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SUMMARY

(& 8 8

All domestic systems used to capture harmful insects are fixed-type and include
vermin eradicator, vermin capturer and vermin exterminator, and such are used
overseas as well. Such systems have high initial investment, management and
maintenance costs, have the limitation of being fixed devices, and have the shortage
of being able to capture only general mosquitos and such. Thus, in Japan, a device
that captures vermin utilizing the existing large-sized vermin control and headwind
duct device was developed, which allows the worker to use wind pressure instead of
agricultural pesticides in removing the vermin on the crops, thus enabling
environment—friendly tasks.

Such movable equipment, however, has the difficulty that the worker must carry the
engine to generate the wind. Also, the wind performance of the equipment to
effectively blow the vermin off the crop also act as an important factor. Thus, the
existing engine must be enabled to be carried by the worker with more ease, and the
same engine should be able to yield greater wind efficiency.

Thus, the movable vermin capturer of land crops was developed based on ergonomic
design.

For ergonomic design, the design factors of the main body, apparatus component, and
electrically powered control device were analyzed and the design factor components
were newly designed. The original vermin capturer of Japan operates the air blast on
one side of the body, executing asymmetric tasks. This creates task load on one side
with the potential issue of causing musculoskeletal disorders.

Also, the most important factor of the vermin capturer is the motor. When replacing
the original engine with the motor, the wind amount fulfilling the output of the original
engine must be generated. The motor, however, has the issue of getting heavier for
greater wind amount, so the wind amount per level according to the weight of the air
blast motor was tested. As the result, there were limits with the wind motor to

generate the wind amount fulfilling the performance of the engine, so it was



progressed with the form of attaching the fan to the BLDC motor and not the air
blower. As the result, a satisfactory level of output could be generated while the
weight of the motor and fan being light enough. In order to operate the motor, the
electronic controller was developed to implement the speed control function.
Afterwards, a field test was conducted to confirm the performance of the developed
motor and the vermin capture performance.

Also, a distributing pipe was designed to effectively let out the wind. The distributing
pipe was modelled using 3D CAD, and the computational fluid dynamics (CFD) analysis
method and the pre-production simulation were used to confirm the efficiency of the
distributing pipe. Before the development of the distributing pipe of a new design, the
analysis on the problems of the existing products were conducted. As the result of
CFD analysis of the existing products, the problem of the wind speed being reduced
as the wind moved from the wind entrance to the end, and the problem of vortex
generated at the node where the wind comes out were confirmed. Accordingly, the
distributing pipe to be developed needs to be designed with the diameters of the
entrance and the end to be different to prevent the wind speed from reduction, and at
the same time, must suggest a guide vane within the distributing pipe to remove the
vortex. Also, in order to prevent the asymmetric works of the worker, the structure
was developed so that the wind enters the central component of the distributing pipe
and then is distributed to both sides. Likewise, by using the CFD analysis method on
the developed distributing pipe, the efficiency was verified and the problem could be
resolved in determining the design. The results of CFD analysis on the newly suggest
design indicated that 1) after the wind enters, congestion area and vortex are
generated due to the collision with distributing pipe, 2) after the wind enters, a very
wide area of vortex occurs in the process of being distributed to both sides, and 3)
the vortex occurs at each node component where the wind comes out. Thus, A) a
v—shaped groove was applied to the portion where the wind hits the distributing pipe,
B> the guide vane and u-shaped groove was applied to the distributing component,
and C) the guide vane was installed at each node component to design a distributing
pipe which lets out wind at a constant speed without congestion area or vortex. The
analyzed distribution pipe was actually produced to analyze the ergonomic factors. As

the result, the electromyogram signals of the human local parts and joint loads were



improved compared to the original products.

Also, a field test was conducted combining the produced distributing pipe with the
motor to verify the performance of the vermin capturer. The performance
measurement was taken by testo 400 precision measurement device, and the result
was superior to the original products. With this, a movable vermin capturer for land
crops with the improvement effects of vermin capture performance according to the

enhanced air blast performance and ergonomic convenience was developed.



CONTENTS
G-

Chapter 1 Introduction ........................................................................................................ 12
Section 1 ResearCh background .................................................................................... 12
Section 2 Purpose and ObjeCtiVeS ................................................................................. 13

Chapter 2 Present status Of technology developments ................................................. 15
Section 1 Status of technology developments in Koreas e, 15
Section 2 Status of technology developments in foreign CoOUNtri@s: e esreessrrreserrenes 16
Section 3 Status Of registered patents ......................................................................... 1’7

Chapter 3 Methods and results ......................................................................................... 18
Section 1 Ergonomic design and electric control device parts production-::-=- 18
SeCtion 2 Mechanism deSign and partS prOdUCtion .................................................... 64
Section 3 Summary and COI’ICIUSiOI’lS ............................................................................. ’75

Chapter 4 Achievements Of goal and Contribution ......................................................... ’7’7
Section 1 ObjectiVeS and goal ....................................................................................... ’7’7
Section 2 Contributions Of related fleldS ..................................................................... ’79

Chapter 5 Achievements and application plans of research e, 80
Section 1 AChieVementS Of researCh ............................................................................ 80
Section 2 Plan Of Commercialization ........................................................................... 83
Section 3 Applications to other areas and necessity of further works: - seeeeeeeeeees 84

Chapter 6 Technical information related to thlS StUdy ................................................. 85
Section 1 Publications ..................................................................................................... 85
Section 2 Patents ............................................................................................................. 90

Chapter ’7 References ......................................................................................................... 92

Appendlx 1 DeSign Of deVelOped inseCtS trap ................................................................ 9’7

Appendlx 2 App1y1ng for patents ...................................................................................... 99

_10_



i

12
12
13

e

22

15
15
- 16
17

A2 & =] 7]

A1 A = 7t &
A 2 A 9] 7l
A 3 A g &

)

B

o
B

1o

18
18
64
75

A2 A 7l AA g B A

i
T
=K
o
of

U

77
77

FLOE 7] O T veeeeeeeeetemnnii ettt

W
0
gyl
K
==

)

79

80
80

xﬂ 5 XO]— (‘bj?—7H1?j_L/\c—)]j7+ Tg_l /\C—)]jq,é:al% ﬁ]@

;(ﬂ 1 X‘:j_ (‘bj?_jHElj_L }\6]374,

83
84

85
-85

A6 AT ol A

90

92

97
. 99

o
il

il

11



Al 1 ATREAle] Jfe

zel

)

puze)

i
o

o
B

=

1o

<
o

(1) ©]

==
1o

K

r
B

Ko

==
1o

B

ol

Ko

==
1o

G G R

o] lom,

=
[e)

7]

==
i)

blo

ad

o-
N

R

of
i

Ny

71l

b AIA} Abgs

olE

A4A47t AR dolAL Ao

o7 d&Zow 7|Lojx] A

Al
f

=
K2

4 <7t

s

A

(2) 4BA

,.EO

i
110

il

i~

.

X
!

o]

3

B

1S

) md

SE:

2] 2} o]

B

&

BREE

R

bl e

il

folge] BrhwA o
Sl #lel,

e

o

% 271 AR

o)

R

A
S,

Bt &

Ao

_12_



oF
TH

K
2

2=l
Hr

=

B/

==
"o

Foh, el A

R8s

kel

Az

°©

=

[e)

==
1o

K

2het.

o1}

AE

1

=

9
pl

Alell S=A7F 71 ] oF

oF
TR

=

B/

7h 1A A

7] A A 24 3 A

]
=~

A

)

- mE 9 A% 2ESY A L AL

el

_13_



who2AA  BA A AR R A
- A% U] BA R TR A W RE AR
- A% TH7) BA R AT A AR
- A% 87 BA L 717 Al 49

- BF AAY AEE 9] a9 48 % 4ERs

IXE
E - -

_14_



A2 e Ve d%

- s ~ yp T ° . yp o i
g F o . M : B n M No M_ou
™ iy od o o o Jo ° B
Ry i_ - B 5 T o T
m oF 1UL| AW ~ o_m i o ,_Mt Wo
WO - = o = % ©
~ . < G - j CEC)
Td T ~ m Mo T Mmﬂ.m_w N o m_r_w
RO - A L ~ T = R T N KT T
W omr ® 4 o Jo o M M oy i 8 dp DNORE e ) -
W M AP TN T ~ Cilk R R Sy
AK (i g W | E B oS = A=
ol Mo wo N B 5 TS ® T EN | b BT 2 W X
Yok Tmd T oS 2 o FoaTE M e ¥
Y TIE 4T g T I B
Z o ~ o = s A — o il <7 | B M
= N M % o B 0 < Z AN o+ Ho
O R O TE 5% B R
I I i R T T L
—_— .. — = 7 .- . ..
= o o ° R 5 X P T T 5 m.uﬂ_o'_.t‘_t
3 T ®E N 5 L N R 2 O S DU <
RORER N E O RE Mo T T RN E W RT
o ow g W w W re Woo o W W o N
i
J_:Al
N_Mﬂﬂ__au_m, i
_“_________% |
op
Toull ! .Z
,____ % !
4 oy
N

_15_



=

J[m

s

A

S LD L LT E T T Tt
T e R Bl o nsg

I

iR e

(CV-1, CV-H, °]-&2])

54 1 olEa AFor ngAy gy §

= A Aol e

G oo E AXeor At A ol
gol ohymz o] FAHel YE A3
b
=

Fse

ut

ol 714d: Leptraos Co.

S s8- a7k AHesy] R AL
de] SANAE), Hall- oy WAIEA] o]
gow BHg
Fuf 71 (BB A D % pEE
Insect Light Traps
(3274 4)
54 0 SdAEAe 1Y, A" £F o]

Black Lantern Insect Trap

(31742

o 7193: chuabohtan Co.

_16_




oF
TR

iz
w

il

m
D _EH
o X
~~ = —~
s A 3
oF | £ jojz
- i
Wt 5 " ~
0 % N ‘Q
S o T S
S T
SR o
a0 N =
B *
- m ~
= | A 0
L .
gy s
TO A
) Ko
E:; ™
®al R
1:“_. N | T
<0 N | "R
= i R TH

~ N <
4 i o n
~0o —
re X o @w °
Wro o — i I} o Q 1Xr MN K
© j Lo o - S SN o p
ol % N = M B S| | db —_
UG d4 T T | e
< e 0 o 5
: : 2
N N =
No
w® <
— X
~ = X =0 op o
=3 ~, jrvans z
i =0 o MM E 2P o m X <o om O®
! > o N Gl S N g P o
o | @ | N | T B LSS i
jlog e Ko = = | X oo
= | P e o oF oF
o o
3
o | A e R
R~ i B 3
o ge! W i
A_.E M AT o E:l Hl Eo W‘_ OT ﬂﬁ_AI
~ = e n i
P/E > = il — 7O
Gt 3 - o X
= | X W ™
— o W
< T
B TK

_17_



A3 A

u

KeR
-

AAA717] A% FEHeln (3)

ol
goltt. (4)

ST

b whgrol

3
pul

oA Ay

= 5%

= o]g3tt (2)

3 ol

s £o17] ¢

4ol 7o) ¥

- X
T

=
=

=
Hlo
Xjo

b whgrol

3
pul

MEeIth (B FF7I0A 24

(6)2

< THjdo R

gk (D)
L

—

e

hyA

=]
=

F pox 4

|

KeR
-

gk (8)

ez Rl R
ae=

A 71 =

=]
RN

A7 =

=
1o

o1

& $FTE vkl v

Jtoltt. (10)

Fol LA m=F (A D )AL

b 913

B

Jo] AA A4S

&=

Jo] A

=7

3 m3/min®| t}.

slelslgltl, CVHII3RE®E 7|Fo =

1.6kg, 2 £%=+ 0.5~0.7 m/sec, +F

KeR
-

1
s

1300mm, Al

1
s

Aol

_18_



Name it
Type CV-H
Division CVH113 CVH115
1300 1500
Total length (mm) (Steering wheel section is (Steering wheel section is
excluded) excluded)
Machine Full-width (mm) 400 (steering wheel section is excluded)
Body
size
Total height (mm) 150 (steering wheel section is excluded)
1.6 1.75
Weight (kg) (At the time of steering (At the time of steering
wheel installation) wheel installation)
Insect net width (mm) 1300 1500
Job speed (m/second) 05 - 0.7
Rate of work (amount /10a) 27 - 33
. As for manufacturer and type ignoring
Airflow (CMM) (Those which have ability above airflow 3m’/minute)

o 23709 Axe £Fne 74, T F5 5o 98 2] vl $FelA
Wahe vhael Asha AFYSE $E719 FAL A4 13 o] AFHW F ek Ao

M Qe FF71e TRl
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Z Fw’/min) T H/s) F$FHmm) T7 FHm’/min)  F S/s)  FEFHmm) 77

7 95.57944 7 98.71402

8 89.40638 8 92.33851

9 84.29314 9 87.05758

10 79.96749 10 82.59007

3 11 76.24601 3.2 11 78.74654

12 73 12 75.39408

13 70.13613 13 72.43629

14 67.58487 14 69.80135

15 65.29318 15 67.43451

7 97.15937 7 100.2446

8 90.88427 8 93.7702

9 85.68651 9 88.40739

10 81.28936 10 83.87061

3.1 11 77.50636 3.3 11 79.96749

12 74.20669 12 76.56305

13 71.29548 13 73.5594

14 68.70205 14 70.88361

15 66.37248 15 68.48007
2 15 ol&ste] FFHe 74e ZAs] skl T 3 m3/minFE 0.1% F7HAIA
3.3 m3/min7kA] WA 713l T2 7 m/sTH 16 m/s7HA ST o] W mE FF
o] AL % 29 Aok AMYES THLE 3.3 m3/min, 5 12 m/sE A 2 AF FF

ol 4L 76.56 mm= ALtF FH AT

gt 2 AFIAd A= IR XS o] &St VIEY FEUIE M7 EEe| o3| viEs
WA 7= FZF712 tiXx]st7] "ol B &89S Atstodor st BEH Y &= Ak}
T A 29 2k o7IM b EE FE G, @ B W71sh bt FRS A
WH, o AEE, T, TUS BEIRE, T SR, <.
heQ a
YR T, %2 (2)
P 61207 T e 1.21+«)
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2 22 a= 4= b= 6= = = EE 10 & 12
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L 1.4 23 8.0 15.5 20.7 25,7 215 28.7 2T 223 16,2 5.8
£ 0.3 32 8.0 58 21.8 26,3 28,5 30.4 a2 21.7 16.1 6.2
B 25 ) T8 16.3 2.2 26.5 28.5 2.9 216 21.7 15.9 5.6
i 26 1.9 a7 16.4 21.6 26,7 28,6 23:9 276 21.6 15.3 5.8
G 29 21 3.1 16.5 21.4 26,4 a7 203 276 22.0 14.1 6.1
e i 3 79 12 228 262 219 30.4 26.5 22,4 14.0 5.6
10 1.3 a2 8.2 1E.5 227 25,8 a7 a0 1 261 21.2 12.0 5.8
(S I3y a8 a1 17.1 222 21.0 213 a0.6 26,7 21.2 126 1B
12 2.0 4.4 3.5 17.5 2.0 271 217 a0.9 261 20,8 12,8 4.3
13 0.3 4.8 10,6 170 20,9 215 28,3 30.5 260 20.8 12,3 4.5
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a9 2 sYuE Ha gl (R 718D,

2 2004 F% 3.3 m3/min, 7] hats EFEAECl glojAde] Ao 429 10,332 mmAg,
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3 3 DB-118 REH A}

Power Air Air )
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50 0.55 100 2915 4.7 33

12220V 0.06 2 3.5
60 0.50 110 3390 5.2 49
50 0.50/0.30 95 2925 4.7 33
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110mm, %<2 50mme]|t}. vlgo] o= X2 7I2 64mm, A= 77mme A ReFo|t)
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195

21 66 {"L'
Br==v iGN N
— / -
= ==l [T |
Lt i G
! | 3 OA]B @
Sl == A Ui A
N 50
i 1—\* 4 ‘
4+ 0 'Iﬁ} : L
80 - 167
a9 6 $3%7](DB-118) =7].
SEZ7)o] Zku ogEyte] AAE 19 73 2l THS 60HzE 7)FCZ 3.3 m/min= 3
749 Ee oF 22 mmAq A=V
350
£
40
30
20
10 -
“SERC N BN S
[m* /min]
a9 7 T Fde] .
v 2xF $37] 52
22 $%7] RYe ¥ 83 o] HFA¥YY DB-200 U ZAAEFTE o] RE O ALYk
S F 49) Fo] 220V HYE vlE o] &3 4= dE ACHREo|W 60 Hz Woz ALEE 75
A28 AFE 2.25 Aoltl, 8L 0.4 kWolx FFH2 Hu 17 mY/minol ¢+#EL 75mmAg,
A= 8.5kge]t}.
12k 3719 vl FA7F bkg S7F SRR 13} FF7]2] F50] AR S o] &3 HF ]
Hla]l 1/3 Furel HX &r] wiEo] 23 $%7] REHE DB-200 RdES AEEt
DB-200 Ed& DB-118 ®do] v]3] FFL 11.8 m’/min 29, ¢+EL 26 mmAg It =



22 DB-118%49°] 0.06 kW(0.087}e)H t} 0.34kW & 0.4 kW(0.5v}=) o},

a9 8 $%7] 2H (DB-200).

¥ 4 DB-200 =E A}k

Power Air Air )
Source Frequency Current @ . Output Pole Weight
W) (H2) A) mmput . RPM (W) P) volume pressure (ke)
” (W) (m’/min) (mmAq) g
50 1.75 340 2870 15 58
12220V 0.4 2 8.5
60 2.25 485 3280 17 75
50 1.75/1.00 390 2900 15 58
39
0.4 2 8.5
220/380V
60 1.60/0.90 500 3330 17 75

EHO FA7|= 29 99 #o] F4o] 295mm, FWEo] 229mm, & 216mm=E 7IE, A=,
o7k 30em Erh ATk o] HE= dlo] FAHo gle dAY FIUIE e AAE
140mm, <& 70mmeo|t}. vlFo] Yo+ X2 7F2 101lmm, A% 94mme] FHAMZTE Hoko]

o
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715 A B C D E F G H J K
2| 216 110 229 134 295 101 116 140 110 94

¥ 9 £%7] A7) (DB-200).

As 28 1039 2o, TS 60HzE 7|+ 2

s

==
9
0%
o
s
B
9

%%7(DB-200)¢] %33} ¢teiztel 2
70 mmAq AE7} H§B2 2 DB-11824dH} 3¢

PR — — " " i PRSI
0 5 10 15 20
[m* /min]

. A%
8

AlZt71e]l $%7] EE= BLDC RE 2 AAsqlvh 1,23 $F7] EE= g FA ] A
(e}

et FAE HIATE oldd A2 FAE & RPME = €

= -

Fdo] Ao} HFL ¥
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+ BLDC EH % TM13-A1553A4%& 4H

RS |

Fot
TM13-A15532> AC220VelA 1.5kwe] &8o] 7lsshH Hol ¢ 5000E& 3143 4 9l
b w3 FAYY 6.4Kg, AA HHE 1.5kwEA 23 $%7] Ry HE] 2.1Kg 7PHa

Llkwold 9 &€ Yepddh

Oft

FHY A7)E=E a8 1173 o] =Zo] 216mm, Hul=o] 128mm, & 128mm= 71=, Al

2, ¥ol7b 30cm urh Atk o] BEE Hlo] BAHA 2 BHZ FEL 9ste] FbHow

¥ 5 TM13-A1553 BLDC RE] ARk

Source Frequency Current RPM Output Weight
V) (Hz) (A) (kW) (kg)
12220V 60 3.9 5000 1.5 6.5
/—4—08,5 HOLE 2= L\Fk
@ @@\ —t
@ gr_roﬂﬂf /f[ _ % = — — Eﬂﬁ'é
g 9 géta' e
i ke | )
{128) | 45 JO_I 102 | 14, | 45
a9 11 2Y =37] (TM13-A1553).
4, AA FEZY AA 2L A=
7} 1000 W AC 2E Alol7] 54
(1) EgfoleK(Triac)
A 36} Alo] AFaAHERelo, Triaot @AY Aolg 2aw 2719 A2 Ao

AF7(SCRE 28 133 2 waow AA% 23 2o Ax

o ol AFTE FH 29 129 TI1, T29 HAYo] oA 7] A7A = AL ONAHEZ 543
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= AR 2ol

= -ALe AEZE Fo] Triacs H3ZA41Z

2 5 . aw
129 29 @A @AH 0Vt @ )

O

WFolBmE 1x4(50, 60Hz) 100 Z=+= 120

ONol = AAEIE7hT z4eke] AdL

OVE At
Aete 4 ok
= Tz
T Tz
SCR1 Wy
c r
co— £ ISCR2
Ti l
T1
(a) TRIACS] 2= (b 2= (c) TRIACZ] E2H5I2

a3 12 Eglo]°N(Triac).

(1) tke]e} (DIAC)
=38 4 %+ pn-pn 4% TX9 29x}

% 137 Zol A T Ao dwgon WAFE e
HEE A Abol 2] 2~F| (thyrister). tho]oh2 o=} Azl 27) “xz FAE o 2ukx} St
o] o] AL Hygold ov Mot mdxw =E3vt AFIF A HAF olstE "o

2 o thojet2 ® e Hn

|] Ay Ay

(a) 7|E+2 (b) 71=

1% 13 o] eHDIAC).

1} 1000 W AC EE] Alo]7] AA
AC BH Alojg 93 2w 17 149 Zrh AC BE AlojE §s8] AMes 52 A8

7HAAF, AAAE, trele}, Etolel
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N . ouT
(220v) @
R2

€)
VR1 %\ TRIAC
DIAC EL
N
| 2]
Cl =—
D1 /N y LED
\
~

Aei7lel ali dsro]l dHEMe W RE £E Aojsts ddl= 29 1569 #2220V
2

8o MaE £ ZEH 252 Aol 8 4§ 9

AC Power

Dlmmmg Ilghts by periodic swnhchmg
05-
0
a5+ f
-1

a9 15 1 AAC) d=ol 3tk Ao

o
=

t}. BLDC RE Alo]7] A7
BLDC RH %< 93 AC =gtoldo AAdE:= a7 163 Z} 7|5 240 7|52
2 783 PWM Aol & 53] Aojdty. A F(250%), SAA o] dA] e E 4 S
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¥ 6 BLDE EE Ao]7]

BLDC DRIVER

il =

r,
==

]

L)

BLIC MOTOR

o
=
=3

i

Hsd
T

N

a

Hy

[0 [~ [ ]oe]

iy
1
sy

11

=

Hu
H
Hy
HEV
GND

[=[en]o]

H.5

CN

=
[Flelelelalala] [ole]elalon]=

Flrls=lwlmlE]l FI=1=]

T

=n
EHL
[T
g
Z94
e
]

719 16 BLDC DRIVER ZA %

>

- ne

gl | B

= 3
=== ey = — =
conugo"DmmU‘#“M E

7I's

POWER ON LED

CN1 el AC220V €]

=
(o
o

o]

1 A5t PWE LED7} A% =

ALARM ON LED

S A EAZE dAY MOTOR HAF7F &5 o)
ALARM LED7} A54

SVON LED

CN3¢] 53} 24GND¢} <425 DRIVERE READYZF &7 SVON
LED7} H 5%

SPEED VOLUME

MOTOR®] £x5 243 7PAAFgo 2 10K OHM ARE-

F/R 34

CN3¢l 49 PINe= OPENY 74-§-°li= MOTOR7}F CCW o=
+45 ™ 24GNDeF A2d 4 -g-ol= MOTOR7F CW o= 7+
sl AEkeke MOTORS & Higko| A wvigt&Ew] Yy}

SVON ##

CN3¢] 51 PINS.2 24GNDe} 14< o DRIVERZF READY el 7}F
%™ SVON LED7} A% 3 SPEED VOLUME® 2]sted MOTOR7}
45 ¥

BRAKE

CN3<9] 6% PINO.Z 24GNDe} dZeo] =W 34520 MOTORS
FAAE sHA frh E-STOPS & &S sHA = AF Abgshd
DRIVERel 2|7} 2 4= gloy Abg-5 zAlekA] 7] vhgt

&k RESET A #

CN3¢] 129 PINS. & MOTOR®| #i-stt EA4A ¢ o= Qlate
dsho] wAE Aol o]F A stk & W 24GNDeF AAskd

SPEED PULSE OUT

A= S =2 OPNE COLLECTOR ©¢]® CN3¢] COM&A}2}

ol A= Tt
o] Ahg¥a 13| 4/6PULSE7} &34

ALARM OUT

=

ﬁd
rr

] Z9ko 7 OPEN COLLECTOR ©o]® CN3¢] COMyAtet
7o) A}g5 3 PWAA o= CLOSEe]® DRIVER®] <22 AJOPEN ¥
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5. AeI71 Al&7] Al =

7b 37 A7 Az

AAZEZY 32EE g oR A Aoj7] A= 1" 173 2k 220V 60Hz9 i
Frsre] A7l AR R i AAA7F P A S S HAAA RE Q17bE = gt
a1 NS 2t R IAF(FF/FTHE 24T F AU

F37] A7) NS BEHO A &S Oy 183 k. 220V 60Hz nFHeke] &
Elo] 23 == Flo] ofy}t Ao AA7|E T G ] witel ZE[A7E 75
A7l Ass AFsrIdste] 37 Aol FEHAE AAATIL TRAT S E8A ZE
IAFCEEH/FTHE Asdt. 49 dne a7y 199 2o MAAEge] Ad gs AU
of Bt RE= 3FEHA kol Fo] 00] Ha shEAFe A ghE Hak WA HE w2
El7} A4 whe] sldatA wo] F4e] WgsAl "ok oAl 7haA e A ke wolAl HW
REe] I Aol ZolA7] wiEo] Fo] HAF FhAstE REZF WA

T4 Hato] g3k vpge] exwsle a8 203 P FHo] HA Tt E4E upge] &
T=7F 25TColA 245C= 0.5C #Hasdar BH e 37t Zol5A S vhehe] 2% 94
F7Veke] 24.7°C7F H S

o

Iy 17 371 A7) A7 a3 18 ZEel A7 A7),
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4
o
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Fol 20094 4
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7. Wuje] CEDA] 9 A=}

N
)
gh
=
r
lo
2
o,
e
=2
=
it

F4% gl

AR A B RFYANA A BejEe T 249 (@), b)% ek 7]E
QEAF B9 BAZo] 45mmz AL BT 4P BmmE Lom FFH 27
FolEt T2E /R Atk B ATl 4749 wad ug F5o WaE HxEs7
sl 4% Bule ARG 29 24 @9 ¥ A4E 40mmol i (b))

o
g

ll
[\
=
IS

(a) 40 mm (b) 30 mm
a9 24 i AE.

-

Ao AFR3E ZEAE 1Y 259 o] Smart sensorAle] ARS46E S o] &3F T

o] FHAE 0.3~45m/s7HA F&& FAT F dom FH FA eukE £3%011L =
Y= m/s, ft.min, knots, Km/hr, Mph ©¢]H E&5L 0.1lm/s°|t}. 2==4 HY=

0C~45C0o)a €% Ao x}E= £2TC ol E3%5< 0.2Co|t)

19 25 FEA(ARS46).
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Hlo

el

Al

Hlo
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o

0
_Z__l
xr

Al skl

g gt FHom

o] IR

= a9 273

F4¢ 248 4%

o =2

9]

719l AE=3} A7 40mm, 27 30mm

0.342 el

1
s

o]
3

=]
RN

0.35% Y¥Eyar, 30mm

A

1.112 YeErstth 40mmét 30mm

3

iz

]

k)

=]
e

1
s

vl ghe] F4H) Im/swE A UhE)

o] 30mm +#

wee 4

2 H 40mm &
Al ZHA YER T 28y 7S

3|

H| 1l

<= W R

Wz E4

=]
RN

=3 40mm

Al

3T &
)
Rt

Bt} 1.8m/s WEA UERsLaL

mjy

o]

A A A v,
e, Bujge] 470 Eow

A

A

=g
TH

gkt

TZE AA Fofof
to] CFD(computational fluid dynamic)

J|

1
s

TRIPS °oF

4]

g
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E45D->25D W 40D 030D

10

9 — f =
gk
4’4 |
6K — - ||

Velocity (m/s) 5 N — — - ||
4 u — — — ||
3F B — — — =
2K B — — — =
1¢ B — — — =
R 2 8 4 5 6 7 AG

Hole No.

2% 28 Bl TRl

(3) EHjee] CFD &4
@ 3D CAD R¥¥
2uje] CFD 415 938t Pro-engineer wildFire 4.0 o]g3slo] 3D =elg &}
At FES A FAEk7]l fske] L 299F o] Fujyte] ¢ 2o
ForAl= FEE YAQl eith. g 2 BEE Rl ulgto] dAg WFow U A o
7] 918k 7lel=E AFEIITh. 17 302> 3D CADE o] &35t e Hujwhel A
Lol

3
ofd

N
-

I
.

a9 29 3D e,
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13 8 B
i -
:ﬁz—:}i ]ﬁﬁ‘ﬁ: =TT i

19 30 3D Wl AAEH,

@ CFD &4
a9 318 71EY dE AEE 3D CADE o] &35to] tlxel 3 3 CFD®

= A
Ay}t olty, EA A}t 7709 w=Z(node)ollA] Ht 30m/s olAe £k B

7} = W&
He A el sdvh s 21 319 (@)l ek o] wujke] Felle FEo] of
AL, ()2 2ol ==l ehF(recirculation) 7} BT AL & 5= gl old] &

Hj#ho] & oA F5o] A A ko woM ofFrl WHASHA] e 870l
A Z Eujke] tzpele] & slt} ol 9ste] 17 329 e = EujEs o
AMZE A= gAel 3 3 CFD A8 43 s th( 1y 34~40).

() (b)
9 31 7)1 AE9 CFD EX4(F @ a, ¢ 1 b).
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19 32 /e Ewjyke] CFD #41.

o

A2 tiApel st Eujwe] CFD ¥4 A3 718 33,349

il

AA 49 (stagnation area) W 1o W& oF7 A

T 5 Q=R Y 355 ol 37449 AA e ANG F Az B g CFD
4% S8 stk CFD 8 Aol wel 44 d4e andoz A7 & & ge
A

H 359 (b) tARlE A= siivh ®=3 7 369 Al F-SldllAet ol R
2

S F-ofol M ebRrE BAstaL glo] ol & A d W

o

ddhol=a AAH 98 tele AQs

S 34 URelE Bule] oF w79,
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a9 35 9 AIAE fIsk 37HA FElY YA HAta, T b, ©

]

5.205e+001
M L

307 1e+001
2.84Te+001

1.324e+001
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19 40 HF CFD ¥4 23}

b SE719) o Zojep HEe

(1) el Aol MR e dobnr] s $RN AF7) P AR FHa

o
offt
%
ne
rlo
ri
N,
o

S

= AAETES wiEE obdl® AAIZATH(Bobet &, 1984). A3
S(raw data)= I F(full-wave rectification)dtal Ze35 6Hz A9 ZEH(low
pass filter)E AH&SFI AL Hrel Hulgtow A 3Hnormalize) sho] WeERIAT. 12faL
o] A&z ¢ Hy ZHE FHAEMG; average EMG value)S +38tal vidS Wx ¥& &

T AEZE S HA9Le weo ZAE 215 E AAF(normalize) 39S

O <+ E(Trapezius)

B9 Hy 2AE HAEMG)-S wide] FAZE BFAY 10%04 30%=2 S 7ha)
RN o] FdEAol AXTHE<0.0(LH 41). 18l vide] FA9 X E 5
sto] thiwk TAEAS & A3 T12014 AEMGE 7Hg ZA1(p<0.01) WFERRET

of

K
i)
|
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500
1 Trapsezius

400

AEMG(%)
I
—
—
—

200 - T T

100

10% T7 10% T12 10% L3 30% T7 30% T12 30% L3

Load and position

a9 41 £E29 AEMG 23}

@ 57| ¥ (Erector spinae)
A7 9] et 2HE HAEMG) 941 wide] x7F 25 o v FA7E ST
St AEMGZF S7Fshaleh (s 42). vide] FA17F 10%<Y wek 30%< o 25 T12

oM 5o dEAdol M ks

500
[ Erectaor
Spinas

400 ~

300

AEMG(%)
-
I
-

200

100 4

10% T7 10% T12 10% L3 30% T7 30% T12 30% L3
Load and position

a9 42 HF7]H29 AEMG.

(2) W] FASAel T7, T12, L3l X8 wf A<} atAlel nA= 9T B4
ohowidel FASA el T7, T12, L3ol AAetes 37HA B¢ T A S-S 7 A4
nAE wdEe] dols Albetaat stk wide] FA RstR Aste] WA = 9le
aestr] flste] wide] FAE IARAPA FFAC] 10%9% 30%= HSHAIA
itk

1

g
oty
il

Al
=2

jucd)
ol
ol
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@ wide] FAZE S7beklS W SSTO| Hl&o] 3HAstal DSTO Hl&o] F7hshe As
Tl 1A EebgAdo] Foldes o 4 vk W wide] FAZE HAdA FFA
o] 10%Y Wt 30%Y W 5 DSTE T12, T7, L3 £o2 ZF7leksit}. ol Hid
o] YIA7F T12¢ Wl 7Hd Hd A ds Koz,

@ 2=Ed 7 g FAE SUMeAS W Skt elan FAle] W)
S} Aol DSSISH TSSIZF T12, T7, L3 o2 F7lstoan T1204 A~Ed A7}
7P A RS Al dSs o O US

@ TR HF7]gTolA AEMGE WidS WA %S vl vlaste] 27 F7tshsl
ok 2E 3 Ze A6 giske] e FAZE Fbskals Wl AEMGE S7FeFSiTh
SRS e FAZE 10%9 W T7e4 30%% w L34 AEMG7F 7 A v

s Ht vl FAY Aol §lo] T12014 71 & AEMGE Yt

olZM wlFe] FAZ 10%Y wWel 30%Y W BT T120A T73 L3 Hlste] o+4

of

(3 FANAY 2AE BAG Al £EY, Bt B ARE FFskel )

AFAel T7, T12, L3 91218 o, widel FAsk Fosh TizelM 713 b4

9. AZ71e] Audd R AT

=4 [e =]
A3 AL AL JheetE o] &ste] Al &0 A= A8 wiAE WAL F U= 6
i ¢] Vicon jite] 7hdletE o]-&ate] 11 443 o] Motion Capture Systems 77333

[d I

on o] FF QA R AU Ay 9istolt) olFA FAHE AF Ao
296 AeE Bune Fwedn MU 29 45-46 o Ash o] 35709 Bt
MAE el B9 R REulws o] &3 Al mASIgIT

wals B B2 v wdly] 98t 1Y

o
o
of NYA BAF AL ALY Bojns
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RFHD . g0 | FHD LBHD 2\ RBHD
. . g

RSHO

STRN +{

]
RUPA —o

.
RELB ~of/{¢h/|¥
Rast 1) .

RERA

- { ¥
<
RWRB /11 i
g |\

o
Y

AR AE} AT Buhgrel wpek AAAA Fdats wH P wwets] 9ol
A TS AFdeAS FAT BEe a7 479 2ok 2l ()i V1E Qu

o))
=
o] gale] Zelatiz Wiro

_

|5 ol&sto] st Rgola, (he /IddE E357]

of
N

o AEUOIA B F Aol A wde] st ¥l HUES oS3

Last_Run  Time=

Last_Run  Time= 1.7 rame=175

T 47 AlEdeld A
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E 7 AA A #HH He M=)
Mean
QA -4
Old New
Sagi. 4.45 ~0.79
Left ankle Trans. 1.40 0.93
Fron. ~10.18 ~7.38
Sagi. ~2.59 ~1.99
Right ankle Trans. -1.11 ~4.66
Fron. 11.21 10.60
Sagi. ~5.22 7.80
Left knee Trans. -0.02 0.00
Fron. 0.24 0.14
Sagi. 6.93 9.33
Right knee Trans. 0.02 0.02
Fron. -0.27 -0.20
Sagi. 14.56 11.06
Left Tup Trans. ~2.62 3.08
Fron. 242 ~1.48
Sagi. 12.01 13.53
Right hip Trans. 3.66 1.67
Fron. 0.20 0.88
Sagi. 8.11 9.17
Lumbar Trans. 2.11 2.53
Fron. 2.42 0.52
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E 8 AA A B W 7HE)
Mean
VA -9
Old New
Sagi. 1.3 1.5
Left shoulder Trans. 0.05 0.04
Fron. 12.2 9.4
Sagi. 2.6 3.7
Right shoulder Trans. 0.05 0.03
Fron. 4.7 4.9
Sagi. 59.7 63.1
Left elbow Trans. 13.8 19.5
Fron. 0.11 0.2
Sagi. 43.4 49.7
Right elbow Trans. 11.6 0.66
Fron. 0.04 0.03
Sagi. 1.6 2.8
Left wrist Trans. 0.1 0.1
Fron. 3.0 1.4
Sagi. 19.8 15.0
Right wrist Trans. 0.3 0.1
Fron. 14.0 2.0
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Mean

AA F9
Old New
Sagi. 102062.60 66364.70
Left ankle
Trans. 4162.90 4836.20
Fron. 39200.60 27889.30
Sagi. 133499.50 108596.90
Right ankle
Trans. 6764.80 8621.80
Fron. 45170.80 33400.40
Sagi. 80915.40 31109.50
Left knee
Trans. 2978.10 1471.70
Fron. 28964.20 17389.40
Sagi. 81687.50 58353.20
Right knee
Trans. 2822.00 3605.50
Fron. 29141.80 24004.80
Sagi. 50812.80 57148.20
Left hip
Trans. 4671.30 2151.90
Fron. 18177.40 11069.70
Sagi. 111299.40 86410.80
Right hip
Trans. 5919.10 3497.40
Fron. 14067.80 20744.00
Sagi. 114590.00 116550.40
Lumbar
Trans. 9184.60 7289.20
Fron. 37299.60 28806.00
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F 10 A A #d ZHlE(Nm)

Mean
A 59
Old New

Sagi. 41710.40 50334.50

Left shoulder Trans. 5515.00 3818.60

Fron. 16344.80 12257.00

Sagi. 46780.80 47219.90

Right shoulder Trans. 4039.80 3621.80

Fron. 27025.90 18937.00

Sagi. 49514.40 61843.00

Left elbow Trans. 11876.20 13062.10

Fron. 11325.90 19390.10

Sagi. 49407.00 48234.00

Right elbow Trans. 24227.60 16278.40

Fron. 3974.70 3418.80

Sagi. 29637.60 21970.40

Left wrist Trans. 12045.30 12492.50

Fron. 12228.60 8122.80

Sagi. 23581.50 34896.40

Right wrist Trans. 25703.80 14169.60

Fron 1724.30 10555.30
£ 79 82 QA ek wAe Wel Z4EE Yean gk X AeAE F e 2
e 53 R AU FAFORA a4 pae wsgels 2 AelE tehiln 94 .
shAI R Ao Ag- 2 8% ZwA(Right Elbow)= 7] 9 AF 45 #F HoE ¢ 7%
o1 glaL €% oZl(Left Elbow)o} €% E5(Right Wist)o] ¥ @ol 3dd AL =l &
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o]-gste] B3 F7|5 AX AZH 11 518 @A FAg d59 F3 A= F 8ch
= FZ kAt 1~2che 3 gld $9x 3% Elector spinae muscle(ZF7]H+:) 3~4che o7)
of €3+ Trapezius muscle(5X ) 5~6che &5 £33+ Wist Flexor(£% ZF=r+-
7~8ch& ZHo| 9323+ Biceps Brachii(A¢t o] 5ol A=S zhry) B 2 A9 &9t 19
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# 9JtHKong. at al., 2009). 18 54% % 79 #& =2 Yebd Zolt}, 2=ZE By
71E AFANA LEFR s AT BE I oA 2R AFS g T F qdrhole 7

X-2
14 ) AR A 2o F2E AT AFE olgste] AdHALS o

= Aol vt
Ut 2% Fe] A5 VIS AlEE duite gdelA s stes dEs ol8shd
zel A9 s Hol REF Fell Fo] TheAA ok M Al ¥ 2 2RI T
g Z1o R Holth

¥ 11 Median Frequency Slope %k

=5 97 71E AFE FHRE A E
R.Elector spinae  0.0383 0.156 -0.084 -0.031  -0.0543  -0.0203
L.Elector spinae  0.126 -0.088  -0.0681  0.0911 0.0159 = -0.00818
R.Trapezius -0.0195 -0.0204  0.0402  -0.0192 -0.0207 -0.0143
L.Trapezius -0.094  -0.0859 0.13 -0.0438  -0.0281  -0.0108
R.Wist Flexor -0.0267 -0.0577 -0.0428 -0.0767 -0.0312  0.0419
L.Wist Flexor -0.0193 0.124 -0.0712  -0.0845 -0.0305 -0.0511
RBiceps Brachii -0.0438 -0.0109 0.00687  0.0053 0.0187  -0.0205
L.Biceps Brachii -0.0574 -0.00531 -0.0243 -0.00577 -0.0312 = -0.0497
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i 13 &5 54 4329, hpa)

= 1 2

Al - 1-1 1-2 1-3 2-1 2-2 2-3
A 5.6840 6.5930 1.3270 6.8930 5.9410 0.6220
A 5.6320 6.3310 1.0200 6.3590 5.1770 0.5520
A 5.6720 6.3240 1.3070 5.6670 5.4240 0.2560
B 6.3840 6.4800 1.4520 6.5540 5.6010 0.2190
B 6.4250 5.9920 1.5150 6.6950 5.8500 0.4110
B 6.2080 6.6850 0.4250 6.3250 6.5370 0.5950
Bt 6.0008 6.4008 1.1743 6.4155 5.7550 0.4425
= 3 4

Al - 3-1 3-2 3-3 4-1 4-2 4-3
A 6.3980 6.4700 1.2490 10.6410 3.4440 0.1180
A 6.8540 6.5260 1.1400 10.4570 3.8580 0.0380
A 6.7330 6.4180 0.9930 10.9120 4.2400 0.1810
B 6.8380 6.4770 1.4930 10.1730 3.0040 0.3100
B 6.6430 5.7520 0.6340 10.6520 3.1840 0.1030
B 6.5790 6.0860 0.4560 11.9570 2.8320 -0.0720
Bt 6.6742 6.2882 0.9942 10.7987 3.4270 0.1130
= 5 6

Al - 5-1 5-2 5-3 6-1 6-2 6-3
A -0.2140 2.7140 9.3080 1.3320 5.3620 6.2620
A -0.1380 3.6960 9.1330 1.5560 5.6210 6.8680
A 0.0600 3.5730 9.4340 1.6800 6.1210 6.2900
B 0.2380 2.4920 9.8280 1.2080 5.4830 6.0180
B -0.0370 1.5630 9.2730 0.8180 4.8580 6.3520
B 0.1850 1.8720 9.2340 0.7130 5.8340 6.6620
Hat 0.0157 2.6517 9.3683 1.2178 5.5465 6.4087
= 7 8

Al 7-1 -2 7-3 8-1 8-2 8-3
A 1.0050 4.3950 5.6550 1.6370 6.0130 5.2870
A 0.9370 5.2610 5.9810 1.5770 6.2860 5.7940
A 1.1810 5.2910 5.8070 2.2330 6.2520 5.5170
B 0.2150 3.7590 5.9300 0.3490 6.0410 6.1070
B 0.7530 5.1570 5.3660 0.3080 6.1630 5.6290
B 0.4180 5.5090 4.7610 0.6870 5.9520 6.0060
33t 0.7515 4.8953 5.5833 1.1318 6.1178 5.7233
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AR mEo A A2 ghE Bol=dH o] JA] Higho] yowA TAsk= o FAbe] ¥Qlow
Helth o]e} e ofFel o F&H Aol ALS AAsY] Hstd ¥ 409 22 A w2l
(guide vane)& A2 g do] Qlrh

) A3 F9 5 0.05914 p-value(&H5 AA @ 0.01,
G H1A 1 0.02)<0.05 o272 FAHTE Al mpE 2ol = §lo)

Zx38 Alete] wWE (- AACEA o

12

10 -

g . mA
mA

2 mA

il _ _ _ me
mE

2 - L mE

IO R I ORI R

o

1-11-21-3 2-12-2 2-3 3-1 3-2 3-3 4-14-2 4-3 5-1 5-2 5-3 6-16-2 6-3 7-17-2 7-3 8-1 8-2 8-3

a7 60 AlAIRE S5

_61_



45000 -
40000 -
35000 +
30,000 - : i ‘ - - . - : .M
[ |
25000 + A
A
20000 -
]
M § FF R 8 ! pum It Eesssees I rFEs f mess 8 mm ;
L]
10.000 -
BB
- H Y|
0000 T T T T T T T T T 10 T T T T T T T T 1 TN T T T E 1
12 13 2 022 23 3 31 33 41 42 43 51 52 53 61 62 63 71 72 73 &1 82 84
a9 61 AAE F5
oho3A A9 AR R AT
37 AEe 20109 109 249 A71E ol 14T QA TAE RS F 59 A

|

‘W\#‘.
+

7]

iy

AW AEWE o8 $F SEE 2285m/s 2 ARENA BE FHS molw 3o,
#1004} o] A mEe] V& BulRe AFAAS Wt $F 27} 32.399m/s =

Al AL S H= 25.877m/s ol Mske] 2 ghe HRIth AN ZIE AlFel A 77He]

_62_



wEE SR HHm A FHlw Aol 2B 5 S PEY ANY AAE FAT
ik,
E 14 A0E REe] /1E Bulg 9d F £3F U9, hpa)
1 2 3
1 2 3 1 2 3 1 2 3
3.389  8.597 11.764 2.74 7.799 11.865 1.184 6.875 11.476
A 3.642 9.088 13.54 1.506 7919 13.852 1.15 7.483  11.066
3.6656 7915 13.227 1.241 6.771 12.407 1.071 6.912 10.887
1.821 7.872 12959 1414 6.541 12936 0927 6.443 11.085
B 3.147  9.222 12.726 1.182 8243 8.198 0.589 6.015 11.075
3.5019 8951 12.825 2.041 7.363 13.565 0.263 6.479 12.078
4 5) 6
1 2 3 1 2 3 1 2 3
1.034 5.028 8441 1.817 6.104 10.841 2.372 8.023 7.161
A 1.074  5.308 8 1.173 6.302 11.007 2.187 8.67  11.934
1.022 5.253 7.904 0.623 5.63 10.425 1.121 6.749 11.085
0.478 5.267 7.036 0977 6.788 9515 4325 8098 8.732
B 0.378  4.577 5.79 0.307 6.11 11.155 0.836 8.747  8.934
0.555 5.055 7.066 0871 7.726 9.5 1.406 8509 10.251
7
1 2 3
7.167 10.915 9.367
A 9.472 10.776 11.405
9.88 11.58 11.487
8.874 12.006 8.625
B 6.425 11.628 6.468
6.707 11.108 8.325
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7F AEshE A

B = & 9 : Endurance time prediction of biceps brachii muscle using Dimitrov
spectral index of surface electromyogram during isotonic contractions

A Aol oA, AR, Aay, FAB

8} % A : International journal of precision engineering and manufacturing
AR 2011(AA FA)

A number of studies have been published on the validity of spectral parameters such
as median frequency (Fmed) and Dimitrov spectra index of muscle fatigue(Flnsmb)
from the surface EMG signal during dynamic exercise with respect to muscle fatigue.
Despite these studies there is a short age of the predictability of endurance capacity
using the sespectral parameters during repetitive dynamic contractions. The main
purpose of this study was to examine the capability of the incremental time, defined
as the time at when Dimitrov spectral index reached acertain amount of increment
with respect to initial value, to predict the endurance time(Tend) which was
determined when the subject be came exhausted and could no longer follow the fixed
contraction cycle.
Ten healthy subjects performed five sets of the voluntary isotonic contractions until

their exhaustion at 10% and 20% of their maximal voluntary contraction level (MVC),
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respectively. The Tendforallsubjectswerewithinthefollowingranges:157£62 s at 10%
MVC; 75+£31 s at 20% MVC. Spectral parameters such as median frequency and
Dimitrov spectral index were extracted from every contraction segment and estimated
by linear regressive analysis in every contraction. The initial slope of both spectral
parameters and the incremental time of Dimitrov spectral index were compared as a
predictor of endurance time. and2)between T end and the incremental time at when
Dimitrov spectral index became above 130% of increment with respect to initial value
at20% MVC(p<0.01).

In conclusion, the incremental time of Dimitrov spectral index could be used to
describe the changes in the spectral content of the sEMG signal and to be a good

predictor of endurance time in comparison to the initial slope of median frequency.
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