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< SUMMARY >

| ==ws D-02

Purpose&

Contents

O Objective of the study:
Development of 2 rows automatic transplanter for riding using

eco—friendly electric—driven system

- The purpose of the research is to develop fully automatic transplanter

for riding and electric working system. To improve the efficiency and
ease of working on the farms, the transplanter enables workers to use
both rice planting and transplanting with this machine. In addition,
this research was carried out to increase the work efficiency and
productivity by applying eco—friendly and high-efficiency motor-driven

system to the transplanting part.

* Major export markets:

Domestic, Asia (Southeast Asia and China), and European Market.

* How to sell products:

Utilizing sales network of Kukje Machinery Co., Ltd, the lead company.

Results

O The use for both planting parts and transplanting parts is enabled by
developing one-touch Hitch part from the existing engine-driven rice
transplanter, and electric—driven system 1is configured for the
transplanting parts with 3 rated power 1 kW motors, and a reducers.

O The reliability of the electric transplanter is ensured by performing in
numerical environmental resistances such as high and low
temperature and also humidity for each individual component making
up the motor-driven system of the electric transplanter.

O The developed electric transplanter was performed for pavement and
performance test in the presence of accredited organization to confirm
practicality and commercialization possibility.

O According to the performance test, the packaging efficiency was
almost 9 % higher than the existing engine-driven transplanter and
it was also revealed that it is very easy to operate the electric

transplanter.

Expected

Contribution

O 3 domestic and international patent applications and registration, 5
domestic and international conferences, 1 non-SCI dissertation, human
resource training (3 bachelors, 1 master), 1 education and guidance,
and 1 exhibition for public relations.

O It is possible to utilize it as the base technology of electric farming

machine and it is also possible to activate a domestic technology




development of electric farming machinery by securing source
technology.

In the near future development of electric agricultural machinery, the
electric-driven system developed in this research is considered to be
applicable in various small agricultural machines such as management
machines, rice transplanters, and other transplanters. Furthermore, it
can be expected to reduce the period for development and production
costs.

It 1s expected to contribute to the application of the electric-driven
agricultural machines in Korea, export, and enhance national
competitiveness by conducting surveys on any inconvenience and
improvements in using the transplanter according to farmers and by
continuously improving the product when selling the electric

transplanter through commercialization in the future.

Keywords

automatic motored

transplanter | planting part of power machine

transmission | rice planting |environmental

regulation
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2. =9 AEFAAL B A AR

O

FolHA By T A7 A
& 196551 5,000hacl A 1999
A o] A|u)H A2 36,424ha

1981 7,200ha 1o}, 20
ATHZLA 7] Al A e 4k €]
&35 e w9 g

dlele] A7 gE EYEH 22Y wi=
ek Aot &5 Al d8S 1
d 53,440ha= 10vf o] F7kstslow, Al
2 AA 68%F AAsta vk Hg T AlEx
001 100%F ha % Aﬂﬁl Al A BES-2 0 50%0] 84S At
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7] AFE AEHoR F7te Ao R 7| gH
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RSN FE ol
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A Yanmar 4471 22hpsl AATEY 1249 Y 44715 Adste] wjstn
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Yd & =9] holland transplanter 42} 7]+ 2
om AEHe HAE Y WX =E AE A4S Y= =4 7t
“

5
| el g EUE olgatel 7t 2o SAd ws ol4o] sbsaln] WY A8
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19 2-6. holland transplanter

o] Williames A7) oAt 714 A& 71922 Field transplanter & T2 A}

i L
gtk 279 4SS el 168714 o]2lo] Fhsatn o] F=i 29 279 FE
o]2o] 7hEsttt. wat ofHsl= A=l T/ R F AVIE deHer £Ho] et
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O @A el AAV)EL 1A, A, WAFEOR o] Folx = F47|7} fhREo|h A
shelel FAVE gRE S43 A%, OB gre) F47)7) wol AL gler F
ot ol fe A=5S T oA = e A7 HFEolt

3. =l Fo v AlsF
e KTP-30 TSP-1 TVP-1 TAP-1 TOP6 WJ-100
o 0§ A 2H S (0IAI7D) % (@ =2h sU =R s <7
=2 (lW/rpm) 2.9/1800 1.51/1700 2.3/1800 2.0/3600 3.7/3400 2.0/3600
=2 (kg) 180 205 205 240 366 220
= 1 (YH}S) 1 (¥HK}5) 1 (¥H}S) 1) 6 (A15) 1(&s)
=ZF 72| (mm) 20 ~ 60 25 26~60 10-72 12~15 10~72

A =& (mfs) 0.3 0.1 0.3 0.3 0.3

o4 =g T a0 THE THE Yup s

s (h/10a) 1.2 3.7 (12003 /h) 1.2 1.2 2.4 1.2

=HOf 7p2 (3EE) 490 1,500 1,300 1,350 2,200

= '
== ‘w

AE X2 ; Cx

B VP-100 VP-11B VP-272 A5-1200 PVD D
I Of A =9 @O F) =9 @O kF) = OF) =2 s714l =SHUI0REeh ez

Z3 (kW/rpm) 2.0/3600 2.0/3600 2.0/3600 6.6/3600 3.y

=2 (kg) 155 163 221 735 337 86

=5 1 (&35) 1 (&35) 2 (A5) 8 (HHA1S) 2 (BIALS)

=2t 7{3] (mm) 53~116 55~120 78~330 A|Tj 80 25-35

o =& (m/s) 0.28 0.3 0.2 0.068 0.13

0] == Cjof, B Cjof, B oiof, 2 Yt gH= olet

ztel=2 (h/10a) 1.6 15 2.7 (5490%) 2.1

Hoj7pE (SHRD) 1.500 1,550 1,920 1,880 310

AR xt=
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o PF1 | PF1W | | PF1SS | PF2R
= Of Ab
=2 (kW/rpm) 1.6/1800 1.6/1800 1.6/1800 8.5/3600
=2k (kg) 205 230 205 630
== 1 (&S 1 (A5) 1(&S) 2 (At8)
=7t 2| (mm) | 270~510/310~600 | 250~470/290~550 100~200 260~-800
It =L {m/s) .41 0.41 0.2
o[ ite ans A= Cfm}
YU sE (h/10a) 1 2.2
oHof 7pH (o)) 1,450 1,550 1.550

ApEl X2

SKP100-KR | SKP100W-KR |OPK-4-KR(O|: &)
2L}
2.3/1600 2.3/1600 2.6/3600
222 247 378
1 &S 1@&S) 4 (A5
200~530 200-~590 100~130
0.52 0.52 0.13~0.20
EHE e it

185 E (h/10a)
oozt (SR 1,450

M
r.i. 2

ALEl Tt=
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o o]l K. [0) [¢) [o)
layout 417 1= /4 2 10% 40% 80%
A dss Al~=d VAR 10% 30% 80%
25 2bE Ao 7E vl =/ 2 10% 30% 80%
D /7 sd S 2 A79A FHE A1 S5ia7]ss 9
2) A 7VEFTS A5 100% giH] SEver 2 AHS AFEe VEFT 2A
3) 7=/t Raaee deldA &5 - dZe 100% WY E3aT AlA
4) $7pdEe] Bad A9 vlnee] 24y
2. 5334
L ERCE
=t S, v, R
£3] DB wips DB(www.wips.co.kr), &3]3 1B 7 2 1] 2~ (www.kipris.or.kr)
Z A 7]31 2 & 20%(19900101 - 20140501)
FEEE W, Sk UE 379
U} EHEA uE B daiAse] #uA
B <4 4247] layout A7 FAR A58 A|2€ AR 25 Ao 7)&
riding, transplanter, automatic, motor, battery, 29+, hopper, implement, 4 5., X,
Keyword o .
2-TOW electrified, electric control, controller
ANAF 11717 80571 6134
FEEAT 2154 17274 14874
ek e ti7le) W7k AAd o
Tz 7] e 73] A A of 2| o]o}y|o] AHE H b
=3y (TRANSPLANTER FOR |~ I 19714 AR ,M o
AIARA AAGA] D Ao A o1 %A
. RIDING)
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2 s2dn 1998 2010 2015
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%
GAA S8R OR o)X A olfold| mEe] o B AT Aol | mEel o A9 Ao
Aold | o/f wd BAwoE A4 | 494 HAS A% 59 Aol | o9 AN A%F Fa4
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7} A2 7] layout A Al

(1) A27] 7] Layout
(7 AA719] AA layout= 1H3-13 o] AFFe} SHRIFHZ
A FEEHAR = A4V w85 FYF] Er|9 PTO 5823 AMEsld
= 1 % T

Bl Azt REAYES ol FolFS =

’

W) 4

[E]

(A) F24 3012
(B) Hig Ao &%
(C) Alsgieis
(D) HIE Ao A%
() mREsols
() sm T
(O e ELTESR l
(H) b X
(1) gol xxzloIx
(1) AT

HOA

(AZEEB(ATPE)
(B)HI 234 0] A F(H)
(CO)ZEZE2AY0|B)
(DBl 23 0] A R(F)
(B E == E [ ES
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£7)9 PTOZ ALgai} Ad % #7] PTO Al
U319 AFH vl 7o) WEHI RHE gAdoR Tx
ez Aolgon o Aol o4 2go] shsert.

0] o] Al 71

(2) AHF-F-IE 7|2 Layout

7hH AA719) AA layoutel A ofe] @S ARERE SHE Edo|dA] FHEdY 3y
of o]%dl= HES o|FH SHE XA ARstE YER FAHO A, o] F
JEE G55 EHE olFolA 9l

10T

1%¥3-3. A5 7]E Layout

(3) SEFHIE 7| Layout

(7F) A2A71¢] A ] layoutel A o}#) 1™ =

o HEAUTFES] SHEHOAAE Fo|Ea)
= SES SHEYO|AAE Fo|$dtE JER FAHAA Y, Io|Fil Fo]so
THE 993 TFEEHE o|FoA U=
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(4) =394 Layout
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(5) SRAZAH B4
b AREel guAZsEe AX B2 98 4§ A=LeaW (Pro/Engineer
N

Wildfire30)& AHg3te] SRAEH 44 A% WAL welde] T4 20 A
5 3 2

Aatel s Aol wgdalAT. §RAER FAS 84 a9 9 P&z
e 9383 gom, 19399 #e AH BAL EEeA AT FF ALE
A% F AEAY 9 akdve 950 B4 AnE v PAse] wrh 43

ANAe =EsA dh
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A A7) AARE AEA X el AH Al TR wwsEA AH T
22 FARAY. 9EA AR FrE B ARG 497 AARZ B 149
TEE 2RT TEZ A A83n, 992 14, A4 dv T2 Adstel FT 9

4 Al AL
ol H A|IE Fll, =HE = A Hol

ANzt AEHY A4 4%
7hH 854" 94S #4357 98] Photron AFe] PFA(Photron FASTCAM Analysis)
AZEG O E o] &3ttt

O S5 A=EF9 Ads 2487 98 55 AEF JAY 5 a4 mAE
TAEE A 71FEH 94 bem FAoRE F oY AS mASIY] HEHo A
Ao o] &3kl th

@ 2 AFoAE AA FEelA HEFo AARE FAsIARoH HEFO olFs
L, A WS, VSR 52 1EEkA FuT

@ #A47 193-149 Zo] HAEFIF SHE HAEs7] H8 olwete AN HAE
F Bt Add= ¢F 05eme] 1H50] v ASZ YERTh

@ HEF EFAYAA xF W= oF 19cmolal y= W= oF 4dem 9 AHo=
Uelgon SHE FHE37] 98] 5 EdolE Eorte #H3e AHgEow
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TRS605+=
)2 g

g
o,

H¥3-1. B3 AA

=)
NS &
o+ AT CCW
Z ) 100 Nm, Q{Z—‘T‘E’E

L EZ ANE B4 4
st7] $l&l +5VE 9]

(@) & °lF=

B3 AN
Z1%13-18. £ A (FUTEK, TRS 605)

(b) PTO = E=AA

3] 2 % (Rotational speed) E=Z(Torque)E =74 o ‘F 9] o™

, B4

FA]

3
°|HE
EL] k
A

WAL 2%

A9

ol R AT E

shot. 1 9] o] ApAH
S 93} Calibration data: the

2 2990 B2 WM
Arel) A o - AF7F SAHEY BT =
] 7,000 rpm, 2

T =
'19:»1—-1_‘

#E3-29F 2t

Weight

0.3 kg(PTO =), 1.06 kg(& °o|F=)

Rated output (RO)

5 VDC

Safe overload

150% of R.O.

Zero balance

1% of R.O.

Excitation (VDC)

11-26 VDC, 1 Watt

Torque Nonlinearity £0.2% of R.O.
specifications Hysteresis +0.1% of R.O.
Nonrepeatability £0.2% R.O.
Operating temperature -25 to +80C
Rotational speed 7,000 rpm max
Maximum torque 100 Nm
Connector 12 pin
Output Impulse(TTL)
Encoder
o Pulses / Rev 2 x 360
specification
Excitation 5 VDC
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-100
-90.38
-67.79
-45.19

-22.6

22.6

45.19

67.79

90.38

100

-4.992
-4.511
-3.383
—2.255
-1.126
1.132
2.256
3.383
4.514
4.995

E

(TRS 605)
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(2) 2ZEY o] A
DAQ(Data acquisition) A]Z=®e] A Eoj= LabVIEW(Version 2011, National
Instrument, USA)E 7|Wte2 PTOZ2 EA% rmpm AEE SAHE F A=F /Esad
o} DAQ Al=#l9] AZEg ol PTOS BN & o] EadMe B3 HolHE

SA48t7] flall obd = 22EdS ARSI, rpm AT HoJBE FA8H7] flal HAE 2
Ade AREATE Egh SAHE EA dHolH o rpm HolEHE AREste] A 13 Zo] E
2, pm, B9 BAE olgdtel k8 BHA 13 AN FE Aoz TR
2n X T'XN
Pshaft: GO e };1' (1)

W
o

A71A, Poar= 9 THW), T E=Z(Nm), N2 3] A (rpm)°] t}.

% 1] A B2 193-249 o] EAAMERE DAQC 45" MEE
DAQEYH :=ERow HolHE Wotei= [2] A Foern A AT F WA
FE= vQl FEZEAM O™3-259 o] DAQOIA =EL oz YW HolHE it
TgaPog Bl o] o]&3sle] E= dlol¥ Calibrations F33dtal, 3| A4 o]
Blot B4 HolHE o]83dte] & Avtsta et FY dela BA HoHE 1L
i Pz BolFE A Sor At A WA FIs I¥3-2639 2] A WA
FEA TE txt Fdel] o 1 HE Adshs F2= A8t 193-27¢ Jidd &

3 % e

e HaEddoly ZA A2 HES T2/ HW JHd5 B3 59
Yz T A HES 724 ¥A
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1° replace or create with confirmatio|

[» read/write

Enllsx vz o=
==

= B

g ISpeed(rpm) 1
weralE | miwgaE] | [peeapms
e iz ]

Torque(Nm) 2
Power(W) 1
Power(W) 2

[eNeE-N-HeN-E-N+EeE-H-N=E-EsEeEsHsN+]

[eHeNeNNeN=N-NeNeNeN-N=N-NsNeReN=N"]

Y323 dolE A4S AT it HY BE

[K

=
-

=3 A==

samples per channel
#22cFEEE
A ! {5 = DAQmx A 2 ;1 B task out
Efo! =
Af‘; B e CLFreq.Term ===error out
FHE= &% % fetr0 'I’ H
01F 2t
M Zt ln = DAQmx H 2 ,.L,E
} CLFreq.Term ‘
fraabf

/]
% /PFI3 ||

[-500€+0} 1000}

Toooreo)
B ooeo) ‘\ frOnboardClock]
: e
o AL EE ]
=
/ail o
\Volts ]

foof ==

93-24. DAQRZHE =EXoZ B9} 3|H
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12
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=]

#task out ritask out
femor out +Aerror out

o2}

#task out
#error out 2

bAtask out 2

vAerror out 2

b |

o ool

o d .
o= i HH
B—=

£33y 2O

| ==
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_‘_7_?—93 27. DAQ }\/\Eﬂ /\JJ_EOJO_] E]/\EJ.HL—]

|
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2| #==(rom)
? Wi w5 ROE

(3) DAQ Al2z=¥ 4
DAQ(Data acquisition) A| 22812 DAQ(NI USB-6212, National instrument, USA), <1H
E](DP-412, DARDA, Korea), ®=E5(P27K, Gigabyte, Taiwan) S & A3t}
DAQ(NI USB-6212)= 3#3-33 o] 16719 ofd=1 4= A6HE, 400kS/s), 2701¢] o}
G2 FHA6ME, 250kS/s), 3271 YxE 1/0, 2719 32HE 7h&E S A3 grh
DAQ+= %2719 PTO:'?J’]' ] o]lFF9 EAs A& HolE HS5E flstel 7A S
Row, JAWE = RELRS HAs FaslF7] fletd, A2719 12V sy el &9
= A4S 220VE gt F7] 9 dadtt mESS fEd AT ES S o83
o] DAQ #H|=HE dHelgHE dgitol A%
8 Ars I 22 dolE AYE ]l
3-28¢} o] HEZWAE i 14gs o
ol HrpEER 14

stal, 3| d&Eer B HOHE o]§ 3o
fa3stth. NI USB-6212¢F IHEH+= 149

7
M wERS 1¥3-293) o] AEBuA
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3£3-3. NI USB-6212 A ¥

1670 (400kS/s)
8
16 Bit
-10vV 7 10V
-200 mV 7 200 mV

2(250kS/s)

16 Bit

-10vV 7 10V

-10V 7 10V

3271

TTL

0V 7 5.25V
2

Adallcksta A9 BFE 98 12V Aol +12Ve}l -2 Adsjopdt £F 34
242 94 DAQYl UAE v 2, 2w A9 TFS dd +5VE Ao
il 12V @Rl -2 dAdsjordh. 447 12V WE el 2EHE Age A9 &
1A On, OffF Eaf 12V @At = JH = m 12V datdiol A 12V to 220V A H el E
SR Aol BT

o

vl DAQ Al2¥l H~E
(1) g2~ %7

DAQ A2l H| 2~

HEd ALEH %
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#3-4. PF2R A7) Al

3160
1725
1925
615
MZ360
o 4Arel 2 7HEE

357
8.8
10
600
850

1200, 1270

1200, 1320

Z

fs

212, 311 (HMT)
2

1z9]4): 600,650
220] 4] 450,500,550
600,650
260 ~ 800 (FetxH)
10
0 ~ 300
4
0.670.9
S, W, B2

128%, 200

(2) DAQ A28 HAE
DAQ A28 HZEE 193303 2o FHRE SAE S

= S AEE 49 FAFE
A7& DAQ Alz=gle] %3} deolg =4
O

1A EFAI A AN A FsATE H
AR, PTO

E
Qo A el FAAs] fskel & £zl A 24

g olsZo Eadolge} Ha%E dolHE 4

]

d

A

2~
T
jl]-
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DAQ Al2=dl HEEE S4ste= EYY AHE SH87] 98 173-313 2ol dF
HAA et EGAAME o] &slo] EY ’?:”31% SAstAT. B v Al itk o]
& Aom  Cone indext Daikijit: 9] DIK-5530

o|-§ste] 54 O}Oi‘:} A+ 74]: 14772,452 kPa2] Cone index& =743t
& A= FEESHF 0799.9%, EC 0-6.0dS/m, &% 0-60 °CE H4T = 9l
dFAet EGAA ] gk AAME AP E3-5 3-67 2ok SAHE ESS
, 2, 35 Yol F 33 A 334 wrE =A5 o) Sitel oA 2] Hit Cone
index™= 2508kPa, Zol& 13cm, A9 24Nm, FodHF> 3%, A7HdErs
6dS/m, +%E& 30C=E SA AL

ft
o2
&
A
r%
2
é
—
—
o
(=]
&

it
o o

a) 9FAYA(DIK-5530) b) ATFEA ) EFAA(WT100B)
193-31. EY 54 A
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B

3-5. 9547 DIK-5530 A<

147 to 2452kPa

30, 60 and 90cm

49N / 50mm

30°

2
2cm

Automatic drum revolving record

W250 x D110 x H1250mm

Approx. 3kg

#3-6. EYEAA WT1000B <

0-5V, 1-5V, 0-1V, 0-25V
(linear output)

4 - 20mA (linear output)

serial TTL level 9600,N,8,1(RS-232c)

0-99.9%

0-6.0dS/m

0-60 °C

£ 1%

+ 0.1 dS/m

+ 05 °C

FDR2(Frequency Domain Reflectometry)

0 -60 °C

Probe length 11.5cm
@ 48mm

DC 9-15[V]

25mA

- 45 -




#3-7. LFAHA o] B3
Shearing Moisture Electrical
Cone Temperature
index(icPa) Depth(cm) force content | conductance (C)
index(kPa

(Nm) (%) (dS/m)
Site 1 2,470 12 24 2 6 28
Site 2 2,495 14 25 4 6 33
Site 3 2,558 14 23 3 6 30
Average 2,508 13 24 3 6 30

DAQ A7l H~E Avp T713-329F o] gl PTOSF & of&Fo] fAHe
d3s Yl e g9 5 gdtlen, Eas= PTOFo] & oF=dl vl °F 6
W A =2 235 Kol ZS AT F A wEkd FA4E &R} B
g ol&dto] FHE ALter] witel FHEE EAs iR AR PTOS] & o|&=
of vlaf oF 6¥] A H=2 HAIE Hole AS FAT 5 AATH
250
——PT0Z Speed(rpm) —— 2 0| % speed(rpm)
200
150
100 I [ f | |
o0 J | ) | | ]
[0} 5 10 15 20 25 20 33 40 45 50
50 4 ——PTOZ Torque(Nm) —— & 0|22 Torque(Nm)
40 -
30
20 +
10
0 i T
0 ) 10 15 20
500 ——PTOZ Power(W) —— 2! O] <3 Power(W)
400 -

300 -

200

100

0

|

il I

A TP T TP TP T PO DY 1M P TBY T, 1Y, I
35

!Hl JuHml

b 184 104, 1 TM TP 1) T84 T T4 T4 I P T4 I T
20

LAE e

1393-32. DAQ A 2~H® HXAE Ay
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#3-8. DAQ Al2¥ HXAE F24 A}

Speed(rpm) Torque(Nm) Power(W)
PTO= g o= PTO= g olF= PTO= g olF=
o gk 152.4 204.0 40.8 10.1 4259 149.2
Hazk 0 0 -0.3 -0.2 -34 -2.0
3+t 66.2 63.3 7.6 1.3 8.6 13.3
R 50.8 58.6 8.6 16 95.0 18.2
USB G|o|E] &4
47| 12V BiE2| - 7 r (=ES)
= Tonee Connecions
o Power GROUND | SIGNAL QUTPUT]_GROUND
PIN'F (RED)| PN'EBLACK) | PN'C [GREEN) [PIN'D (IWHITE)
Hogle Comections : : |
Power | GROUND | Signel(Argie ) [ Signal o7l | PRGTIC [Friarze ] Chl
PIVH(ORANGE)] PNEGRLACK] | PIN'S (BLUE) [PNG BROWN]| | 5171t L
> Ch2 0 e
PR AT 4 | Bemi 12P20
DGND D;GVHD
o1 Los
P M
AR DGKD
12V chxiey =3 MM
Tl BEEICE  hiE] g
{MATING CONNECTOR A 05
S pmwel T ch2fiin] 1
il
g Al1S DGHD
12V to 2 —\; L] -QUTPUT HNI 6212
(3:5%&) {ccw)
1¥3-33. DAQ Al&Fe] mjd =
(3) #3AZ Azgl £4 2wk
b 1Al Awd 44 A R AS Azde] vF AGE F4 L g Fhol
A% Rah ANz ATay
(L) ol 293 o] 1xd=el /i3t Labview X213 A PTOEF 3 o] %59



>,
ﬁ
o
H
i
ﬂ
>
1o,
=
o
2
fol
Ll
s
L)
ol
ol
s
i)

o ¥ -
-4.992 -100
-4.511 -90.38
-3.383 -67.79
-2.255 -45.19
-1.128 -22.6
c o
1132 226
2256 4519
3.383 e7.79
£.514 Q.38
£.995 100
[ P | [ ALFg ]
SieNE Fl =27tm Zr 2017|
A mZE X MR Y
-4.992 -100 Epoj
Ag =THZE X A FITHZE ¥
#4995 100
Loosm=e. | [ oossm. | [ =a | [ s | [ === |

I93-34. PTOF ¥ 3 ol uwHgAs A=

, A, AZol(1d, 59 1
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ny
=|E E| EE E E|E E EIEEEEEEEEEEEEEEE
Q| QO] QO O] Q| QI O OOVl O] Q| Q| Q| OO Q| Q| Ol VOl Q| Q| O
NMIS|IB| R SIS|RIG KSR D RSB RRS RE KSR LS
N
I = e ~ ~ 2
o] E : : : : :
Bg 9 0 8 s} 0 =
o = - % = -
=T v e oy w = ™
E 2
A @8 %
e 3 =
4 i
T =

=

Gl

10m x 3me] HZ=E A Site 15

11 cm,

1
T

]

Zﬂlo
26%, A7 M=%+ 266 dS/m, =%+ 305TC=

| A7+ 2574 KkPa,

(vh &

=
=
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#3-10. EFAIEA o] EFeA

Cone Shearing Moisture Electrical Temperature
o) Depth(cm) force content | conductance (C)
(Nm) (%) (dS/m)
Site 1 2,719 10 22 32.1 2.24 30.0
Site 2 2,430 12 22 24.8 2.31 29.9
Site 3 2,605 13 22 20.4 3.56 30.9
Site 4 2,544 10 16 21.8 3.13 31.1
Site 5 2,177 11 18 25.4 2.62 30.6
Site 6 2,615 11 21 24.0 2.74 30.7
Site 7 2,214 12 19 32.1 2.36 30.0
Site 8 2,718 10 23 274 2.32 304
Average 2,574 11 20 26.0 2.66 30.5
@) 4537}

(7h) FaAE5E AE0.66m/s) oA A= Al Ay}
@ 2F-Zo] 1¥H(8mm) ZAolA el A= A3 A}
[] 372 26cm
- H2E Ay} ofg] gzl o] &8 PTOFo] 3 ol%=o nls oF 5760 A%
A yEdar glom, o sEol PTOFCo = 4=, 1 F9o| avet 3

olF 0w rolx 7] wiolt

A

Time (sec)

I93-36. FAEE AL 2HZlo] 1eH&mm), FHAE 26cm ZAoA el PTOE 3] ol%= &9

- FYEE AEH0.6om/s), AFZol 19 (8mm), FIHAY 26cm F7doA] A Al Fa)
54 A3 B4, A& 9 dde B4 Ads ok #eok #Zeol vEn

4 23 B4 HAd, H, s58A= 42 3416, 10.09, 7.25 Nm

ow FHdEEE 77 94.02, 75.00, 1535 rpmoE YUEYWT ¥ EA

o} 3 HdEE=e] AAN wet AxtEo] Hd, Ht, FEUA= A7 269.36, 79.85,
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59.19 W= eyt
- ® olF=e] ot A A Bl Hu, Hi, 2= A4 753, 171, 1.08 Nm
[©)
]

2 yelon 3sd&EE= 77 13326, 73.84, 2477 rpml. 2 YEYY. EEHe EA
o} 3| &Ee] BAA Y met ALtE o] AU, Hat, xTAHA= 22 66.55, 13.16, 892
W= e
¥3-11. FHEE AE, AHZo] 1¥H®mm), T3HAE 26cm 27104 2 Al B8 574 A3
Maximum Avg. Std.
torque (Nm) 34.16 10.09 7.25
rotational
PTO 94.02 75.00 15.35
speed (rpm)
power (W) 269.36 79.85 59.19
torque (Nm) 753 1.71 1.08
rotational
3 olE&E 133.26 73.84 24.77
speed (rpm)
power (W) 66.55 13.16 8.92

[] +3+A=2 35cm
- H2E Ay} oty gL}l o] H8E PTOZo] 3 o|F=o] Hla] oF 60 A= =
A YdEba glon o] QoA Awdt o]t 2

—PT0 —3 05X

600

00

(w),

Power

200

UAMOOOOUABAUULY

Time (sec)

¥ 3-37. FHEE AL AFZo] 1vH&mm), F7HAE] 35em A 2] PTOS3} 3] o4 &9

- FIEHE A50.60m/s), AFel 19H(8mm), FIHAE 35em oA &Y Al E
=

o
Ap>
I
i\
I
i
_’g
rr

T
1
i)
_ﬂ
rr
Xy
&
=<
o
e
)
-~
o
v
£

BA Ay 239 Ao, P, REAAE 247 3548, 832, 7.29 NmZ
= 11254, 6357, 2944 rpmo2 UEdt. e =9
Aol whel AxkEe] Ao, Wik, FEAAE 27 27079, 65.19, 60.39

|
v}
3
S
o Lo
_

77}

=
HUrE;;ﬂ
d
s 2
ol
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- 3 o)lFFe Hof B4 Ay Eae Hul, Ha, xodAE 247 6.87, 1.47, 1.26 Nm
2 yeldon 3d&EE= 27 131.69, 5871, 3827 rpml.® YEYY. 8 EA
of I HEES] HAA A wet ALY Ho, Ho, EFHA= 27 59.73, 11.49,
11.01 W& vehyttt
¥3-12. FHEE AL AHZo] 15H8mm), T=7HAE] 35cm N4 23 Al B8t =4 A3
Maximum Avg. Std.
torque (Nm) 35.48 8.32 7.29
rotational
PTO 112.54 63.57 29.44
speed (rpm)
power (W) 270.79 65.19 60.39
torque (Nm) 6.87 1.47 1.26
} rotational
3 olEs= 131.69 58.71 38.27
speed (rpm)
power (W) 59.73 11.49 11.01

[] %A% 43cm

- H2E ZA3} ofg) gzl o] 9
J

PTOZo| 3 ol$%ol wla] o 677 A=

=7 vEhal glom, o= 9ol M Argd o]k Zr

—PT0 —3 O|EZ

600

Power (W)
g

8

Time (sec)

- TS AL, A5l 1H8mm), 2] 48cm 2304 9] PTOS3 & o$= &9

- FYPET A EH065m/s), AH-Zo]l 19H8mm), F7HAE 43cm Z7CNA AP A B
= J

A%, 9 A% B4 2de ohed e} o] vhehgtl
EAe A4, Hu, BxHA= 77 3344, 7.08, 7.37 Nm=

7}
Z+7F 90.90, 4891, 3538 rpmo.Z YUERGT £ EAg} 3
ARkE o] o, F+t, EFHAE 747 260.01, 51.67, 59.87 W

sk &4 %iWJr Eﬂg] A, B, FF=Ax= 242 792, 1.05, 1.13 Nm
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o} slA&E] AAA wt A Hd, H, aTAA= 77 7166, 7.66, 9.31
W= YeErsth
¥3-13. FHEE AL A H-Z o] 1¥H®mm), T7HAE] 43cm 7oA 2 Al ¥ =4 23
Maximum Avg. Std.
torque (Nm) 33.44 7.08 7.37
rotational
PTO 90.90 48.91 35.38
speed (rpm)
power (W) 260.01 51.67 59.87
torque (Nm) 7.92 1.05 1.13
tati 1
3 ol rorationa 13755 14546 40,04
speed (rpm)
power (W) 71.66 7.66 9.31

[ 7FA 2 80cm

- HAE Ay oopy agzet o] =2 PTO
Al e a glow, ol flelM A E o

—PT0 —32 0|35

nt

Power (WL
8

2

Time (sec)

B700] 1¥KE5mm), F7HA) Sem

4‘}3— Zkz} 3259, 4.01, 569 Nm=

Uelon, A& EE Zh7h 92.25, 2858 37.03 rpme. 2 YEYT £35S EAe} 3
q x = 77

- 53 -

° = 7
o @A wEh Ak o T,

b 243,68, 27.23, 4823 W

TR 7247 697, 061, 0.92 Nm
Zv7} 12853, 26.77, 3863 rpme = UENT FE€S EA
Hat, Ted A= 247 64.11, 4.30, 7.78



W= uerstth

®3-14. FHEHE A AHZ o] 15H8mm), A8 80cm oA 2 Al F3F 54 A}
Maximum Avg. Std.
torque (Nm) 32.59 4.01 5.69
rotational
PTO 92.25 28.58 37.03
speed (rpm)
power (W) 243.68 27.23 48.23
torque (Nm) 6.97 0.61 0.92
) } rotational
3 o= 128.53 26.77 38.63
speed (rpm)
power (W) 64.11 4.30 7.78
@ 4¥-7ol 59(105mm) ZAo A Be AY A3
] 3¢ 1 26cm
- H2E A3} ofgf ag=Z el o] HHE PTOFo] 3 o|%=d g oF 778 A%
A e Qo) o= fJolA AW o] el
—FPTO —=o|Ex
600
— 400
B
]
2
Q. 200 -
A ). H il l ) HIH
0 L_.L_.‘_.l_.L_L._L_.I._.lJLL...m_.I._.L [ ] ey n n. I_Ll. L_. Ao b I._.l....l_.l_.l....lJ
0 5 35
Time (sec)

H-z10] 5eH(105mm), F7FAE] 26cm

z704 2] PTO%7} 3 ol$% %2

- FYPLE£5 AZL(065m/s), AFEZ o] 5eH105mm), F7HAE 26cm FAA Y Al B
4, 3 dEE, £ dde 24 A3 oy ek 2ol vEw

- PTOS 9] F3a &4 A3 B9 Ho, H+, T+WA= 247 3870, 10.86, 7.60 Nm
2 Yelyon 3Aa&EEs ZH7; 10147, 73.97, 1526 rpm o2 YERYY 8 EA
o BldEwme] wAA wet AMtEel Hd, By, EFEHAE A2 29943, 84.79,
61.31 W= ebytT

- 8 o]FFe Fol ¥4 A EAo Hu, W, F-WA= 27 844, 1.68, 1.09 Nm
2 Yyelgon 3d&EE= 77t 137.08, 72.54, 2567 rpm e = UET £92 EA
o 3| A& L] AA A et AE o Hd, A, TFHAE 27 85.75, 12.70, 8.92
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W= uerstth

¥3-15. FHEE AL Aol 5tH105mm), T7HAE 26cm F7oA #d Al B A Ay
Maximum Avg. Std.
torque (Nm) 38.70 10.86 7.60
tati 1
PTO rorationa 101.47 73.97 15.26
speed (rpm)
power (W) 299.43 84.79 61.31
torque (Nm) 8.44 1.68 1.09
- tati |
g o|FF roratona 137.08 72.54 25.67
speed (rpm)
power (W) 85.75 12.70 8.92

[] F7FA %] 35cm
- H2E A3} olg gz e} o] 22 PTO=o] & olF=of H|s] oF 6778 %
J

= UEhal glom, o= fjol A A d o]k Zr

oL
H

Time (sec)

TIR3H41 FYEE AL AHzlo] 5(106mm), T2l 3bem x4 9] PTOS & o]&= =H

FJ 3bem 7oA Y Al E
L ERSE T

EL?/] Ao, Ht, x=AAE 22 40.59, 941 857 Nm=
mOo = LBt S8 EA% 3

HEston, sldEEE 2 D
A& ol BA A wEt A LHOJ Afﬂ E%fﬂ‘}f 247} 329.36, 73.23, 70.18 W
2 ey

- 3 olF o] Fal A A¥ EAL AU, A, xFEWEAE A7 752, 144, 1.23 Nm
2 Yelgon dAdLEEE 247 13778, 57.96, 38.27 rpmo 2 UET 89 A
o 3w AAA e wep ALbEol A, Hw, FEHAE A7 57.34, 1114,
1061 W= ekt
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#3-16. TR AL AH-zlo] 5E(105mm), FiHAE 35em oA AH Al et SH A

Maximum Avg. Std.
torque (Nm) 40.59 9.41 857
rotational
PTO 98.53 62.66 29.38
speed (rpm)
power (W) 329.36 73.23 70.18
torque (Nm) 752 1.44 1.23
g %% rotational 13778 57.96 38.27
speed (rpm)
power (W) 57.34 11.14 10.61
(] +2tA2 43cm
- HaE A oy :Lm—w 2ol 2Ee PTO%0] 4 ol%Zd s of T8 4%
A e Qo o= 9ol AW ook

" LA LALLM

Time (sec)

TIR342. FYEE AL AHzlo] 5H(106mm), T2 43cm 1A e] PTOS & o]&= =H

- FYEE AE(065m/s), AF-2o] 55H(105mm), FIFAE 43cm FolA FAA A B
a T, =29 Ade 24 A= °Pﬂ1 EoF ol YErwkth

- PTO=9] F3at &4 A% EEL-J Ao, v, TEAX= 7247 3711, 7.95, 859 Nm=
7} 11378, 49.04, 35.32 rpmCo. 2 YEyT =88 E A9

e e, S Es 7
AEEe BAA e wet ALtEe]l Ao, Wy, R 24 29522, 59.01, 69.61
Wz eyt

- ® olFFe] Fot A Ay Bl Hu, Hit, 2EWxE 44 7.09, 1.05 1.15 Nm
2 Ueyon, 3d&Es 722 13566, 4545, 4016 rpml 2 UEYT 8 EA

3] = 7
S} S AA A wet ALtE A, Hvt, FEHAE A4 6229, 778, 957
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23-17. FREE ALK, A5-zlo] 58(105mm), T e 43em 224 2] Al H8 54 A

Maximum Avg. Std.
torque (Nm) 37.11 7.95 859
rotational
PTO 113.78 49.04 35.32
speed (rpm)
power (W) 295.22 59.01 69.61
torque (Nm) 7.09 1.05 1.15
) } rotational
g olF= 135.66 4545 40.16
speed (rpm)
power (W) 62.29 7.78 9.57

[] F%tA 2] 80cm
- H2E A3 oty gzt o] HHE PTOZFo] 3 o= Hla] o 7784 A%
= el glon o= 9o Awdl o] fof

600

=

Power (W)

g

Time (sec)

9343, FEE AL 2F-Zlo] 5eH106mm), THAE 0cm 24 2] PTOS & o)%= &9

Zo]l 5EH(105mm), A 80cm Zz7loA 2 Al E
, A AEE %%ﬂ 7&@% A A o) ®eob 2ol YEryth
W mao] Ho), P, EFAAE 7H7E 3438, 438, 694 Nm=
Z+7y 93.01, 27.95, 36.74 rpmo. 2 YEST. 8 EA9 3
7:1)\

A&z o] FA A et Astse] Ao, i, xF:AAE 47 267.66, 31.20, 56.67 W
= e

- B olF=9 Fof M A Eae HU, W, xedA= 44 623, 062, 098 Nm
2 Yehgon sl dE&Es 7hzb 139.31, 2656, 38.33 rpm o2 4&;&4 g B3
o s|A&HEe] A wrel AXtE o] Hu, P, FTAAE ZH7F 53.60, 4.45, 7.99
W= et
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#3-18. FYEHE AL A2 o] 5eH(106mm), Tt 2] 80em =AM A A Fak A A3

Maximum Avg. Std.
torque (Nm) 34.38 4.38 6.94
rotational
PTO 93.01 27.95 36.74
speed (rpm)
power (W) 267.66 31.20 56.67
torque (Nm) 6.23 0.62 0.98
§ rotational
3 o= 139.31 26.56 38.33
speed (rpm)
power (W) 53.60 4.45 7.99

E A3 ol aejzel #Zo] EH2 PTOFo] & ol&=ol vs) of 7781 A=
= vEbtaL glom, o= ffolx A E ook 2

—PT0 —3 0|&Z

800

g &

Power (W)

§

mmmmuum AR

L TSR AL ARzlo] 109K 136mm), A Y 26cm F700A ] PTOS3 & o|%= =9

WY

l'
l‘-—--—
_r-——

35

THEE A5(0.66m/s), AFZo] 109+(136mm), FHAE 26cm ZHNA 2 Al E
=1 £, 8 Ay B4 Ays ot #eob o] yERyi

Z+ 7y 46.98, 13.59, 1066 Nm
mo 2 et 9 EA
Az 242+ 370.24, 107.12,

A A3 Eae AU, Hy, x-HAE 27 814, 1.81, 1.14 Nm
= mo & LJFE} L EHe EA
]

24
r1r
N

N

N
3
SN
(@)
Do
—
w
O
J
<o)
o]
O

= 7 rpm
w}ﬁ‘r ﬁl*Pﬂ(ﬂ AEH Hat, E%-‘?i
W= eyt
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#3-19. FHEE AL AF2o] 10H(136mm), T8 26cm =310l 4 2 Al Fsk A A3t

Maximum Avg. Std.
torque (Nm) 46.98 13.59 10.66
rotational
PTO 130.10 75.38 15.55
speed (rpm)
power (W) 370.24 107.12 85.78
torque (Nm) .14 1.81 1.14
rotational
3 o= 136.69 73.59 25.99
speed (rpm)
power (W) 76.62 13.97 9.59

] +7+A=7 35ecm
- H2E A3} ofgf zg= el o] S PTOFo] 3 o|%=o s oF 778 A%
=4 UElga o o= oA At o] fe}

—F0  —H0|EF
800
600 -
5
S 400
é
- l l ‘ ‘
& Llujj.!L.JLLL.['.EJ.L!qjj.‘;‘ﬂ[lllul.‘..l.‘.l'.d.,“.l}a'._.‘.&‘.l.‘.
0 5 10 15 20 25 30 35
Time (sec)
O-3-46. FRER AL AHZlo] 10eH(136mm), T2 3bem oA e PTOS3 & o]&5 =49

- FYP25 A2(0.6om/s), AEZo] 109H(136mm), 78 35ecm ZoNA ZAY A B
A, d&x £ Aye B4 A9e oy ik #Zo] YEuTh

- PTO=¢] 3} 4 A3 Bz AU, Haf, a-dA+= 2H7F 4881, 11.14, 10.33 Nm
2 YEston slA&SE= ZHz) 12791, 62.06, 29.74 rpme.® YEYT 892 B
o} slH&Eo] AAM e wet AxtEel Hd, W, FFHAE 47 37245, 8581,

N Aw B39 A, Wik, REAXE 247 677, 144, 119 Nm
2 Uehdon 3d&Es 717 14126, 57.25, 38.07 rpmo® et e B3

Ao wel AsbEo] Hul, H, dTHAE 47 76.05, 11.20,
10.89 W& yERSET.
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#3-20. THEE AL AFZde] 105H(136mm), T3FAE] 35cm 2o A 2 Al el A4 A3
Maximum Avg. Std.
torque (Nm) 48.81 11.14 10.33
rotational
PTO 12791 62.06 29.74
speed (rpm)
power (W) 372.45 85.81 83.10
torque (Nm) 6.77 1.44 1.19
rotational
3 o= 141.26 57.25 38.07
speed (rpm)
power (W) 76.05 11.20 10.89

[] %A% 43cm
- B 2E A3} oty gzl o]l HHE PTOZo] 3 ol =d Hla o 879u) A=
J

=7 vEhal glom, o= fjolM Argd o]k Zr

—FPTO0 R
800
600
z
@ 400 -
8
200 l
o - ._._._._-_ Ped_ e
2 15 Time (sec) 2U 33
9346, FHEE AL, AEzle] 102H(136mm), AR 43ecm 7oA el PTOS & o]55 =4

el 1081%mm), FEAR fom A 9 4 =

s obd) ;b ol vEha

A A3 B39 HY, Hit, ¥5HA= 424 4799, 947, 10.61 Nm
Z+7F 10091, 49.32, 35.32 rpmo. & YEYT 35S EA

qoll we AskEel Ao, WE, EEAAE 77 35034, 7029,

2 d
rUE

9 olesel ¥a B4 A% £asl AU, 9 GERAE 44 777, 108, 115 N

2 Ueyon, 3d&Es 27 129.07, 4549, 40.19 rpmeE UERT S8 EA
oF &) AN wet Alats o] Ho, Fyt, R 4 72.15, 8.01, 9.68
W2 YERst
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¥3-21. FIEE AE 2 HZo] 10vH(136mm), F3HA 8] 43cm A A 2 A F3F =4 A3}
Maximum Avg. Std.
torque (Nm) 47.99 9.47 10.61
rotational
PTO 100.91 49.32 35.32
speed (rpm)
power (W) 350.34 70.29 84.65
torque (Nm) 7.7 1.08 1.15
) } rotational
3 o]F= 129.07 45.49 40.19
speed (rpm)
power (W) 72.15 8.01 9.68

[] F%tA 2] 80cm

- HAE A9 ol Lgze} go] %
J

800

600 -

Power (W)
5
o

8

I
uic)
w
5
N
ogg
1y
k1
By
9P>
41:
N

= PTO=o] & ol&=col vls| of 879 H=
=A e glom, o]= flollA AR o] fref 2

Time (sec)

o] 102K(136mm), A2l 80cm Z7e4 9] PTOZ¥ 3 o]F% &9

velykon gAsEE 747 104.20, 2768, 3586 rpmoE UrEP‘;} see zag
&) B A wet AMteo] Hd, B, EEAA= 22 391561, 3834, 72.25
W= et

g olgEe] Fa A Axt BEael A, Wi, ¥EAAE 27 6.03, 059, 0.90 Nm
2 yehgon, dA&nE 247 12695, 2602, 37.72 pmoE UEygth e 23
o sldg e BAN w AdE A, P, EEAAE 27 5489, 415, 7.30
W= uerstth
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)
O kA8 26ecm

qugie] 1

1¥H(85mm) oA el d= Al A3}

¥3-22. THEE AL AFZlo] 10eH(136mm), T-7HAE 80cm oA 2 Al F3F A A3}

Maximum Avg. Std.

torque (Nm) 50.97 5.63 9.14
rotational

PTO 104.20 27.68 35.86
speed (rpm)

power (W) 391.51 38.34 72.25

torque (Nm) 6.03 0.59 0.90
§ rotational

3 o= 126.95 26.02 37.72
speed (rpm)

power (W) 54.89 4.15 7.30

(W) F38&5%= 125(09m/s) Aol 2= Ag Ay

- HZ=E ZA¥ ofegf 1#fxe} o] ¥ PTOFo] & o|&Sd Hla o 576 A=
=A dEhtal glow, o= Sl A AnE o fek
—PT0  —3 0|55
800
600 -
g
@ 400
g
200 - | i ’
AN A
0 TR A e dl_l._l.‘.J_l_I._l.dl._ll_.I._l...lJ Pt e e T el T Wt ool BN 0 P M B0 P st 0 Tl Sl Gl 0
0 5 10 20 25

ISR FASE 14, AR700] 1H8mm), F71712] 2%6em

Time(sec) ¥

z70149] PTO%3 3 ol$% %9

- FYSEE 1509m/s), AHF-Zo] 1¥H(85mm), F3FAE 26cm ZAANA 2 Al B,
sIAEE, 9 A= B4 A= ofg meof 2ol yErth

- PTOZ9] #3} &4 Zéﬂr B39 Ao, Hit, x5 247 3887, 11.10, 822 Nm
2 yewgon, sd&es 2k 158.00, 103.53, 215 pml 2 YEET 892 B3
o} 3L Ao w}ﬁ‘r Ao o , ETHAE 22 406.65, 11847,
91.67 W= eyttt

- 3 o]FEFe] Fat w4 A¥ EAC] A, F, xFdAE 77 870, 1.95, 1.53 Nm
2 Yehgon 3 d&Es Zh7E 21364, 104.20, 34.74 rpm o2 YEyY 288 EX
o 3|H&Eo A wet Aol Hu, W, ETEHA= 77 12251, 20.26,

16.35 W= et
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¥3-23. FYP&EE s A K710l 1¥H(®mm), F1HAE 26cm ZANA 2 A

’

Maximum Avg. Std.
torque (Nm) 38.87 11.10 8.22
rotational
PTO 158.00 103.53 21.58
speed (rpm)
power (W) 406.65 118.47 91.67
torque (Nm) 8.70 1.95 1.53
3 o5 rotational 21364 104.20 34.74
speed (rpm)
power (W) 122.51 20.26 16.35
] +2tA 2 35cm
- H2E A3} ofg] agize} o] &8 PTOFo] 3 o= Hld] oF 781 A=
A e Qo o= 9ol AR oo Zrh

800

600 -

Power{w)
8

i

RN

8
e ——
—
| ———
—
R e
=
R —
| —————
——
| ——
-
——
*—-

l_

0 - [ ) [P T P - - P i - -
° > Time(sec) %
2349, FHER & ARZlo] 1eH(8mm), T8 3bem 1A Y PTOSH & o|%5 &9

- FPE5 15(09m/s), 21FZo] 19H(8mm), 748 35ecm 2ol A Al E=,
S|IAEE, &9 Aaes B4 Ads ofy Eeof 2ol vEwT
- PTOZFY H3F &4 A3 B39 AU, H, 2-HAE 2H7F 36.28, 898, 825 Nm=E
UEstor & EE Z7) 151.16, 84.05, 44.36 rpmo. = YEIGT =8-S EAg}
3| A& BA A wep ALbEo] Hd, i, ETHAE ZH2E 404.31, 9591, 93.11
W= et
- 3 o)lFF9 Fol 4 Ay EA HU, He, ZTHA= 27 858, 1.59, 1.49 Nm
Byt , S AEEE 242 209.36 8151, 54.01 rpm_O_ Uetet 282 Ea
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¥3-24. FYEE 3% A H o] 1tH®mm), TIHAE 35cm A 2 A FI A A3
Maximum Avg. Std.
torque (Nm) 36.28 8.98 8.25
tati 1
PTO rotationa 151.16 84.05 4436
speed (rpm)
power (W) 404.31 95.91 93.11
torque (Nm) 858 1.59 1.49
- tati 1
g oz rorationa 209.36 8151 54.01
speed (rpm)
power (W) 135.52 16.45 17.38

[ F3FA 8 43cm

- H2E Ay} ofg agxzel 2ol &
A eI glon o= oA A

800

& PTOZo] 3 o430 nls] o 61 A= =
kel

600 -

Power(W)
=
8

200 -

Time(sec)

Y&E 3%, 2920] 1HEmm), T 43em £ PTOZ3} 3 o] 5% 29

- FPE5 12(09m/s), AF o] 18 mm), T+ 8 43cm ZAoNA &Y A E=
sA&EE, 29 Ay B4 A of xof o] vEryth

- PTOZ9 3t &4 A Bae Hu, Ht, a+dxE 247 3501, 7.00, 7.80 Nm=
Uebon 3 dErs 7k7b 15245 62.03, 4690 rpmoE UEgt 8o a9
sl A& BA A wpet AstEe] Hd), Far, T-HA= 27 349.31, 67.46, 79.83
W= UERRth

- 3 o)FFe] Fa B4 Ay BEae Hu, Ht, xEdAE 7h7F 883, 114, 1.33 Nm
2 yetgton 3A&EEE= 7bzr 18151, 59.29, 5343 rpm o & UEyt 88 E=
oF s|H&we]l AAA wEt ALtEe Hul, Ht, EEHAE 722 104.83, 10.56,
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& 2 HE 7ol 17 (8mm), F7HAE] 43cm ZANA Y Al Fa =4 Ay
Maximum Avg. Std.
torque (Nm) 35.01 7.00 7.80
rotational
PTO 152.45 62.03 46.90
speed (rpm)
power (W) 349.31 67.46 79.83
torque (Nm) 8.83 1.14 1.33
) } rotational
3 o= 181.51 59.29 53.43
speed (rpm)
power (W) 104.83 10.56 13.92

[ F3FA 2 80cm

- H2E Ay oty gz} o] F7
=7 Yetya glon, o= J

800

= Hlsl oF 6778 B %=
Slol 4 A E o] -9}

600 -

Power(W)
&
(=]

%)
o
o

T

=
;»
_{

Time(T)
o] 1eH(&mm), F7EA2] 80cm

#7049 PTOZ3}

e -
olF= =9

- FYP&EE 125(09m/s), A FZlo] 14(85mm) F7hA 8 80cm ZAoNA A A EA,
sA&EE, 29 A B4 A ofd xeof o] vE:

- PTOZ9] F3al &4 A3 EA9 AEH A, FeAE 247 37.21, 379, 649 Nm=
velyton 3 AdEEE Zh7b 13621, 3491, 46.19 rpmo 2 YEyt 85 E=s)
s|A&E ] BA A wpet AstEe A, Far, TeHA= 47 370.79, 36.23, 64.70
W= YERRTh

- 8 olFFo Ha wA Ay E=Z AW, Ww, xFAAE 747 37.21, 379, 649
NmzZ veyton dAd&es= 72+7F 17273, 3354, 4870 rpm e 2 eyt &3
EAct sdE&ro AA A met AltEo] Hd, Wi, xFHAE 77 84.95, 554,

10.61 W= e

- 65 -




3-26. FHEHE 1 Aol 19(8mm), F31718] 80em oA 2] Al Fat 54 A

E
Maximum Avg. Std.
torque (Nm) 37.21 3.79 6.49
rotational
PTO 136.21 3491 46.19
speed (rpm)
power (W) 370.79 36.23 64.70
torque (Nm) 37.21 3.79 6.49
§ rotational
3 o= 172.73 33.54 4870
speed (rpm)
power (W) 84.95 5.54 10.61

Power(W)

@ A HF-Zo] 55 (106mm) FoA el = Alg A3

(] F7tA 9 26cm

800

600

400 ~

200

HAE Ay} ofef aefzel o] 292
= UEhal glom, o= fjol A A d o]fek

_ILM:L:H“LILH:‘Lh'..LLLlLLJI!EML:!::LMLIL. !

Time(sec)

Y352, FYEE k) ARzlo] 5e(10bmm), T2l 26cm 7oA e PTOS3 & o]&5 &

A Ay B3 Ao, Ha, aFHAE 72H7F 4266, 1268, 9.06 Nm
2 Yelyton 3ldsE&x=s Zhzb 142.27, 10157, 2201 rpme 2 vElgt 8 B3
o} &) AAA o wel Aol Huol, Wi, xEdxE 22 463.86, 135.23,
101.28 W= jepytt},

3 o]lE =0

d

I =29 Hu, H4, E=HAE 247 937, 1.97, 1.52 Nm
2 YUehgon 3dErs= 747 18213, 10240, 34.35 rpm o & UERY T 8 e EF
2o wel AArEe] Ao, Hir, TFAAE 2z 12049, 20.44,

_|L
M
1%
iy
i)
i

16.23 W= et
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#3-27. FYPEHE uF AFZ 0] 5eH(106mm), FHA 2] 26em £ A Al ek A A3

Maximum Avg. Std.
torque (Nm) 42.66 12.68 9.06
rotational
PTO 142.27 101.57 22.01
speed (rpm)
power (W) 463.86 135.23 101.28
torque (Nm) 9.37 1.97 1.52
tati 1
5 ols= rorationa 182.13 102.40 34.35
speed (rpm)
power (W) 120.49 20.44 16.23

[ F3FA 2 35cm
- H2E A3} oty gzl o] HHE PTOZo] 3 olE&=d Hla o 6778 AL
J

800

g

Power(W)
g

200

=7 vEhal glom, o= fjolM Argd o]k Zr

w0

Ll LN L P P Ll Py FLETLE LS

0 25
Time(sec)

19353, FHEE a1k, ARZlo] 5eH106mm), it 3bem £31NA S| PTOS3 & ol%s &9

FPEE 1509m/s), A FZo] 59(105mm), F7HAE 3B/em ZANA AP Al E
a = v w4 A= ofd 19k Zo] YET
PTOZ<] 3t 4 7%4 EFe Hu, Hr, x-HA= 77 4751, 9.78, 889 Nm=

UEebs o s]dE& s ZH7E 156.85, 85,67, 4281 rpmoE YUEEHT. 82 EA%
A& AA A wet AxbE o] Hdl, Wit, e A2 527.76, 105.00, 99.87
Wz YERskt

g ol&=Fe] ¥t A A EA9 Hd, HA, E—i—‘%‘iﬂ% 7}z 992, 1.63, 1.52 Nm
2 Uveiwor, 3sldEEs 247 204.83, 81.36, 52.79 rpm e ® YEWTH. 8 EA
S} AEHE= AAA wel AtEel Hd, "y, FEUAE A7 11232, 17.04,
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#3-28. FHEHE & ARzlo] 5H(105mm), T3+ 3bem FNA 2 Al Fek 4 A

Maximum Avg. Std.
torque (Nm) 4751 9.78 8.89
rotational
PTO 156.85 84.67 4281
speed (rpm)
power (W) 527.76 105.00 99.87
torque (Nm) 9.92 1.63 1.52
rotational
3 o= 204.83 81.36 52.79
speed (rpm)
power (W) 112.32 17.04 17.55

[ F3FA 8 43cm
- H2E A3 oty 1gzel o] HHE PTOSEo] 3 o= Hla] o 7784 A%
= el glon o= 9o Awdl o]fof )

800

600 -+

Power(W)
=3
S

200 -
L1‘1‘1'1“‘1“1!111.1‘1!‘
., ., . ., N, ., . ., _ N, ., ", . =_N,
1

0 > 10 Time(sec)

TIE3-54. FHEE a1E, ARZlo] 5eH106mm), it 43em 23114 9] PTOS3 & o]%s &9

- PTO%9 F3at &4 A3 Ea9 A, A+, x+9x= 247 46.36, 811, 9.31 Nm=
+ 7H7} 148.35, 6813, 51.62 rpmo &2 YERGTH EF9& EA9}
Aol wel ALkE] Ho, Ft, EFHAE 27 494.67, 87.46, 104.49

A A3 B3] Ao, P9, A& 27 836, 1.19, 1.38 Nm

%] Ha
2 yehdon 3d&E= 717 17731, 66.19, 5761 rpmo® et e 3
of &L #AAC wet ALtEo] Ao, i, ZEAAE ZH7 9849, 1241,
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¥3-29. FHEE 1 AHEZ o] 58(105mm), TiHAE 43cm Z7ONA 2] Al HE 54 A3
Maximum Avg. Std.
torque (Nm) 46.36 8.11 9.31
tati 1
PTO rotationa 148.35 63.13 51.62
speed (rpm)
power (W) 494.67 87.46 104.49
torque (Nm) 8.36 1.19 1.38
‘ rotational
3 ol%Z ond 177.31 66.19 57.61
speed (rpm)
power (W) 98.49 12.41 15.84

Power(W)

800

S
=]

°

8

[ F3FA 2 80cm

- H2E Ay ofg e}t o] &= PTOSo] & o|F=o| Hls] oF 8vf A= =

A vebda Qo o= ol Argh o]k 2%

oy

Time(sec)

TIR3-50. FHEE & AZlo] 5H(106mm), T8 80cm F71oA 2] PTOS3 & o5 &9

B Ay B39 HU, Ht, T5H2+= 22 3579, 4.17, 7.25 Nm=E

= = 747} 13697, 3522, 4657 rpmo. 2 UET H¥e £}

s|dE e BAA wep ALtse] Hd, Hi, xEHAE Z7F 363.43, 40.73, 74.33

W= ey

g o]FFe Fol A Ay EAe AU, A, x-HAE 27 814, 067, 1.04 Nm

2 Uehdon 3d&Es 717 15466, 3366, 49.39 rpmo 2 et e B
= | wel AakEo] o), Het, EF=H A= 2442 8575, 5.67, 10.91
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#3-30. FHEHE uH AFZo] 5eH(106mm), Tt 2] 80em =AM A A Fak A A3

Maximum Avg. Std.
torque (Nm) 35.79 4.17 7.25
rotational
PTO 136.97 35.22 46.57
speed (rpm)
power (W) 363.43 40.73 74.33
torque (Nm) .14 0.67 1.04
) rotational
3 o= 154.66 33.66 49.39
speed (rpm)
power (W) 85.75 5.67 10.91
@ AF-Zlo] 109+(136mm) A A 2 = Alg A}
O A8 26cm
S H2E A3 opd zelme} o] Fele PTOZo] g o3l wlal o 78 A%
=A YEbYa lom, o= oA A o]t Ak
—rPT0 —30|2%
1000
800 -
B
@
g 400 -
a.
h ! l \‘ ol
0 - - & JL L PSR R BN SR S G e gy
0 5 20 25
Time (sec)
TI93-56. FEE 2 A zle] 102H(136mm), AR 26cm 7oA el PTOS & o5 =4

FPEE 12(09m/s), A HFZ o] 109H(136mm), F7HAE 26cm ZAoA FP A E
A, d&x, £ Ade 24 A9E o xet o] YEth

PTOZ9 & &4 A3 Ead Hu, H, tv-dl A= 2H7F 5298, 1561, 11.71 Nm
2 velhgen sAd&es Zh7E 15292, 101.73, 22.13 rpme. 2 eyt 88 B
o} & Ee] AA e wet AtEo] Hul, Wy, xFAAE A 57473, 167.14,
129.46 W= }Eepyt),

3 o]FEFe] Fat + * A= 47 1035, 2.03, 1.54

A A mae A, R, FEd 7}
Nm=z yeldor 3HAEE= 217 18942, 101.92, 3458 rpme. 2 eyt =82
Eoeh saszel wAdl we Adsel Ad, @E EEEAL A7 13490,
20.87, 16.81 W= YEFyET}
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3-31. FYEE 1 2K Zo] 10vH136mm), FHAE 26cm Z7oA 2 Al B =4 At

id ,
Maximum Avg. Std.
torque (Nm) 52.98 15.61 11.71
rotational
PTO 152.92 101.73 22.13
speed (rpm)
power (W) 574.73 167.14 129.46
torque (Nm) 10.35 2.03 1.54
tati 1
5 ols= rorationa 189.42 101.92 3458
speed (rpm)
power (W) 134.90 20.87 16.81

[ F3FA 2 35cm
- B 2E A3} oty gzl o] HHE PTOZo] 3 ol&=d H|a) o 778w AL
J

=7 vEhal glom, o= fjolM Argd o]k Zr

1000

800 -

Power(W)
g

g

g

]
-
B ——
-
| —
o —
—
s
S —
- -~
p

Time(sec)

357, TSR ad A Rzlo] 109K 136mm), A8 36em 700 A e PTOS3 & o|%= =9

&5 314(09m/s), 252 o] 109H(136mm), 7FAE 35cm ZAdA 2 Al E

Sl &, &9 Ades B4 Ay obd £ 2ol YEET

A A3} 53-9] Ao, Ha, x-Hx= 22 5759, 1256, 12.66 Nm
S = Zh2F 13715, 83.34, 41.96 rpme. = YEYT 8€S Ea

of A A wet A= Hd, H, THAE 717 666.89, 13381,

- 3 o]FEFe] Fat w4 A¥ EAe] A, H, xFdAE 4
2 et om, ﬁﬁ%_‘at 247} 18548, 79.50, 52.55 rpm2
2o wet AgkEol Hdf,

1796 W= YERy:
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#3-32. FAEE & A RzZlo] 109H(136mm), T7HAE] 3bem A #Y Al BaF S5 Ay
Maximum Avg. Std.
torque (Nm) 57.59 12.56 12.66
rotational
PTO 137.15 83.34 41.96
speed (rpm)
power (W) 656.89 133.81 139.11
torque (Nm) 8.35 1.67 1.50
) rotational
3 o= 185.48 79.50 52.55
speed (rpm)
power (W) 138.26 17.41 17.96
O] A8 43cm
- EHlzE AT ofg 2dze} po] £Y& PTOZFo| ¥ ogEel wa) o 67 A%
27 tehtn glom, ot oA AW olf% ek
—PT0 —3 0|&Z%
1000
800 -
E' 600 -
@
% 400 -
a
1] Ui il gl g lJ
D I " Py i~ s b I 4 -t - -
0 5 25
Time(sec)
19358 FEEE a1y A%zle] 109H(136mm), A 43ecm ZAIA 2] PTOF & o5 &8

FPEE 14(09m/s), AFZ o]l 10eH(136mm), FFAE 43cm E7o A 2 Al E
4, 3 dEe, 29 dde 24 ¥ obd #ok 2ol YER

- PTO=9] Fal &4 A3 EA9 A, H, x-AA= 722 5844, 9.86, 1251 Nm
2 Yeigtorn, HdEHEE ZH7F 12807, 65.92, 51.14 rpme = YERY T 92 EA
o} 3 HSme] AAA ] wek ALtE o] Hul, Hyt, BEHA= A7 62745, 104.32,

16.41 W= YEryt o}
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¥3-33. FHEE g ARl 109H136mm), 777 43cm 20 A 2 Al Faf 4 Ay
Maximum Avg. Std.
torque (Nm) 58.44 9.86 12,51
rotational
PTO 128.07 65.92 51.14
speed (rpm)
power (W) 627.45 104.32 136.29
torque (Nm) 8.03 1.20 1.37
- tati 1
g oz rorationa 18593 64.78 57.32
speed (rpm)
power (W) 140.48 12.46 16.41
[ F3FA 2 80cm
- H2E Ay} ol gz el Zo] %8 PTO=0o] 3 o]F=o Hla] oF 7788 A=
=A YEhar 9lom, o= oA Awst o] fF 2t
—PT0 —3l 0|25
800
600 -
g
& 400 -
5
a
200 -
0

14
o
o
D
N
Og‘:;"
kTS
k1
=
b
45
N

Time(sec)

Zo] 109H(136mm), XA 80cm Zz1elA 9] PTOSF¥ 3 o|&% =

FYPEE 15(09m/s), AF-Z o] 10(136mm), 78 80cm oA Y Al E
=1 =

,AAEE 29 Ave B4 A9 o}ﬂ% EeF o] yERwT

PTOZ9 Y3t &4 A3 Eae FHu, H, WA+ 2H7F 49.06, 6.20, 9.89 Nm=
Uelyton, A& 7h7F 12455 3381 43.36 rpmo.Z ety £38e a9
sl A& BA A wiet AitEe] Hd), Har, TeHAE 7 459.58, 51.44, 94.71
W= ERRTh

3 o)lFFo F3 BA Ay EAe Hul, H, x5HAE 27 795 0.66, 1.03 Nm
2 yehyton 3 H%wE 7h7E 15401, 31.77, 45.83 rpm e & UEst ¥ e E=
o 3| A& Ee] AA A wep AtE o Hd, W, TFHAE 72 90.82, 554, 10.45
W= et
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¥3-34. FHEE g ARl 109H136mm), T7HAE] 80cm oA 2 Al Faf 4 Ay
Maximum Avg. Std.
torque (Nm) 49.06 6.2 9.89
tati 1
PTO rotationa 12455 33.81 4336
speed (rpm)
power (W) 459.58 51.44 94.71
torque (Nm) 7.95 0.66 1.03
- tati 1
o4 % rotationa 154.01 31.77 4583
speed (rpm)
power (W) 90.82 554 10.45

2o wE PTOY At 7}& % (severeness): obd] 183} o] H-3&}
O~

=
o] =3 K3 ~FEH ZA S-N Ao o3 £4 d(damage sum) AL

Az
HAE AA FA A

- A27] PTO°| #&ste= Fole £ 2 A% =1 Tol wet ¥y = vests
2, o]lF Foto A7|e Nl FH Al AR deststr] 9t SAE Fo
A, HE#3S 7o ® 32 513§ G5 A5 H (rainflow counting) S ©] &

: 2 1l % . e S~
Cycle counting  § K, o
&, L . = - -
- [ | S-N Curve
Damage Relative
Load data Load spectrum B
Sum damage
: ‘.‘-A:-:‘ ‘ 121 | e ]
= | Bt R 4 # l
- p— CRRR N o —
i ;:__m_w,.m‘-.-ehf‘f".m,w Smith-Watson-Topper Modified Miner’s rule i um —_—
; e o [
‘E ._'-;;-,v,u.--‘—m,_,\_.nrf"'T"rl'.":-h.‘. Eoum [0
0 ) i § ¥

- i lsb A Y Severeness
e ¥

1¥3-60. Block diagram explaining procedure for severeness evaluation of

transplanter PTO during field operation
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RE ~"dEZHLS HHHEE ugdtool strE SWT (Smith-Watson-Topper)d <
o] g3l FAHEAE 74]’&'&

% PTO 474 ®zd] 0@ 349 g2 v e

Ltk olul, PTOS| A4 18.8 Nme| t}.

L= J(T,+1T,)T,

where, 7, = equivalent torque (Nm)

where,

where,

t, = amplitude of torque (Nm)

t,, = mean of torque (Nm)

HEAFS Ea FH3 53 tolEHE 25730 2 AxRE &) wiEd, ofg] S o] &
sto] Y58 Bab dole] Abe|F A7 AA £ Aoz Bakstel Agssint
AgdAG L EAAREE 7oz A2V 9 10, A7 AFEAIZFS 255 A7
o 2 AATFHTHKAMICO and KSAM, 2015; Lee, 2011).
N, = 3600NLh
N, = The total number of load cycles (cycles)

N = The number of calculated cycles of the measured torque (cycles/s)
L = The lifespan of the transplanter used (year)

h = The annual transplanter usage time (h/year).

£} S AAE7] Yl dE S-N(Stress-Number of cycle) 2FAlo] & @ 3jr), B
T = ASTM Standard 2004 (ASTM, 2004)E ©]&3tod PTO %< S-N 74

mlm r&

S
N 10(() 6.097log (—— 593 )

N = The numver of cycles
S = The shear stress (MPa)

fr

9] S-N AHE= $Ho] ARdpxul B Afoa ZAH3 AL B0y ujie E=x
Hgo stojof atul, welA, ofgle] A& o]&3le] SHI EA HolHE
g oz syt olw, PTO ¢ A&2 14mmeo]t}

167

rd®

S:
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where, § = The stress (MPa)

T = The equivalent torque (Nm)
= The diameter of the shaft (mm)

- & Fe §Y SHoR MBW Fol NZVE ojae S Iel} 5w A &
4 W29l %4 vhold] ¥ (modified Miner rule) ol &at9lom, B e &4
of 744 A Aol tlg AUA W&l Arl R el

ko n
2w

where, D, = Damage sum

Torque ratio(measured torque/rated torque)

n; = Number of cycles

N, = Fatigue life (cycles)

h 7tE5E w4 4
O AF-Zo] 1H&mm)ZHA F1HAg ] e 715e 24
2 A7 HAA £ 1098 Vee® AT FHA- T 26,
35, 43, 80 cm¥ W PTO 9 Ay Bz 7tz AAE=Y 204, 1.77, 1.62, 1.87H]
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- A S EE & o Ad #el b W FAE 80 eme 2T #e VL
=2 »}Tﬂ H g 24 e S E} & Fe] A ghel Mg WS 80 emE 71%3
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3.0
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20

L5

1.0

0.5

Torque ratio(measured torque/rated torque)

0.0 -

a1

2 ZAFAT FAE ) 26,
35, 43, 80 cm¥ rrﬂ PTO TM 41‘41 Ed+ 77 @7—15294 221, 2.17, 1.85, 1.81H}
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2 7hE s & e dd el 7P we FAE 80 eme AT #e VT L
2 o] HlEEA et &4 & dd del b 22 80 ecmE Vo R

FHAE 43, 35, 26 cmol A9 At MEEE 27 199, 493, 7.08% uERyEch A
7tExsE FAY 7 80 cmoll Al 26em® oF 3u) A E w), oF 7.088 F7}EtE %
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\q 4
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A hEEE &4 e ddl el 7w F:3AE 80 eme] AR #g 7
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Torque ratio(measured torque/rated torque)
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Torque ratio{measured torque/rated torque)

@ Aol W FAY e HurtFE 4 A

slel 1y FAele] met A3 Zo] wd PTO %) #ét ~MEFS vehilch
F707%] 26em A4 PTOS| #gahs B3t Azl 47 29 180-280% o|th
F2AE7E 26 cmol A 35, 43, 80 em®P ZH7F 718w PTO o #gdls Eas
A A7 EA] 170-280%, 160-260%, 180-200% % 7HA T,

RE FRAY L ARdeleA Eae] nliz =2 AbolF g9l 10°7 10°Atel o] 9
Qo A FARSHAl LhERTh s ul 10° o] te] whe AbelF oo A *4%017}
ZHAFE, FUAY} FATFE B3 0t bk Ao® Yehygt

30 30
Planting distance 26 cm I g Planting distance 35 cm et
g
25 —elevel 5 g 5% —Level 5
z i
i —=Level 10 ﬁ ~-Level 10
20 - 20
a
=
g
2
L5 o 1s
£
=2
£
a
10 £
E=]
o5 g 0.5
3
g
00 oo
10¢ 107 8 1 10" 108 107 10* 107
Number of cycle Mumber of cycle
30 z z 25 = 7
Planting distance 43 cm et Planting distance 80 cm
=—Llevel 1 (] ——Level 1
25 : E‘
~=level 5 2 20 ——Level 5
= *
——Level 10 % —=Level 10
20 =
3 451
g
15 5
=4
Z 10
]
10 g
5
E os
0.5 @
=
&
2
o0 0.0
0% 107 10° 100 105 107 10* 0%
Mumber of cycle Number of cycle

Y364 FAHAEE ARgo] wge] W Rl sHE=g A

- 78 -



Relative severeness

A A 29 ARl 3¢Eld (26, 35, 43, 80cm)
ol Aol AehrbE e Wi Aab= ofel] Iy ok v w2 b Ed ARl
1€, 378 80 ecmé] 231& 7Eow & BN Ai7tEEE YER
Aot A7bEEE 7 w2 20 AR o] 10', F3hAe 26emz 7 W
A7 EEE Holx =7 thu] ok 531 U = yeuth g 21
Fzlel7k b 7] el 97 dud B Lo 7 #]lEw, F1hA
#7] wZol PTOS 3 F717F o #7] wiZoll o= B e A ol
71 wel 7k st =4 vEd Aew ddd. of
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>

60 58.24
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45.52
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26cm 35cm 43 cm 80 cm 26cm 35cm 43 cm 80 cm 26 cm 35cm 43 cm 80 cm
Level 1 Level 5 Level 10
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7h tdE& +A U

94171 PTO 7]ot= A4 zdo] 2 Hai2 A9 & Jrs A7 solokat). 4w
gk b AlEE PTO 71019 2718 FAIE S7HA H&S S7RA1ZH whebA
42709 AAG A ASE 44 276 wel AEEoof sk Ao b 7
S AR 54, 4% 59 2 8% 2700 wel 1ng Ackwt 1urh 4L ok
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where, S, = The safety factor for bending stress,
or¢ = The tooth root stress limit (N/mm?)

o» = The bending stress(N/mm?)
Sy=o HG/ Of
where, S, = The safety factor for contact stress,

oo = The tooth flank stress limit (N/mm®)

The contact stress(N/mm?)

- PTO +%& 71918 w3 <td
o] 85, 105, 136 mmeoll Al ztz} 123, 121, 113¥] S718t= Ao & yehyton HE ¢
A& 742 113, 111, 1194 7k Aoz Yelyth mefrd, 53 od &S HE
olxE Bt} PTO F+% 7]old ] & 943S F+= Aoz veydr)

- PTO & 71919 7H¢ s+ w3 <F :

—

F2AE 26 em =AM, 72+ 1.66,

Safety factor

| 26 cm 3%Bem  43cm 80cem | 3/em 43em 80em | 35cm 43cm
Planting distance Planting distance Planting distance
(a) Planting depth 85 mm (b) Planting depth 105 mm (c) Planting depth 136 mm

19H3-66. Results of safety factor simulation for the PTO driving gear by planting condition

- obel 1Y e PTO 3% 7lofo] e g AEeold Astolth
- RE ARZoldd FUANS S8 @ PTO A slele] k@ Frhehe Ao
2 eEth Ed, $U% FaAGAN 4Y golk 4ad 9 PTO 3% sloje] o
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Age F7MslE Aoz YERt

- PTO 9% 71919 Al&#Ho)A Az PTO +5 7|0 Axe} §A8HA e

- PTO I%& 7199 w3 dA&S F7HAE7 26 cmol A 80 cm& S7FsE i, 237
o] 85, 105, 136 mmeoll A z+zb 123, 122, 1348 F7bele Ao = veyton HE
A& Zb7F 113, 111, 1198 F7Fshe Ao =2 eyt

- PTO I% 71019 714 @& w3 dd& HE g A%¥Z o] 109H(136mm) 2

TEAR 26 cm 27 A, ZHZF 191, 1.002 2 YEFY T

fl
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2.87

Safety factor
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§
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e

.

35 cm 43 em 80 cm i 26 cm 35 cm 43 cm 80 cm i 26 cm 35 cm 43 cm 80 cm §

Planting distance Planting distance Planting distance
(a) Planting depth 85 mm (b) Planting depth 105 mm (c) Planting depth 136 mm

Z1¥3-67. Results of safety factor simulation for the PTO driven gear by planting condition
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b CHARACTERISTICS

Item Minimum Normal Maximum Unit
= A% 45 48 60 Vdc
= A5 60 Arms

Switching Frequency 20 KHz
7 2 e 50 2000 RPM
Operating Temperature -20 85 T

(4) 7 R TE HAE
Oh NE =3
D 4%, LEE/S)01E, BRI/ A42te) ¥a 24 9 QA TEA P35 54

@ Battery A <¢t2 DC 55Voltage.

23X TDS3034B(Tektronix jil:)

@ DC A7 =4 : 374 True RMS Clamp Meter(Fluke jit)
@ HiF Z=H TCP303 Current Probe(Tektronix jil)
€@ A7 Applifier : TCP300(Tektronix jil)
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) Al =4

DC Voltage / W Phase Current

DC Curret
¥ = Value Unit
Voltage(DC) 55 [V]
Current(DC) 6.3 [A]
W &7 29 [Arms]
Motor RPM 915 rpm
Torque 3.25 N/m
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_ e
, JPPEEEE
DC Curret DC Voltage / W Phase Current
3 = Value Unit
Voltage(DC) 55 [V]
Current(DC) 3.8 [A]
W A7 22 [Arms]

Motor RPM 1000 rpm
Torque 1.79 N/m

be _ k.; 7“

DC Curret DC Voltage / W Phase Current
¥ = Value Unit
Voltage(DC) 55 [V]
Current(DC) 3.5 [A]
W 3+ 25 [Arms]
Motor RPM 1000 rpm
Torque 1.65 N/m

of Z¥]+= Torqued Z7]+= 9F 3.25N/m , 1.79N/m 281l 1.65N/m

o =
= bl
o B2l 288S 34 @ 4 ok
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At 48V
47 &9 273kW
HAd =49 6kW
e 300075000 RPM
A4 B3 10Nm
Ho 24 25Nm
8 90% ol
A Skg
w7k A 49
Dimensions =y

(oh) =B A7)

(zh) =E =W
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(G 44718 g
© WEe B A

2.04kWh (51.1V/39.9Ah)

51.1V (3.65V/Cell)

CC-CV (CC: 204, CV:57.4V), 0.5C, 4.10V/Cell

CV Cut-off (0.05C)

57.4V (4.1V/Cell)

* Normal current: 40A (Continuous)
» Max current: 80A (180 Second)
« Pulse current: 120A (10 Second)

42V (UVP protection : 3.0V/cell)

Charge: 0 to 45T
Discharge: -20 to 60T

» Discharge Over Temperature Protection: -20C |, 60C 1
= Discharge Over Temperature Protection Release: -15C 7,
55T |
* Charge Over Temperature Protection: 0C |, 40C 1
« Charge Over Temperature Protection Release: 1°C T,
35C |

1 year: -20 ~ 25°C
3 months: -20 T 45°C
month: -20 ~ 60°C

A8 7198/ CAN §41-8 714 E

e-valucon
(SU-20SBR-8S)

Anderson Power
(DS-SB50)
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@ H"HE 9 =9
@b Size: 579.6(W) x 209.6(D) x 92.08(H)
W FA: 13kg

HTTHTTHTTHTIT

o0ee

i
|

TN

20kW X 2hour = 4.2kWh ¥iH g+ s HdE
w742 ARESEA] dorm=E 30% & FH 42kWh X 130% = 5.46kWh
@ wiEeg At 2 AR
N7 21kWe A= Abg8 = glojof dtrw At 48V A9 Huj 45A9 HAHF
Tw 9ol A AIZF 7]+ 90Ah)

® welel 7

@ @F ol &/Ev] 71F $500/kWh

W o g =@ 7h4: $500 = 546kWh = $2,730
WeFael AHgolet Fngel AFAAAE qHow Y] Wil ofdrtArc
SEELS

® el AR

e 7HAs LA el FEAAC Be dRe Foz wHe §3% Zo
ool MR S8 Fol mAlY ¢4 % ¥E ¢4 ARt Bast
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A 24 ZA7] A

L ASE AL 2 AR
hANARE A PR
1) 1 dolob e 2 FERvk BEE AAse] AFHE Ao sdgort )

h=d]
PR Yo Agkel T2 TET 336 nEE REE FAee Ao WPtk

2) A7) e T2 5 A4
(7h) EE AR
- AT FolE, Holew, FEeh AR AeA Tl dvtd RHAMSAA L

ges 2.

32 (ITEM) 7+ 2 (Specification)
1 3] "8k (Rotating direction) t(]:;\f\"], i;le\;ve:l afri:] zojji;i fj
2 A A A g (Rated Voltage) DC48[V]
3 A 7 (Rated Current) 20[A]
4 A A E 2 = (Rated Torque) 3.58[N.ml]
5 A 3] 7 = (Rated Speed) 2,000[RPM]
6 47 =9 (Rated Output) 750[W]

W A2

! (Number of 11\/?0—,t:)r Phase) 343 Phase)
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RYHST, €55
8 o o 8= 242 % (8Poles, 24 Slots)
(Number of Motor Pole & Slot)
9 A A M (Winding Connection) Y ZAA(Y Connection)
o] % 7‘:4, = H} Al
10 | AHEEY Hall IC
(Position Detecting Method)

99369 AAE BH 2 75

(3) 471 EE 370k AWH #se s dute

#3-36. A=

E l_.l || '--'IL-' .
= 1—_ 0 0 T ”7
E e I
% =l
B — e~ s
| O [ = oK
.",;‘4}, 2
=1

T8 A7) 2 AF

RS

et 2

A2 i e o] AL

Items

Pack spec.

Nominal Capacity

+2.04 kWh (51.1 V/39.9 Ah)

Nominal Voltage

*51.1 V (365 V/Cel)

Charging Method

+ CC-CV (CC: 20 A, CV:574 V), 05 C, 4.10 V/Cell

Full Charging Limit

Current

« CV Cut-off (0.05 C)

Charge Cut-off
Voltage

+ 574V (41 V/Cell)

Discharge Permitted
Limit

» Normal current: 40A (Continuous)
» Max current: 80A (180 Second)
 Pulse current: 120A (10 Second)

Discharge Cut-off

+ 42 V (UVP protection : 3.0V/cell)

Voltage
Operation e Charge: 0 to 45T
Temperature * Discharge: -20 to 60T

Over Temperature
Protection

» Discharge Over Temperature Protection: -20C |, 60C 1
* Discharge Over Temperature Protection Release: -15C 1, 55T |
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 Charge Over Temperature Protection: 0C |, 40T 1
 Charge Over Temperature Protection Release: 1C 1, 35T |

e 1 year: 20 T 25°C
Storage Temperature * 3 months: -20 ~ 45°C
* 1 month: -20 ~ 60°C

i ¥ 4

T
TN

T193-70. A E e e oF =27
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[e]e]-1-]
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2) 2l SFeae] 74

2| &R

(c)&7] ds7]

I35 AETe A

) As7= A71s2e AV F2E FAste LY A (Stator)9F 3] A AHRotor) FERE
EE} As719 Fel wel 2gAet sk 4724 (permanent magnet) ©-

EPEN

\\
__:T"' Power Circuit 3 Phase Inverter

l.\_/

Input Voltage I ‘ [ ] l ]
SMPS Tii el T {{NT T | | Soring | S;‘na;:)r
1
MCuU +

IH3-76. AAH0 AEEt Al aEe ffsk AWE e 7
() ds71e] 749 (087 de71e 7= Ay A5t AlAaFe] A8¥ BLDCO

z= .

(th) I EH+= =A MCU, 3 Phase Inverter, ¥ Power circuit®] +x2 4% 2
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FA3IF X, =SS h

(th EgAR 54 &4

193-109. o)A %

[e]
o)z wle] 1A
Plus %4, AGA3I=

wER BEYAY 24 42 PASAT 2nsgae
1024x1024 3l % %=l A 500

fps(Frame Per Second)® #93lith o] 53 HlulY]

et 2 AT A ATE AAFL oA EHE o] &t e olAEHTE 1 RolE 3

g o EA4E FAsAu. g5d9 9G4S #4371 f18l Photronjil €]

PFA(Photron FASTCAM Analysis) 2ZE oS o] &3t} oA aye #HAS ¥

Ast7] 98l oAz v o] EFRatel] M mAE FAsta AY 7IEH Al bem 1HA

o7 F e A& mAISte] oA EH e AA A o] &ttt o|HEHE SHE

A7 oAz e FHo] HojAuR oA HWU(F, front)2 $H(R, rear)
] O

g Fiekel $BA%
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5

rpm¥ 40 rpmol A &
Ao R YEEo 3

A%y

, 10, 15, 20, 25 mmol A
2 F43A
ﬁoi tﬂﬂﬂ‘:‘

JREE

ﬂ“iﬂA?V*%%ﬂﬁUmwlﬂ@5%1ﬂ

7} E7vsbA A AA 2w ZAastgon yE= 20 ecmoll A fatﬂ

Ehyt.

rpmel  welk 71.4°,
64.81° = LFERSETE

ek on olg e o]zt

3L

3#3-39. ML 7| eb AJAIE

Hlaz|gie] o #=ol= 20

zﬂ&ﬂﬂ6ommﬂH2T7mﬁzai}ﬂgﬁ
cmz 7t 2813 cm®  fHASHE
71.84°,
H] 3L 7] of 9f

A

mpmY W 29.34 cmoll A 4

74 &}

[¢]

69.96° = 4ﬂ%zﬂ

= YEAT H]
Al A2
AAFS] 71&7] =
AA AF] sl mA

o] 4] 5 3]

A Hz=olel 7187

A Al = Oﬂ/\] 27.79

cmoll A 28.69

7]t €
71871+ 64.45°,

-

7€ 7=
64.22°,

20 rpm

40 rpm 60 rpm

AH(F)

H] 7] o) SOk

5

i

H] 22 7] tf

ol

# th 3= 0]

(cm)

29.34 27.79

28.69 217

28.13

71 &7

71.24
(Z=, °)

64.45

64.22 69.96

64.81
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3£3-40. Hla 7l &F AlAIE FAF oA aH AA Y FHuoEelet V&7
_ 20 rpm 40 rpm 60 rpm
*HER)
H| 2 7] of TY H| 7] of T4 H] 7] of TU
H = o]
31.04 28.84 21.44 27.56 30.28 28.90
(cm)
7171
74.87 66.39 75.22 64.64 73.99 63.92
(%=, °)
pia} oo}
30 82 30 - se!
20 + 20 -
10 - 10 -
0r 0k
. 0 . 12 . o . 12

20rpm O 4 H B¢ YHU|D

40rpm 0|4 SEH 2 YHu|2

10 -

b0}
O
ol

o
&Y

93115, v wo| ek AAES) o] AEH Fun 9

i
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6
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& 5 10 15 20 25
y& E0|(cm)
60rpm O|M T T F¥ Y5
TR3-116. o] N5 e FAE R g FAR AH
() oAz} AERe) A4 B4
oA el HEHo AA FAAF Bl Hluste] AJAE o] A H e H A
o] ¢ 7710° AE 7lEolA dv AHoE YEwTh 1 dds EAsH] fs %7
A 3 AAFe AFE Blug A ol Eyd wEe dgdte 7ol g
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ol A Ho] AFdEE Yy o] sttt vlur|dls FAEE 05m/solA F
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Zv7] 918 olAlEH e 3 HAxAS FASAY. A=A 47 FYPEE 05 m/s,
A A1 5%, Time step 150022 AAsIct. 2 A3 o539 3| AEHE7) 66

rpm%¥ W, 454.57 mm, 60 rpm¥ W, 499.99 mm, 54 rpm<¥ @, 555.58 mm, 50 rpm
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AuEE e A A g A wele] @A 4% Y BA
AMERE g A FA AHE &t FAA] FA
224 Servo Ono.& 43} )

Auweel 97 17 -
MEEE 75 s -
NRRE 25 A/ wE G5 AR/AA

NumE el o4 2% A ALS -

AEwEe @4 sAEE EA vl A HASE A
EEEEIERELIEE Aue sA%E 47
(Hd 60 rpm) (H9 60 rpm)

MREE 157 F AL A -
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®3-43. dYEX HIFA ALS
= ™ AL &F H] 1
Motor 7.5kW, 380V, @3, Vertical Type EX 758 2
Inverter 75kW, 380V, @3, 60Hz BE Ao &

Servo Motor

400W, 220V, @1, 3000rpm

oNEF TES VE

Servo Driver

400W, 220V, @1

A7) Aol &

Trans 380V @3 —> 220V @3, 1kW AE 2 22 AAdFHE
Power Supply Module : 220V Aol =&
CPU Module
Digital Input Module : 16 Point

PLC

Relay Module : 16 Point

Position Module : 2 Axis

RS232 Module

Touch Panel

LCD TFT, 800X480, 7¢

Local Ajo]&

() $HE g3 sy o453 9] o4& AFE NF

M) o4& o] o4& AFES 1 1287 EedolelA 7197
$5% KB, % §H, DE2Y $H, A7T4% SRS ogddt 2guwe
Py EX 3 AEEE 5 rpmleE 1AF o] I HEHEEE 20, 30, 40, 50,
60 rpme. = F-dste] FIHAES 60, 40, 30, 25, 20 cm=E ZHHA S8 FIH
A, A%, o4& B

D 54 S 2ot o 20 cm AER 2ol oAEHd S5 o] Aol ¥
A7b wAgstel AF&o] Ao 9%7A WA o4 &5 NHAEES 20 rpm
A W olqEue] Aol YR e S45 Sk Bxe HAWT By @
F ool o4 gol of 68%% UEkko™ 30 mpmol el A o] gl 88% o
goz et MF SRAAE FE/b A3 do] Ao NAYer FEi
dekelo] AFgo] 2%noz Ao e o4 Ene] HAEE 20
pmA A o] EH 9 Hxe] U e GECIEN S E
%ol ol 4 &o] 81%2 vhEEon] 60 rpmel i ol A&l o] LT et
Exo HAWFOR KuIF 7]EolA 69%= 7 vhebwieh uhd,
30750 rpm Aelel A3 o] 2j&o] 93% o] o Al et

@ nEge FRAAE $H/b H1 Yol Ao FE7b dekstel A5
gol 1%rwo R Ao WAsA B o|YEve HALE 20 pmAME o]
E39] sde]l UF o] BE2Y fu AWF W 7)ol A o
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A &o] 86% % UEF o™ 60 rpmoll A= o)A s o] 3ol v W} Exof 3
Ao g Fu7t 7]&olAd o4 &o]l 79%=2 wi§- A uElwth "k 30750
rpm ARololl A= o] 2 & o] 96% ol o & A e

HolM+= §E7F Aa AEZE ddste] AFE&o] 1%H|vto g 719 WSt
o]z H o] FM&EE 20 rpmollA = o)A ET o F|doe] YF =7 w3
AW R 2 710 o2 &o] 66%= UERSES™ 60 rpmel A
) ol Exo] IdWEoR SHIF 7]gojA o)A &
T1%= v~ SEA YERsth 9bH) 30750 rpm ARolol A= o] 2l &o] 97% o] o=

e K
-
o
N
fo
kd
>
rlr
o
)
L3
o
i
o
f
N
-z

=9 AFE0] 4% vvroz A

= &= 20 rpmoll A= oA 5 H o] 3] o]

Uy =9 w3 SE7F Exo] 3 viglE 7]&olx] o] &o] 83%= UEL

owel Exol W SHU}

7] %014 oA &o] 91%% AthF o g A vebyith ¥hA 30750 rpm Abo] ol A
= o]4)go] 98% oo Z A UEehyt

H3-44. FHE ol &3 AXAL vy oA EH o FAY, AFE, o|HE& HFAH
rpm 20 rpm 30 rpm 40 rpm 50 rpm 60 rpm
F2tA 2 (mm) 600 400 300 250 200
ATE 4/44(9%) 4/68(6%) 3/92(3%) 4/108(4%) 5/136(4%)
555
ol 30/44(68%) 60/63(83%) 85/92(92%) 100/108(93%) 126/136(93%)
ATFE 1/44(2%) 0/68(0%) 0/92(0%) 1/108(1%) 2/136(1%)
W%
olxl& 36/44(81%) 63/68(93%) 90/92(98%) 104/108(96%6) 94/136(69%)
A8 0/44(0%) 1/68(1%) 0/92(0%) 1/108(1%) 1/136(1%)
B2y
olxl& 38/44(86%) 65/68(96%) 91/92(99%) 105/108(97%) 108/136(79%)
ATFE 0/44(0%) 1/68(1%) 1/92(1%) 1/108(1%) 2/136(1%)
A
o2& 29/44(66%) 66/68(97%) 90/92(98%) 107/108(99%) 105/136(77%)
Ao A8 2/132(3%) 3/136(2%) 2/136(4%) 2/140(4%) 5/136(4%)
Al =
v o]xl& 110/132(83%) 133/136(98%) 134/136(98%) 138/140(98%) 124/136(91%)
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60 rpm, F2tH2l 20 cm

FZtHel 60 cm

20 rpm,

7| o]

3-128 ]

o

E3
oy
o
0

1H3

oL
[}

7HA = 128

v}z

) 52 7] o o}

3

_(?;I

i

—_
fiTe)

o

o)
Gt

!
=

B

7HAE 60, 40, 30, 25, 20 cm= =4

20, 30, 40, 50, 60 rpmo.=

T =
=

el
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oF 68%= YEI o™ 60 rpmolAlE o]
wel Bzl s Awgdor FuvF 7oA o] &o] 70%= SHA vElwiTh ubd,
30750 rpm Aleloll A= o] A &o] 85% o] o= =A YERuLT

vl SHOA = SE7F 23 glo] o7 wJom AEVF Taste] 20 rpmeol
Al 50 rpmAlelol A= AFEo] 4%0]38tel WA 60 rpmol A& 15%7F A ST
o539 I HAEE 20 rpmelA = ol H ] 3ol Ui =9 ¥wiF SEV E
Z9] B A MR 7]&ojA o] A& o] 69% = YEFF ™ 60 rpmol A o] %
He] 3jdo] Y whe} Exo] Mo JFHIF 7]EolA] o] o] T6%E
A etk 9hE ] 30750 rpm ARl ol A= o] A &o] 89% ol o2 EA et
BR3E SHoANE SE7F A3 o] dor HAgow HFEV dasie] 30
rpmoll Al 50 rpmAle]dl A= AFE0] 4%9]8 ¥ 20 rpm ¥ 60 rpmol A= 7}
7k 10%¢}F 13%7F HA ekt o] A 9o 3dE% 20 rpmel A= oA EH ¢ 3
ol vy =9 BEIFE fH7 EX AW vHE 7]gofA] o)A &0
26%= YE o™ 60 rpmol A= ol Ao o o] Y whel Exol 3wk
o7 SHI}F 7]&olA oA &0 84% 2 WA vEbtt wbA 30750 rpm Abo] el A
= oA &o] 95% o] ® EA YEW

1F SHME S57F oF 16cm AE2 2o 30 rpmel A 50 rpmAteldl = AF
£-0] 7%0°]38Fel BFH 20 rpm¥} 60 rpmol A= ZH2E 13%9F 20%7F A EESITE o]
&
3]

O

2% 20 pmolAE o] AE e HHo] YR gl wF SHI Exo
HH| 2 7)ol #] o)A &o] 61%= YERES™ 60 rpmollA = o] 53 9]
@ Exo sAwFor SEI 7oA o]Ago] T3%R W
D HFE ) 30750 rpm Aol A= o)Al &0 90% oo ® A YERST
RolAE SHIF Aot AR FE29 20 rpmol A 50 rpmAke] ol A

ATFE0] 4%0]sF2 whH 60 rpmol A= 20%7F AT oA 5T 9 3 S
% 20 pmolAE olAE el Hxo] UE 7 wjFE Sy} Exe HAu
Wz 7]eold o)A &o] 83%= LhEbtom 60 pmell A= ol Ese] 3ol U
wel Exo] FAMGor SR 7]1LolA o]Ago] 6% AhHor w1}
Elyktt. ¥9bH ) 30750 rpm Alolo A= o] 2l Eo] 949% oo ® A e
masloet AAE] AFE 2 ol48e vud Az AyHoz nmslge] 2
Fge Uw olAee e Aow UEyrh 1 gddomt oA5Hel 443
= 94

Sul-E9F Abele] W= Fabe] wheh AAEI} WOk A2 3
7

b=
i3

fo & 4o ¢
119
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g o] &3 AAFE olAEH ] FHA, AFE, ¢

20 rpm 30 rpm 40 rpm 50 rpm 60 rpm
FA9 (mm) 600 400 300 250 200

10/132(8%) 5/136(4%) 6/136(4%) 4/140(3%) 25/136(18%)

86/132(65%) | 116/136(85%) | 125/136(92%) | 120/140(86%) | 96/136(70%)

5/132(4%) 4/136(3%) 4/136(3%) 5/140(4%) 20/136(15%)

91/132(69%) | 131/136(96%) | 130/136(96%) | 124/140(89%) | 104/136(76%)

B 13/132(10%) 6/136(4%) 4/136(3%) 3/140(2%) 18/136(13%)
= 108/132(82%) | 133/136(98%) | 129/136(95%) | 134/140(96%) | 114/136(84%)
_ 17/132(13%) 9/136(7%) 6/136(4%) 6/140(4%) 27/136(20%)
o 81/132(61%) | 123/136(90%) | 129/136(95%) | 130/140(93%) | 100/136(73%)
AT 4/132(3%) 3/136(2%) 2/136(4%) 6/140(4%) 10/136(20%)
Ch 110/132(83%) | 133/136(98%) | 131/136(96%) | 132/140(94%) | 104/136(76%)
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20 rpm, =ZHH2El 60 cm

s L e

293130, A 4] oA En e HAgwe wE S5feh wEe SR 739
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30 rpm, FZHEl 40 cm
R S

T L - .
.-_.._:_:_w = g :

40 rpm. F=ZHEH2l 30 cm

40 rpm, SF2HH2l 30 cm

el AN L WAL AR bk A LR, A

50 rpm. F2H2l 256 cm

60 rpm. FZVH2El 20 cm

neze 49

TLH3-131 AIEH] ol A=y o B &l u)

il
=
fr
i
AC)
£y
k]
e
Ho
2l
1o
N
o
N
AC)
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@ 447 FBYS

Anl, A,
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#E3-46. & ol AF A"l A
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A 2RE FAe Ho 20971A] dloly AlSo] JhsstH A Al
dolg FE 9 Ay LZEYoR PR ZF A&

€l
=

€l
=

HE =58 T HE

1 DGPS 1 A 914 54

2 INS 2 S7A AR R WA

3 HEE A AR 8 FENA AA A

4 2% B F4 AA 2 A =2%Y 574

5 G 24 32 2 | A% FA 229 27

I LR i
6 e A A 2 | FA Beolad g A5y 54
=4 A

7 e 5 A 2 S2A AR W As 3A

8 CAN B& 2 | dlolE W3 X

9 DAQ 2 FANA F4E dHolE d=¥ A
10 A ey dE A 2 FAol A SA4H dHolH HE A
11 H] 7 7} 2} 2 S71AY el HE AAIE AE

¥3-47. FEFIAAG FAA
HE EE5Y = =
1 deld &3 A A 1 AEE deolHE &3 A% 4 A
2 71 deld dEA 1 FANA FAE dHely dF &A
3348 HiolE g5 3 A zwad

He BE5H T &5

1 dolE 53 AEZEJ o 1 A9 golHE =3
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¥3-51. 7FE % AA AFEAFeE

Model DYTRAN 3055B3
Weight, gm 10
Size, HexxHeight, inch 0.5 x0.62
Sensitivity, +5%, g 500
Range F.S. for +5 Volts Output, g’s 10
Frequency Range, £5% All models, Hz 1 to 10,000
Resonant Frequency, kHz >35
Equivalent Electric Noise, g. rms 0.0004
Linearity, % F.S., % *1
Transverse Sensitivity, MAX, % 5

A Aol A warie] AE JE AS die Pt 43875 (mm/s)9] #e u
AAR AEe B 43416 (mm/sH)e S AT @A AE
RA27] NES % ZAANE AF 51585 (mm/sHe] e dErdoH, 247
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¥3-56. vlolARE A ALY

Model Georg Neumann MM210
Transducer Type Capacitive Pressure Transducer
Sensitivity, mV/Pa 50
Correction Free-Field at 1 kHz, dB 0
Random Incidence at 1 kHz, dB 0
Frequency Range Free Field Response 3.5 Hz 7 20 kHz

Polarization Voltage, V 0
Capacitance at 1 kHz, pF 19

Out Voltage, K=3% > 65

Out Impedance, Q < 100

- AAEE 2% (dBA)
A e el A H]wlﬂm 28 A A= A 76944 (dBA)O] #HE yEl o,
A A7 A2 ASF A= Hi 84.046 (dBA)Y #S JEHT A= 4
W EE vhy :L%Jﬂr 2ok
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#3-58. #Y @A AFALS

KYOWA LP-50KB
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1to 2
0.5
0.5
1 to 5 AC or DC
15 AC or DC
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SOHGOH KEISO TR60DEC-200N

200
1

0.3
0.1
700
700
150
15

¥3-61. A 237 =443}

-517.613
521.620
-522.526
526.187
—704.278
703.354
-703.144
704.727

@ 2 &= (km/h)
izl el =i A AegArle) Abg SR A7 A, Tl Aot
EF 2ES) Ve R AYEAS ARgstel SAsAT Ax e vzt

Aol A 23km, FABAN 67TkmAx, FA AFZA7E FLEAA 1km,
AZHAJE 29 =712 STALKERAMS] PRO 2 &
We Abgstgon AR thg Eeh gk waslhst A AEH A7

= =2
sE=4 Ase g g
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¥3-62. 29 =A9 A FALY

Model STALKER PRO 2
Speed Range, MPH 1 7 800
Accuracy, = MPH 0.1
Max. Clacking Distance, Feet 500 for balls (1 3/4 Miles for auto)
Operating Frequency, GHz 34.7

Polarization

Circular Polarization

3 db Beam Width

12 Degrees Nominal

Microwave Source

Gunn-Effect Diode

Receive Type

Schottky Barrier Mixer Diode

Power Output, mWatt

10 = 25
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%3-63. A FEE SH A
- Parameter
Test condition
£ % (km/h)
Ao 2 -3
H] 3 7] o
e L 6 7
el 1
T A 527
Fau 2-3
@ F94% 4947 v
O 3 Har|giel A4 AsAA 719 Fid5 AddaE delst Aol 3
b A% A% wwslge AFo] TA AFAA 6] we) e Ao ek
om Hu z2grte FA ABANF B 2 Ao dehdrh vl s
T vtz Hd 2 km/hel A A4 AEAEA 7= 1 km/hE UE e S
gt M= GA vlawz]t7F Hdl 6 km/hl WHA Al A4 7= 3 km/hE L
|233e=0
#3-64. vlarihet wAl Abed Aol S AP A
Test conditions
Parameter 2] 7 el A Tt
H| 1 7] o = A H| 1L 7] el H] 1l 7] o el
A EZE (mm/s?) 43.875 51.585 43.164 49.132 34.343 42.169
23717 E (mm/s?) 43.416 39.712 36.887 41.108 27.491 38.776
257 (dBA) 76.944 84.046 77.756 94.406 81.822 94.965
Aozt (deg) - - +520 +703 +520 +703
By olags (N) - - 195.035 - 213.459 -
22 (km/h) - - 2 -3 1 6 -7 2 -3
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1H3-151. = A

#E3-67. Aol e AE=

F37) A A

A

1=

1z
¢
F7t Azl =495 B35
=g An 25cm, 30cm, 40cm,
a2 50cm, 60cm, 70cm, T 9
80cm, 90cm, 100cm
(th A1 g4
© FAAEE 25100744 7 W 3w s @&M#ﬂtﬂ NE Ak
& obg) HolBa prh AN BW Hx 2%oA H -67% Aolst he
A% H T F Aok £UE 10%E AAdE o 1ﬂ4wtw1 Ant e
Ag B @+
#3-68. 2 FAYE A4
NO | AAR F7AH AA FAE B 2=t
1 25cm 24 -4%
2 30cm 28 -6.7%
3 40cm 38 -5%
4 50cm 49 -2%
5 60cm o7 -5%
6 70cm 68 -2.9%
7 80cm 77 -3.8%
8 90cm 87 -3.3%
9 100cm 97 39
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ok A7) e eke] Al ] al

PF2R(YA}) RTP-20(KMC)
A % (mm) 3160 3490
7VA A5 2 % (mm) 1725 2115
A 3 (mm) 1925 1835
71 A= (k) 615 728
321 MZ360 GX630
< W Y 4AbelF THEE | FW 4xtolE UrEd
Mz Sl 71 (o) 357 688
Hd=4 (kW) 8.8 14.8
A& (£) 10 20
AE (mm) 600 650
A5 -
%% (mm) 850 900
TP _ AE (mm) 1200, 1270 1240, 1476
=i $ % (mm) 1200, 1320 1240, 1476
HEdsE () A2, 1 HMT) | A2, 31 (HST)
ARdE (F) 2
1z=0]4): 600,650 1220124 600,650
ARz (mm) 22 0] 2]: 450,500,550 22 0] 21 450,500,550
600,650 600,650
A FF 2T (mm) 260 7 800 (Fe=x=4) | 250 T 1000(Fx=4)
A FZlolzxd () 10 10
IR 4% %%o] (mm) 0 ~ 300 0 ~ 300
HEA %) 4 4
295 & (hr/10a) 06709 09711
A8 Egol 128%, 200= 128%
A5 3HEE) X 0]
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ABSTRACT.

Flanzing conditions of transplanter can affect the dwrabiliny of machinery during mansplanting operations. This stid
analyzed the load of a transplanter power take-off (PTO) shaft with vespect to the planting distance. To measure the loads on
the PTO shaft of o mansplanter; a load mensurement system was consoucted Using o forgue sensor ro measure the rovgue of a
PTO shaft and an embedded tysrem ro calculare the domage levels. Field experiments were conducted ar planting distances
of 26, 33, 43, and 50 cm W a field with similar seil condirions. The load measured duving the mransplanting operation was
converted fiom the rime domain fo the frequency domain using the rain-flow counting and Swith-Watson-Topper (STT)
methods. The 5-N cwrve for the PTO shaft material was obiained using the A5TM standard. The damage level of the
mansplanter ro the working load with respect ro the planting distance was calewlared using Miner s yule, and the damage
level for sach planting distance was represented by ratie of the damage sum 1o the smallest damage sum among the plantdng
distances. The average forgue on the PTO shaft increased significantly with decreases in the planting distance. The demage
level was imcreazed by 199, 493, and 708% when the plantng distance gradually decreased firom 30 to 43, 33, and 26 cm,
respectivel. The resules show thar a shorter plannng distance has o smonger effecr on the mansplaner PTO shaft than a
longer planting distance. Therefore, it is known that fransplonter PTO shafts should be designed whils considering working
loads with respect 1o planting distance. The results of this stedy are expected to provide nseful mformation for the eprimal
design af ransplanier PT0s considering working loads.

Eeywonds. Transplanter, Transplanting operanen, Flonting distance, PTI0, Load specoum, Damage rario
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Purpose: This study measured and analyzed the PTO (power take off] torque of a transplanter according to the planting
conditions during field operation. Methods: A torque measurement system was constructed with torque sensors to measure
the torque of a PTO shaft, a measurement device to acquire sensor signals, and a power controller to provide power for a
laptop computer. The field operation was conducted at four planting distances (26, 35, 43, and 80 cm) and two planting
depths using the transplanter on a field with similar soil conditions. One-way ANOVA with planting distance and Duncan's
multiple range test at a significance level of 0.05 were used to analyze the PTO torque. The torque ratio was calculated based
on the minimum torgue using the average PTO torque measured under each planting condition. Results: The average
torques on the PTO shaft for planting distances of 26, 35, 43, and 80 cm at a low planting depth were 1105, 9.07, 7.04, and
3.75 Nm, respectively; the same for planting distances of 26, 35, 43, and 80 cm at a middle planting depth were 12.20, 9.86.
7.94, and 4.32 Nm, respectively. When the planting distance decreased by 43, 35, and 26 cm, the torque ratio at a low
planting depth increased by 88, 142, and 195%. respectively. When the planting distance decreased by 43, 35, and 26 cm,
the torque ratio at the middle planting depth increased by 84, 128, and 182%. respectively. Conclusions: FTO torgue
fluctuated by planting distance and depth. Moreover, the PTO torque increased for short planting distances. Therefore,
farmers should determine the planting conditions of the transplanter by considering the load and durability of the machine.
The results of this study provide useful information pertaining to the optimum PTO design of the transplanter considering
the field load.

Keywords: Field operation, Planting depth, Planting distance, PTO, Torque, Transplanter

of the transplanter is expected to increase continuously.
The analysis of the torque on the PTO of a transplanter
during field operations is critical for the optimum design

Introduction

Transplanters are used for planting operations of various

crops such as beans, corn, cabbage, seeds, and broceoli. The
number of transplanters has increased in many countries
around the world. The worldwide market for the transplanter
in2013 was $10,650 million dollar, and in 2018 it is expected
toreach $15,150 million dollar (KSAM., 2015). The market

*Comesponding author: Yongz Joo Kim
Tel: +82-42-821-6716; Fax: +82-42-821-6311
E-mail: babina@cnu.ac kr

of the transplanter. Torque analysis has been studied
mostly on agricultural tractors because the agricultural
tractor accounts for approximately 86% (243,351 units)
of domestic agricultural machinery (Kim et al, 2011a;
Kim et al, 2016). Lee et al. (2015) analyzed the PTO
severeness of an agricultural tractor during rotary tillage
and baler operation. The results showed that the damage
of the PTQ increased when the ground speed or the PTO

Copyright (€ 2016 by The Korean Society for Agricultural Machinery
This & an DRsn ACCEoT STtichs Gistributod Urdar thi tarms of tha Creative Commans Attrivation hon-Commersizd Licenzs (Wtps [oeathecommons org licanses - el 2,00
wihich permits unrestricted non-commertial uze, datribution, and reproduction in any medium, provided the orginal work iz propardy cted.
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. Analysis of load severeness for the transplanter PTO by planting

The International Tri-Conference for Precision Agriculture in 2017

Background
O Tre giobal market for transplanier i 2018 wached §10.640 million dolters, and (b &
SEPECTI | ATty b S 15150 il ian dollars in 2018
O Faresrs am damanding trareplaner that dae G fransp e ng S savs ime and maay
@ Transplaating s pesd #Mecs the tad on (e tranEplantar, test tranaplaming aifcts (he AU
tile of the machine, e reduces dumbility
Purposs
3 The pumpsese of fils shudy was bo analye the 060 severen eds of Bhe tansanie PG dhal
uring fiebd operation by plamting condition.
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