'.) Check for updates

Transactions of KSAE, Vol. 33, No. 11, pp.875-884 (November, 2025) Copyright © 2025 KSAE /240-01
PISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2025.33.11.875

SoAl B4 2 U2 &40 HAle] AZdY Jlsd 1

Usability and Functionality Considerations of Flush-Type Vehicle Door Handle Design

Sung Ryeol Shin" + Sang Koo™

"Department of Industrial Design, Hongik University, Seoul 04066, Korea
I Department of Industrial Design, Hongik University, Seoul 04066, Korea
(Received 19 May 2025 / Revised 19 May 2025 / Accepted 25 June 2025)

Abstract : This study examined the historical evolution of automotive exterior door handles. Specifically, it analyzed
flush-type designs’ emergence, typology, and impacts on usability, functionality, safety, and user experience, referencing
literature, case studies, safety standards, and the design paradigm shift from human engineering to emotional engineering.
The findings showed that door handle design evolved from function-centric “human engineering design based on
technology” to “emotional design based on improved convenience,” emphasizing aesthetics, aerodynamics, and innovation.
Flush handles exemplify this, offering novel user experiences but also posing several challenges, such as reduced intuitive
usability, potential electronic malfunctions, and emergency access/rescue delay concerns. Hence, the study concluded that
future designs of automotive exterior door handles must balance technological innovation and aesthetics with intuitive
usability, emergency safety, and positive emotional experiences. The research results are expected to inform design
directions for automotive access systems, promoting richer, safer user-vehicle interactions.
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Fig. 1 Research structure model
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Table 1 Classification of automotive exterior door handle

types
Category Description Subtypes | Subtype describtion
No external handle; Applied to doorless
1. door operates via concepts or vehicles
Handle- interior or - with classic door
less type alternative catch and internal-
mechanisms only access
2.1. Early Traditional
convent- | lever-style handle
ional used in early
handle vehicle models
5 Protruding Button infeerated
. utton integrate:
" handles that | 2.2. Push- | . &
Positive i into handle triggers
canbe directly button
type door latch when
grasped handle
pressed
2.3. Handle is pulled
Pull-out outward to
handle open the door
3 Recessed into the Pivoting or rotating
"L door; user interacts | 3. Flap handle located
Negative . . L
by inserting fingers | handle within a recessed
e ..
P or pushing inward area
Aligned with the Physical button
4. Extend . .
door surface; flush triggers extension
us|
extends or activates or release
. . handle -
4. upon interaction mechanism
Flat type | Aligned withthe | 5. Touch- | Uses capacitive or
door surface; sensitive | proximity sensors
automatic door open | automatic | for seamless, touch-
by touch sensitive door based operation
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Table 2 Door handle types and models

Category | Subtypes Model Image
1.
Ford Model T
Handle- ora ode
- Touring Car, 1925
less type
2.1. Earl
f_r Y | Ford Model A Town
conventiona
1929
handle Car,
2.2. Push-
2. us Chevrolet Camaro,
Positive button 1968
type handle
2.3. Pull- | Mercedes-benz W201,
out handle 1985
3. ..
Neoative 3. Flap Honda Civic,
\7
& handle 2000
type
4. Extend Tesla Model S,
flush handle 2012
4.
Flat type 5. Touch-
sensitive Tesla Cybertruck,
automatic 2024
door

Photo. 2 Handleless type, Ford model t touring car, 1925

877




Sung Ryeol Shin * Sang Koo

22.2 E£Y(Positive) LSz} £210|

npxp Aloel] ALS-E 718 E5bole] IS e 2
7] AFs g ol K7 A3 TS SHE|
A8 A 245 AHEEE T 71EA EUEe] AES
ek 7172 AAS = ATk 190813 5-E 1927 Aol &
AlEl Model T2 - 292l Model A= 7|52 A8-%
HapQlate] ApH sk dAvfiola Al 848 F7}s)
| S8k o= §43 meke] ARl &5olE A
&kl T o)1= Model T7F A3 24121 tg Ak = 7)<l
% el Y-S Aol o] %, 19201t e] WMalel=

N

A} 7oE wheste] mrk 2ul Q) 2ol

Photo. 3 Early conventional handle, Ford model A town car,
1929

AFs2E7Y el wek Altslg e uhE) &35l o] £
o g et Al = E El MskE U 1960, 1970 O
tharo] xpegel] 8- AW FA] HE(Push-button) <=5+
oli= MHE S8l WA HES Eelok sk Wae

o] EAF-L 1970t T4k, A A ApLz oo A] g
Ap7F AbgEE ] o} o Al BB 2 AR (Daly v.
General Motors Corp., 20 Cal. 3d 725, 1978) 2.2 o]o]A]
WA Aglo] el w) 7| BSIEhS sl wAoA WS
3119 &5 e P E njAkgo] Afate)] f gk

e
v 3 A AFFUAE, AF T Aol Abuel

878 B=RASABE3 =2Y A33A AuE, 2025

o] % /e F oF(Pull-out) 50l EEH ] o
T el E v R T EEE o WAl
=, AR AR Wi v} ol g, 8 &0l
AL ek AR 1980 H] SRR 2 5o AR
A 7Hd Ak o2 AR = g olvh AR Sl
A F ok Effel A A ol B AlHshe
W dAjste] Judt v F30] Extolnnt A2
Fomw 24 rhedirhs S 7 A glom, &
28 o) o] Al Atel] A 0% H857] oA
o) Abs Ak E3tel 5ol 71kl o5 S 919 B9k 1990
Ao Z2ksE o Extol ok E3ll(Flap) 184 £l
o] =9j e ghaelnt

Photo. 5 Pull-out handle, Mercedes-benz W201, 1985



Usability and Functionality Considerations of Flush-Type Vehicle Door Handle Design

22.3 fE(Negative) 2+ 220 o AEEE B 20e B9 HAHS ashs 04w

0K 0l AT The BT AN DL FHATIE 2020 T 015K Tl Mode
$7] Aol Hele BAS pAw ok sl ME = slee) feld e e 2E Y A8 &1
ool W A WECI FHOw Beli gol W ol AUSHA L ALE Al u o BE)
g 27] £tk A8 W) A, bR T b 94 )] WAl Extend flush type) £ 7H0] S 28
Aol Holet S AT ik A fro Holth  skick. ol HY1E e o AR Al Fue
SR A 014 AS) v A el Sl A4S REWALE YA el LAY Ao
Ak A= E} (Catch type)o 2% = =9 B = aad e desH AN s, 55 dEY
(Flap type) <=0l XHA| fH5 0 =2 ‘51__:'% 2o 9% o= AN ARA I s Ale] FAlAS WAle-~
oizhd ‘%‘ﬂii GA & o= WA o= XA v 23k fradolth
gom Eitol7t & H A Kot An|H o ZAEg 2f H&eho] S B2 ol e5E 592 1 &
A S FEskE doll f2lskch 19723 3-8 S A7k A 21848 13 = 9=, 2012 HE T ol 3]
A] ) == Honda 2] Civic2 25291, 4520] A, 55-9] v E3]% o A&% Door handle apparatus for vehicles
A, 5ol 71 8 2k A0l EE A% A (USII03143B7e] SlBkA o] ol A B 9l

SUE A, 972 FA LA 0004 T4 B BP0 ) el B e 0]
H 7AIN7HA] B v e ol & A8t = AYUSEES 7o, ]TE: Tést7] 98 ZEHE ©]

g8lo] £l AF o AL BAN & Al
g olgstolt wa 5a19] 154 AVAo D &
o7} Apek B wwlwt Yy &3 3—71‘*@@

4L PIN7)E BA, £5tole] 9
Aojah tharah A oh A Bl B850 S-S @o

g AL

Photo. 6 Flap handle, Honda Civic, 2000

E =7}l v A 8= o, 2}k upet

2 ek o2 ek 5 2]l 2ol

Walof] QlojA &3to] ko R &5 W

o 2 JgA Asle 3 54 7t 1

B} &3bol= gk A1) 2Tt ZHA)

SIEE AAIE Broll Aed Ao 13k 2hEe] o]H

o] o, 22} F|7} dhr]o] Wolx Urt= Ul R

A B2 Ve Photo. 7 Extend flush handle, Tesla Model S, 2012
2.2.4 YU (Fla St &0 H&ohe] FelA] 2] E3Fo] A& o] % w2 H| 2~
HHEF(Flat) 505 G2 ko] 2857 o] A5 Wl = (Mercedes-benz)2] W223 S-Class, A E =2 J(Citroén)

B thgre] ZMETL| ALxo] nitsk S L35} 9] DS 3, #fA5*H(Hyundai motor group)2] Grandeur

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 11 2025 879



R

GNT 5 71E9] H71% AR eelglol i w41519)
ov] thpe] A4 AER QASE Adgel 4% T

Fho} gpbalol 4 ok Fgr & WA,
Szl Eel A A el 210] 249
Aol EEEA eob 23l A] AFEol AT 4 3)
v g o] 9t} o8] 3k e A Alae] flolo g
_rO_l_
HE

rﬂ
r

A= v Al E B8l 7 sE o, o=
A A} 7} Z 2 13 (Euro NCAP), 3= Alx} B 7} 3
ZIIF(KNCAP) Y 3212 obd Al 7] 3ol A Z2]A]
2] &zlolo] Zak EXH A o] AldE]o] 9% 1 gt
AR & glet = Qlvk

Hl&es o] F 2024 W E3Fol 7} k78] Ak o
B3] Ao 7 A s Aok JHE 7 7 gk B A
(Touch-sensitive) 1= AAF2] I E &<l Cybertruck®l]
Agsto] A8t AW ER 2 o2|dl =g} ¢
d FHow o]Foj nAe 2l s 2Y 9u
(Exoskeleton)S E-3l <v]2]4 7321 E(Futuristic rugged-
ness)’ & T-A3FIA} ST o]# g E& 2] 4] (Monoli-
thic) B 1o1 & F41317] S 9% ol ol = EE
8 247} glolof o, A WEA AF <ol
olg P A ar BEHUL B2 gl
A el o] J1sters mse] @4 glol A
HEE =9, x5 Zabel 2 TEH] (Minima-lism) 2}
7Fo1dte] 2 A)S Zslalit}. w3l &to] 7} vhx <&
ot A% o] A4 Aol 29 L4 EHEA
A B 9 W0 el A3 49, 4

S F5F Setel whe A 28318 AlFE

Oi"/‘i At E ] o] A =391 A& 3§42, 18]
aL 534 meh g A skl

Photo. 8 Touch-sensitive automatic door, Tesla Cybertruck,
2024

880 B=ASABE3 =2Y A33A A, 2025

4

23 MRS S8 9 24 8

AR ERU Eidolis A1) walol wieh 14
3} 234 0] A=t A
o121 A e 2k 2t el 28] 1% A
o] B2 45 A 52 %’4%& o] ol .om,

(1. Handleless type)°l

o
o
f
P
N
lo,
b
i)
o
N
0
rlr
Jo

Table 3 Door handle change factors and keywords

Change factors
Category | Subtypes . Keywords
gory describtion W
1.
Handle- - - -
less type
2.1. Earl
Y| Intuitive usability. ,
conven- Convenience,
K Also used as a K
tional d " . ¢ Aesthetics
ecorative elemen
handle
29 Push- Intuitive usability. '
5 button Modular handle for Convenience,
. ul
Positive | handle easier Production & | Manufacturability
maintenance
type .
Operable with
minimal force Simple .
2.3. ructure fi llent Convenience,
structure for excellen
Pull-out . Durability,
durability.
handle 8 Safety
Double-action
enhances safety
Clean, streamlined
3. 3. Fla form Miniaturized Aesthetics,
Negative ha dlp grip. Improved Practicality,
ndle
type aerodynamic Functionality
performance
Superior aerodynamic
erformance &
p R Functionality,
4. Extend aesthetic appeal. .
. Aesthetics,
flush Innovative sleek Innovatio
Vi
handle design elements S i s
ecuri
Blocks unauthorized v
opening
Fully flush surface
4 Fla for maxinm
type a}ero ynamllc .
efficiency. Omission L
. . Functionality,
5. Touch- | of protruding grip .
.. . Aesthetics,
sensitive emphasizes body .
. N Convenience,
automatic form Automatic L
K Manufacturability,
door opern/close without .
] Innovation
physical contact
Eliminates manual
controls via
integrated sensors
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