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SUMMARY

(@ & & 8

I . Purpose and objectives

Farm mechanization was progressed continuously and agricultural mechanization rate
was increased to 95% as governmental policy was established to support purchasing
fund of farm machineries since 1998. As farm mechanization was progressed, the
productivity of farming was increased. However, economical loss took place due to
lack of prevention program of agricultural accidents in the field. According to the farm
workers' compensation data of safety aid system, accident rate of farm operation is
3.47%, which is five times higher than that of other industries. The most accidents of
combine occurs due to human error (66.7%), which is two time greater than those due
to product-related factors.

About 20-40% of farmers suffer from various diseases. Among them, 81.9% of
farmers suffer from low back pain, shoulder pain, or dullness of senses in hand/foot.
Musculo-skeletal injuries were caused by uncomfortable postures in limited space,
repeated operating postures for long time, and use of excessive forces. Many farmers
may have to change their postures to operate combine, which may result in postural
strain during harvesting. To prevent musculo— skeletal injuries for safe and economic
operation of combine, assessment techniques are required to design the cabins.
Several ergonomic evaluation tools such as RULA, REBA and OWAS, were recommend
and used to predict the risk factors of musculo-skeletal injuries. These tools for
working postures analysis were qualitative or discriminate evaluation. It is not easy to
find the differences of the risk factors from the working postures. Modeling and
simulation based on musculo—-skeletal human model are required to analyze the risk
factors quantitatively.

The purpose of this study was to develop ergonomic combine cabin using human
model for farmer's safety and convenience. The primary objectives were as follows

(1) development of visibility evaluation system to enhance operator's visibility during

_12_



combine harvesting

(2) development of musculo—skeletal human model and proposing safety guidelines to
prevent musculo—skeletal injuries for combine operation

(3) development of operator's seat and control panel to enhance convenience

(4) development of design technologies for combine cabin to improve operator's safety

II. Methods and results

1. Visibility evaluation system

To evaluate operator's visibility in the combine cabin, evaluation methods of
visibilities and visibility evaluation system were developed. The simulation program for
visibility evaluation was developed and used to improve operator's visibility in the
combine cabin.

The visibility evaluation system was developed based on the quantitative evaluation.
The conventional method was modified to assess operator's visibility quantitatively by
assigning evaluation scores based on the areas of the fields of view regions. The
visibility evaluation system consists of a laser pointer, stepping motors to control the
direction of sight, gyro sensors to measure horizontal and vertical angles, and I/O
interface to acquire the signals. The horizontal and vertical angles to the viewpoints
were measured from the operators' eye positions, and compared with designed
dimensions of the combine.

Five viewpoints of the combine were selected to evaluate the visibilities at different
operator's postures. The results showed that the visibilities of the viewpoints were
different significantly as the operator's postures changed. The divider of the combine
was invisible due to blocking of the cabin frame at many postures. The posture of
sitting with 152 tilt provided reasonable visibilities for combine operators. Most
viewpoints of the combine were out of the stable gaze field of view region, therefore,
operators should move their body or head to check the harvesting operation.

The computer simulation was conducted to determine the optimal eye positions in
the cabin. The wvisibilities of viewpoints were computed as the eye positions were
changed. The results showed that the optimal eye position was closed to the eye

position for the best wvisibility of the divider. The visibility of the divider was
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improved, but those of the other viewpoints were decreased at the recommended eye
position. The visual information of the viewpoints could be acquired at the
recommended eye position.

It was found that operator's seat, lever shape and length, display panel, and widow
size should be modified to enhance operator's visibility of the combine cabin. The
results that the wvisibilities of prototype cabin was much improved for safety and
convenience. Operator’s visibility is important for efficient and safe operation of
industrial machines in the field. Visibility evaluation system will be useful to determine
design criteria such as proper window size, display panel, lever shape and length, and

operator's seat of other industrial machines.

2. Musculo—skeletal human model

Musculo-skeletal human model was developed based on Korean anthropometric data.
The movements of human body were traced as the operator's postures were changed.
The human model was validated by comparing the experimental data of mass center,
ground reacting force, muscle activation, and lumbar torque. The operator's postures
were analyzed and the safety guidelines were proposed to prevent musculo—skeletal
injuries for combine operation.

The musculo-skeletal human model was used to analyze the performance of the
modified brake pedal. The positions of the brake pedals of several combines were
analyzed. To evaluate the efficiency of the brake pedals, operator's ankle joint loads
were measured and analyzed as each pedal was pushed at given acting force. The
musculo—skeletal human model can be wused in agricultural machinery and other
industrial divisions in which the ergonomic design are required. The human model will
be an useful tool to reduce worker's loads, to prevent industrial injuries, and to

evaluate ergonomic factors of machines.

3. Operator's seat and control panel

Operator's seat and control panel were developed based on human engineering
aspects. Operating processes and operating forces of combine were measured and
analyzed. The simulation results using the musculo—skeletal human model were utilized

to develop the operator's seat and the control panel.
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The operator's seat was designed to solve the problems found from operating
processes analysis. The computer simulation was conducted using the 3D CAD model
and the musculo-skeletal human model. The performance of the prototype seat was
tested in the field. The operator's postures were enhanced, lumbar torques and muscle
fatigue were reduced, and body pressures were balanced uniformly. The operator's
safety and convenience were improved when the prototype seat was used.

Consol of control panel was rearranged by grouping and link analysis of control
buttons. The results showed that modified consol helps to reduce reaction time and
human error for combine operation. Electromyography and palm pressure distribution
were measured and analyzed as the shapes of levers and knobs were changed. The
position and shape of lever were designed and manufactured to minimize the operating
force. The efficiency of the modified brake pedal was evaluated by analyzing the
muscle activation of low body. The noise was also decreased as the link of the brake
pedal was changed.

To develop the operator's seat and the control panel, the operating process was
analyzed, the CAD and the human model were used for the computer simulation, and
they were evaluated by analyzing the muscle activation and the pressure distribution.
Those methods can be applied to evaluate combines, tractors, industrial wvehicles,
ships, and automobiles. As system design and performance evaluation can be done
simultaneously, cost and time for production development can be reduced. The design

criteria can be determined easily by considering operator's convenience.

4. Cabin design technology for safety

The evaluation technology was developed to analyze the modification effects of cabin
frame in design process for safety of combine cabin. The cabin frame was reinforced
for safety. Opening and shutting method of door was changed, inner space of the
cabin was enlarged, additional boarding handle was attached, boarding stepper was
modified to improve the operator's convenience. Modal analysis and structure analysis
from finite element methods were used to evaluate the safety of the cabin frame.
Modal analysis can be used to evaluate the safety based on characteristics of natural
frequencies of structures. The strength of the frame is weaker as the natural

frequency is lower. The results of modal analysis showed that the natural frequency
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of the modified cabin frame was two times greater than that of the previous frame. It
means the strength of the modified frame of the cabin was improved for safety.
Structure analysis is a method to evaluate the safety by analyzing the deformation of
structure when the given loads were applied. The deformation of cabin frame is one
of the important factors for operator's safety during field operation. The results of
structure analysis showed that the deformation of modified frame was reduced to 1/10
of the deformation of previous frame.

The evaluation technologies using finite element method were developed to analyze
the safety of the structures in design process. These technologies will be used useful
to analyze the structural safety of combines, tractors, heavy industrial machines, and
construction machines. These technologies will be transferred to the participating

company, and used for the manufacturing process of combines and tractors.
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T w4 20074 2008+ 2009 2014 20194
GRS “ha  1,178.6 1,758.8 1,742.2 1,689.3 1,644.9
T7tEY AAHH ha 1.45 1.45 1.46 1.52 1.60
7T A A A a 4.4 59.3 56.4 63.0 70.7
S SR R R a 3.7 3.6 3.6 3.4 3.3
BA o] && % 103.1 104.5 104.3 102.7 102.2

(A5 E5AA, daxsEdAdTY9 KASMO (Korea Agricultural Simulation Model))
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B ated HFge Fukelel 74L& 3~5ha AAWA A 222, 10ha FEA 324,

A ool A Aow R eh(HE Y, 2002). FHE1e] F

A 4z
AA olgAFE E 1-3% 2ol v F/A ua A Uehkot, F4EF T2 Fukal

)

o] 7FAo] ale] AxzdAl sl AAHIL o], Fuiele] Fuirt b THAe FEs 7S
713
¥ 12 A= Fuel o5 A% (k1 o)

12 20024 2003 2004 2005y 20061 2007
232 99 65 78 38 20 4
3z2 441 295 225 132 141 113
472 2645 2403 2688 3040 2918 3422
5% 2] 62 28 426 449 456 o097

(R 1 F58171 A 8k8), 20099 54171 A7)
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19 342 71 AAE "I Bel EAA.

(2) 2 AA 2

A o] Al mAlE Feadds AR A% HIE el A=A 4 (Job

Strain Index, JSI), NIOSH £ 7]%<# % (Revised NIOSH Lifting Equation), 271/%717] 9¢¥
#(Snook Push/Pull Hazard Tables), RULA (Rapid Upper Limb Assessment), REBA (Rapid

Entire Body Assessment), = &% % =% 7] (ACGIH Hand/Arm Vibration TLV), GM-UAW
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ATEE PHor HE 5 AYNE FEAAT £F dFe BAsdnay ¥ F 9

BoAol s Fulel =8 2] A ZAdxte] AA 987 B8 s oA mdS o] &35
o 71984 803 53 d QeSS SAHEL, w98 A Z2 e ADAMS (version
2005, MSC Software, USA)E ©]-&3lo] AlE# ol At ADAMSE 714 =¥ &g

Aes et A & AlEdold AFoz, =¢4Q =HI HAERC] de, kA

= 98 6] Aol ghlgtE ol &ste] A ®BE AXHR =7 T4 AAS
FyoldolA o] EsiA @ RAd #e doleE 5. 1
AL ol &3t 5 A4 A AdA #4d Fat HUrE Sl G dw W 23 g
E FE39h AA, ADAMS LifeMOD A& AZEYo]E o] &3te <A &7
Fords FAgstdn Ba 52339 57 52 AEdold A¥ES I 74E =4
2 S5 mdo] MFAAS AT Rl A s et FASA, #d7 2 A"
o]

ol mdo HIS fste] AHEEHNL, 7] T E slgaFie] adRAET A =2

A
EMG ; M ™ ; ; 4
g Musculotendon ol Musculoskeletal || Skeletal q_ f q f {__
Dynamics Geometry &| Dynamics
B
M o | Musculoskeletal :M Skeletal 1LY a4 142 4 1.4
Geometry Dynamics ar ot

t I

Inverse Dynamics
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= AAHY AT Agrt wsR ALy, dAYE 5 A4
Hr} o] F Al dAe wet AtEE o AV7F G RE 4

o A AlEolde] ANt A, S ukE Zpole] RMS @, ddh Abel @ H A
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Ao HES zhe 4S5 WEH S22 Vicon

Joint Kinematics (q, q, q)

>

Joint Torques (Ty)
Externalloading (GRE) ¢ b e >
>

-/

Joint Torque

each of which represents the resultantaction of Tnee \3)
all muscles crossing a joint. =

@ Thip

descriptive, not predictive, and interpretation at

the muscular level is necessarily based on a total

muscular joint torque. Tan kllo
[T

19 3-44 ADAMS LifeMOD =74 Ed 5.
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Position Human, adjust posture,
and create contact forces

v

Import motion agents from Vicon and capture joint
angles and displacement

v

Generate joint torques/ forces and run simulation
with environmental interfaces

v

Compare predictions of the center of massand
Ground Reaction Force

19 3-45 57FA Aol WF Aol &3 sF k=

el gEel olFolAE YAV, < 0FFelE WA I, el AW WolA = F77]
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Floor Contact Surface
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Spring Coefficient k
Spring Exponent e
Floor
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Max Damping Penetration o pee
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Musculo-tendon Unit ( Zajac, 1989 )
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Import CAD drawings of
the operator’s workstation

Create representative
3D human models

A4 A4

Define parameters of

Create driving posture files
workstation components

of human models
| T |

Place workstation components and a human model

4

Define kinematic constraints for each driving task

\

Construct animation and evaluation scheme foreach driving task

9 3-60 HIFE AlEH IS ol &3 Fukl &4 AA.

WIEEEE
Frkel ¢AM Ug AAAA 5EEE 0¥ 3619 2ok Bkl 2AAE 40~600 A
2 gEsE QA m9E ggstach. Fukel AN 0 240 PG FAE ngtgm

Fkelel WAkolst dAule X AAE A% FHEAO
F AANERE A9 Eolsh 84 ZAEE Adsgnh ol
3

A= G

o

nA= Ao w AAlE v ATHA &S 5, 1993; Amditis et al., 2007).
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Harvester Operator Model
Sample Population
- Gender (male)
-Means and covariance matrix =3
for body dimensions
Seat Parameter
{ B
Combine Harvester Parameters -Preference
- Comfortable Seat height
Fixed dimensions based on, for =Chmlorinble Seat Gliing angle
example, carry-over chassis or -Comtfortable Seat twisting angle
body features \ y

Design Variables

—> Optimization

Seat (Position & Orientation),

Adjustment ranges, Component

locations, etc. Objective Function

i . Combination of such factors as:
Combine Harvester Constraints ; ;
- Accommodation (e.g. seatand steering

joystick placement)
- Comfort (e.g. headroom)
-Safety (e.g. harvester panel clearance

and exterior vision)

Factors such as maximum
permissable cabin height,

reachable lever position, etc.
w

9 3-61 Fukl 24 HA AA e

o =H g
A mHe B FAEY Dol A 344 4 G4 Ak AAE BE &5 F

fjointDispl (q) = ZUJL (qz - q;N)Q -’-F}_\} 3-9
=1

2 3-102 E =4 (potential) VA FhEelth o= A9 FAE ¥ 3-629F 2ol 7]
Aoz 6/, T, T BE, 44T, st J5dgon gud olF AP ¥
ol FAs: T HrhE AW Bhars AT 54 3-10004 (me)e HFEAE %
i, (ah)’ & HAFFE HEF k=62 JTAF] AE Tk, o A 2719 9
Az T AAE vehdeh FE0EY 25 A5, BA%FE PAAd wen gd
thoo] FEE AfHoR o] g Y} dom Fol AFol vEhdth o]F o] g3l ¥wl
A oAt ZojEo] oA WatE e

- 1156 -



52 3-10

(mig ) (Ahi )

k
=1

i

fA* Potential (q) =

ocal coordinate

a4 o],

hyA
-

A 3118 FE B

=
T

3

b1 9

3| 4 3]

A=

w7+ A

N
el

-
1

—~
file)

-]

=
=

=

2ol 77kl Sk&

%

#4o] 7}

1
T

7HE A=, ol

=]
-

A9l el

0ol A 1A}o]

[e)
e

TR

—

7HATh GX QU=

o gre

N

!

[, (A P+ G QU+ GX QL]

=4 3-11

7

@ 47
24 A7 el

A},

—_
o

a7

% 3633 ol ejxe] Eolel o)A MEY AEE

1
T

A=

A
=

- 116 -



=0l 7F EobA of

A 2] SlalA

w3

whel AL AN E

=
=]

A=

k)
pul

82 of

= A3

o
=

SpE

M e X © T W
Ufl_“ e 1m_l, = %rm
~ . W o o w o R
7O o TR o F
5 BR GRS~ B Ho T
pp o ‘Dr m R e Nd
= o v 0
H L g 8 o mt o, <R Mm
~ 1@ Plo N H R T i
woM - g : & & B = o
w A W > . > = z N 4 mt <
& = | e > RO S L &
cl = nmo = mTHIv N & AIHIV - 0 a4 SR 1 P
N 7 . —~ L —
Sy B T s Erzize
~ )
U = \ _HAxJ M M
= o 7 M <
3 nme " —_— T
On_ T _.i el o X
o —~ Wz N i~
B X X R wm o Moo
o= & mﬂ O M
N g — r
o § 3 p T L OWE
— N W =~n B N X
AN 9 X TR e W
T i ow T
= " s W 5 o J S
o) A °
. 12 Frzsiic
Mﬁ g o W # o ™ &
na
2 = R
v B i
MR S !
= % I
T T MY = )
& TR A
. mﬁ X X “ L
Y : ; N N = NM Eaca
. \_IW_ulL k .va.. ...‘. ]L EIM ;OL .AT ,OI
N~ . @ m_l — T ca oy
.o T = B o 9 do 7
79 M ode B T T
&R T wm < M T T

54 312

4 3-13

- 117 -

Distance = |X(q)end—eff0’rt0’r _thrgetpoint’ < e
Distance = |X(q)head _‘X—inside 7‘oof| < ¢



T4 3-14

. DOF

;0 =1,2,..

¢

1

qiLSqig

Fupel 2gAe Ae 7

-
R

19 3-64

A

Holi vk ADAMS ¢!

Pavge]
Ees

el

Z] o]
-1 A

247y 3709 AR -40~40° wHE S

ki3

]

I
2

el

=70~70° ool A o]&Fo] 7}

58T},

A= 7hEol 7}

e

] O
oH

160°2]

Target#1
Steering Joystick

Switch

Drisplay

2

H
+H
Main Transmission Lever

Targets

sP

Y 364 Fukel 2R Ag P

- 118 -



3-31 ADAMS LifeMOD <14 29 %4 715 R 9

3
ar

" OR™M M oy o W

o <z
TOT o oy X
HlolololeleoleolcleclelonRiolRiolov Slele UrozmMﬂm_]mﬂ
2IFIFITITITIFISIFITIRSESE SR ESZS TR R S A

| | |

_ _ _ a N . N O Hel
o LT T
IO E T 9
RE mo H g T 9

X [do) (&N —_
™ ok © F N D

M ] ! o
T e OE 0T
Tlolaolalalaolalalalallv|lo|l ololn|lo o orﬂﬂﬂauﬂga%
3444444444239”39585%%%mmmvu ﬁﬁﬁmlmﬁc‘wdﬁ
I s B T

G
< _ﬂ/w R T o
N oo N em = 5
S ~ [ruas
e wﬂ B | B wﬂ =E R R R R R E R E R _ 4oor X = = X
oy | R0 B0 | Uk | 0| B0 | U | %o | P | bF | B [bE | %0 | bk | %0 | BR| RO | Uk | R0 | BP | U | %0 | %o | BP |uF N o
r kel ieal il bRl R Bl Kl iR ol vl Rl R ool B Roval Kl | vl ol Kl vl Rowall B ool Bl Mei KO ) ATloE
DU I - B =
" o ,Uo o ~ N
SOl o S o)
Mﬁ ﬁi w %ﬁ.“ o OC urx
f R A
oF = > S P I R P | - e S S R

~~ ~—" N2 \lr

= e Wﬁ _a\r M W ~ d @ = 2] w K| XH 0 = o )
S R I R R T R el TER TR YT g
WL e ﬂe A El z W —i X M.T _i T®
= i w T o w9
m P Moo PN
S O
Mo oo TOWE oz T

ol — _ T o A o = 8 o
2 % b o W oo XX
) " B = o IF i T g
< B M &
@ aQ OC Sy S 10y
< T T W N T e
M % X o T o~

- 119 -

zZog 75° 3 AH A7 7HA



)
2
o,
N
)

Discomfort

@ Simulations 9138+ 3D Design

@4 Fehel Aol 3D BEH Aol QA ®

o)
=

2 Bgste] shel FaelA 19 3-

- 120 -



A Fujs o

-

T

o 19 3-67(a)

%

()]

—
L L
i I o) .mb e Hr - % XA X
o N a o I= .6& E __lu E o T
& o o W w/r > TR o oo
ﬂﬂMﬂ%W% %?%M%
A 0
TR LT Mow T w "oa T
N gl T X w0 L B9
- of < T o w 1 9 X
4%%@5@ mETE
‘OI 0 1o olJ — — dl X ‘W
%%%ﬁ%%% I -
D GO o ® doow
NE R BT 2w po B g Z
= o X T . ™3 oo o ~
. ‘uv_Alv_ 1_,_A|L .DI 1 0 - (o) =~ o
B o 2 = o Lo oo W o
= o o T N ow@m B o
M o o M T ¢ % MoE
= I G of X R W o~
o o o ar Ly = n o X Wy o
= oy ;OL OT_ _.._ ~ ~
T o X B OX k. L S
B oo Tm ™ E o 5 T 2 Do B
= 7 0w ~ = ° oo B
0 . . . ~ i
T ‘U,IA M o ],Dl_l K i) o M T o Horh MoT
TETEET LT s TEIT o
o M TR oo Wl o ~ g g TR T g
W 2w N8 i T N 9 MR
Fox X o3 HETE i Mo oM KO =
2o B = X" w = U o &7 =
mmﬂ%;%ﬁﬂ@_ " S 4E Yoo e
wr.i%ﬂau%mm% T = o 5 0P
5 U ™o oey o O o o= R AT
%ﬁ#%.aﬂﬂ I S
HoX T F 0 5 o T o2
= B L om W N o e -
B o= w W & N s T =W F M
T ) N TGO
o - = ™ m o B X 9
@ﬁﬂa_amrﬂzmu oo oW L2
Mo ow T o N 2 Nom o ow g
EE E.u = iﬁ E il zi - X @_@ o ﬂ
il R O A -
WoAm R I S~ N
©° ~ o X
e T o W%

- 121 -



L
R o N _
< B N W ﬂ_.« %_ i o T 1F]L1
T 0 o NnE T KIS I
O o s L )
B T S o L T
s B ok W Om U T T oo fn X T 2 R
B m O o] ok T 5T m.‘_ y = - o e]E = =
T W™ O E T A No G W woMp o o=
w o E o< e CLE Y e 2 A]_ <0 T o g O
= < N N Gl [E G- HH 0 ulfal
T oy =7 . w2 R NI
o oo X5 T G T oA o T o X
L N T s oy TR X ooa
N = o & % —~ ® 9 oy oy
UM~ S roy ST e ey e
A w- I N- ™ XX o N N
< W ooH g o= = | A o e
T oo B Txow = P v og ER -
T A T oo T oo & °
o 5 ﬂl W e TS | ol ~+ Ho OA ML A = Jmﬂ_ -
T g o o MR T = Vi
B P o N e S o By M ooz M
o N Y - D Ng  on ol N Mo
do — X 4= 5 = oy T [ = = X 4
S & w = = % T T B o~
T o o BoE X mw Gl T o N W ofn
IR T = X s FTLT o
1P iTapiel pFTET 2lZae
—_ )
xﬂwa_aﬂﬂem_@u% B T % Toa T Lo
o) = T 7T Mo s oy B s @ o N
2 TN T oy o= = o M Mo g WS
My B A ~y o X Ho ol o5
_ =~ = X — N 9 i — iy &
5 Koo m._ X ww W o _ S W
Mo B B = F 7T N o ¥ OH Gl E W S o 1@
o_aﬁwﬁa‘%ﬂ@mﬂﬂﬂl@.Eou.%mqiky
T, = = cr T X = ot mc ™ M dl 5 o = 1M| el
ﬂmo7ﬂzﬂ@@é&%ﬂ%ﬂﬂ%ﬂ%ﬂ%
1r_| oy :._o 3o dAl um_l ZT ﬁ ﬂ o ‘u,e On_ mw.o iz ﬂ.ﬁ Mﬂ N
ijﬂwaz;gfi BT T T o
4Aw?@%%%ﬂa%ﬁﬂ%wnﬂ@m,@%ﬂ
W._ G e o) T o o of T = G oF o N ol
R T CE S A U QR TR
H F o w T [ = 2l ER T T
— —~ ~ B R R ST S oy 3 ~ o W Rz
SX AN UTH g A -
o ARG ¥ 5o - o PR T L ow
N~ Xl o o M o H
v i~ Hoom e T
N FOw o ) T
g CaC

- 122 -

=

=

A

S|
~



- 123 -



A
2}

A

=i}
S

(2) BHo] A4

ki3

]
oF
TR

vze)

N

wK

sl

A%sh 8T =

ki3

Aol oy

g1

)

A

ol

= Ak} 74 KSB 6868

W
A

—_
fite)

vzl

a2 o] A

A =

o

ot

o
v

el

70
U
o}

!
A

a}

2 9

A TR

=1
by

H o] A

z}—%} oy

-
T

Aol A

ZF el

- 124 -



b b
@, & by
b
l’l
s
si I = ] =i
s £ i ¥ L ]
e DA% )
3 By b
|

3 3-32 Aol X4(KSB 6868)
e Az . EE
h3 ZHo] o 9% 140 160
I3 o] Ao 90 140 190
b4 o] 7t 7H4 450 500 550
b5 Zdo] uH] 50 75 -
h4 o] zlo 50 100 -

94 7IAS A BERE v Awak 839 x50l rA4E I Fltype DBEE AHESHH

04 A FEE 1Y 374 mek AASRGG R4 ARHE JFOR G 45° AEE
A4 s 7 MEe] 14 ge $AMY FPML JFOR 175~350mm He Sl 9K @
FQES 1Y 3755 ol MA F A

(X% : mm)

dES e & A B
g e /

a7/

% 374 AN ME 1A A,

- 125 -



a9 3-75 PAME G B

L R R B R = R

i
[»
[m
N
)
e
it
AL
k]
N
Y
oty
)
2
o
o,
O\I) m
:cl)I:
B
ax
D)
=,
il
Y
>,
ol
ol
8
.
I
ich
=
i1
2
alil
jus]
=
ro
oy
L

3 3-33 RMS Hvt/Wste 2t
By

oE®m aF o 9% aF o 9% gy o 9% FoA o
Standing 30.479° 32.42" 17.99™ 35.12°
Total L ean (6.76) (6.47) (2.82) (7.22)
Average : . . P P
RMS Seating 15.75 14.27 10.6 8.53
mean (2.97) (2.39) (2.05) (1.03)
Standing 0.28 -0.02" -0.02"" -0.57"
A;gﬁfg mean (0.20) (0.24) (0.10) (0.47)
© slope Seating 0.28 0.22" 0.28" 0.07"
mean (0.23) (0.17) (0.21) (0.25)

#2.5% AN 1o, wb%FE oA o], wxxl0% TN A 19

- 126 -



1

12

A

(b) 2%}

(a) 12} A1 2H7]

a9 3-76 A

o

ol
%

3ttt o2 19 3-78% o] ol 7]

rvze)

el

tdet 1 el =

s 43

AHE

- 2
-

&1 A]

7

=

d 3-77 2x}

A

- 127 -



(b) 22+ A]#H7]

(a) 12} A]2H7]

2. 9y 7

E = Y

A

W& e, shesEola A,

N

R

S|
&

om FHE e 45 46.9%7F

fils)

olo
1

oF

=

fite)
o

X

a

62.5% 7}

Atk kA b T Al AR ARSE A

A, A fre =
bof, A, 229

A
5

7=
AL

Ao FAAA AA =

S

3]
=

Al

H|

o 9

I R

a3

)
—_
fie)
T
7

3]
=

A W] Hxel

&

s

WA

A

g]

v g

4

o

A

ok

™
y
)
<
J)

A

il
olo

A Al S

shaie.

Ay

of A& AL A4 wnz

- 128 -



o2
lo
el
o
i
o
r
By
)
ftlo
n)
o
o
T
rb
o
o

9 379 4EH W it dHER 2 A9 AR &gl

A AAE & o] FHe] dHE AZE $ vla, Frisdn dW s =B gy o]

b FEE 19 3-80, 3-813 o] U et &Fo] o] stdori

100, 150, 200mm Holzl &ejoln] H7hg vhrt 29 3-823 o] Azt dvie FF

e vHrol 7le F A= E AAEAT. AT o A A AAE R A st o 2% R

o =Bl 9] AW A Wl F 367HA oA SRS HUsH. =EE £
A7V F3 AAE AEE 2 vk JEe RS g FEE tEE b PEHE AME

shla W $14 FES 5FF dH e R WEks 3/ 8 Fob A A At

Z+7}+ 150, 200, 250, 300, 350, 400, 450, 500, 550mm7} = Al 3} T},

A A 2= A dHE 23 B3VE A9 =EE AERE 2 8 FHdA, g s
oA TS ZHE 200mm, 350mm, 500mm XS Wl 71 WA yERar, okola] 2
AE kB AZZ 2 8k FeolA, dME JA FHSZRE 150mm oAHS W sHE v
A YERSE

a9 3-

JE
&
N

©
Ji

ot

0
)
|
N
N
N
N

7k gre AAlel AFE v 2 wn), A A AFH A 2L w=nb)

- 129 -



ojm & FAle] AlAV]= erobA sk A HREE SV wEel ¥ 3-83(a)ek #el
Zhew 7 vk JEe] =85 Addsgion A 4] Agrt 150mmrt HEE dWE A
28t

i

7y
=
A
i

b

k}
|
L

o

(a) (b) (c) (d) (e)
9 3-80 7 A A 2=,

N

d
H
M

a9 3-81 57H4 FEl= A=A e,

- 130 -



I ‘ u |
)
A% e AWE =%
| = ] I — -

150mm =& 49y 200mm "o 7 @l

| | 1§ H

3 ) |
AH = SHE s et SHE

- ][ = = ]
250mm "ol #H 300mm "ol ¥
AW E =5
| : —
350mm "ojz g
a3 3-82 HI7FE Az AA W,

- 131 -



(a) SFobr] A4 e ) () AA 49E o)
a9 383 AAlel w2 Fo dAvel e,

3. Bgola HY At
7F BEela wHg B4 A g A

AzAbE HuWEA I AEzARA I Beola g EAH2 Hyola HES €] 918

&2
rlo
o
o,
i)
to
ol
au)
rlr
pou
o,
ul
1
Xl
o,
I
=5
rlr
P
g‘é
z
&
o,
i
;
mlo
g
o
R=)
[
rlr
oot
r o
BN
L

S Mit, %91 Yit, T Kit7} @ ¥ae o 928 ddstel ATRE 49 A &

Agith o] HAE] paola e nAPAE F9 Mite] B Yol 4 £ge] He
wke) sEekela S Ak, w9 Yitsh Kits Azkel Y 7 F 44 Adstn 9
gtk Wb, AT gl T TikE wotelv A B ATYAE Adsn 9] o
Bol B ATFNME Yiksh Kitel g wAvigstel AsA naola AP YA
BAI oA ANS A% /1FHA A T, vdola Awe AR Ave Ad

W Pag wAsdn ndela Mwe A,

whonelela sige] A W A%

- 132 -



317(4;5
=
H
EERERE: =
=

=

=5
N
17]= Agrz A
0‘9_1;]_

vpo} 7ko] H o] ¥

i

T

, Za]jl
=)
Bgela sgere

z
lolz Hge 1d 3
d 3-849014
H

H

o]z w
Hg Ag

)
7o T o T
o T aﬂ o J
Le] —_—
b w o © W )
WoE® e % = i
> 3 ; —
= ) e TR g~
— e o =
K e wm o . wﬁ
.= A — il o
o ‘UI ED R ‘Dra M ,OI =
oW or T 2 E ° 3
R ow o - ooy
5 o B x5 of &
T (5 —_—
B N o o _ 1| W o 0
< A Y 2 2 P
s o s N £y ™
o 0 < roo 7 B
E_ ;l&l _El ‘_%U ] ,_uv_mﬁ X 1 .*
ﬂ%@%mar%Dﬂ
N I~ ~ _ A
= N 8 0 ARG T
RN mr ) o
T n ] o o n,Du n%
L - % ﬂ T v i
_ZTH ~N o <] wWE oF
ciEElcis
oo ZN X
o) G oF o m_.o ‘UI
) E s _wW ~ R
- o N X = ©
L w % M o < A
R EL<E Y
ﬂﬂaﬁ _@@ﬂ_gd
Mok ey mm ma o T o ww Jz
1) 'e) “
%ﬁ%&ﬂWMﬂﬁE - "
H;l N ‘|E N JXI‘_ J fi%) = L ‘_lmw._ —— . “
m_fwéoﬂmﬁ%g%@ NG |
L wow o pF © o\ |
i z 2 3 T T8 R T g “
e ryl = v H.__u _ NS J/-._,..,. “
ol o o SO o N I ,..ﬁ/ |
ﬁa ,Dl _ J— ﬂ.b R o) ™ .Zlﬁ 5 @ L [ m
SAEEE X oW
N X o= o ~—&
. A_w /
7

- 133 -

-



a9 3-86 BHdola #Hy Az,

REE DIEE S SR R
Woee/Es F oNE L doldw AVRe FHoE ATIAt MEERA W AR
MR dn 712 Fuklel A AAt e AHF 90E %4 R, vE o
A A5t Bob AABUNE Wol ANl FA R AYA 4¢] Jg FA Frhe

Al Aol AT wE HE " golde) =5 Fola, wiA H YAle vAl ste] A

’

- 134 -



—_
file)

g
BX

—_
fils)

nE
]

o

o

F, o,

==
T

Hhs} 7ol

3-87°14 =

=2
=

J

(

KK FsMEE |

Kk ol T mEam |

L |
Arons <IsFR |

WFR I FR |

_;;%aﬂm KR <IFR
i ERMTR o8l
HOMIRHS K@l T S &l

—  oiTE FE

—  SRERTE

—__ X3 HFTE
— ®rAN MNTE
= I

nggﬂﬂ_

e T [ S S W ) S

9 3-87 Fukel A

BT H

g

TN

5

il <

ol ]3

<]

A8 sl

4 WE&s ntgew #H

At

AR, AR

Al

B

2]

ATFstoll A 22uf<d 9

)A
&

2,

$4-93 9

gz

|¥=

uhe} ol

3-88¢] &M K=

st 1™

g7t H s4

Aol 4

PN
RN

it AL

i

Aerat

S|
A

4K

M

R

"0

o
B

o}
oy

g, o F e, o3 Eeolttolde]
v =, g, dFHdw s ddAdol dal AAlEo] Aol B E, K/

I ACH ®&,

3|

oh
I F

o

1=
.

ACF H

- 135 -



HET
I} ey o

XOE T
do = 5 o) & ,
oz o X o o
U mﬂ 0 m Wﬁ
dﬂ o
il b 5 < B
X OE N Mo
%@ = o E o
iy + B 7 T
G T 5 - T
= =
Ty T & g oo
n Y ho B =
) w TP ) S o o
ol GO q BG 1l % 5 %
g et .
2 ® 7 e o g N & 4 N & o o
E L X E D o o J i B S R
Mﬂ%w%w L | ] =0 ﬁaé
™ ‘ﬂﬁll ~v o ) | | ol )| -
g W N = Mr il H W of i M o
Moo T N o _ s o
{ o —— A r W
| ®oE * R i | i 45
- N C = ) ) WP T
M o = oo 7 e o olo ) ~
6 M oy 4 £ m " M o - X . = < UF
Hro® o T 0 : Bmn =3 ~ <
o i Hlo B oo T — - L T oo W
o 2}~ 2 m_Emm o i
o LI A _T TEr e I T
s T EET e = 8 G P TE
ERNOI T i : 1| N H
— - B S = X _ y e o g ~5
- i T o T o o nﬁ & W N
) o o iy ( ”
T E g 2 » L2 S 1 B RAEAE B 4%
° vE T < 5 5 W 1EH - T
W X = ol ey _ i B N o
N & oo T R — =3 mw § oo jolr
Ho B ] 1_ = 0 i RH 0 o X [
R R b AN Nias =1 al N o N &
HoE A m Ne o W R0 i H EWMu " - ~3
oy = ™ ﬂ T _ 1 e N = o0 1mu E
- > B - 5 ST
) B o = i q £ A [ B ) S - °
s . ™ Q il 5o TH
G Ho o - mw £ ™ = EE K M = T
o o W < & i Jumﬂ ) m o
d T T <
,w < OL
3 =
iz
TR = E
o
o R
ol
o

WAl ACH:

-

T

i A=
= /‘Rj’ ACF

- 136 -



FEAES AA

Nd

)

o
o
xr
T
o

=K

Hho} ol

-
.

a9 3-9001 A4 H

[}

=0
=

Eo] A

32 W

KeX
=]

AAALEe o

o] &3 Al

—_
fie)

Pt et =t

}o] 25~30mm= &

g FAES s

]_

P A, 72 M2 Hl&S 21302

)

7
4
N
el

X

A
BX

—~
file)

3mme] Ao =2

A

o o] sl

=
.

Fach H

5

20
o 71

bk el

S

=
=

2]
2

AH o 73

shel A

As oy

O} 1=
T

wLAbE| o] 247} Hol A

o

i}

ﬁo

el

!
%

Y

vpel ol A7jd

3-91°1 4 H+=

=)
=

KeR
T

A7)

- 137 -



Fiek. A7

S

2:30. %

9o O
==

A= A

7=

’

%3 a1

gl

=

A

A= 1Y

=2t

527te)

+SA T

& 50~70mm= 3

=20
=

o A

el

—_
file)

ek A7)

S|

A

= X}
= -

—_
fite)

24 A7

£

2ol H

vl o}

AT

5|

shtel WESE 74

Agsto]

o
=

0,
:
" 00000 X1

/A A E

X2

=1
=

- 138 -



T OB g w
T 7
T ET Z.E
SR -
&k 0
Wa m o
w9 ﬂr1_ B
= W X
% o= W
T I
— ! ™
< oo
L 5 2 o I
Al m o T
Noo) T M
)
T s ¥ e g
N ® T = ot
N %
= Hw R nm wzq]ﬂ
= H RO
° WA R E
M/ "o
g 5o v B
2P 7w ° o
o 5
ﬂn o o5 o
T = = N
o E %
\ woom X g
) e Nog N
Lt _, M - w% e u] =
s B ¥ ﬂ B oy om S oo
m@ 2l 10l gl zl . <0 M
I & &m Bz d unu_m Wn M W B 2
N file) :MD
Mo mh <o o
o oF % L o
T o o % =
il . Wrom- )

=
ok

=
=

sht}. wheba Euielel

S

R4

]

-

- 139 -

o],

-

AoF gzl WA go}

%

o]
gz o 2wl HRE BA

ol HZolwl 44T v

KeX
=



il

(a) ¥ 7

nR

G

o
-

-

, CD-ROM 7HIE, AlAztelE 3 Adulo] A

AFe] AAEE 47t 19

%

el
00

o
LOL

3-95, 3-96+ #th. #Y T wof
Al CD-ROM ZHIE & A

2 3-989] A] 7 g}lo
tRem, 219 3-999

J|

o

5
pu

a9 3-97% 2ok &

-
R

g om A=

)

il

AgE s

g]

o= 2% 3-100% 2ol

o

o] olg] REZA WA F

=}

e

Jol A 17915 2 2gahel

ORI

15

T
—a-

sglon, Hejfe Zo

o] AJof BRI} wl$ o]y 7]E Fupele wH A

Aejol Ao} A

)

ND

1 =4 A}

0

MR
il

tol 2%l 3-101, 3-1029F #o] 4 7hw et

5]

2 9

- 140 -



N —

22

57
7

R . AVS 125 BR(+)
AVS. L35 B ()



e'®

Qo000 cCoO0o0
D000 Q0OO0O0 ODDOOODG

(=10 ol - X ] 00000000

18541

19 3-97 CD-ROM 7 E¢] AA %

FEEEEE ] B

2 3-98 Al AztelE A=

e e i il e i e T il e e e e T

2% 3-99 AdupolA M=

- 142 -




19 3-100 A& B Belsle] AR WA,

Ef Zr3) HAa
SHASENN porar e 9im

) (S )
Vo riamm i s
A et
F77T; T777

a9 3-101 F shvleke] A,

.'-- & . +
ke = munog ;
gongy EEEE |
o oy '
Ny N T 1
EHHE o = T BUEmON
=
DC-i

a9 3-102 % Fheleke] A4,

- 143 -



%

=
=

. ]

£}

= Ag IR P ANSYSE o] &3}

SRR

# 5 ANSYS

L

.'_[_L

i

A
o
o
el

i
e

)
il

Jri
o

el

@5

N
T

2 shell &2

A)
S

o H4el 2 8

shell 63

o}<H] (poisson’s

Ahgate] =

=
=

A]

2 206x10"N/m’E 99

—_—
o

=
T

7
g o]

-

AR -

o2

= 71 9F 3000704 8,000/ = F 7]

ratio)¢} ©4d AlFE ZAASHAT

P
T

EERE

el

A

oH

)

TO
7

on
™
H
N

shell 63
2.06x10"N/m”
0.3
°k 8000
7,850kg/m”

shell 63
2.06x10"N/m”
0.3
°F 3000
7,850kg/m’

R
. .

o< H]
(poisson’s ratio)
=
(node)

=
(density)

A

84 g4

(element Type)
(modulus of elasticity)

el
il
g
e
0
o
oF
el
<
o

N

o}

°

Gl

B

= 7]E FHel

13 3-103
3,00001 7§ mE=w o] Fof

o

il

o

Zale B4l

IH

o

o tukel Aol

- 144 -



% 3-103 71E ZEgde md AA.

Z el wd A,

19 3-104 WA

7. N ZE7] A R A E

- 145 -



4 A A

o

9]}‘

7F. 7R
(1) 74w

o wl R X B
il H T . —
— 2t o
S o 5 B al]
) % ) ™ Hr
W
_ No - H_._L HT_ q
o R =
3 WA
= o _ W iy
el M 1%1,._ _ml MM_V il
EEE R =
teil: % B
= o . D
i mm He o W — o
O# OL O_E ) S —_
w 5 W RO B o <
wom T A 2 T
2 oo BNy ! R
I\ hall
g ko = 5
= N 9 ° x A . Nfo
S A = = =
= 5w TR
° ‘m _.ﬂmﬂ — UL o]
ﬁ Ay o He o i %0 F
o T+ x° Tw A
N Moo P \Q (s o
iy M o & 9 = m o ﬂn_%_. .
ol o ™ = o o ww
= M= T H - g A
T % O X oz 3 - o
H = T o= R
_ 3 oy ca _ T
ol Wy TR = T o
N Jal T = ¥ =
LI R, o =
4 o) T —
o) o S ul X %9
~ N ~ 7 _
o X o ® XM
G- o
O Do odr owm o~
0 Ay ~ X X
=T T S

7A
Hoo® o

.
1

=]

Ao AAE HEE

wepdvh. 2 A3 fe |

Eites

o

Aol it webs Fup

683,995mm’% 9.5% =7}
- 146 -

ko3
T

2ol

W A 629,413mm’el A WA

A8l ¥ 3-1063%F

KN
T



(@ ¥4 A (b) W73 F

b A A
Fulel 2q) Fo Aok @3E 22 Edd £74 871 fd Fa@ ade At

grop g Aol S RA @rtd B2 9n Mels AN fem WEm A44L o ¥

W, o= AR A 2 S 7 A AEY &l "u o) FAHS shAst
7] 9l Fukl AARL el AARE H2 Fol o7 A B wjE s AteHA AP

2
QES stojof @k ¥ ATOINE ¥ 3-1079 Zol mE FE FUkste] T fol wF
S 712 176,334mm’el A 220401mm’Z 25% Z71E =2 39 oh

(a) ¥ # (b) M7A &
a9 3-107 7Rl SuF ool AA WA,

(3) AdAte] #+E Aoy TR

b #A94AF F3F 50mm FE

A Fukel AW R FIhe ZAstrlel UF Fastel FxgelA AAE AT o
A E suke 3lxo] FEo] AR Aokt WS B o Ak ol Ay w2 A
qAre] slEle] RS Fol FEFAA AS Fad 5 . 2

AA17171 918 L9 3-1083 #Zo] 50mme] #3He RSt 50mme] A4S FXF grE

- 147 -



A1 o] 3t Fukel Zhdel ek Aol SeiE AT

(b)) Beol=a #Ald WA

Bola sg AANA Fog 29 T stz g N HF F9e] AH ofFojn B
ol #HeE3 Nl FHE WHANA ddgs AL &Y
2 A TR 1A A W fFdeke Ae AdE  dvks ARl
TolME 2" 3-1099 o] Heola HdEd Anle] H=E HeE LHAA
= Beola Hge AAS WAFeEN Lg i WA FYS Adste] Yo aeA

2 ZA7

(a) M7 A (b) W7
a9 3-109 BHola e AA WA,

Zoe Aulse] ABAAY £ AL @ Wl Brals] ojde PRl WEel 23
At AEEY] Ae Fol e Lol AAstelol @k L Aol 19 3-1103% zel
A7 A AR nekE ExtelE Frstel Fukel AGAt A A F A Fe 5
AEE Sgor oA AdE Be AW Qo] TA WAL 5 ot AR 2D 5

=S sk

- 148 -



7},

=
T

a9 3-110 " =3l

ol
_
=<

i

™

—~
file)

73

o] HolAow

¥ 3-1113¢

o] w7

15 7€ =oloA 40mm

o]

HH
o
B
Gl

—_
fie)

E

Bl

AA =

e

A& D7

B Fukel 7iRle

7

L.

ATk AA WAe]l |

o] i}

]

o

7

of A W

ol

H

H)

Hl
-
o)
I
o~

Fejz whgleh el Ay

1
e

ojd 7t A =]

el Bk A o

e %
o9 3

A}
2}

]

O
_Z#_l

o 2%

el

Hted @l AAZF o] Fo] Huk ¥ 3-112, 3-113

o] AA wWAe]

= —
e

3

o]
=4

|

o
H

- 149 -



150 VIEW

EFEL

LTS
e R RECR

s =] COMBINE CA IFRANE

19 3-112 AfWle] AA =Y

1 SIE A1 Sedneel

8

TERE T

[KEFTRERS

{KERECHECNEC

M3
FART |
TE
.
.
.
.
s
o
s
o
o
i
i
oTi
(3] WBXZ0(sPY | =za-F,
[32] H new-
El q new-
[3] q new-
(3] 4 news
[a] 3 new-
2] 3 new-
[2] ] 2 news
70050,2.37 | new
20450, new
20450, new
20450, new
20450, new
20450, new
20450, new-
20450, new
20450, new-
19419, 14T | _new-
18418 14T | new-
18K19. 14T | new-
new-
new-
new-
new-
new-
new-
old-
old-
old-
|o1d-ASSEMBLY|
old-PART.
|o1d-ASSEMBLY|
1 ¢w-ASSEMBLY|
Ay = 2 L
¥
S N Y
RN
+813| COMBINE_CAB IN_FRANE
H N
PRSI (F)
SIZE A2 4204594

9 3-113 7iH =4




o Aol o] # ARl F Mock up A2t

o T W T Mo o o X o W TH AR R
Py s MNET g oy g BE g g W
—_
o = ﬂh = Mo oq R T oo JT i
I o N NG ®oR = o o P R T X
wﬁ w qorb HQOM . N ~ ﬂ.ﬁ 1*%1_ 3 ﬂA! FL H;ly S :.L
o ~ ! 750 Tn R
B of = o MW = NOT B W 2
o e Nfo z < o X o~ _ N R oF oI il
s Ko N G - W =
< RG-S e, -2
ZT OW ,HVL Hf o= Lt XL ﬂm_l AT ) XL ﬂu.‘._ Jl
® T © I ¢ W % w Foo Hw BPoF
0 ] w ! 1 o
T x o % R Wy % - oW
® 2T WE T R
) i 0
ol N ] = " T =3 @rﬂ o N o o
o HS EERE s T T W T
X NG O T - S
=y o o 0y T W o A= X on _MT e o
CIE I S S S S A
. N — |l
¥ ooy 0% OF Yy, grrzTzTeERlow
= o T JoR o X o ow NV ow o "
- W T - He M R
W s = I s A T o= T T o T
N Mw TN o o o B R = = H ~
T T R R e S U R . L
v = o o BOR oS T o = Do
y oo = — W % T 1) - 9
o & N == X — ° 5 . - o o T
Xy R e = 0 b s 9 M- T
Y B o oo 4 m @ o G e &)
K o oof =@ © R 4 o N oy B L A CURY
T 50 A oy O L = ) i x° x_u iy
) ~ laxy 0
woL:HmAJOO%#oﬂ_/zquv T iy
e —~ X N = _ B = —
T = X W T T 2 oo o S o o IS .
° T ~ o2y 2 %o Xl ok W 2T = K T vi © T
gl FPYT g T g Yo o o ™
P T oy e . B =0 70 o TN
o a0 P o Bmom - N —
No o 100 s 5 = ° ow W o o) o) o o H B o
T oo L 2 RO Y o= N T &
D R A B AR S e
L L LT T L i
AR . of = —~ = o X 03
w N M G S G TR - N I Py
FOTOR LT R OO 5 Hox oo s oo D
dy o T oW Ko RO FORO ® cdo BT N dm w

/él

=

=

bol ofol

e}
7 ¥ (package

AXA At 3D AL Fd o]
A=A o]
O AFQl A|Qto] A HETT L %

=

=

=

[}

A 3 E(project review)F-E] Al 2

3
A Z(hard Mock-up)& AA #H& HE(final Mock-up review)

Kl

o

R

=

A E(digital Mock-up review),
- 151 -

Hl, 2D 74

-
.

=<
A=A, 32 AE3] 9 (presentation 3)

R
o3
=]

1

=

t]o] 272 (ideatin sketch), W< @At & (concept rendering), 12+ 7 E 3] 9] (presentation 1),

Bl FAH(feasibility study), 23 7 E 3] 9] (presentation 2)

2D ©A9F 3D SAE v ol A

review)



PHASE1.

PHASE 2.

PHASE 3.

PHASE4.

PHASES.

PHASEGB.

PHASE7. SOFTMOCK-UP

PHASES. REVIEWDESIGNINTENTION

PHASE9. PRESENTATIONII

PHASE10. HARD MOCK-UP

PHASE11. REVIEW PRODUCT

PHASE12. FINALPRESENTATION

PHASE 13. DATADOCUMENTATION

DESIGN PROCESS(2D)

BASIC PACKAGE LAYOUT
PACKAGE DRAWING

IDEATION SKETCH
ERGONOMIC STUDY, MATERIAL RESEARCH,

CONCEPT RENDERING
EXTERIOR/INTERIOR

PRESENTATIONI

FEASIBILITY STUDY pre
DESIGN REFINEMENT

PRESENTATION I

a9 3-114 yAd 34 - 2D.

DESIGN PROCESS(3D)

CLAY,FOAM

ENGINEERING REVIEW
PACKAGEREVIEW

FRP,STEEL,ABS

a9 3-115 ¢Ael 34 - 3D.
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WA wiAlel BASH: U dele] QF wEE E 3-359 o] vEukon, 4569
b 502014 AASa 9ee & 5 ATk YA QA Apol =t gfau T By

o Q1A Afol= ZHAGE 2 Aols} gl WEel, A AAMAFEAL AR o g3t
AN Fuklel 29 Al AAAE LA kb Fniele AEFSE Aol My sht, &

Aol A AAE ANG Bkl S A G2t
F2 Asts A e A, Pl 15° 719l A, Dold AAl, Lol AA 15° 71l &
SEREER

e A WE A wAA] AFL A FUA AL mestel v TAG ke
A WA AAG EEelE @Al AAMAFEAL Adeld] FYSAT. 1 A% E 3-36%
2ol 4569410 FA el W W FAL 1Tem, B wol

A AN 154emz EALH AT B Aol Abge] ol wele sbg el glow,
e

N
>
©

e/
rlo
B
=
2
>
N
(0]
(@)

8

=40 ok AH B dold ZEA Ted AAe AHdEHE JdYolr wdstta 7hA st
AL, 19 3-1229F ol Adare] #Yd AAlel wE =] AAE AASAT. #HA AFEH FH
LS|

N FAE Tlee® gk AAlY w9AE R T8em, SO & 17cmell 1A EH, oA 157
719 AAle]l EAAE R Tlem, do2 36cmol X3 A AAY =9AE HH T
AE 702 92 Pem, O 53cmolH, AA 157 71&0 AAY =X = 92 92em, o
2 T2cmoll 91338

o

¥ 3-35 duw w4909 ATEE

Age Population Ratio(%6) Age Population Ratio(%6)
20 - 24 128 0.02 55 - 99 79,819 12.31
25 - 29 939 0.14 60 - 64 100,291 15.47
30 - 34 4774 0.74 65 - 69 132,137 20.38
35 -39 12,809 1.98 70 - 74 106,789 16.47
40 - 44 29,564 4.56 7D -9 50,362 07
45 - 49 51,929 3.01 above 80 17,674 2.13
50 - H4 61,084 9.42

(&A%, 2008)
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E 3-36 wAA] W FA E wEo (unit : cm)
Item No. subject Avg. S.D. Min. Max.
Head length 541 17 2.25 14 22
at sitting 916 78 3.15 67 87
Eye height
at standing 916 154 545 136 171
gh e 74, 2005)

a(a’) : eye height at sitting (with 15° tilt)

b(b”) : head length at sitting (with 15° tilt)

o(c”) : eye height at standing (with 15° tilt)

d(d”) : head length at standing (with 15° tilt)

d)
b’ i (72 em)
(36 cm) (53 cm)
b — |
(17 cm)
U Mgy S
a
78 cm) >
(71 cm) B (99 em
N
¥ Ead :
SIP
(seat index point)
LIC "o :

R 3-122 AgAbe] w=9AL

(B AAe] Alof W ejoll wh& AFA 3 AA
E

B oA AE ANY Furele HEQ

Aokl Jueg el mE AA GG GRS ol A J1E BALA FrEs v
of M FARL AAdnA ASHoR PARFE LolsArh oA Aok FuFE 54
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Gyro sensor

Sk

3 axis joint
Laser pointer X8)

Z-axis

Y -axis

X-axis

(a) AM&=d FAE (b) AAl A2~

19 3-125 ARG Fukl AAIE BF Al EL

%337 NG Fukel AAA B7E Alawe] Al

Item Model Specifications
B e 3.6 input voltage
Step Motor NK266-02AT e 1.8 degree/step resolution
N .
Gyro Sensor ENV-05G e +]180 degree measuring range

e (.1 degree resolution

e 16/32 analog inputs

Analog Input NI 9205 e 16-hit resolution, 50 kS/s sampling rate

Module i
e +]10 V programmable input ranges
5 a4
y = 0.0397x - 0.0060 y = 0.0401x - 0.0597

4 r R2=09993 4 3| R2 = 0.9993

3l
> > 2t
g di g 1
E 3 E

]

: T C E |
B-50 -0 50 50 100 150 ©-100 50 100
: 4 =
< <
o 2t (>}
p= =

_3 .

a

Actual horizontal angle, degree Actual vertical angle, degree
(a) 592} (b) 542}

29 3-126 Aol =AY WA A}
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g Fakele) AAAY BF A" 8 RIS 9 3-1273% Zo] Aol H ASF TR
Al LabVIEW (version 9.0, National Instrument, USA)E A}-&3s}o] 7etslddch. 28 REH=
dolA FJAEE FASHY] S A} dA=E XYZ5 WdFor xHo| 7tedtes A
ottt ZTrmae F9 Axe 54 AnE AolR MM ghs Wrol SAste] A 7ol Tt
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% 3127 A WA Asde] g8 meoaw

Mt A A H7F Al2=®S AFe7] 98 & 3-38% #Zo] #dzte] Ee A oA Fnukel e
FIJNES 4% 74, 74 45& Fule] AAEWA v - FA5 T Fukdle A A
SUoll A FufFl Tiike] 5x4 71¥1s Fulel(C805G, Tong Yang Co., Korea)S AHE-31S 2
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Input Output Analysis

e Experimental combine
. domestic T il
e Horizontal angle

e Viewpoints (degree) e Paired t-test with
divider, reaper lever, gearshift, designed dimensions of
dashboard, conveying part e Vertical angle drawings
(degree)
e Eye point

: at sitting straight

Mg ANG Ferlel AAM Bh xRS AFeA7] A8 Tik 2ol HE
G g Zgste] AAES) v - BAT A3t E 3-399 2k Bxgre] 49 A7
ke oA AAESE AAY B AzDA Aw WEe] Z4o] Brbsshel mua
oA Astr. dFan s AAEe A £, £A 2wt 47 98'9h 392°% UEhyte
o, A Wb AzEle] A9 103, 3002 e frole® %0l A Aol gl
Askiry. WMEdAME BAESG AAY B Azl £ 4wt 47 4689 471°E
JeRton], 54 2Es} 247 4510, 45.2% YE fel@ Aot gl AL ¢ 4 T
ANBe AAmANAN 53 2Er} 98, 44 24Esh 53T R vEsken, AA4 Bk Az
omE £, 47 ZEs 27 -103, HA2E EAH] folaE 5%l A Aol7t g AL
g 5 YAk WERE AAES AAY B AselN £ 4RIk 27 -634°9 6302

9 Fol5E 5%l A Aot gl A T
=45 7 BEAE 53, 4 47t AAEge] HA
3]

=
) EAHoR SAFE Aoz e} AE Axdlow Ul Zupolo]l A AL e
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3 3-39 A A HIF A2 o] &3 REQIES A% 54 A¥
Horizontal angle Vertical angle
Actual Measured value Actual Measured value
value (°)  value (°) value (°) value (°)
Divider (0.0) (0.0£0.00) exclude (0.0) (0.0£0.00) exclude
Reaper lever 9.8 10.3£0.76 2.21 -39.2 -39.0+£0.50 1.48
Gearshift -46.8 -47.1+0.48 -1.49 -45.1 -45.2+0.57 -0.32
Dashboard -9.8 -10.3£0.57 -1.80 -53.7 -54.2+0.46 -2.62
Congﬁmg 634 -630:065 218 309 394059 068

L, spulE Zupole] 2] AAE A AA =7}

Ao 4 Al we ANG Friele] AAYS B Ad B AFANA Aud
AAY B AzRos E 3-40% ol AFstel wla - BAsGTh FHAL T TAY A
WY Feh AHgSEom, HEAEE B2, dFd, MEdu, A%, wEYE 49

of ARsATh A7 A A EAAE 45 ~ 6949 HAA] FF AP mesho] HY
shgom, Ael ApAlE whEA ke AAl, gobd 15° 719 A, vEA A AA, A4 15

7= AA R AdAste] 2t AAelA ZF FEQIEC gk AIAAY B7H S 53] vkE SA s}

gk 2AE AAY BARFE Furee 49 At HEAE AAY WAL FFS B

Tt

Hal7] g8 EARH ZRIaU SASE olgshel A AT AAE s dARARA

(one-way ANOVA)3¥} thEH] w39 (multiple comparison)$! Duncan i o2 714 89l o}
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=

3-40 #AdApAl el wE AAE H7E AY

Input Output Analysis

Experimental combine
. domestic T it

Viewpoints

. divider, reaper lever,
gearshift, dashboard,
conveying part

e One-way ANOVA

e Evaluation score e Duncan’s multiple

comparison

Eye points
. at standing straight & 15° tilt at
sitting straight & 15° tilt

ol E

(1) 2d #AHAJol] & F3x91

e Al ghobA] 15° 714l
o] e Bl A o3 el
o W G A7, HkE

w A FF e 2

BIRE
AA A Futal
B fm Aokl

A )

01O A} =

. TA e}

20,
P

-
1

Ao JFom Fupal

o) <X
TA

o
AH S AATAY Zd Y

FEfel A 15° 7] 2o
7 ARA ol

y
[e]

=

£

= o oLo
2L ke

H]

LY

SEERE

Conveying part
.

Reaper lever
L]

Vertical angle, degree

| Conveying part
.

° Divider (Invisible)

Gearshift:
M Dashboard

Vertical angle, degree

eReaper lever
© Divider (Invisible)

Gearshift
L

Dashboard

-120 —80 -40 0 40

Horizontal angle, degree

80

120

(a) Hulz b2 ApA
19 3-128 b2 ApAlel A FHE]l R
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19 3-1292 dojA XMlg} Ao MM 15° 71& Q) AAA FEJES AA J9& HERY
kAol Al A FEJES] AA GG AR b2 AASE AR AAAS

wola glo] dold AEdlA Fulel £ A FaAsdE Bx7te] Aok Hurt o g

& Atk dojAA 15° 71 AAelA FEJES] AA G992 dojd AA R FEdA ok
FAol At FzI AALS BolFa ok AubHor ool 15° 71l Ak fAF
G AANS UEE o, B2 FE Alope] @] 9xste] Aok Sur} stz
AAG ol FENEE & AT
60 60
40 40
g 3
% 20 % 20 |
=] =]
2“ oF 2“ o F
oD Bh
§ g
— 20 —-20 |
.§ Conveying part ,§ Con\Q:ying part eaper lever
o0 b = 0L . *
ﬁ w0 \ * SREICE, g » Gearshift e Divider
Gearshift | o«  oDivider {Invisible) | r—
-60 W -60 ashboar
-80 . s L L -80
-120 -80 -40 0 40 80 120 -120 -80 -40 0 40 80 120
Horizontal angle, degree Horizontal angle, degree
(@) (®)
(a) Hul= A A4A (b) AA 15° 7]1&<20 A

29 3-129 A ApAlel A Fakl RERJIES] AAAY H7F A

) 49 AAe] WE REAES] FuH B}

THFL A} AbAlel wE FEQIES] FFA HIF Ads F 3-413% 2ol yEisten, z
FAEER 24 A wE Fd BT s WS H a8 Duncan W o= Blaste] o1
ARE AR E7|8A

w2 ok AA9 grobA] 157 7]& 9l Al Al ApFol & st A 0Fe] IS E B
oli glom, AdojXA 15 7]l AAe] Hi HIPEFE 3564 o= UEhY thE AR
AA el 22 AS & ok dFAM ] it FUHeE o2 A, ekobA 157 7129l A

Al, dojd AAlL Do A 157 7180 AAlA A ZH2F 46.2F, 55674, 244, 22H 02 YEG S
o, AAe] mek fo)g Folg wolm Utk ol 15 7149 AN e e Py
£ Qo d Aol AAe] B FE

Waeue] Wi W NSE Aol AAs AoIHA 15 7199 Al 2F 0o W7}
Aeg Holal o), ok Ao A 2084, gkolAl 157 71l AAldA] 172H 2= YER
NAGel guERee ¢ & A Avlwel BE BAASE 247 2864, 3889, 04, 127

als

rob

o 2=
AeE & 9
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W 27t 1484, 1784, 0%, 0402 ved AV suc AAdel Azge & & v
FobA 7199l AAV} A4 EL BAUFE nolw glem, B AMS fo)@ AolE no|

= o ehg

B ATl A AHgE Fulele] RE HEES BT BARF FAYAF JGUR) W
ooe FEom PrkHel A4t HH AY AMNA Fa FA A4F U FAs
7] olEl e Ae & & Ak Bkl FaEY A B Ay % Ay G el F
2 BEe AAYS FANPA} FEOD YT Wast Jon, 49 BFL neF LA
o 91X 24, AN Zege] T2 WP SoE A4 AAYel AN & Ue Aow
g}

E 341 A we RENES] AAY B Az

Sitting Standing

Posture
Straight 15° tilt Straight 15° tilt
Divider (0.0£0.00Y) (0.0£0.00%) 17.6+0.89" 35.6+0.55"
Reaper lever 46.2+0.45" 55.6+0.55" 2.4+(0.89° 2.2+0.45°
Gearshift 20.8+0.84% 17.2+0.45" 0.0+0.00¢ 0.0+0.00°
Dashboard 28.6+0.55" 38.8+0.84" 0.0+0.00° 1.240.84°
Conveyin . .
vine 14.8+0.84 17.8+0.45" 0.0+0.00° 0.0+0.00°

part

Average 22.1+0.30" 25.9+0.23* 4.0+0.327 7.8+0.14¢

Y Means with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by Duncan’s multiple range test.

2 AYe FAstam Mas B¢ FuH 24 2L A8 F§
BAk E 3429k ol FjSl AzAbd Fukele] AAY B FHsAch Kiksh Mit 2l

A9 A AN FERY AN AAT £ Q=S ol o] A AANA] AAY BrhE A
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3342 NI FHle] AAAY BoF A9

Subject Posture Repetition View-Point
Cabin pre e Sitting Straight Divider, Reaper lever, Gearshift,
combine e Sitting 15° tilt g Dashboard, Conveying part
(Kiiit, Miit) g : ying p
A Ay 3% 3-437 Fo] gAH R U= Kilket Milke]l AAIE "o wu AlEd
i etk B8 Fukel A9 A b Fa% 8h F st B

b
Alop gtR7F ofgglom, Kitel Mt A& R5F tiFE FREES H7FHs7E FAEA A oF
7

3 3-43 A AR FhkQl RERIES] AAAY 7t A3 (N:5)
Posture .. ) Conveying
Model .. Divider Reaper lever Gearshift Dashboard
(Sitting) part
- Straight 31 41 12 34 9
Kiit:
15° tilt 45 43 6 0 18
A Straight 31 41 25 30 2
Myt
15° tilt 43 38 12 34 15
Average 375 40.75 13.75 24.5 11
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19 3-130 ok el ARAOA Kiit(15) 9 Mt (2 &%) Frkele] &Ex3F Aok

AR FANES FHE ANG FrA G A nE AAYE Frs] s B o
AY A7t Asgow Agstel wi - RAFET FaAe T TA] A
WA Eeile Agaidon HEAEE Bazt dAdW, asdu, A7w wer A4
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% 344 /e 13 A 2 AAel w2 A A HrF Ay

Sitting Standing

Posture
Straight 15° tilt Straight 15° tilt
Divider (0.0£0.00Y) (0.0+0.00%) 18.0+0.71" 37.6+0.55"
Reaper lever 47.6%0.55° 58.0£0.71* 2.840.45° 3.4+0.55"
Gearshift 29.2+0.45" 18.0+0.718 0.0+0.00¢ 0.0+0.00¢
Dashboard 28.2+0.45" 39.2+0.45" 0.0+0.00° 1.840.45°

Conveyin
yine 15.2+0.45° 20.6+0.55" 0.0+0.00¢ 0.0+0.00¢

part

Average 22.6+0.09" 27.2+0.26" 4.2+0.22P 8.2+0.09%

Y Means with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by Duncan’s multiple range test.

M 22k A0 A9 Aol W& FEQIES] AR H7F A3= 3 3-459F o] 4
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Bon], 2t REAEwe e AAe mE FTF HrAESE a3 He) Duncan WO
1

B 27he ke A grobA 15° 71891 AAlelA 24zt 3724, 448Wow UEh} 7E B
Ay} 12 A A= ZH] 7] HolA W 7]E EEld 12 Aol vl 2] A<
Aol FAEASTS & Atk T3 oA ApAleE Ao A 15° 712l AAelA 7+t 67.0
H(FAIMAAIOF), 88.08 (fFaAlop o & YEt Bl A A AARS R F A5s & F
Atk e el As B FIPAF7E 242 4764, 57.04, 60.0%, 814H o2
AA 9 Ao A 15° 718l AAl A Al Al AA FAEAS & 5 ATh
T F7bESE 2364, 21.274, 167, 1788 o7 Vel g AAdA g 2L FutAsE
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Sitting Standing

Posture
Straight 15° tilt Straight 15° tilt
Divider 37.2+1.00°Y 44.8+0.45° 67.0+0.71° 88.0+0.714
Reaper lever 47.6+0.55" 57.0+0.71¢ 60.0+0.71" 81.4+0.55"
Gearshift 23.6+0.55" 21.2+0.45" 1.6+0.55" 17.8+0.84°
Dashboard 36.8+0.84° 42.2+0.45" 21.6+0.55° 2.6+0.55”

Conveyin
vyine 20.0+0.71* 20.6+0.55 0.0£0.00° 46+0558

part

Average 34.6+0.17° 35.6+0.22" 30.0+0.17° 38.9+0.46"

D Means with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by Duncan’s multiple range test.
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(X Ye» 28)

Vertical angle

SIP Horizontal angle
Py

\Q- )
View target
(Xys Yv- Zv)
X
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Eye point Evaluation Result

sitting straight

Evaluation score

Divider Reaper lever
0 0
Gearshift Dashboard
0 0
Conveying part

0 -90.0-! ; ]
. -120.0 -90.0 -60.0 -30.0 0.0 30.0 60.0 90.0 120.0
Average ) Horizontal angle, dgree

1}
)
=
o
o}
°
g
o
=
(=]
o
=
=]
T
=

19 3-133 HFH Algdolds o] &3 AAAE HrF 29,

Adzke] A Wstel o AAAY H7EE fE & Aol e AAE B8V 22O

W& A S8 ® 3469 o] Agiapel AW A WE AR AHE A
B Azgew WS AAY BARSReh M B Agdelde $23), o

gm, Wwen, AV, vk 57Ex o] FEJIE die F3sidn. AdAke] A= vEA
b ARAl, ekobAl 157 71& )] ARAl, mEEA A ARAlL A 157 7]ed AAlR AA s e, A
A =R = 45 ~ 69419 wdRle Bt AFS aEske] AAstAnh Algdoldel 22
AAE AAY B A F7 Aader gk AAAY deet 44 A - i3AE
Fasto] wlal - 2T A t-HE L FolaE 5%0lAM AEsE SALA Zzadc]

SASE o]&ste 33l

Input Output Analysis

Experimental combine
. domestic T it

e Viewpoints
: divid 1 ) ) )
v er., Teaper Jeve, e Predicted e Paired t-test with measured
gearshift, dashboard, .
evaluation score value

conveying part

Eye points
. at standing straight & 15°tilt
at sitting straight & 15°tilt
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Zgare] w A Mg nE AAAY H7HE fel 2 Aol JNIEE AAA H7F Z2a
He A7) Ash AdAre] AAE e Aol mE AlEHelAd AaE AAY B AlAFe
2 4% Ao} vl - BA% AR F 3-477 2o ok AAeF ghobA] 157 71 ARA]
of A5 xZrol ®olx &) el &4 Al Alefsiem, Algdold Aot AAE H7L
Aadlow S A= o2 AbAle grobA 157 7]l AAl B Fo e 5%0llA Zpol 7t
gl Aoz yeisth A ZAleE A 157 71eQ0 A4 B9-= AAA B7F AlEdeld 4

7t AAS F7F AlzEle] Aol Aot gl Ao w yEkyth mebA  dgell A sdEt
A W7 2ROl NG wukele] AAAY F7F AlaEa sd daE dEis A
geld o glgleon, e ZRIWE of&shu AT wA MACd e A B7t
Ve Aow

Sitting Standing
Posture Straight 15°tilt Straight 15°tilt
sV M2 S M S M S M
Divider (0% (0.0 (0)F (0.0)F 18 17.6 35 35.6
Reaper 46 46.2 56 55.6 3 24 3 22
lever
Gearshift 21 20.8 17 17.2 0 0.0 0 0.0
Dashboard 30 28.6 39 38.8 0 0.0 2 1.2
Conveying 148 17 178 0 0.0 0 0.0
part

D oa: .
Simulation value

? Measured value with visibility evaluation system

¥ Excluded data
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3349 ANE Fuklel g AA = A (Tit)

Conventional

Recommended

sitting straight

(x, vy, z) =(4, 15, 99)

Divider (0.0) 27
Reaper lever 46.2 37
Gearshift 20.8 13
Dashboard 286 22
Conveying 148 1
part
Average 22.1 22
¥ 3-50 Zg ApAlol] wE AAA B Ax
Sitting Standing
Posture
Straight 15° tilt Straight 15° tilt
Divider (0.0+0.00Y) (0.0+0.00%) 17.6+0.89" 35.6+0.55"
Reaper lever 46.2+0.45° 55.6+0.55" 2.4%0.89° 2.2+0.45"
Gearshift 20.8+0.84% 17.2+0.45° 0.0+0.00¢ 0.0+0.00¢
Dashboard 28.6+0.55" 38.8+0.84" 0.0+0.00° 1.2+0.84¢
Conveyi
Hveving 14.8+0.84° 17.8+0.45> 0.0+0.00¢ 0.0+0.00¢
part
Average 22.1+0.30" 25.9+0.23% 4.0+0.32P 7.8+0.14°

Y Means with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by Duncan's multiple range test.
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EFE w4l et A AFES F F A=F: AP FAE S5k A 2o A=
#et mAE AATE 7 A= 69 Vicon jite]l Ao sivletE o] &t 19 3-1363 3ol
Motion Capture System= TAdstlom o)== &% A 4o FAUS A7 fstolr)
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Muscle Attach Poximal Attack Distal

biceps Brachii 2 scapular lower_arm
brachioradialis upper_arm lower_arm
biseps brachii 1 scapular lower_arm
triceps brachii 1 scapular lower_arm
pectoralis minor 3 scapular upper_arm
pectoralis minor 2 scapular upper_arm
deltoideus 3 scapular upper_arm
deltoideus 1 scapular upper_arm
deltoideus 2 scapular upper_arm
pectoralis major 1 upper_torso upper_arm
pectoralis major 4 scapular upper_arm
pectoralis major 5 scapular upper_arm
trapezius 1 neck scapular
trapezius 2 upper_torso scapular
latissimus dorsi 1 upper_torso upper_arm
pectoralis major 2 upper_torso upper_arm
pectoralis major 3 upper_torso upper_arm

trapezius 3 scapular central_torso
latissimus dorsi 1 upper_arm central_torso
latissimus dorsi 3 upper_arm lower_torso
triceps brachii 2 upper_arm lower_torso
pectoralis minor 1 scapular upper_torso
triceps brachii 3 upper_arm lower_arm
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tt&o 2 AA(upper limb) % st¥(lower arm) F& & AT I 3-56S lower
arm® T8 <% WA RHRHo dE Edo YXE gyt F Q=44 HE(extensor

carpi radialis longus)& &3 £& dAdsE 207 £9 #H dygY 75S 3} AxAE

d

(extensor digiti minini)& ol & £& AdstE 2o 2 A &gk = A 7)|&rkEe] Evf
o WE gy 9aS sivh AR 9 A Z(abductor pollicis longus)S olej &3 &S AZdst=

Zom A &7}

o
311{

g #ZgS 3t G AlE(flexor carpi radialis)S 912

] Hy
I &5 AAs e Fow &Y F 7]e S gAY, A X = (flexor dititorum profundus)
Aoke

d
o olgl@eln £2 Qs 2o £7be 2~5uA Bt We F3 A48L Ak AxE
8 (flexor carpi ulnaris)< §l oA £S5 AAeE FoR £&o wId RS LS 3
o FEA = (flexor pollicus longus)< $l 2} && AZstes o= dA Eviy el i
3 285 gtk YA 3 F(pronator tares) 0.2 ofefFe] A w3y &S o)
3E 3-56 stute] Fa
Muscle Attach Poximal Attack Distal
extensor carpi radialis longus upper_arm hand
extenso digiti minini lower_arm hand
abductor pollicis longus lower_arm hand
flexor carpi radialis upper_arm hand
flexor dititorum profundus lower_arm hand
flexor carpi ulnaris upper_arm hand
flexor pollicus longus upper_arm hand
pronator tares upper_arm lower_arm
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ZYAY Wel= d AR S = 2ol A A dAE A} Sl 2 AMEET. = (gluteus)
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¥ 357 8449 Fa

Muscle Attach Poximal Attack Distal
soleus lower_leg foot
gastronemius 2 upper_leg foot
gastronemius 1 upper_leg foot
tibialis anterior lower_leg foot
biceps femors 1 upper_leg lower_leg
vastus lateralis upper_leg lower_leg
rectus femoris lower_torso lower_leg
biceps femors 2 lower_torso lower_leg
lliacus lower_torso upper_leg
gluteus medius 1 lower_torso upper_leg
gluteus medius 2 lower_torso upper_leg
gluteus maximus 2 lower_torso upper_leg
psoas major central_torso upper_leg
gluteus maximus 1 lower_torso upper_leg
adductor medialis lower_torso upper_leg
vastus medialis upper_leg lower_leg
semitendinosus lower_torso lower_leg
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Muscle Attach Poximal Attack Distal
rectus abdominus upper_torso lower_torso
obliquus externus abdominal upper_torso lower_torso
scalenus medius neck upper_torso
scalenus anterior neck upper_torso
sternocleidomastoideus head scapular
elector spinae 2 central_torso lower_torso
elector spinae 3 upper_torso central_torso
elector spinae 1 upper_torso lower_torso
scalenus posterior neck upper_torso
splenius cervicis head neck
splenius capitis head upper_torso

(1) 914 &A% g 34 wd 34
&
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S FA3Y. WA Human ModelS A3 & Human® 9% ¢ 24 18] 32 Contact ForceZ
XA =tk o] wj AAHE <A 2de 18 3-1429] A& g3} Zr) QA Rde wg,
(gsh), AACFTeh), 1dd, 299 Z(eh, EE&FT), JF5Y g e, HEH)e 2 S
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# DIMENSTON # DIMENSION
0 Weight 16 Hip Breadth, Standing
1 Standing Height 17 Shoulder to Elbow Length
2 Shoulder Height 18 Forearm-Hand Length
3 Armpit Height 19 Biceps Circumference
4 Waist Height 20 Elbow Circumference
5 Seated Height 21  Forearm Circumference
[ Head Length 22  Waist Circumference
7 Head Breadth 23 Knee Height, Seated
8 Head to Chin Height 24 Thigh Circumference
9 Neck Circumference 25 Upper Leg Circumference
10 Shoulder Breadth 26 Knee Circumference
11 Chest Depth 27 Calf Circumference
1z Chest Breadth 28 Ankle Circumference
13 Waist Depth 29 Ankle Height, Outside
14 Waist Breadth 30 Foot Breadth
15  Buttock Depth 31 Foot Length
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ADAMS LifeMOD ¥'A|| 2ES & = ( Modeling Approach )

—¢ ‘What specific problem am I trying to solve?

—¢ What“question” am I asking?

—¢ Whatis my plan of attack?

—¢ Howdol create a reasonable computer model of this phenomenon?

—¢ Whatdetail do I need to include withoutbeing overly complicated?

—¢ ‘Where is my model?

—¢W1mt does it interact with?

—¢ Whatis the state of the model at the beginning of the simulations?

—¢ Is my model accurate?

—¢ How doI verify the performance of the model?

—¢ ‘Will the “answer” be correct?

Simulation

How many simulation trials do I need to perform to provide me with my “answer™?

How dol interpret the simulation results and arrive at this “answer™?

19 3-159 ADAMS LifeMOD ¢4 =24 =2d& a8 2E,

b AAREE R HAL ol &3 AA T md AF

@O ADAMS LifeMOD ¢ A A= DB &8 Ax

s@Ae] A4, AF L vl E olgskel AA®AS FHskE GEBOD AA% DB
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atol 19 3-1603 o] 1A Rl AAEEI dds A wde AAAAF, AEA
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GEBOD, People Size

+ LifeMOD - Body Segment Measurement Table : In case of GEBOD Option
: BODY MEASUREMENT TABLE (length data displayed in inches)

[ Mae | Femde | culd | Hande Gipping | Hands Open

Age (months)

Weight (Ibs)

Standing Height

Right Shoulder Height

Laft Shoulder Height

Right Armpit Height

Left Armpit Height

Waist Height

Seated Height

Head Length

Head Breadth

Head To Chin Height

Neck Circumference

Shoulder Breadth

Chest Depth

Chest Ereadth

Left Knee Height Seated

EButtock Depth

Right Thigh Circumfsrence

Hip Ereadth Standing

Left Thigh Circumference

Right Shoulder To Elbow Length

Right Upper Leg Circumference

Left Shoulder To Elbow Length

Left Upper Leg Cirtumference

Right Forearm Hand Length

Right Kree Cimumference

Left Forearm Hand Length

Left Knee Circumference

Right Biceps Circumference

Right Calf Circumference

Left Biceps Circumference

Left Calf Circumference

Right Elbow Circumference

Right Ankle Circumference

Left Elbow Cireumference

Left Ankle Circumference

Right Forearm Circumference

Right Ankle Height Outside

Left Forearm Circumference

Left Ankle Height Outside

Right Wrist Circumference

Right Foot Ereadth

Left Wrist Circumference

Left Foot Ereadth

LLLLTTTLTTTTLT

3-161

Right Knze Height Seated

Right Foot Length

HIRNNRRNRRNNANEND
LTI

GEBOD <¢lA A& DBE ©]
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3# 359 B3 Al AlgEdold AyEFY FE9E AHEnge 454y
Left Foot Right Foot
Contents X v 7 X v 7
Relative Position Differences (%) -2.49 - -4.22 14.53 - -1.42
Absolute POS&E?“ Differences 560 068 871  -097 239 10.74
Pearson’s Correlation 0.94 0.62 0.94 0.94 0.94 0.94
Coefficients
X : Forward-Backward, Y : Left-Right, Z : Upward-Downward
¥ 3-60 FATAHA e A5 A3
Absolute Difference Relative Difference (%) Correlation (r)
X Y 4 X Y 4 X Y 7
Average -7.0635 -0.1834 -0.8771 3.1662 0.0379 0.1949 09990 0.7830  0.7392
SD 79434 62931 54983 25934 06611 24391 0.0017 0.1327 0.1722
¥ 3-61 2t #-e] 7y AR gst dE Ay(dF)
kS Absolute Difference Relative Difference (%) Correlation (1)
Ankle Knee Hip Ankle Knee Hip Ankle Knee Hip
Average 1.1655 0.0142 06236 -9.1692 06986 -1.9676 09738 0.9955  0.9917
SD 09505 1.3490 1.2673 39277 10.0401 53587 0.0245 0.0014 0.0069
¥ 3-62 2t A-e] e AR usk HdF AIHLEE)
oEZX Absolute Difference Relative Difference (%) Correlation (r)
Ankle Knee Hip Ankle Knee Hip Ankle Knee Hip
Average 0.0339 -05427 -0.5551 12844 54749 -15234 09665 0.9946  0.9947
SD 0.8405 3.1791 1.7657 94505 115592 5.0780 0.0287 0.0014  0.0020
® 57 49 43 2 v gF 2=
57] A¥e 23R BAEAE M@ Pk A8 FPHATHTY 3-170). F71 A9
A9 aFRe AdE b el WAAYE Ao Be AFEe] Holgow, 1 ARs
< Hlw HrEshrld Ade dFPolet duro] Festga, E AFolAE =i (Kingma,
1998)e AA1| WH I LA Fadste] vl H sk
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#3653 2714E Algdold 2a2RY FEd Ay 354

Left Foot Right Foot
Contents X v 7 X v 7

Relative Position Differences (%) - - 3.36 - - 8.36
Absolute Position Differences (N)  43.30 -15.13 38.43 -34.48 -6.28 -10.13

Pearson’s Correlation Coefficients 0.79 0.68 0.89 0.84 0.94 0.93
X Forward-Backward, Y : Left-Right, Z : Upward-Downward
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Surface EMGs from flexors

mm. Biceps brachii

Surface EMGs from extensors

mm. Triceps brachii
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mm. Biceps brachii
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+ SFRING 4 spring
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Interaction Type

‘ Attachment ( with Aand B)

‘ ‘ ‘Bushing’ force conditions ‘

n ‘ Possibly Contact { with A and B) ‘ ‘ ‘Contact’ force condition ‘

n‘ Fix (with A andB) ‘

‘Fix’ condition

| Stepping On : Contact

2% 3-186 ADAMS 1A 87 =8, )4 2§39 AEselx /Y 3.
(2) Algelold At wA
A 2o BAE Sld vte B9e B RER 2 L BH FIt a9
W, FHlg, WA, FRARUA, GRGA L o 2AWAR 19 318739 Lol F
el A A fEoR Wrddth B 49 A7 AgHE 24E Helse] w
4G Aol AA AR Ao wEA 24sT, 4P A @A Wkl AT 283
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Torque at Lumbar Spine (L5/51)
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Torgue at Lumbar Spine (LS 1)
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DBe Aot FoF zol7t es WIH wEkd B dATdAe @9 JAAS DB
(SizeKOREA, 2005)& o|-&3to] 59, 50&¢ % 959 =25 748kt

#* 3-64 JAAASAHR

Contents Mean SD 5 percentile 50" percentile 95" percentile
Weight (kg) 69.63 9.35 54.70 69.20 85.45
Stature (mm) 1672.4 56.27 1580.5 1670.5 1765

Sitting Height (mm) 907.21 32.17 854.5 906.5 960.5

¥ A7 g meA@els kg Beola Ade 2t 54& 19 3-194 E 365
S} 2tk O, M, 1 B9} B2 sge @Al ARFe FuklelA Ag Folm Nepglel 3%,

Mz 7R Beola dAdeltt. BHeola g £z Al ZAAAtel S A= AAIAE,
= #HA9 9, Beela e olgAg, BHiola Y 22y T2 FaTd(Wang et al,

2000; Wang et al., 2004)& #3138} 9] .

Side View

(b) BAI-M

—a—

,1..I
|
I
S

lop View e} CAr-1 (dl AM =N

7Y 3-193 WrlE Beola wge] Rk B4
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# 3-65 Heloja e ALY

Combine Harvester's Pedal

Items Contents

AA-0O BAF-M CAM-I AAF-N
A #2 =o](mm) 550 580 550 550
B A= A 2] (mm) 525 570 570 525
C T2 A2 (mm) 330 430 330 420
D S A2 (mm) 135 100 175 135
Bola He
E 222 0] 2 7 ] (mm) 150 100 150 70
vyl #Hg
F 222 (N) 230 175 230 230
A A/
G 22 9] (mm) 40 0 40 40
24 A/
H =29 9] (mm) 140 90 140 140

AT AE A Bae F§F nelola MY 25 A A e A e 2

S A8, $98 @4 Z=a9ed ADAMSE ol &3te] AlEd oAtk A mde 5l
AAAZHE DBE ol&3te] 59, 5029 3 9529 Fwkel =4k oA 2ds A6kl
ok QA mle] td HEe AAAF(Lim et al, 2009)F E3 AA AL 19 3-1949 2
& HAHoR Fuel AN W 24 8 Befola e A CADE D A RS et
de Tkt ARt 288 Wy vpgwve] HE FH B =4 Ags 7
+9 A (Pan et al, 2004)& Fxste] H= P& AAsdn. 2ela Fupgl Beola A
Z dtate] HE FHlE 2 AT ALEEE AZE oA AFsh= Bushing 35 o] 83}
o] A5 tH(Lee, 2006).
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Human Model Construction

+» Segment & Joint (ADAMS LifeMOD) ——

+ Anthropometric Data (SizeKOREA DB)

Combine Harvester Pedal System

+ Conventional Pedal (AA}-O,BA}-M,CAHIL) ——

+ Developed Pedal (AAL-N)

Human Motion Simulation

« Biomechanical Analysis - Joint Angle

+ Biomechanical Analysis - Joint Torque

TEaE A nde g8 AxeEdolcl BRG LifeMOD (version 2005, Biomechanics
Research Group, Inc., USA)E o] &3}3tt o] AZEJ o= A8 EA 593 )X T2

Aol ADAMSO] 7]¥tste] F5E v ADAMS LifeMOD ¢4 2d& o] 83 moja

SERD

2

Bds FAgstal, &S TAste], I A Bl ol &3 Ao AFAS ATEr] Hal
|4 H7tE A, B Ay AgATE S AS5E A EdS ol&ske], FhHkel B

kRl 457 Beola HAlExz AGAl At By B udEe] w4 9 Ad fF
(flexion/extension)> 1§ 3-19537 # 3-663 #rh 1% 3-195 Hdola #Aldxz 24s
be] Z} oA ThE HeE UEd AoR, AAFeER Ay wEo] Jhg 2 Uk
HE B, 75, 2@ Folddvh aga AL AlFEE AR AARY] OBl CAY
[Etde] 7 2 7FeRifIE Belal, I UdFo = BAFY MERdelslar, A= 7idd AALS] N
E}lo]l 7Hd 7heR 9 Ak w3 22 A e ARy SRS S5 A Ade] #

AA7E 5029 % 0589 AAART 2 B FEUAE nach Bde bEEsl AR
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T5 Hrtste AxRE HAVF 255, TdZ(neutral angle)oll A HoAAAFE EAZF A
AM. Genaidy and W. Karwowski, 1993; D. Kee and W. Karwowski, 2001). wa}x Al 3}
A F-QF WEPdel ERErE 7P =3, 22 AP 2 BEEEVE =o a8a A=

idE Nepl Beol= dd 22xte] 7hsHoe EoF5e=2xm EdEE AANATE A

—~

Lo L3 M oN

I i |

Ankle Knee Hip Ankle Knee Ankle Knee Hip

30

ROM, degree

5 Percentile Operator 50 Percentile Operator 95 Percentile Operator

a9 3-195 BHola #Hg A A #4Al Jhs W9

£ 366 melol2 sg A4 A wAe] A1E W
Ankle Knee Hlp

Joint Operator

=
z
o
<
Z
o
<
Z

Max 26 19 9 19 65 60 50 25 -47 -52 -44 -31

5 Avg
Percentile

Min -20 -15 -15 O 13 23 25 7 656 -65 -52 -35
Max O 9 3 11 656 58 50 23 -51 -49 -43 -28

50 Avg
Percentile

-5 8 -9 3 52 44 40 17 56 -55 47 -29

Min -30 -23 -20 -5 38 26 27 11 -60 -60 -50 -30
Max 4 12 -3 7 62 60 S50 30 -46 -49 -40 -27

95 Avg
Percentile

-12 4 -14 -1 49 46 41 24 51 -55 -43 -29

Min -27 -20 -25 -10 34 28 31 17 -5 -60 -45 -30
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work)> T1¥ 3-197% Zr}h. 19 3-1972 Blola sgxg 2y skl 7b e A 9

Qe Ve Ao, AATNEE Auny wEgdel 4 2 Bl AL HHn

H

A oItk B4 AFWE AWRW AM OBl 13 2 BH Ue Hgm, fEow
CAF Teb), BAF Mebglel 9o, A2 ZlWE A% Nebgle] 749 A& whd 92 sharh =41
o APEE AAEA, 5029 F FTE AP AU} 529 % 6RY AYAnTt e

xéol

15 stk #d Ao mHESH ZeBe] e APAEL] ARPOE, Wang B

tlo

(200000] Belola A Fe 2 2o el eEe] YA Pt
A QArel Mol BANAR Agstel, 4] WelH Bk A Bd BRENTD o G 3
AAADI Sk R BAAAA DA AL zAAe] BT ARF D] Y3, Ha

o] & (principle of minimum work)$} o %] &

tlo
2
i)
N
T
i)
)
i
=)
st
o~
rld
>
i)
i)
et

A a3, veela Wee 24 A AL An BHE ge S AARAL Az A
f NEbg) Bejola Age x40 Ba Ewee)
&

oli1 o] % Fal AIHL FAANATE Ao B

=

1.O0E+08

mQ =] =M ON

3.00E+07

0.00E+00 = =
[

=
_;..
5
=
-F00E+0T
-1OQE08
-1.530E+08
Ankle Knee Hip Ankle Knee Hip Ankle Knee Hip
5 Percentile Operator 50 Percentile Operator 95 Percentile Operator
29 3-197 Beol Ag 22 A9 Feke] wA 9,
@) AEHAE AT QA = wdel B
(7h 7V BReldd &7
D oAl = 74
= A7elA ol & JAAAS AE= A =4 B A o] &€ HHE(E 3-64)9 £
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Aol At (Baek, et al, 2008)o A Fnrpele]l F2 FA Al FHA 40~60t] FAL] AAA
= AH = 3= JAAAIS DB Aol foldk Aol §leS vt wEka B AFdA =
gl=r9] 1A A= DB (SizeKOREA, 20055 o] &3to] 50% 9 22AE 74519t}

a9 3-1989F 2ol meoln MEe gAold AHE Wwe A8HE A 4] 258

BN

AAste] 52 229S Hrslgeh A" 282 1A 259 #3/8H 53 AogTds
st YA 7L (tibialis anterior muscle), & *] X (gastrocnemius muscle), ‘d 2] &2 (rectus

femoris muscle), Hamstrings F¢ % WuhalF4 @ F(biceps femoris muscle)o]tH(7 &

2005).

Rectus Femoris (RF)

Biceps Femoris (BF)

Gastrocnemius (GM)

Tibialis Anterior (TA)

1% 3-198 shA] <=

7P Beld el Brkd Beola wde] Rk

7HA Beola HgA 2dE tde® sttt

J|m

Ao g 3-1999 2k YEAQ T
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29 3-199 Bol= HAlY A,

A =zl ADAMSE o] &38le] AlB#olAstgdnt o4 e el AAAZAR

N

DBE olgste] 5089 Fupel 22A A walg ARG AA mdd g 5 43

AF(Lim et al, 200902 E3] AAFACE 18 3-2008 2 FAHoz Fupel AWy £ 14

(¢

9 wrlola g £4% CAD R QA Rdg Egate meads THakn
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500

400

300 —@

- l 1 OLD
200 +— '1
B NEW
100 +—F }
0 — — . .
BF GM TA

RF

Muscle Length (mm)

Muscles

19 3201 Beela sig 4 Agle] 2] Lojuis)

F 367 BEo)A HE Alzde] wE 289 o] ¥l

<5 Old New

Max 361.86 335.44

Left rectus femoris Avg. 347.44 333.97
Min 327.76 331.63

Max 244.82 254.42

Left biceps femoris Avg. 22511 253.69
Min 207.09 253.15

Max 408.63 418.32

Left tibialis anterior Avg. 407.17 418.24
Min 406.80 418.12

Max 276.36 272.69

Left gastrocnemius Avg. 252.83 271.50
Min 230.24 270.74
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e
L4/15 EWHE

B\

shop HHE

°
L4/L5 Y3}

La/L5 Momerts [rewitons)

o
Liss koroes
N ErmmRER Lats
'6:] ZH v snaar e |
3 Lateral shear LeE -
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5 e EEFololv AldE L = Tk Fukels ol&sto] 7[Eo|xpet i - A2 ZH e
ZHY gAE QAXE fol 7 7 At APk Tikel Fukel 2 oA A& 3% 3-

He e, oA FH dHE o] &5k]

g 248 & UES Ausgth AL o4 BFe TY 3-203(D)sh 2ok

7)
A FAE 2EAEE A7) 98] FAEA (Megab000)S o] &5kt H AR Al
I T FEY AAT B Ao r I Aol AA o F Y I £S5 FF

= ASsta dolHE Fsks Aol
2 M-S AIZE GYollA AT 4 QT
® 3-73 9@ 5A
4 Lol 7] (mm) Al (kg)
A 29.1 + 3.0 1682 + 3.7 66.3 + 85
(B + FFEHAH)
3E3-74 Fupl B AlAlRe] Al
el A<
Model HU7000G
Rated power/speed 63ps/2600rpm
Tl Fapel No. of cutting row 5
Cutting width 1700mm
Max. speed of cutting knife 1.5m/s
e AAE Dimension 310%335%150"
Angle -30°"
PRy Dimension 400x360x130
Angle 0

* TP Al Zx g0l (Fol: oA gk 8ol 1717 0°d W, a~b7IAe] Adl, 19 3-203@) )
AW A WE V|FoR 3 Ztw
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2 ot & FFaqdnh FAAAE GAE A 29w BART =

Fukgo] =& Bejel AW F(anterior tibial muscle), %A Z(lateral gastrocnemius
muscle), #F7] Y (elector spinae muscle: L5)ol F-Z st & F71HS A9 sh Y= &+
S %o FaEIa, 1 YAE 19 3-2047 2ok A3 AgE 25mmeli, MEY o)

S+ 1,000Hzol ™, Yo]7|~E o2 oA 500Hz A% E3(low pass)ZEHE Abgste] 7+
TAZANA Ao = YAalE(raw data)ZHE HolHE FASAT AIZE dde] FAA T}
& AlFge = 2= RMS (Root Mean Square) #S T3t th AFE AXEY o= Megawin

(version 2.5, Megawin Technology, Taiwan)®]t}.
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RMS @2 AlZE oA 7Hg A 5+ e 24 =% (Basmajian et. al, 1985), ¥ =

(fatigue)2} A& 22l BA o UtH(Amedeo et. al, 2008). RMS 7] €79} 3o AALe 555
=

of ghobA ZAHAS o
Q3599 Z(L5MR), 9% 25 7Has =, 9
T(TAL)), FHAH(GAL)S JERNA T
a9 3-206(a)= A #HAEer 7 & RMSO Hyrgto®, o HAAE RMSE Al4kst

of AA AAAZrl e FEgs AmSel] vEtiich 2g ol BE vpel o] gropA

o

‘LI"
CHEE 3-75). A A Al grelA @ w) Mok dEle thele] 2¥S o 23 "d ad
3-206(b)= 18 RMS®| Hyt W3l groz A=z ghe 29 dshs d93%V/min)S YEk
& S7FlEE oo, o=

]_
MR FUF S Ut 290E stk () FFIW APe T v FANE 5o

FR9le 7 Zojml AL oulaT 27 3-206(0)A wi v 2ol gold 2 @ u)
e % thelel Wskgol %o WElm, AA AYT W LEX HUTS Addsta g9

&S dERT 28 A, 9% HFU| Y, AWA S, FHA A fFelde] vER T
3-75). 19 3-206(a)¢t 3-206(h)&] Ao Al gkola]l st wf AJzbo] Aol wel RMSH:
Z, J2&2 F7MskAIRE AA A RMS A7]& AA A9E w7t 2A dErs

Zdeete] T2 E(H T RMS)= ohobx #ded wjru MA zgle w7k o Ad. RMS
o] A= AL Ades AAE A7 S8 250 2 & I eo= As g A
F7IHTe] A A AATE ke AAEY ghol FolstAl Av 53] o A AARE AA
Zde st AbEEe] dEdd Adlo] wWo] wATTE QAT AnE WA 3 F=
2 3ol t},

RMS #kel Wistso ¢kobd 2de w7l o aA yeputth ghobd e o 9 27F =
w4 WA ke A ou|gtth 90° o zfell ok ApA|, 12° 7]&Q1 oAl ¢k A}Al, A
Az AgS @ o 12° 719 oAtel ghobd zgder W vhele] Fu wsiel Ee Wb
A AF+(Mandy R. et al, 2002)¢F &ddA7F S AS=Z AL ET

o2 ZHAIZ7F RMS Bt gk 2o, AlRke]l w2l RMS Wsh&o] 2 A2 Algbo] Al w
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2 A AR e AAelA 2RI 2A AR WFolry. AAATAA BA 29

AAE SATH RMS Waee F/MIAL, 49 1S Bohhin ¥ A9 @
Bl g uhel Atkel® AU S, Fukel AABUAAA E2FH FES @ ww
Qe Wi sxe] BEol Ao §elrh webA kol AU W RMS Wehgo] FHE Al

FA Az} s

Average of RMS Average of RMS Slop

—
-
-
T

()
[uviming

20 4 a2
10 4 04
e || NN =Ending
~ S [ ==sting
a T T T
LSR L5L TAL

EMG attached location = E_EI_H ._é_:_ T,el.\i_ Cw.;-ﬁ_
5 ‘:}“_;; EMG sttached |lecation
(a) RMS it (b) RMS ¢ W3}

79 3-206 AE AN 2AE BY A,

¥ 3-75 RMS #Hit/W3slaF 2y}

IL5R ) L5(L) TA(L) GA(L)
ot Standing 30479° 3242 1799 35.12°
Average - ean (6.76) (6.47) (2.82) (7.22)
RMSg Seating 1575 1427 106~ 853°

mean (2.97) (2.39) (2.05) (1.03)

Average Standing 0.28 ~0.02°™ —0.02°7 —057
" RMgS mean (0.20) (0.24) (0.10) (0.47)
| Seating 0.28 0227 028" 007"

SIOPE hean (0.23) (0.17) (0.21) (0.25)

$25% ol A frel, wxb5%Faoll A frel, wxx10% Tl A 2

2247 A%l §t 20U U 3WoR o5e AAH AL ¥ 3769 2k WPAE

#3789 A £xE SAY 7 U= AP FHE ol &5kl & 3-809 Y Al whEbA
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EAAoE Fuiel 42 33 W FAGh 1E Fun Az ARE Fupele £
o ww WS S sl BAW WHoR YL FYSHAL 1E Fukal 24

EE MES 4AF F EFE2 FAGHIS ©§3te] Holg s

@z Mg &AM 712 MM Beola Y-S wu

% 376 997

Sex Age Height (mm) Weight (kg)
Male 30.7 £ 45 17477 + 4.5 73.3 £ 76
(F4 + xFHAH
X 3-77 AF Ay
i- Dimensions (mm) 150x100x40
| weight (g) 360
number of sensors (max) 256 (1024)
measurement frequency 20,000 sensors /second
storage type 32 MB internal flash
computer interface fiber optic/ USB and
Bluetooth TM
operating system Windows
sync option fiber optic/ TTL, in and out
power supply NiMH battery
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Boela o
A4z A wn A% Al 23 dw RPM 27 L dF A
%7] S =
]:Fl * * * sk
XE T 17.63 13.75 28.63 20.88 27.00 14.50
-
=4 XLZ o 20.25 12.50° 27.83" 18.33 1717 13.00°
Al R
o) 7} 16.67 13.83 34.58 18.17 19.75 19.67
ZL104L 16.00 16.33 33.42 15.50 23.17 15.25
Iy El . . .
= ZLZ(; 22.75 20.25° 33.83 18.42 31.58 30.33
pe 1 l:lxl—
219 7} 2792 22.50 47.83 25.50 33.00 26.92
*p<0.05
IS ks

(1) oz e T,li_}\%

LA [ i =~

=

7hH A= 2

Aok g e AA Fdshs Titel Fukaln eobd Aisks A%y guelel AN

3g Gkl fel 1A% F9 AU P W ol BejelA] 2uzsh dvkht wAEHEA
BAsG dEAE AA A 500 B FEe 292 ggew sk Fukel AL |
A7t AA s on], Baol FatE HEo B4 fAA,

A v = 29 3-2079 A=A (Megab000)E o] &3ttt <dE 2= 19 3-207
3} 7ol W] FZ(peroneus muscle), H] &, A% 2 SR d

St AEE F7]= 1000Hzolth ¢ Als B8 Fgo wWIs Fdlo

<
(median) #t< ©]-& 3k},

A
Fohd RAFALR B AT A Puel FasE FAsHE WH STFT (Short

Time Fourier Transform)& o] &3to] ZA3E =&, 1 e ol &dte] FAHNE 18 %
71€7] @S 189 Wa&= el
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(a) Y9715 Fejol &7k Beo]
38 3-211 #W e

b S AT A@ A= AA AT A 498s R ew sdla, A 53

ES
250, 300, 350, 400, 450, 500, 550mmolth. 1% 3-213004 Wi wle} o] xAHL AT 4
Ues FHE Alo] A5 2A Alzbste] #dW o] =439 100Ne2 =4ttt 33 At}
oz AAE At A T4 =B Alo]o] 27[AE 150mmE Yol LA F W =
ol YA WA Eol® &
at7] fa MERyE £R25 1xd 1W S2=s AASA, d@3as WAt ojsd uf7hA
AFstATE ks Aol A o] FoH L 17 3-2129F o] 97k W ol 271A 9] xH
5 2 g s 2g94 = 171
| <+ d %= Al~"(Noraxon TeleMyo 2400T G2, 8Ch system, Noraxon USA Inc.)S ©]-83}
=3

=4

ol
do

Ll

2 747} Aapste] gola] Ei= A4 )

ofr
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X% 3-81 9gxA 5F
Sex Age Height (mm) Weight (kg)
Male 23.1 £ 2.1 174.8 £ 6.5 70.1 £ 8.5

a9 3-212 Al AFER B7HS AWM (FESFE mHek Al Tkl A= 550, 500,
450, 400, 350, 300, 250, 200, 150mm).
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2 shobdl ¥ RAS RAAAE duE AEeh BESE Dol 284 AP f
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A2 Pefe] Bz A 243 9% o7 azbol A 200, 350, 500mme = 7Hg ut
, A& AT E =H 9 A 350, 500mmeY W e G =S Bt
=

7} 200, 350, 500mm "HojA & W 2 SEAHE

<

flo

E B Al 250 AR W ZEHEE Hole XE A TAHSERH 350,

500mm Wel7l Felth %, grolr A4 H4 M Fele wmpE FHsor skd 1 9

AW E MM Z2stEA] gkobA ZAEEA] A Aol= flou koA & AS HHE %
sk o] o7 A @A =T B vEbd T agla HE 7|H2Y] R U YEd
o AA U E 2AetE A B erobd xAste o] ol s AA B EA &¥al =
zZhek ¢ glow, orobA xS A9 VMR FdHe =BEE FHREA HW A FAlolA
150mm Holzl 3o fXA7]aL, A2 FHe =8
3ol fIXAIACE gtk ojwlojth 150mm "ol 7FEE =B A AFe 300 =
400mm "ol AMEY =B FEdEE AF FFEIAA AolE Holw, 150mm Holxl

Fete 2425 yepla o F5olstA A 24 slioF s+ dskd 7t
2 geo =25 st 79 200, 300, 350mm "Goj ol AA7, M2 FHO =B E
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