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< SUMMARY >

| | D-01

Purpose &
Contents

It aimed to develop the first multi-purpose forage harvester in South
Korea, which was designed in consideration of rearing environment and
working environment of livestock farms and guarantees quality/price co
mpetitiveness compared to large imported products. Subsequently, its fi
nal goal was to expand domestic market share through early commerci
alization after completion of development, and develop strategic product
s that can enter international markets such as China.

® Aim @) Design and production of an integrated multi-purpose

forage harvester

® Aim (@) Stability analysis and performance evaluation of an

integrated multi-purpose forage harvester

Results

The research was conducted in 56 steps including TReview of optima
| system design through establishment of development direction, , resul
ting in commercialization through factorial experiment and verification e
xperiment. The developed product can process 8.4 ton/hr (based on ric
e straw), and can be applied to winter and summer forage crops and n
atural resources. The anticipated price of the developed product is 65,0
00,000 won/ea, which is 28-45% of prices of imported products that are
combined with tractor-baler, securing price competitiveness. In addition,
the price of the developed product in 70 hp class was 1/2 of the main
body price of the imported products, securing price competitiveness. Ap
plied tractor was a 90 hp class, and its price was 1/2-1/5, also securing
price competitiveness. Dimensions were optimized and weight was redu
ced, so that performance competitiveness was secured. Since the machi
ne can be applicable to various forage crops, its availability competitive
ness was also secured. In the three years of study, @ trial sales (domes
tic sale of 1 product, and export of 1 product) were perforemd with en
gineering samples, and its performance has been upgraded. In addition,
the developed product @ passed the agricultural machine test of the au
thorized inspection agency (FACT), concluded ® License Agreement wit
h the supporting agency (IPET), was selected as @ government supporte
d agricultural machine by the regulatory authority (MAFRA), ® resultin
g in completion of commercialization. Three years (36 months) of resea
rch and development was sequentially conducted in 56 steps including

"Review of optimal system design through establishment of developme
nt direction, , during which 54 quantitative performances were attaince
d. The quantitative performances include 3 KCI papers (2 papers were s
elected as the representative papers of the corresponding issues of jour
nals), 7 presentations in conferences, 10 promotions, registration of 7 p
atents, applciation of 8 patent, 1 License Agreement (concluded), 1 com
mercialization (domestic and international sales), 1 application to policy
(applied), 1 agricultural machine test (passed), 9 feed tests, and 6 soil te
sts.




Expected
Contribution

Securement of system source technology with integration of
elemental technology of each machine and integrated elemental
technology
O Securement of technology rights and sales rights through patent
registration through development of elemental technology
O Contribution to establishment of manufacturing system that saves
forage labor through its development and distribution for the first time
in the country
O Securement of manufacturing competitiveness of livestock farms
through replacement of large imported products
O Gradual replacement of imported products in 12 billion won/year of
the integrated domestic market through development of localized
products
O Use of a multi-purpose baler instead of single purpose machines
(Baler and Wrapper), reduction of farmers’ labor by 50%

O Improvement of factory operating rate and new job creation through
increased sales by development of the multi-purpose baler

O Development of an integrated multi-purpose baler for the first time
in South Kore, fitting to the domestic environments (livestock rearing
environment and cultivating environment)

O Contribution to revitalization of industry related with the
multi-purpose forage harvester by domestic sales and development of
international markets

O Response to aging of livestock farms through mechanization and
improvement of livestock industry image

Keywords

winter and
summer
forage crops

livestock

bale integral round
machinery

baler harvester
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AIAL WM ABY BLGYHE 227 e AFLANE T (13d ) B, 24

3 370 £ AA)E Aol ®tgF (Figure 1).

=525
sgau 10-2010-0021823
10-2010-0056076 ARANE TerEe =55
28 ss Sam i ge3 24 1020100006009
Agaz) ZAE 5 Y Al
=38y W Ealcl 1;;1:1:
1020150020726 S =
e W= -
g0l amal & o= LI mishng %
Sy AUy Fo '

=85S ey
10-2010-0084323 e
Y Ayl

ZAR TE BF LA
2 HY A"

s85=
10-2010-0065020
FriolTAS
s ZAS U=

EE-E

e

=:5=
10-2011-0078643
Tirole] T2 w1y
Al &
ZAHETE FELA

Al

=535
10-2014-0041151
ZAE 2 #E 4l
A4z e A2

10-2014-0 kit
HEHE HYRAL =524 \ 10-2014-0072799
ZHHHE TH 10-2014-0072797 S84 &= 220 s
HolT 2EA Hg=lg =02 10-2014-0072798 Y=g FHEA
A= Hd= & o2
HHETE

Figure 1. 2% A% M78 A% 7|50 74 L A

2xp4

QA71E a9
S5E8 2=
b
10-2014-0168164

ZAIS 278 IY
2= 1A

ssae

#5 10-2014-0149236

EHPER
=55s
10-2015-0020726
=E3d e
H7o$2A 4 olg
B E R
=2gse
10-2014-0168167
3 A BRI
F4E FHEA

Q27|& 371

E5i&d ol

WA ASHAL ASS 27 53U 247120 THL ohBA zARSH7] ABgol ol A
Egold U 71&BNS Fusiol AE FWAL Fusted U,

O NAHO AL BA Flgm Fu PR 7€, B3OS 7162 BUs A5 wyoE A
AE e Haslel Buitz e FeeE 43 welsie AdE 21e 9% sl £
3 RA.

2) LY - 2| SEHE ZHo| AIY I §Y BN

9 Baler= 5714 World Class?l Deere, CHN % 19721 ZX=E Baler Y4tAAE F+53%
Vermeer & Baler H=UA 42784+8] 2912 o] 4= led FH R S0lRF2] 10974 A

7F 1529989 MAAZS AHEstT 912 (Figure 2)
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M 10 V54990
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TPPTT oo e
555,
5 33333
22222
III I I 5 T A |
0 i T T T T :i =T T T T T :' T T T T T T T T T :' T T T :i T =\ :' T T illlllllllllllll
wm<W><:mzzmxz;EmIZPEquqogwxz'44;goz<<mazm
E2C37508I5850L0250825025072 s ¥ 220024257
BEZ0I22% B 5220208784522 8E532:06588-,52922¢
TUE3EET = TogEss 353273%8° 205537 357
=
(L)
Figure 2. =2| Baler &8 42 X|ZtAt9| 2 & 2
FI7|Y2 20089 R EH S35 T4 BAPoA 19719 E5EEN A - AR FHS HIFLS
2 oji]otH AANEES 9T HFA Balerg sE2XH7F /MLEEHoE EAS 3T
Neg

Baler= AYAME]= Baled AAEL 71Z2082 4%, =9, tgosg FTEI =M AAAE
HAsl e AAAZGS o524 100 cm = 7159 Z4tg 7ol AoiA Y (Figure 3).

1o
ofN
o

Large Size > 100cm

-~ Medium Size £ 100cm ® Fixed Chamber
® Variable Chamber

-- Small Size < ¢ 80cm

Figure 3. Baleo| X0 2 Baler 25

AA S350 U= Balere 5714 AA o 199 DEEREE H|£3$F CHN World clas

ZALE (Bulky feed)e &8 7179 Baler= North America ¥ EUE 408 7so] A
M 5
s 7P Eo] A4Het lonm KUHN 5 Baler World class company?] =X & ghebx] ob-2

AlA Balere] Trade value (Imports)= ¥ US $691 million, 622 thousand unite]&} (FAO,

2009). 2013 st & KR 120 hundred million2] Integral Round Baler A]&o] HAE
I UAed EE g &5t .
2 BEA2 =2 Balery 13l 7S Folo] ZledelAd S SRSt SHAIES WolsiH

HAA AL Balere] 7l&g 4357l Hsll 4271 3] AHDeere, Kuhn, Chn, Krone, Mchale, Welg
er Lely, Vicon, Claas, Case Ih, Mascar, Heston, Fendt, Challenger, Gallgnani, Star, Wolag
ri, Takakita, Vermeer, Unia, Massey Ferguson, Abbriata, Agronic, Caeb, Carraro, Deutz F
ahr, Fanarol, Feraboli, Fiat Agri, Gaspardo, Landini, Laverda, Lerda, Maschio, Metal-Fach,
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Morra, New Idea, Orkel, Pottinger, Sip Ma, Sitrex, Supertino, Taarup)2 2917} round bal
er model& 4351905 (Figure 4).

o /\]
2 B2AEE 117) A} (Deere, Kuhn, Vicon, Mchale, Mascar, Welge
Rlely, Krone, Class, Case Ih, Takakita)® 307 2R & tjAto g 3192

<& 7HE modelol B A 2 HA4AQFH AR = baled Ho AAQ v welel=H Baler 2
2671 7159 B T+ 193 cm, bale A7 B+ 140 cm,

4
ofx
ot
Mo
Doy
\]
\]
=
v
iz}
e
of M
1o
ol

z) B2 214 cm, bale Hh274d FF+2
20 cm, H4A425% FAFE 102 hp, baled] BHF AAL 2.0

AEAoroz ool s0stelsl 4 A}% el matE molwel DA bale X7
e Z20] 100 cm F242 baleo] AMAEEZE FuS

<> balerE 71E38t7] fHslAe dRPE o2 baler AAa4QFHO 1.3-1.5819 E#E] AdXIutgr}
*H'—ﬂ WEE2 907100 hp AFe] E=E7 Host o8 EAEQS. North America

FA10] MEAFANA T2 TAKAKITAS balere wrapper7t Exlo]A Fx& 0
9375% CWI108IN EHo] ZA7|Fo= mofE U=,

Hu xe
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Vermeer, 15, John Deere,
79 oweil, 2, 1% 13,6% _Kuhn, 9, 4%

Takakita, 32, ‘ / CHN. 12. 5%
14% \ | // ¥ ey S
- Krone, 19,
STAR, 9, 4% ~
Mchale, 10,
Gallgnani,____| 49
21, 9% Lely. 9, 4%
Heston(Agco)/ \
4. 2% / Vicon, 29,
Mascar . 26, ‘ 13%
11% Case, 7, 3% Claas, 11, 5%
Figure 5. MA HI22] H=EHE 27 ZEH
Takakita, 2. )
CASE. 2. 7% 7% DEET}}E‘ 2.
[ / 6% KUHN, 4.
CLASS, 2, 7%__ - 5%
KRONE, 5.
17% VICON, 6.
20%
LELY, 2. 7%/ ~~_STAR. 1. 3%
MASCAR, 1/ |McHale, 3
3% 10%

Figure 6. MZIAIE ZIQA| CIAEE ZRAMENY B DHs

& CWI1081IN model =2 & £ xoA 3| AutZo] A AFEOA AE 7§ =& Bal
=)
=

=
er7l 715HQ 9918 AXE Ao By

2 r}hokst Alg 2 E (grass, maize, str
= [e}
=

N

B,

IEs ohE4 Hdeie YA 5Y51tol baler?t wrapper7t 8E A 3te HFefdd
ke g9 500t o]ste] AMSEErE FA ol 91.3%% FElS H4AE AP E ] AP =S N
HRer d@BASATE Tl HSE AFY.

& Baler?] AMAAIZA-E Round Baler 89%, Square Baler 11%2 HGE Hol1 Yo &7 @
=l

SojoA B2 872 /EE 9% Balere AAZROE F2 4271AlolA] 2912° (SRR
Ae)e Bastn ded 483 1¥e AXEA FHIddes FR7se Folsn A48 T4
4 g5 P LHst S

O HYAAL Baleo] AJ4MPEjo] wiat 1Y (YT %74“3& Ak 7hHY (HYE fA4es
AB4HQIHl EU £2 34t (Kuhn, MaHale, Welger)&= 50 : 509 ER-S AJ4sn] Al A Al ol A
o=l e Hdele Fo A R SAEA (HY 1 AA e 58 HdelE Frlsted =
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Baler weight [kg]

Baler weight [kg]

Pick-up width [¢m]

9,000

8,000 A °
7.000 A &
6.000 -
¥ N ® ’ [ ] [ ] Py ®
5,000 H~ o2
4.000 A [ 4 ®
® o, r‘ F) e e L ] .‘%
3,000 A 20 (] * oo
. [ o 09 O ° °®
2.000 - - e o o ¢ o -0'
1,000 » . .’
o @B
! ; S Y ' .
0 50 100 150 200 250
Model
e Raler weight
Figure 7. MA H€e] (FA) Atz2 22E &/
9000 7
8000 A
7000 A ~
e ® e
6000 T e L ° ® e °
> .
5000 - °
4000 A
o®
3000 A ° . °
2000 A
1000 A
O+tee—Y—— s eseoeeee
0 4 8 12 16 20 24 28 32
Model
e Balerweight
Figure 8. MA Sgd (¥Hd =) H Yy Xzl ZEHE E7F
300
250 A .
At e
e, & o *»  —_— - ¢ * e
200 1 ¢ we e P m""’»n Y . -
awe oo & * o o o0
o . » .
150 e o0 & A S G 22
. *»
100 A ® P @
* »
L
50 A
0 50 100 150 200 250
Model
¢ Pick-up width
Figure 9. MA HIga| (BIN) T Fof ZEE &
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300 1

e 250 4
g PR PO ”"“’,,,,,."0
< 200 A
= . ot
= 150 A
o
2
_—5 100 -
[
50 -
O T T T T T T T 1
0 4 8 12 16 20 24 28 32
Model

¢ Pick up width

Figure 10. MA Sgd (2HE =) #e HY =0 R2E =&

250

=

©

5 200 A Ve A A A

b AMMA A gl - A AA A s

5 150 jus i A M a®ta,, e

S A

£ t A Ak, Muesw M A8 maa s,

S 100 A AA A A M AM

= Mo L. =

% A

£ 501 s -

@

2 0 : : : : .
0 50 100 150 200 250

Model

ABale maximum diameter
Figure 11. A|A H Y2 (HA) HY HZEe ZEE 7

— 250 H

=

~

T 200 A A A &

©

E A A A

= 150_AAAA A FFe Pu A

S A

E A A A A A A A A A A A

2 100 A A A A

=

2

= 50 1

5]

©

@ O T T T T T T T 1
0 4 8 12 16 20 24 28 32

Model

4 Maximum bale diameter

Figure 12. M7 S&¥ (QNE Z3) H23 WY NZo nue 25
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Bale length [cm]

Bale length [cm]

Figure 14.

Power [hp]

200
180 ~ A A
160 1
140
120
100
80
60
40 A
20 A

150 200

Model

100

a Bale length
Figure 13. M|A H| ¥ (HA) HY Zole =&

H =
=TT

200 A
180
160
140
120 A
100 A A A
80 A
60 A
40 A
20 A

AAaaddiaanaa AAaadaa, Linaaaha

250

A

12

20

o
o
<o

16
Model
A Rale length

MA S (EMY Z2) #HE #HE 20|29

160 A
140 A - n

100 1 AP
80—_-- = :ﬁ " =
60 1 &
40 A
20 A

150 200
Model
= Minimum power requirement [hp]
|

Figure 15. M|A H|¥2| (HH) 22253 Z2E 2F

100

250
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O A FUe] AEHE R Y AL o2y 20 BARE AERE 51.6%, 52 59%, H
A 42.4% FA4Y (Figure 1).

&AL
_________________ .
J v
SHAZE 7|e}gt = | E=Ex4
HAu] 2 12% AAu] L 74% HAe| L 14%
30.626 ha 192.055 ha 36.016 ha
11,370 ha 137,350 ha 815.506 ha
> sz 63 > Amaz] e > Z, of=
16,270 ha 16,635 ha
= :Hg_r] 1.0% = TRl 147% = 7]51_
2,558 ha 38.048 ha
> Lz 0%
428. ha
Figure 1. ZAtRO| 5 4 A JMH|
¥ WA AIEZREQ ZHHA L ZAZE 74%, SHAIZE 12%, 7|E} 14%E FAE o
A=H IRG7F AA S 53%, 3AXES] 71%E *+8ole T2 EY
O AIBRIES 28X ALEVIR] HlOE TSHERZEAIEAE R, 2007, I 22 (Table 1).
Table 1. st HEZ=: AIRNHEER
(%] =7 T ES XY MEBREEAE MR el TDN
oz HAZxHEE 5.0 1.9 441 32.0 16.7 43.6
H e g Sa7| 9.0 2.6 46.0 338 8.3 59.5
IRG =47 117 3.8 43.0 29.7 117 61.4
s g =47 11.2 47 36.0 38.5 94 57.7
[=NPSFS st 7| 8.7 4.0 55.9 24.8 6.3 62.0
EP =47 13.5 4.2 437 30.5 7.9 59.1
=8 H S&7| 75 24 56.3 245 9.2 57.9
O A FHolME FEEHE AR FA552 HA FE5Ho] gle e AFeR s
ol oot Ue=d 2015 0] NIRSEAZIE o8 MEA A HEE+= 52308HY T2
AR 24 539 AREEZI7E 2 H28 23
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Table 2. ZAIE B& 55 H7t &5
3t =2 _ o
- Bt 71 B} (H4)
HY 507 457 40H 3573 308
JNTEIBN

550|&~600|2t  600|&~650|2F  650|4~700|2t  700|A~750|2F  750| 4
550|2t

O

m
20
op 2N
— A
o
0 o

= 400|Ab~420|0t  420|Ab~440|3t  440|At~460|0F  460|At~480|0 480k
) E xl.D o — o — o [ o [ o
O%0| 2t %ﬁ%‘gj 350| Ab~400] 0} 3500t ~500f
U= AF
(EZZH2  160/3F  160|A~170j8F  170|Ab~180[0F 180[At~19mjor 1901~
i 200|3}
ol stah
AMOjAtE  NDF % Hij & 307 268 228 18% 145
7}X|(RFV) ADF &
(30) A= 7% S| 1150|4F  1000|At~1150|TF 850|AF~1000] Tt 700|Ab~850| Tt 7000t
ZRCHEHEl ZRChed Al B 7 10 8H 6™ 43 23
(10) et % 120] A 100|AF~120]8F  80|AF~100|Bt  60|A~80|BF  60|TF
z32 z S5 HE 107 8% 6% 47 2%
(100 ol2E =28 % 70|08t 70|At~90|TF  90|Ab~110/TF 110|AF~130|3F 130|A
O A FHolM RAIEE YRR ste 3 H4E7e 997 57 HFEE 205 olste] 57t
Aoz Za (R=0.9868)5tHA Frdl =1 Qe F4oz byt 28 (Figure 2).
160,000 +
140,000 -
T 120,000 -
% y=-39519x+ 152320
— 100,000 - R*® =0.9868
™
i 80,000 -
o
o 60,000
or
B 40,000 -
20000  W—S—S—S—a—t—f—a—a S8 —u = = o, o & . e s
=+ & & =& & = =¥ = &F ¥ o F =7 <+ = <+ = = =T = o=
~ a2 i ~ ~— T e T, S~ T S e T ~— T e ~ i e ~ T e
~— o™ 0 = b ioed o™ L\ hal b o [\ =+ — o~ [\ = = o™ [ v} = oo (&)
9 - (= 9 — — — . o™ o™ (o] Q [\a 3] l“: [xa] =¥ = =T il* o] [Up]
> 5 5 5 5 5 5 5 5 5 5 &5 5555582535 5 o
4] o [an o2 o o™ o o] ol [ (] (] o o) o [95] o o ] (g [ 4]
2 58 278
——20 o]zt -=-20"50 507100 ==100 o]4t
Figure 2. 2|2 5d 27|48 2|2 AISTEE 7t = &4
O FEE 1767 s7tA A EHE Fae @A 2,748FFE 1005 o149 A&Ert AR 11
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=] > H : = =] > =] [e] A
stat, )AA, A, K)olE, DS viEdtes BPOE WL 40| RIpHQ EX 455
= ~ [e] ] =]
olel A4 (HE 212072350 mm) X 2rHH|e ErjH]&S& 18 2& o AA)sior H
= 5 o) 5l = o o = = 5] = o o
O BOBRE VAT AH WYY FAL AFES, Biee) ¥R L @siRo] W AgFEE B
o [e] = = O A A =]
T AGES B4, F7IEL 5P I £, 43HE v 34, eE L Roule
52 F¢sto] 1t $¥FU AE 100 cm, Zo] 100 cmo] 7bF AAg Aog 245,
900 1400
| 850
1275
800 1200
700
A650 w 1000 75 m
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e 600 \\ . E, A\\ o
s 500 \ w500 o B0 \ e w750
B 400 \ ) \
ro \ 350 600 B B
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3200 — 125 1875
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+Hzgo(kg) BARFA(kg) A FI2HolF o (kg) O A Fd(kg) + 2 F0l(kg) WAZF(kg) A F2Hol 5 (kg) OB AT (kg)
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Figure 5. 3H9 Al 4 7Y U e ZARY
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Chopper Knife #4 Chopper Knife #5

7 Chépper Knife #3
Figure 1. H|Q 7{E 2QIA|HEX|

“ 6h6pper Knife #2

. Chopper Knife #1
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AlISI434

710 N/mm2, 91283 1110 N/mm2
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Design #1 Design #2 Design #3 Design #4 Design #5

24

Mo
0x
R

Bl
Ofo

St oo
X

F
1z

Fx1el AL 21 Z-ed @Ochopper cover assy’ @rotor shaft assy’ @chopper blade,
®blade shaft, ®front blade, @door cover assy’ @rubber cover, @support barZ T4 EF

ReH FEEAY odEe = AlYE o2 25 (Figure 2).

25 B08-B3130-00 DOOR COVER WASHER 88400 | 3 MFEn3-CY

24 C41-08171 SPRING WASHER 18 ME X 40

23 A11-08030 HEX BOLT 18 MB X 30

2z SUPPORT BAR 85400 1

21 RUBBER COVER EFDM 1

20 B0E-B3000-00 DOOR COVER ASSY 1

18 B31-12001 HEX NUT 14 M1z

18 Cli-12222 PLATE WASHER 25 Miz

17 CH-12202 SPRIMNG WASHER 11 M1z

16 A11-12045 HEX BOLT 18 M12XAE

15 B0B-BE000-00 FROMNT BRADE 88400 | 1 aT

14 B0B-F1000-00 FLAP ASH 88400 | 10

13 041-04040 COTTER PIN 2

12 C11-18302 PLATE WASHER £8400 Z M16

11 BOE-F2000-00 FLAP BAR 1| @15 1840 MFZn3-CY

10 B31-10001 NYLOMN NUT g0 | M10

g C11-10182 PLATE WASHER 60 | MI10

B A11-10035 HEX BOLT &1 M10 X 35

T, D41-0E040 COTTER PIM 20

6 B0E-B2164-00 BLADE SHAFT 8841 30

& BOE-B2163-00 BLADE BUSHING 8841 30

4 B0B-B2162-00 BLADE BRACKET 58400 | 30 | 8T

3 B0B-B2161-00 COPER BLADE AR4D0D | 30 5T

2 BOB-B2100-00 ROTOR SHAFT ASSY 1

1 B0B-B1000-00 COPER
== = o =] Hiat
Part No Dwgl %o 530z memark

Figure 2. #|& HEH QQAHYX|S| 25 24
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1

NI

ol 7HA Al

o]-§3%

ol Von Mises =2 Z 4 3.185e-007 MP

0.00155 mm

14z 71202 2418 N

1zl o
g

|

a, chleo 3.465 MPao|3 1l

5

SRR PR

A 8.475e-013, ] 1.186e-0052 4335131 (Figure 2)
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ol Obottom frame plate, @caster, ®LM guide, @upper frame,

o
22
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©
=

O ZAY FHL
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®M6 screw, ®M6 nylon unit, @M12 socket head screw, ®M12 nylon nut, ®@M10 scre
w, @WM10 plain washerZ FAER=H casteres WFILHFOEZ MC nylon AMEE Z+ 1569

N—QJ Clicy (%——Egé} 6276 N)= A = Ae A&FS ZHsder FFLY oidee =1

Figure 3. 7tH EtE% @

ro

ANdZx|e] #F 2k

Table 1. 7tH EtEXt QOIA|HEIK|O| HE AIUHE

10 W31110521020 M10 PLAIN WASHER = 24 M10 =
9 B02911015025 M10 SCREW - 24 M10 X 25 -
8 NT1421712002 M12 NYLON NUT = 24 M12 —
7 BOZ921712035 M12 SOCKET HEAD SCREW = 24 M12 X 35 =
6 NT1421006002 M6 NYLON NUT - 16 M6 -
5 B0O2911006020 M6& SCREW = 16 M6 X 20 =
4 A04-C8200-P1 Upper frame Ass'y = 1 - =
3 - LM GUIDE - 6 |LLTHR 45 PX SKF
2 = Caster = 4 CJHB50 MISUMI
1 A04-C9100-P1 Bottom frame Ass'y 5 1 5% =
ZH £ = & M| =g A HI3
Part No Dwg No Description Mat'l Q'ty Spec & Size Remark
O AA" QAR = sHME Tl FTRHCE AMEbsAde AFSt 1xbhdel A HY
FU Zu §U9) A FHABE Fatol Y § 245 kg, 23k AR 370 kg FHFA
o WAAG] {5 HolFAE AAHUS
O AAe 7IALA Lrtol 718 ol AMEEE SEAMES 3d AA ZEIHE ARSI BF

17 i 7
e Fxil4 Z2Ido g gol AMgste ZRIHS ANl
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] Z 6657mm

o Owrapping ring, @locking bar, @hinge pin, @handle, ®co

mpression spring, ®spring pin_D4, @spring pin_D6, ®washer M16,
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&

2787k ZF 28 rpm (237.8 mm/sec)?] £E 2 IJHGHA HAdS HFste Aog FEZAH o

Aeel EH A et 25

Table 1. @ SO o422 £ AYE
9 WASHER 1 M18
8 WASHER 3 M16
7 SPRING PIN 2 DexX36L
6 SPRING PIN 1 D4xzs8L
5 AQ4-N2800-P1 COMPRESSION SPRING 2
4 AD4—NZ2700-P1 HAMNDLE 2
3 AD4-NZ2600-P1 HINGE PIN 2
2 A04-N2500-P1 LOCKING BAR 2
1 A04-NZ2400—-P1 WRAPPING RING 1
=H E = g ME | = T & gl 1
Part No Dwg' No Description hat'l Q'ty Spec & Size Remark
AY LAANBIAL AB7SE 2SS As BES) ARFA (LHAM, ANAA, BEEA
ASRA, 7HiA ol g g FAs o AAEL 1T AHY
Ao MAL AAALA Lutol A Bol AgEE SEAE (Autodesk)ol 3d AA =23
e AHEEAS.
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Figure 4. ¥ =24 o{MdEc| =™
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O AL MRl AAEE WMol EEEHA Awo] AEH U] FE FEHE A4S o)
ARG EZTHAN FAE olfolol HUL sHoR ML HoR FA B U
AT AHoR AL BEES FHNEY] A% 4oz e 2e

&

Figure 1. H|Y £=ZIME QOIA|HE K|

Fxle wWds] FHZE Zo] 1200 mm, FHLE Zo] 1770 mm, =°] 570 mme #2432
2 ZAR & F2E (moving bar, fixing bar ¢48 mm)&] &o] ©xF 112 mme}t 55 2719
A=y HAZ o]&sto] HiEE = MUY o549 REEE o]&ste FROE A%es dAR
T bare YEEEA 25° o ZRE AT E .

FARlo= t]Aa3 Feie XF 320 mm H@Eo] Folsts HAdS FHEHWOE fFEst HIH A
ZR5og S84 S5ote 9L SIEE Sl g2 Xy HESis A7IETOA FHO
=0]7} 570 mm ©]1 $52] moving bare M=, x} el g5 XATLRE HL9 Fsla2F
B Ag25s 542 F55ll 84S 258 44,

SR 2AESL 065 mm AZHO] 960 mmol 15 mm Ao]E FZACE 580 mmel Zo| A
Mol Al Bl AT ST E 5lo] FAHQ WA AGilo] FHEE HAE,

Fz19] 7jEEK el AL 21 Zo] Omoving part assy’ Ofixing part assy’ ®distance ri

ng, ©®skid plate assy’ @fixing braket assy’ ®tension bar assy’ @ @coil bar spring, @
hinge braket assy’ ®hinge assy’ Ocircle plate, ®spring 522 TAE R =H WU F
Mol ZAXFE2 Hello] &R o] &o|sie & Hog THEA dAsEH 7152 HHE
NEE Hed AT
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SECTION A-A'
SCALE 211

Figure 2. H|2 +=XMEF Ojd=e 75 2

Table 1. H|2 +=XMZF Y= FF MR
36 GREASE NIPPLE 4 PT 1/8", 180°
35 NUT 8 M24
34 SPUT PIN 2 ?5x40L
33 WASHER 2 M20
32 WASHER 1 M18
31 BOLT 1 M18x50L
30 WASHER 4 M10
29 NYLON NUT 4 M10
28 BOLT 4 M10x85L
27 WASHER 2 M14
26 NYLON NUT 2 M14
25 BOLT 2 M1 4x40L
24 NUT 2 M8
23 BOLT 2 MB8X25L
22 NUT 2 M12
21 BOLT 2 M1 2X60L
20 AD4-52000-P1 SPRING GUIDE 3 2
19 AD4-51800-P1 WASHER 4
18 A04-S1800-P1 SPRING 1
17 AD4-51700-P1 CONMNECTING PIN 1
16 AD4-51600-P1 CIRCLE PLATE 1
15 AD4-51500-P1 HINGE ASSY 1
14 A04-S1400-P1 HINGE BKT ASSY 1
13 A04-S1300-P1 TENSION FIXING PIN 2
12 A04-51200-P1 SPRING GUIDE 1 2
1 A04-S1100-P1 SPRING GUIDE 2 2
10 A04-S1000-P1 COIL SPRING 2 4
9 A04-50800-P1 COIL SPRING 1 2
8 A04-50800-P1 TENSION BAR ASSY 2
7 A04-S0700-P1 FIXING BKT ASSY 1
6 A04-50600-P1 SKID PLATE ASSY 1
5 AD4-50600-P1 DISTANCE RING 2
4 AD4-50400-P1 FIXKING PIN 1 2
3 A04-5S0300-P1 FIXING PART ASSY 1
2 A04-50200-P1 FIXING PIN 2
1 A04-S0100-P1 MOVING PART ASSY 1
= =R i = e e | =g & Hl 1
Part No Dwg' No Description Mat'l Qty Spec & Size Remark

- 31




10U I )

| 5l ] il 1 £l 1 il I ] ol ] 6 & ] : ] 0 1 g ] I E i 1 1
U V- 00 05 -0 Xt s
LR 1 SUT EACHA N | oy ED e Ll 0D P B b T n]
M | oo [ we _m@ Lid A0S
R L LY [ =)
" T _ _ R GIIEE i
K
e
en
- 313 e ; e =
e e R
i .
0l 2]
W
v
| L .
i
|
|
ul |
2 |
%l 1
il »
i i
1 17 10m7 1 i i
w 0 ¥
i romn | @
= ]
v T ¥ P
i ¢
I [
"
a v g
™
i
s |
] i -
i NN
M ¥ a
[ BT m m k|
o P
ypae
1A OS] g
1
1
'l _
1
i
1
1
v L—— - PSS - P L
[ [ W HickE | &
¥ IEFTHET REERE

Haal Ao

Figure 3. H1Y XAl 2%

_32_



8) Ci= ¥ MXICH L2UASX] &A = MAIX] 71

O BAe Y aede 287 s Heg Hid e Axlste BREA HL 2AA 7HE
Aagt FREQ st Ze| o] B2 FREE QXA HLHY F L QY Fof Fo] o
HolAL S5 5ol A UEF TAE LGSt AoE AAFTHH AAE "5t
AR sl E S0lA i AX AV WA ES QA

e SHTAHAA | BEY ZAE sfAsiPgon 832 0.8435 mme BE HRloA &
AA 213997, 2245 10644702 FAHR=H Fols2 NEFHoA X&F 00117, YS -
0.0429, Z% 19585422 £ 1958549 3l52 U=

O AR FREL 45 mm ZH Y AL mlol= 30 mmZ FAEEH QEXH IXRE &
Aol A FEZE 250 N/mm?® Q&S 400 N/mm?, EFIAS 200000 N/mm?®, ZopH]
0.26, AL T 7850 g/cm’, ATAIS 79300 N/mm*e] EA X9 £365F 196 N R A
4 2.6887¢% N/mm?, Hm§ 0592276 N/mm?e] Zul2 LRFoZL Al ZHog a4

Hler g2 e 2.

O ZAxle HA =Y stRE=ZH YU BEE AZH=E FREE 742 wrap holder (L, R)Z H|
Uz 2Ao el FXEo| Aoz TAHEFAXE Tedt FXRE AR HE|HS BoFE
BE&AX2 opZa Zol dAH.
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Figure 2. Lt & AKX RUAHFK| ] FHIE SHHA

[=)
O o

Figure 3. Ct& & AKX o{dE2 EE A%

Table 1. Ct& & AHXICH {HS2 F& ALHE

96 C12-10202 WASHER - 47 M10

92 B31-10002 NYLON NUT - M10

86 A12-10100 BOLT - 1 M10X100L

39 AD4-B3900-P1 WRAP HOLDER_L - 1

Zd c o s 4 W2 (=% 7 3 Hl
Part No Dwg' No Description Mat'| Q'ty Spec & Size Remark
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a) Expandable chamber Round B) Fixed volume Round
pickup Baler pickup Baler

Figure 1. ¥ H|22{o| HLLY 28E =F

O 712G A N HdE BEA £ Ze oy #Hdy oy
2=

[ _
AAXC R o HY E37t 18" HIBAHEE 20E 7= BA (fixed chamb

(extendable chamber)© 2 EFE =0 A0

WET yier (kVV) = C() + qu
where, F,,.,. - power requirement of baler, [kW]
(, €} : constants (baler design & crop conditions), [kW, kJ/kg]

my  Mmass feed rate of crop material [kg/s]

O qzlolA G, 2 YRIEoZ 2 36& A% (ASABE D497.7 2011)

O ER OB A4AL w22 wde o] HAdE AYPel 298E B2 AxY UE pod
U= pol BWACIA Osobov (1967)= UH mladSE dpot BES F& dpto HIE po &
T2 5ol 1A AL EAe HEa 2o 77,

dp/dp = f(p) = ap + b & o] &5}
p = clexplap —ap,) —1] & AA&(c = b/a)

n&"
>
o
2

O YRt og »stA EAH 74_7&9—] Wzl p, =40 ~50kg/m* HEAE] Osobovs

O
N/
rr

mzl o= (3.75 ~5.50) X 10 *m?/kg , ¢ = 3.32 ~6.00kgf/cm® & AMASAT FZZ (19
M) HYE o] 83 AH 454 W £4L b3} Zo] MAE (Figure 2).

_36_



o %°
X =

i
e of:!

40-50cm

L=80cm

-t

O RO A

30 7

ol

r

X _zT|
fat

M5

R \_mo

o

N

I
e
<5 o8

Mol A ZHdz7}

ZH
=

=
—

O H Y E

m_e

A
>

=

Al
o

5]
H

B R A Axol ZlelR=

il
f=1

T
=
of
N

o1l

1o

ajo

Figure 3. H| & MH LHFOIM AX0 7I5iX|=

_37_



g Zasted,

O Ax 7 Ao 208 4 )L UFo] 22 U (4) My gfog ol o & o
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2 u|aREIQl dy F7olA LEe] AQEE YT AEde] FaEH SAL

A=A +A,—A; A
S ! apyX
A, = —1|dx
= o OC[eXp(L X) Jdz,
S S ) o fuh qoh
A, == (p+ " )1—exp(— )] —
G fu Iy S Iy
A, = (S/G)pl/2) 2 AE T
O HFHoR WY AN (Qt/hr) BHOE A2 VAR (PS) N Fohed]
AQ .
O|EAlZ N= o8 A4EF
! 270 =
O ESH ARt o g Hde o fYAEel mE A8 FH A o2 AALZ ol &
PXF
Powerhydraulic (km = 1000
where, £, ;1 fluid power, [kW], P :fluid pressure, [kPa],
F: fluid flow, [L/s]

O AWATA (Omirserik Zhortuylov et al. 2013)& HHS] 42253 Fal7] Al 5L 3
dst7] Asl 2o 8 Powertt TES v T8 HLdS IHA7]7] A &8 Power,2]
FoE TaEE ALAL e 2

Powerw,.appmg (W)= P+ P,

Power, (kW)= T,w, , Power,(kW) =T, w,

where, 7; : torque of the platform with bale about the vertical axis
w, :angular velocity of bale rotation about axis
7, : torque of the platform with bale about the longitudinal axis
w, . angular velocity of bale rotation about axis

O Jeld BEA Hde]s £ Zo oidt 728 448 AuEgel s g 54
Aol 2Atg FoA HEACE F5EFAA MulEe A58 SR 27MAE] 50 ecm(E=
/B71E/5871e9)760 cm(EE/FA/5h7 4 H) AEE 32 falie 4 HYZo
150 cm o]0l ool st 2A= F5EEGA ol 7hsaliof (el BR zuist= =
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"E‘% HA (BHFASES 755, AHSE7E 18,600E, 1,395,0005)2 &9 (B¢
A ES 455, 57,500%, 2,567,0005F) A% Fole nEsiel MigAlE ZHAR gs
Aol AZ (YE5HAIE, 20140705).

[\
(@)
L
u e
rEL

L [&+=] 50%F o4 AF&s7t (A P’*iﬂq 8.8%, AtSF59] 51%) BEAY
20121 = FARZ S SALAS 1622 (%J 3.5329) HEAE FRE 24
ol Al 50F o4 AlSE7t & 13,7268, 1,366,941 55 AHSst 2 (MAFRA, 2013)

O ERE 20119 71EC R AAACR :
9qUss FEH F£2 & H £U=0] Baler 2 +U= (j 3 3)a LX) (FAO, 2015).
¥ Import Value(1,000 USS$) : Italy 1,624,134 USA 1,486,885 Turkey 848,736 Venezuela 60
3,152 Russia 333,001 Indonesia 328,301 Spain 283,349 Lebanon 277,261 Netherlands
268,428 China 262,100
X Export Value(1,000 US$) : France 1,983,630 Canada 899,722 Mexico 827,842 Australia
581,985 Brazil 444,852 Germany 414,555 USA 377,827 Hungary 269,773 Netherlands
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262,842 Austria 202,839

O AA-ez 2AE HY SuEE BgAEe SASSALT 248 95712 & Fo=2 7}
Aol Zestl A=r FHolA= 2008F o TZEold FA| FAFE 714 GEES HHEAE Al
gol 77149 AR ALE7EE0] 35% QEEol SibErte] dgn] FEol 1420] F7teto ZAL

g g0l tish tjxio] AAE (NIAS, 2014)
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2t ol HE7L Gold

F 29 ZxEAoNA Baler AlA N AAHFE

0.7%5 T+4% (Figure 3

o
>
©
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o

H4&2 Deere 36.3%, CHN 20.4%, AGCO 12%E 347}
1 Qo1r} Baler A2 Kuhn, Lely, Vermeer, Welger, M
‘6‘ =]

= A = & 15298%d =& 8.34S, =Y 6.99
SE AEAA GBHAR +UAES FHOl 44958 64.2%, otH 2 7F 1.64SE 23%, oFA|o} 0.
= 15).

Southern Western Australia& Melanesia, Northern
Europe, Europe, New Zealand, 945, 0% America,
58382.9% 231,554, 34% 13 500 2% 115,296,17%
= Northern Central
i S Europe. America,
80,000 utj :, g 84888, 12% 16,101, 2%
8 : o) Lastern Caribbean, 95
o T~ Europe, o,
o2 68,801 10% '
60,000 5 & South-Eastern South
s i Western Asia, Asia, 7,693, Southern Asia, Eastern Asia, America,
= 9,141, 1% 1% 1,602 . 0% 55,629, 8% 27,425, 4%
40,000 < B0 e ow o
S8 Y8EEE 288 o -
N 2 o S 5 o B & b ¥ oo oW
o o oo =4} 0 [ eSS - D op ™ © 0 o
A B B 2 N S S 5 ¥ m owm o om
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e § 9 % 5 £ 3 8 5 5 5=28%F ¢ 52328 s § =5 8 £ E
= g 5 ® ¢ 5 w B 9; v = -8 5 8 0w 2 B 8 £ = E B = £ ©
5 ST z = 5 = = < = g c 2 & 5 £ Y @
(4] = 3] - 0n = =
= & =
7] [
7
1 = A0 m]
Figure 2. 82 =Z7tYH M A Baler =gt U M H]
=
[h
2!
=
250,000 o~
200,000 - EJQ
N-
150,000 1 = - 3
T o o €« o1
0o oo =+ 32
100,000 - _ 0 e 2 2 o o
= < 0 " _ 0 S
= o wny
50,000 - © P S % = 2 -
o 8 & 3 = o & g 2 o £ = = s
Pt - £ 2] 7} [ [Z] ) n
: 0§ £ 0§ 2 02 ¢ £ &£ & £ &£ £ 1
< < 5 < g 8 & g 2 2 = = g% 2
& — 3] i 17 = b7 @ & & E E == =
= © = [ood = o 5] F7) b} b5} b} © O
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s S £ W5 38 5 2
& 3
1 A0 m]
Figure 3. HYE MA Baler =l U F-dH|
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<& 2012 AlA Baler Al EE Square t¥ Baler 3600, Round Baler 30,0002 K 115
I Qe Z®A 44000, 5L 23000 TR (VDMA, 2013)0] 17 B =W Baler #& A|Z2
3 696 ¥ o2 FAELH HIEEA7(Wrapper)E A &3 &5 Baler LA 4002439, 4
o0r] FE (HHEdudei71e7txE 71 2014)A8 AA Baler o) thpol A 171.5%S F4 3

ofl i %] AEs

et 9% = 10%
2oL n aas  susl i .
3% 13% 2% 15% 3% 4% 6%
Figure 4. 313-2 330 U AFBHEY 7iH| HY

| ZEHE 21:791 £UHE (RAIE 23%, 5FAIE 88%)9 A2 sl RAlE Ajui
A gujet o] xAlg s =Xlo Balerd s&o] &istl U= (Figure 4) (MAFRA, 2014).

O =2 FE7s Ade T 1EL S4E AUdu sFAE @ RARY £ HAE A6
e ool S42 A 7IASE FHU6 0 A= (MAFRA, 2014).

oy AlA Baler £
[e] [e]

O FHEE | 3000%S olAF U5t )
o= olA-Z ol &35t U= (FAO, 2015).

HEEFS] 70%

Table 1. SOIA|O} =2 329| S YsA 0} Baler 2H&H £=X|
China, mainland Japan Republic of Korea
FRAMYNE 2+ 2 H H H
S| A=ERY 20049 HE 19534 HE 19784 HE
s Aske 59.0%%%%) B 7|AS =2 H{ 941921
ST AANEFE 4544Us$e 44.39Us$? 1491 US$L
N R 19413640H=01) 4070013 3340pE 019
S/ATRERFOR = | RALR S A R A|SH
=omH oo (B | TSNS 2 x5 e xR
MHsYEXRZO 13% ZX|d Ol AF 96801 914 EHIZIE)
TRMESE S+ 3 SETE: M, 2X 244
Baler =9/ 6900+$1%%? 17098k§200) 316101§209
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W+A" =278 8S 274940 40094 4
BOiCHS  R7HEA 2US 1020 667CH T
HEO| QUj A S EIBrT Ao Y22 HsAL| 20| YR =LI|3 S

J1E} 22 IS 23f Bale 0]24(1995), 21990)0)| o2 ZMEE F7|A

SOjALY 1Y & 9%E HAS HAXQ O B At
SQUthH F7 3

O FFEL AT sURAEY W44 Xl dase AFHYU F&ol Y Fog 20154
ARG HZ a4 =A ARG A" v 25 (8718, 2015)

Figure 5. |2 &3 =MAZF ChXpaf

O Fotalor AHFA - Azl WmE AGHE FHEE I™”HI 25 (Figure 6).

(1) 2014 B3 =4
(2) 2014 71=712% 7}
(3) 2015 YR stA

(4) 2015 %4 7led 74 B4

KOREA CHINA JAPAN
(4) (1) (2) (2)

3) (3)
18 Auil Z4b=71/9 ' 18-%F o] & o 2l o= "13-31 ¥ ZZ 617
A Fror =l 23} M 1359 AdsE CAGR 34% | | 98 2 44
Lo gk AE E gl =7|E 1305 4% ©18-249 ¥ AF Bgaol
v @ @ 7
AAS = 2 Q2 Baler EEAA
R 1607 4H& AF 7
W (4) I (2) I (4)
[ 2= 00w nan+ oz | [ AL eow 15280 45 | [ #9% 100%= Bads 42 |
1 ¥ !
KOREA Market CHINA Market JAPAN Market
2018 ¥ Raler A|ZHE 2018 Baler A| &R 2018 Baler A|&AF 2
1,190ch (HF052% 71E) | P23 5570k (20,259 #7]5) 3650 (0.6 % 71F)
5952191 74 55,8894 ¢ 4 21999 =4

2018 FotA|o} Al B E 58

225,112d, 157,542 ¢

Figure 6. SOA|O} 82 33 Baler A|¥E FHE
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L 2018 Baler =A%
L 20185 Baler £ZA|EE
L 2018 Baler YA E2
L 2018'd BAte] Zx miEd 59.5%4
(FHATE 289, FHAIE &

(TFAIE 3159953418

1,190t] (59521 ¢) H2
223557t (55,889 ¢) &
365c] (21921¢) H=2

AEE 47%/2018'A, 202218 Z AR AGE& =
e

BG4S 0.06%/2018d, 20221 SZAF H&
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Figure 2.
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S]] o] A

Figure 1. & | X|0f QOIA[HATKX M=%

O ZRO e AHAA (FSR406-6X-) ZHAA (8XF)E o]&3dte] Huel ”HEHoOIEY £
ExdE 3T A ZBXE thad dHAA 439 274U B8 Y (Figure 1).
250 -
200 -
150 -
y=21.86x-1.7
S R2=0.9939
50 -
0 T T T |
60g 100g 140g 180g
——1-3tH Mo -m-2-3HH MM 330 MIA| =430 MM ——53H Mo —e-Average
Figure 2. 3|™X| 0|8 =M A(FSR406) #3 5Ht= ZZ| E80|M
O AL WH A5ol wal WYL B uld Aol Frol el Mol A AHe 27
stiA Huel REolES] IHEEE FUACE B HEE FHA Hyzt LS 2= &
9 Aolg F HAdUAHWEE Fsto] Bt HAXALZ Fot AF 7] =23 dA vt

O Adg38xs 71242 &3 28 rpm, HEOlE 25 rpme 7IE0 82 ARERCH Z 31HA
= =

of £EE 10%% 527 8¢ xdsiwA 253 Agxdor AzEgl
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f Huel BleolE2 AR
(Figure 3, Figure 4).

X a) FSR406 pressure sensor (6X|™ AX|), b

) & kS
2 d) E°4 HI Y, e) HMOjEHE WL, f) MojEtd =AE =M, g) MojEHd =ZEE, d) HojEHd X|
A|ZEHE h) E2HE XNZARE

M 8XE 2% o 74 Holy H

22 E
=TT

Figure 4. 22IA[RES e MM X JEK

—

F975 YA EEEE HYES 7FHoE A
5274 25 (2F0|F Folt FUE AR
X4 moving part, fixing part, coil spring part, skid plate, circle plate




& AR RZE 35 kg
& Ax|F72 : H570 * W1216 * D1834mm
& FRPA  HY FHo TR BHOE IXRE FXA

Figure 1. H|Y #ZIN2 QQIAIBRK| M E

O FA FAY £ SEE oI 22 SEATAA Ietste M Aol fixingdl movig pa
rt bard] coil spring B4} circle plate spring?] BtA A EA Z|Ydo] Aoz =4S

[e]

o

ETotE s oA HUS FEUTLE Afe 7I52E AZF (Figure 2).

) Circle plate part
Spring /

fixing part

moving part

Figure 2. H| +ZNS QAKX F2F

Skid plate part

O ARE= Hld A0 thstod coilspringd circle plate springe] Bt o8 =4S F436l1 2R
TREQ HE 9% mol= U 51E9 Xz TREZ F s Ao HEP g 45 o
dE T 5+ UERE oto T4 tis] AAREFo] njnjste] MARMPEC] A A A= At
HEgol GIES Azl (Figure 3).
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IHEE =

Figure 3. =X N2 ZX| HZ

=~

20) CI= & 7X|CH LA EX| M=

¢ Q275 HEE HLAE th Axists AXH

& sH1Y  FeH

& XA wrap holder L, wrap holder R, frame

& IxA= 38 kg

& XA 0 H330 * W250 * D700 mm

& ZAPA HY S5 X FRE

O A Rl= N 20kg el B vld (2500 m/E)9 52 HEIHA HYz o A
Holb $42 A2 £ UAESE AZE (Figure 1, Figure 2).

sol =

f|r
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B 278 olQle] F 47HE F7IE HAjstel Held

S Asl 500 mm =olo] Ax|slo] AHE7HSEE A 2 e
O B4 WYl 405 v FL 67 71EOR 18)0] 100 m AE AQLBOR F 6719 H]d
< A 150719 #HE 715 ES sl 4757 AR ALAYo] 7 ESE AR
Vinyl Wrap #1
D)

Vinyl Wrap| #2

Figure 2. Ct& & AKX QQAAHMK| AHE
21) S8is S=MY U QUK S FHRL Y

MEEE o2 Hdzys A4z 10719 A4 5 7leo] BLE1 1500712 £ BE
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1) Baler Controller 7H=FAFSF
-. PVG32
-. PVG-AMP_CONNECTOR A}&
-. PVG 32 CONNECTION
-. PWM1400
-. EPFB-10

2) Virtual Terminal Baler Operating Software 7§%FA}oF
-. I-Bio Screens Software version V1.03
-. Service manual I-BIO 3.Electribucs

Version:02-2010 / ISO BIO: V 0.02

-. Screens I-BIO version 1.01

1. Z+ 3|29 E&L2 Industrial AlY
2. Virtual Terminal®] Hardware= A& 7inch Touch Screen ¥4 Controller A& E
T A)

£ 3t# Baler &% Softwareg 7Hddte WACE 318,

o
Hu
)
i3
rok
T

O 3 E2AA
1) Power Part (Figure 1)

Sensor % Actuator Drivero] Q3 A2 Main Y4B XY (Battery DC 12V)E ©o| &3l
stH, Z+zZto]l FZ2FZof QI System Powers= Main Input PowerE Regulationdlo] ¥ &

SE AAE.

O AUy
Maximum Input Voltage 20V
@ System Power (Regulated Power) :
DC 5V 1.0A LDO
-. Analog 3|2 gAY
-. 3.3V Regulator J=A1¢
DC 3.3V 1.0A LDO
-. DC 5VE2FE A4
- MCUTR 3129 A9l 35

(s

(5]

_|
E-:-
&

(5]
—
A 4
&

Vo
4 J

GND TAB

GND  TAS

LD TE33CTR

i
(_}
Al
=
1 = L
%4

GND GRD GND

Figure 1. Power Part Schematic

Il I
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.
(=}

(=]
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2) MCU Part (Figure 2)

Balero] &2 = Sensorl] SZMAENE ZHA18l3 On/Off Actuator 52 93 GPIO Port, Pr
oportional Valved &< 9% PWM Generate, Serial Interfaces s 715 +& o] 7tsst, =
% Event Azlo] Qlof x]do] A7|7] &= 149 Tasks® Azl&T 7 7Hss MCU A&,

@ Sensor Input / Actuator On/Off Drive Output GPIO :
Input 15 Port / Output 14 Port
@ Actuator Proportional Valve Drive PWM Z® Port :
2Channel : 10Khz = 200Khz PWN Generator
@ Serial Interface Port :
USART 2 Ch :
-. RS485 1Ch : Virtual Terminal 972
-. RS232 1Ch : Consol Port (Debug£)
USART 2 Ch :
-. RS485 1Ch : Virtual Terminal &2
-. RS232 1Ch : Consol Port (Debug&)
@ AHzl&E 1 40MIPS ©o]4 MCUA &

EH_i4

R R A S

i

Figure 2. MCU Part Schematic
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3) Sensor Input Part (Figure 3)
Sensor 28415 2l MCU Input Port® Signal Matching, Sensor Signalel] 23t MCU Port B
3 52 4dA.

@ Signal Matching : (Fx: [28 1] AAY" AH)
-. Sensor Output : DC12V 600mA(Max)
-. MCU Port Input : 3V CMOS 20mA(Max)
-. CMOS Logic Level Input
@ H33 =7
-.Opto-Coupler 3242} A& Input/Output Isolation
-Isolation Voltage : 2500Vr.m.s
- High-Speed : tr =3us .. Tf = 5us TYP.
-.High collector to emitter voltage : Vceo = 80V
® Input Signal Indicate
-.LED Indicator Display

Figure 3. Sensor Input Part Schematic

4) Actuator On/Off Valve Drive Part (Figure 4)

0
b
Ju
fot
Hu
-
ox

On-Off Sol-Valve #+5& 95lo] SPST Relay A& 12VdcE On-Off & =+

@ Relay : SPST 30V 5AF ©]4

@ Relay Drive : 500mA Rated Collector Current
® Output Clamp Diode

@ Operate CMOS Logic

_84_




ERELEE 1o
= M T A ST
CAEY rag
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‘ : :|
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5513 ==
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Q

5513

Mo

2l

Figure 4. Actuator Proportional Valve Drive Schematic

5) Actuator Proportional Valve Drive Part (Figure 5)
MCU A} ®HAEA]71 PWM PulseE DCE W &35l Proportional Valved] Solenoidol ?1715t%

=2 &
= a.

O A& Proportional Valve : FPFB-10
@ Valve Driver : PWM1400 (&x: [I134] PWM-1400)
® PWM to DC Out : Control Signal = 0 ~ 5Vdc (PWM Duty 0 ~ 80 %)

El

iz

23 ; ;
s 3 g:
i)
23 p B
23 =L

ror T

ity oG
LK i
5 £ 1
” s

C

Figure 5. Actuator Proportional Valve Drive Schematic
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6) Serial Interface Part (Figure 6)
1) RS485 1Port :
Virtual TerminalZ}t®] Serial Interface Port
Half Duplex =4

EAPort H33)|2 A&

2) RS232 1Port :
O Control Monitoring Port : Controller Board2] s2r4re] Monitoring Port
@ ESD Protection, @ Data Rate : 1Mbps (Max)
@ Low Power, Drop-Out 234 : NPN TR CMOS Logic T+&%4 44

o 1

R5232 * 2CH

VDDV

+3LIVA
c24
1 ]-3::5—‘
) = Ry SR2
GND us Ehe
FETTIL I i ke 75 £
——cz 1 5 i
E JETE 20 O g 2
: D EN . E))—]:::j E 2 i :—\:.|||—§—
2 J4 o == _ |7 mp . 7RI —
P 1 ’ UERs — N " B s .
TR 1 e i 1 OB 2 RX o o B 4 )
. =?_=x_ﬂ" M. --_0;\- TS T o (3) _ml_
UiR — R10UT K1 ~RD( Sy
LI B i N spaasiso | bl M
AgM TN T2OUT [ = OEBaT & | U
B—— R20UTZ RN f— GRD TVESNT12/50TZ
5 ¥ ¥ ’
=] T [s]
GND
GND CHD

Figure 6. Serial Interface Part Schematic

7) Hardware Design

e Size 220 mm (L) x 180 mm (H) x 1.6 mm (t),
* 4-Layer

] System Design (Figure 7)

- Sensor Y= A&], - Actuator *F Az, - &Y D7 AMojZxLt F4
-, Baler 2%, -. Monitoring 7%

e fRssssEsssay
1 1

1 1

i BATTERY i Sensor

; i Power SOIN | [ 1 |
B e o o ol ITTIUPITPrTIrre |
T } T
1 Virtual 1 Actuator

i Terminal R3485 Mt RELAY :' { On/Orr)

1 1 1
| SR aara Ty rasay Voo oo oooos 1
e pmommmmmmees
| Monitor RS232 PWM | Actuator

i | (Hl2{ ) of)

, S ——— [ ——.

* Only for debug

Figure 7. Baler System Schematic

_86_




O Operating Order : Operator?] Q FAtgo] st AR Z Controller7} =8 3lojor & Event &
B % B Datadd.

@ Op-Protocol : OrderE F1Ht7] 935t Fekro 2 Ordere] &Hefjol met 7t¥ Packet E41 HHA]
of o 43 ZAEHAZ T

® D-Protocol : Monitoring & AolE 3t =2 EZZ AR Wego] wal Aol @ ZA| Data
o AH AL $He

@ Order Check : 8% Protocolol ozl $=8s5lojol & Orderd] W8-S =215l Event 3
Processoroll 8 3jof & Eventol] tfst AR S At

® Event X 2] : Baler®] Main ProcessorZ Order, SEN Input, DRV Output ¥ Baler %o Z
Zrol Event Az|& g

SHEEL JHI‘H’“XI QF FHH HOAEX|

Figure 8. CH2 & H| Y A|ZH7|0f MRE ETHH 0] AlAH

8) Software Design
e PC-& M (Figure 9)

+55%

) =]

)

=

e )=z
DLUE oo CiAZe o]
[=Y =]
X PCE HHES 2K SEAIRT| Ho| MEgoZ MIEYSH AHERE
ot =82 EE MHA S H=ESHof I HE HAsF D MAAHO L7 |2t2 B
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24) 22 BN 54 B

O HYel Ay 2 wak R0 #4goln AERTAY, E710 $YTA), ARZEAH, A%
A, AEolR, MEIs] W B4, AL HNYY FE R 7 F seiAE 4EEE 2 A,
AR, FR AT, A B, IUSE, 0ld BF ol Ly 59

O FUollAl Bo] Abgshe= .1X0.1m, 0.000785m HY-2 H 2 1507 300 kg/bale, S5 250~
65027 Fo| ZH A4 4L EE FoleH Aol Peleg (1983) H=2 A= AlAI.
1 1_ w MLU

= +
Py Pa Pu

where p, : wet bulk density
; - dry bulk density
p, - bulk density of water

M, : wet basis moisture content

& Lam et al. (2007)2 AEAEY 42U E FEE o7

it
e
oo
_C}'L
32
rr
inj

Pg = ar ’

where p, : dry bulk density,  : nominal particle size (length, mm)

wheat straw parameter : a(142), b(-0.410) [Lam et al. (2007)]
switchgrass parameter : a(435), b(-1.540) [Lam et al. (2007)]
corn stover paremeter : a(115), b(-0.186 [Shinners et al. (2004)]

<> Shinners et al (2006)= Z HY A4 (AYAT2tA 97 117/M9)o 2 gy L A%
Fol AESH (DM) 452 H|ddE 33 HY 34%, HE #HE 77%, HE & 2% 8.3%,
O A4 149%2 H1Ust o849 Fraser and Muir (1981)9] A2 ti21t 22

dml; = L, WS,
where dml; : daily dry matter loss {kgf}, L; : multiplier representing dry matter

losses for the storage configuration, W, : mass of biomass (kgf), §; : fra

ction of dry matter loss during time interval At

< Shahab Sohkansanj et al. (2006) 52 A3 dEFF UAHL)E Portions of stalk is st
ill standing 0.40. Loosely spread in the field 0.45, Biomass is in windrow 0.35, Twine

d bales scattered in the field 0.30, Net wrapped bales scattered in the field 0.25, Bale

s stacked uncovered 0.20, Bales in plastic tubes 0.15, Bales stacked covered (tarped) O.
102 B3k

O WY B AL A 2 2 B2 WHE AWEW 244 95 F FWAzo|




n2

E1 £7])9 d4+&2 W3 (Prodesimo et al, 2004)= 7]
0] 40%° A F= A E0]

S S ]
AN+ G0l B4,

Stgo| 72%, 22 S
80¥ AT i1 Fo: 10% AR =

o]

2ot A& &+ don geg jigle o2y Aoz B9 (Figure 1)

Z7]o] =&

1).

C  0.73(1—3.9451e

where MC,

08

TISSTCY MG, = 0.08, R?=0.93

. stalk moisture content, MQ] . grain Kkernel moisture content

0.7 4
06 4
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04 -
03 4
02 4
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0.1 1

0

AA A A
Ar D A A

Fig

0=

080

P

T T T T

20 40 60 80
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ure 1 g47] 0| 2Y U F7|9 48 Wt

100

wagol W] we

o vls] E7]8=
(Figure 2, Table
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Figure 2. $217| 44 $UT F7l9| #4g H
: S ABWEE B8 2ol AAT.

<> Shinners et al. (2004)2 g+ AHELUL




Table 1. A=2X70| 28 M2 HE22E

Moisture % Density
Product wet basis kg WM m™ kg DM m™
Whole sugar cane 65 200 70
Bundled whole cane 65 400 140
Billeted sugar cane 65 350 120
Shredded sugar cane 65 290 100
Billeted sorghum—300 mm TLC? 65 215 75
Chopped sorghum—60 mm TLC 65 310 110
Chopped sorghum—6 mm TLC 65 360 125
Shredded stacks of corn stover 24 60 45
Round baled corn stover 24 135 105
Square bales corn stover 24 190 145
Chopped corn stover 47 140 75
Bagged and chopped corn stover 47 290 155
High-moisture ear corn in field 32 625 425
Dry ear corn in crib 13 450 390
High-moisture shelled corn in field 28 640 460
Dry shelled corn 12 770 675
High-moisture cobs 47 220 115
Dry corn cobs 6 165 155
Ground corn cob 9 270 245

<& Brown and Kalmbacher (1988)2 IalAR AIREIE 571 F79 EFH AsA7E2
2SI EE 4%7Izto] A4S TDN 5 BAA L/ vhibd B7)58e] Fe40] Z2H
=H == 22 (Table 2).
Table 2. JBIA R ZTALZRO| H=7| 0| EF H3lol EY
TDN Voluntary intake Quiality index
Grass
4 6 8 4 6 8 4 6 8
Bahia 56 55 54 2.3 17 1.2 12 11 0.9
Bermuda 57 52 44 2.3 22 1.8 13 11 0.8
Star 60 53 49 24 25 21 14 13 1.0
Digit 60 58 57 25 2.7 2.2 15 15 1.2
Limpo 63 63 56 25 23 2.2 15 14 1.2
< Shinners and Albrecht (2007)2 “3-¢4&olA datat Atgol tisl HAT HE AHzjgh 3 o
Lo 14, 289 4% 2489 B¢ Aol HEste] 52 d& (10 cm ZololA A7AT
Moz 2)e GASEH e I-LS AR £ WY, bFHA 22 WY, OF +H
Hdel Zra Wi, d)FaA 28 Hde sra i g xolg BolFa ed
A UE Azlste Aol 65% &4 A4Al7ls ZAog Hug (Figure 3)
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Twine a} b}
35 35
i Twine BOU‘E
= E —~ 30 A\ P £
‘-:30 = ¥-] e m— =
E Net £ x £
£ 25 i \'// 200% i 1200 5
2 5 ]
g 20 l J \ é E 20 - f\Ne1 {J-_f: E
JJJJ \A..x/ \ /. -mu&t’, b // \‘,_/r—’ﬁ/ 1100 2
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10 j 0 e 3 ¢ 2 7 : ?
T T T T T T T T T 1 27 10 4 £ 21 5
June ﬁe thy Jzu?y Ajg. Atu;;. A:ll;. sl-:L sﬁﬁ.. CEI. CZEI. sy shlly G Aug. oL o
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30 C} 25 d} 400
o5 [\Twine £ 3
‘/.. e E c) MW E
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Inside
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Figure 3. HE XNz2| HYo| Zd2=H0M H Y| t=5 Bt £
< Berthe et al. (1991)2 At & AE HEBrIElA7L AAERED & A% mxs JTFS &
A5t Zdul A& Agto] Autdes AEFFS St HY SHE d4astH AFEHdE &4
4254 AlRTE &AL Srlete Ao 2 BEusta S (Table 3).
Table 3. B{RCIIEtA HEH 3 AlE A|ZH Fato) 2 BN dis £
o Wilting time, hours
Characteristic Hay
None 1-2 2-4
Forage dry matter, % 26.8 36.2 45.9 874
Wet bale weight, Ib 1450 1425 1340 710
Dry bale weight, Ib 390 515 620 620
Storage losses, % 125 115 8.8 3.0
Feeding losses, % 10.1 12.7 16.8 125
Dry matter intake, |b 8.58 9.55 10.20 9.82
Daily gain, Ib -0.15 0.02 0.26 0.28
O Johnson (2012)5 AZMYe] +2=Pe|A ABEAo| wlzt EFE 4250 FFL Fi
o $RLE7 S71EeE I3 405HS 2.5869x + 65.691, = 0.0849 o] BWAE =7}
o2 BEusla 9% (Figure 4)
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180 Switchgrass
Prairie Grass

. Miscanthus

3
E° R?=0.0849
£
0]z 2 e Tone
0 . T
0 2 4 6 8 10 12 14 16 18
GPS Speed (km/h)
Figure 4. 2% HA| FHEEO| IHE £225HO| Hot £4
< Lechtenberg et al. (1979)2 IztAg}t dutnt AXE ghEojX WA F& 7)o =&H A
o] =EE|x %L Ao H|El 29 AF&o] I (grass_42.5/58.8, legume 34.2/56.5) AHA
s

_]
AR B =2 (grass_49.4/44.4, legume_48.7/56.0) A2 Histod AY T AEE
4o Mgtz gt FEHIE Esiof He AAIH

<& E3H Shinners (2009)= A& H Yol &gt ol met xRol &t e wet ZEHE
A" gejo] WEE °“?o}°“ H A J&5 e 789 0§28 FEEx9 Wi}
Mgt ZAog B (Figure 5).

a) b) c) d)
Figure 5. H|Yo| ZaIE § Ozt2E Mo =23} EY (a) 5 months pallet, b) 5 months groun
d, ¢) 11 months pallet, d) 11months ground)

S
[m

Table 4. AFRESY 228 U+

AEEE R =R FEE PR 2257
EPWN 60~70 47| g7
R = 70~75 =7~z =37
=4 67~72 Neb|~g=2] 27|~ =57
EE 67~70 34| CESIN-RE ] s47)|
=S 80~84 7217
O|Zt2|Qt 2to[aatA 68~72 =70~M7] EF7(~IH=Y) =57
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Table 5. HEZ|o| ¥5 CHAYE 7tAHE A OfHX| EAZ (FoHY, 1993)
__I.I.

TtA 32 22k (kg/ha) 1,610 2590 4350 5750 6690 7,410 6,450
XABAL Of L4 K| (MJ/kg) 5.23 5.18 5.03 5.03 5.16 5.32 5.24

Of| L X| A4 AF2E(E M)/ha) 12.29 2041 3541 4854 5614 6331  56.49

=g 40 XG7| =27 M= w=71 @7 27

AT

Table 6. O[22t 2}0|EtA 27| A=+, 7tasidEE U ALRZHA| (F2H, 2002)

— T =

d=+d TDN & AtZ K]

OllFIALZ] R[5 X%  ADF  NDF  TDN 72438
el =4
kg/ha AL ) (%) (%) (%) (%)

=7 4,818 67 3311 69 25.6 474 68.7 82.8
=7| 7,244 100 4,806 100 28.6 515 66.3 79.6
M7 9,147 126 5701 119 336 557 62.3 75.3
H=H7| 9,646 133 6,009 125 337 544 62.3 733

=
ST _
=, taatA ZFA/ AT/ SR A, S FFA/ A3/ S4HR Ad2)S A
FHslo] AE7|H (FACT)ol AEEA-S Q5 RAE Axgg0 U220 oS
2 pEE AP 7|25 E 8T AEd

4 L4 & RFAIS] HAl- |O| H_X'I = I-
NEHYEHA
o] @A A ALC l.A 7F H Ol |-
FHHS/FE 441707 Z7IS $UA BHT S92 126(MES 251) = I_I =T T T |_|':,-E 1 CHel A
KSHHS 031)6012-9660 FAX_031)8012-066
EAWE 1501763 H A = -I'— |_|0 L |
A" e 2015.08.06 E?:IO ODO:|A: x 7—||;|‘|_| OI:I7
S o Nputs: stmdd ] :
ree U-15-01570 HeeuY | 2015.07.31 /\A|Q—‘—|_ HE | _I HHMS A
ECEES 15-FEED-1-00578 | 2 & & [a05.08.06 == X J (FACT 01 X ODo= T
4 9 |dasdem sums I
- = = T L = QIH}IA™O
Mz . | 40146 WIS FEA BerT AR 2006 (MAE) HuBeT 4 S Ol'o:‘ =G | NDF, ADF &
- BUYARY (611508) STl M ] ! © BT
HEY  |roaeis MEY: 2015.07 — " =
prp EELES ?ﬁf? zm‘sm ZI(_Al'E %J.;_lj—l' 'IQI'Al'On_I' 7Ed-ﬂ|-§ EO:I
z [== E NEFETR
[FEUE7 2 2170 391 S0 Am 156 % At |E S| RFAIS] O:"X‘I | "'I‘I"‘l.
PHUS/FL 41707 AT U 7 SR EH S N = ol_:l S>S=9 N E %l' SO
ENWE 15-C-1763 ——

o [ =] H= 7Ho OiCciz| ol 2
Al " el 2015.08.06 AN =0 —I:| E.|7|' o =
bkl - o ARHEEEA =0 F me A2E RS

Hrue U-15-01570__ | a0F FEUS/FL 4707 YIIE UA AT $UR H(MES 251) = =
APWE 15-FEED-1-00579 R MBiW S 031)8012-9660 FAX_ 031)8012-9669 (Al‘ﬂé‘@g%A‘l xl:'ll—‘f'—%l')
4 ¥ [yzugum &
AR - Al# 2 2015.08.06
=% z 2 g‘;g‘;ii{ £ 4 spwgen seeg
TR T :z:i U-15-01570 | él??!iloi: [2015.07.31
SRR Ay ~ o | 2015.08.06
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Figure 6. XtEH = GXAS CHMX| 3F AIZ2HE FACT A\ ZHESZENM
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Table 1. At2 &

g S+ EYRQ MEHA| 7E8

Hy & "
cona—2 | ko | gelOs | 08 | mAw | AEH | @
AlotE
OMEAYE, | | aoe
O AR &, A, b
=M ; _s URIALE, 20 20
A"EMEI A_lE D A A A Otil Ohil
NE ae | EEESE
= _ ota%at, Ot§, 1
HH‘T‘EE DHTEEO Eac‘f ElH%)_ool;% Oh|7_|-0k§ 20 20
Z AH%) 600| At 300| At 15 ~ 30 150|% 10 10"
25 E Al(cm) 200|3} 20 ~ 50 500| At 10 10"
EEUGE 2 A gie gie 5 5
7.50| A 2)
A o ~ ~
A (pH) 4503 45 ~ 6 6 ~ 75 10 8
o2 (EQ) 80| At 4 ~ 8 2 ~ 4 20|38} 5 5%
OM. 0.50| &t 05 ~ 1.5 1.50] At 20 20"
TR K] 2 (5 Q) 91 O[At : MX|, 71~90 : JHsX|, 51~70 : £2|X|, 50 0|3} : K|
Table 2. 2x2~ AChOElAO| EQEQOI MHIMK| 7|=H
HE | 2oh) 23/(0.5) 7}5(08) ML) | JHEA | oA
Eoot_g_?_l = = . o \V. S =
AlokE
I AlOF | Al OF
opase, | TGS TS | ASSEE Y
£d MNEAE, AlE LEALE, MIE 20 20
=T OJALE, ALE ASE,
OJALRIQFE
= o o orZt= 2k, 3, 1)
i+ 52 0} 22 = ness | esias 20 | 20
Z AH%) 600| At 300| A 15 ~ 30 150|3} 10 10"
2B EAl(cm) 200|3} 20 ~ 50 500| At 15 10"
HEQUHILZ= are de e s 5 5"
7.50| 4t 2)
A o ~ ~
A (pH) 4.50|5 45 ~ 6 6 ~ 75 10 8
o2 (EQ) 80| At 4 ~ 8 2 ~ 4 20|t 5 5%
OM. 0.50| &t 05 ~ 1.5 1.50| A 15 20"
TRR R A (B Qb 91 O|A : ®X|, 71~90 : 7}=X|, 51~70 : £2|X|, 50 0|} : EX K|
*OEM(EY)  EYQO M EXQQI0T SIEE, 7|Z22000] et SatA.
Vze2 EUSANE,
Y BEY EQATYE
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o=

o B ey g0

S8y a8 L £2 5 1 sh
BEEs &Y ohe p-0% a%r FE S
83 paEY MmE Ema HEs a
L ril b oE e | ST
LE=E 3=
gxjol&ay e " =x 7 T L AR 3]
= 1 3 & 3 4 =g
e 48 HEM ER
- Lok ) Ly = olE
H2718 HEHE anEg Inceptizols Aguepis
0O wgre| mpapag Q38
o i | #m | sasy AVE BBlemot Mol tuojmez | #aae
(1:5} igrkgl [rmg/kg) ga i =18 {d5fm] imgikgl
s agn 5.8 s 241 i.18 4.8 1.5 o2 ]
HuwMiE) | 55-65 | 20-30 | 80=120 |0.20-0.30 | 5.0-6.0 | 1.5-2.0 soieh | 1570lM
HuEHw) |60-7.0 | 20-30 | 300-550 | 0.50-0.80 | 5.0-8.0 | 1.5-2.0 20184 -
HUSH(PE) | 50-7.0 | 20-30 | 300<850 | 0.50-080 | 5080 | 1:5-2.0 20154 -
HueH(AY | 80o-70 | 2535 | 200-550 | 0.50-0.80 | 5.0-80 [ 1.5-25 205 -
g =7
o EYs s 48
L L5 E al% LLIE S8 M
EEN 8y alAbE HE0-2% ) g =
Hi+8d FREH HE Fud dEsiey
bImiR £ “E L EIE o]k} & WG
HU4BES
BIERRE = 28 e Xy ®WE BIRN
= | 1 4 3 4 L
Bs sy LLE R 2
=7 Eal L 5 o
7B L &g Inceptno Aguepts
O sge| spips Yu
e g | #o1e | #aes A Eonci A0 s | fRAN
[1:5) ikl [mgykg] UBE L ap2id@ | (dSim) | (malka)
ERRLUN 5.5 e 184 g.22 1.8 1.0 2.0 118
Huwnis) | 5565 | 20-30 | s0-120 |020-030 | 50-80 | 1520 20)m 15701 &
o) | 60-70 | 20-30 | 200-550 | 0.50-0.80 | 5.0-80 | 1.5-2.0 sojn} -
Huws(ns) | 60-70 | 20-30 | 300-550 |0.50-080 | 50-80 | 1.5-20 208} -
Huw s | 60-70 | 25-35 | 200-550 |0.50-0.80 | 5050 | 1.5-25 2ainh -
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Table 3. EX|S2
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w5 S
N x !
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m_ru ER QL
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=
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9 4

B Fu 4nh oA o) 4704k 907 100mHE Hh )

El

=
=

L

= 7

12 (Table 1).

O

il |

el

174 71% (29%), St RE 426 7|15 (7
Q] 9 478A} (Deere, New Holland, F

2 FHZA

=
o

600 7]

1%)olmd o] FolA 9071000ty o

errari, Kubota)2]

e

wl

&+ 970 (72 kW)

[¢]

B FolA Zul Alg S AE2S

mj

A 2]

%)

3,501 kgo] F+ xFu 2,211 mme)

=

2 4278 AR AL 291 2HE

o 7oAz HHAA WY
ban o] FolA Fol of

226 ERIS A%
7WALS] 3078 2 H (Deere 2, Kuhn 4, Vicon 6, Mchale 3, Mascar 1, Welge Rlely 2, Krone

5, Class 2, Case Ih 2, Takakita 2)& 7}

1

al}

S

—_~
o

Gl

< (Table 2).
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Table 1. 90~100 Of2 ZL{Q| = EHE AMY

AXI=H EPPNER EtO|f [inch] =771z PTOH A =

[PS/kW] [ka] HE 25 [mm] [RPM] £E
T50507 95 71 4,124 13.6-24 16.9-34 - 540 1.9~38
T5060” 105 78 4,126 13.6-24 16.9-34 - 540 1.9~38
PS100-NY 95 70 3,340 12.4-24 16.9-34 - 540 0.2~39
P7197" 97 71 3,402 12.4-24 16.9-34 2,290 540 0.2~38
P7195" 97 71 3,402 12.4-24 16.9-34 2,290 540 0.2~38
TX903? 92 68 3,705 13.6-24 16.9-34 2,300 540 (*)~37
TX1003? 102 75 3,770 13.6-24 18.4-34 2,300 540 (*)~37
PX900C? 92 68 3,615 12.4-24 16.9-34 2,305 572 -
PX1000C” 100 74 3,670 13.6-24 18.4-34 2,305 572 -
LUXEN100? 100 74 3,954 13.6-24 16.9-34 - 520 0.3~29
TD95DPIlus” 98 72 3,770 - - 2,332 540 0.3~30
T4050Deluxe” 97 71 3,200 - - 2,185 540 0.2~40
5100MH® 100 75 3,810 - - 2,301 540 -
5093ENY 93 69 2,624 - - 2,177 540 -
VEGA95DS” 91 67 2,410 340/65-R20 1,495 540 0.8~40
MZz953% 95 70 3,090 11.2-24 16.9-34 2,250 590 -
o 7 97 72 3,501 - - 2,211 546 -
Y | SMtron, ? =¢F

2515 Ofs

Sx2M|Y, Y HE2Y, Y 2RSS 7|A, ¥ New Holland, ® Deere, ” Ferrari, ® Kubota,
xF
x}

Table 2. E3d 29| 9 AMI|IT AHY
al XA Q= 2
manufacturer H 22 7517;1' -1 Oll I£25 _|a R
i | meE | ma | ag | 0| HEE ]SS
company model model kg cm cm cm cm hp kw hp
DEERE 5 960 Gowe?l G5040 N/A 220 80 160 | 121 | 130 95 195
990 Goweil G5040 N/A 220 80 160 121 130 95 195
VBP 2160 BalePack14 4,980 231 80 160 119 130 97 195
KUHN 4 VBP 2160 BalePack23 5,325 231 80 160 | 119 | 145 109 218
I-bio Opticut 14 3,495 230 N/A 125 122 110 80 165
I-bio Opticut 23 3,600 230 N/A | 125 | 122 | 110 80 165
RF 3325 SCl4FlexiWrap 5,840 220 N/A 125 120 110 82 165
RF 3325 SC25FlexiWrap 5,840 220 N/A | 125 | 120 | 130 96 195
VICON 6 RV 5216 SC14FlexiWrap 6,050 220 60 165 | 120 75 55 113
RV 5216 SC25FlexiWrap 6,320 220 60 165 | 120 95 69 143
RV 5220 SC14FlexiWrap 6,400 220 60 200 | 120 80 60 120
RV 5220 SC25FlexiWrap 6,720 220 60 200 | 120 | 100 74 150
STAR 1 TBW2210WN 2,800 170 N/A | 100 | 100 | 101 74 101
Fusion 3 5,500 210 N/A | 125 | 123 | 107 80 161
McHale 3 Fusion 3 PLUS 5,650 210 N/A 125 123 107 80 161
Fusion VARIO 6,500 210 60 168 123 114 85 171
MASCAR 1 TUAREG COMBI 5,800 225 N/A 120 125 100 74 150
LELY 5 RPC 445 Tornado 6,100 225 90 160 | 123 | 130 97 195
RPC 245 Tornado 5,950 225 N/A | 125 | 123 | 130 97 195
Comprima CF 155 XC N/A 215 125 150 | 120 | 100 74 150
Comprima CV 150 XC N/A 215 100 150 | 120 | 100 74 150
KRONE 5 Comprima CV 210 XC N.A 215 100 205 | 120 | 110 81 165
Comprima CF 155 XC N/A 215 125 150 120 100 74 150
Comprima CF 150 XC N/A 215 100 150 120 100 74 150
CLASS 5 455 RC UNIWRAP N/A 210 N/A 125 120 N/A N/A 0
375 RC UNIWRAP N/A 210 N/A 125 120 N/A N/A 0
CASE 5 RB 544 SILAGE PACK N/A 210 N/A 125 122 109 80 164
RB 544 SILAGE PACK HD N/A 220 N/A 135 122 136 100 204
Takakita 2 CWI1081N 2,500 170 N/A 100 100 101 74 101
VCW1600 (T) 5,650 180 155 160 | 118 | 152 110 228
Average 5,051 214 88 146 120 112 83 154

X BE X2 2 MEAS] SH7|SXt20| 25t ° HiYe 22 8H 152 Mget
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O BA"H AA7ITE 78 2 5o AAAEE XF FHo] 5051 kgoll o2 Hde| rtso]
Q3% EMEO FHo] 154 hpe t&Ud A% =2 7iwd AFo2 S HA ZE4)
B T HE ABZES AuISHE ofr|olE AL W AR F4ET0] ®R] g Aoz B
A=

O ME NEEE 154 balere XAASE 2,945 kg, BY = 180 cm, FH4&
ZIBAIG O 2 ofxlotH 757200 T 4 AMEE7Ee] RALR FojFol] %H bale 2173 100 cm,
bale Z°] 100 cm #A2 HUo] AAEEZE FIF=r A&

rd
X

2
£l
1%
)
oo
Mo
Ay
mo
H
my
oo

O HYy FAL 72X og AA AHEH HY 0.785 m’Y AAo]| FAEEH Zuo]Al Bo)
AElElE Q9 AIZZEO st H8 AZHo st MY SHL2 21 22 2 NIAS (1994)
e 7)o LEREATFS S 68770%, T, THIEA 70775%, T 677 72%,

Etz|otzto]l TlA 687 72%E A AlSIF =0 HESH WY A

¥ Ax9 AREAVIES HAT (7128 W o SgF) Qlo] LAM|E (E7|Rot B2 3Y
B Z9) olEd EUARE (V1F 713R), SRS, 580, ¥, &4 SoF oY B
gsl7] oyl RREOZE 28 AEs4dE o 3B A, TDN, RFVE F7lsld 9=

HE YUEe HdY S8 tet AYAFA (Shinners_2007)9 AEFHT =

2E, THSES AHl R FR /89 zolz SHE om-eH He 25 (Table 3).

a)
2
1

Table 3. Corn Stoves H|2o| E2|H EY

Moisture Baler mass flow Bale density Harvested yield®

Wet Dry Wet Dry Wet Dry

(%, w.b) (Mg/hr) (Mg/hr) (kg/m’) (kg/m’) (Mg/ha) (Mg/ha)
2002_Corn Stoves

LRB"-Twine 23.0 6.8° 5.2° 123° 94° 47" 3.6°
LRB"-Net 235 7.3° 5.5° 138° 106" 2.9° 2.2°
LSB® 24.0 17.2° 13.1° 178° 134° 43P 31°
LSD(P=0.05) 35 24 18 8 6 0.7 0.5
2003 _Corn Stoves
LRB"-Twine 15.7%° 11.2° 9.5° 139° 118° 5.4 47
LRB"-Net 17.0° 16.5° 13.7° 138° 114° 56 47
LSB® 14.6° 16.3° 14.0° 150° 128° 5.4 47
LSD(P=0.05) 13 0.9 0.8 8 6 0.4 0.4

® In 2002, stover was harvested about 1 month after grain harvest and stover yield was 8.9Mg DMhal just p
receding grain harvest. In 2003, stover was harvested within 1 week of grain harvest and stover yield was
11.6Mg DMhal just preceding grain harvest.

® |RB: large round bales; LSB: large square bales.

° Averages with different subscripts in the same column are significantly different at 95% confidence.
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&

&

A8 ALz (Han_2005)= Grass (Pearl Millet)?] 2% 650 kg 9% ®Y A4 100 cm

(42.1kPa Yo 2 X, &+& 77.1%)2 15 cm (84.2kPa ¥z =i, Id+& 58.3%)2
AEZolE AolA MUY WL} RAL WHZolsl 4BWAS §1&2 BuSL YoM N

dlo
fllo

=
DFoll & $£x &4 BsH

= = o]
989)= A% Corn Stalke] 3¢ &+& 33.2%°1A4 k(48.9), n(0.24) 4
g 18.1%91A4 Kk (24.7), n (0.29) A=ghs, Eatul Axes &4E 143%904 Kk

= =
(0.23) d=ate AAsder Hao 42 AQtd

where, 7 : bulkdensity [kg/m3], k : constant(30), p : pressure [k al,
n : exponential constant (0.28)

St A8 AE 2} (Thoreson_2014)= Ha|7l A&

a2 AEAEHY dRATEHE ZF/sted AAlsi=n A=

TZ1 = Corn Stovel] B2 URAZE) Hof wat g0l 60% (70%->8.3%) T4stil
BT (dry basis)= 316% (64->190kg/m’) ¥3slsls Ao g ofS J1-a 22 (Figure 1).

ofl
4
N
2
>
Ne)
0
R
lo
T
m
£ o
rr
n}

™ 2 ¥ =

Density type [:] bulk - particle

500

400

300

200

Dry density (kg/m3)

100

I—Z{—I

8.3 54.5
Moisture content (%wb)

Figure 1. 2 AEH | gtE1 M= 2E| &2

ABATA (Wolfgang Biischer_2009)& A4H€ 4% wYo] 4BUEE Penetrometer; 2
sRstgler BE BUAT 721 NolA Hof 965 N& B AELUE 491 kg/m’E 54 E
Qe UMY 712 YEREzE b2y Zed Zolo mE oy dHREe 23
2xE o233 22 (Figure 2).

A 7EA] FH oA AFRZFEO] gt Zx AL E]R] Ao tfdt B AF7F ARoH BE AL
B0l B AFE Mg W F S
g

wa} 2algeA 24 W 2o

- 101 -




Ballen 4/ bale 4

Ballen 4 / bale 4

Eﬂ]]i)
E o00 | ¢ e
g 800 | %w 200 | Diruck / pressure [N]
g 700 3 o 800
E 600 | 5| 400 -
ESDO S : lé Ty ©00 - 800
S a0t 2 ¢ E‘ 600 400 - 600
£ 300 f 9 . | P
% 506 :' ’= 3| 800 200 - 400
100
§ ot :
o 0 200 400 600 80O 1000 1200
Tiote:{ depthy:Imam} Ba|lenun5_lte
Figure 2. Xt MU 2 AHEX
O HYele WY F APFgES AFZAEY £HA (kg/ha)ol 7|zstenl JFEAA U £=54A]7],
2t de] & bt Mol ohel o)zt ved B2 Ax W AEsEA 2R ®ZU]EH
Zh71e] Agoln Rge AR Zisd wE ZiaE ohSu £ (Table 4)
Table 4. 8 At22F9| =2kd (kg/ha)
ES He Cipnl
44 72,100 20,200 WZ-S44-72| 325
449 60,420 21,170 HEa-244 ZHEH A
2 71,790 17,103 =t CHH| AFEXIE
s’ 40,600 12,800 EFE|RF 2 A Z|X|
=x 22 34,500 12,060 EHE|RF DI AL 2| K|
He 44,900 8,500 WE_242.72] 325
gV 33,559 11,285 10740 QEZZo| WX HE
CEIR 22,040 8,477 Ea| ch}
Hea® 34,760 11,710 HEE-244 ZEAA
JEE S 40,300 8,260 EEIESEE = aPNETEIPN
zoy” - 9,595 HEXLY
CESR - 6,680 HEXY
x U EgM g 2008, ? RYSAMSY 2004, 7 FYSLAEtA 1994, Y FYZLAEY 2003, 7 SEfE
2014, ® z=&a 2012, 7 MM 2012, ¥ EAHH 2014
O EMEE HdzY 25Q 2945 kg o) HYd FAZ AXFH 800 kg 25ATS I35
T UEe =Ad"ELE oS Q.QE EfE 2 HUS BAE Tzdle] ALY
T GT — MR

where, NT : Drawbar pull (kN),

MR : motion resistance (kNV)

GT : gross traction (kN),
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O EHFEO aAdHAL A AAFE MY HEd e 254 211, o] o 54T Hd
21 BAZL S71E+E 7AXH mgFEESRE €3Ol fie dHE g9
T MR
where, MR, : Motion resistance of Baler (kV)
O EFAYE Wismer & Luth (1972)9] LF5AFAL ol&dlo] AEXS (CLhE 25ATY
(MRp) ol thdste] Hidels] 40 ZAAHES A4
1.2 CIbyd,
MRy = (PL; + Wy) + 004, Cp =
o g 7 G B (PLy+ Wy)/2
where, PL, : Weight of bale (kN), W, : Weight of baler (kN), C,, : Wheel
numeric of baler, by, dj @ width and diameter of baler wheel
O EHE-HYAY AlARSY 4AQ AJHEHE &2 E=HEL A s Hdy AAA RS &
He usstol 7ILE Brixius (1987)8 Aot rElA oz EdHa/ERlE EAS LENE
¥F X5 (Cone Index)E ol&F=dl o= 22
GT —0.18 759 MR 1 053
= 0.88 (1— —e TP 04, — = 04
o 0.88 (1—e ) (1 —e ) + 0.04, 7 Bn+00+
NT ~0.1B 758 1 0.5s
= = 0.88(1— "1 —e " =
W (1—e )(1—e ) B 7
CIbd 1) b
B, = 7, 145, /143 | (71848%)
GT . ..
where, . gross traction coefficient,
MR . . . .
W motion resistance coefficient,
NT . ..
T net traction coefficient,
W : tire axle load (kgf),
S slip, ippage of drive wheels on soil sur face = noloadpemiiloe;)l a;;iif;sii(;adperwheel
B, : mobility number,
CI : cone index(356kPa, 543kPa, 1429kPa ),
§ : tire deflection height (Z),
b : tire section width (L),
d : overall tire diameter{(h<2) + rimdiameter — & } (L),
h : tire section height (Z)
O EFE-MU AW 2§ EFRAT EB nlRo] ME 4o AU 4L 245 I
3 HEAQ =59 EYXR (CI-356 kPa, 543 kPa, 1429 kPa)= Al&3l1 o &of AIE8H E

- 103 -



0.5116%*%

¥=22.779x-13.318
RE=

2.00

1.50

a, 543kPa, 1429
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1.50

=] i =] 3] = w
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{wwi) ssaupJiey

0.00

1.00

| 371x19] EUxRA (CI-356
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(Figure 3).
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A ESZEE A A

ZH
=y

n = ) =] [T}
e ~ — —

{wuw) ssaup.ey

0.00

ne Index)o
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where, . : 0.7770.80(Frank M. Zoz and Robert D. Grisso, ASAE, 2003),
N 70 - 0.8270.84(Frank M. Zoz and Robert D. Grisso, ASAE, 2003)

O TR AF4Q FHA PTOASL 582 o

= = AoF HA AQuHEg 71
OWET Jy.0por (WD) = (Power ;. + Powerpr,) X 1.341 (5= H 8 A 52)
Power .,
Power ;g = g ae 1)
Ntield

where, 7y, : field efficiency 0.670.85, (ASAE standard, 2004)

O ALEE RAE #2719 APFTEQ 60785% HAAA ASAE &P AE&EH= AYEE

b =]

Power g q.00r

0.7

stol  Powery;.,y =

e
~
()
x
i
=z
e
A
L)
2
kol
Mo
ku
X
oo

= 95hp, wEtA EHEY 4

O AEE HE A¥ALR (¥ 3_2012)9 E=EH 100 hpg 2300 rpm XA Hde] =
TR A5 Y AolZ AT Aol 22 5o FAS TS BY.

27) EUE~HIY] AIARS| 0|2 FHAMEM

O DHAHAEAE Asl A4S EHEL] WA E /WEA R By 5o FHeladed o] wf A
~ARE PTO %3 37 slA932 A28 2A2 ARsae 298 =L KA
22 o2 22 (Figure 1)

Agricultural Tractor(4WD) Integral Round Baler

Fixed_Cabin
1 ot
2 Adjustable_Cover
T e
=
)
Q‘ b

Front axle Rear axle Pick-up guide  Baler axle
wheel axle
Figure 1. EZHE-H| 2| A|AH

2o nHEoA EHEE /EEE HAZ S AEAY 907100 hptiolA FI7HAFLR
W "Ly AF 35, 29 TF) AF 2® 5 965 hp (3E= 71 kW, PTOE® 66kW) E
SME FAZAS o Fell 1 Hdels AZE 12pd AR 7)Y FH40F e HFA
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< H51 22 (Table 1).

Table 1. oY 240 H8E E2E 3 H L2 MFALY

EH 74 HI 2] 4 (FESE)

20| (mm) 3,485 20| (mm) 5,082(2K| 2,880)
Z (mm) 1,970 Z (mm) 2,376

=0| (mm) 2,710 £0| (mm) 2,076
E3Y (ko) 3,340 Y (ko) 2,200

M2 (kg) 1,420(42.5%) EEOIHFA (ko) 480

52 (kg) 1,920(57.5%) =& (ko) 1,820
=7t742| (mm) 2,290 =tAH2l (mm) -
M2 X222 (mm) 1,600 S|X| =%AH2| (mm) -
=& XAEAHEl (mm) 1,520 =& ANEAHEl (mm) 1,869

FASAS RAxE SAAA FASH7IRS B ARZE 9734 mm, EZH
H&HO0Z 95 mm, AZoA BASH7ZIRSY =372 1083.8 mme] 7o
4

4°, 5 36° of 2o AFRf42 =2 2% (Figure

1930

1532—183MET0 1 538) 428 537 l 2203
: 1606— 1B0SSTO: 16 06] 4285

Figure 2. 240 HE& "L M=AL &8 E=EH MIFAY

ol Atslz | do] 28] wtES =Y mE, 2E mE So] Z2E o AAEP=H H
LEZ HaF SAoA RASAZAL +FAZE 673 mm, H U2 FH
Aol A BEASA7IA S =& A= 340 m

>

[\
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3
> 3
=z
4
u
fo
ru
I
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> Sa
Iy
ol

O A AHo] Qlo AT 25.6%7F EME HE, 415%= EHFEH T8, 329%= HYy 2
Foll HiEE Rt o7]oA HAE BERuE A8 e HYdey] AWRZEE (WR4)E Y
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1208 AlE] E223

v i dE ©E 3F 2200 kg
v ZZ33F 890 kg

v =3 830 kg

v EZE H@ZZ 2= 1830 kg
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Figure 5. EE|-H 2| AlAY 2 (YD)
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+ LFRL

2

wrT

Wpf X (LWB « cos§+ (r2—r1) « sind)
Wyf X LS

WT « sind

2

LHRRL _
WH
Wyf < LWA’

wT
WH » sina

WH

WR1 X LRRL~+ WL2 « LRRL;LFRL+ Wro « LEEL
W, f < LWA

(WR2+ WL2) < LWB
(WR3— WL3) <

Xy e cotd—

Zy =Xy * cota—

Yr
ZT
XH:
YH:

4

G a(’tm')ﬂ H'“?E]E:]—o-‘] "%'—7%]%4:} 5‘}
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WT s Zy+ WH « Zj
WT+ WH

1]

WT s Xy+ WH+ X,

XSZ
ZSZ

( CGHarvester )
O of7lol A Al

o

o
o|J

i
%

X
_‘_mo

A

i

A

4

(Xgo, Ygo, Zgo)

3

AsH

Al

xE

) £

)

(LTHS— Xg) < LFRL+2Ygx LTHS

(Zg+12) < (2LTHS « cosy— LFRL « sinv)
\+ PHX (LFRL + siny—3Xg * cosy+2Yg « sinvy

1/

«a = tan

=

=

(Xg1, Yg1, Zg1)

P AHEALE 360° 9 H ol A

o

o

TH

<

A

~

2607100° #

- 109 -




N

o

|

o EA

° Ql
=

39.1°

N

|

30.6° (WAL 0° ), =

407° 4 @ HA HEZ 30.6° (FAFZ 170° ), 1 AEZ 748° (HAFZ 100° )9
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Figure 2. 2Xtd A|XF7| HA|c|>:,4 (Eg, ZHAK])

33) HIIMORE OIMEEK| KA

O 22 E AFA7IE ZRAAE Al 5 7Y AAL}L MojA ARl FRAEQIT AREH AA=
25 7]l5o wE (a)Top hat angle sensor, (b)Net knife out sensor, (c)Bale 90% ready sensor,
(d)Ring pulse sensor, (e)Cutter down sensor, (g)OC-Knives sensor, (f)Ring zero sensorZ T4 E
nrt AlZ 7ol AR" 24 AAE 7lEd 91X b 22 (Figure 1).

- (a) Top hat angle sensor : AE A7} el 25 99X

- (b) Net knife out sensor : MEE A5t AEAEZR Y
- (c) Bale 90% ready sensor : HIYF24 90%ol A Xl

- (d) Ring pulse sensor : 3 FF710] L3 e X, o]
- (e) Cutter down sensor : H'2ZT A x4, AFF=
- (f) OC-Knives sensor : OC-Knives ZtgdojE Q1A] 8= !
- (g) Ring zero sensor : FH o FAX ZX, XUA

’
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Figure 1. 2Xtd A|Zt7[0f ZHAHE Mol THLIK|

O A7 RES A ofstr]

rlr
N
29

st o] PCB (M3 275 printed circuit board) B

9

A AS Azolole] 5 At H2AA, SEMol AA, AAUY Axolole Alol, 2
Aol SANE Aolg BHoE ¥ ED AoumE 29 A% smegol AL xRS
710 BagE BUEY, 292 4% 2 44232 9% 402 WL 3T 22 (Figur

e 2).
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2)

o
o)
ol
ol

AHZ AHojsl= AR RS4858 ©o|-&3%t 74t EfrEyt RS232CE ©|&% EUHE
£ 351912 (Figure 3).

oo TTTTTTT T

1 1

1 1

i BATTERY i Sensor

i Power ISO IN :'

[ A AT ST AT LT . B e
Virtual Actuator
Terminal RS485 Wiy RELAY { On/Orr)

o T
Manitor 1| RS232 PWM ! Actuator |

RC e CERTY

e —— | P —

* Only for debug

Figure 3. Schematic of forage harvester system

A oE, A4 R AFololE Saioluo] Bad MU FUHAAADC 12V WH2)E ol
SEES om, A7) HETFol Wad DU FYBAUIA LES HZE LA

O ddd™ A =Y 4 20V

@ AAE ALY DC 5V 1.0A LDO (low drop out) (P& 38 FFAY, 3.3V #H=Z
olE] Y= ) DC 3.3V 1.0A LDO (DC 5VEERE AA McUZH 320 AYETF)

MCU mtE, B2 =ls= AAY FAYENE ZAIStL on/off AFololH F5& % GPIO (g
eneral-purpose input/output) X E, H|# #WHO ZLES 23 PWM Ao, Alald <)
Huola 59 75 Tdo] 715, E}F o|MIE Hzlof Qlof x|do] 47|17 G a&o PF
T3 AelS27t 7Hsd MCU A&

O AA gd=/AFoolE] On/Off =to]2 £ GPIO : ¥9 15 TE/EY 14 ZE
@ dAFoolEf H|g WH =alo]H PWM €8 EE : 2 Ch. : 10Khz 200Khz PWM (pulse
width modulation) A& o] E]
® Alz]¥d QE=olA ZE : USART 2 Ch. (RS485 1 Ch. : 714 Blmld &4 RS232 1 C
h.: &£ ZTE ©jy714) USART 2 Ch. (RS485 1 Ch. : 7} Eul\d <44, RS232 1 C
h : ¢ TE H18)
=

: 40 MIPS ©o]4 MCUA &

1l

IE, AA EH4A359 MCU £ ZEQ 41355 mAS A AAilSe] ot MCU

O A% mg A4 £ : DCI2V 600 mA (Fd]), MCU ZE ¥3 : 3V CMOS 20 mA
(o), CMOS (complementary metal-oxide-semiconductor) 272 =|#H =

® HE 332 : Opto-coupler S 242 A8 dzd/&8 AHF HA AY : 2500 Vrms

@ U=HAIS ZFA] 0 LED A0l tAEH ]
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Table 1. Micro Controller Unit0f] 8k = MAAMZ (]E % : Figure 4)
H Y 3 g e B 1
1 JERI ZEAM(npn type) 38 no HUerzo| fe o S5
2 HEZYZ A AN Z2EAM0pn type) 34 no Al XSt UACHE SEEH off
3 £of e A ZZ MM (npn type) 34 no B MEHO|AM on
4 20 g8 MM 2™ M (npn type) 344 n.o g2l HEfO|A on
5 EEZY HRIKX M ZHEMM(npn type) 34 no HEZEO| SHZAEROAM on
6 2700 ot Al 2T AM(npn type) 34 no 2710] L2 X0 A on
7 i 5Y MM Z2FAMAAM(npn type) 344 no g7[0{e] 2|F+=E count
S =
g BIIONSBANSE  axuMmen type) 34 no  @IIojel BTSIXIS count
4) AZFojolg] on/off WH talo]H mtE & WH on/off 152 H35tod SPST (single-pole s
ingle-throw) ®z]o] A& DC 12VE on/off & £+ JE=F 32 74
O #Z&o] : SPST 30V 5AF o4
@ "ol ExtolE 1 500 mA (B4 FHH AR/)
® &% Z¥= rfo]ot
@® X5 CMOS =3
5) AFofolE vz WE tglolH ItE MCUOA =AAZ PWM HAE DCE W#Esto] v
HIH O] & o|to At
O® A& d]# ®¥E : FPFB-10
@ 2 =glolg] : PWM1400
® PWMS DC €% : Aoj4& = 075Vdc (PWM Duty 07 80%)
6) AlElE Qe oA IE
a) RS485 = E : 714 Endate] Alz|d Qlejmola ZE glo]F F4l (half duplex) H4l,
T4 ZE BRSIE MG
b) RS232 ZE : O &% RUHT XE  ZEE® B9 TR BUEHT XE, @ ESD
B3 @ HolH A% : 1 Mbps (Hd), ® A4 Drop-out (electronics) =4 : NP
N TR CMOS X F54 474
7) stEfol AA (74 : L220 mm * H180 mm * t1.6 mm, 4-Layer)
O AlARD AAE AlAL] 4B A, dFololEly FF5 Aa], A 2] Aozt 4, £
AtEE7]9 &9, RHEHT 7152 =T
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Figure 4. Schematic diagram of the micro controller unit input
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O 2zpd A7l M Ao AIARM &4 4 eazES Aojstes AME2 Micro C
ontroller Unit7t WE Aloja'dol Al 2dxte] 220 " =280z o=l 4 Al

o
M9 Az} §E LS th=at 25 (Figure 6).

. (c)Bale 90% ready sensor
(b)Net knife out sensor

(a)Top hat angle sensor (d)Ring pulse sensor

(e)Cutter down sensor

(IRl 768 [ : A 7 = : ‘ (£)OC-Knives sensor

(@)Top hat angle sensor

(b)Net knife out sensor (c)Bale 90% ready sensor (d)Ring pulse sensor

(e)Cutter down sensor (e)OC-Knives sensor (HRing zero sensor

Figure 6. 2kt A|ZH7] Micro Controller Unitdt MIA 2| A X|AHER
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O 2R ARl fUAdEH, SFUERE U FAEEE Q5] FUA O AARO0] FEE QI A
ARl ZAE goam® Ax]E 7|5 ozl (a)Bottom section cylinder, (b)chamber lock ¢
P

3 ]
ylinder, (c)Drop floor cylinder, (d)Film cutter cylinder, (e)Pick-up cylinder, (f)Priority val
ve(ring-up), (g)Ring lift cylinder, (h)Ring rotate motor-right, (i)Top section cylinder2} (k)
Main valve, (I)Control panel, (m)Hydraulic pipes TFAE Rt A2 7)o AXH ZAXE9
AR = ot Z2& (Figure 1).

’ (i)Top section cylinder \):

(gJRing hft C\. linder
i
\v?*

},ﬁu

(K)Mainvalve  *

(I)Control panetk.
(m) H\dralﬁ%‘lqzlpes

(a}B /m secnoﬂ cylinder
L / pe
WL

(c)Drop floor cylinder

(e)Pick-up cylinder

Figure 1. 2XtA A|Z7|9] RUEK T+ S HX|K|

O AR7lE EdElY PTOSH T 4UEHS ol dlo) LE =
SEHES AAHUEN PTO 382 FY710{UA(D), AU FUVE(@)IA 2 THIA

of F8< AEste /Mder F42 Ha1 25 (Figure 2).

Hydraulic motor Wrapping /;"""'\
C@_}@@ part &

Lower roller

Agricultural
Tractor 95hpx

Multi-purpose
integral round
Baler

—
Higher roller

Hydraulic cylinder @ 7
-




B9 PTO T38& TY7IojvfLolA Aol 7]A Al 7]of

<& 7IA

LY wEof

w]

2 atEel 2H [}

i
0
ol

Ko

o w7k

7

gine

I Z2 (Figure 3).

[e)

=

Hydraulic drive by the oil en
during wrapping

g o}
S Aols HALUELS EBE PTO 540 rp

o olwf §U UL 180 bar, 35 L/ming &

Freewheel 44

Freewheel
Ct
=

4

1€ ol
Mechanic propelling during the pressing (chain)

222

=

o} Freewheel?]

=

ART)S
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tod H

5]

UREE A

o

el

Freewheel

e

715

1 Z2 (Figure
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FY A2He] HEH A 58S WHE 2 U FIFHE FYLYY WIFW 4TS 7
EE A ARYE RAEoE A 7122 AA” FA4L2 {FUAEZ(PVP_pump side
module)ol A AEate FUYS FUWE(PVB_basic module)oll A Aojsts Aoz 7|27
H RES HHE)E o2 22 (Figure 5)
1. Pressure relief valve
2. Pressure reduction valve for pilot oil supply
3. Pressure gauge connection
PvP 4. Plug, open centre
5. Orifice, closed centre
6. Pressure adjustment spool
7. Plug, closed centre
8. LS connection
9. LSsignal
10. Shuttle valve
PVB
11. Main spool
12. LS pressure limiting valve
13. Shock and suction valve, PVLP
14. Pressure compensator
15. LS connection, port A
16. LS connection, port B
17. Suction valve, PVLA
PVE 18. Load drop check valve
19. Pilot oil supply for PVE
20. Max. oil flow adjustment screws for
ports Aand B
Bo| M 7|E7|4E (PVG 32, Danfoss)
HEE gYunol JEds W X0 FYLYY B A¥L e 2.
CZIERE(11)Y HAAE FUNA, oYW AB2YAE()] ZA A2 P ol Wz &
g, Byl wot YHZPAELS A 2UBE 2%
F QAR F S o4 AF W W, AuRAYU()S AP FL FRYoZ B3 AZL 3
2ol Yz, Az A ASUEIR(10)8 53 B3
- HEYHL QURYAE(O)Y $H A7, YHR=BR(1) PAZ AF A
- YHEEA 7I2REAA EA7I(14) 2 A, HAdAZ ZX dHGsH-FeHE R 22 F
suEEEe A%,
-H Y BAVIEREC] AE PY REeigAMdIME(18) T, AIME QUSE |H
- 7REES erAEEESL slsel Y A PY RESE AAWH glo| FF
- PVLP #E(13) ¥ =E A ¥ B FYEE PVLA(17) IE3ah/7Aulelold AEAd71s BE
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ol]E ZIF (Figure 9), 5)

2208 Al 7] #4878

of 228 AW sl % 4

El‘
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>
okt
|El
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o

7181 78 = (Figure 6), 2)
= "2 AEH ZF (Figure

Bk oc2d H EF

3)HId =Y Aol

M 2

LAH

o]

g LR £ i

1

B ] N\

e 13 26 1
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2 g 2
1.\_‘$‘${,1
.
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20

fﬁfﬁtf‘?

e S U e

Figure 6. Hydraulics piping of upper chamber left and upper
and rear door upper chamber cylinder
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Figure 7. Hydraulics piping of motor

- PROFORTIONAL

15
a8 17
[ G111 5 b@
LW T EF ;ﬁg
817
18

1. 10, BRUSH
2. 11 1/4 *1W*110D0L*5*305
3 12. 1/4 =1 W=450L*5%305
4. 13. 3/8.*
5 * PE1/4 * 3/8B{SWIVEL]]#5 14, 3
. TOR 4 MS*1 BSF/MM DO 13, 3
T 16. 3
3. JER v, &
9. 18. 3y

Figure 8. Hydraulics piping of film cutter 1 and film cutter 2
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]:29 2510 11 111035
27T 38
36
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3 <y
12
s F
52,
7 151418 53,
18 -
15 o
37,
LS B s =) &
T 38
22 26

Figure 9. Hydraulics piping of tailgate 1 cylinder and tailgate 2 cylinder and ring lift cylinder

21 6
1/4* 1 /4ISWIV.
T1/4]e5

LR A

Figure 10. Hydraulics piping of pick-up left cylinder and pick-up right cylinder
and OC knives cylinder and drop floor left and drop floor right
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¢} L

Film cutter cylinder

(d)

(9)Ring lift cylinder

(k)Main valve (before/after assembly)

2" year prototype

Figure 11. 2XtH A|&tZ] Micro Controller Unitat MA=9| A X|AEY

£ o= 25 (Figure 11).
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Al7171 4

A of A]

=%

O 2zpd AR 7] 9]

EE# PCAY Ul & ZEE# PCA”I Ul ICD & 7]IEE PC

H Aol sidol W7

.

=1 2 (Figure 1).

7] AL o

5]

11—
1

Ul main
controller PCA

Controller PCA

Ul ICD & kev board PCA

YA
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Compiler

= ot E7 371E /NEste] 23) 2= F4H (Figure 4).
DIZZ
Voo sus 72 oniig e 3n | e
e ofol= T oy o= e
|
i 3 et B9 BT
BE wE 0% B7I10] RPIEtoRas dux e %11101 Y
VIV X oo ] DELAY or4 M OFF
'8 N 4 N
DROP FLOOR| 1o garevp | | atsz DﬁgﬂFt?VOR || TAIL GATE UP
Y i 1 OFF DELAY L4 444 ON
ot5x | otexzar | | b
g N )
[ 9”$V°*’° ] moo wux | f=oror vy | | o mx
MIX
Ot7X F& i (0 T O SR

Figure 4. Sequence diagram for automatic operation (vinyl wrapping)

O BF MojAlamio] MW HEE WP W (Figure 5ol AE2H B wd P
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Figure 5.
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. VALVE CONTROL PARAMETER
1) MIN(%) : 25 [XX]
2) Ramp on time (sec) : 2.5 [X.X]
3) Ramp off time (sec) : 2.5 [XX]

RPM
1) MAX RPM :
2) LOW RP!

2 [XX]
5 XX

. Ring gear ratio : 30 : 1 XX]

2016.05.16. €3 130 30m

&8° wynaie gy

4. Cutter operation
1) STI (Set turn no) : 2T [XX]
2) P1 (op position) : 30 pulse [XX]

5. Ring gear stop position

e s
3) 3'rd : 25 pulse [XX]
4) RP : 20 pulse [XX]
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Table 13} 22 (HAEMKEN, 2012).
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g XY EXAY N (BAREMKES, 2015)
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Figure 1. Power relationships for agricultural tractors (ASAE D497.4, pp377)

A2 (Figure 1).
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MR : Motion resistance (k)
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where, N7 : Net traction, Drawbar pull (kN), GT : Gross traction (k)
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ZAEFE7Y AEA T )& ZAESRVY 2EAT (MRp)ol Higstel =
Q

o CIbyd,
"B (PLy+ W) /2

where, PL;: Weight of bale (kN), W, : Weight of forage harvester (kN)
C,5 - Wheel numeric of forage harvester

bp dp: Width and diameter of forage harvester wheel

SECTION
P
[ WIDTH, b
SECTION
FLANGE
WEgHT HEIGHTh |
OVERALL TIRE
NOMINAL RIM DIAMETER, d
CENTER LINE OF AXLE D IAMETER |
* o RIM
DIAMETER
;
|
STATIC
LOADED
RADIUS
| DEFLECTED
SECTION
HE1GHT
!
DEFLECTION,§ 1

Figure 2. Tire parameters (Brixius, 1987)

O EME-ZAIESE7] AAHY 40 AQHEE &2 2 A FXo| 71 BEst Zdog gt
e rEl2 EAMEO A FE RAIRESE7] ZFPA] A GE &85 18 stol /i E Brixiu
s (1987)9] A|Qt RHIZ HAQH o Zoji EYH/EALE E4S HElE €5 X% (Cone
Index)E ©o|&, EME 9 AJH o Fo Al = A 22 (Figure 2)

GT _ 88 (1—¢ ™72 )(1—¢ ™5) + 0.04
117
MR 1 0.5s
22 = + 0.04 +
w n n
NT _ —01B, -758 1 05s
= 0.88 (1—e (1 — e ) 2 =

GT . .. MR . . . .
where, W : Gross traction coefficient, W : Motion resistance coefficient
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. Net traction coefficient, W : Tire axle load kgf)

noload per wheel — actural load per wheel

S : Slip, ¥ ippageof drivewheels on soil sur face = noloadper wheel

O 7188 e AR AddEEr

B O[Mb/d 1+52/1+3Z
where, B, : Mobility number,
CI : Cone index(Soil condition: 356 kPa, 543 kPa, 1,429 kPa)
d : Tire deflection height (Z), b : Tire section width (L)
d : Overall tire diameter{(hx2) + rimdiameter —}5(L)
h : Tire section height (Z)

O T EME-RALE SR AR A9 AJdHZ A Fst=r o], EME-ZAIESET] AlA
Ho| 285t =Y E;E niHo] ME 42 AAY 5S4 BAF] 8 dEHo
2 357EY EYXA (CL 356 kPa, 543 kPa, 1,429 kPa)& H-&stgiom, Ao /g HhF
AL HAL+EQA S54 7120 E 800 kgfe B35S,

OB ATM HEH 35F9 I 202 ATYolA AYATIY (EFSAH mE HH Fe
ZAAIAR 7, 2000)01 A4 24 A= 1078 X199 3370 2G]RS ClAl+9 S4H 9
Q! 1,05073,170 kPaol thaf ZQl®o] Bo] Aa8e At 2AFEE A-8512lS (Table 1)

Table 1. Hardpan characteristics of selected fields (Cone Index)

Region CI (kPa) Region CI (kPa) Region CI (kPa)
seocheon 1,750 yeojoo-4 3,170 pajoo-3 1,260
booyeo-1 2,370 yeojoo-5 2,290 pajoo-4 1,070
booyeo-2 2,930 yeojoo-6 2,590 pajoo-5 1,820
booyeo-3 2,250 wonjoo-1 1,580 pajoo-6 1,680
kimjae-1 2,710 wonjoo-2 2,560 chilgok-1 1,260
kimjae-2 1,660 pyoungtaek-1 1,280 chilgok-2 1,560
kimjae-3 1,160 pyoungtaek-2 1,250 chilgok-3 1,480
kimjae-4 1,510 pyoungtaek-3 2,230 chilgok-4 2,220
yeojoo-1 2,980 pyoungtaek-4 1,160 daekoo 2,270
yeojoo-2 1,050 pajoo-1 1,320 kangseo-1 1,650
yeojoo-3 2,820 pajoo-2 1,170 kangseo-2 1,630

O Uudom AgHE AW ZAEZSH/Y £2FHES o AL olgslgiH of7ldA

Gy G2 (2, 3.6)2 A& (ASABE D497.7 2011).
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wer .. (kW)= C,+ Cm
aler 0 117ty

where, Py, : Power requirement of forage harvester, kW
m; . Mass feed rate of crop material (kg/s)

O 2ARFRZ Y

O o}

1000

where, P, : fluid power, kW, P :fluid pressure, kPa, F : fluid flow, L/s

e Round Bale Wrapper Operating Mechanism, Life Science Journal 2013;10(12s): 349-352)
Fei4le)
]

Figure 3. Mathematical modeling of wrapping machine (Zhortuylov et al, 2013, Analysis of Haylag

Cy, Cy : Constants related to forage harvester design and crop condition
s, kW, KJ/kg

FAARG ME A9 FH A4S B Ao Aster FUAY-S Hd
2 g8 F GRGEHAA AT EMEH-ZAIEFTHT] AARS g 49ntE ol Ao
AMe At
PxXF
Powerhydraulic(k W) =

15)9] $8% mEg o839, Figure 33}
b Wag FHS Aoz WEL AW Y Wad Y ()n BEL
ae B HYE FJHA7I7] 4 5 (P FAE
O o7l (P), (P)E Fote A2 faXdy sExde My ¥
YPoT EMH-ZARSY] AlAH] B £2nHo
Power

St A of A
wrapping (k W) = Pl + PZ
Power, (kW)= T, w,

Powery (kW) = T, w,

where, 77 : torque of the platform with the bale about the vertical axis
w; rangular velocity of bale rotation about axis

T, : torque of the platform with the bale about the longitudinal axis
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: angular velocity of bale rotation about axis

O EYE-zARSR7] A2HY) As 40 5 4540 UM PTO 42 ALt AL
ol&sidlerl FUS Atgste A AW Am L PR ZF2 HAGE A AEFoR
A4rol A A & 6l3l =

O R FElR AEAQ BN PTOAR 582 HE HOR A4 290P8S F6dls.

ower, . (kW) = required Powerof tractor
Nazle
) P
Power (kW) = required Powerof baler
Ubixe)
Power 7,400 (hp) = (Power,,,, + Powerppg) X 1.341
where, ... : 0.7770.80 (Zoz and Grisso, ASAE, 2003),
npro - 0.8270.84 (Zoz and Grisso, ASAE, 2003)
Power conversion factor : 1.341

O dFoMe 7I2H 0% ASAES] AYUSE ¥ AYdFgs 985S

O HeH ALY dF APEES 60786% HHjolu YHIHoZ 70%E A&l
olmjf AYPLE+= 2578.0 km/hol1 HFACE 50 km/hE 7IEstL U=

& AFA] (SP; sief-propelled machine) RAIEFE7]9] Z-2 APL£E7E 25710.0 km/he] H
oA ZAFES 60785% HHUY (Table 2).

O 7% LAY ZARSHIE ENE 450 HY TAE Deistel Ao WL HAY Ha
A0 2 t120] AoA Table 19 ZAIZLE7]19] AP LS T sto] A4eAd =,

Powe/r ractor
Powerﬂcld: Tract
Nfield
where, 7.4 - Forage harvester field efficiency 0.670.85, (ASAE D497.4)

O AEHE 2AR $87]9 AYTEY 60785% WA YerHow HEsE APELY 7

0%E M&otd EHEY 22542 95 pg 4% AUFLLE &
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Table 2. Field efficiency, field speed, and estimated life parameters (ASAE D497.4, pp380)

Estimated
Field efficiency Field speed life
Range Typical Range Typical Range Typical
Machine % % mph mph km/h km/h h
TRACTORS
2 wheel drive & stationary 12 000
4 wheel drive & crawler 16 000
TILLAGE & PLANTING
Moldboard plow 70-90 85 3.0-6.0 45 5.0~10.0 7.0 2000
Heavy-duty disk 70-90 85 3.5-6.0 45 55-10.0 7.0 2000
Tandem disk harrow 70-90 80 4.0-7.0 6.0 6.5-11.0 10.0 2000
(Coutter) chisel plow 70-90 85 4.0-6.5 5.0 6.5-10.5 8.0 2000
Field cultivator 70-90 85 5.0-8.0 7.0 8.0-13.0 11.0 2000
Spring tooth harrow 70-90 85 5.0-8.0 7.0 8.0-13.0 11.0 2000
Roller-packer 70-90 85 45-75 6.0 7.0-12.0 10.0 2000
Mulcher-packer 70-90 80 4.0-7.0 5.0 6.5-11.0 8.0 2000
Rotary hoe 70-85 80 8.0-14.0 12.0 13-22.5 19.0 2000
Row crop cultivator 70-90 80 3.0-7.0 5.0 5.0-11.0 8.0 2000
Rotary tiller 70-90 85 1.0-4.5 3.0 2.0-7.0 5.0 1500
Row crop planter 50-75 65 4.0-7.0 55 6.5-11.0 9.0 1500
Grain drill 55-80 70 4.0-7.0 5.0 6.5-11.0 8.0 1500
HARVESTING
Corn picker sheller 60-75 65 2.0-4.0 25 3.0-6.5 4.0 2000
Combine 60-75 65 2.0-5.0 3.0 3.0-65 5.0 2000
Combine (SP)" 65-80 70 2.0-5.0 3.0 3.0-65 5.0 3000
Mower 75-85 80 3.0-6.0 5.0 5.0-10.0 8.0 2000
Mower (rotary) 75-90 80 5.0-12.0 7.0 8.0-19.0 11.0 2000
Mower-conditioner 75-85 80 3.0-6.0 5.0 5.0-10.0 8.0 2500
Mower-conditioner (rotary) 75-90 80 5.0-12.0 7.0 8.0-19.0 11.0 2500
Windrower (SP) 70-85 80 3.0-8.0 5.0 5.0-13.0 8.0 3000

- -Sige-d-e”-\/e-rv-ra-kg - . EEEn JQ”QO- LB I ﬁQ - m . -4D—ﬁo - mEE. ﬁp- - = ﬁs‘—‘J&ﬂ- - = -1QQ - . EE. -Q-RW—

o1 ct o175 10T e 2 £ o e e e i 0K R - X0 R 10 o8
Potato harvester 55-70 60 1.5-4.0 2.5 2.5-6.5 40 2500
Cotton picker (SP) 60-75 70 2.0-4.0 3.0 3.0-6.0 4.5 3000
MISCELLANEOUS
Fertilizer spreader 60-80 70 5.0-10.0 70 8.0-16.0 11.0 1200
Boom-type sprayer 50-80 65 3.0-7.0 65 50-115 10.5 1500
Air-carrier sprayer 55-70 60 2.0-5.0 30 I0-R0 5.0 2000
Bean puller-windrower 70-90 80 4.0-7.0 50 RA-18 8.0 2000
Beet topper/stalk chopper 70-90 80 4.0-7.0 50 £ TR 8.0 1200
Forage blower 1500
Forage wagon 2000
Wagon 3000
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38) F2= NS SYXAL

O MEEE RAIRESE7]|Y Ao JARFE Htgstr] fal FotAlotEe F5, dE, gk §
Fof QA Sl T FHZA W BAS 25U

O QARSY 2 R AL B AT BH FUY ZARFHY Lol ol AARA
A e eRAY W fAESTL] glof WA AARAE FE AUt 2BAA
A8 WA 54 25D ZEHA Aol HES AABYY LAS £ Ak AER. S
3, AR e Fol vdo AAMYT AR AHE GAL W Epts 2A 3
B HHe4rt WEH dEw S, sldete WEPA BH4r WEHl A1
BE detRe AZ2a4rt HE5H.

O FoRlotd S RIFo) EA4ol mpat ot QAX g o]zt AeH FH52 T A7 AR
£ BES AUD Yom, YRS B Aol We BEoln, #F2 57 B850l 4R} 2
AL SYoE BAY RAZAN, Sololde slEMoz Bugde] $4¢ 2= A0E 1
el BAZBEE AR AAZR & 4 Ak BF, & WEH SH0= vepEz
R AA4e HIAA FEo e ZheAgol W AEJH Fedoz e AJAR S
H AAEAGAA & zole gle Ao HHEJH E40] o]&et 7128 AF Sl et &
Be o 28

Tabde |, Te meanamhm pometric data for Fosl Asian adulls

LIl () Taivenese Chinese Japanese Kuorezn

Mol e Fenule Ikl Fenele Mal e Fenule ale Female

Hlaure Lo | 573 |6y 1570 | B 564 L703 | 5hY

Fyie: hei ght [579 1457 [ 568 1454 | 563 ldds | 588 [ &0

Jowe hei ghl (407 1354 1455 1354 1455 1348 A A

Shuiul der height 1341 | 285 1367 1271 | 374 1270 [ 383 [ 389

[ byw i ght  stravighl arn) | IEE 1 Qod | (5 ORY | (el o83 WA M

Wiial heigt 544 704 g7 g 826 760 N NA

Fingerlip heighl na7 h20 MNA i naY oll ¢ il

[Head length 232 219 223 210 235 221 |82 173

Upperarmlemgth 2 241 33 284 315 291 ML NA

IPorenim length Hn 213 237 213 253 230 MA MNA

[Mand Tength 192 1 74 |83 171 | &2 168 | &9 | 75

Hizcromial [weadth 375 331 375 331 JHH 348 391 352

hiulder breaudh 433 410 431 7 444 402 431 406

Chesl bresudth ja2 03 M0 L] 32 281 ML NA

Hip braadih 3lE 322 30 37 330 333 322 R

Armpit height 1274 | 178 M MA | 260 1171 |27 | 202

Trochanter height HSY B o0y 915 NA NA §42 791

[Knee height 444 412 424 440 444 412 A N

Lelt laterad yralleolus height 1 i MA A i i 41 ML M

Horizonal Fingerip reach { Fom wall) 520 7a7 A A 520 751 521 Tan

[l by bt gl 1 el i |55 UH0 [1324 960 | (¥ 3 965 | iy 77

Whisl haight Y 919 NA. (i SH0 QU8R [ 026 D00

Crolchheipgh 7l inz 70 732 748 704 757 718

Vertical Hngertip reach aran 1t Ml A 2095 1928 2135 | il

[l v height, silling Bl 254 23 251 270 253 268 201

[y height, silling THE 735 T (EL 78y 732 "ow 7y

Hilting hei ghi a7 848 iy 855 U 850 uzl K

Vartical fingertip reach, silling 1331 218 MA MNA | 314 1208 [ 30 [ 348

Knee haghl, alling 523 472 493 458 ™A [P s 4731

Poplitel height, sitling 408 3T 413 382 kR 362 410 354

Butteck Lo popliteal length, silting 454 430 451 433 452 437 470 44qu

Butteck Lo fronl of knee [engh, sitling 35K 530 554 528 559 531 553 53N

Wi ght (kg 67.5 538 590 52.0 (55 52.2 a6.0 535
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O BHob FaFel 49l e FF AAXSE Table 13 21 4o BE Flo] e FHe
AE9] 7lo] thgt AAH]| &L Table 22t £ (Lin and Wang, 2004).
Table 2, The bodly proporctioms Lo e men staluee For el Asianadulls
UniLf mn1) e He Chinesa Jopanege Ko rem
Ml e Female Miale Fenmle  hiale Fenule  Wale Femile
e lrzight a2y 934 093 IR 0oz 0,223 0,230 0532
Jonar e g (.80 11801 0.H&T 862 U.Es] 154 NA [
Swul der haighl el a7 0815 e nel3 1.0 el 1513
Elbowheight Calaight. tuod 1 a4 0028 h.a2 o310 0.adi NA M
Wiist heighl 0420 [.505 0A87 0A93 0489 458 M M
Fingestips hei phl 0380 (.39 N MA .39 11350 0.377 1351
Head lengih 130 134 0133 138 0n.13m 0141 NA i
Upper arm lenglh 0A7E 154 0.1 s n1sl 1.1 Bir 0185 MA Mt
Forearm Lergh 0141 n.135 0141 0130 01449 0.1da WA HA
Hand lengh i3 nlll 0,105 0109 0.1 08 .17 il 110
Bincromial breadth 0,221 .21 0,223 (1.224 0,230 1.222 10.224 .22
Wrulder breadih 257 1301 0as? 11,353 1200 1250 1204 1254
Chest breadth N .18 01e? 1.1 ab 0155 01734 MA Ny
Hip breadh g7 £.304 0182 [.202 0.201 1213 15K 0.201
Armpil height 350 [n.7240 [T MNA 0. 740 1,740 0.7410 1.757
Trachanter height 11,500 a1l i M N MA 43 IR
Knee heigl 0265 0262 0.265 [.284 1.2 6ii l.252 HA M
Lefl lateral nalleolus  0L040 [a34 ™A ™A n.0x: 1.020 KA KA
Horizonal Fingedip 0486 [Ax3 i A 0485 0478 4e| 04739
Elbowheight (Mexed 0621 1623 Dalo niall nal? el il 3 x5
Whisl bezighl (A4 [.584 e Fi MNA 0580 1574 0.6 ] IREIL
Crotch height 0430 0A4n 0471 LAa6 1443 114440 1444 1453
Verlical [gertip |.244 1.333 N MNA [.244] |.224 .24 5 1.235
Elbowheight, gilling 0155 n.1a2 0157 n.1an 0,1 &0 t1al 1155 U1ad
e lsight, #lling 124 i nAL7 0470 nA7 04a7? 047 1474 0477
S lting height 0.3% 534 0.541 [.545 I.538 i1.543 .54 10 i1.5a
Vertical Higerlip (1.754 .74 M MA N7 17910 1784 1.78a
Knee hetgl, silling 0308 11301 0.2t n.292 MNA A 12095 1.2
Fopditesl hei ght. 240 0241 0,346 n.243 n2* 0.231 0240 0.243
Butlogk te popitead 0207 a4 03273 a0 0267 0274 0275 0,283
Bttock to franl ol 0320 1337 (0.330 [.337 0.33] 1.338 10.324 1,333
< Lin and Wang (2004)8] s5oF o= A< X FH AAXFE vlastH AL g |
00%e 7= 2 tgt 995%, 5= 983%, Y2 99.0%=E 0571.7%2 Xolg RIS
O O™ 2k F/PEE 7] (1.000)0] B 2 HHe 40 4HASE £5HOR BFD U (T
able 2).
O EFE o7 ol S 0.6~

100%E 7122 2t 100.6%, 5= 98.8%, Y= 993%E zlol=

1.2%°]H, TEz] Hol= 7t 100.9%, 5= 97.9%, Y& 99.7%E xlol= 0.372.1%°]1, &zl

Lol gt 975%, UE 955% 2 xjo]l= 25745%0|H, e ziAMolA TR Zol= gty
Al

y LR -
Z20] 992%, Y2 101.9%F x}o]l= 087 1.9%E & xlo|7} Qe Aog BARYL (Figure
1.7 Figure 8.).

ML o
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1,710
1,705
1,700
1,695
1.690
1,685
1,680
1,675
1.670
1,665
1,660

1,699

1,690

Taiwanese Chinese Japanese Korean

Figure 1. Mean anthropometric data — stature
(Unit; mm)
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7‘ Taiwanesel Chinese I Japanese I Korean
Figure 3. Mean anthropometric data — elbow
height -straight arm (Unit; mm)
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200

Taiwanese Chinese Japanese Korean
Figure 5. Mean anthropometric data — foream
length (Unit; mm)
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1,024

Taiwanese Chinese Japanese Korean

Figure 7. Mean anthropometric data — elbow
height —flexed arm (Unit; mm)

Taiwanese Chinese Japanese Korean

Figure 2. Mean anthropometric data — shoulder
height (Unit; mm)

302 515

Taiwanese Chinese Japanese Korean
Figure 4. Mean anthropometric data — upper
arm length (Unit; mm)
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Figure 6. Mean anthropometric data — knee
height (Unit; mm)
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Figure 8. Mean anthropometric data — elbow

height —sitting (Unit; mm)
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Fe cheal 2g. 71EHoR 4 A

O BAH ofrlopH Al FA ol MUE iAo tdt zAR 2
oA Z =9 Eol= 0.92770.930, 21712 =ol&= 0.81070.8190]0, o714l

Taiwanese male Chinese male Japanese male

Figure 9. The illustration of segment proportions for East Asian male adults in standing posture

e cheu Zrt A2RoR 4 RA

=ol= 0.81070.81701H, o7}

lo

[}

A
= AR
A ol &S F= 59 Eole= 092670932, o7
L 0.25370.2612 YERS (Figure 10).

l— 0.256H

[&— 0.261H —»

Korean female

Taiwanese female Chinese female Japanese female

Figure 10. The illustration of segment proportions for East Asian female adults in standing
posture
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O BAE ofrlobE A FAe o2 XAl tig EARFE L o2l 2. ZEAHO0E 2 XA
oAl Ao JFE FL= =9 =o|l= 046470.4740|0, FE=0o]= 0.23470.246, T =o0] 0.1
5570.1602. 2 el (Figure 11)

Korean male

Taiwanese male Chinese male Japanese male

Figure 11. The illustration of segment proportions for East Asian male adults in sitting posture

O =244 O}Alo} B A9 2 AAMol Hig =ARE S el 2. 7124 s
= =9 &0l 04677047701, FEE0l= 023170243, & %0] 0.1

2 (Figure 12).

H
——————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.8H
0.6H

““““ E‘GE‘TEH':'
Ee K 0:338H- —

0.231H

0.241H
L

Taiwanese female Chinese female

Figure 12. The illustration of segment proportions for East

=

Japancse female Korcan female

Asian female adults in sitting posture

O BAE olrobd ARl FA4e Faxed 71, oi7lEo], EA o], 7 Eol, R2 EXA
EolE Alastd o=t 25 (Figure 13).
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Figure 13. The comparison of the mean anthropometric data for East Asian adults

el FUHOE BASE 929 AAASE WE AAL SoilotdY FaF AMAS
7 AEE Ao exol 2 4L nlAX Eak Aoz B4 2ARSHE AEY
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Agricultural tractor(4WD) Integral forage harvester

Front axle Rear axle Pickupguide  Rear axle
wheel axle

Figure 1. Schematic of the Tractor-Forage harvester system
23hd @AYol AHEEE DALY D851 RHol sl M3t

d < E
hp (61kW)ol™, HhziQ12® u|&-e 86.4%o|r} =&1
=X

, FRASE, 7AIASE, (Y €6E 52 Table 1

Table 1. The test results of the Traction force applied tractor

Gearshift position Power  Traction force  Drivin Engine  Slip ratio Fuel Specific
(kgf) spee (rpm) of wheel consumpti energy
(ps) (knyh) %  onrate  (psh/)

@/psh)
Low speed-3 8.2 2726 0.81 2333 15.0 1090 0.763
Low speed-4 12.7 2660 1.29 2340 15.0 711 1.170
Medium speed-1 19.7 2657 2.00 2334 15.0 580 1435
Medium speed-2 27.8 2605 2.88 2329 15.0 420 1.981
Medium speed-3 37.6 2602 3.91 2320 15.0 350 2.376
Medium speed-4 58.2 2550 6.16 2293 15.0 280 2.970
High speed-1 715 2354 8.20 2000 9.8 237 3.512
High speed-2 70.5 1461 13.03 2002 24 237 3.506
High speed-3 69.5 1048 17.92 2001 1.9 237 3.516

1. Temperature range of the fuel : 41~42°C, 2. Temperature range of the cooling water : 86~89°C, 3.
Temperature range of the engine oil : 82~100°C, 4. Temperature range of outside : 22~24°C, 5. Relative
Humidity : 36~42%, 6. Atmospheric pressure : 101.3~102 kPa

O BHEFRO AHE&d EHEL RAEFF ZAH X+ R T 52 el £5(Table 2).

Table 2. Specifications of tractors and harvesters applied to the stability analysis

Tractor* Forage harvester**
Length (mm) 4,075 Length (mm) 2,880
Width (mm) 2,010 Width (mm) 2,376
Height (mm) 2,735 Height (mm) 2,076
Weight (kg) 3,840 Weight (kg) 2,200
- Front wheel (kg) 1,465 (42.1%) - Weight transfer (kg) 480 (20.9%)
- Rear wheel (kg) 2,015 (57.9%) - Rear wheel (kg) 1,820 (79.1%)
Wheelbase (mm) 2,142 Hitch vertical distance (mm) -
Front wheel distance (mm) 1,460 Frant wheel distance (mm) -
Rear wheel distance (mm) 1,530 Rear wheel distance (mm) 1,869
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* Test report 04-M-1-37 (NAMRI/RDA, 2004),
** Specifications of the manufactory Ltd., 2016
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(LTHS— Xg) X LFRL+2Yg < LTHS

( g+12)x(2LTHS » cosy— LFRL « sinv)
\+ PHX(LFRL + siny—3Xg * cosy+2Yg * sinvy)
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(A AL T wzk 27050l A
AEZF 3245 (FAHZ 05),
HZF Q0T oA 270 HY

32.4% (WAL 180%), &

D4
=
==

)

|

lo

Table 3. The results of overturning angle in accordance with the change of the deflection angle

,.)/* a** ,Y* a** ,Y* a** ,.y* a**
10 32.72 100 76.57 190 32.72 280 76.57
20 33.84 110 63.18 200 33.84 290 63.18
30 35.91 120 52.88 210 3591 300 52.88
40 39.14 130 4543 220 39.14 310 4543
50 43.90 140 40.19 230 43.90 320 40.19
60 50.73 150 36.61 240 50.73 330 36.61
70 60.25 160 34.27 250 60.25 340 34.27
80 72.88 170 32.92 260 72.88 350 3292
90 - 180 3242 270 - 360 3242

* Deflection angle, ** Overturning angle
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O AL YRR & ajo HAF FAST ol APYFTEL o]EXQ Ao it §§
A 5HO HEE RAIESFEVY PGS (0]EAHQ AP Zo gt ezFol} AB|A] A|TH
AR, BRH 2ASH, dAAEAL 52 18)S HE3 A0 Azle®S Folen HEd =4
2 o9 Al 22 (ASABE

10
where, : Capacity per hour (ha/h)
S : Design condition, working speed per hour
W : Design condition, effective working width
Ef : Design condition, Working efficiency (standard 70%)
10 : Coefficient (10,000(ni/ha) divided by 1,000 (km per meter))

O o]l2A0l MAR |5 AoA Y ZL RAIELEZ FHU] HY = 1.8 mE HEY S
i 5 km/he] X7AdA FAXAMefol| mal 34 ¥HEgsts 2UEES 407 300%2]

HOZ sl /MEE RAIELE7]E 10 km/he AL EolA 07754 ha/he Azls®8S Z

L ol

T AA

rix

AAzlsHol thet Hd AdesEo 42 AuiA] HHARAT FEHEE, § A
]

Ao g It WY § /e S50l 250 kg
0

Table 4. The working capacity(ha/h) in accordance with the change of the driving speed (km/h) a
nd working efficiency (%)

Working efficiency (%)
40 60 70 80 100 120 140 160 180 200 220 240 260 280 300

1 01 01 01 01 02 02 03 03 03 04 04 04 05 05 05

VOV 2 01 02 03 03 04 04 05 06 06 07 08 09 09 10 11
r 3 02 03 04 04 05 06 08 09 10 11 12 13 14 15 16

k 4 03 04 05 06 07 09 10 12 13 14 16 17 19 20 22

r|1 5 04 05 06 07 09 11 13 14 16 18 20 22 23 25 27

g 6 04 06 08 09 11 13 15 17 19 22 24 26 28 30 32
s 7 05 08 09 10 13 15 18 20 23 25 28 30 33 35 3.8

p 8 06 09 10 12 14 17 20 23 26 29 32 35 37 40 43

e 9 06 10 11 13 16 19 23 26 29 32 36 39 42 45 49
(ej 10 07 11 13 14 18 22 25 29 32 36 40 43 47 50 54
. 11 08 12 14 16 20 24 28 3.2 36 40 44 48 51 55 59
k12 09 13 15 17 22 26 30 35 39 43 438 5.2 56 60 65

r? 13 09 14 16 19 23 28 33 37 42 47 51 56 61 66 70
h 14 10 15 18 20 25 30 35 40 45 50 55 60 66 71 76

T~ 15 11 16 19 22 27 32 3.8 43 49 54 59 65 70 76 81
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Table 5. The bale production capacity (ea/h, 250kg/ea) in accordance with the change of the wor
king area (ha) and collecting wight (kg/ha)

Working area (ha)
05 1 15 2 25 3 35 4 45 5 55 6 65 7 7.5
1,000 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

1,500 6 9 12 15 18 21 24 27 30 33 36 39 42 45
2,000 8 12 16 20 24 28 40 44 48 52 56 60
2,500 10 15 20 25 35 50 55 60 65 70 75

3
4
5
3,000 6 12 18 24 30 48 54 60 66 72 78 84 90
7
8
9

3,500 14 21 28 35 56 63 70 77 84 91 98 105
4,000 16 24 32 40 48 56 64 72 80 88 96 104 112 120
4,500 18 27 36 45 54 63 72 81 90 99 108 117 126 135

5,000 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
5,500 11 22 33 44 55 66 77 88 99 110 121 132 143 154 165
6,000 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
6,500 13 26 39 52 65 78 91 104 117 130 143 156 169 182 195
7,000 14 28 42 56 70 84 98 112 126 140 154 168 182 19 210
7,500 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225
8,000 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240
8,500 17 34 51 68 85 102 119 136 153 170 187 204 221 238 255
9,000 18 36 54 72 90 108 126 144 162 180 198 216 234 252 270
9,500 19 38 57 76 95 114 133 152 171 190 209 228 247 266 285
10,000 20 IT 60 80 100 120 140 160 180 200 220 240 260 280 300

(v>~a®x) ~5Q@ -0 Q5 ——+a® ——0 N

40) AEV|9 EFAY dsSEM (ZL/HF/0IEZ|Q 2lo| At /Sy /75)

(B Fo] 4= &y A¥RELE ] of Biosystems Eng.oll Y202 =2 E15192)

Vinyl wrapping

o) l -::'.
PTO connecting \ device

device
Rotor device
g & Pick-up device

Figure 1. Schematic of the developed tractor with an attachable Integrated multi-purpose forage
harvester
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M440)o &= knives (D-0), fixing knife (@-®)2} scraper (@-(f)7} X EetslH
HZ o]&sto EE|F o RAIEE FaEote AU 4AE EH Hxe L4 S
TR0 R AFERS. BE5ZATE Figure 2014 EE dHiel o] 1.4 barolA HoiH
mm (©), F-&H 172.38 MPa (©, ®), dXA S 3972 HufstFol st tdA s, 2.
Z351912 (Figure 2).

o
— Op i

=

2 oo rd

o
fijo

O EEBAE BE ZAROA FFELE RAIEE ¥EE HYE F4ste BAY. 1871 Ei7t
~°- 2 HiREH =2 FAYHEoZ HYS e EAXE 7IeEE HEF58 17, bal
5 ZZ+9] roller= drum (@-(2))a}

gear (@-(0)2} shaft (@-@) (2H2; SS40

[\
>
[¢]
14
2
iy
oo
[\
N
s )
ox
1
L
oo
(SN
=
Hu
o
ox
i
L
]
J

1 3]
olo &% rectangular protrusion (@-(b))o] drivin
0)oll F&E= & 192 (Figure 3).

Figure 2. Rotor device (@DStructural analysis(displacement), @Structural analysis(Stress), @ Structural
analysis (Maximum stress), @Rotor device ((a)Bottom frame, (b)Knives, (c)Shaft, (d)Main frame/left,
(e)Kinfe frame, (f)Scraper, (9)Fixing knife, (h)Main frame/right))
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Figure 3. Roller device (DStructural analysis(displacement), @Structural analysis(stress), @Structural
analysis (maximum stress), @Roller device((a)Drum, (b)Rectangular protrusion, (c)Driving gear, (d)Shaf

O AAE E8BAE FTL
z

= 4 TRz AS6E. A58 Figure 3014 2
© H& gol =7E9 J&5H 1 bar

5 , = o A} rectangular pr
otrusiono] 600 N& 75t XA0A HhHY 05 mm (©), FH-&3 93.7 MPa (©, ®), ¢

&
R
it
i
ol
o
Wi

& Sl WA F4 2dol &d8d F Hid=s #Bste FalA.

AA driving part (D)2} passive part (2)F Hr}. driving part= passive partES
riving gear (@-()2} guide roller (®- (C)) —TL JE]0y, passive part= passive rin
assive gear (@-0)o] T 702 wrap holder (@-(f), @-®)7} FAEHA H]2S =

S T Ao Hd B2 AW Y BoE 15 P2 28pmoE 1% 55

T Q.

o—o.ﬂ’“r?.ii
olr

2l ol Ua  for oX
E rr = lﬂ rr
N o=
or
o D

(e}
SHE E8{& 25rpmoZE IS & AASI S (Figure 4).

Figure 4. Vinyl wrapping device (DVinyl wrapper driving part((a)Support structure, (b)Guide roller-A,
(c)Driving gear, (d)Adjust structure, (e)Guide roller-B), @Vinyl wrapper passive part((a)Passive ring,
(b)Passive ring gear, (c)Wrap guide, (d)Wrap mounted plate, (e)Wrap holder mounted plate, (f)Wrap
holder/left, (g)Wrap holder/right))

O ZAEFHE7E AAME ol&sto] AMojd. 4 AAE2 /fEAQ 23 7|sAlolE Ag AdH,

NE AMES] 72

1) 45 A Mmoo 7EE &Qlsl= top hat angle sensor,

2) ME A8 229 B4z 2 &st= net knife out sensor,

o o o
3) AR HYY FHLFRE XK ol &S+ bale succeeded sensor,
4) 75 B FAUT L ML+ E Aolshe= ring pulse sensor,
5) #3 XY g7 F n)d Hobddo] FHXE &Qst= cutter down sensor,
6) 5 B FHXE FU5IE ring zero sensor,

215
7) 28 229 ZYXE &Ust= rotor knife sensordd
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O NEE 58S

&

+87)s 2dE 9 §

=0, harvester? ZHFH2

5) 28 ZAE FEEE 2A2E AUSUA 2 T,

4) 2R 2H ZACIA FIHE 2ARE SYHVA WAL A,

5) Hl'd AWPAE AW WUol HEMo wde Zop MU AdAE APFTHo=
ol %]

O MR ZAERTHE7Y de BrtehZ] A AREZS 2 ARFEQY 22, HE, ode|d
gtol1ztA (IRG)Y AHiRIZ z2]d X2 AIBAMAE T AL 2ue AP & EYE
= th=ik 2ol ZAbsllE (Table 1).

Table 1. Soil environment of experimental area

Forage crop Rye-straw Rice-straw IRG
Area Districts Hoengseong-gun Ansung-si Pyeongtack-si
Latitude 37°31' 34.14"N 36°59' 10.11"N 36°59' 44.71"N
Longitude 127°50" 48.65"N 127°10' 46.15"N 127°0' 10.72"E
Soil* Characteristics Sandy Loam Loam Clay Loam
pH 6.5 6.8 6.9
EC(d/Sm) 0.55 0.48 0.59
Organic
mattgr ko) 113 24 31
Topography** Land-use Upland Paddy filed Paddy filed
Gradient(%) 2~7 0~2 0~2
Drainage class Good Very good Very good

* Analysis test report (FACT, 16-Soil-1-01188/16-Soil-1-01262/16-Soil-1-01256, 2016),
** Korean soil information system (RDA, http://soil.rda.go.kr, 2016)

O AFERLS 7120 ubEe S Fol ubgeh wZ ol&z|Qh glo]aztAl] AufR Y. AFo
AbEH EX]o] EAL sandy loam, loam, clay loamo|i pHE 6.5, 6.8, 6.90]1, ECE 0.55,
0.48, 0.5901H, |§71EL 113, 24, 319 HYY.

O ESH ANPAH EHOE APEZAS BF 2EZAS sl ¥ = = (RAR A8)oln, FAE=
277%, 072%, 072% WHol, sl d2 5, e, s

Hol MERE A F2ME2 o|&ra]Qr glo] gtA . ol&g| ¢t glo]lagtA
TS S~ GEE AIRZE AuiE A H| 7} Z+zt
Ao AFFZEQ Wo BAER A=A 03 797 957ha oA 4817HE0

, 14.7%°|c}. =
S (KOSIS,
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| tie 27 =22 70.99%,
1%, 2.88%, 10.52%, A 1.11%, 3.33%, 3.54%,

HEe BASIET,
1

O 1
2HRE

ko=t
1

5.80%, 25.06%°]1 REHIAL 1.

13.94%, 28.79%, 24.45%, X3

O ESH HEEERO 7154 2EQ NDF (Non Detergent Fiber)= 202} 22.34%, 56.31%, 44.29%
olm, AEA3E&2 2 EQ ADF (Acid Detergent Fiber)= Z+ZF 14.15%, 32.10%, 25.21% 5
=42 (Analysis test report 16-C-1202/1510/1356, FACT, 2016).

[&dol = F4bsrtolA wol AMgE &=
=0

E
A7) BUL ol §HUS

HEjo] A2 MAEH ARSI E RS0
(Table 2).

E

)

O T FARAAFH| A12H EHEE DALY D851 R E dF FALE 2000rpmol Al PTO FH)
E3o] 83psoln, U™ 2,72671,048 kgf WA 0.81717.92km/hre] FHELTE 23
RS ojede|Qt glo]data FRAAAN AHEEH EHE= ofE DAY TTV610 BEHIE A7 &
A& 2100rpmol A PTO &= o] 102ps©l™, 0734.0km/hre] o|2FPEEE 7243 737
I ZFEARog Ran xAE4Er|= Aagos Y Zo] 1,800 mmolH, AAEE S
Zol HYdLS E 1,000 mm, Zo] 1,000 mme ¥EFAoE /LEFS.

Table 2. Specifications of the tractor and integrated multi-purpose forage harvester

Tractor Forage harvester***
Model D851* TTV610**  Model Multi-pro
PTO power/speed(ps/rpm) 83/2,000  102/2,100 Applicable tractor(ps) >90~99
Weight(kg) 3,840 7,410 Weight(kg) 2,200
Dimensions Width(mm) 2,010 2,520 Bale Diameter(mm) 1,000
Length(mm) 4,075 5,230 Length(mm) 1,000
Height(mm) 2,735 2,960 Dimensions  Pick-up(mm) 1,800
Wheel distance(mm) 2,142 2,767 Width(mm) 2,376
Min. Rotation radius(mm) 3,440 5,120%*** Length(mm) 2,880
Standard PTO speed(rpm) 540 540 Height(mm) 2,076

* Test report 04-M-1-37 (NAMRI/RDA, 2004),

** Test report 12-M-6-75 (FACT, 2012),

*** Specif ications of the developed harvester, 2016,
**** Specifications of the manufactory Ltd, 2016

O FRFAP L EWE (AAAREAS 2000rpm, PTOE S 540rpm)e] £8L 1A A7 Atejol
A ABERNS. TFARREHL2 tjAT-Fojel AP E7Z JxH defolAd HY Adibsy &
BoZ AT APEsHE Sy, IFEH = AIZFLE7] AHE Ao BEEH AME £9
PR H2 TS
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o_m
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} 500 mm ©]4}, 2007500 mm

ol 75

Zlo] o]z-& 200 mm ©olsls FEE=H}o]

il

o_m

)

Figure 5. Test field for forage harvester (DRye-straw field, @IRG field, ®@Rice-straw field)

H 32U r]AT-Fof olx Mo 230 kg-forage/m’olM ol %X Fol& 325 kg-forage/m’E

No

o__”._

of A1

olgz|9t 2fol

0.567 kg-forage/m?*

S
T

Elon, Fol

w51

b8

1

8 kg-forage/m’Z 614% A=

ol

]

Hzd FeolA 4

forage/m*E 157%

2.40 kg-

=
T

Aol 1.53 kg-forage/m’oll Al ol X Fo

< (Figure 5).

—_

A3l 2 (Figure 6).

_x__l

Qo HAZ 43

Bl

59.2%, 51.0%, 39.7%% T4

o
T

4%, 41.5%, 37.0%2 Zaotony, olgta|t gto]TetAE 55.0%, 52.4%, 50.6%% ZAsh

Yol 3

T80 =

)

2 Q AlZto] RpA| Bt

1

3%

[e;
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Figure 6. Performance test for tracor with an attachable integrated multi-purpose forage harvester
(Rye-straw) (@Pick-up, @Rolling, ®Netting, @Wrapping, ®Discharging, ®Preparations and etc.)

O R, Ar1Mos Mol® WERY 42417, WHIY L2417 HE 5 2247 LW
o =) ZAE e = (O|FE|Y 2ol atA)l e 43 42417 5O 7|} £24]
Zrol A= 745195 (Table 3).

Table 3. Bale produced capacity in accordance with the change of the driving speed

Forage crop Rye-straw Rice-straw IRG
Driving speed(km/hr)* 23 3.2 51 43 5.0 6.2 7.0 83 9.5
Pick-up-Rolling* 713 512 323 365 337 280 582 524 485
Working Netting* 55 55 55 55 55 55 55 55 55

time .

(sec/bale) Wrapping* 304 304 304 304 304 304 304 304 304
Discharging* 5.2 52 5.2 5.2 5.2 5.2 52 5.2 52
etc.* 8.0 8.0 8.0 6.5 6.5 6.5 5.0 5.0 5.0
Total** 1204 1003 814 841 813 756 1043 985 946

Working distance(sec/bale)* 450 452 462 435 468 479 1137 1206 1282
Bale Diameter(mm) 1,023 1,048 1,052 1,025 1,053 1,058 1,030 1,050 1,060
specif Length(mm) 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
-ications* Weight(kg) 2325 2335 2380 2045 2200 2250 3090 3275 3475

* This category represents average value of samples at each process,
** The total working time is obtained by adding the average value for each process

sol AL FPLo 7t 23 km/hrol Al 3078, 3.2 km/hroll A 3671,

<> Zliﬁg_/il\_cl:lﬂ H.ﬂo]gl AH A} =)

= = O "

Mo
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5.1 km/hroll Al 447 53 Aoy AAEE HAY FEALE 6.8E, 84&, 105ECF
Ehg. ESH HRAS ZALT 473 km/hroll Al 4370, 5.0 km/hroll Al 4478, 6.2 km/hroll Al 487
ol AAEl= WU FFRAE 44 88E, 9.7E, 10.7ELZE YEPE,

=
N

-~
N

-~

)

O ok glolTatAE FEE 7.0 km/hroll A 3570, 8.3 km/hrollAl 3770, 9.5 km/hroil A
387j0)m, AjAtElE W 7 1078, 1208, 132802 vehd. oS A@z7
oM FHEE | km 5712 @ 2712 44T 4+ Qb WY 47 2L 57, WA 267,
ol ol kA 12742 B4,

(o]
o
o
)
rlr
N =

Discharging
, 52,5%

Pick- . . i -
up-Rolling, Discharging

51.6,51% »5.2,6%

up-Rolling,
2.7,41%

Wrapping,
30.4,30%
Wrapping,
30.4,38%

Netting, Netting,
5.5,6% etc., 5.0, 55,7%
Discharging 59
, 5.2,5% | Pick-
up-Rolling,
3.0,53%

Wrapping,
30.4,31%

Netting,
55,6%

Figure 7. The ratio of the working time (%) (®DRye-straw, @Rice-straw, QIRG)

O AR AF0olA B HLY FERAE Y 2347 kg, WA 2165 kg, olde|et gho] 1z
A 328.0 kgE HEPZ

O AgEY FYEEY Skl meEt HE2EE HLY FRAE 24%, 10.0%, 12.4% S/t
AEL 2.8%, 3.2%, 2.9% =718 (Table 3). EdH FAEE Frto] et SAx7 HYLFA &
g9 AAAISO BESSHE AIZHe] ZPd A7 ZojX] Aoz sy

O RAIRY Az F22 RAESE7|Y HY = oy ed 3550 EME FYEST o A
A1 ZFFEHE S8 24772.82% (B 2.61%), H3 1.7572.05% (B 1.89%), o=zt 2}
olaatA 1.5071.65% (B 1.57%) A= LERL,

O BAZAL Y& Frio mE ZHFER|Y HIE $H2 0.35%, B2 027%, ol 2t
ojlJElAE 0.28% S7tetdl ot & Hales gle Ao E YEPZ (Table 4).

O FRE BAL 37 500 mm °]Ad 2007500 mm, 200 mm ©]EtE 3EFE XHE, M h
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Table 4. Residues ratio change in accordance with the change of the driving speed (kg/bale)

Forage crop Rye-straw Rice-straw IRG

Driving speed(km/hr)* 23 32 51 43 5.0 6.2 7.0 83 9.5

Residue* >500 mm 036 037 042 021 025 029 022 027 032

(kg) 200~500 mm 145 156 166 037 044 052 088 116 138
<200 etc. mm 408 402 463 299 344 380 354 398 449
Total 589 595 671 357 413 461 464 541 619

Residues ratio**(%) 247 255 282 175 183 205 150 165 178

* This category represents average residues length of samples at each level,
** The residues ratio is obtained by adding the average value for each process

m Rye-straw(2. 3km/hr) @ Rye-straw(3.2km/hr) Rye-straw(5. Tkm/hr)

. . § b =2 o
100% - @Rice-straw(4.3km/hr) @ Rice-straw(5.0km/hr) B Rice-straw(6.2km/hr) ) = Er:-‘ 2
N M~ & .0 o
_ B IRG(7.0km/hr) 8 IRG(8.2km/hr) & IRG(9.5km/hr) . A g IS 2
=2 o @ Nw2m
‘-6/ P R WO [7e) < 5]
= 80% -+ o @ T~ oo
T y 9 LT 09 Se55e] P~
fid © e ]
w bty
z ‘ 58
2
T 60% - s
8_ 2050
23
£ 2050
3 409 S
o 40% botetst
w 5
@ L5
__ jetels!
el gries
@ o/ 298
8 20%
o o 250505
55
S5
0¢ - e
/C- T 1
>500 mm 200~500 mm <200 mm
Driving speed(km/hr)

Figure 8. Residues composition ratio change in accordance with the change of the
driving speed (%/bale)

O ZNFE ALY HREEL fjAT-Foo Fojxgdy v zr|o MEx2Y " AESE7]9
I Aol A HAGE 200 mm o]Ele] £Xlo] oy FREL 2/3 ol4o|den, UL
H 68.57%, WAL F 83.13%, o|HEIQ o]l ItAE 74.14% 2 e, ES REXHo g
3ol 7FHsd 2007500 mme FREL 10726%Y FAHIE RS

O FTEHoZ HY ALY JPGET IFFEHE BEASH FYET U S7IE HY AR wg)
0| (Figure 9)2} ZtFEH] M3slso] (Figure 10)= HEIH R S71e6ld=

O ZAEHEEE oA Y AARFO] 46.7% 571 W HFEHIE 142% 57150, WAL H|
U AAEFO| 11.6% =718 o] IEER|Z 17.1% =718 o, o|gz|¢r glo]azlAL WY A
Aol 8.6% 5712 wf, IMHEEH|7F 18.7% S7HoH%l =

T ZARSHI|N WYH A B HREFS BRI 15728% WU et @
[ =4

F717} ol#@ 2 200 mm olst HRrES AL FREHIE 1.0% olstE I35,
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Clher cestrae=2 . 707Ex+31.011
50 R'=0.967 ,
= 4 Coore=12047x+26.708
'C £ kl
< 40 4 R’=0.9724 .
k) * o
£ 30 «
g Ch-rye stran=4. 87775 + 19.432
fU 2
8 20 1 R?=0,9854
T
[aa}
10 -
O T T T T T T T T T

12 3 4 5 6 7 8 8 10N
Driving speed (km/hr)

9. Relations between driving speed and bale capacity

35
Crrpestraw=01277x+2.1623
3 R2=0.99
e
254 ¥ Crvr ce straw=0,156 1% + 1.0866
b R2-0,9945
T 24 A
i “’
» & -
i) .
515 - .-
2 Cr re=0.112x+0.7171
L 2_
Sy R2-0,9997
0.5 4
O T T T T T T T T T

1 2 3 4 5 6 7 8 9 10 "
Driving speed (km/hr

Figure 10. Relations between driving speed and residues ratio
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Table 1. Crop, experiment region and experiment dates in 2™ year field tests

No. Crop Experiment region Zzgzsriment Remarks (prototype)
1 Rice straw Gyeonggi/Pyeongtaek 2015.10.18 Operation test (1%
2" Rice straw Gyeonggi/Pyeongtaek 2015.10.25 Operation test (1%
31 Rice straw Gyeonggi/Pyeongtaek 2015.11.01 Operation test (1%
4™ Rice straw Gyeonggi/Pyeongtaek 2015.11.03 Operation test (1%
5" Qat grass Gangwon/Hoengseong 2015.11.30 Operation test (1%
6" Rice straw Chungnam/Asan 2015.12.18 Performance test (2”d)
7t Rye straw Gangwon/Hoengseong 2015.05.26 Performance test (2"
8" Italian rye grass Gyeonggi/Pyeongtaek 2016.06.07 Performance test (2"
ot Rice straw Gyeonggi/Anseong 2016.06.23 Performance test (2"
10" Maize, Sorghum Gyeonggi/Dongducheon 2016.07.28 Performance test (2"

3" field test (rice straw) 4™ field test (rice straw)
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5" field test (oat grass)

7" field test (rye straw) 8" field test (IRG)

9™ field test (rice straw) 10™ field test (maize, sorghum)

Figure 1. Field test in the 2" year of research and development

< ASABES] mZE A AA(Standards 2007a, 2007b, 2007c)oll 243t = = 18 mE 7|&
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Perimeter (c=2a+2b)

Length (b)

o} 2R AANY gA0=

o, gHle A dasiAr 2 #Est gle 422 HEbd (Table 1).

—

Table 1. Bale specifications in accordance with the change of the driving speed

Forage crop Rye-straw* Rice-straw* IRG*
Driving speed (km/hr) 23 32 51 43 5.0 6.2 7.0 83 9.5
Diameter (mm) 1,023 1,048 1052 1025 1053 1058 1,030 1050 1,060
Length (mm) 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Perimeter (mm) 3,950 3990 4,010 3980 3990 3970 4005 3,980 3,980
Weight (kg) 2325 2335 2380 2045 2200 2250 309.0 3275 3475
M.C. (%) 7099 7099 7099 1580 15.80 1580 25.06 2506 25.06

Bale
specifications

* This category represents average value of samples at each process

< Figure 2, 3, 4= APANE APLE wio] g ASZAEE HdF4Y HIE HolE.

O AANUNTE B £AE =X ZHTable 1)02 3 HYUE = Z+7to] AFH XA 24t o A
3 0290 kg/mm? 0.284 kg/mm?* 0.288 kg/mm?* (EZH =z} 0.003)0|gom, HA 0.254
kg/mm? 0.266 kg/mm? 0.271 kg/mm?* (E=% =z} 0.009)0]% 1, o]&a| ¢t glo]TatAE 0.3

82 kg/mm? 0.397 kg/mm? 0.418 kg/mm? (E=3z} 0.018)2 Lteh,

B AR Add Faet HER ANEAS 8842 a4 et
AELEACR T AMgS Hlastd Hia ojge|el glollatAl B SHBATE 44
0.981, 0.9271%2 Z&sigiont a9 49 033728 F7b92 Holg 302 MATY o
ol Ae AL

—2405.4x + 1508
Vrice straw 1601.6x + 398.18

ye straw
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Bale production time (sec/bale)

Figure 2. Bale

Bale specilications (mm, m, kg, %}

Figure 3. Bale

Bale specifications (mm. m, kg, %)
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O HYd FHEAS AT AH AdxRD S AT A" e
g S7tol met Wdel 7l xle dHo] WEE SR Journal of .
Blo) AZEHE 2,000 rpmol THAIZ AEjolA 5 @ Er?é?ﬁgergs
o} 8 =Y Ho]ojol miste] P silE. ol H-&H
Holg E8]9 IHLEH|E 8689 522, FH%LEH e
Fotdls. 2ela 2 dddAoMs dHwHE s 7 Y
67 Ao 24 JAeidS. B, B Aol Z
SHHAO] 50%7t HEF FAHELEHE A0S,

CH 50. 98 Biosystems Engineering (3 &) 9935 o

Table 1. EE|O|S1t 2Et2[YFO| 2|THEH|

Bale wrapper machine*

Level of speed Level 1 Level 2 Level 3 Level 4 Level 5
(T) Turn table rpm 3.14 3.39 3.57 3.72 4.03
roller sec/rotate 19.1 17.2 16.8 16.1 14.9
rpm 27 29 31 33 35
(R) Rotary arm
sec/rotate 2.22 2.07 1.94 1.82 1.71
(R:T) ratio 8.6 8.6 8.7 8.9 8.7

* This category represents the average rotate speed of experiment at each level

14.6% =08 #Holo] =719} Ataglo] B+

O 1o (27:3.14)00 A4 ARAAHLS 2ol 7.
: 2lil FHAAHM HugHo vls 2 =

7-
lzlo] MAMoE WASE AYS RIS,

= ?:I b | o o= —’

(29:3.39)0 A 13.5-21.2%, 3 = (31:3.57)ol Al 15.6-32.6%, 4 2 (33:3.72)o1 4 19.3-52.8%,
5 #HH (35:4.03)9A 34-53.2% ol 2420, Hy JAEEY 77t EEo g H|
UEHO] EALS AHEEZE 4ol ¥slstes Ao2 HEGS.

Table 2. AE2X| EEQ| =¥ 3NMEE Bl IYAIZI0 [ME HYHEHO| AU Bt

Pressure (g/cm?)

Time (sec) Equation R?
0| 30| 60 | 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300
Mi| 0| 6 | 8 9 | 18 | 20 | 59 | 57 | 64 | 71 | 86 PMI';Z;));L_LSSET"S 0.9397
Level | Mz| 0] 28 | 50 | 65 | 83 | 89 | 121 | 120 | 137 | 134 | 150 PMZ’W;%E?;I(’_;‘ZQE" 0.9882
! Ms| O| 35| 61 | 92 | 111 | 125 | 165 | 180 | 217 | 225 | 261 PM"ZZ)?_';ZZ)’EZ;ZF/"l 0.9943
Ms| O | 47 | 76 | 108 | 134 | 165 | 199 | 236 | 277 | 325 | 387 PM“Q;Z;Ef;‘;;ZZA 0.9952
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_ 2
Ms 47 | 83 | 117 | 151 | 193 | 243 | 298 | 357 | 426 | 495 PM:”'Z;;i'_llfl"*sz";Zl' 0.9984
— 2
Mo 42 | 83 | 117 | 161 | 214 | 281 | 358 | 438 | 532 | 602 PM("Z&?{‘_?ZQ;‘??S"S 0.9986
Pui290=0.0991x+13.
M 1221 | 43 | 53| 8 | 73 | 85 | 129 | 130 | 139 11514879 0.9698
Pum2-20=0.0198%%+24.
M 11| 22 | 83 | 102 | 121 | 127 | 147 | 209 | 213 | 237 715031 503 0.9738
Pus20=1.641x°+22.5
Level | Ms 11 | 33 | 88 | 122 | 167 | 210 | 245 | 312 | 333 | 423 08x-33.806 0.9937
2 Pua20=4.1259x°+7 .4
M, 14| 65 | 99 | 134 | 175 | 229 | 315 | 402 | 489 | 566 138 4564 0.9972
Pms-29=1.9417X2+39.
Ms 37 | 126 | 173 | 214 | 263 | 318 | 398 | 480 | 564 | 634 572534006 0.9958
Puri6-20=0.6259x%+72.
Mo 75 | 155 | 236 | 309 | 378 | 455 | 554 | 640 | 728 | 794 062371 673 0.9992
Pumi-51=0.3998x%+14.
M 46 | 63 | 74 | 91 | 99 | 110 | 142 | 167 | 187 | 218 1855435212 0.9762
Pum231=1.1923%%+22.
M 64 | 115 | 140 | 162 | 175 | 223 | 245 | 268 | 367 | 423 o7d4%48.0727 0.966
Puss1=1.5117x°+42.
Level | Ms 60 | 148 | 201 | 218 | 268 | 314 | 420 | 489 | 553 | 630 278304.915 0.9903
— 2_
3 Mg 10 | 51 | 84 | 124 | 178 | 247 | 339 | 430 | 540 | 627 PM“"l(‘)giézé%’; 0.01 | 9987
_ 2
Ms 20 | 104 | 142 | 186 | 245 | 324 | 419 | 515 | 628 | 719 PM5'32‘;;L('_22531071X8+21' 0.9974
— 2
Ms 35 | 180 | 227 | 280 | 346 | 441 | 545 | 652 | 773 | 871 PM"‘%&Z?&‘I%L 0.9945
Pui-53=0.2273x%+20.
M 15| 45 | 75 | 96 | 113 | 125 | 155 | 178 | 209 | 239 609520 655 0.9934
Pumz-33=3.1538%+8.3
M 19| 66 | 8 | 109 | 135 | 192 | 268 | 345 | 405 | 450 357565455 0.9914
Pus-53=5.9534%°-8.13
Level | Ms 22 | 68 | 98 | 122 | 155 | 233 | 333 | 450 | 525 | 645 1594159373 0.9942
— 2_
4 Mg 11 | 66 | 104 | 141 | 194 | 268 | 381 | 509 | 624 | 726 PM4'32‘1§’('53132’;44'67 0.9964
Py
Ms 30 | 76 | 115 | 163 | 233 | 319 | 434 | 557 | 678 | 778 PMSG;;?('_%O;IBXB;‘L'& 0.9979
Puri6-33=6.4639x%+17.
Mo 57 | 97 | 142 | 209 | 309 | 421 | 551 | 684 | 823 | 931 O70m21 212 0.9974
Pui-55=0.4277X*+33.
M 15 | 33 | 77 | 125 | 192 | 222 | 245 | 260 | 322 | 375 76549 870 0.9843
Puzs5=1.6888%°+40.
M 15 | 62 | 106 | 185 | 256 | 325 | 374 | 426 | 522 | 583 T2 601 0.995
Pus-35=2.4464x°+44.
Level | Ms 12 | 56 | 111 | 225 | 278 | 368 | 451 | 525 | 599 | 699 0523574 848 0.9945
_ 2
5 My 22 | 55 | 114 | 156 | 210 | 299 | 395 | 516 | 642 | 772 PM4'3;’5§’('+(’2‘;§’3‘33'71 0.999
_ 2
Ms 15 | 59 | 157 | 233 | 328 | 451 | 531 | 653 | 778 | 919 PM5’38;§5_2§2$7+35' 0.9978
Pume-35=5.0769x+47.
Mo 23 | 61 | 165 | 263 | 383 | 511 | 636 | 765 | 901 | 1016 20487 309 0.996
O TSR |Hlof st UABEXO EAS AnETE 1 oA #Ho]ojo] Frlo mE AHE
FO] Ay = 0.9397-0.99862 HJS. SAENA HAhLHEL 602 g/cm’, AALHL 6
g/cm’o] ES FAUEL 342-330.2 g/cm’el HE LERGS. 2 #HEoA #oloje =
Zholl & U Exol ABRIAE 0.9698-0.99928 HPS. SHEHYoIA ALz 794 g/c
m? HAYHPL 11 g/cm?olYS. E3F HAFUHL 26.7-465.5 g/cm’e] M= Ltebgr} (Figu
re 5). 3 & #lo]ojo] F7to] mME UAHEFO AIBAE 0.966-0.9987E EA=. S
H ool A Hrigsle 871 g/cm?, HAYHL 10 g/cm?olS
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FUH L 392-581.3 g/cm’e] HAZ UEhGS. 4 oA olojo] Frto] mE &

= 0.9914-0.99795 E3S. SHHYolA HhE=e 931 g/cm®, HALH

2. BAUHL 2536282 g/cm’e] MY EZ 5 #HHo|A #o]ojo Zrtol wE

TAE 0.9945-0.9995 RS SHESolA AL 1016 g/cm®, ZA

o] HIFUHL 16.3-727.3 g/cm’Y] HWAZ YePGS HAAH T x4

of mzt Z sEEE HidHy HAAHY] Fx FL2 oo vj&2 & ®EFs
[e)
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r

HHo|A ZTHEEE 2 #Holo] 342%0|A] HlEAORE =715
+ 31 =

i, 253.8%, 3 #H¥ 47t 294X, 237X,

gHe Z+7h 264X, 21027 42 HUL.

Time (sec)
Level 1 Level 2 Level 3 Level 4 Level 5
Rotary arm (rpm) 27 29 31 33 35
2 34.2 31.8 29.4 27.6 26.4
Layer
4 67.8 63.6 59.4 55.8 52.8
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6 102 94.8 88.8 83.4 78.6
8 136.2 126.6 118.8 111.6 105
10 170.4 158.4 148.2 139.2 131.4
12 204 190.2 178.2 167.4 157.8
14 238.2 222 207.6 195 183.6
16 272.4 253.8 237 222.6 210
Table 4. ZEtZ| o] UKL 0 HE O|K{E H Yol HHUYH &%
Pressure (g/cm?)
Level 1 Level 2 Level 3 Level 4 Level 5
Rotary arm 27 29 31 33 35
(rpm) M Me M Me M Me M, Me M, Me
2 63 | 477 | 125 | 7938 45.1 34.3 12 52.4 11.4 20.2
4 8.3 91.8 | 236 | 1647 | 62.7 | 177.1 | 405 91.4 28.2 51.9
6 | 12.6 | 1346 | 446 | 2432 | 73.6 | 225.1 | 684 | 132.1 | 603 | 1255
Layer 8 19.1 | 225 | 589 | 3242 | 90.3 | 2779 | 90.1 190.2 101 214
10 | 465 | 2596 | 78 3996 | 985 342 1069 | 273 150.5 | 308.6
12 | 574 | 3426 | 77.1 | 488.7 | 109.3 | 435.3 120 374 1998 | 416.3
14 | 63.6 | 4238 | 109.8 | 5924 | 1394 | 536.7 140 486 | 2248 | 526
16 | 72.2 | 537.6 | 1295 | 680.5 | 1645 | 6413 | 164.7 | 6069 | 245 636
O RE AYDANA oo} wsto] mzt WEo| HUol Aste YL HMUTZY FYolM AHx
&, HEEHe FYolA Hx EAOE HEbg D i EFYsIGle. EUET SEEE Hde
HYLESY Y (Si)o] HY ; Ha7h 8.24u) w2 Zo] flo=

(@)}
&)
Ne)
i}
S
3 oo

cm?o]] /~1 6 B
TEHER .
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51) HRASAHS E8 2H SBTH 7Y

O S F5%te EME AL " AR 550 oS
Ao 2 A EYel el HFHer dde U
-Baler Systemol ti3t EzEQl H Ul RAFAL 7
1, AAaR BASHS Tl BAEd4s dEsils. EME
AR9 & AEstES FETESY 71 FEldA 5F
H 54 Fx9 AR AlAH g 712 Y #t
A Zald .

CH 51. 978 Biosystems Engineering (¥ &) 6935

¢ Journal of L4

Biosystems
Engineering

Table. 1 E=iE, H|2{Qt Tractor-Baler SystemQ| =T AEj Sl 7|29 MEfOA Q| XIESIE

State Tractor Baler System
. Horizontal Tilt Horizontal Tilt Horizontal
Load weight
state state state state state
WL2 (kg) 786 760.4 - - 815.9
WR2 (kg) 761.5 745.4 - - 791.8
WL1 (kg) 911.5 938.7 - - 1195.7
WL1 (kg) 9125 927.1 - - 1109.3
3-point hitch (kg) - - 602 654.5 -
WL3 (kg) - - 1250.5 1218.7 1235.9
WR3 (kg) - - 11945 1173.8 1270
Total weight (kg) 33715 3371.5 3,047 3,047 6,418.5
Tilt Angle (degree) - (6) +16.7 - (a): -6.7 -
Heigt (h) (mm) - 650 - 400 -
O EE, #Yeist Tractor-Baler Systemel RAFAE 77o) RE/|FEHE 71Z08 AEHo
2 A4FeS 268 BAW EYEe RASA AR XT, YT, ZDE HE/ER (S0 71E
S 2 (963.89, -27.08, 566.11) mmo g AHEEQl=H EHE AASA &2 A} (FACT, 201

2)9] EAS
ZT7} 383.07 mm ©]535t9 2.
=zo0oa

HE (XS, YS, 28)= Hu7IEH (S2)€ 7l
4 (SNE 7IE22« (31125, 9325, 1160) mmo]

——

A FFE (814.45, -5.48, 183.04) mmol H|&| XT7} 149.44 mm, YT7} 21.6 mm,
HYele] ZASA ZJxE (XB, YB, ZB)= HuE7IEH (S1)S 7]
(673.82, -17.55, 542) mmo|Q <. 2|1l = 0]835lo] AESH A|ARS BASFSA

Z=0Z

T —
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(1)

a1l =-0.0016x> + 0.0887x + 39.355, R* = 0.9962

a2 =-0.001x2 + 0.1193x + 18.647, R* = 1
a3 = -0.001x* + 0.1177x + 1954, R* = 1
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Figure 2. Tractor-Baler System?| Z}

a5 = -0.0015%*> + 0.0764x + 38.932, R* = 0.9972

(6)
(7)

a6 = -0.0009x2 + 0.1122x + 18.611, R®> = 0.9999
a7 =-0.001x* + 0.1103x + 19.48, R* = 0.9999

a8 = -0.0013x* + 0.0933x + 29.206, R* = 0.9966
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of the papiNet standard with

Multi-fuel solutions are an increasingly common set-up in CHP (Combined Heat and Power) plants. Many
plants use different types of biofuels, such as wood or agricultural products. In Finland, the most promi-
nent type of biofuel in CHP are forestry products, with agricultural biofuel playing a2 marginal part. This

the papiNet standard, originally designed for the forestry supply chain, as

a possible data exchange formart for a multi-fuel supply chain where forestry products are the dominant
type of fuel. Two data models are described in this work: a data exchange model between different actors
in the supply chain, and a data model for storing the required information. Furthermore, the application

these data models is explored. As a result, the papiMNet standard is found o

be suitable for use with some provisions.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Combined Heat and Power, or CHF power plants, are an im-
portant part of the electricity and heat generation infrastructure.
They are especially important in colder climates, where buildings
require heating for a large part of the year. One current trend in
energy production in CHP plants is increasing the use of biomass
and reduction in the use of fossil fuels. This is part of the gen-
eral trend of increased use of renewable energy in recent years.
For example, in the European Union the average annual growth
of renewable energy between 1990 and 2014 was +4.28% [6]. In
2014 the highest share of gross electricity production in EU was
produced using renewable energy sources (28.2%), followed by nu-
clear (27.5%) and coal (25.3%) [5]. However, it should be noted that
when heat production is taken into account, nuclear power pro-
duces more total energy than renewable sources [6]. It should also
he nored rhar this romnarienn inclodes anbe ererev nrndoced b

ing to moisture content [14]|. Another way to categorize biomass
is to divide it into crops and wastes, with waste coming from
three sources: forests, agriculture, and municipal waste [16). The lat-
ter categorization is more suitable for the purposes of this paper,
as many biomasses used in CHP energy production are created as
by-product or waste product of some other process. Examples of
wastes and by-products include felling waste, sawdust, and straw
residue. There are also biomasses grown for use in CHP energy
production, such as reed canary grass [3,11] and willow [4,2930].
However, despite research and development efforts, cultivation of
such energy crops is currently not a particularly wide-spread phe-
nomenon [4,10]. In 2007 the rotal estimated area for energy crop
cultivation in the whole EU was approximately 2.5 million [1,8] o
5.5 million [21] hectares out of approximately 109 million hectares.
The majority of these fields were used to grow crops for biofuel
production, such as rape [5,21]. Thus, in order to use agricultural
hinmassz in amr sionificant deeres in CHP nnwer nlanrs benradoers
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On the mathematical modelling and optimization of foil consumption
for cvlindrical bale wrapping

Anna Stankiewicz, Andrzej A. Stepniewski, Janusz Nowak

Faculty of Production Engineering, University af Life Sciences in Lublin, Poland
e-mail: anna.m.stankiewicz{@gmail.com

Received July 14.2010: accepted July 10.2016

Abstract. Aspects of mathematical modelling of
wrapping round (ie. cylindrical) bale related to the
optimization of foil consumption are considered for
individual bales of agricultural materials wrapped in
plastic foil. The article details the mathemafical
descripfion of bale wrapping. while also identifying both
some solved problems and a few open ones. which can be
solved to optimize the foil consumption Mechanical
properties of the sealing foil characterized by its Poisson
ratio, arbitrary foil and bale size dimensions and
overlapping width of subsequent wrapped foil strips were
taken info account. After providing a basic understanding
of how the foil is consumed in the course of wrapping
process, the mathematical model for determuming the
number of entire foil wrappings is determined. Next the
results of mathematical analysis are used for optimization
purposes. The foil consumption per umit of the bale
volume index is used as a measure of foil expenditure.
Two problems of foil consumption optinization are stated
and solved. The formmulas for computing the optimal foil
width and optimal bale size dimensions are derived and
estimafions of the solution errors are given
Computational results are presented and analyzed for
exemplary bale silage.

Key words: baled

mathamaticral mndal

bale.

momorandian

silage.

ctrateh

cylindrical
Fril

depending on different features have been carried out
since 1990s, eg. [1.2.3.6.8.1219]. The study of foil
usage has been extensive, with conceptual bases
supported by empirical data. but generally, despite a few
papers. linuted to [6.7.11.13] and other papers of the same
authors. there 1s still a lack of investigations concerning
the mathematical description of the foil comsumption
aspects. Financial expenditures on the purchase of stretch
foil constifute a high percentage in the total costs of this
technology of silage production [14]. The effect of bale
size dimensions and the number of foil lavers as well as
the value of the overlap of the adjacent strips of the foil
on the foil consumption has been taken into account for
round and square bales in [7.11]. In our previous paper
[17] a direct analytical formula to compute the final
number of wrappings necessary to guarantee the required
number of foil lavers under the assumed standard of
wrapping as a function of initial width of foil. ifs
Poisson's ratio and unit deformation of the foil bale
diameter as well as the overlap ratio, was given for the
first time. The compufer program which contains a
graphical module for visualization of geometry of the
distribution of subsequent foil strips and the arrangement
of foil laver im a bale cross-section has also been
presented in [17). The length and surface area of foil

talan fram tha rall and nead far mrarning the hale arara

= © On the mathematical modelling and optimization of foil consumption for cyli
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Abstract. The work presents an algorithm for the
calculation of the consumption of stretch foil used to wrap
cylindrical bales of fodder in order to isolate the fodder
from the ar and other extermal factors. Mechanical
properiies of the foil. its arbifrary dimensions and any
overlapping width of subsequent wrapped foil layers ware
taken into account. A simulation program was written that
allows fo compute the number of foil layers in the bale
lateral surface as a function of the width of the foil, the
angle of the bale’s rotation around its axis and the number
of wrappings. The computer program confains graphical
module which allows wvisualization of geometry of the
distribution of subsequent foil strips and the arrangement
of foil layer in a bale cross-section. The length and
surface area of the foil taken from the roll are computed
for different wvariants of the wrapping process. The
computational example is presented for two geometrically
different wavs of wrapping and different mitial widths of
the foil. Conclusions and suggestions were formulated as
a result of the simulation.

Key words: baled silage; stretch foil consumption;
simulation model

INTRODUCTION

The quality of silage in the form of cylindrical and
prismatic bales depends on the efficiency of its protection
against the penefration of air and impact of other external
factors. Anaerobic conditions facilitate the development
of desired microbes that provide for the gualitv of the

density of bales is of liftle significance [11. 14, 15]
Stretching the foil in 50% to 70% increases 1ts adherence
to the material being wrapped and to the previously
applied lavers. The degree of foil extension depends on
the structure of the feeding umt. roller material. foil type
and thickness as well as the temperature of air [12, 13]
and has a significant influence on its consumption and
leakproofness [9]. Excessive stretching of the foil might
be the cause of micro-cracks or its visible damaging.

Financial expenditures on the purchase of stretch foil
manufactured in the form of foil sleeves and tapes on
rollers constitute a high percentage in the total costs of
this technology of silage production [2, 16]. Foil
consumption per unit of secured volume increases along
with reducing the volume of the bale. More foil is
consumed for wrapping single bales than in the case of
collective wrapping of several bales [13]. Furthermore,
the consumption is also determined by the method of
applying the foil and its vniform distribution [6, 7].

In order to define the methods of reducing foil
consumption while providing the required leakproofness,
different authors analyse foil consumption by applving
experimental methods for different extension degrees e.g.
[4. 7. 8, 17] and various width of the mutual overlapping
of adjacent strips [3, 6].

To conclude, the majority of studies on the subject
focuses around experimental research following two
separate directions — the study of the quality of secured
silage in dependence on the physicochemical processes
occurring in it, and the research of the dependence of the
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Cirip ivigativen ks plotie emulch
InteTcroppng

Sl wacer

Sl tereprrature

Rooi datribution

pling of these two praceaces may further increase orop veelds and ind aod water ase efficiencies when an
optimal spatial distribution of soil water contents [SWC), voil temperaiunes, and plant roots is achaeved.
Haverever, thes oupling causes the dismibwtson of FWEs, sodl remperanures. and plant roets 1o be mone
commpiex than when only one of these agnculnural practices are wsed. The objectivee of this stody thar was
£ rvesTRgate T he effects of different imganos treaments on spaiial demibunons of SWES. soll emgers-
tures, and ot growth in a dnp=irngated mterooopping Beld with plastc muich. Three Geld experimemsts
with different irrigation treatments [high 71 moderate T2, and lw T3] were condscted 1o evahaate
the spatial distribution of SWCs, soil temperatures, and plant moots with respect o dripper ines and
plant locations. There were significant dalferendes {p < 0UF5] in SWCs bn the D=40cm sodl Ber Tor differs
ent Irrigatisn westments aid between differeat kooations. The madimum SWE was measurned under the
plantfmulct for the TV trestment, wiiile e mindmum SWE was measured dader the bare soil surface
far the T3 treapment, This was masaly due 1o the location of drippers and mulch. However, o dafferences
Im SWCs were measared in the &0 100cm soil layer, Signsficant differences in soil mmperatares wene
measured in the 0 5om wil Layer berween different imgation treatmenis and different locations, The s
tempesatisre in the subsaoil [ 1525 cm) under mulkch was higher than under the bare surface. The aver-
laps of two plant root systems in an imtercropping Geld gradually increassd and then decessed during
the grovwwing season. The roots in the O 20 om soil Laver socounted for abowt 60% 70X of afl roots. Higher
levhgatiisn rades produced Bigher roat length and welght densiches (ke D30 cm sodl laver and lower
densbties in the 30 100 cm sodl Layers. Spanal distribacions of SWCs, soll temperatures, i plant roos in
the iteroropping Beld under drip ungation were significantty infuenced by Immiganion mrearments and
plastic mulch. Collected cxpersmental data may comtribute o designing an optimal imigaison program
far a drpsirmigated intercroppmg field with plastic malch.

© 016 Eisewvier IV, All nghts reserved.

1. Introductien

twen different oop species during the growing period. which the
tracitional fload irragation, incapable of providing different irriga-

Intercropping ts a very popular agrecaliural practice used arcund
the workd, such as in China (Shang and L, 23000 ), Germany {Mune

thrn amoxints in one field ab the same time, canned satisfy. This
results in 2 low water use effichency (WUE] in intercropping felds
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Development of Single-tractor Integrated Multi-purpose Forage Harvester
Sungha Hong', Dacin Kang', Deayean Kim', Yongjin (ho', Kyouseung Lee'*

'Dept. of Biomechatronics Engineering, Sunghwrnkowvan Universing, Suwon 16415, Koreo
"Mywngsung Co. Lid, Pyeongtoek 17734 Korer

fecerred: juby 117, 2006 Revied; Aogust 127, 2016; Accepted: Augus 237, 2004

Purpose To improve the insufficent mechanized forage harvesting system. an integrated formge harvester thoet produces
midsize round bales was developed. Methods: The harvesting perfonnance of the developed harvester was tested in a
fornge plantstion. The harvesting pesformance was evaluated by investigating the bale production performance and residoe
bk bos o Ehe harvester at three levels ol tractor driving spesds Results The bales patputs per hour by driving speed shown
toy thes harvester were 30 balss (A8 MT) at 2.3 kmh, 36 hales (B4 MT) at 3.2 kmdh, and 44 lales [10.5 MT) ot 51 kg i
the case of ryestraw, In the caose of rice straw, they were 43 bales (8.8 MT) at 4.3 kmy'h 44 bales {9.7 MT) at 50 lon'h, and
48 babes [10.7 MT] at 6.2 kmy/h fin the cese of [talion regrass (IRG), they wene 35 bales (10,7 MT) at 7.0 km/h 37 bales
(120 MT) ot 8.3 kb and 38 bades [13.2 MT] at 9.5 hmfh, The average roflos of residues to the available guintties were
261% In the case of rye-strow, LE¥H in the case of rice-traw, and 1L.57% in the cose of IRG. When residues smaBer than
2060 prm, i ieh cannit be collected, were excluded, the reddue retios of all cropy were good, o5 they did not exceed 1.0%.
Comcledons: Since the baling and wrapgdog fundons which had been separabely opersbed, wers integrited Fte te
developed harvester, the developed harvester is expectid (o moaximize bale production effidency and increase ahor
productivity, therehy Increasing feming profitatallicy,

Keywords Bale, Forge, Integrated multi- purpose forage harvester, Performonce fest

Introduction

Forage, which s used as feed for rumihants, has been
grownin 258,675 haof farmiands in South Korea, and the
current setf-sufficiency rate is approumately 82% The
forage produced in South Korea consists of Tlian ryegrass
{IRG) 53, 1%, rye-cmraw 14, 7%, blue-barley 649, sorpghum
0. 3%, mabte 4.4%, at 1.0%, mpo 0.2%, and other crops
149, and the total outpol was 2,413,000 tons in 2013

throughout the world have mainly been developed in
North America and Europe. Hay balers [Ummn Luebbens,
1910) were developed first; subsequently, fixed-chamber
(Vermeer, 197 2) and variable<chamber (Wilkelm Kemper,
1973 hay balers were studied and developed [Skromme,
1985), Forage harvesters have been continuously studied
and developed even n the 2000, Kim and Kim [2000]
developed a tying-unit conmoller for variable-chamber
mund bater. Yoo etal. (2007) developed a self-propelled
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Analysis of Static Lateral Stability Using Mathematical Simulations
for 3-Axis Tractor-Baler System

Songha Hong', Kyowseung Lee', Davin Kang', Wonyeop Park'™

"Dept. of Bimwectotromcs Engiecering, Soapbrundwan. Unhiersry, Sewon Koo
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Hemboak May 4% 2047 Roviead May 24% 2017 Acoped May 30% 2007

Purposs This stody aims to ovaboate the apphcehilicy of o tmctne-baler system equipped with a newly deselopad roond
haler by condicting stability analyses Wa static-state mathbematical simulaSons and veriliction scperiments for the ractior
etpul pkmd Wi @ bogkder. et ss Tl comrers of @raviry of e ractoe amd haler were calcalarsd 1o analyze e rasverse
mverErning of the sptem This meertuming of the symem was anabyzed Iy applyimg mathematical squatom prasmited in
previnus meearch and comparing the neod iy with thiee obtalned by the newdy developesd nmthemat cal amadation. Por the
case of the mactnr el pped with & header, mathematical simabagon nesuns end experimeninl values inom ved Bomsan
FEpERmenE were commmied and verified. Resdte The center of gravity of the system became Eveer atter the baler was
attached o the trachor and the angie of rannerse overdurning (G

difloction apge incressed o decrssed tween 07 and 1007 o e

periarmed by appha rg mathematcal equatons fmm revios resear
angle was a2 et 1957 and the range of dellection angles was fm)
Iransvere avirTuming also eooarred o ik angles of OC heasr 19.5° m Journal of
ermteEr eloclpadne Dndee the (F doflscoon anghe ol tom, in diila

averiuming coourred at 1795 which 15 3 L3% change from the Biosystems
simulations applied the oonter of gravity amd the correlstons bet ° °
Engineering

con el polbnts excuding whieel rodius and Mege point helghs. whicl
machematical eguatibnns. The resules indicaced  that both el A
Conchesioie The ransanrse cveriuming stabiliby evaboation of the s
wind artnlile g W replace e mathematlcs squations propesed
anadl thesir rosults Indicebed chad the system s workahle at 12° whic Vol. 42, No. 2, June 2017
slopad kuds in Sooth Korea, and 15°, which ix tee tolerance it for

i [apar

Heywords: Defloctbon ange, Lateral spalsling, Mathesnatic sl emodd, 5i

Introduction tral

Owver the last five years (2001-2015), sgriculural L.
machine related traffic acodents increased by 32%  and
matiomally. In 2015, 500 agricoftural mochine related [ I3

rulntmr esdsiu nemdante fillee ar Srarder relkiied euimi

- 261 -



. =+ . Analysis of bale surface pressure according to stretch film layer changes
on round bale wrapping (E&/ZXHF=F)
51 A9 : ] of Biosystems Eng. 42(3):136-146. (2017.09.01)

Journal of Blosystems Engineering

J of Bosysisers Erg, 4330 136 W, 2017, 0 AS5N I 16
itz ficdel e 90 SVRUIBE 31 T390 PEEN 1T 168

Analysis of Bale Surface Pressure According to Stretch
Film Layer Changes on Round Bale Wrapping
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'Dept; of W o fatroms Erynmcorimg. Songavunioean ehorsry, S Kovod
‘Muungarng Co Lol Prenngtoet, Koven
‘!'.'L','.IL of Hin Meniow Engiseoring Coowilic Kwendong [Mafvereine Dorgoenng, Koroaa

Beebed 13" [y, 2007; Revisad 15 Awgust 2007 Acospted: 24% August, 2017

Abstract

Purpeese Thin paper prsients an appropriafe wrapping meticd by ambroing the pressure distribution applied to a hale
duEThoe, sloag with the change In presure scorcing oo on horedse i the nuamber of Ble lavers 5 rloe straw bales, swhilch
arroint Sor 74%. of the tal bulky feed suppby in Koreo. Methods: A mod o with che shape of an aomal bale was Gbrcated to
anabyme e distribution of surfeo: pressure ool wragping and the pressun wis messared. Experiments were mooducted
e i adyee thie presire using el dfMerenr Byer numbers | 2 4. www beng.org
29, AL 43, and 35 mom) Rosulte The masimun pressare applie S b
end of the hale, whemneas the minimm pressure oonarmsl o the
il ki A ma i pressures was discributsd as B5-56.60
The an wven presseame disribacen oooumed bocase che Journal Of
the ade's ond than at the center of the b le aide AL a lovel 5 rota

M1 TIO-F6T ﬁ.i-{H" = DL9R45) ab My, amd Ehe mas] meam pressiomn Biosystems

cnarrelation of B = 000981 Conches ons: T rivphac o four layers

hale. and the mintmuns presaere at My was then improved fmm Engineering

(B comsimed Ko 40 Lapers was edwoed by BLA%,

Keypvoaren: fake wropper, Mud sie round ale, Hice straw, Streto

Vol. 42, No. 3, September 2017

Introduction

Currently, 14.7 bhillion cattle are belng ratsed around
thee workd, and the number has incrensed constantly ever
the past 50 yveare Cottle feed i divided into endched and
bulky feed. The trade volume of an J_[-":I'IIﬂTl.l!‘.ﬂ i ler,
which is a picce of tarm ma chinery used for bolly feed,
amptintsto 152 hillsan USHHFADSTAT, 2017 ). The world
baler market conssts of round balers [B9%) and b snmpetin S e
rectangular balers [ 11%) (VIDMA, 2003} The definltion
of bulicy fored generally nocepted in Korea s 18% ormore loess amaunt, Keller of sl [ 19594], Ha bk
rudde fiher based on dry- mass [BM) out of fomge crops Muck [2006], Midler et al [2007), Keles et al [ 204079],
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St=t® : Structural analysis of agricultural multi-purpose round baler for
optimized design (&%)
B0 A s=E5A7IAESE 2015 EATEsUSE =3 pp. 121-122 (2015.04)

Asts| / SRS HAZ S| 2015 EASSEEUE =28 pp. 121-122 Bl L

Structural Analysis of Agricultural ,
Multi-purpose Round Baler for Optimized Design’

Hyoungsuk Kwak' Daein Kang’ Daeyeun Kim® Sungha Hong' Kyouseung Lee'*
‘Dept. of Bio-mechatronic engineering, Sungkyunkwan University, Suwon, 440-746, Korea
2Myung Sung Co., Ltd. Pyeongtaek, 459-090, Korea |

tion
this study, possible structural defect on multi-purpose round baler's operating is predicted by
ing structural analysis for characteristics of stress and displacement. Objective of this study is to

an optimized design through structural analysis.

and Methods

A(7.0) is used for 3D modeling of baler and ANSYS(13.0) is used for tool of structural
is. The image shown in Fig. 1 is completed 3D model of roller and auger parts. Structural
is conducted by using automatic meshing tool about modeling of fundamental designs. Main
v parts are completed by using finite elements method. Properties of metal used for analysis on
smudy are SCM440 and SS400, respectively auger and roller parts. Structural analysis is conducted

o

&X® . Patents analysis of agricultural multi-purpose round baler using
OS-matrix (&%)
Fa A dasd71ASE 2015 EASeE =84 pp. 123-124 (2015. 4)

d

27| A8 S| / B2 AYSEHEHES| 2015 EASSEEUE =2 pp. 123-124

Patents Analysis of Agricultural Multi-purpose Round Baler using OS Matrix

Hyoungsuk Kwak' Daein Kangz Daeyuen Kim® Sungha Hongl Kyouseung Lee'*
'Dept. of Bio-mechatronic engineering, Sungkyunkwan University, Suwon, 440-746, Korea
*Myung Sung Co., Ltd. Pyeongtaek, 459-090, Korea

Introduction

In 2011 of Korea, cultivated area of bulky feed is 26 thousand ha. The supply amo unt of bulky
feed is 5.3 million ton and the ratio of bulky feed supplied from domestic is 83%. Currently,
development of integrated baler under 100HP is insufficient state in the world. Thus, securing industrial
property and development of baler combined with Korean element technology are necessary.

Materials and Methods

Identification of trend of technology is conducted by researching and analyzing patents. Registered
patents about baler are 2,894 and 944, respectively US and EU. Relatively small number of patents
about integrated baler are existed, US patents are 25 and EU patents are 18. In Korea, result of patent
research is that number of search and effective patents are 201 and 30 respectively. Amalysis of e
domestic and foreign paten ts which set the detailed information and explored the space techmolozy was
conducted by using the OS Matrix. OS Matrix is the same as Table 1.
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sWE : Speed adjustable wrapper device for agricultural multi-purpose round
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si2sely|AEtE| / SRS SRR S 2015 SNSST2HE =8 pp. 1317132

Speed Adjustable Wrapper Device for Agricultural Multi-purpose Round
Baler’
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Introduction

Defects of the bond state are showed in center of each side on the bale because there is a difference o
between bale size and device configuration in producing bale using round baler. Non-uniformed binding
of plastic film induce the air to flow in the space of bales, then it cause deterioration and decay of
bales. In this research, it is purpose that strengthen a binding force for improving the bale quality.

Materials and Methods
Multi-purpose round baler is designed to conform to domestic growing condition of bulky feed and

livestock farms based on tractors under 100 hp. Wrapper which strength ens a binding force is designed
— S wa i ati s aemnd Qunanifi nation of ronnd haler is as follows: weight is

EY FARSFA AUL NG HA BARSFHR) AEAS 24D
Technical analysis of the global baler for the development of integral
round baler
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Development of Silage Processor apply the Integrated Baler

A3 Zd e A a ol
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%= (Abstract)
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Analysis of Traction and Power Requirement for Forage Harvester
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