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Determination of Primary Working Area
based on Working Comfort

ABSTRACT

For efficient operation, vital hand controls must be easily controlled by the operator from his normal
working position. The primary working area based on operator's working comfort was developed to
serve as a design guideline to the control panel layout. Ten male subjects participated in the
experiment in which working comfort was measured for two controls of a lever type control and a
knob type control with respect to the frontal and sagittal distances from the body center and the slope
of a workplace. The response surface methodolgy using a central composite design was employed
to develop a prediction model for perceived working comfort of each control. Both controls have a
similar pattern of comfortable working area, but the lever type control has slightly broader working
area. The concept of the proposed working area is a significant extension to the conventional working
area such as Farley's or Squires' curves. It is shown that the distance to a control device and the
slope have a quadratic effect to working comfort. It is noticeable that comfortable working area exists
outside the conventional working area. The result of the response surface analysis also indicated that
a little slope of about 15° for a control panel improves working comfort.
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F8A9 2EAYL YoM E FLxEVNNEC APAEY FAAAAA NN HA &
22 £ g QFsA 2FE 4 e F9ol MiAHook I dvtHo= A
(Workplace) & Ad#te] €29, A25S Hastg 4 e dddA Adaes AT
JEE Ao of gk AAE ok, @AZAA A HAE st AAHL e FAD
o BRaumz 71a dal ALEE 3 e AL Farley(1955)7F Alker A 42499 (Normal
Working Area) 2 ozl (Maximum Working Area) ¥#'Holetn & 4 it
Farleyel A48l ode £AAQu oM 8D dio] g Fo £ el
Tes] deo] AAE aPo M L& dFolt. Farley?l “o“ﬂ-ér %o gAUL HaHg
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ol W2 FAYAtEol Hate HAl Heof FAUE wdEA] = A AL R k. o
A EAE S5 Adte] AAlE ZAddd A E o Squirese] #4 (Squires” Curve)
ol ik, Squires (1956)c &2 2ol 9 el (Circular path) & YehfA o] F2
8haL, AA del A H el 7] xste] Ebde] b e Ad DG A ATt Squirese] AU e
Farley7} Aot Add el vlate] sBoh W d9E& AAsa dth(Das and Grady,
1983). ¥, Konz9 Goel (1969)& Squiresd ZNydol] 71&x&te] nagl 4 & oz
5. 50, 95 percentile®] gt 2 S A A8},
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AAZFATE L A el Boo] 7| 2% Slo] ATARSL A g A 2
theat 2e FAME A5 Ak AM, BE A7 Al 234 AAdA Bo| B
wA e om FEstelAw olalsteln stk %, BUD AMA ol B Folzhw o
el 2E ANt FAF o E Revhn Hgsa. add $UAN ANG 4P ol
FUE AYHLS BABTURE G 4 Aok E4, AP S ALl dol Bel Aol AR
g LRSS W, H7HF (Measure)o] AEHA ehe wol Aok MM, FH Aol o]

A7k B EEA AR AQide] a AAXNE AgeH akn vk A =g

A AbEE I e £FW (Control PaneD)E9 A%, B& XF7715 0] AR AL

e
o

of Mx|so] glom, B& Axkgst AAAXAM(Van Cott and Kinkade, 1972: Woodson,
1981) AAl #3iel &old& st Aduie AA Zted At JoBR olof g 1
7t P g 3tcha &
AF AREHAY Be 283 Ve AdAe] d2E AT AR FEEE FEA
7171 $1stel zxpstr] @eld 9 Ao WAl Aok ok, watA B Ay 2FIvle 23
Heold (Working Comfort)oll 7123 &d#olde (Comfortable Working Area) & =%3}
o ZAAd) AAAHE Agstux Foh. & A7 4L A, Adue 2 fx9 23 A
Aol BAE seRow gHde Folw, EA, o] & V&R AUl AAte] e FHY
S (Isocomfort Working Area) & %2&3ste lolt}. 71719 22 Weojd & Fagid o dA <]
T8 71Fol 2 5 sl Bydla FFHer Fsr vt odike @RS ARl o
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Magnitude Estimation”?|"§ & ol-§-38t] 7|71 &9 22 HeH& A3 A ).
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2.1 943A
szt AstEed 2 1029 da dEadel Aol FArlatdct. AdAA
APBITE 24404 284G e, AAel A7lE 5 percentiled] 95 percentile NAE B2
= gy 4 JEs AFsgn. B delA 2318 23 HedE FHr] st A8
# Magnitude EstimationZld& 2@l #rlehe Atgee &¥e w&w#d (Ratio

Judgement) 38& AAZ stz k. & A7olMe dAB 2% AgMe =g TAZ &

& (Numeric Estimation) SHE% st on], & dAFd] Fald sARATL o2 R4
g v sRe AZHAS w5 ERened, mE g4AQ veRd v stane B

=t

2.2 A7 A

B AR E 2 ke 2278 Ad V2 Agadch. AA @A gol AHEH
7 YE 2E27|VE eupdon 5 ske WAl ik Y1724 Lever Control&, 283 &
Jteto 2 A mats wae] ik 7171 24 Knob Control AA A BALE AFEA 22
2 om g Aatd A¥E Yol 2EV7|E BaEe] 4¥E AP on, AdAAER 3
oz AAAL wat vz AFB APidel A2 L J1erdM A 2FVIIEE AT
Ax g Aol AEE AABHEH AT

2.348A%

B ARE 7|v)e 280 w2709 EUE dgoz pAST 4 AFE AYARS
Ble] A% Az (Front Distance, FD), ZW A2 (Sagittal Distance, SD), 12}l Zei 9
ﬂ%ﬂ($qm,sﬁa?ﬁ%lﬂéﬁXHﬂﬂéwwanSummthumm)3mﬂ«ﬂ§%iwlﬂ
A 27 (Percentile, P)& UehlE A4 38A2F W4 (Between-Subject Variable) 1707k &3
9 4 917 Mixed-Factor Designo@ HA At dAdax7 wie 717169 27 ded<
Z4&H5E AT

B g oA AAW dudgonye 2 Aode AP Wstd] st 23
A Gehd Aoz dqAHch wetd B Aol e Adf A ne 2a4 e 23
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oy A% g Ndsta Ao Nelde ABee e
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AE &3] Aste] wkgmHy
(Response Surface Methodology)% =8l 183 25 &4 BATFHS At Ad9
884 73 93] Central Composite Designoll uja} 43S FA 5940}

Al AHe 4 EHPA5EL Centarl Composite Designel @&}t (-o, -1, 0, +1,

(

ta) 2 749 5 £59 Adxde A ot EEHE Mg AZzie AmA
(Orthogonality) & B&sl7] 918t 1.4149 =77} S ATt (Willigies, 1981). £ A3
AM AL EH SHASTE] dP4FS sy ® 19 2. SD W4 SEo (HEBE I

A7t AB|PFS (4)REE 0 2% PP L ofular)

3t 1. Central Composite Designel 48 43

SHE S - -1 0 +1 +a
SD(cm) -60 ~42 0 +42 +60
FD(ecm) 0 9 30 +51 +60
S(degree) 0 4 15 26 30
P(em) 160 163 169 175 178

AHLE 2 AP AER 27 +2x3 +1 = 157019 AE2A (Treatment) oAl S},
2°7Me] 4¥x71e Central Composite Designel H4&2g W52 Factorial Design¥-
TE UEE, 2x3+ 19 HE2AL 4 W55 23484 29 (Quadratic Effect)
B718t71 $18 Spherical Design %3 Center PointE Uehdith olaler 1579 Az
A AETHE 99 dolad 9 5898 BR8] st 2E D APR] dste] 2ty
A (Random Order) & A Al 5 1t}
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Y,

2.4 43843

T ATl AAR dAdRe wigwd dzwrsl, BAY, adm 4¥% A
(Debriefing) €} Al #2eo.2 T3 ot vl & e 158 7k Magnitude Estimationdl] tf g
oI H FHe FAHI} o] & Fut2A FYeiA Fale AAPAE Adey] g% BHoz
AA AT 7 Aol ool A e vz AANTH He| Do|d] wat Aj
AE RHSHEE AT AAE He] Zoje Mgoz HAHE 29 MYAAE ol Ao
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2 A e HAUAS 0 H2439] ¥z 100 1 190 HelelA Fapeia AP EUR.

%é%ﬂﬁéz}ﬂAﬁﬂﬂﬁﬂéﬂlmvwl@%&aﬂﬁsa%ﬂﬂ%aﬂwﬁlﬂﬂ%
Hol e wrlstol o) vlasle] £AE AASES &9 vt Magnitude Estimation™'H <
2= Ex #75e AR 23 4@ AL sl B aage v]Ed wek Helde] 27§
AABHEE 8% Free Modulus MethodZ Aeaiich. ol2igh W e A@NPATE AT
71zd] o8] Wkgo] W3 (Bias)® 7He4dE AAsE Aol v whd, @At WA
2 AR v FEatE A& Brbsa. o2 fsto] B AgeiAE Bdde] Bdd AdFAE0l
Qztabe 717] 2 Heldel HuR s} HAAE AAL} o] F o] &ata]l AAAAE] W
golg g wxstetgnl. A8 Dagapdz of 147 0L 285%en, BE HdF
AZ e BAFEE gsle] W g gelste] MtEA o2 A3S AAsHT. o2 3L 7
zhe) 2ZE/ /MR SHA R S H A

HI. 4343

ztzte] Egusgs 2 goldze @248 A9aly) dstel HeEAY (Ressponse
Surface Model) 2 &8 gt} F7H4 Fejol 2%77 0 tste] 28 Q& e 22
27t et ont, ol & olgdtel 2zt AgzzlelMe 717l WAL 45T F AEF A

7t 2E 10 E Mg g BArEA ZAahE 5t 29 3o AA AT

2. Lever Controlel] ta w32l o] BARA Al

Source d.f. SS F p
Left Right Left Right Left  Right

Total Regression 9 68902 68318 |[38.433 44.559 | 0.000 0.000

Linear 3 17882 17092 |29.924 33.444 | 0.000 0.000

Quadratic 3 50515 50590 |84.531 99.000 | 0.000 0.000

Crossproduct 3 504.68 636.09 | 0.845 1.245 1 0.472 0.296
Total Error 140 27888 23850

Lack of Fit 5 767.17 550.70 | 0.764 0.638 | 0.578 0.671

Pure Error 135 27121 23299
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. Knob Controlell thgt k&3 Ao BAlE M 73}

Source d.f. SS F p
Left Right Left Right Left  Right
Total Regression 9 59470 61361 [36.001 34.682 | 0.000 0.000
Linear 3 19739 19957 |35.848 33.840 | 0.000 0.000
Quadratic 3 39637 41996 |[71.985 69.854 | 0.000 0.000
Crossproduct 3 93.830 208.62 | 0.170 0.354 ] 0.916 0.787
Total Error 140 25696 27521
Lack of Fit 5 1563.0 465.91 1.749  0.465 | 0.1277 0.802
Pure Error 135 124133 27021

T 717100 Wi wkgspwlae] FAEA AR, SHEsE 24 Ao e 14 # 2

AB/AZE Fo Aow WA W (p0.001), WS m3AE 89A(Crossproduct

I

component)% TAACR FoatA] o Aog vewtt (p)0.1). L3, £ 29 304 &

4 & vk9k #Zo] 'Lack of IFit Test” 23}, BF #9314 2 Ao & e

v
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=3
g
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in

of el £28 24 AL SPUSEH 27 WelQ ] BAE Avsie AP Aow
#7 =

A, AgAte] A2 Aol W x2t Aol o] WMol g BAEA A% B AT
oM ARG MM E F 7171 B5o dald AAZY] d5E 22t Hejye] EARE &
% spol & HolA| Fskom (p)0.1), AAAY| Wel 4o wpHdl oot AP G A

ot
m{o
1
iuj

WAL sttt wheba] s Al A ARV, AdEAY AeEde] s g
= d54 A ‘3501]}\1 Astq o, 22 Pl Fold JFS viAe Aeg #Hd 671(SD,
FD, S, 8D® FD? 8% ¢ W4& ol&ate] 22 Hdg o F37] A% 23 A4 & st
ATH. 71719 o H4 & v&3 2o

Working Comfort = 80.3 - 5.32SD - 10.7FD - 0.7S

-30.4SD?- 11FD?-5.918% - Lever, 2 &< (R?=0.734)
Working Comfort = 75.4 - 6.9SD - 10.1FD - 0.35S
- 30.2SD?- 11.6FD? - 5.278* —------Lever, €& (R?=0.707)
Working Comfort = 77.2 - 5.64SD - 11.4FD - 2.36S
- 27.3SD?- 8.73FD? - 4.09S® -------Knob, 22 (R®=0.688)
Working Comfort =72.1 - 6SD - 11.2FD - 2.04S
- 27SD? - 8.63FD? - 5.548% - Knob, 9¢ (R?=0.697)
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IV. #8499 4%

=24 Ao 7zxsle] Aduide] 2t Aol 27 HPE dFs o, o=
ng =79 (Isocomfort Working Area)d E&3sith S ojddold Aduielx g 7|
Nl 2, FYF 22 oS oprlste AAFe AR uidth I 1€ 2TV
Leverst Knobel %ol taia &3t e8&d U THYAHE Be] F3 3ok, 11 19
A B ogle viel 2ol 271710 B 23 WS 53 Adriel M mh okzhe] AAbt 8l
= 15%) ZAS$o] Hr} ¥ Ho AL opldteRAer ekt %3, Lever?| 77t Knob
o] AR AU 2 BE e dgolA Bt W& HeldgE dehidn. ol S 7t
He ddo]A] AWA S Z KnobRth: Lever?t % 22387l Aeldtd &£ uidct. a2y
2o Augo e wlg Sl e Knob 7t Bk 2aey] Bed Aoz e BE
ASd tate Yd&ptE Qaed i I Helddol WA EEHUT ole dhd FAF

_\2
o

SauAEe] eaedolds]l WEes 2yHn, 9&g F2 Agste AR daAME B
gl RelAddel xxdAe 2 AztAr L A7 £3d sagosry A4 o
ool O FAY QS ARG & Ak 1Y 18 7 /1A 24 Bl A2 A
A F749) 4B Uehila Yot

MMM E A7 dolge FH HHe 240§ oplshe FYAFELS £33
232 AT 5 9 AWE AR Ak Myers, 1971). 1089 AdFAE2TEH oA
24 fo4 doleg BAG AW, 5 /7] B FEol tte] Be) FHo RE 8ol W

wMako 2 16 ~17cm "ol 9o 71717 MiA = A&d 7 22457 A Aoz vaR
o Eo AW wagozt leverd AF B9 FAHOoR ¥E 37 ~38cm, Knobd 7
35cm A% "ol 97l 713 A Ao EMAJY. o Avwd Azl e A4l
A 2o Aoz BE A ulzAxe] Ayl 30cm Al AR FE 71717HA e AR E v
gl Advie) 71 €71 Leverd A$ 15°8B0 ofdh we ztmdlA 71 A ¥, Knobe
15°8.c} okgt g& zhwolA zzely] A A ow vewch MEREqer REH £&¥
% 71710 Wa HH WA A e & 49 2o,
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% 4. 2F2N14 3A A

Z2F717 HA A
RES LEe
Levet SD -16.5 17.5 cm
FD 38.3 cm 37.4 cm
S 13.9° 13.7°
Knob SD -16.6 cm 17.3 cm
FD 35.b¢ 35
S 15.9° 16.5°

V. =9 3 248

5 29} 30 Ael® wexmae BNAGgAN B £ gents) o] & Ay ndd
QolE9] 248 (Quadratic component)ol &2 Weld 7Hd 2 4&= v A & =
Jtp. = zz Aojxi HRAAAE JFoz AL £k 71277 SHE weh F43] At
= A%S Holy uh. HARAE xR g A S =& FHAIAL *
A zEE A A el Ax Agdedold AL Ajdel FA}A FHe HAFI
gt} o2l s AT Azte] o] Zolout o Esto] AAHI AT V1EL HYYAE] A A
o Aol & Bevt dSg vt AT 53,
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o WgREgo] fNsn Yol FEE Yot Arkn AZE £F AUAdIGAN G 22
Aoldol AAAYGD e WeldT £UF & Y& Be) £PAF(Reach)ol W 7IE
o o2 (Dichotomy) 8¢l Aiedel ¥Rt A AAAES P F Ax HANE
g ABeA 2 vi@rin ST

W ATolA Agtd FAGds A%l Farleyst At AdAidele) wige] £
FeAe ARl th@ Aletol SakEglgel MA@t #e) gAdel W el $HYe 8
2o AR A4l Bt SHF 2AL ATHLEA, 528 doe AMIEET FY 5 LS

7t gt

- 163 -




'd 4 (Farley)
80 el (2142)

60|

40
Table Edge

| o
N
]

2

-80 -60 -40 -20 0 20 40 60 80
Body Center
21 2. Farley®] A9zt vlw (Knob 2717, 38 W)

& AFolA 22 Hel el slxste] Atd Fadd L& 2EW(Control Panel) w3
Al i 71EZAQA A AT 5 U, 53], 7129 Add e g AgHe Ao
et Al ete] AgddE A 4 7] "ol Computer Systemdt AAE wlx] Al 2H]
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o kel #8372 FEE AT 5 WA doth. dAlL B A7l ML uj A Al 2ga B

d3e 2d3E dAste A7t AP Sl Ut
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