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Current Status of International Standardization for Durability Test Methods
in Smart Clothing and Future Challenges in Enhancing Product Reliability
and Quality Control

Siyeon KimT, Ga-Young Lim, Sukyung Kim, and Junghyun Lee
Reliability Assessment Center, FITI Testing and Research Institute, Seoul, Korea

Abstract: Smart clothing products can experience a decrease in performance and reliability due to various mechan-
ical, biological, and chemical stress factors that occur throughout their life cycle. These issues can hinder consumer
acceptance of the products. This study aims to enhance the reliability of smart clothing and facilitate quality control
by analyzing and identifying the current status of international standardization for smart clothing and electronic tex-
tiles (e-textiles). The focus of this analysis was on the durability test methods in the use environment. Furthermore,
similar standards published by different standardization organizations for durability tests were compared in depth. The
study showed that a total of 27 international standards have been developed or are currently under development. The
current standardization efforts mainly aim to develop functionality and durability test methods for smart clothing and
e-textile products. A detailed comparison was made between two international standards (IEC 63023-204-1:2023 and
AATCC TM210:2019) specifically in relation to the washing durability test method and the electrical resistance mea-
surement standards (BS EN 16812:2016 vs AATCC EP13-2021), before and after the environmental exposure tests.
Based on this comparison, several suggestions have been made and discussed for the future revision of these inter-
national standards.

Key words: smart clothing (=FFE ©]5), e-textile (HAMIR), smart textile products (Z=FHE E]2E} A|F), durability
test (N4 A1¥)), international standard (FA] %)
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(Kim et al, 2021), oF-£0] EFolu} of]2AAE 913 HE
EoRA g, dd, A4S B4 59 7158 Tk A
IE 50| 9} ofzolgo], Z5EHe vA| HF[FE Foate]
F5 2z 2 AT 7|52 zk= EMS(electromyostimulation)
FES} 78 A|FEC] EHo|t). B} H2Zole FUSH A
ZRlol 9| E-8¥= e 221 E (haptic glove)’t 2'23] 74
e 9lom ofuf, o] A Al FJRLE Fo| YA
S5 7RI 2gA oAl 2 =9 (force-feedback)yS Al
e 5 TR =(multimodal) Al F=w 7]5o] E855
ATHSun et al,, 2022). ©]&g 217ke] ﬂ
system)S 83 7k 1A 7 AFEF (human machine
interfacesy> FHS7 7]5"“’\1 =R 1% °F AFEy &
|2 Zog mlth AN S E A&H 08 RUEPs] 4%
oldE AL Fdshs XA o] ol X E ]Héz—u XV}
AR AT F83HA EeEe A7E F3 =
ke d =we] 2 ZAoZ 7| AtH(Meena et al, 2023).
e ol dlojds 7edd AFY Nddx EFE
AR RS 2ntE 079 LH:[L T2 o4d3d] 7= 483t
o] gulg Adsle FolE F stelth(Meena et al,, 2023).
AN oFEe AFFE] =2 FFo] BeAel ARE3sHA

72} (somatosensory

ZEY 20 wEEHe, ARl ZntELRolA old] e
e WL 25E AL VedoR 47d) olge Lol
(Jung & Lee, 2018; Lam et al., 2022; Ohiri et al, 2022;

Zaman et al., 2019a). oA, Zaman et al.(2019b)2] 7ol
A &3Y A=A ZHAIES PHEHEH R 3,0008] vREAIY
< e o, A7AFES .10 YemollA 3.17 QemS 2 F7}3)

Donning and doffing
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Deformation produced by tensile,
abrasive, bending, and shear stress

A=, Y ool tig viEAE HA 45718 20,0005
o|tk(Korea Consumer Agency [KCA], 2016). P24 & ©]9]
A o FAIFZ Ae, H, €4, & 5 oist 8%l ok uff
TS ool &b, gHTrQ‘r 2R ZOF T FES US
=2 YAlo] BRSITHKCA, 2016).

OJFAIEN olFA vt 5l gk 22 W0l Q-E]
= ol AF ARFIEE e, 2, AEE B 5ol
oFet 71AIA, 8k, AL 2B |2 2EE7] diio|tt
(Fig. 1) (Ohiri et al, 2022; Van Herreweghen et al, 2020).
AR 2t Ro] ARSE U3e] B e AR
F49 A Ak oplah, aHAt 85 Wlehe 89l
o] E|3Z tiJu & Lee, 2020; Zaman et al, 2019a). Z=0[E
oF B AR AEE w7 QA A E AlFe] A
|37 W3] e g 7Ied Had A, Al
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F3hE AEHe] &8o] a7ETh

ool Wz}, & A ZutE &Rl AxMfol tiE &
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A7 FF3) Sl gk A& 2R w=io] Fuie]elA
o EREAO, g glolEE tiutels ARelx e =
AxEs) 32 thE Ao|UATHChoi & Park, 2021; Jeon et
al, 2016; Shuvo et al, 2021). ¥ Aol tFEes A RS
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Wearing

environment, and pets
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shear, and torsional stress

Contact with skin, cosmetics,
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bending, compressive, abrasive,

L
Storing

Contact with environment
Folding and compression

Washing and drying

Contact with water and detergents
Deformation produced by tensile,
abrasive, and shear stress

Transfer of sweat, metabolites, dust,

bacteria from clothing to water

Fig. 1. Schematic diagram of mechanical, chemical, and biological exposures during a service life cycle of the everyday clothing.
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S AFEl: ZHE oF )AL, ARE oF
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TFollA oFEA] ¢EttE Shuvo et al(2021)2 Hloj8lE 717]¢]
A ®Fst A 2R =FolA el EF (phase-change
materialye ZPLE ] 2ERQIS] o] ZIAIZ O, B A
A= AR (e-textile)E AL]SH AnfE HIAERRIS TRFA] ¢
Ak TS AR et AnE R B 7Fe] AR
WA Aol oisll 2ok JFH o= Hlwsisit). A H3e
2 ARE 73 AEEFS ASHOE HwRAgemm 5
T ZulESR g AxMR N AR, o7 1 EFE
#e 9@ 2nlE 979 ZFES) A A =wo] He AEE
A3t} et

=t
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ro
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2.1.1. IEC [FAIA7171£993]]

A 2rtE o Re} flojHE tinlelx FEOZ v &t
stAl BEsh FXEHEIL e 7132 [EC(International
Electrotechnical Commission, =4 517]7149] 93] )o|t}. 4o
B AzkzAlel 71Ee] didk [EC BF3 29L& [EC TC
(technical committees) 124014 X% A&, o] 71&9d
3= 20183 AP0} & 4712 Working Group(WGYS &3
st glom, 7t WG 8o Ao, WA, AR, 71716 Al
2 &919] BFSE FXI8AL St A 7l Aol A
W 31 B3 gk o)A AAeF FE4A PAt 7hse At
=2 & 1ol v A= AL Slnk A7
= 1219 #EFo] M= JAAL 71 o o]tk (Korean Agency
for Technology and Standards [KATS] and Institute of

Convergence Science of Yonsei University, 2020).

2.12. 1SO [HAEFE3}7]]

ISO(International Organization for Standardization) TC 38
< Aol gk FARTESE Feelal e 7IeAd9I=E o
Z WG 32004 2mlE "X gl FF3E 318l ok o
EHE ZFO0=2E S WY WA SHYASO 24584,
2022)3} 8o Aol FF(ISO/TR 23383, 2020)°] Ut AxA
dee] HRI2ad 2 A AEHS A i S0Aw,
approved work item) THAIZ o}&] 7k 218 Fo]tHISO/AWI
17971). ISO/TR 23383:2020 Z=mlE EX Bl tigh 8o
el BFO=Z ISO/TC 383 FH3EF38H717(CEN, European
Committee for Standardization)2] CEN/TC 248 7]&$113]9]
HqPo= A=t

2.13. CEN [FHiEsle193]]

CEN(European Committee for Standardization)y Z~F}[E ]
ZEIY T 2ulE oF RolA AEAoR FFEIE FXIsh=
7BEE BRIk 201190 2nlE H2Eldel it go] e
EFS 7P WA s vk glom, 2016 FAMIFel gk
MAAE 28 EZFBS EN 16812, 2016)S A3t w3,
20210l ZRtE bR Melg AMG- ] fAol tist
7lolEglel BES dHo] WESIIETI(CEN/TR 17620), A&
o] g3t TAle] gvlal] AAH o= HFo] AT A
o] ol =t} o] BF AL HIH gt EFES F2
= CEN/TC 1629] WG 2¢91¢] @go= =g, &
HlE 7)5o] UM ZnfE AEo] AAsA MeEa e
EA] gAY 23l aEe] 1w o f1ES SUIE
T Atk $EelA EEs) Fgoe] AFE AL, o &
M 2utE aEo] A AM-AEE F A=E Y
T, AN, el @Rt 24 et Zad - e oAt
A% FAMZ(flow chart)e} TEARFS: AAAIEHA AABIAL U
t}. CEN Wold A 2 AfA1Ee] gk xx3ls ddshe
71€$193]= CEN/TC 24801, o] 7}1&d] WG 310] &wlE

Yrele BFEE FA5 9

AN
i)

<

2.14. ASTM [FI=HAIEAIE ]3]

ASTM(Amercian Society for Testing and Materials)<
1898 w]=toll A AyH vpket A5} AES tEE AR
(de facto) HFAFETS} 71 F2A FA| ZFSPITE oFATE Al
F AFEL /M AR BRE e BES T B
FkaL k. ZmlE ojFe] TEE ASTM EFOZE 20204
AQE fo) B EF(ASTM D8248, 2020bye] 9™ DI3
714993 7128 DI3.502] &9 $193]7}F ArntE g
of et TFAAS @star Ark "k Mgl dist w4

Fol /W 8] Folth(Table 1).

2.1.5. AATCC [M]54d-fr3tet a2 3]

AATCC(American Association of Textile Chemists and
Coloristsyi= 1921'd Aje AR S7FES) SAR, 3M,
GAP, Uel7] & 82 v df-2lF A7k AATCC %5

=

ZEFA7HA] B9S gHgate], 20189 71 (AA ) S
IS Z(AATCC EP13), 201930l o FA1ZS] thsh
AMSEE ZEHAAE, E 2, W =F, 9 ¢EE, #
Z, MAE 5)8 VS 2nlE g2ed AR WA 3

7} EE(AATCC TM210-2019) A8t

o
mﬂ‘,

[o}

k

2.1.6. IPC [HAIAAIA BE=H 3]
IPC(Institute for Interconnecting and Packaging Electronic
Circuitsy= AAPgH] B F5 Zopell Ssbe AR SA%E

|
7o, Al FEs A2 D70 el 7



Table 1. Publications of international/abroad organizations for standardization

2l 979 ARSEE Uiy AJFlO) T ) ES) B AE] WY ) B FE HE

Released year

Categories Scope Standard No. (revised year)* Title
Textil il - iles — definiti isati
Smart textiles ISO/TR 23383 2012 (2020) ext.1 es.and textile produc.ts .smart textiles — definitions, categorisation,
applications and standardization needs
Terminology ~ Smart textiles ASTM D8248-20 2020 Standard terminology for smart textiles
Weeftrable' IEC 63203-101-1 2021 Wearable electronic devices and technologies — Part 101-1: Terminology
electronic devices
E-textiles PC-8921 2019 Beqmrement.s for wov<?n and knitted el(?Ctl’Ol’llC textiles (ejtextlles)
integrated with conductive fibers, conductive yarns and/or wires
General E-textiles IPC-WP-025 2019 IPC' white paper on a framework for the engineering and design of e-
. textiles
requirements
Smart garments Guidelines for selection, use, care and maintenance of smart garments
protecting against ~ CEN/TR 17620 2021 . . C &
protecting against heat and flame
heat and flame
Wearable electronic devices and technologies — Part 250-1: Electronic
Snap fastener IEC 63203-250-1 2021 textile — Snap fastener connectors between e-textiles and detachable
electronic devices
Basic . Wearable electronic devices and technologies — Part 201-1: Electronic
properties Conductive yarns  TEC 63203-201-1 2022 textile — Measurement methods for basic properties of conductive yarns
Conductive Wearable electronic devices and technologies — Part 201-2: Electronic
fabrics IEC 63203-201-2 2022 textile — Measurement methods for basic properties of conductive fabrics
and insulation materials
E-textiles BS EN 16812:2016 2016 Electrical resistance of electronically integrated textile
E-textile fabrics AATCC EPI13 2018 (2021) Eva.luatlon procedure for electrical resistance of electronically integrated
and products textiles
Electrical Printed electronics — Part 202-3: Materials — Conductive ink —
resistance Conductive films IEC 62899-202-3 2019 Measurement of sheet resistance of conductive films — Contactless
method
Smart textiles 1SO 24584 2022 TexFlles - Sman textiles — Test method for sheet resistance of conductive
textiles using non-contact type
Printed e-textiles 1PC-8971 2023 Requirements for electrical testing of printed electronics e-textiles
Glove-tve Wearable electronic devices and technologies — Part 402-1: Devices and
motion st:ynpsors 1IEC 63203-402-1 2022 Systems — Accessory — Test and evaluation methods of glove-type
motion sensors for measuring finger movements
Fitness wearables  TEC 63203-402-2 2023 Wearable electronic devices and technologies — P'fu't 402-2: Performance
measurement of fitness wearables — step counting
Surface Wearable electronic devices and technologies — Part 403-1: Test methods
electromyography  IEC 63203-403-1 2024+ . N S
of surface electromyography sensors for wearable applications
Functionality (sEMG) sensors
Electrochromic IEC 63023-301-1 20241 Wearable electrqnlc devices and technolog{es — Part 301-1: Test method
films of electrochromic films for wearable equipments
Wearable electronic devices and technologies — Part 401-1: Devices and
Strain sensors IEC 63203-401-1 Unknownt  Systems — Functional elements — Evaluation method of the stretchable
resistive strain sensor
Smart textiles ISO/AWI 17971 Unknownt Textll.eg — Smart textiles — test method for fabric interface with
capacitive touchscreens
Fotextiles AATCC TM210-2019 2019 Test .n?ethod for electrical resistance before and after various exposure
conditions
Wearable electronic devices and technologies — Part 204-1: Electronic
Durability E-textile products IEC 63203-204-1 2021 (2023) textile — Test method for assessing washing durability of leisurewear and

E-textiles

IEC 63203-201-4

2024+

sportswear e-textile systems

Wearable electronic devices and technologies — Part 201-4: Electronic
textile — Test method for determining sheet resistance of conductive
fabrics after abrasion
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Table 1. Continued

Released year

Title

Wearable electronic devices and technologies — Part 204-2: Electronic
textile — Test method to characterize electrical resistance change in knee
and elbow bending test of e-textile system

New test method for durability of smart garment textile electrodes
exposed to perspiration

New test method for durability of smart garment textile electrodes after
laundering

Categories Scope Standard No. (revised year)*
E-textiles [EC 63203-406-1 2024+
Durability o riles ASTM WK61479  Unknownt
E-textiles ASTM WK61480 Unknownf
Ecological E-textiles [EC 63203-201-3 2021
validity

Wearable electronic devices and technologies — Part 201-3: Electronic
textile — Determination of electrical resistance of conductive textiles
under simulated microclimate

Abbreviation: ISO, International Organization for Standardization; AATCC, American Association of Textile Chemists and Colorists; ASTM,
American Society for Testing and Materials; IEC, International Electrotechnical Commission; IPC, Institute of Printed Circuits. *Revised years
were only noted for the published standards that have a revision history. TForthcoming standards were included in case that their current
development steps are officially noticed and the standard numbers are given.

F3kal Yo ZnlE AFel tigh 71Ern e}t

5 201893 E Hah%}l o] & IPC-8921(2019)y= A
= A5 HES A=A M4 L} A=A}, WA= Adehs W
Hell digh @ 7RG #s Aoz oln AAHH ISO,
AATCC, ASTM, EN & ElEFES 83l A% H7 WS
AAg) o & 59, 39 2 AX A PrPio R [PC-TM-
650(test method 2.5.17)¢} &7 AATCC EP13, EN 16812,
ASTM B193(2020a), ASTM D257(2021a), ASTM D4496(2021b)
A AN e, W3 Al thaiMe £ 1471 (A
2 7R 23 A F 179 AA] ARegeA
Asle 2EYEE OFHA AATCC EP13(2021)$F EN
16812(2016)°l Wl 2E#H 2 =& 5 217] 1%&% s
= 3IGth 147H4] 2E# 2 821 FollA] ml=
=9} F&, € 42 AATCC TM210(2019)°ﬂ %

gkoL} IPC-8921914 F7H o= vl

E}OI

o
=
A=}

22 ZE MH sig

=7 FFS} 71T e AR A X5 F3lelA AR E]
AAY 1] FR #F 7Red), A8 "9 AR 32 A
A5 B8 AFE: SRE oFOIAY, LntE RE
Xgele HAE ke B35S F 2=, 8o Ho 13 I,
S7AR 22 3, 718 At 25 N, A28 desEt
oll, W4 £F oll, 91 ERYE &
Z 1Holtk(Table 1).

A= AGE AT FE HESH Fig. 2¢F o] el
o}, FAEES 201 2018L=WPX1% o] o] xFI 27|
A &4 = A3, o]F 201993 E 2022
7] Hol| x| 71% [P HTAL A=A A9,

3 ) ) gl e 212 95 B &
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-
o

r I terminology

| [ general requirements

[ basic property

I [E227) electrical resistance

| [ functionality

553 durability

Ecological validity

Total number of published standards

N

Number of published standards
O = N W & O O N 00 ©

o N
2011 2016 2017 2018 2019 2020 2021 2022 2023 2024
or later

Year

Fig. 2. Schematic diagram of mechanical, chemical, and biological
exposures during a service life cycle of the everyday clothing.

2022c)} flojelE tujolzoX AE 4 FAd g A5
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wEE Aoz dAEthFig 2).
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2 2011d CENolA] 9338 CEN/TR 162980|the] FFe
20205_ CEN ISO/TR 2338322 thaAl=dth. CEN/TR
16298(2011) A2l E “AHEE (smarty 52 A1%52 ¢ (intelligent)’
olgi= 8§05 HT ARSslE ol AfeAel gk B
“Ur =27t AeS AFA sk FEe] th “o] F 8o
H|E niARe] 402 ARl ARE AL glou, 7t
Ao)ElaA} = A|Fo] BHEC AEZAH Af EE A5AE
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2rfE off70] AFGILY vy AJFe] bjeh A TSl YA A B B W FE HelE fet FF A4 403

glo] a2 fFsiled], o, 2ulEel TRl olE=
F2ojo] Foloj7A IEJHE|H (interactive) 7} =7 AT <1
EHE|EstAY SulEsAY A 541 dl2etde S a) &
Wako B AT ARGV WhEsHAY B7dwst] A8k 7]
78 zhe oz Ao tHCEN ISO/TR 23383). ©]#%t
20l El2Elel AolE ASTM DS248(2020b), IEC 63203-
101-120212)01 - %= 7¢] FAslA vepdot.

2utE HIAE 2 AutEFS o] wEt #5F 2
(passive), 552! (active), PI-F- Z=WIESH(ultra-smart) > 2 £
7%= 3HH(Scataglini et al, 2020; Syduzzaman et al., 2015).
o]2} FAFEHA Jang and Cho(2019) ZmEE BIAELR] AlA o
el = 4254 (passive sensor), 55414 (active sensor), X
2mFEAMA (very smart sensor)® F-F5FA}H o2 3 EFollA
59 rle AU =S A s F HolEHE Ik
o2 Fh= 715 Ivish, 559 onl= AX e A5
O|HE T AU o] AFd wE HEgo] TFss 71s
AFS ofnigict. v AnfESE AnlE of HE ZAnfER
AMe g @A O Yot FE JRE 5 A&
sl YeFAS wAsl Aeste 715s e S ke
t}(Jang & Cho, 2019; Scataglini et al., 2020).

IEC 63203-101-1(2021a)2> ¢lo]EE 2 &}7] 7] (wearable
electronic device)s 41O T A £o15 2 AUsi =,
2ulES] WAE MEshep | Erhs JIAIE S40=E AR 9
o wke}, o1A] =3 (near-body), 13 =3 (on-body), A
W& (in-body, implantable or eatable)>Z ¥-F3Ich, A|F2 &
g-3leH 548 402 A5 (stretchable) H2+717], HE)
M3 (conformable) o1& A=}7]71, A3l (biodegradable)
AR717] 9 &o7t d=E I 7S FU

2ulE o]F(smart clothing, smart garmenty= Z~FIE Bl X
Bl = s AAAE 2dske AlFE SolA oF 3
o] SHAIES N Hshe AoR, AnfE AHbEo t)§ T
CEN/TR 17620 (2021)°114] A& QlE}, & Aollxe
nlE Bl2ERQlo] oRAIF HEEHAS W =EHE AN 3
74 Z2Eg|28} old] tigt 5 B WA 17 S Al
FAFES R JoBE tjulo]lX o] AF 2ol
8] a7 Sl AWlE olREe 8olE FE B8tk
g 2nlE EXERS FAA, G4, 318, 714, FEHA W
219] A=3} Hbg- 71AE 2k AAlE BF sl 024
(CEN ISO/TR 23383, 2020), B3+ 2A] ©jola] B A7zo]
Ae A7AR 328 ke 848 Edske A, A, o
&S Qs AAP-Rr(etextile, electronic textile)Z THAS

A gskt.

0]

ro

LU b

4. =N EFE AMEY vln

41, 2715 s @}
A4 A B BEe APHe] FejE 54 w4

A, AAE, a8]a ¥R WAY SHYHOZ A= 9
o). A3 (linear resistancey> T Aol A71AelH, EN
16812(2016)2 AoggFo] Lngkrt 108 4

mx U
e
e
2

el AAE =4 At AAY 2go) A3l A 3
I8 dante Avy 22 2k dvy 94 28, 9,
HEE, Fmalel o] Zoygkoz 71 Feje] AEelth EN
16812Q20165= AAY 24 FFo=A 24 e AAXTg =
e F8l g AlE a7ARES AMAE] disiar ok
TOME g2 APETy gAsH el He FEe Ax
Aol fetel] AlE AL AISA o] wEt M= o2 Y
(pre-tensioning)S o8t FHof| H71A&E SAHET gtk
Zolt}, oA, AEARE 0,5 cNAexd] AL, A=A Je
ATAF & A8 F 5¢m B 05N ZHE 7BlEE Fo]
Atk Aol Qe AlEE Tl wek Agket o] AA|
=lof Art. ole AlFH FHe] nFEsle Y de] &3
= (uncertainty)S 713171 8] WE=A] sk @91oF Wl
ok A1 Aol weh AmAlel MEA dvke] Wr1AMe 24

B>
)
r

e FA WE3s] WEo|thRyu et al, 2011).
}\é A

SEEERRERE-SEREE IETEE
S7llolm, 45 4sjolo] 2 203 4sjolo]

4

M ooE
o
%

= O
AL ek T8 2/ 49)olo] Zwle] e A =
AIAY 4Zuold 23D e 2ol tale] AaE
S AAst] AAAFE7E 0.9 1wl AL S A 87 AA

} E40 AT ke F 07 sl AVIEES Sk T,
kel fad A 712S A BASIACE EN 16812(2016)
A AEER il SdleME sid Al dislk
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Table 2. Comparison of standardized test methods of electrical resistance measurements

Contents BS EN 16812:2016 AATCC EP13-2021
Scope Conductive tracks for textile structures (e.g. yarns, printed E-textile fabrics or end products with incorporated conductive
or coated tracks) path/traces
Number of specimens 5 3

Specimen requirements

distance is 50 cm
Conditioning 20 °C, 65 %RH, 24 h

Pre-tensioning

yarn 0.5 cN/tex

Procedure

changed.

Two electrode — four wire method: Measure at four
different distances between voltage electrodes, carry out a

Distance between the voltage electrodes is at least 10
times the width of the conductive tracks; a recommended

EN ISO 13934-1: Non-stretchable fabric 2~10 N per 5
cm of width, stretchable fabric 0.5 N per 5 cm of width,

Straight specimens, 150-300 mm in length; no specific
requirement for end products.

ASTM D1776, Table 1 for textiles, general.

Eliminate any fols and wrinkles as possible, but do not
stretch.

Four electrode — four wire method: Values are agreed
for the stability when two significant digits are not

4-point measurement: Ensure consistent pressure throughout
test, and record values after 3 seconds stabilization
2-point measurement: Ensure consistent pressure throughout
test, and record values after 3 seconds stabilization

linear regression on the measurement data. If a correlation

factor is below 0.9, discard the specimen.

Calculation Linear resistance in ohm per metre

Percent of resistance (Ohm) change after treatment
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Wd AEEE ol T 44 A" 22 20E,
AATCC TM210(2019)¢} TEC 63203-204-1(2023a)7} ©]ol| 3}
e} o] F, AATCC TM210(2019)2 AmlE o172 AR
3 2EHAE AN oR Il F ol T =& AIE
OF Ag, =gtelEEld, 2% AIE, s, @i, E, A
ez, UV, PIRE)CE AT ZF AlEEE 78] A
FA F AFIA ZEEo] 2W AATCC AFEIETES <l
galon, Y Frks Qs Zag =& AlE HE 7]
4 A%H7R= AATCC EP132021)E wEE= 319t

WHH | [EC 63203-204-1(2023a) AEF Ao tigh ¥
o2, AEAELE IS0 6330, AlEF A% A7|A3F H7k= EN
16812(2016)5 <1839t} IEC 63203-204-1(2023a)= 2021
APggk ool 2023 WABIAA, A7AF F7E It of
d Ae Algke g WAgsem, ol wef, FeskA] ok 73

e AF s ARR Hriske A= 585k 1714
=ANE 71 Aole IFA O EN 16812(2016)S L7861
U i Fole AEE Fejd wel F43 AL Adses
o= WAHAU.
AATCC TM210¢} IEC 63203-204-1(20232)2] 3% 3=
A U8 AlE AlE- dAE B8l Table 334 72o). F-
Bt} 7P Fol Bl T T Alelde AgHe] 7ol
A IEC 63203-204-1(2023a)y= SAIETE Hrdo s 7t
Fala QoA HAoe 2x=golel HAdlolR AEHsl
o}, 20239 TN F & AT AHAIE), AATCC TM210
2019y M7AEA At 5 A 327t AYdE SAE
o2 #Wert ¥ Hrh Al Sledlz Zpol7t l=tl, AATCC
TM2102019)= Frllztel skl 7+ Heojrt gle 49 A
A 9 Az 155 332 AAISIAL 9oH, IEC 63203-204-
12023a)0l= B2 AlE 3145 k4] et

AATCC TM210(2019)= AHlEF 9]oll= thaket Wl+4 Alg2d
A5 ORI lon, 2 AEE 27 EE AEHY] 7], 18
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Table 3. Comparison of standardized test methods of laundering durability
Contents IEC 63203-204-1:2023a AATCC TM210-2019

E-textile fabrics or end products with incorporated
conductive path/traces

S .
cope E-textile products

Referenced Electrical Resistance Optional; BS EN 16812 or other appropriate methods AATCC EP13
documents Laundering ISO 6330 (2012) AATCC LP1, LP2
Test Specimen Products; no specific size required Textile (N =3), 400 x 400 mm
Conditioning 1SO 139 (20°C, 65 %RH, 24 h) ASTM D1776, Table 1
Procedure Initial resistance Check and confirm the proper operation. Mark the Mark the measurement point on the flat textile. Record
meas. measurement point, and measure conductive track data after 3 seconds stabilization (see <Table 3> for the
resistance, which is optional. detailed procedures).

Home Laundering Comply with manufacturer’s designated care label. Select laundering condition as expected care instructions
If not specified, Type A machine, 4H(hand-wash) for the end products, and perform 3 laundering cycles

procedure, and line dry method of ISO 6330. without agreement between buyer and seller.
Evaluation Check and confirm again the proper operation, and Measure conductive track resistance at the marked
measure conductive track resistance at the marked points points
Calculation electrical resistance Percent of resistance change after treatment

Table 4. AATCC TM210-2019: Shape and dimension of specimens for each exposure

Exposure Shape and Dimension of specimens Minimum length of conductive tracks
Home laundering Square, 400 x 400 mm 150 ~ 300 mm
2. Drycleaning Square, 500 x 500 mm 150 ~ 300 mm
3. Water: Spray Square, 180 x 180 mm ~ 150 mm
4. Water: Hydrostatic pressure Square, 200 x 200 mm ~ 90 mm
5. Water: Salt (sea) Rectangular, 120 x 60 mm ~ 125 mm
6. Perspiration Rectangular, 120 x 70 mm ~ 130 mm
7. Acids and alkalis Circle, 48 mm of diameter 40 mm
8. UV radiation and moisture Rectangular, 120 x 70 mm ~ 130 mm
9. Microbes Circle, 48 mm of diameter 40 mm

AFE RN ElololE sl Al =E3A7E A 3l7] olth. ol2jd AnkE REEAA WA Bt Ve
< T ok ok A7Ad, 2d AgAPlel wdAl= O = NI, feuidt Ar1AFe] walks ddehs V1=
o A WSl AR, EMS ES] EMS 252 3% off thalrm= oA =27t o ol

of 23 HEHolok sle2 xR kEHER WA= W CENell Ageh 2=rfE A E—r(CEN/TR 17620, 2021)
AL #olofel ﬁ}%‘é}oq AESIaL, EMS A5 gHe] Eefut 2 AnlE aiRe] Fa 99wl a2, R ol
=5 Algslop, Al AM-ENM ] Al W8S H et AN et AT AT AR, A2, FAel e gt
Al BRI 5 A Aol vHHe R, AFA o F oA A AT oS AEYA Fofsia ol B S &
Wd 87 71Eske ve, ARl 2vkE o] i ulE 75 o Qlste] MAshe wE A, BEAl, A,
Bk 7ol aaEn CE SW, AV eR vieAY Hrh U, ARl8eld SHelN HEskes A”kih g
Al 7 B ke Al Bejd(EE, ) B Y AR B 208 B aEsh, s, 19, v
WAGEFAE)yE A7t 7IeeR sh, el At ol Ag, 25 AY, FHIE, A= Friek 7l 2] =3
ZoR| A oy o] vhAlElR] ol Soln|dl 7% A7) (material aging)?} ~PRE 7159] 7154 AES Hrlsk=E Al
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Z e o 25,6003], F2] 27604 12,8003] AlHPS o AHE-S xS Ukt yid 2 W HeEe] 975 ¢
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Additional requirements: Job i Task > < Hazard O - N * Selection of SGHF
Practical performance tests . / No SGHF ) )
Comfort & ergonomics YES \L » garments . Functional requirement of SGHF
Body protection Get support, ; *._required - Care of SGHF
Compatabity with other PPE 0.g.900 R's"::zxss‘; <l . -
Environmental assessment CEN/TR 16298 B Maintenance o
YES |, 4
Individual smart functions ¥ {__} Useof SGHF
Compatibility of smart functions . Risk NO
O_ther_hazards Heat & flame
Directives - Annex C:
YEs |, NO Follow Low level risk, localized exposure
s Selection Information e, to heat and/or flame
i Wear%r trials = <— process «— gathering ..~ Néed for smatt-... CEN/TR 14560
] Mdi“?“g‘ testing Y functions Selection of Medium Ievefl risk, exposur: to
. 9 high levels of heat and /or flame
‘... Other consideration ves JEroconiews]
r II rations Yes | . ' '
N High level risk, potential exposure
NO s - to levels of heat and/or flame that
ves  Nésdioremdve .__SG':;I:;“:“‘? = almost can kill instantaneously
Less than max NO i ’
cleaning cycles any smart : YES |,
component? SGHF : T Selection, use, care, and
Put garment Ted > SGHF gament instock maintenance of smart
No Consult Jes in for cleaning - A \
e Tchaer T P iy garments for protection
' i f ble Joquecom Soc! against heat and flame (SGHF)
NO L Required Clean the smart garment
components =2 components
removed? ’ Recordkeeping of SGHF
Inspection of J '
SGHF for heat: NO | No_.-~Garment NO { 1
and flame 3 ] contaminated?.~ <. Garment clean? © ofintensity
5 i 3 : :
prosCton garment in Put garment in for YES b J’
for repair decontamination NO
“Fitfo i Free from tears
IO : and holes?
regular use F;epalf
before use l
: YES
YES _-Repair cost.. reated Treated or NO
l efrpective? - inherent SGHF..* <— " Free from damage?:::-
Inspection of - —> - Repairable? - YES i
SGHF for o inherenll
smart function NO Bisposs oid Size & fit OK? No Training
garment and i NO T
Fit for YES pUchiase oW one) e Training in ~Examination
regulaf use SGHR ready foruse > < (o o¢ SGHFye of SGHF
TNO

Fig. 3. Schematic diagram of mechanical, chemical, and biological exposures during a service life cycle of the everyday clothing(redrawn from CEN/

TR 17620:2021, p.14).
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