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ABSTRACT

The purpose of this study is to propose an optimal layout for the accelerator and brake pedals in sedan and SUV, and also
to compare the pendant-type pedal with organ-type pedal. 12 male subjects participated in the experiment, the subjects were
divided into 3 groups according to height percentile(under 50%ile, 50%ile to 75%ile, over 75%ile). Independent variables
were seat height (Hsp), X and Y coordinates of the center of accelerator and brake pedals and the x and y relative distance
between two pedals. Dependent variable was subjective ratings for lower body discomfort. The response surface methodology
using a central composite design was employed to develop a prediction model for lower body discomfort of each pedal. It is
noticeable that the lateral position of the accelerator in all groups was not statistically significant. The optimal locations of
both pedals were found to be distinct according to the percentile of subjects. X distance from accelerator to brake of both-type
pedals is similar. But Y distance from accelerator to brake of organ-type is less about 2~3cm than that of pedant-type.

Keyword: Pendant pedal, Organ pedal, Response surface model, Central composite design
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A FAREG G Al 240 BEEE SHTIE 9
Qlo] & &= St} ¢y HToll= 7|9 AME-EY Pendant
HgEnl ofuje} Agatel A AFEEW Organdgs Al
T SUVES B9 o577 AFsak AA dijkez 12 =1
it 28 194 BE0] Organd @S Pendant®| &3t
2] A vige] 1= gla A &, doloAE xto]
7F Q& Wk ohgt & AR T HEREe Afo|7t

Pendant HZ

J8 1. HE 5F

A AAE SsiAe dAde] AA 54 ¥Rk ofy
Seat, Steering Wheel, Leg Room 3-7F Z-& #Hd Fe
AA BT A 7], ok, theldolg) 2 QA
W 3 aEsloiof shth oM He AAE ¢%t
oAl A7 X3 Foll AUtk Brake#H g9 Als Al
A= 3F= Accelerator®} brake g wx] 9] Q17+F8H4
A st A7 (53, 1995), 7PHE Mockup System
S A}gEte] L4758k Steering Wheel ¥ 3 E-2)
AA g} 2o WE A ZAZE QA X} ofH TATE 9L
Aol gt A+ (F %, 2006), 7P HEdS A8l
sh=el AFe) = 227 A AFE A% A AA 2
el ojst YA 24 AT (A5, 2000)5°] AT
=9 AFEE AEA) clutch HE 2Hg Al AR = EHE
= W 7 #d RAE 53 22 A 94 VjEew
H74et A (Wang, 2004). 3 A3 A= Percentile®®® T
gdolg} the] T ZAEe] Fol9 AAEE 43t 24

AR e BH e w3k 7 (Katja, 1999). Jackolghs 4
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Organ¥|22 AFg3}o] Accelerator®} Brake?] #ZA 99
S EEsha HEzre] ApolHE nlwal| ®ax) sl

2. 917 W

A A 19
4 Sl

«dd A A5
— Accelerator #l2 &% (X, Y, 72), H= Z= (@)
— Brake #lg FE(X, Y, 72), 9= 2% (@)
— Clutch g AKX, Y, 2), H= 4=(@)
— Foot Rest #¥%((X, Y, Z2), Foot Rest 2= (@)
— ¥g &5 (Pendant, Organ)
« 2pF A Mg
— Seat Height (Hso)
— Seat Angle, Seat Pan Angle
— Steering WheelollA #9714 A (X, 2)
— Steering WheelollA] body7F4 78]
o AA| W
=71, ¢k27], tElde], sEEd, ¢ 7]
— Mt/At (Manual/Automatic Transmission) 7338 -/,
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A F5
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HE =% 2 AX0 @2 =A HE oot 45 93

H WAFE At 2 A7 AF Age 51 MY
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342 Ao 715$ CCD(central composite design) &
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3 357t A SNRlER 284 AEE A3 F 5719
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= OrganﬁﬂDLQ 7]—%01] AR Pendantﬁﬂﬂi} H]

& ?4’5}01 R 1=,
9] ZF (akEo)) > 1%
Brake®] ZJth2] 91217} Accelerator &2 $1x]e] 4
7] W g A Ao M= Accelerator?] X(
A, Y& A=) 2329} Braked] X, YRR F 47)¢
H AFE AR oR MYt aEla Ak A4
oA Seat Height< whA9} %ﬂ wW2s A3k
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AYsh= FQ HFrol7] Wi
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— Accelerator (A) =g FHEX,Y)
— Brake(®) ¥ #3E (X, Y)

— Hlg %5 (Pendant, Organ)
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— Seat Height (Hso)
o AA| M
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7] A&l £ A Y AR ARE st
Al AHP (Accelerator Heel Point)
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H-300 10"'15“
100 T
y |/ .
" \ o };'T,\’ <= Y& B Reach >
70 ‘i [ - i. \ =n o o
) o Aoa =t | 95%ile S%ile
E'I;IJI 50 \\ b . I
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et \\ // Y J,! i
20 \ i
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0 : > b _-‘_f‘_/
700 750 800 850 900 950 1000 1050
X T8 4. 3201 G4 Y& 2= Reach
8 3. AHlEe XF AF He

[Omm, —90mm] .2 d33s}a, aztel w2t —1,0,1
s —10, —45, —80mm= A5t

> T A B A3
@ Seat Height (Hzp) 23 HE
AR A8L8 Seat Height 300mmellx] 3§&koict. vk
st 7]l EA1E Sedan® SUVE| Seat height M4l
Sedana FZ 200~300mm, SUVS 2 300~350mm
oA BxE3T) = Sedane Seat height’} 300mm= |
= A 9193 SUVE 300mmETH $& Al igick 1822
Sedan®} SUVE &7 1elsty] f¢t 75822 300mm
< ARSIt SUVE A 995 £3s7] Al dA A
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@ AYE Y A8 HY

Human Factors Design Handbook®ll &3l 27}
2o FA02RE 10~15% Alolo] AHES X
O 2T HA7E 88 Gl Woodson, 1992).
o] w 9] T4 AHPZR] Y& ARlE 13.97cmo|tt
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T A 8l 71Ee] EA1¥ SUV 25 318 sto]
A3 s AAsiTh 71l A1 SUV 10019] Al
X+ 150~200mmelA #3238k 180~190mm 73+l
&3k zko] 4|24 7P WErt =okvh 1El 190mm
5 FHAH oz MAsY WA A" 77+ [155mm,
235mm] o2 AL, ekl W -1,0,1 7 #E
160, 190, 220mm= X173t}

3t

BAY Y& 52 7]Eo A" SUVE A, B #H=29
% Addd Ho s neske] ARSI VS &
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(g F& ALt = &3k 65mm). WA AP TS
[-70mm, —160mm] o2 473}, e gkel wet —1,0,1
5 7S -85, —115, —145mmE A4t

® AT 235 ¥ HY

ol Aol A= Pendant, Organd@e] AA AAE A
F1 7 HgS vlad Aol kA9 OrgandE-2 427
g vhete] F-ztslo] 917] wiitel] Zizoli= g = Q)
% Pendant #H@72] st vwdAS $l3] AdE
ol 7]E| EA1E SUVE AHE Ho 0|5 188l
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&
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890 900 910 920 930 940 950 960
X
O3 5. 7|E0| EAIE SUV ARIESl XZ
BAE ZF s VIl A€ SUVE] A, BAHES Z

= A Hd GAE arejste] ARl 7Sl EAE
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% 72 BAE 24 E 170mmE 37g 8kl
213 &8 2¥
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CCDhE A 7Vt B2 A 231 3]9 23 (second—order
regression) 8] F-3 3¢ M Fh(coded factor value) &
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BA87] 9lste] AP 2 15 (~25%ile, 25~50%ile,
50~75%ile, 75%ile~) G383tk AP A3 A} 25%ile
olal 157 25~50%ile T1F2] FHA o] ulxzdt 9]
FAE L ERE AR vl5zEte] 2 Aol skl
IFOE FHEGTE £ ¥ HFE 252 J10F
(50%ile °st ¥ AFA} 47, 7] 1690+ 22.2mm, Yol
30£3.34), 71215 (50~75%ile A& A 49, 7] 1733
+12.5mm, Hol= 30£5.34), 713715 (75% ©1 94
A} 47, 7] 1783+115mm, Yol 28+1.34) olt}) =2

21 48R 25 EH715 19S veRd Aol
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NS 4

B2 mdgA OdF

7] 1% 7] percentile AA] 7] (mm) SIE)
71115 ~50%ile ~1710 4
71215 50%~75%ile 1710~1750 4
7131% 75%ile~ 1750~ 47
232 =4 2HE Hot
JV‘]?@X]-h A, Bﬁﬂ%o W7o} 71 Full Stroke® BFk

Gt & A3l o7 o
/\1 7} Seat %o] ] g HA o] A X F A sto] 1
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S4e HEHH magnitude estimationg AH-3F33 Tt
AP FHE EHEC Oigk YA vlolE (raw
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59 Azt Ade AA A0l A8
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EH1%E A3 = (raw — min) *100/(max—min)

mii%

rlo

A

A

Treatmentoﬂ
o7} A a7 = ﬁﬁ 40}74] 0}01 E‘_E 2] 7]

foi %P“‘lo}" t}. 7+ W2 (Pendant, Organ) vt} 273] 41
28-S AAEATE AA 7 AY 8o g

Q1o ﬂi T o3 BHE 17}# 211710}7] %’4‘3}04
A

x ¢
—
(@)
dq ©
=
B o
ot
Y
>
Fi
_1

3. MY AL Y 2N
1 27 A}

WS BHEse) WS 298] A3
7

2
=
oo
=3
2
1>
o
kit
ey
ol
= 32

71l wE 370
ol o] gsto] Z
skt ZF HE
= 34 4ol AA]

O
I
@y ot
2 2
o
1

ME
Y
=

olo

=]
(eT
1>

2

_L.di—‘

}.

(<0
A
r
—r
i)
i)
=2
— g
o
YE

_r_l,

Jirt

hiAc)
:(o
o 2
i
£

|o
U
=

BRIt (p << 0.001). 3
Zo] Lack of Fit Test' A3},
T AR R, Hhg el o3 &
Zi} AL 55 AFEY EALNY dAE A

I xo
o
=
©

E 3. PendantH20lM 7| 18E 24EAH

Degree of freedom Sum of square F P
Source \ 7|71
I12% 71272% 71371 7Nl1w 7127w 7137w 711w 7127w 7132w 711w 71271% 7131w

Total Regression 10 10 7 47227 29849 19601.6 2112 20.8 33.15 0 0 0
Linear 4 4 3 16429 9112 9936.3 20.52 13.73  40.79 0 0 0
Quadratic 3 4 2 22524 15334 8949.2 34.23 28.24 526 0 0 0
Crossproduct 3 2 2 8275 5403  716.1 12.34  18.82 4.24 0 0 0.017
Total Error 80 59 90 17885 8038 7602

Lack of Fit 14 7 7 1700 2724 490.9 0.5 1.54 0.82 0.928 0.14 0.575
Pure Error 66 52 83 16186 5314 71111
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IXI0 CHE =1H HE oot &8 97

E 4. OrganH E0|M 7| 08E =ME4E

Degree of freedom Sum of square F P

Source \ 7|71

NI% 7122% 7133% JN1aE 71275 7130%  YN1s 7124 Z13aE I Y204 Y13
Total Regression 10 11 10 31847 59278 34804 21.05 33.82 31.84 0 0 0
Linear 4 4 4 11733 28777 17600 21.63 4531 36.3 0 0 0
Quadratic 3 4 3 15193 19817 13063 32.37 31.09 36.27 0 0 0
Crossproduct 3 3 3 4920 11824 5532 10.84  24.74 21.01 0 0 0
Total Error 83 79 81 12557 10835 9193
Lack of Fit 14 13 15 2942 2341 1713 1.51 1.17 1.3 0.132  0.328 0.392
Pure Error 69 55 66 9615 8494 7480

shotl A Zlow sk A2 542 v

2}

Discomfort = 33.24 + 2.66Hsp + 9.55Ax + 2.98Bx —
12.17By + 17.48Ax> + 4.6Bx” + 16.47By"
+ 5.42H30By — 9.33AxBx + 6.33AxBy
(212)
(Pendant, 711778, R® = 69.1%)

Discomfort = 19.79 — 2.81Hsp — 4.13Ax + 9.87Bx —
7.12By + 2.36Hs0” + 20.86Ax> + 4.38Bx” +
8.67By” + 3.05H30Ax — 11.93AxBx

(213)
(Pendant, 71218, R® = 75.0%)

Discomfort = 49.236 — 3.363Ax + 10.892Bx —
1.556By + 11.121Ax* + 9.879By” —
2.885AxBx + 1.82AxBy
(Pendant, 7]1371%, R* = 69.9%)

(414)

Discomfort = 42.047 + 6.533Hs0 + 7.495Ax +
8.952Bx + 2.458By + 16.804Ax” +
3.991Bx” + 9.721By*® + 2.916H30Bx —
2.872BxBy
(Organ, 711713, R® = 68.3%)

(415)

Discomfort = 28.30 + 2.64Hs + 16.19Ax + 13.97Bx +
3.25By + 3.42H30° + 23.04Ax” + 3.35Bx” +
6.77By” + 7.71H30Ax — 12.71AxBx —
5.04BxBy
(Organ, 71271, R* = 82.0% )

(416)

Discomfort = 41.942 + 6.633Hs0 + 9.775Ax +

10.952Bx + 2.404By + 15.920Ax” +
4.029Bx” + 10.131By” — 9.182AxBx —
2.742BxBy — 3.032AxBy

(Organ, 713718, R* = 75.5%)

(A7)

W Ay7k BE RN I8
oke AR Lhghth o]t Foldl A# 74k 160~220mmel
A Asgo] Af-EA $171 7Fsste Baldkel HA7 47
o] wrt ¥ FoTh 3 A, BARY A2 A2
ek Bolgel A7) A 9AF e 9o v
o= AR Aloto] A W& & & YUk AE 3
Hy A% £5, 7] 289 ntet 93] b8 nelfa

91 A4S R

A
Sk

HH‘ o :lO

o

St} Pendant#EellX= 717F 22 1, 22 olA /238
T 717F & 3aFANME FskA %l‘ik . A% Organ

Ao e IFA Fo3th = Organ¥lde] =9
£ Pendant¥@e] EHERT Hypoll o] 93-S Zol
=ua & = A

32 FH dH9| &Y

SE9 3| 7|xete] 7 HE FollA BHEE A5
o o]ZRE 5] 94 (Isocomfort pedal zone) =
&L SHY oot Hd 22 A FUs EHL

|5t
= oIk 91A1=9 @%LE oJulgtel. 1% 9, 10:> Hao
< 300mm (A3 7o T AR oz TAPAT FH Ax
H 3l @E(SIOmm, 870mm, 930mm) Bx$%} Byel digt
W] 99 vERA Aotk 19 9, 10614 2t g el
] Pendant, Organ ZEel4 Axgto]l S7ekel whet &4
AellA A, BalEe] Xdbakgho] S7tehe Ba3s & 4 At
(7 25elA 7t2 e g #ql). o] A2 Pendant,
Organ + #g EFolA vehal itk 53] 717F 22
591 1, 22514 ol gh Aiko] A o]Re A

o] X&(HWFOEZ 25 Bildo] o= P BRE &



98 ZEE - o5 -YdE - ddS REABISE
—an - — - ~ 5 —a90 — 3
N, B, _ \
-s0 - L 80 — i 7 o8
N o o o
-6 - o -8z | !
| /
- i
B —8S T o || &= e
’
= 1/ I it ey
-0 ] J, —10 Vs
o -1 -~ & o - -~
T T T T T T T T v T T T T T v v v v T :
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