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ABSTRACT

For the development of a better product which fits to the target user population, physical workloads such as reach and
visibility are evaluated using digital human simulation in the early stage of product development; however, ergonomic
workload assessment mainly relies on visual observation of reach envelopes and view cones generated in a 3D graphic
environment. The present study developed a quantitative assessment method of physical workload in a digital environment
and applied to the evaluation of a Korean utility helicopter (KUH) cockpit design. The proposed assessment method quantified
physical workloads for the target user population by applying a 3-step process and identified design features requiring
improvement based on the quantified workload evaluation. The scores of physical workloads were quantified in terms of
posture, reach, visibility, and clearance, and 5-point scales were defined for the evaluation measures by referring to existing
studies. The postures of digital humanoids for a given task were estimated to have the minimal score of postural workload
by finding all feasible postures that satisfy task constraints such as a contact between the tip of the index finger and a target
point. The proposed assessment method was applied to evaluate the KUH cockpit design in the preliminary design stage and
identified design features requiring improvement. The proposed assessment method can be utilized to ergonomic evaluation
of product designs using digital human simulation.

Keyword: Digital human simulation, Quantitative ergonomic evaluation, Helicopter design

*

2006 KHP 91etdFaA| 2] 2|8 o}
TR AEARYC R FdoR Azl &
3

A 790-784 A5 EA - FARE AR31, 23k 0564—-279-2210, E—mail: hcyou@postech.ac.kr

A= AF -
gl 54 - BARE @ g glon, 4w fle Al RS STk

%
*

N B e
o
X

=
oo (d

—.'N.‘ o rlo



204 ls - #FE 018y - Y

REABISE

7PRIA RS o] -3 AlEd|o] A (digital human model
simulation, DHMS) 2 A& 7N 27|58 <ztasts 3
7Ve 7FsshAl §tt o]4d7] £1(2005) & DHMS Al2~HIQL
Jacke Ag3to] AAE A3 ZdA hFzte] gt
AZ-FEARQl F7HE FHekITh sk You et al.(1997)
= AA AdS AAA (visibility), =2
J(reach), 18]1 57 (clearance) SN H7sk3d
o} o]s} &2 DHMS+ AlE M 27]6 Azbge2 34
7V s = A goaM AlE H7F W Rkl £3
A g Al&sta AAH 0 R o] FAX EF g} (Chaffin,
2001; Sengupta and Das, 1997).
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2 A7 DHMSE &8st delgy 23 JFH
AA RS F7F S ekl 53 P (Korean
utility helicopter, KUH) FZ2 H7}o Ag3sct.
H DHMS 718t J=-4 AlA4-8) 371 Wi deFE £
FTAE 8 PIAIER L] AAREE W 7] SY
(R e, = o)A, AlAl B, 18l o33t
AAd) o2 AeFslsit), JidE Hrh e sy e
Bl Z2FA 0 AlARsl 37 W sl A did gfelel A8
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AelFH =FAe] A AAFeE Brbe 39 dAE

& FHE= A7]el wet vl A (pre—flight), Bl
(in—flight), B4+ Al (emergency), 282l H|3 & (post-
flight) =02 25, 7} F52 vfdh &9l Ajle=
TAE A

AT =F A4S T /PIAA D] 2lA et
AFEE el & 20 vebd v 7H] F7F HEE Aest
Aok AR, 2HA = (posture) & & AHFEE HsE
2 AL s Al B2 Al gist 71 A5 (Diffrient et
al., 1981; Kroemer et al., 1994) ol <748t 55 H=(1
Aol BN 23 B9, 33 B, 4% 9, 5%
vl ) 2 AAGEAT 2 lag AZE 9, vl i
& (hip abduction) ol thgt zHA| AFtE A= Hdst 5
z ot Ho F2 1S 579 PR AHEslstd]
71 kg A WHLI7F H a1 53l0] RS AFoH 3l
th E4), =2 fo]4 (reach)> 7]& A7 (Department of
Defense, 1987; Sanders and McCormick, 1992) ¢l &3t
slo] Bxyl 28 £4o mdd 5 QlE 9IS AR3le
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o HAxe & AT AHolA BE olddl =23

2]
%], 2004) & Fasto] 1% 1.c9k 22



$29%, B23%, 2010.4.30

SE T34 SIS P8 YOI QTN BI} e JY 205

F7F A=
T o] 24l
AA| Qb | e golA | Al AEA | ofeRt AEA
T (ingress) @) X X @)
Bla A T 91A WA O @) O O
(Pre—flight) | wrgrg xx) 0O 0 e} o
EAHE A4 @) O @) X
Cyclic &2+ O O X @]
Collective Z2} @) (@) X @)
Yaw pedal %% @) O X O
MFD button 2} @) (@) O X
Instrument Flight control panel &%+ O O @] X
panel Clock 4% o) o o X
(Isl—sfligit) Master warning light Z2F @) @] O X
Rotor de—ice control panel =2} @) (@) @) @)
Center Fuel control panel Z=%4} @] @) @) @)
console FLIR control panel Z2} @] (@) @) @)
CMDS control panel %%+ O O O O
A7 A O X O X
S8 A O X O X
HJAF A B O X X O
(Emergency) | opdwe yA#x] 22 o O o o
Parking brake A4 O O O O
IR 2
(Post—flight) Rotor brake A4 @) O @) @)
o]t (egress) o) X X o)
#G7L HEel gk Al A 3 2 Fx O sdE. X A S
E 2 QI3 BIL A= ARE 2F A0 B2 Al IS A & 1]
T e ofAH o Ve 23 go] ARSIk 25 A 3
ARt | 2t 25 49 A ad e e B A 54 nejs) dAslofer d. o
(posture) A A = =9, 24 #do] A (el cyclic control 2H 31 %
w ol | 2FAPE 23 ezl gola v F AU A R, e Bold, 1Al okt A
(reach) IRl {8 i A 2 Zwo| A FHrleolol sl wkwl AlA Zjo] A (o
}E]\/?l1§11]téy/\)é i_%;;z} x5 AZE At & 5 Q) magnetic compass FA) Q1 A= 2A| Q=T 9l AJA
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score) 7} HAJ AAE HF 2F AHE A F
AE 2T Aol dist &4 A ARl oa) ol
A7 715414 (design reference posture) 248 F4% 2}
AZE Rolgd5 A57F Srkehe a1 379 22 &4
(loss function) & ©]§-3ll A=t AAZ|EA A= 2
S8 A4 (Department of Defense, 1987) 2 #Holsl F2+

Neck pivot point Eye point

4
(c) AP HES(FehE =1, 2009 o] (Diffrient et al, 1981) ¢ tj&t 7 £3e Fus)o]
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913 34 FAL 2B E 9 AFel dFS F= ok FEE b Faelel AEHL, 25 49 gl

AARY (o]: BE, W) sH0= F@ste] 19 281 K AAREle] A5E 71 Haalel AXE o9
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B 3. 50th %ile M 22| cyclic controlt collective control SEAX =& XA O (B ©)

Shoulder Elbow
No. SLC%SrSe frunk Left Right Left Right
Flexion Flexion | Abduction | Rotation Flexion | Abduction | Rotation Flexion Flexion
1 32.2 0 —27 25 0 0 0 27 80 98
2 29.2 0 —27 25 0 0 0 27 80 98
3 26.2 3 —27 31 0 0 0 24 80 92
4 24.2 6 —27 34 3 0 3 30 83 89
5 30.8 9 —24 31 0 0 0 27 83 89
6 28.2 0 —27 25 0 0 0 27 80 98
7 25.2 3 —27 31 0 0 0 24 80 92
8 23.2 6 —27 34 3 0 3 30 83 89
9 29.8 9 —24 31 0 0 0 27 83 89
10 32.8 12 -21 22 0 0 0 27 83 89
11 26.2 6 —27 34 3 0 3 30 83 89
12 32.8 —24 31 0 0 0 27 83 89
13 35.8 12 —21 22 0 0 0 27 83 89
3. eh=d de|gH =34
It HE Al
'fi“‘jai Slope =
¥ B Ao e e AR Bk e B
ol Ae)FE] 2549 /'d A7 (preliminary design) ol ti$t
WA B D A A Hg e A gE g A
" — : : ol AgskE 9% A AR A7 g (ke
il T Bk 23, 2304 59, WEEH 234 U 2D E
=¥ Haal il =Y &l 3%H (Y sho= *”*ﬂ%iﬁ}. ¥ A9 DHMS
8 3. 244 of 719k 7= i%ﬁé delFE g AAel dig 7] F7t
=

S8 A Ao eFEHE s slelsto 74 Hrlel
A A2l =84 174 2 physical mockup A%+ 345

HaA717) Sle SRR,
kel g7} vhH S Ag3te] gpekyl AlA|RE Aol 2
S o] Bes e AelEe 2EA) M7 G2l

7t
yletgl gl o & £, collective control 1% 69 YE}
A3} o] £&18] A Q= A7t 23 (ERS) 0%
s, 9183 2N 11 o33t A5 33 (kA WA
3 o fE3t FR k) o &2 veRht sjMe] Bast A
o7 gletE Qi) EE‘E_ % 7ol vERA A3 o] Ak A
Al A W] AF-37HEF) & A WA glol MIL-STD-
1333B (Department of Defense, 1987) ol WA|H /&
H25.4cm) & F5EHA 3l Ao dast Zlow wjoty
Stk 2 A7E F3 Fokd i At @58 e
FE 254 AA A7 (detailed design) A B EHE AT

H
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a3 7. 5" %ileol| CHE HE|oi 32t

A FE 2TA AAlel W& 2FA AAFsHE Bt
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Department of Defense, 1987; Diffrient et al.,, 1981;
Kroemer et al., 1994; Sanders and McCormick, 1992)
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