,




Tepelny manekyn A.D.A.M

Laboratory, USA)

J hodnoceni tepelného komfortu odévii, prostiedi v interiérech automobili, letadel

L 126 samostatné fizenych tepelnych (+ poticich) zon, 120 potnich mist, vyska
figuriny 175 cm, 61 kg

J  material — porézni kov

L protetické klouby — riizné pohyby

J simulace dychani ... vtok okolniho vzduchu; vytok teplého a vlhkého vzduchu v
realném mnozstvi odpovidajici lidskému dychani (5-15 I/min)

\‘ Advanced Automotive Manikin (2003, NREL — National Renewable Energy
\ |




Tepelna manekyna BTM

oD 000

" Breathing Thermal Manikin (1994, PT Teknik, Dansko)
\ |

hodnoceni kvality vzduchu - tzv. ,,pokojové prostiedi*

umgéla plice vybavena jednotkou pro zvlh¢ovani a ohiev vzduchu;
vdechovani Usty, vydechovani nosem (70 1/min)

PC fizeny topny systém ...16 tepeln€ nezavislych ¢asti

material — kompozit, polyester zesileny sklenénym vldknem + nikl

PEANTAZZR B )|
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Figuriny pro specifické aplikace

O DETSKE FIGURINY (Lund University — Svédsko; Thermetrics — USA; Kyoto
Electronics Manufacturing — Japonsko)

figuriny novorozence (hmotnost 1 kg), batolete, 2 let€¢ho ditéte

hodnoceni inkubatorii a dalSich zdravotnickych zatizeni pro pfedCasné narozené déti,
hodnoceni détskych odévil, plenek, komfortu détskych autosedacek

tepelné zony: 6 -16, poceni: az 32 poticich trysek + ,,potici kiize* (Gore-tex),
material: PES péna + PES plast, méd’, kompozitni skotepina, plast + sklenén¢ vlakna
problém: vétSina détskych manekyni nereflektuje jejich termoregulacni chovani

Thermetrics — Baby Ruth ( 9 — months)

11 segmenti, potici



Figuriny pro specifické aplikace

= hodnoceni fyziologického komfortu odévii déti (ISO 15831),

= velikost 140 (cca 10 let)

= 16 tepelnych zon

= simulace poceni - 112 trysek

= simulace pohybu — ,,walking motion stand*

= vystup: tepelny tok, Rct, Ret (,,nahy* manekyn, Ret 20-30 [m?Pa/W])

\ O DETSKA FIGURINA TIMMY, Katedra odévnictvi
-
|

Thermetrics — Timmy ( 10 — years)



Figuriny pro specifické aplikace
0 MODELY DOLNICH KONCETIN

= hodnoceni tepelnych ztrat a izola¢nich
vlastnosti ponozek, obuvi

= potici se, suché

= d¢leni na tepelné nezavislé sekce (6-12)

= teplota okoli: — 20 °C az + 50°C

Thermal Foot Test System (TFTS), Thermetrics (USA)

= hodnoceni tepelnych ztrat a izola¢nich

vlastnosti ponozek, obuvi, in-line brusli, vloZek do bot
(velikost: US 9, EU 42)

= 12 tepelnych zén, poceni: 0-1000 ml/h

= kompresni systém simulujici riznou
hmotnost probanda (0-90 kg)

= kotnikovy a palcovy kloub




Figuriny pro specifické aplikace

O MODELY HORNICH KONCETIN

= hodnoceni tepelnych ztrat a izolacnich vlastnosti rukavic

= material: polyesterova péna potazena PES povrchem,
uhlikovo - epoxydova pryskyftice

= potici se, suche

= d¢leni na tepelné nezavislé sekce (8, 10 nebo 14)

= teplota okoli: — 20 °C az + 50°C; 200 °C

= poceni: 0 -1000 ml/h

vyrobci: Thermetrics (USA), Lund University (Svédsko)

Thermal Hand Test System (THTS), Thermetrics
(USA)

= potici se, suche

= 8 tepelnych zon

= teplota okoli: — 20 °C az + 50°C
= poceni: 0 -1000 ml/h

= velikost 9




Figuriny pro specifické aplikace

d MODEL ,,PLECHOVE ZADNICE“ PRO AUTOMOTIVE
= STAN - Seat Test Automotive Manikin
= hodnoceni tepelnych ztrat, izola¢nich vlastnosti automobilovych sedacek
= uhlikovo-epoxydovy kompozitni material/méd’
= suche, potici se (porézni povrch); 6-8 tepelnych zon
= simulace realné hmotnosti fidice, fizend komprese pomoci zadvazi
= teplota: 10-40°C
= perspiration rate: 0-1000 ml/h. m?




Figuriny pro specifické aplikace

-~ U MODELY HLAVY

= hodnoceni tepelnych ztrat a 1zola¢nich
vlastnosti pokryvek hlavy (helmy), poceni, dychani

* hodnoceni vlivu konstruk¢nich zmén vyrobk

= 3-9 oddélenych z6n (oblicej, temeno, zadni Cast
hlavy, atd.),

= vyrobci: Thermetrics (USA), Lund University (Sweden),
EMPA (Switzerland)

>

Trend - 3D Printed Thermal Manikin Head for Evaluating Helmets

= aplikace 3D tisku
= & oddélenych zon, 40 senzoru teploty, 16 poticich trysek
= testovani ve vétrném tunelu




The immersion thermal manikins

= ponornd termalni figurina navrzena pro provoz pod vodou v hloubkach az 3 metry

* testovani tepelné€ 1zolaCnich vlastnosti ochrannych oblekll (potapecskych), vybaveni
pro preziti na mofti a dalSich ochrannych odévu vyrobenych pro ptimy kontakt s
vodou

= simulace prostiedi s turbulentnim proudénim vody — oteviené more

= potici se manekyn (22 tepelnych zon, hlinikovy kompozit)

= vyrobci: Nemo (Thermetrics, USA), Tim (Cord, Kanada), Ramll (RGIT Survival
centre, 2015, Slovinsko)

Manikin Nemo, Thermetrics




Flame manikins

= testovani odolnosti ochrannych odévii vystavenych kombinaci
piimého plamene a salaveho tepla

= manekyn + komora simulujici prostedi zasahu

= vyrobci: Thermoman - Pyroman (Dupont, USA), Harry Burns,
Ralph (British), Burnie (USA)

Flame Test Manikin - Burnie, Thermetrics (USA)

= ASTM F1930, 1SO 13506

= povrch - unique ceramic composite
(or flame-resistant fiberglass epoxy
material) that is completely fireproof
and will not degrade with use

= copper calorimeter heat-flux sensors
(126 sensors, heat flux over a range
from 0.0 to 4.0 cal/cm2es (167
kW/m?) are integrated into the
manikin shell

= applied heat flux intensity - 80kW/m?




Vyuziti tepelnych figurin

|
s. 2 hodnoceni - experimenty:
e |

= odévni komfort — vrstveni odévu, simulace fyziologickych
podminek
= zmeény tvaru a vlastnosti odévil a material
= HVAC systémy (Heating, Ventilator and Air Conditioning),
budovy, dopravni prostfedky, inkubatory
= Kkvalita - ¢istota ovzdusi
= bezpecnost lidi - extrémni podminky
 vysledky z experimenti — vyvoj metodik a vyrobka, pocitaCové
modelovani:
* dynamiky proudéni kapalin, plynu
= prestupu tepla, hmoty
= fazovych zmén
= chemickych reakci
= mechanického pusobeni a deformaci
J predikce — ziskani tidajt, které nejsou experimentalné meéftitelné
— testovani vice variant v relativné kratkém Case



Numerickeé, virtualni tepelne figuriny

Vysledky z experimentu s Zivymi osobami a tepelnych figurin = vstupni data pro
vyvoj metodik zaloZenych na principu CFD (Computational Fluid Dynamics)
modelovani.

Computer
models

Vypocetni metoda pro modelovani dynamiky proudéni kapalin a plynti, véetné prestupti tepla ¢i
hmoty, fazovych zmén, chemickych reakci, mechanického pohybu a deformaci pevnych materiala.

Simulace fyziologického experimentu




CAD systems for clothing ergonomical
design and thermal comfort

 Integrace multidisciplindrnich oborti

termoregulacni mechanizmy lidského téla

mechanizmy transportu tepla a vihkosti skrz textilii

vliv podminek vnéjSiho okolniho prostiedi — teplota, vihkost, vitr

|
|
|
User graphic interfaces
|
P | Boundary condition module | |¢mp | Scenario
iD visuahization -l Activity (metabolic rate) What to do?
Thermoregulatory module ~Temperature
- Skin/Fat/Muscle/Core = | —Humidity Environment?
3D animation - A
™ Blood Wind velocity
Human body
Clothing module -Physical parameters 4| Wearer?
Thermal Hear balance equation Physiological parameters
performance ¥4 | - Conduction Psychological parameters
ovaluation - Convectlion
Garments
~ Radiation Motorial ond strich
" ~Matenal and structure Cto!hin{?
Mass balance equation
- - * Fabric -
- Uiquid diffusion
(Flber, membrane, PCM )

~ Condensation/Evaporation
- Absorption/Desorption
Pressure balance equation

- Water vapor/liquid water

- Style

* Length (short, midi, full)
* Fitting (loose, fit, tight)

Visualization and analysis

Computational simulation

Virtual clothing design

- 35 lllllllllllluu 1

T cxnrw,,mrc 1°C)

aoNg

Rl

b

‘:: |H]“"“ T

(c) Skin temperature of trunk

Il
T

!d_'ll

* Experiment

i

T

) 10 20 30 40 50 60 70 80 90
Tirme (min.)

(d) Skin temperature of arm

T (Tl
wummﬁﬁﬁﬁ il

— Sim
E

! g

| A
0 10 20 30 40 50 60 TO 80 %0

Time (min.)

Temperature (°C)

(b) Vest shell emperature

TR ,'l;
1 i 12!

10
o l() 200 30 40 50 60 7O B0 90
Time (min, )

(i) Underwear temperature

10~ " PP
0 10 20 30 40 50 60 70 30 %0
Time (min.)



Trendy ve vyvoji tepelnych manekynu

 figuriny nemohou simulovat rychlé snizeni télesné teploty, kdyz se prostiedi

1
Q méni z horkého do chladn€ho nebo naopak, chybi systém rychlého chlazeni
\\ —

= vyvo] ,smart dynamickych* tepelnych figurin s adaptivni reakci na
vnéjSi podminky okoli,
 zabezpeceni ,,nerovnomérného poceni odpovidajici realité,
 nefunkcnost systému poceni v prostiedi s velmi nizkou teplotou

d poceni realizovano omezenym mnozstvim ,,potnich zlaz* cca 200, télo cca
2-4 mil. potnich zlaz, navySeni potnich mist (Walter),

J standardizace podminek méfeni, zejména ,,wet* testll, neexistuje jasné
b b
pravidlo o nastaveni mnozstvi poceni, vysledky z riznych figurin se lisi,

J bezdratovy prenos méfenych dat

J presnost méfeni Ret na tepelnych manekynech zavisi od mnozstvi
perspiration rate, nastaveni nizkych rovni poceni odpovidaji realité

J numerické, tzv. virtudlni figuriny



Review — Clothing Thermophysiological comfort

|
Q Islam MR, Golovin K, Dolez PI. Clothing Thermophysiological Comfort: A Textile
\ Science Perspective. Textiles. 2023; 3(4):353-407.
\, | https://doi.org/10.3390/textiles3040024
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Primary features of typical thermal manikins

Manikin | Features Manufactures/ References
type operators
Head * An average human male head of size 58, surface area of 0.1385 m’ (ALEX) EMPA, Switzerland | Brithwiler (2003)
manikin |+ Polyester shop window manikin
+ Three different zones
+ Sweating controlled by computer, covered by circular cotton pads
» 50th percentile adult male body form (US size, medium), i.e., head Thermetrics, United | Martinez, Psikuta, Rossi,
circumference of 59 cm, surface area of 0.1368 m’ States Salvador, and Annaheim (2016);
+ Carbon-fiber/epoxy composite http://www.thermetrics.com/
* Six- or eight-zone independent zones, with thermal guard products/partial-manikins/
+ Sweating controlled by computer, covered by fabric skin thermal-head-test-system
+ Head circumference: 55.2 cm. total area: 0.1483 m? (Fig. 2.5) Lund University, Aljaste, Kuklane, Heidmets, and
* Polyester foam head form covered with polyester plastic Sweden COST Action TUL101 WG4
*» Zone wise distributed temperature wire sensors on the surface and taped for (2015), Liu and Holmér (1997)
water proofing
» Six zones: skull, forehead, face, two ears and neck
+ Five sweating nozzles covered by cotton skin
Hand » 75th percentile adult male right hand (glove size, large) Thermetrics, United | Burke (1998); http://www.
manikin |+ Carbon-fiber/fepoxy composite States thermetrics.com/products/partial-
« Eight or fourteen independent zones, with thermal guard manikins/thermal-hand-test-
+ Hand form with articulated thumb system
+ Sweating controlled by computer, covered by fabric skin
» Size 9, shaped according to EN 511, hand zones area: (.044 m’ Lund University, Nilsson, Grahn, and Holmér
+ Polyester foam hand form covered with polyester plastic (Fig. 2.6) Sweden (1992); Kuklane (2014b)
+ Zone wise distributed temperature wire sensors on the surface and taped for
water proofing
* Ten zones: five fingers, palm, back of hand, wrist, lower arm, elbow




Primary features of typical thermal manikins

* Polyester foam foot form covered with polyester plastic

+ Zone wise distributed temperature wire sensors on the surface and taped for
water proofing

» Eight zones: toes. midsole, heel, midfoot, ankle, lower calf, midcalf, and guard

* Three sweat nozzles, covered by a cotton sock

* Walking simulation mechanism

* 50th percentile adult male foot (US size, 9)

* Carbon-fiber/epoxy composite

* Six-zone low-top or 12-zone high-top configurations

* Sweating controlled by computer, covered by fabric skin

* Ankle joint flexion and flexing toe segment

* Sole compression of up to 90kg with variable weight distribution

* Geometrical shapes based on the European population, surface area of 0.096 m
(Fig. 2.7)

* Silver-copper alloy foot form

» Ten segments: big toe, remaining toes, sole, heel, medial foot, lateral foot,
instep, anterior ankle, posterior ankle, midcalf

* Six sweating glands covered by a cotton layer

*  Gait simulator

2

Thermetrics, United
States

Jozef Stefan
Institute, Slovenia

Manikin | Features Manufactures/ References
type operators
Torso * Representing a 1/4 of the total adult body surface EMPA, Switzerland | Zimmerli and Weder (1996)
manikin | * Three layers: Teflon, polyethylene, and aluminum

* Three segments

* Outer diameter of 30cm

* Height of 300 mm and diameter of 300 mm Tampere University | Varheenmaa and Meinander

* Microporous skin material of Technology (2012)

(TUT), Finland

Foot » Foot length 254 cm, width 8.6cm and area of all foot zones including ankle: Lund University, Kuklane et al. (2003); Kuklane
manikin 0.06537 m* Sweden (1999)

http:/fwww.thermetrics.com/
products/partial-manikins/
thermal-foot-test-system/free-
hanging

Mekjavic et al. (2005)




Primary features of typical thermal manikins

Baby + A premature newborn with surface area of 0.086 m” and birth weight of 900g | DMAG-INERIS, Belghazi et al. (2005), Elabbassi,

manikin |+ Copper and painted matt black France Belghazi, Delanaud, and Libert
+ Six segments (2004)
+ Sweating by water supply, covered by a black cotton stocking
« Surface area 0.0901 m Lund University, Kuklane et al. (2004), Sarman
* Polyester foam covered with polyester plastic (Fig. 2.1) Sweden et al. (1992)

* Zone wise distributed temperature wire sensors on the surface and taped for
water proofing
+ Eight zones: front and back of head, front and back of torso, left and right arm,

left and right leg
+ Based on the average 2-year-old Japanese infant, e.g., height 84 cm, surface Bunka Women's Kang and Tamura (2001)
area of 0.47 m? including the head and 0.40 m* without the head University, Japan

+ Fiberglass shell reinforced with plastic

+ Sixteen segments excluding the head

* Platinum resistance thermometers covered with RTV rubber paste and RTV
rubber sheet of high heat conductance

* Thirty-two sweating pores covered by a cotton knitted suit and gore-text suit

Child * 92cm tall and weight of 20kg, roughly the size of a 4-year-old child (Charlene) | Hohenstein Classen (2016), Hohenstein
manikin |+ Synthetic material Institute, Germany | Institute (2009)
+ Six articulated segments
* About 140cm tall and garment size M, approximate dimensions of a 10-year- | Thermetrics, United | http://www.thermetrics.com/
old child (Timmy) States products/full-body-manikins/
+ Fifteen independent zones timmy

+ Articulated joints, movable
+ Sweating controlled by computer, covered by fabric skin




Primary features of typical thermal manikins

Manikin | Features Manufactures/ References
type operators

Adult = An average Swedish male of the first half of the 1980s (Tore), surface area of Lund University, Hinel (1983), Kuklane,

male 1.77 m? Sweden Heidmets, and Johansson (2006)

manikin |+ Polyester foam covered with plastic sprayed with a copper layer, and a metal
frame inside

» Zone wise distributed temperature wire sensors are taped on the surface

+ Articulated joints, pneumatic walking function

* Seventeen independent zones

* Prewetted stretchable fabric skin

* Size 50, surface area of 1.66m? (SAM) EMPA, Switzerland | Richards and Mattle (2001)

* Thirty segments

* Controllable sweating

* Advanced walking system

* Height of 172cm, surface area of 1.66 m? (Walter) Hong Kong Fan and Chen (2002), Fan and
* Metal support covered by waterproof but moisture-permeable fabric skin Polytechnic Qian (2004)
* One segment water-filled manikin University, China

*+ Point temperature measurements on the skin surface

* Central pump forces warm water flow inside the manikin
+ Sweating is simulated by porous membrane skin

* Movable

*  Aluminum FIOH. Finland Anttonen et al. (2004)
» Twenty segments

* Exchangeable lower body for sitting posture applicable for snowmobile testing




Primary features of typical thermal manikins

+ Based on tore, size C50 (Coppelius II) Tampere University | Meinander (1997), Varheenmaa
* Composite material of Technology, (2014)
» 226 sweating outlets Finland cooperated
+ Sixteen sweating segments and five nonsweating segments (head, hands, and with PT Teknik,
feet) Denmark

* Controllable sweating, water supplied to manikin surface through the skin
laminate that spreads the moisture
* Movable joints

* 50th percentile Western or Asian adult male body form (Newton) Thermetrics, United | http://www.thermetrics.com/
* Carbon-fiber/epoxy composite States products/newton-manikin-
* Articulated joints, movable options

» 20, 26, or 35-zone

* Controllable sweating, covered by fabric skin

* 175cm tall, about 61 kg (ADAM) NREL, United Rugh and Bharathan (2003)

* Porous metal States

* 120 segments

* Controllable sweating, breathing

» Surface area of 1.67 m” (Aiman) Lund University, Bohm, Holmér, Nilsson, and

* Polyester foam covered with plastic sprayed with a copper layer, and a metal Sweden Norén (2002), Nilsson (2004)
frame inside

* Thirty-three segments

+ Zone wise distributed temperature wire sensors are taped on the surface

* European male size 50 (Therminator) Aalto University, Foda and Sirén (2012)

* Twenty-four segments Finland

* Movable and capable of breathing
Adult * 168 cm (Pernille) PT Teknik, http://pt-teknik.dk/pernille
female * Sixteen segments Denmark

manikin |+ Fiberglass
* Articulated joints, movable




Thermal manikins - standards

Standard
number

Standard title

Description

ASTMF
1291

ASTMF
1720

ASTMF
1868

ASTMF
2370

Standard test method for
measuring the thermal
insulation of clothing using
a heated manikin

Standard test method

for measuring thermal
insulation of sleeping bags
using a heated manikin

Thermal and evaporative
resistance of clothing
materials using a sweating
hot plate test

Standard test method for
measuring the evaporative
resistance of clothing using
a sweating manikin

This standard describes the method of
measuring the resistance of clothing to dry
heat transfer from a heated manikin to the
environment. The manikin is used in the
standing mode. The results obtained by this
method can be used to quantify and compare
the insulation provided by different clothing
systems

This test method describes the process of
measuring the resistance of sleeping bags

to dry heat transfer to a relatively cold
environment using a thermal manikin. The
results obtained by this method can be used to
quantify and compare the insulation provided
by sleeping bags or sleeping bag systems.

It can be used for material and design
evaluations used for sleeping bag designs
This standard is used to evaluate the thermal
resistance and evaporative resistance, of
fabrics, films, coated materials, foams and
leathers, for use in clothing systems under
steady-state conditions

This standard describes the method to
measure the resistance of clothing to
evaporative heat transfer to the environment
using a heated sweating thermal manikin.

It specifies the configuration of sweating
thermal manikin, test protocol, and test
conditions. The results obtained by this
method can be used to quantify and compare
the evaporative resistance provided by
different clothing systems. The test results
measured under isothermal conditions

can be applied in modeling to predict the
physiological responses of people in different
environmental conditions



Thermal manikins

Standard
number

Standard title

Description

ASTMF
2371

ASTMF
2732

EN 342

Standard test method for
measuring the heat removal
rate of personal cooling
syslems using a sweating
heated manikin

Standard practice

for determining the
temperature ratings of cold
weather clothing

Ensembles and parments
for protection against cold
(walking manikin test)

This standard describes the method to
measure the heat removal rate of a personal
cooling system (PCS) from a sweating
heated manikin including the duration of
cooling provided by the PCS. The results
obtained by this method can be used to
quantify and compare the cooling provided
by different PCS worn with a standard outer
garment. The test method helps to evaluate
objectively garments based on various
cooling technologies, by taking into account
convective and evaporative heat transfer
This standard practice covers the
determination of the temperature rating of
cold weather protective clothing ensembles.
It involves measuring the insulation value of
a clothing ensemble with a heated manikin
in accordance with Test Method F1291 and
using a heat loss model to predict the lowest
environmental temperature for comfort

This standard defines requirements and
methodology for evaluating the performance
of clothing ensembles or single garments used
for protection against cold environments. A
walking thermal manikin system is required
to fully comply with this standard



Thermal manikins

Standard
number

Standard title

Description

EN 511

EN 13537

[SO 15831

Protective gloves against
cold

Thermal properties of
sleeping bags

Clothing-physiological
effects-measurement of
thermal insulation by means
of a thermal manikin

This standard specifies the requirements and
test methods for evaluating protective gloves
to be used against convective and conductive
cold down to —50°C. A heated, full-scale
(size 9) hand manikin is used for the test,
which should be able to maintain constant,
uniform temperature generation over the
entire hand surface

A thermal manikin is used as a measuring
device, positioned inside a sleeping bag and
placed in controlled cold conditions. Heat loss
15 measured in steady-state conditions and a
thermal insulation value for the sleeping bag
is determined. The standard thermal insulation
value is used in a physiological model to
calculate ambient conditions corresponding to
a comfort/utility range for the sleeping bag
This standard specifies the requirements of
the thermal manikin and the test procedure to
measure the thermal insulation of a clothing
ensemble, either in standing or walking mode



