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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.
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THFIA B E-S o] 83 Al E# o)A (digital human model
simulation, DHMS) 2 A& 7R Z27]%-E 13+384 3
7Ve 7FsshAl §tt o]4d7] £1(2005) &= DHMS Al2~HIQ1
Jacke Zg3to] AAE A3 ZdAe -Fe] st
QIZrF8r el H71E 3t} T3 You et al.(1997)
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A (reach), 12|31 o83t (clearance) SN 371513
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7 e A&slal FAF 07 o] Fo| A == FHH(Chaffin
2001; Sengupta and Das, 1997).
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o7 FAEE ZoE FAFET ot deFY 2% &
A2 FH=E= A7l wet b8 A (pre—flight), ¥ &
(in—flight), 817 A] (emergency), Z12]3l B3] 3 (post-
flight) F-=C02 25, 7 F&2 v &9l Ajle=
TAE A

AP FE 2% AYS TR TPIRIAEL S A -8t
AFslE $8l & 20 YERA o] 71A] Hr A2 g g o)
Ak AR, 2A = (posture) & & AHFEE HMSE
T2 AL e Al 2 A gist 7] A5 (Diffrient et
al., 1981; Kroemer et al., 1994) ol &7+t 55 H=(1
Aromle- B9 27 2R 37 BE, 4% v 54
- =) E AT 7 1laE dE 59, vel i
& (hip abduction) ol gt 2HA| A E A= Hdst &
zk w91k A F2 HHE 5 PR AlEsleted]
7 kg A M7 H a1 53]0] HES AoH 3l
th E4, =2 fo]4 (reach) 7]& 7 (Department of
Defense, 1987; Sanders and McCormick, 1992) ¢l &3t
sto] BEd S S0 22 F Q= 99s AEstst
o 54 A== gtk 19 1bE cz 59, =2
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F ook 9ee 2l RRECPY 2999, Ao Ao 0.
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B7F A
I A AA| Qb | EE golA | Al AEA | iRt AEA
51 (ingress) O X X O
B ZEA A WA @) o @) @)
(Pre—flight) | wrelg 2% o o 0] e)
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 &2+ O O @] X
panel Clock A7 O @) O x
(1:]—?11; ) Master warning light %2 o o o X
Rotor de—ice control panel =2} @) @) @) @)
Center Fuel control panel Z=%} @) @) @) @)
console FLIR control panel %2+ o) o) O O
CMDS control panel 2=+ O O @] @]
A7 A O X O X
73 A O X O X
B A S @) x X @)
(Emergency) | opdwe yAAx] 22 o o e) e)
Parking brake A4 O @) O O
HjEy % 2
(Post—flight) Rotor brake A2 O O O O
o]e(egress) @) X X @]
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(visibility) =Ax
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Neck pivot point Ee point
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AAE FHshe TS T A Y 34 £
T Aol T AAEE Hetst ¥ olgs FHL
2 ndsto] JHIth e =1, A FA] 2AS SIE
AR 4 FAS 2T = A A dFE F=
QAL (el &, HehE FHo= Fdst] 119 29
ol AEHAT. 11 20 vEkd 93] 4 34 AW
FAE A% 2FAE = A, 254 o], 18al £FAL
o] A7) ARIE FoAE A FA7L 7w B A
Aes B8 & 3 d

=A, R SR 74 s 289 AlEeIE S
ZF AYE Y 7 e Be AHE Fetsigl =%
A 42 e Sl JIARES 7S YT #
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& 53 o]FoFh dE =9, AFH 2FA cyclic
control¥} collective control FHLA | & 7}53F Q14
2dlo] A= MEE Y TS o] &3t AlEH ol 24

& 54 % 30 e 2} go] shetE g,

DEP height = SRP height + BD3 x cos (AD3) + BD4 x cos (AD4)

3: trunk extensionangle
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score) 7k HARl AAE HE 2F AAZ AR
e 2F Al dig 4 A AR g8 geld
A A715A 14| (design reference posture) Z5-E 3
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B 3. 50th %ile QM 22| cyclic controllt collective control SEAX] =& XA o (BH: ©)
Shoulder Elbow
No. SLC%SI,Se 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. ot=9 de|gH =F4
It HE Al
=4 Slope =
i 2 Agola AE g AR Boh e 85y
Gl AeFH =549 79 A7 (preliminary design) ol gk
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A Al Mg FEHEF) S A w4 §lo] MIL-STD-
1333B (Department of Defense, 1987) ol WAlH o3&
7H25.4cm) & A xEl] Aol dast Zlow vjoty
Stk 2 AFE F3 gold sl At @=E e
] 2ZA 9] AA AA (detailed design) A H.2k= 9T}
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