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Analysis of Design Elements and Heating System of Domestic and
Foreign Commercial Electrical Heated Clothing

Kyuyeon Kiml’z)-Siyeon Kimz) Daeyoung Limz) Jisoo Hal), and Wonyoung Jeongz)T

D Human Convergence Technology R&D Department, Korea Institute of Industrial Technology, Ansan, Korea
)Dept of Textiles, Merchandising, and Fashion Design, Seoul National University; Seoul, Korea

Abstract: This study aimed to examine the appearance of heated clothing in relation to fashion trends by analyzing con-
structive components of clothing using product images and actual products. A total of 91 images of domestic and foreign
heated clothing products were collected, and a product analysis conducted with six parameters of item classification,
namely, concept and image, silhouette, color, number of heating elements, and heating parts. In addition, an in-depth anal-
ysis was carried out with 11 products among them, while focusing on further detailed components of the design and heat-
ing system. As a result, the overall exterior design of domestic products has been changed from outdoor clothing to daily
clothing reflecting the current design trend. Compared with domestic products, foreign products showed a diverse assort-
ment and a greater number of heating regions per individual item of clothing. The current heating system commonly con-
sists of a heating element, power source, controller board, and wires, although the existence and type of switches differed
from product to product. To develop a more efficiently heated clothing to expand the market, the design, ease of use,
safety, consumer preference, heating functionality, and durability should be considered. Along with design recom-
mendations for future heated clothing, this study also provides a practical guide to the technical aspects of the design of

the components of heated clothing.
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Table 1. Product list for the overall external product analysis

Item categories

Brands Outerwear Shirts and Accessaries N of samples
R Trousers
Coats and jackets Vest sweatshirts (gloves, socks, hat)
Kolon sports 4 0 0 0 0 4
) Blackyak 9 4 0 0 0 13
Domestic brands K2 4 ) 0 0 0 6
and products
K2safety 0 2 0 0 1 3
Subtotal 17 8 0 0 1 26
Ororo 11 6 5 0 5 27
Ravean 3 0 0 0 1 4
Foreign brands and Ministry of Supply 2 0 0 0 0 2
products Gobi heat 13 2 4 2 6 27
Milwaukee 2 0 2 0 1 5
Subtotal 31 8 11 2 13 65
N 48 16 11 2 14 91
Sum
% 53% 18% 12% 2% 15% 100%
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Table 2. Purchased products for in-depth product analysis

9] YIRS el ok B WINAE B 27T

D/A

Product images and a short specification

Domestic products

(N=5)

Abroad products

(N=6)

Product image
(image source)

(http://www.blackyak.com/)
Product ID B2 B3
Year & price  2018/KRW 366,400 2018/KRW 302,400 2020/KRW 159,000

Product image
(image source)

.

https://www.k2safety.co.kr/
Product 1D K2
Year & price  2020/KRW 145,000 2019/KRW 111,000

Product image
(image source)

. ve
Y
Y g
opy y

https://www.ororowear.com/

Product ID

02 03 04

Year & price

2019/USD199 2019/USD240 2019/USD186 2019/USD99

(Ravean, Ministry of

Product image
(image source)

https:/
https://ravean.com/ www.ministryofsupp
ly.com/
Brand name Ravean Ministry of Supply
Product ID Ml
Year & price 2019/USD111 2018/USD495

Release year
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Table 3. Analytic construction for overall external and in-depth product analysis

Analytic construction

Samples Materials
Category Subcategory Elements
Item
Visual construction Concept and image 26 products from
Overall of clothing Silhouette and cutting lines 4 domestic brands and 65 Pictures and deSCI’lptlf)l’lS
A external product roducts from 5 forei of each product online
analysis Color p &l accessible

. Heating location
Heating Elements

brands

Number of heating elements

Hood and collar

Size-adjustable fasteners or strips

Details of external

design Sleeve

Pockets(not for battery)

11 products from

In-depth product

analysis Other design details

domestic and foreign Actual clothing products

Operating method

brands

Details of heating Pockets for battery and connection between battery &

system clothing

Weight of entire clothing

A A ARSI ofxkog APZl e HeRo] Ao
2 AFo] NEHATHE]: golZE 27, Fig. 1a), 2010
FH BRI E FAHOE FH|TRAIF (M k22 Hyel o
EAERNe, 20109 9ol 0|22, FETheAZl A
HAE, Ex "t A3 2 R AlFe] EA1(Fig. 1o)==
5, A} 71578 $419] okl foRTE EEEo] dE
o] Fej 2 z57] Az 2020300 ol2EiME wA =
ZE2 Que Tl ZE|2 I 21
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= s 3L LS =) o) E W3}
L oleko] BAEEo| Bl AHIAE 20~30018 E3ele 2
o|Z2ElY ofko] WEke @ SHgSHA dojd Aoz, 7

dol QPBBIME BET 5 Yt golziety B

Irl

2nd generation”, 2015).
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A o= 1

a) I b) I c) I d) I

= W 7SR ol WS oFEA dANS I 2
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7h S EAe T AlE A AR, A, e FHEeE
AFE 2] ArbEl S ARAE alozA AR

I A, agla Al Sol der =] dEelR of-E
AFe] A4S Tl WQl A7t XuljH oz AMEEw, U5 A
FollA ELE(tone on tone) WA, TE et AAF thE]7} o
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Fig. 1. Representative examples of domestic heated jackets from 2008 to 2020: (a) Kolonsports Lifetech Jacket ver.6(released in 2011, https://
www.kolonsport.com/), (b) K2 Heat360 printed down jacket(released in 2019, https://www.k2.co.kr/), (c) BlackYak Cardiff down jacket(released in
2016, http://www.blackyak.com/), (d) K2 Heat360 director city down jacket (released in 2020, https:/www.k2.co.kr/).
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a)

. C)A d)n

Fig. 2. Representative examples of heated jackets from foreign brands: (a) Heated jacket(Ororo, https://www.ororowear.com/), (b) Sahara heated jacket
(Gobi Heat, https://gobiheat.com/), (c) Intelligent heated jacket(Ministry of Supply, https:/www.ministryofsupply.com/) (d) heated jacket(Milwaukee

Toughshell, https://www.milwaukeetool.com/).
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Fig. 3. Detailed components of the hood and collar of heated jacket and vest: (a) Ororo heated jacket(product ID = O1, https://www.ororowear.com/), (b)
Ravaen heated jacket(product ID =RI1, photographed by authors), (c) BlackYak heated vest(product ID = B3, photographed by authors).
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Fig. 4. Usage of punch-hole details and printed fabrics into a heated jacket to highlight the heating locations and technical elements: (a) Heating location
of the “Ministry of Supply’ heated jacket(product ID = M1), (b) Heating location of ‘BlackYak’ heated jacket(product ID = B1), (c) Battery pocket of
the ‘BlackYak’ heated jacket(product ID =B1, http://www.blackyak.com/). Other images were photographed by authors.
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Fig. 5. Number of heated regions of domestic and foreign heated clothing products: (a) all products(N =91), (b) domestic products(N = 26), (c) foreign

products(N = 65).

80
[ outerwears

e 70 - 7 V7777 Shirts and sweatshirts
'g /A [ | Trousers
8 60 — BBBBB Accessories (Gloves, socks, hats, etc)
o
o Total N of samples =91
& 50 - N of Domestic products = 26
',g N of Foreign products = 65
Q —
2 40
Y
o
> 30 —
(%)
3
5 20
g
L 10 -

0 = T T

temple back shoulders back chest back abdomen hand  cuffs dorsal fingers front sole of

waist

pockets hands thigh the feet

Head and neck Trunk

Leg and foot

Arm and hand

Fig. 6. Frequency of heated body region of commercial electrically heated clothing from domestic and foreign brands. If a clothing contains more than

two heating location, it was counted separately.



T2 BE, & SHY BAAES wE EETL ool 9
o}, o] A Ororo A|EoME @ul=tol|A], Gobi heat A
F2 FEAA Udo] FEEE AAENH, o] 9w &
AhzolollX Wo] 7hseh BAL, S5 o] shseh =g
o AFe] UALE R 3T E 5, 715, B, S5l A
gxoa ddA7F A =GO FHEE LR AFHRE
Table 5 Fa7), W= 2o M = 5l F2|9} YR AR &
GE7F AU H(Fig. 6).

Flo] HFEF AFA thild SFFrt HEHO=E A
2l E A 9SS T o, SldME wER-9)e] thekst
7} RE AoR o o)F ololgle] mel waR= gt
AZ)on}, 9ol FHoksle] wdo] Hagh Fof uigh vz}
7 wEHe] Sl wE AlE 9 FAUE-S Hislsl] &
v 7} 288 T WYolM AE7FG0] A E 93 V=
2 Wt A Ha s

s

422 ZANEH) P84 TR
7h ol F 2s
WA ol o] WAA2Ee A7 LA 9} A, AEEY B
=, AA, 29X2 AR AR d 1F 2he R
2912 9IA= AlFritt Adolsldedl, RIAIES 9% WS 7t
Foll, OIAIES 9% 7Is ndEel| 29217t f1A]8I3ich
SHAFE & KIAIFS A8 wiERE Algshe AR 9
Hof] F2kg 290x)71 ofd, wiElR] A MESE F 7t
SH=E AAEAE Bl B2AIER o9} fAleH AHEEe
2020 EAAIFRAAE B8 FUE FHEEE ARE
£ A A% Foy sl $RS 292 AEEHES

_‘

Eolgnigt AFS Miolgtal & <
Ak, o] AlF2 F Al T WA or zhEe] ks, A |
_‘1

A e S04, F A e AE ofEeAe)AE 9
) o | ¢

9] YRS Bl 2k 2 WANSE Y283

ARSI,

fokn), wlelRe] WA ol AB AR o)
7tk @ & vk R 0, wgelRe) wEes Ag)
Ele), W8l Frhg BANER e AFL A B
ety F A, 5 ] go] A9 29NF ejde]
Ashz ol Jbg BEHOR Mg Yovk, welge] 2
S22 AMgalA, olZelAels 242140 Bl
2 EQske AFE FEoE3 Ak 29NF o8 Wt
A gFe WA Augoss 3R Ul 728 1
o 9 £ gon, S 0R 29NE gAges
A =2 AGEA AT S e DU B33 B9

. wiEE] Feuve} Fey-els Ad

ddolfols A9 T5E AT iz Bash, mEh
wiEjE] ot A 5 e o] S o} viEE B
She ey Ao i a7t EFolnt Aol
Blg] FeUR 5450 IR ke o8e] A9 91314 wiEz
ol ol 7 Bold FHUE HiEE] FHUR ZAsksI.

AT WAERE w3l 95 e WS wiEe 5
U7k fAskA o, MI& Aefeh A Alge 25 0% <
ol fAsIT. M8HEE AR-she 7d-%-(B1, B2) PR
g AARE 2% S HFig. Ta), YR CR AojEe] <
A= AcHFig. 7b). FFFL K2, 02, 035 FTH o2 &5
HiElE] Feurt f1R1sislon], FHrl O4s wETl wubs
SRRE Folg] Ag wE o] olojA low e A
oM ]} AAH=S SlchFig. Te).

2 AE 1E 5 AAFE WEE 259 oj8E

Eok
2 1166+ 184 gMHEIE] 205+40 g), HI2EFS] WEHHS £
gk o EFEE 609+ 60 gEIE] 182427 g)olAUTHFig. 8). i
AAE T 7P FAL AFS DEAF ololeH (R X
3 ESE T 1480 g), 7FF 7HH S AT T 042 viE
g X5k o)8FTo] 232 go|UTh(Fig. 8). AMAF 45<] el

Fig. 7. Battery pockets in various forms and connections between clothing and batteries: (a) battery pocket and magnetic connector(BlackYak, http:/
/www.blackyak.com/), (b) a cable for the connection between clothing and the battery(photographed by authors), (c) battery pocket with knitted fabric

in the heated socks(Ororo, http:/www.ororowear.com/).



284 BRO)FRIY SR X] A23H A2%, 20214

Weight of electrical heated clothing (g)
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B2, BlackYak, Vest —
B3, BlackYak, Vest —:
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BB Battery weight

B1, BlackYak, Jacket —

R1, Ravean, Jacket —|

M1, Ministry of Supply, Jacket —

01, Ororo, Jacket —|

Fig. 8. Weight of domestic and foreign commercial electrical heated clothing.

Table 4. Battery specification of heated clothing and heating characteristics

Total clothing . . The number of  Working hours . .
. . Battery weight Battery capacity . .. . . = = Maximum heating
Product 1D Brand name weight ncluding a © (mAh) individual heating . temperature(°C)
battery(g) & elements min max P
Bl BlackYak 1005 150 4,040 1 2 Unknown 55
o1 Ororo 1480 240.8 5,200 3 10 55
R1 Ravean 1090 226 10,050 5 22 6.5 N.A.
M1* Ministry of Supply 1091 207 10,000 3 Unknown 4.5 57

*The brand recommended three kinds of portable charger which are compatible with this product. Among them, the highest capacity battery was chosen

(Omars Power Bank) N.A.=Not available
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Table 5. Heated clothing products for the overall external analysis on the design elements and heating system

No. Category Clothing item Brand name Product name Heating location R}e/l:;ied
1 Outerwear  Functional outdoor jacket Kolon Sports LifeTech jacket ver.3 Back 2008
2 Outerwear  Functional outdoor jacket Kolon Sports LifeTech jacket ver.4 Back 2009
3 Outerwear  Functional outdoor jacket Kolon Sports LifeTech jacket ver.5 Back 2010
4  Outerwear  Functional outdoor jacket Kolon Sports LifeTech jacket ver.6 Back 2011
5 Outerwear Down jacket BlackYak Yak On H jacket Back 2015
6 Outerwear Down jacket BlackYak Yak On H W's jacket Back 2015
7 Outerwear Down jacket BlackYak Yak On H down parka Back 2015
8  Outerwear Down jacket BlackYak Cardiff H jacket Back 2016
9  Outerwear Down jacket BlackYak Heated heavy down jacket (B5XRS) Back 2016
10 Outerwear Down jacket BlackYak ~ W's heated heavy down coat (BSXRS5) Back 2016
11 Outerwear Down jacket BlackYak Heated heavy down jacket (B5SXR12) Back 2016



286

Table 5. Continued.

Sl FLIT 88)R) A23H A2s, 2021H

No.  Category Clothing item Brand name Product name Heating location R;f;ied
12 Outerwear Down jacket BlackYak M’s Infinium jacket Back 2018
13 Outerwear Down jacket BlackYak W’s Infinium jacket Back 2018
14 Outerwear  Lightweight padded vest BlackYak M’s Infinium Vest Back 2018
15 Outerwear  Lightweight padded vest BlackYak W’s Infinium Vest Back 2018
16  Outerwear  Lightweight padded vest BlackYak M Phase H Vest Back 2020
17 Outerwear  Lightweight padded vest BlackYak Rise H Vest Back 2020
18  Outerwear Down jacket K2 Volcano Back 2012
19 Outerwear  Lightweight padded vest K2 Heat 360 module print vest Back 2019
20 Outerwear Down jacket K2 Heat 360 module print down jacket Back 2019
21 Outerwear Down jacket K2 Heat 360 director city down jacket Back 2020
22 Outerwear Fleece Jacket K2 Heat 360 engineered fleece jacket Back 2020
23 Outerwear  Lightweight padded vest K2 Heat 360 engineered ball padded vest Back 2020
24 Outerwear  Lightweight padded vest K2 Safety Hybrid heated vest Back 2020
25 Outerwear  Lightweight padded vest K2 Safety Smart heated vest Back 2018
26  Accessaries Gloves K2 Safety K2 safety heated gloves Dorsal hand 2019
27 Ssvi,l;ztsstir; (i Hooded zip-up sweatshirts Ororo Lightweight heatetiios:/jlireldbreaker pullover Back, chest Unknown
28  Outerwear  Functional outdoor jacket Ororo Classic heated jacket Back, dhest Unknown
29  Outerwear  Functional outdoor jacket Ororo Heated thermolite jacket Back, hand pockets Unknown
30  Outerwear Hooded jacket Ororo Heated hooded jacket Back, chest Unknown
31  Outerwear  Functional outdoor jacket Ororo Heated jacket Back, chest Unknown
32 Outerwear Fleece jacket Ororo Heated full-zip fleece jacket Back, chest Unknown
33 Outerwear  Functional outdoor jacket Ororo Classic heated vest Back, hanflle;: ECket’ back Unknown
34 Outerwear Fleece jacket Ororo Heated fleece vest Back, chest Unknown
35 Outerwear  Lightweight padded vest Ororo Heated padded vest Hand pocket, back neck Unknown
36  Outerwear Fleece vest Ororo Ultrasoft heated fleece vest Back, chest Unknown
37 Outerwear  Functional outdoor jacket Ororo W's classic heated jacket Back, chest Unknown
38 Outerwear  Functional outdoor jacket Ororo W's heated jacket Back, chest Unknown
39 Outerwear Fleece jacket Ororo W's heated full-zip fleece jacket Back, chest Unknown
40  Outerwear Fleece jacket Ororo W's heated full-zip fleece jacket(2020) Chest Unknown
41  Outerwear Down coat Ororo W's thermolite heated parka Back, chest unknown
42 Outerwear Functional outdoor vest Ororo W's classic heated vest Back, hand pocket Unknown
43 Outerwear Functional outdoor vest Ororo W's classic heated vest (2020) Back, haniei) ](()cket, back Unknown
44 Outerwear  Lightweight padded vest Ororo Heated down vest - slim fit Back, hand pocket Unknown
45 Outerwear Fleece vest Ororo Heated fleece vest Back, hand pocket Unknown
46 Ssvi,l;ztsstir; (i Fleece hoodie Ororo Heated fleece hoodie Back, chest Unknown
47 sswh:;tssti:i Doodie Ororo Heated pullover hoodie ver.1 Back, hand pocket Unknown
48 sswh:;tssti:i Doodie Ororo Heated pullover hoodie ver.2 Back, chest Unknown
49 Accessaries Hand warmer Ororo Heated hand warmer Back of hand Unknown
50  Accessaries Gloves Ororo Heated gloves Dorsal hand, fingers Unknown
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Table 5. Continued.
No.  Category Clothing item Brand name Product name Heating location R;l:;ied
51  Accessaries Mittens Ororo Heated mittens Dorsal hand, fingers Unknown
52 Accessaries Gloves Ororo 3-in-1 heated gloves Dorsal hand, fingers Unknown
53 Accessaries Socks Ororo Heated socks Soles of the feet Unknown
54 Outerwear Down coat Ravean W's down x heated jacket Back, chest, hand pocket Unknown
55 Outerwear Down jacket Ravean M's down x heated jacket Back, chest, hand pocket Unknown
56 Outerwear Functional outdoor jacket  Ravean M's rugged heated jacket Back, Chest, Cuffs Unknown
57  Accessaries Gloves Ravean Heated ski gloves Dorsal hand Unknown
58  Outerwear Down jacket MoS Women's intelligent heated jacket Back, hand pocket Unknown
59  Outerwear Down jacket MoS Men's intelligent heated jacket Back, hand pocket Unknown
60  Outerwear Functional jacket Gobi heat Flash heated hi vis jacket Back, chest Unknown
61  Outerwear Functional jacket Gobi heat Sahara men's heated jacket Back, chest Unknown
62 sswhletz:tss}i]:tds Hooded full-zip sweatshirts Gobi heat Ridge men's heated hoodie Back, chest Unknown
63 Outerwear Functional jacket Gobi heat Shadow heated hunting hoodie Back, chest Unknown
64  Outerwear Functional jacket Gobi heat Sahara heated hunting jacket Back, chest Unknown
65  Outerwear Functional jacket Gobi heat Shift men's heated snowboard jacket Back, chest, hand pocket Unknown
66  Outerwear Functional jacket Gobi heat Grit men's heated workwear jacket Back, chest, hand pocket Unknown
67  Outerwear Functional jacket Gobi heat Ibex men's heated workwear vest Back, chest, hand pocket Unknown
68  Outerwear Functional jacket Gobi heat Wolf men's heated jacket Back, chest Unknown
69  Outerwear Functional vest Gobi heat Dune men's heated vest Back, chest Unknown
70 Shirts a.n d Base layer shirts Gobi heat M's heated baselayer shirt Back, back neck, abdomen Unknown
Sweatshirts
71 Trousers Base layer pants Gobi heat M's heated baselayer pants Back waist, front thigh Unknown
72 Accessaries Gloves Gobi heat Stealth heated glove liners Fingers Unknown
73 Accessaries Gloves Gobi heat Epic heated gloves Fingers Unknown
74 Accessaries Gloves Gobi heat Drift work glove Fingers Unknown
75  Accessaries Beanie Gobi heat Knitted beanie (W) Temple Unknown
76  Accessaries Beanie Gobi heat Knitted beanie (M) Temple Unknown
77  Accessaries Socks Gobi heat Tread heated socks Soles of the feet Unknown
78  Outerwear Functional jacket Gobi heat Sahara W's heated jacket Back, chest Unknown
79 Shirts a.n d Hooded full-zip jacket ~ Gobi heat Ridge W's heated hoodie Back, chest Unknown
Sweatshirts
80 Outerwear Lightweight padded jacket Gobi heat Wolf W's heated jacket Back, chest Unknown
81 Outerwear  Lightweight padded vest Gobi heat Dune W's heated vest Back, chest Unknown
82  Outerwear Functional jacket Gobi heat Shift W's heated snowboard jacket Back, chest, hand pocket Unknown
83  Outerwear Down coat Gobi heat Victoria W's heated coat Back, chest, hand pocket Unknown
84 Outerwear Down jacket Gobi heat Arcadia W's heated parka Back, chest, hand pocket Unknown
85 Shirts a.nd Base layer shirts Gobi heat W's heated baselayer shirt Back, back neck, abdomen Unknown
sweatshirts
86  Trousers Pants Gobi heat W's heated baselayer pants Back waist, front thigh Unknown
87  Outerwear Functional jacket Milwaukee Heated toughshell jacket Back, chest, hand pockets Unknown
88  Outerwear Functional jacket Milwaukee Heated AXIS jacket Back, chest, shoulders ~ Unknown
89 ssv}vllerz:tssliri Hooded full-zip jacket  Milwaukee Heated hoodie Back, chest Unknown
90 sswh;I;tssti];(js Base layer shirts Milwaukee Midweight baselayer Back, chest Unknown
91  Accessaries Gloves Milwaukee Heated gloves Dorsal hands, fingers ~ Unknown

* Foreign products’ release years are often unclear, so they were indicated as ‘unknown’.
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