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Abstract

Background  Under the Road Traffic Act amendment enacted in 2021, all road users aged 14 and over
must wear helmets when using micro-mobility vehicles such as E-scooters and E-bikes. However, it is
still difficult to find micro-mobility users who wear helmets on the road. In this study, we investigate
the design factors for developing a transformable helmet that can maximize portability to promote
more micro-mobility users carrying the helmet. This study aims to explore the material, structure, and
morphological features of commercially available transformable helmets and obtain design considerations
by observing micro-mobility user behavior.

Methods This study investigated road safety rules and regulations related to helmets for micro-
mobility. By conducting a survey, we examined users' willingness to wear a helmet when using micro-
mobility and identified the factors influencing their helmet choice. From this, the study confirmed
the needs and requirements for transformable helmet design. In addition, this study has extensively
explored commercially available transformable helmets that may suit the user of micro-mobility. All
reviewed helmets were categorized by folding structure, weight, and materials related to the design of
transformability and analyzed according to their structural features.

Results This study first identifies that various factors could influence a micro-mobility user's
perception in relation to road safety and helmet use. The study explored the characteristics of helmets in
various forms by examining the transformable helmets in the domestic and overseas markets. As a result,
this study was able to classify transformable helmets into five groups: transformable helmets that reduce
width or thickness through a folding structure, collapsible helmets that reduce space by layering flexible
materials, flippable helmets that reduce thickness by using a rotating hinge, stretchable helmets that
reduce the size by spacing units apart, and blowable helmets that inflate.

Conclusions  This study identified the advantages, disadvantages, and usability features of each design
type of transformable helmet and provided suggestions and considerations during the product designing
stages. In addition, this study identified the need to establish KC(Korea Certification) safety standards for
transformable helmets.
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Figure 1 Research Process
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Table 1 Road traffic act on personal mobility devices
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Table 2 Obligations and penalties relating to personal mobility devices
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Table 3 Investigate micro-mobility helmet usage awareness
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Table 4 Investigate micro-mobility helmet usage awareness
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Table 5 Flexible micro-mobility products in market
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Table 6 Material of transformable micro-mobility helmet
AT A £3 8¢ 2ol AL
ABS O EZLEZE(AN)Zt
erylonitile  TEHTIA, AERIS AAM0| RO[SHT EFH HEO|  JHHE ARAR HMAKE A% QRATY
Bt Z31510] 0x|= ZOD{ AN, R7IM HE Y UKSK B ANE L EW A,
uadiene IE. 42 @2 LiorZ 40| 24 Z2 A8 DY
Styrene) ofol = 2| fof T
o140 E5| SALEI}
EETEREER
H2EA 24(135~100°C)
ANl E =o TT B X [=E=4 [=k=1
BlAs AZEZRRUOIE L TO T o D B 28,7 28, p—
C i 25102 0| A > QIQIT(AZ JIAZIO|E ’
PC (Poly 2302 0|0{KM M Ata T 7 B DEBAIE RA0E,  ZZEro
Carb ) OISRl GItAN = =t e SIME 27)) Hor2 &ol - T2
arbonate =V 2/ | OfLIH, E 35T 2fom 571, =fS EX ZHBHE| O] AR
ZajAEl T , ToOolL, =0 92| 0|=IC} A= AL
=== X 4-OPEN U LS NE ST e e e
Zon| E4ME ATt E40|
o, 2, 20| 2Btk
Za|AE0|AS YER|(ZE
E{J)gl &*%QE E—L‘;—g o A M Mol EH =79
EPS AZI HOZ HEZF 9—IJ_'—7|'H1TD:I, - oo =5 54
(Expanded Tl e UIS N 2SN S Cxy, E2E4M S E4TH} L
PR = SPN SAETHZ A
PolyStyrene) (styrofoam)-ZZAE0] T T HSME M
H-AEOZE SO £
_ L L= MQ
YTt ZAYE, ,qE”; M| A
PEGHLIZO| NRSISHE  EUIYIl st 8y L 20n T on TS
2 tfEsts QAN Aol SEM x4 otgyo]  TID D ESES - simio] uiiop
Z ’ L=2=0I| 2 M (i biges) z -
Efofﬁéyn@ +rlz Idz zegae  Engaolunops  (ASSIEOIEIES qse amoe
Suslo HE. 42 AF  OISETL UFYE, FAYE, o 4050 S0, A8
MY NENH YN US. BEIZZ 9 UBT RN ol e
oo Lho. o o XX RE P "
= B 27| S0f 20| &
2U=(0.91~0.97)0] 2t
N HUE B2 A
Elg| =502 M7|= ~4O| ALY =27 _
A g s AU azusussioiumn s a7 e
PE AlS 2d uEN s 100-400ke/cm2THKIS o o oy px EMESERL]
o ueol M2t of2] Z5  QRUEE XD, ofof mpap — oS ST e
(Pol SH oH ST LCoor= ’ QUof M2} CHYSE 27|12 Mo [, 1M
y o| Za|ofaI0] A7 |=0 MEEL 500%~20% = S = Tm ', Lo=E
Ethylene) ool e HYSe | EANS 1e-s(f/b/ime  ZN0H HE 87 ENE  flstEE S
= = Soos WE me M9 mojm MY, 8RR A8

IYUE B2jojgoR 7Y

SRS ZHEC 508K
AAR GG

EE S0l A

56 Archives of Design Research 2023. 08. vol 36. no 3



Lz 4exoz
S32|0 MArE 2z
H7pAY ML H|E 22

A0 4F 20K,
HEEH 2 0 20] Z5HA|)2t
Lt Fdol XME 2Ok
S ALBElE MEE,

S201= Yo
M TPURL ZE

Usa, ey, T2 XEs  HoI3u8 AEE) 28, or ol
sgsscanzigs I9URSIRASE TIGIRNSRUIR do o o
SE= TS0l ARt SRS 2 EH0 ANOF o, A8 O
TE 52 012) 71X Hef e soof A Eage OfS BE2 28
= — o —Hd. — —
HEe=z ohs 4 QlCt =X ofojeigoz
B0| ALS.
@2 7F51e FE) #H0| 474
Z5|0|X| T &2 5430|
20| EfAS J15] = 2 SEETS
TPU i O, D PVC AfER

(Thermoplastic
polyurethane)

Z2HAEOE CiosSH

o

L2 M0|= KHE.

S8 Al Z7IRIE Asto]
s J3 2471 oLt
TPUS OE2 H7151X] 240t
20 Qa2 5 U

BUZ AolA 253t g
E7Z 0 S

ot
BIpaY BRAAEL SR JIAAPL Og RYSHT
‘AsfH|SSRIADE Si0 |0 fast AES 01H .
L T E mMO|E, TUE AE, ME - - =
(Poiyiny Pcz orgpict B aickm ool siantzae S SR N BBS =2 wa
o y'd)y oot 222 JIAME PVC XHElS] Q018 2o ;E g;glg il WERAKE 2
cort NS QUL EHRNS  OF Y IX EE B 8 O =TSO
£0! § HBsEc S| o ZRIZ F5tn ULk
3.3.7v¥3 no|3 2 PYaE| WY s}
A ARG 7P AHle] A7 Eole WYl wAR Aee A9 shal, MY 729 AYSE
sheletqct 1 A%, 7R WY 125 fstet A4skc

Table 7 Transformable micro-mobility helmet categorization
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Table 8 Transformation analysis by helmet product
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