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ABSTRACT

The profile of a bus seat needs to be designed ergonomically for better seating comfort.
The present study is intended to develop an ergonomic bus seat design protocol based on
seat comfort evaluation and seat profile analysis. The proposed seat profile design protocol
consists of five steps: (1) seating comfort evaluation, (2) seat profile measurement, (3)
preferred design feature identification, (4) new seat profile design development, and (5) new
seat profile design validation. In the comfort evaluation step, 48 participants evaluated 7
parts (headrest, upper-back support, lumbar support, seatback bolster, hip support, thigh
support, and seatpan bolster) of 12 existing bus seats from various ergonomic aspects
including fitness of shape and overall comfort. In the profile measurement step, the profiles
of seatback and seatpan for the bus seats were scanned and analyzed. In the preferred design
identification step, preferred design features of the bus seats were identified based on the
comfort evaluation results. In the design development step, the identified preferred design
features were applied to developing the prototype of an improved bus seat. Lastly, in the
validation step, the new bus seat was compared with the reference bus seat by seating
comfort evaluation. The proposed bus seat seat (M = 4.79, SD = 1.22) was found superior to
the reference bus seat (M =4.32, SD = 1.16) at the seatback and seatpan parts. The proposed
seat profile design protocol would be applicable to design various types of seats used in bus
as well as passenger cars.
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2.1.  Seat comforte] A<
Seat comfort= 7| AFEolA thFst ou|2 gojx a1 Qlt). Hertzbuerg

(1972)= seat comfortZ ‘discomforte] F-z'=A Aelsldtt. =, discomfort”}
WSO comfort7t & Zo®E WHEQATE Shen & Vertiz (1997) comfort2}

discomforts= sAlo EA18bY discomfort 7HAdo] Zo|E uwl comfort 7+HAd o]

rok

Z7Fetthal 7431t} Lueder (1983)2 seat comfortE seat®] X %] EAdol ¢
wd o= el

Seat comfort= = 47}#] Q.<l(vehicle/package factors, social factors,
individual factors, seat factors)ell ©oJal S W Zo= A Joh(d 2.1
Zk2). Vehicle/package factorsi= seat] o], &z & 91X, 20 £}
ol x4 Fikyt #Ho] 9tk Social factorsi AbE Akl H=rgoli}
VAol vlEEE 7443 #o] ) Individual factorss S xAFe] Q1A EA],

2312 EA A9 #HEETh vpA o R seat factortss seatd] FA, =7,



H7Pa 9l seatE benchmarking thAt o2 A3t} ag]a AEHIE S
T seat7t MEHE olfrES Fetdt F, wotd EAES utgew At

prototypes A ZH3tth. wmpx o 2 Agf+ A ZHE prototypeS benchmarking ThA¢
seate} AEH7IE T wagio olef 2 AL A5F prototype] comfort
RF 27} benchmarking 8t @A 7 dERd wj7kA] wbEE

71&9 seat comfort 7H WHS ARgARS] FA WIFE blgow

71E2] §-73 seate] comfort 54& ©AIA OS2 benchmakring & 5 1o,
Hl-E- A o] prototype A2 2 Hrrz Qs oF 3de JiE 7]Fko] e GE M

i
)

A9t seaty= 9F 3y #Ho] 4 W comfort EAS 7K1 k=

N

i

rl

Aol A A7 tH(Kolich, 2008). 53k HHEZ <l prototype AZFS B3

behchmarking>- H]-&3} AJ7Fo] o] Eof g&Ado] W o] Qlrh

:

| Automobile Seat Comfort |

‘ Vehicle / Package Factors | | Sodial Factors | | Individual Factors ‘ | Seat Factors
Seat Height / Eye Point Vehicle Nameplate Demographics Stiffness
Pedal / Steering Wheel Position Purchase Price of Vehicle Anthropometry Geometry / Contour
Head / Knee Room Culture Breathability
Transmission Type Posture Styling

Figure 2.1. Seat comfortell < &= v %= 2.<1(Kolich, 2008)



‘ SEAT COMFORT DEVELOPMENT PROCESS ‘

~| Establish Comfort Targets (Benchmarking)

~|Skived Foam and Preliminary Hardware

—I Pre-Prototype Level Seats

—IFirSl Generation Prototype Level Seats

~|Va|idalion Using Seats Produced from Prototype Level Tools

—|Engineering, Marketing, Design Studio, and Management Approval

—IVElidaliDﬁ Using Seats Produced from Production Level Tools

—|Va|idalion Using Seats Produced During Production Ramp-Up

|
|
|
|
~|Secor|d Generation Prototype Level Seats ‘
|
|
|
|
|

~|Va|idalion Using Production Level Seats

Figure 2.2. Seat comfort 7% A =}(Kolich, 2008)

22.  A7+F38HA seat comfort B7F WY

Seat comfortE 71317 9= Ao FaAA 7S FFHow
gobdt Hdgrt gtk A(AVE =7 comforts: Toletr] 9l &84
Byl HE 2R A e AR =olEe A, olE As v

I ¥ (questionnaire) S = 283} THAnnett, 2002).

r
]
i
it
i
O
N

Zhao & Tang (1994)= Hl~ 74 Sibole] Fybz wEE=E Hrhslr] 918

multi-stage comfort scale (MCS) 7|H S ©]-8-3}31+d], 30 2] SHAFol Al 1ol

ut

gt T34 wSEel A Aale] R diek gl AEE 3TA(slightly,
basically, strongly)® ¥A]&%== 31Tl Kyung et al. (2008)2 w82 712 ¢]

comfort 7} fla 277 SHANA 5, s, JPol, ¥, 2 A

N
=



kel gk comfortel discomforts: ¥+, &= 27 1080 HE® Hrletes
sttt odE =o 38 94 comfort7b wig- ¥ AF +10H, FHA
5912l discomfort7} wj
et al. (2013)& 7]

n
1449 $YAE tgoz SANY ol Uul, & Zo] 5 58 HE(LH;

il

B0E ~54; )9 WH)Z GreA sl

o

Discomfort Scale Comfort Scale

0 : Nodiscomflort Lefi Side
-.5: Extremely weak
{ Just noticeahle)

Right Side

pustotiunl L=}

=

: No comfort
5: Extremely weak
{Just noticeahle)

=
T

-1 @ Very weak 1 : Very weak

2 @ Weak Upper 2 Weak

-3 : Moderate Back 3 Moderate

-4 : Somewhat E:m]'::r 4 : Somewhat
strong w strong

-5 @ Strong Left e Right 5 : Strong

-6 ) Buttock Buttock | © )

-T @ Very strong T & Very strong

-8 Left Rieht 8

-9 Thigh Thﬁgh 9

10 : Extremely 10 : Extremely
strong strong
discomfort comfort

Figure 2.3. Seat comfort 3 7} A ++%](Kyung et al., 2008)
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Hlal F-AJo] w&3slt}, Kolich (2003)= 714 seate] 9JFXAS FE3lo] T2
FAEEF AAR, 5 AAF, F4d duvhe JFs B, =],
Y], zlole} e A7) W FAe] Aol Bt glo] AF-A seat I

w4l @AZE vk R, wE AAE, SR AA - bolster & ThE

| Cross car
AN [ section line

Design Position
Torso Angle

Lumbar erigm

Apex of Lumbar
Contour

Cushion | Total |
Length Width

Figure 2.6. 7127 seat ¢ &1 = (Kolich, 2003)
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Figure 6.1. Prototype A 25 913k A5+ W2~ 572149 2] 3D model

Figure 6.2. 2191 W2~ 5782 prototype
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Table 6.1. 5 A3 3=} demographic information

Stature (cm) Weight (kg)

Male Female Male Female

Present Size Present Size Present Size Present Size
study Korea study Korea study Korea study Korea
Mean 172.8 171.1 161.6 158.3 71.1 68.7 58.8 55.2
SD 5.6 6.2 5.6 5.8 8.8 111 7.0 7.9
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siYx xxg 44+11 | 48+10 | -906 | <.001 9.1
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B2 B BA &4 3D scan data

Seat 1 Seat 2 Seat 3 Seat 4 Seat 5 Seat 6
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