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| | D-01

Purpose &
Contents

To develop a silage processor that is suitable for the farmers as well
as the breeding and working environments of livestock farms; that guar
antees product quality and price competitiveness against foreign equipm
ent; that is the first processor in Korea to allow simultaneous harvest, b
aling, and vinyl wrapping of corn in a single unit; and that allows opera
tion with vinyl wrapping only without a net.

Results

The developed silage processor system was designed to produce
mid-size corn silage bales. Its sales price is 95 million won per unit,
which is 42~48% of the import price for the combination of corn
harvester-tractor-baler, assuring price competitiveness. Moreover, the
developed 80-horsepower product is priced at 1/271/3 of the main
body of imported product, assuring price competitiveness, for the
tractor, price competitiveness is assured in 1/274/5 of the imported
products by applying the 100-horsepower class. The performance
competitiveness was assured by optimizing the specifications and
making body weight to be lighter as well as by making it possible for
use with corn and Sudan grass. The developed silage processor is a
single tractor with corn harvester in the front and temporary storage
tank and baler in the back. The plan is to use the integrated silage
processor to create import substitution effect by securing domestic
market and to actively pursue an export to Chinese market, which
represents a major Asian farming equipment market. Moreover, it is
expected to help in creating job positions and growing sales revenues
through creation of a new market, as well as revitalization of partner
companies and related industries. The study was conducted in 25
stages, including “Review of Optimal System Design through
Establishment of Development Direction,” to undertake the work of
offering advanced performance through factor and verification
experiments. In addition, 5 patents were applied during the
development process, along with 37 cases of quantifiable achievements.
Licensing agreement for our technologies was also reached with the
support agency (IPET); those were reflected in the policy by the policy
authority(MAFRA) and completed the technical guidance testing for
farming equipment by a national testing agency (FACT). Ultimately,
product commercialization was completed.

Expected
Contribution

O Secure the system source technology with integration of elementary
technology of individual equipment

Secure the sales and technology rights from patent applications
through development of elementary technologies

Contribute to the establishment of corn silage labor-saving production
system through the first development and supply in Korea

Secure the production competitiveness of livestock farms based on
substitution of large imported equipment

Secure the gradual import substitution effect with market size of
3.777.0 billion won from the localization of the developed system.
Save over 50% in farm labor cost by using the silage processor
instead of the specialized equipment for each task.

Create new jobs and improve factory operating rate from increased
revenues due to the development of silage processor

First development of a silage processor system suitable for domestic
environment in Korea

Contribute to the revitalization of silage processor-related industries
based on opening of domestic and foreign markets

Improve livestock farming image and provide alternative measures
for aging livestock farmers through mechanization

O o0 O O O o0 o o0 o0

Keywords

production
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27 | C0B-Y2700-00 Frame Cowver 2 = 1 =
26 | COB-Y2600-00 Frame Cover 1 = i -
25 | C08-Y2500-00 Grinding = 1 =
24 | C0B8-Y2400-00 Belt = 1 =
23 | C0B8-Y2300-00 Cutter = 4 =
22 | Cc08-Y2200-00 Rotor = 1 =
21 | C06-Y2100-00 Hook - 1 -
20 | COB-Y2000-00 Belt Tensioner = 1 =
19 | CO6-Y1900-00 Scraper = 1 -
18 | C0B-Y1800-00 Guide - 1 -
17 | C08-Y1700-00 Belt Tensioner = 1 =
16 | C0O8-Y1600-00 Input Guide = 1 =
15 | C06-Y1500-00 Roller & Gear Box = 1 =
14 | C08-Y1400-00 Roller BKT - 1 -
13 | C08-Y1300-00 Under Roller BKT = 1 =
12 | C08-Y1200-00 Under Guide = 1 =
i1 | COB-Y1100-00 Drum BKT - 1 -
10 | C06-Y1000-00 Drum = 1 =
9 | C0B-Y0900-00 Input Shaft = 1 =
8 | C06-Y0800-00 Chute = 1 =
7 | CO6-Y0700-00 Duct 4 - 1 -
6 | CO06-Y0B600-00 Duct 3 = 1 =
5 | C08-Y0500-00 Duct 2 = 1 =
4 | C08-Y0400-00 Duct 1 = 1 =
3 CO06-Y0300-00 Rotor Upper Cover - 1 -
2 | C08-Y0200-00 Rotor Cover = 1
1 C06-Y0100-00 Frame = 1 =
=H = & = ) HE 5 2 T = Hl 1
No Dwa’ Mo Description Mat'| Q'ty Spec & Size Remark
Figure 4. 1XHA A%}7|_ S5 27 2984 24




(e) Assembly parts

(f) In-feed drum device for tractor

Figure 5. 1%t A|ZE7| THEA HE : S84 28]

M7 9 ARY S4s 2879 74
1

o1 B0 BELE TFEE 1,050 mme ¥

Z 1,617 mm, Z°] 6,749 mm, =°] 4500 mm=E
kgoltt, =87 Aol rlol= AXoA =& & (D)2 1,266 mm

=g AASEt (Figure 4, Figure 5).



AARoR REE SRE2EPA (0, S5 £27] BAL =3 2o FHE AE (), B
R
q

Az ol HA £EF (o), 2HEYEH S5 787 () €22 A=A (Figure 5).

B8

26 | 8R2020100018 C-Type (Saft) B 2 516
25 | SR2020120025 C-Type (Saft) Z 2 525
24 | KY1011208050 Key 2 12x8x50
23 | BO1941208025 Hex. Bolt 10.9T 2 M8x25
22 | WS1417015008 Flat Washer 2 M8
NT28406802016 Nylon MNut 12 M18
20 | W314300300186 Flat Washer 12 M18
19 | BO1942018050 Hex.Hd.Bolt 10.9T 12 M16x50
18 | BO18941712035 Hex, Bolt 10,97 8 M12x35
17 | WS1424025012 Flat Washer SCP1 8 Mi2
16 | COB—E1500-00 Plate S5400-P 1 @B XL
5 | COB-E1400-00 Pin S45C 1 216X 30 L
14 | COB—E1300-00 Pin S45C 1 @25 X 134 L
13 200-00 Tension Link W.A 1
12 1100-00 Tension W.A 1
11 | COB—E1000-00 Plate 55400-P 1 DXL
1w | Plate 88400-P | 1 DXL
g COB—E03900-00 Plate S5400-P 1 @XL
8 C06-E0800-00 Plate 53400-P 1 XL
T COB-EQ700-00 MAIN SHAFT S45C 1 @ XL
B COB—E0600-00 INPUT SHAFT S45C 1 @50 X 350L
5 COB-E0500-00 2
4 C06-EQ400-00 1
3 CO0B—-E0300-00 Plate S8400-P 1 o9t
2 CO0B-E0200-00 Plate 58400-P 1 gt
1 CO0B8-EQ100-00 Middle Frame W, A 1
el &< =] = =S HaE - & = H
Mo, Dwg' No Description Mat'| Q'ty Spec & Size Remark

Figure 6. 1XH A|%t7| THRK| A7 : 244 £37] 5 25%|

Z 1,645 mm, Zo] =
grlo] zoElo Qlrt. HAREZX= EFHAA AEEHE PTO 382 87 20 dd=
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FARZA = S o719 ZAR 1Y dEjolA EHEY AF 37 X0 FRAEHEE A
ZiE]Qit}, Ax|= EHMEQ PTO 5HE (—)ETLE 560~1,100 rpm o g Hhilol (D) HE
€ o]&slo E AZEA (9 1F AZEA (@) F=87]d 5HE ddsto] AW =
F£+E 28T £ EE SIer T PTOE MY Z HE (0, S5+ £8719 2T ()€
ZEfet EHEL A (d)E 4H, 2¥8Ee S+ =87 (b= ot £ (Figure 7).

A ¢ \ L
x Aﬂ SRR, 5

(c)Rear PTO transfer front maize harvester (d)Assembly parts
Figure 7. 1XtA A[X7| TEEX| HE @ S5 27| FEHA
13 | COB-A1800-00 Chain Sprocket S45C 1 #80, 15T
12 fié@?\_zuzoz: Plate SS400-P | 1 @xL
11 =O_0000—00 Plate S55400-P 1 @XL
10 | COB6—A1800-00 Sprocket Weld Ass'y 1
9 | C0B—C0805-00 Out Pipe S545C 1 @40x1000L
8 | C0B-C0804-00 Inner Pipe SCM440 1 32x1000L
7 | CO8-C0802-00 Inner Yoke S45C 2 @27
6 | C0O6-C0801-00 Cross Journal 545C 2 @27x70L
5 | COB-C0803-00 PTO Yoke FCD45 2 27
4 | C06-D0O00D0-00 Hopper B Ass'y 1
3 CO8-C0000-00 Hopper A Ass'y 1
2 | C08-B0000-00 Chain C Ass'y 1
1 C08-A0000-00 Belt C Ass'y 1
=4 = H = = HE =i ™ =) H 2
No. Dwg' No Description Mat'| Q'ty Spec & Size Hemark
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O YAALE Iol = ot (TP Hdelel YAALRI AR FARE AR AES A3
FE 3gste FAYR 2A%FX ((e),(F)7t T7} & (@)= A FAYRNZAE S
o] AL Mt $&7)ojA 24471 EE 5 cm o]stE AAE0 FFEED HYy 28
B2 7IAR] AR Qs HEE °JE—4 BEREE0 Hde EYF sHEE ottt
Ol & 3ol EYstE 7152 Fosttt (Figure 10)

O AA R AEE B HYdyEe AuRe AXAAZRBIN AFZANZ AZHEE HAASHUC
Hdes EEO ARG I} shte] FRERE o x|} Fxe FRHCE EX
B9 53& ol ZAEEEd 448 = 2376 mm, Z°] 5083 mm, &£°] 2,076 mmz A7
ERon xF kgoltt, 5% widele BIoA ML= PTO B Y 5HE o &

o
S = 7 [
5k —T“é’é}zl%% st EMEC ZAE F2RHor AYEES HAEJE (Figure 11).

(e) Corn loss preventlon device (right) (e) Corn loss prevention device (left)

Figure 10. 1XH AI%E7| RAEK M YAHTYI
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(@]

33 ADA-P1100-P1 SUPPORT BKT 1
32 AD4-P1000-P1 UPPER COVER FRAME 1
3 AD4-POI00-P1 BUSHING 2
30 AD4=-PO300-P1 GAS SPRING PLATE 1
29 AD4-POTO0-P1 NET COVER 1
28 AD4A-PO&0O0-P1 MNET COVER FRAME 1
27 AQ4-POS00-P1 GEAR BOX UPPER COVER 1
26 AD4-POA0C-PI COVER 1
25 ADA-PO300-P1 SHIELD _LH 1
24 AD4-PO200-P1 AUGER SIDE COVER_RH 1
23 AD4-PO100-P1 SHIELD _RH 1
22 BUE-LOOO0-PY ZPOINT Likis ASSY i
21 AD4A-UJ0D00-P1  |BEOTTOM ROLLER DRIVE UNIT 1
20 AD4-30000-P1 BALE EJECTOR ASSY 1
19 AD4=R0O000-P1 EJICTION ROLLER FRAME 1
18 AD4-Q0000-P1 DRIVE UNIT ASSY 1
17 ADA-MNOO0O-PY WRAP HOLDER ASSY 1
16 ADA-MOOD0-P1 WRAP KMIFE DEVICE 1
15 ADA-L0000-P1 WRAPPIMG PART ASEY 1
14 AD4-KOT00-P1 WRAPPING RING CYLINDER 1
13 AD4-KO300-Pt WRAPPING ROLLER CYLINDER 1
12 AD4-K0200-P1 UPPER FRAME CYLINDER 1
11 AD4-KO100-P1  |EJECTION ROLLER CYLINDER 1
10 AD4=J0000-F1 WRAPPING ROLLER FRAME 1
9 AQ4-10000-P1 LOWER ROLLER FRAME 1
8 ADA-HOO00-P1 WHEEL AXLE ASSY 1
7 AD4-GODDO-P1 DRAW BAR ASSY 1
6 AQA=FO000-P1 NET ASSY 1
5 A04-EOODO-P1 AUGER ASSY 1
4 AD4=D0000-P1 ROLLER ASSY 1
3 ADA-CO000O-P1 PICK UP ASSY 1
2 AD4-BOO0OO-P1 LOWER FRAME ASSY 1
1 AD4-ADDOD-P1 LUPPER FRAME &33Y 1
=H T H s 3 ME == = L]}
Fart No Dwa' No Description Mat'| Sty Svec & Size Remark

Figure 11. 1XHd A[%7| +IHX| 24 :

Front PTO power using

I
— "

rear PTO (d) Front PTO power using rear PTO(side)
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O Hd= 9
(Figure 13), Y E&81% X
ZAAz] (Figure 17), MH & X] (Figure 18), 33 FXE| A (Figure 19
(Figure 20) 52 &
o HEo ZAxQd =

At

FaT7HeA 4AL 3DE 4A9 BAHEES Eon, sIsHoz BA FeUA
% )
P

(e) Assembly parts (f) Integrated baler
Figure 12. 1XHd AIXt7| TAEA| Mz S8y vl L2y

(Figure 14), 26{& %] (Figure 15), &3 Ax]
TAEUS. 4 AAELS AZE W deol ofAdEE]
_’;\_

=
% 2879 YAMIRA, EAEG §7180E AAHT LEHEF 3

QO

T ep g TN AT (51Y60) { o
GG \f_?i-‘fd*\@@\ Voo % y 5 B

x{ds Rﬁn’s 3)
X ﬂ 40}’ 4}(58:\

-"3‘3)
@EEN_ - ﬁ //20[ s)() / %4» W*}

y
AV S

. = e e =)~ .
B Q @} ' < EE)
& &

Figure 13. 1A A7 FEEA| 24 « HIL2 =X =2 FFA

o

_37_



Figure 14. 1XtE A[Zf7] FEFA 27 : HILS _HY ST

Figure 15. 1Xtd A|%7| P EEX| 24 @ H L _ZHTXK]
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Figure 16. 1XtE A|%7] FEFK| 2A @ HL 2 _FAHZA

Figure 17. 1Xtd A|%7| - IHX| 27 : H €2 _PTO HETX|
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Figure 20. 1XtE AZ7] FEFX| 24 : HLE_HE +=HASEA
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5) Ml

X

I DETAL ‘G NED
SCALE 211

O 1A ARZlolE 1059 A7 AERe R dasle A58 AA8e BAsGEH Az

AAA X okl T8 Zrh AlARo Fatd AlA
.]

=
Eol B AN, @ o €1 AN, © ZEZE B AAM, © Z7]o HE Al

AR AA, S

A, @B e 58 AM, ® B7o 3 AXEE AA, © 23 §FAA AA (4), 02

o FFAA AAM ()2 7852

m
32
A
(4
N
it
oj‘.
fr
1o
e
ﬂ
s
ﬁn‘
rlr
AL
oo
B
my.
AL
o
(Vje)
[an
-
[¢]

@ M2 SEiR] A ; 2 7|0f THE 4L

@ HEZZ 97 HM @ 2 M =5 MM

2 =ot e 2N ® 270 2T ANSHUA
@ Eof €8 HA @ = U M)
® ZEZE FHelA My @ =T SEAA] AA(3)

Figure 1 1xHd AIZE7|0f MBS MM T4 X 4X|$/X]
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O RAZIHAREE Aotz 95 Aol PCB BEE= ZF AlA o] ZHx] e} A ool f5& 93 3
24A, el A, AAY™ dFolole] Ao, &4 AR FALEN AoAE HFHoE HA
(@) 2 A (@)FHAurt "A7IAo= AlARS AFs2ds AT A H el MCUol| AZE o
Qu® zZzados AEAHHA 74 BxE0] ASES SAr)

O ol ARHA (@) Flo]AE2 ZEEH fUS THOE JHEAS W SHASE o|&stod &
A AARS Aolste A S E RS4855 ol 7Hd Enl'dy} RS232CE ol&% RUEE &4
SES alair AEHoR AoEHE FUAA 5L FARAY S4s 3], QAL
THY HlEds e ZF A7t (Figure 2).

—% wim e ;_ Sea
Actuator_ On-Off Valye
Drive Part
i BATTERY Power 150 IN _g Sensor
Virtual Actuator
Terminal R3483 Wiy RELAY { On/Orr)
Monitor L || rs232 PWM | Actuator |
PC i _i (e H[o]) i
F— | PR ——
* Only for debug
Figure 2. AFUZ|X| ZX{7| A|AHE (© PCB &4, @ PCB MZ, ® 22HH #HE)
O He TE, MA L Axolole] Sajolue] Wad AL FYHUHY (DC 12V Helz)E ol
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St=5 otn, Z4Zto] sl o] Batt M2 FUAHPHLAA dEF 28 A= &

6)]

V 1.0A LDO (low drop out) (P21 32 353, 33V sl olg

A=A Y) DC 3.3V 1.0A LDO (DC 5VERE A4, MCUTH 329 HYFH)

O MCU ThE, Z2 5 AlAe Gl E Z A8t ON/OFF ool #52 9% GPIO (ge
neral-purpose input/output) £E, H]z #HEO FTF2 3t PWM Au|olE], Alz|d QJEH

ola F9 7l FEOl 7Hs, i olHE Azulo] Qo] xHo] A7 e TLH9 JESLY A

2Lz 7 7Hsst MCUE A -83519 ot 2t

DOAIA Y=/ FoolE] ON/OFF Egto]E &3 GPIO : (4™ 15 ZE/EH 14 X E

@9 Fofolg H|E HH “glo]H PWM €8 EE : 2 Ch. : 10Khz~200Khz PWM (pulse
width modulation) A& o]E]

®Al2lYd QAE{do]A ZE : USART 2 Ch (RS485 1 Ch. : 7HM} Emld &7 RS232 1 Ch. :
Z<& EE | 18) USART 2 Ch. (RS485 1 Ch. : 7} EHuld A2, RS232 1 Ch. : &
ZE Mg

@B S E : 40 MIPS o]AF MCUA &

III"”§°

>

O MM U olE AA 2-AT MCU BY ZEQ ATE mAsiA A4Sl 93 MCU =
E H33RE dAsG=r £8 W82 23 £t (Table 1).
O4AZ A - AA £ 0 DC12V 600 mA (), MCU ZE 4= : 3V CMOS 20 mA (),
CMOS (complementary metal-oxide-semiconductor) 2] =% 1=
@EZ3Z @ Opto-coupler 2| =24 A& UH/E7 A, @ Ad @ 2,500 Vrms
@YU=4AIS EA] : LED QIt]AClE H|AZE# o]

Table 1. MCUO|| Q3 E|= MAQ| 2L3HAS

Ok2d i A T MM (NPN TYPE) 34 N.O H2 of=ol B2 o %5
2 HE ZHe A HAM T AAM(NPN TYPE) 34 N.O ehA| ZX[skn UCHF SE 5| B OFFE
3 E0f &l A MM (NPN TYPE) 344 N.O el MENoH ONE
4 Fof g3 dAM T AA (NPN TYPE) 34d N.O Hzl AEfo]AM ONE
5 45 Ze "9IA A T A AM(NPN TYPE) 34 N.O LS 20| Lfefot A= e ON &
6 g7lof ot HA TH A (NPN TYPE) 34 N.O 2 7|0] Ch221%[0| A ONE
7 2o 58 A T M (NPN TYPE) 34d N.O g 7]0{9| 3T 45 COUNTZ.
8 703 AXNZEAM ZEMM(NPNTYPE) 34 N.O 2 71019 2| T /&S COUNTE.
9 o 82 4X dAM (R) & M N.O =i 82 ZX|(AN)
10 =M 22 2HR| A (3) Ik MlA N.O = 82F 4X[(1)
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O A FofolE| ON/OFF ®E ctglo]H nlE & W2 ON/OFF 752 93lo] SPST (single-pole
single-throw) #zlo] A& DC 12VE ON/OFFY & =& 38 74

@ "&lo] : SPST 30V 5A& o4

@ =&o] EgtolH 500 mA (B4 =¥E A7)
©® &9 I HoleE

® #F CMOS 2%

O AdFoolE] vl WE =glo]H ntE MCUAA ZHAAIZ] PWM BAE DCE #HEslo] vl ©

EﬂL—_O]Eoﬂ ALES 319%+=d £2 &2 o2 2}

Egzloly] : PWM1400
WMe DC €8 : Aloj4lE = 0~5Vdc (PWM Duty 07 80%)

O AlElE dE-olA mtEe 4 H F9 82 ohZa} Zr
a) RS485 ZE : 714 Enjdato] Algld QEEo]lA ZTE Hio|EF EAl (half duplex) HAl, &

i
XN EE 23T HE

@ dlolEl 4% 1 1 Mbps (),
@ A A4 Drop-out (electronics) £=HIA! : NPNTR CMOS E32] 54 A7

A AAe U™ Az|, AFololee & Az|, 49 D27 AoAgxete] 4, =

A
7], QAIAZR I, 38 Hdel 29, EHET 7lee st

i
+

o
o
)
|m

")
o

)
r.]
i
jn)
o
n

=X HE 0 YR QAT Hig AEE ZEE i 57 %
@& =28 F ¥ Fejo wal 71 Packet SAIAof o] A4S HJRAG 3
@D-Z2EZ : BEUEHT % AolE A% Z2EZ, A

of
DT Ho: mREgol B2 B B, OME Y ZRAM FEUR

=

O 4 AMELS MCUR ZRH A5E H$Hsl CUMA = e =203 71 Z X
E£HAZTE £83ld ME ZAES Adg AsAs AFEE P8I START HES =
2o g AZEIM olm RE] YA F 4 AAES XA Fo] MrAQ] AT 2 QA"
2o AFAol SAZE 12 AJZ 7o UAMFR T BEE Hdelo AEHA=H &Y

A7 EME 24004 2271 A& Aojmid R aste /HEolH (Figure 3).
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Table 2. MCUOHA‘I EHE= MO

Olo

=

s= i 4 2
CLUTCH g& RELAY OUT V+(Q24H9h (TIMERZ OFF A|Z])
0 gE Mot sAl0f =
V+(D' 29 & O»—) =24
i |. (= i o B = =1
2 HE 2 59 peets (HIE 2 MOIX| A @
Al OFF)

3 20l g8 Mo RELAY OUT VHEEEL) gl HM ds Y3 Al OFF

4 Z0 B3l Alg RELAY OUT V+(Q2F0N Ersl MM Al Y2 A] OFF

5 FEFZE sz RELAY OUT V(YU HE (TIMERZ OFF AZ))

6 T RELAY OUT VHYHEY) 284X Alﬂlﬂ aA e
270 A= AlS RELAY OUT V+(2 A (TIMERZ OFF A|Z))
gl oty A= RELAY OUT V+(@l2iF 0h (TIMERZ OFF AlZ))

1. SIGNAL : VOTAGE 1. & 3|H, V+/20| M V+ X 75% e
9 FYHMAO M CONTROL 2. %8|, V+/200 M V+ X 25% B
2. POWER V4(Ql2{FON ExkA|Or =2 T} -
L 29N S5 Al SEHVHEHEY
10 YU Ne RELAY OUT 2. TIMER 0] oot SE(V+(AHAEY) S5 AN It 2&F
11 oc Wz RELAY OUT V(@I H2h
12 DF 22/(YmhH RELAY OUT V+(Ql2iE 0h)
13 DF Ljj=l(2lmh RELAY OUT V(@282
14 oo 8% As RELAY QUT VR HEL)
15 =o2% 1 M5 RELAY OUT V(@282
START
DT23
=R BRI
el e T A HERH | @
. EYE =g b &= >
T 00|12 ®E OEE—L‘E ; oT1=
1 93 MM OFF 20 1 HE T2 "ok MM oN =201
2 YE ZE MK HA ON =l 2. &=of B3 Al ON =2l
3. 20 T3l MA ON =0 3. ©7lof O HA ON =0
4 Y7|of 2 HA ON =2l 4 BETYE HA ON ol
5 B2z HA ON 29l 5. @70 WA =
6. F7|o] oA =l

Sof @3 44 ON
Z7\0f 02 MM O
HE e XA 4k
EETE HA ON éﬂ
27)0f Helx =l

Cof B MM ON 22
2olof Che HA ON 2Ol
EEZY MM ON 2
=710 elx| 29

B g
b b
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2710 3| F & 29]F L 35O LR
G EE & UM S A 42 52
2710 S HSE (0554 B33 &4 B0+ 2
@ 2710} 2/H gze0s
ON/OFF AIZt2 87 TESTS #Z 8 %
]
1 20 S HAM ON =2 1. =0 3 HAM ON =2
2. 27|0f C}2 4iA ON 2Ol 2 7jof e MA ON el
3 EE ze M4 ON 2O 3 GE e M ON =9I
4 TEZE dAM ON =2
270 21  F A B E(STL HEE
2% PULSE‘:— 5"|-°:$|-0=| Plejx|0 & )
7|HE TA| AI7|L(SOFT STOP) EE & 4 C
4z LS 0nE 25 90
2= 7y Y20 2=5B PIOE P2 SIA|Z 0150 BEE/E PIPAIE & 22 7E o2 Us7 YT
FAIA P2 YA(2'nd STOPIZ O|F Al > EE A7 2E FH L2 U=8 ON 7IHE HETE AFH P4 2K (FYAD
FICHPULSE COUNT) AMES7L oS 2 M 7HX £ S0k oM ®A| AJZICH
StE MEE
| o= J et _ g A J o= .G
@ DELAY A s - MEzH A gt DELAY '

L Eo @3 MM ON o 1 Eof @ MM ON 2 1 Sof @@ dA ON el
2. 7jof Ch2 MiA| OFF =9I 2 Yrjof the MM OFF R 2. 7lof e MA NSl
3 m=zo M onzol 3. BETW AM ON T . BEZL HA ON T

ooz NEE
® E0i BE A A

EOF UHE WUrE|

ONgTE

24 HiM OFF 20l

= TU HojF| Hu ON 2ol
of &3l MIH ON =l

JrI
=1

[ T SR
E o | L

Figure 3. X} 5XH 0 &=ME (START-@—-@—-3—®@®—®—END)

AlA (a), HEZS BHz AIA (b), Ml 4= (
A AAM (e), sHFER Aol AIA (f), B7]o AAXSE A (9) o= HAAFEE

=1 Zr} (Figure 4).
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O AA AZE MEES ABIA L= 271 AR B4
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rlo
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Figure 1. 1Xtd A|Z7]0] HEQO| o2 HES= X[ EX|SE

O MEEE AldelA 2A719] A0 QAX+E REFE7] Al FotAlotde] I, A&, W

= ]
8%, 02, B2 Az o] HiF BRRA W EAL AU (Table 1),

O AAASY £AF L BAL B AT BHQ AQelx] 271 Aol ol AABANM T
AR eAAY R KARSAYe] Yof WA AURME FE] MUY TBAA 28
WA A RED B2 Aol HES AMTHN AAS SR sl BEET

Table 1. SOtA|O} 2R QIZHESIA QIXX|4 £4

Taiwanese Chinese  Japanese European American Korean

Stature 1,699 1,678 1,690 1,720 1,799 1,707
Shoulder height 1,391 1,367 1,374 1,424 1,476 1,383
Elbow height (straight arm) 1,088 1,054 1,064 1,078 NA NA
Upper arm length 302 313 315 NA NA NA
Forearm length 240 237 253 NA NA NA
Knee height 449 444 449 NA NA NA
Elbow height (flexed arm) 1,055 1,024 1,043 NA NA 1,046
Waist height 1,000 NA 980 NA NA 1,026
Elbow height, sitting 263 263 270 243 243 265
O 58, AYRIA ZA7IS SHAY Fol £ Wil vde) RAAYT AR AN AL
H HEtde 24 SERECde HA84r AFE AsH 53], des #HuFxe HHde
a7b AFE A BE Ao AZ2daart 5= e
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O RAMAT, ZollofEe WEEA mhat ekzhol QA XS zlolzl Qe ==
]

ek
| .
M, 422 &2 ARl H2 FF0lH, =2 T 55 4

O E4ZT, FolAolde slEAe Buslete] B4 2 Aoz vehgt AARS7 71
R

[e)
2 T e 9%, S USAHY 5408 HepEE A9 445 WA sEof 5
/K

% =] o

£ 7Hs4ol gt AEQH gedoz Yehd AAXS W AAEAHA 2 Aole RE AL
2 g E Qi B4 o83 72X AREL o3 Zrh dFoA sEUAZoE A%
H FEoF gl B 7lol Higt FH oA g Z3g (Lin and Wang, 2004)2 Table
29} Zrt

Table 2. The mean anthropometric data for East Asian adults

Unit (mm) Taiwanese Chinese Japanese Korean
Male Female Male Female Male Female Male Female
Stature 1699 1573 1678 1570 1690 1,569 1,707 1,588
Eye height 1,579 1457 1568 1454 1566 1448 1,588 1,480
Jaw height 1467 1354 1455 1,354 1,455 1,348 NA NA
Shoulder height 1391 1,285 1367 1271 1374 1270 1,383 1,289
Elbow height(straight arm) 1,088 1,007 1,054 987 1,064 983 NA NA
Wrist height 849 794 817 774 826 766 NA NA
Fingertip height 657 620 NA NA 659 611 644 604
Head length 232 219 223 216 235 221 182 173
Upper arm length 302 281 313 284 315 291 NA NA
Forearm length 240 213 237 213 253 230 NA NA
Hand length 192 174 183 171 182 168 189 175
Biacromial breadth 375 331 375 351 388 348 391 352
Shoulder breadth 453 410 431 397 449 402 451 406
Chest breadth 322 293 280 260 312 281 NA NA
Hip breadth 318 322 306 317 339 333 322 319
Armpit height 1,274 1,178 NA NA 1,260 1,171 1,279 1,202
Trochanter height 859 804 909 915 NA NA 842 791
Knee height 449 412 444 446 449 412 NA NA
Left lateral malleolus height 68 61 NA NA 46 41 NA NA
Horizontal Fingertip reach(from wall) 826 757 NA NA 820 751 821 760
Elbow height(flexed arm) 1,055 980 1,024 960 1,043 965 1,046 977
Waist height 1,000 919 NA NA 980 908 1026 966
Crotch height 731 702 790 732 748 704 757 718
Vertical fingertip reach 2,120 1,940 NA NA 2,095 1,928 2125 1961
Elbow height, sitting 263 254 263 251 270 253 265 263
Eye height, sitting 788 735 798 739 789 732 809 758
Sitting height 907 848 908 855 909 850 921 866
Vertical fingertip reach, sitting 1,331 1,218 NA NA 1,314 1,208 1,346 1,248
Knee height, sitting 523 472 493 458 NA NA 508 470
Popliteal height, sitting 408 379 413 382 396 362 410 384

Buttock to popliteal length, sitting 454 439 457 433 452 437 470 449
Buttock to front of knee length, sitting 558 530 554 529 559 531 553 528
Weight(kg) 67.5 53.8 59.0 52.0 65.5 52.2 66.0 53.5
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ol oiT 1009%, 53 97.9% ¥YE 99.7%= Xol= 0.3~2.1%°|1, 3z|&ols
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o

l«— 026701 —pI — 0.257H —p] l¢— 0.266H —p] l¢— 0.264H —p

=

0.8H

0.188H = 0.6H
3 C 1T
-1-1- e B S|
)
o
25 E G 0.2H
lu 2 i

Taiwanese male Chinese male Japanese male Korean male

Figure 1. The illustration of segment proportions for East Asian male adults in standing posture

Zrh 7|BEA o g oLe ziA

o o
oA Bdo| PEgL FL o =olk (0464~04740|1, FE=olL (0234~0246, T =0]
1|

K-onon ——Pil T ke odon ——pl

Taiwanese male Chinese male Japanese male Korean male

Figure 2. The illustration of segment proportions for East Asian male adults in sitting posture
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cylinder, (b) chamber lock cylinder, (C) Drop floor cylinder, (d) Film cutter cylinder, (e)
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Priority valve(ring-up), (f) Ring lift cylinder, (g) Ring rotate motor-right, (h) Top section
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cylinder®} (i) Main valve, (j) Control panel, (k) Hydraulic pipes® TAE U}t A2 7)o A
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® Drop floor cylinder

@ Chute direction change
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where p,

corn stover paremeter

& Azt (L;)E Portions of stalk is still standing 0.40. Loosely spread in the

field 0.45, Biomass is in windrow 0.35, Twined bales scattered in the field 0.30, Net

wrappe d bales scattered in the field 0.25, Bales stacked uncovered 0.20, Bales in plastic

t}t (Shahab Sohkansanj et

tubes 0.15, Bales stacked covered (tarped) 0.10%

al,, 2006).
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Figure 3. =2t A|7|
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meE FEN £719 gl HIes 7] deE0] 72%, 3E FEE0] 40%00A FZHAIEO]
BadsE gdego]l g4, 80€ BE 4 Foles 10% BEol EZst= A2 Figure 204
d 5 Qo Feg Hole oh2o AloZ Aot (Prodesimo et al, 2004).
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(Shinners et

al,, 2004).

Table 1. RI2x70| gt+g8 ME22E HELE
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

O dAFRHe A¥dAT (0,0) H BEAT (@)l AEZH (58714 = AR AR TEA
15-C- 1763/16-C-1732/16-C-2120)0] & 5lo] BAS Z Al58 L4 (Y- 57 - 28] =
) Al El R AIRAAY ARS oS 2 dRbAQl AR o= EAAEIAA AR
TFol 18% oldoll 7tAadEPYLAEE (TDN)o] 60%E o]stolrt. o7]olA NDF&= W&
B AEHATS Ao, ADFE astene] #AE e} (Table 2).

Table 2. S0 =2 HE&Z4

N
Tdd&
@ @) ® o) ® ® 32016 TFAR
25 (%) 84.53 83.61 70.47 NA NA NA
DM(%) NA NA NA 30.51 31 85
ZXCHEH EL(%) 1.55 1.65 2.62 8.08 5.0 5.0
T X|2H%) 0.46 0.62 1.29 NA 21 1.3
ML (%) 407 7.20 6.46 27.72 31.3 34.4
3|2 (%) 1.12 1.03 1.55 6.60 NA NA
NDF(%) 8.90 498 13.96 50.98 67.0 67.0
ADF(%) 442 9.18 6.87 31.64 43.0 39.0 wennlin
H| 2 GITE  ATEH  ATH UAE  HEY  4EY
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= 1
7|72 e o 2R (9.49/7.97/9.72/8.71), ZAR (3.51/3.11/3.57/2.64), &2
# (32.04/30.75/32.02/31.94) 0.2 ®Hasle ZAog 73T 1, 5EALEEIATFL (BF

4, 2001)2 €= T S5 LA (0©,0) ARAHES AAISAH (Table 2).
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95 moisture for

g good ensiling 3
2 90- .-
o =
3 851
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Whole Plant Moisture %

Figure 4. A28 2449 £=2tH7| (Wiersma et al., 1993)

O ABATR (Wiersma et al, 1993)= F £7] €52 =T 2 FH0] 65~68% HAL
W7t HAe sHAZ2 AE JeEo] M F2 AR AAlS UA=H o/#H ADF 22.8%,
NDF 45.1%°|=t (Figure 4).
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Maize harvester Tractor(4WD) Temporary tank Integrated baler

Figure 1. Schematic of the Tractor-Silage processor system

EERo Agd EMEE 1abd AZAH AEEE FAY 716 ERo ths] A-835131 =
F F5¥oR £9%2E™ 150 hp (112 kW)olL PTO 130 hp (97 kW)O1D} |2 200
110 IpmE ZAFEH, 38 35X fFU2 ol&std A 5548 kg, T 2,503 kg
28 EHdEE A3 28~50 km/h (PTO : 0.02~28 km/h), =3
17~40 km/h (PTO ; 0.02~25 km/h)<] FRsEs Z=

(www fendt.com/us/pdf/Fendt_700_Vario_ Brochure__FT09259 .pdf, 2016)

S

H
ofr
*-v-‘
2

A

O BHEHYo] MgH EWEHG 244 287, YAAZLD, SUY HUHE FHY AUA =
A7 AYHRAL A P Fo A% L FY 5 AR ALY B2 2 (Table

1).

Table 1. Specifications of tractors and silage processor applied to the stability analysis

Tractor* Maize processor**
Length (mm) 4,850 Maize Length (mm) 6,947
Width (mm) 2,560 harvester Width (mm) 1617
Height (mm) 3,000 Height (mm) 4,500
Weight (kg) 7,775 Weight (kg) 741
- Front wheel (kg) 3,170 (41%) Temporary Length (mm) 3,311
- Rear wheel (kg) 4,605 (59%) storage Width (mm) 1,822
Wheelbase (mm) 2,780 tank Height (mm) 2,966
Front wheel distance (mm) 1,970 Weight (kg) 1412
Rear wheel distance (mm) 1,920 Integrated Length (mm) 5,232
Baler Width (mm) 2,376
Height (mm) 2,069
Weight (kg) 2,517

- rear wheel (kg) 2,755
Rear wheel distance (mm) 1,942

* Specification of the Fendt 716 (tractordata, 2016), ** Specifications of the manufactory Ltd., 2016
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O =
2 5

BE| o] B2AE4 (FACT, Safety inspection report 13-MS-003, 2013)

A% FAelA BASANAL +BAZNE 1,133 mm,

w]

mm, X|golA FAZFSA (CGrractor) 7t 8] =& A2 959 mm

45852 7ot} (Figure 2).

Figure 2. Modeling for the center of gravity of the tractor — side view

51 SolidWorks =

O]

=
g 5

3D AA

Z 7384 (Dassault systems V2015)

H #% PTOMA 53&

1—
L

2]

T 28719 ARASHL 741 kgol
Jo A €% 379 mm ( &), F&SE2 591 mm

o

s
5

o8

AEA (CGMaize)S Z+=
(379 mm, 591 mm, 607 mm)¢! Aog &

) FIx]oll F

), & BlEHolA YFH o2 607 mm (&

=
=

(z

Al
=

S
T

& (v,y,2)

oltt (Figure 3).

Figure 3. Modeling for the center of gravity of the silage harvester — top view
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Maize harvester Tractor(4WD) Temporary tank Integrated baler
Figure 6. Modeling for the center of gravity of the Tractor-Maize processor system

— side view
O olm ZIE2XoR wgE 58H 4R ¥HLL

1) EMES HE
2) EHE Y FFo
3) HAIAER A-Hdelo] 5
4) EFES] dEAZ (W),
5) EMEY FEAE (W2),
6) YA AZHRI-H L o] FEAE] (W3),

7) EME dgL HYEd T8 A= (L) #
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53

ret

1)
2)
3)
4)
5)
7)

Zy vt kel A=l (L2, L3, L4)olet (Figure 7-(a)).

Zzte) w7t EgurEe] 4P Fh 94F ZHAOE
EHH HAEgY HXE (r) ELEE (WTE)
EHME FF9 BIXE (r2)2 ELGHE (WTRI),
UAAZEI-H LA FES FIAE (15)d ESEE (WBRS)
EdE FASAHL JELS +=3A (a), FEXY +=E A=l (b),
AL I-HLde] FASAHT s8] +=8Ae (a1), TEHS =3 A (b1),
SHY AlAY RAFYY EUE AER $%A (a2), YAAYLINL FED
<3 Az (b2)olt} (Figure 7-(b)).
@) WR3
Wr2
L
WARNNARRVARTANSRNNNRNNY
L 3 Hitch
CTractor-1 CGBaler-1
«— W1 e e 6 W3
Driving —Ek
direction w2 :
IR
SRR PR e
: Wi o : )
I : ! WL3
! L2 T La i
! » -
(b)
emporarly
Tractor storage
tank
Wr-1 Ws
Maize Wi2 [ -
harvester WiL1
/ | v
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Figure 7. Modeling for the center of gravity of the Tractor-Maize processor system

(a) top view, (b) side view
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O MEASE PRl S 279 BASA (CGMaize)et EHEIS EAS4H (CGTractor)& E

= (CGTractor-1)E FEA|StT YAIAZEIF S FEASFSA (CGrank)d}t H Y=o
FASA (CGRaler)2 MYz FA54 ZxE (CGBaler-1)E F7H|Zol thr|dto] 32 A|AH
A 2B BASA ZE (CGsystem) ( Yg, Zg)E Tole /MEoR

o]
A< olgstoy Fatdled e A(2)~A((4)% 22 EMEH FERH HAN IS4

HEd 34
oA BTE AAHRS BASAIFTE (-883.9, 381.4, 348.0)0|=} (Figure 8).
— (Wp_1) o Xp+(Wp_y) « Xy 2)
o (WT 1)+(WB71)
(WTfl) * YBJF(WBfl) Yy
Yo= 3
g (W )+ Wy ) (3)

(WT71) ® ZB+(WBfl) s Zr
= (W )+ (W) @
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O o7lol A A ATRE (o]d - T, 1989,1990,1991)8] EHE HAXAEZ SHHHS o] &=
o A& BEAFSAL 2ES] =372, AR F£AARE ol&ste FAEZLE AL
ot 8 2 Y I FHAEE AESIAeH FHRELL dAS AXFHTL T4 ol o
AE ZAIRSE7] $F HAXNHES AXT AR R|aH BRASFSHO wast=E o AEn
FASAHY AHFgdEo] o|Fs Z4& ulgrt
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g &)Y FASH A= ( ,ypz)e ZJFA (Y, Z; 2,5, 28845 IS W =
Al FASH A& ( go, Ygo, Zgo)g NE IHAAZRES e FASAH 7 (Xgl, Ygl, Zgl )&
7

(z,y,2)2 HEPH Zo|rt. olm PHE QAHE £ IAAH EololH, (y)& AlaRY A FY

_ 1/ (LTHS— Xg) X LFRL+2Ygx LTHS
a =tan B N (5)
(Zg+12) < (2LTHS « cosy— LFRL « sinvy)
\+ PHX(LFRL + siny—3Xg « cosy+2Yg » siny)
O A AH tidt FARALE 36059 oA WAPLE 1= 4 HAHEE FHA FALS
124 ZSA7IHA 242 38t WR3= 71%9&@ (To) o2 AYE MIPsiaied 2=
AHAEZ & 280~70%, 5 100~250% HHYZ thF AU ZME Rt} (Table 2)

Table 2. The results of overturning angle in accordance with the change of the deflection angle

,}/* a** ,.y* a** ,}/* a** ,.y* a**

10 65.48 100 87.47 190 65.48 280 87.47
20 66.18 110 83.00 200 66.18 290 83.00
30 67.53 120 78.83 210 67.53 300 78.83
40 69.55 130 75.09 220 69.55 310 75.09
50 72.20 140 71.89 230 72.20 320 71.89
60 75.46 150 69.30 240 75.46 330 69.30
70 79.25 160 67.36 250 79.25 340 67.36
80 - 170 66.07 260 - 350 66.07
90 - 180 65.44 270 - 360 65.44

* Deflection angle, ** Overturning angle

200 195-_ 170 15(}

180

Figure 8. Analysis of the lateral conduction for the Silage processor system using a circular

radiation graph
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Figure 1. Field test in the 1 year of silage processor prototype
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1} Zt} (Figure 2).
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Figure 2. Drawing of prototype ((@) Corn harvester, (b) Temporary storage tank)

(Figure 3)Q} AF/NEE S5 =287] (Figure 4-(a)), YAIA

SEE

g
(b))%t

a2

© H&

Figure 4-(c))

(

(Figure 4

L El

Figure 3. Tractor (Fendt, 716-Vario, 2016)
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«—(a) Corne harvester
(R&D, 2016)

(b) Temporary storage tank *
(R&D, 2016)—

«<(c) Midsize Integrated baler
(Myungsung, Multi-pro, 2016)

O ARE AR 2719 @AY Mol A
ot wdgFn BiS sl dEtdd rpmE R A H
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'{a) Et) ‘C‘ (d) {l—'
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(h)

7273 I ) I : I ) Tl (9
G () 1) () (&) K %;af[b_) () (d)_(e) Oy %gff(b-} (© (d) (e) ® v

# i T » v 1§ _ “ I w ' ri

5 : {@) (h) ol : \ =T S S o ()
Stem (e (8) Stem . : 0] : 4 ey (d) el
@ (b )} id) yj L Ip @ (0) (o) (d) (&) (@) (b) R \]

B, ) | [ wr e B ) 0 e o Vb

(1) 540 rpm, (2) 650 rpm, (3) 750 rpm, (4) 850 rpm, (5) 1000 rpm, (6) 1100 rpm
Figure 5. Physical property measurement for selection of the optimum rpm

O AY AT, 244 £8719 pme) F7lo] el AHY ARE 84E02 EHY Figure 59
|=]

= =
21 rpm F7tel met £7]1 H Lo Ak Zolo Fdglo] Folxle d¥S EIrt (Table 1).

Table 1. Cutting properties changes in accordance with the change of the driving speed

rpm (@)* (b)* (©* - (e)* () C)a (h)*  mean**
Stem 540 16.7 20.5 204 241 343 69.1 89.7 115.7 48.8
length 650 16.3 214 29.2 40.9 50.3 60.8 102.9 1217 554
(mm) 750 20.3 214 26.9 294 30.7 394 437 60.8 341
850 152 203 20.5 2255 30.1 315 40.7 42.0 279
1000 15.6 174 204 223 23.7 30.2 384 471 26.9
1100 216 305 313 356 36.5 37.6 39.9 52.6 35.7
Leaf 540 24.9 32.6 42.6 80.1 101.9 118.2 135.2 216.3 94.0
length 650 258 31.8 585 71.9 91.2 119.9 142.6 146.0 86.0
(mm) 750 189 22.0 241 38.9 404 47.2 73.8 103.7 46.1

850 20.2 235 253 27.6 279 417 50.8 72.7 36.2
1000 194 209 246 26.7 35.2 37.5 40.9 511 320
1100 18.7 20.6 254 303 335 343 474 741 355

* This category represents average value of samples at each process
** The mean value is obtained by adding the average value for each process

O ARG Sl Y ARddZ2n, 719 Al 45 rpm9] Frtol wel Roixls BT
= R3led 4¥2 Huigty dart 7H8 gAsA Hebs T g stE|oizint (Figure 6). €71
o o] dEtdolE rpm F7tol met #Aotxls ¥ EREH 1000 rpm olgelME S5t
€ B3= B (Figure 7). £T 950 2 ¢ Fo ddole 49 Hdo|g} H
< e ERH (Figure 8). S5 379 d27E, ddAgdME HIAFI= o171 4
IMe EAE7AESY 1000rpm 2-8&°] 7} AJEl7t 3t Aoz mefE|glon AU
ME olg 7I1EL: Ad¥e Adste Ho] v Aog F4=(H
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Figure 6. The stem cutting angle changes in accordance with rpm changes
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Figure 7. The average cutting length changes in accordance with rpm changes
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Figure 8. The cobs cutting thickness changes in accordance with rpm changes

/R AAN/ M BT/ A4
T2 250 =

42 4

FPAFL 20161 8ol AEE S50 HE AR (B
& AEgoZ AuE &4
6

9. AEZIF 9

do Hd
N ([3”

o

3

_89_




Field test in the 1% year of silage processor prototype

Figure 9.

((@) Satellite photo of experiments land, (b) Photo of field test)
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9 A(1)& 71202 A5H7E g sigie;
F
f
(9)( )(100) __________ 1
10 (1)
oA71A, G, At AEls= (ha/h)
S ARFBELE (km/h)
W Zd & (m)
E APEE (%)

O 48" HYFVEEE 6.0~10.0 km/he] oA Aol Y= =H MY APFFEE
£ 77 Yol AdFo] XIPE|Qlom XY B2 K £E7)0] AR £E2 =9l 1266 mm
£ M85t}

O AP &L ZPZof gt 2ol AFAl R TAR, ZEEH 2ASH JAFEAH 52 I1H
Corn picker shellerd 4 a& 60~75% W, LRIAE] 65%E A8l =H ASABEZ} A A]

gAY BEAEE HE

Table 2. Field efficiency, fie

v Zc} (Table 2).

Id speed parameters (ASABE D497.4)

Field efficiency (%)

Field speed (km/h)

Machine Range Typical Range Typical
Corn picker sheller 60-75 65 3.0-6.5 40
Combine 60-75 65 3.0-6.5 5.0
Combine (self-propelled) 65-80 70 3.0-6.5 5.0
Mower 75-85 80 5.0-10.0 8.0
Mower (rotary) 75-90 80 8.0-19.0 110
Mower-conditioner 75-85 80 5.0-10.0 8.0
Mower-conditioner (rotary) 75-90 80 8.0-19.0 11.0
Windower (self-propelled) 70-85 80 5.0-13.0 8.0
Side delivery rake 70-90 80 6.5-13.0 10.0
Rectangular baler 60-85 75 4.0-10.0 6.5
Large rectangular baler 70-90 80 6.5-13.0 8.0
Large round baler 55-75 65 5.0-13.0 8.0
Forage harvester 60-85 70 2.5-8.0 5.0
Forage harvester (self-propelled) 60-85 70 2.5-10.0 5.5
Sugar beet harvester 50-70 60 6.5-10.0 8.0
Potato harvester 55-70 60 2.5-6.5 4.0
Cotton picker (self-propelled) 60-75 70 3.0-6.0 4.5
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Figure 10. Working capacity in accordance with the change of the driving speed
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Table 3. Bale produced capacity in accordance with the change of the working speed

Working speed (km/h)* 6 km/h 8 km/h 10 km/h

rpm* 850 1,000 1,100 850 1,000 1,100 850 1,000 1,100
Working time (sec/bale)* 100.7 101.0 1013 1058 1069 106.8 1068 1074 108.2
Working distance (m/bale)* 885 889 893 968 983 986 987 994 100.8
Bale Diameter (mm)* 1,032 1,038 1,037 1,042 1,045 1,049 1,055 1,048 1,063

specifications |\ sh (mm)y* 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Weight (kg)* 752 753 758 824 835 838 839 845 855

* This category represents average value of samples at each process

©

] 7

(i) Wrapping (k) Production of midsize bale Re-start driving—(e)

Figure 11. Field test process (Aug.~Sep. 2016)

_93_



<> ASABEZ<]
km/h, 2t

850 rpm : 6 km/h — 35.7 ea/h, 8 km/hr — 34.1 ea/h, 10 km/h — 33.7 ea/h
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= 1100 rpm : 6 km/h — 35.6 ea/h, 8 km/hr — 33.7 ea/h, 10 km/h — 33.3 ea/h
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HAZ el (Figure 12).
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Figure 12. Bale capacity and maize production in accordance with the changes in the rpm and

working speed
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Figure 2. Diagram of corn silage harvester power drive
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Figure 3. Schematic of silage corn harvester (attached to forward PTO)
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UAAZEI Tl =54 Hdel= 3D 4AA (Dassault systems V2015)
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Figure 4. Schematic of temporary storage tank and integrated baler (attached to backward PTO)
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100 cm BE Zrom, eard] FH4&2 Fo} 7|7 Za Yol
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g o]%lt} (Table 2).

Table 1. Chemical properties of soil in field experiment*

4He ALE TN ol8stel ARE S5 AN S5lo] AP

=
IFE AAREE SeE U (RAE A8 AuiR)oE o
e

Ao g AEZ Aol

=2 16 g/kgolr} (Table
o]7} 190 cm,

) [e]

[eRNe] T

2278 mm, &L 99% olA, JER T L mPd 9= o|gict S haol whst RALE AJAE
2

9732

pH oM P.Os T-N CEC Ex. cations (cmol/kg)
(1:5) (9/kg) (mg/kg) (%) (cmol/kg) Ca Mg K Na
5.4 16 180 0.14 20 7.2 3.2 14 0.3
* Analysis test report 17-SOIL-1-01076 (FACT, 2017)
Table 2. Agronomic characteristics of corn plant in field experiment*
Harvesting Plant Stem Ear Planting Yield (kg/ha)
date height | diameter | bearing | density Fresh DM TDN
(yy/mm/dd) | (cm) (mm) plants | (per m? | Ear Etc. Ear Etc.
(%) 59.0% | 41.0% | 59.3% | 40.7%
2017/08/08 190 22.78 <99% 9 12,059 4,977 9,057

* This category represents average value of samples at each process

** Fresh: fresh matter, DM: dry matter, TDN: total digestible nutrients
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R
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7
(sand 55.42%, silt 41.6%, clay 2.98%)2. 2 EA=ct} (FACT, 2017). Auf~| 7t

o
T

0.35 dS/m,

6.8, EC&=

=
=

A =L pH

RAZHE 746.6A17, A=
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=2

ol

FolA 9¢¥€ 26¥ =&71A 126

o
L

o]t} (KMA, 2017) (Table 3).
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71A78L 2259 mm, FE&S 100%, 2

= =
Z235% (fresh yield) 62,423 kg/ha, &S

o] B FEole PRI ZIAE,

Y U5 o g A¥x
of EFUeL AESHL Axa®o AESS Hoto] e, AES2 A
(201 2011b, 2012)0] A3t v o2 o FHE 3 plantsE ARLE (JS

T 7 plants/m*Qich E3H RALR AAES A8
2 (DM: dry matter yield) 23,091 kg/ha®E DM

ratio 37%0|% 5 A2FFE 12 AWl Hal s £FoIPoLt 69 WHE EE A4

i
ol

l'

2 Zoko]l 10 m*e X WoAl 5 cm BEYoA o st
AR Ji et al.
b R. JSON-100)0] 72
Z% & 5% JUAE (Mettler Toledo, MS40025)2 &7A3ich =3 TDN 7

=d|, Pioneer Hi-Bred International Inc. company”} A A]st1

AR
Holland et al. (1990)0] Al-&3st HHOoZ FHo] AEso 05828 Holll eard el

Table 3. Monthly mean temperatures, sunshine, rainfall, and rainy days during

the 2017 growing

seasons
Month Day Mean temp. Sunshine Rainfall Rainy days
(°O) (hour) (mm) (day)
June 3rd-30th 224 252.8 27.6 9
July 1st-31th 26.5 123.7 684.5 21
August 1st-31th 25.5 162.5 359.7 15
September 1st-26th 21.6 207.7 24.8 3
Table 4. Agronomic characteristics of ear corn plants in field experiment*
Plant Stem Ear Planting Yield (kg/ha)**
Height | diameter | bearing | density Fresh DM TDN
(cm) (mm) plants (per mz) Ear Stover Ear Stover
(%) 37.9% 62.1% 55.4% 44.6%
298.5 22.59 100 8 62,423 23,091 16.867

* This category represents average value of samples at each process

** Fresh: fresh matter, DM: dry matter, and TDN: total digestible nutrients
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+ O

Y

S

oA 7HsES AU, vHdels By a8 ¥2 ALt T4 AT #8428 HLY
ABito] 7S ES ?“E} (1-(4)).
O S AdEAl #7719 AsAddEe S AR B7IE MEAl (37° 137.26'N,
127° 12'51.48'E)9] s} ] 7,000 m*olA AMEE A2E 2545 oz APy
O A¥z B pHE 6.8, EC= 0.35 dS/m, §718 %2 51 g/kg, soil texture2 sandy
loam (sand 55.42%, silt 41.6%, clay 2.98%) =45} (FACT, 2017).
O AMu7IEE 6d 3Uol mEolA 99 269 7R 1269, € FHEEE 21.6-265C, ¥4x
Al7Tr2 746.6A17F, 4282 1096.6 mm, FALXE 48Y o]det (KMA, 2017)
Ja]a AgEZ oA &A% 245 (Hybrid: P3394)9] AS&EAL 2 E0]7t 2985 cm, &
717%‘75‘% 2259 mm, F5&L 100%, FEUEE 7 plants/m*Qet EF RALE A4S A
Z23% (fresh yield) 62,423 kg/ha, AES % (DM: dry matter yield) 23,091 kg/ha® & DM
ratio= 37%CIR =0, AL RAM= AFEL SU9 10 m*e AHAA 5 cm 2ol A o § 5}
S
O PEFTES Az A852 5ot 7+ ed, AEF (weight of dry matter)2 AFAF
A1 Ji et al(2011a, 2011b, 2012)0] Aoz dFHEH 3 plantsE AR E(SR
JSON-100)oll 747t 6552 AXS & T2 FUAZ(Mettler Toledo,MS4002S8)2 Z78 gt
O ESH TDN AESEE 16,867 kg/ha o] =t, Pioneer Hi-Bred International Inc. company
7F A Al Holland et al. (1990)0] A3t ®EHo 2 3 HAESHO| 05828 Hotl eard
el 0858 H8l tistod 3t (Table 1)
Table 1. Agronomic characteristics of ear corn plants in field experiment*
Yield (kg/ha)**
Plant Stem Ear Planting eld (kg/ha)
. . . . Fresh DM
Height | diameter | bearing density
lants (%) | (per m?) Ear tover Ear Stover TDN
(cm) (mm) | P P 37.9% | 621% | 554% | 44.6%
298.5 22.59 100 8 62,423 23,091 16.867
* This category represents average value of samples at each process
** Fresh: fresh matter, DM: dry matter, and TDN: total digestible nutrients
O FFAFEL EFEO EHE FAAR XL 2200 rpm, €F PTO A4 1,000 rpm, HE
PTO 2 540 rpm & UG AIT AefolA 2P}, =ZALGeHLS S5 AMLE[R] A
717V AP A 4bete Hlhel Zhpet Aiaso R A4S
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= 5 km/hrZ 3ol 10aE T H oz Flo] 33 HHEgic)
g5le Aoz Ao figt & APARE 834110 mo]
} i

HHF F0AE 715 cm, B3 R7EAE 283 cm 9]

org
9p]
>
o]
T
2
>
rlr
114
r

o
AR
Z8 (ASABE standards, EP496.2) 3i=r], 2 A4

2 =
= AdEe oI 2 oA 08 T3 A4S e /FE S5 Al AA FHoIAM ST
HAG4sH S 7IXE dto] AEXE AYTEE ZE6IQH
O FAZAH AHEH wYE EHYEY 52 AXEH 2,100 rpmollA A& o] (720 olr}
(AGCO, 2016). AlAH] st 39 AZ2 E=ES] HX - 7 PTOAA FEst 4Fu
& B2 Adrio] 7oA E sl ol AEHES AU
O AMRE|R] 2R 719 T2 HFol A Adrle dTERH] AR ALY AzlsEHo| 209
S AdElal 8718 Hy 37 sz RAgo Jelu HEe 2i AYrle 1.8 m’E
Fo YAAYHA and TFE2 9T HLS Eidste €T WL E = 38 sIxE 7
gt} (Table 2).
Table 2. Specifications of the tractor, harvester, temporary tank and baler
- Silage processor Tractor* Corn silage Temporary Integrated
Specification harvester** tank** baler**
Model 716 Vario CH-130 T-1.8 Multi-pro
Engine power  (ps/rpm) 172/2,100 «— — «—
Weight (kg) 6,604 1,180 1,412 3,050
Width (mm) 2,570 3,200 1,822 2,376
Dimensions Length (mm) 4,660 3,100 3,311 5,232
Height (mm) 2,990 3,200 2,966 2,069
PTO speed Backward 540 - 80*** 270%**
(rpm) Forward 1,000 1,400%** - -

* Specifications of the manufacture company (AGCO Corporation, 2016)
** Specifications of the manufacture company (Myungsung Co. Ltd., 2017)

*** The indicated rpm is the rotational speed of cutting knives flywheel (corn silage harvester), driving roller

of belt conveyor (temporary tank) and hydraulic gear (integrated baler).

O X7 S AMYE|R] £EHEE H B4R T ol A AHEStEE AlARE AT
Figure 3oﬂﬂ1 At B R 227 AARLS] ZIAFEHEE EFE (2-(2)Y AW X =R PTO 58&
olﬁo}o:l Zol A £ 71 (2-(1)7F == (a), B (b) & °oIF (c) Ad= FHBstal, FHEZolA]
A AR (2 B)e YAAZ (DI 33 (6) YL otH, TP HLs 2-4)= HLLT
(), uﬂOE‘E % (g), HldH AAE (h) BYS dAszox NPEESE e} o]4e] Y=

AFgeS AA LS G4s
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O WAL 1304 YUY Ze ASABEY S44 Adelx EENUSEE FoE AUS
EE 5 km/hr2 2 71289 SHTES BHAelA WU AahSel MY Adage
AATE 2247, AL W ANE ML FAL SHsto] FFe ALHR,

A HEHOoZ ZAQFELS
945%E Hr} o] FE8AE =

1575 m Bje} &

ol 1ahde] MU&E el +5A]

<, 4%, 54.7% S7lelR = 714240 E4A%
FAE Y} RAE N FdES 717 A

o231t 2} (Figure 2).
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3 7h e Aoz HEEgder 4
Zﬂ% Aei R (R AEf R/ FR]), 71828 (M 2d/54% 5 7HE), AdsE (B
] z

= h
4 e FAR MURAL FANA, AU MU FA2 & B GAN BU

EAAE AR R 2t (Table 3).
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Table 3. Bale produced capacity in accordance with the change of the driving speed

30.1

Elof A H Yol AH %

2]
el

A

Corn silage processor Silage processor (km/hr)*

Worki . ficati Year 2016 2017 R ‘
. emar
orking time-Specification m/hr 6 c

Number of bale produced (ea/10a) 40.5 33.2 X 2017 2Alst
Working time (sec/bale)** 101 1085 | /=22 HX|
Working distance (m/bale) 88.9 1375

2 =]
2 mYss U

Bale specifications

(per bale) Length (mm) 1000 1000+3 | oLt My Ho=Z

20| Lt MHH2

Diameter (mm) 1038 1025 stAg|7 =75t

Weight (kg) 753 812 52 UEIIAS.

=
=
x

-

=~

A
m

pS|
(<]

* This category represents average value of samples at each process

** The film replacement time was measured based on that mounted on the baler body
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O BAZN, 2017 HAY MujEFoA AMLE|R] A 7= HA AGEEYU APYLEE 5 km/h,
Loz 28710 AdET 1,000 rpmoll A H YA 2l 108.5 sec/bale, H| QA A 2l A
2l 1375

TATEY APAE S HAFTHOE 945%E EAEU
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O 8T HdH e APAS 1.215 At/hadt Agto]&RA 329 ha (0]-&AIZF 400A17H)ol Al &
A 3zphd 7| (Table 1)2& 1 ha 7|&2
626,549910] A8 ¥} Tt Aol A o] Zobx|H ‘EZ_ME&HI%% S%otA &, I8l 5
A A 18HE 60,3509 014 52,9506 02 ZAasin, At fEHIE
k=g

b
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e
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m
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ol
2,

O TEE Y (FU7HAE 95,0008 9, APYAGS 1.215 A|ZH/ha (0.823 ha/Al7h))2 o]-&T A 0]
S718sE A4 gH]go] A4t o]8wAo]l ZAAstH Aztagn|go] F45A Frtste] B
Agol AZstA HBolxle AS € = UKt EF, 1Y WY olgo wE AT4AaH| 89
AHE2 THI9 fERIE TEsidon AFHE ZolA AP T uEsle B4
A=A ohga 2

O oA71olA 1, 22 E AFAE AT ASABE (American Society of Agricultural and Biological
Engineers (A]Z%33t3]) Standards D497.4)2] mZEAo]| &3t Aldalz] XzR7]9 AsE 7}
KEZA: AT E 65%, FHEE 10.0 km/h, ZY = 1266 mE H&351%8 2 )ollA 2

g
Aes2 22 A F38 AP 0.823 hags X835t

F[.l

=2

Mo
|

-

Ol

Table 1. AFRE|X| Z=X7[2] 1 ha 7|&F MERE S5 7|F HLEY AtLQH[E 24 (B9 @ &)
T 2 AFRIX] Z=XY 7|
T (3) 95,000,000 (E2HE H Q|)
L&A= () 5
AZEALEAIZE (K| 2H/ ) 400
PN} 1%t 2%t 3%t ZYSPN; 5%t
ZE7FAFZEH| 19,000,000 | 19,000,000 | 19,000,000 | 19,000,000 | 19,000,000
3 75;3 2] 390,000 510,000 795,000 1,020,000 1,230,000
(21/4) XF20| X} 4,750,000 3,800,000 2,850,000 1,900,000 950,000
| 24,140,000 | 23,310,000 | 22,645,000 | 21,920,000 | 21,180,000
A ZEE D AH| (/A1ZH 60,350 58,275 56,613 54,800 52,950
24 18,798 18,798 18,798 18,798 18,798
SE% = o1 12,400 12,400 12,400 12,400 12,400
(;_I/ilti_lr) Rl 15,340 15,340 15,340 15,340 15,340
| 46,538 46,538 46,538 46,538 46,538
A|ZFEHH| 2 (S1/A17H 106,888 104,813 103,151 101,338 99,488
Zds (AlZh/ha) 1.215 1.215 1.215 1.215 1.215
129,869 127,348 125,328 123,126 120,878
AZtAQH|E (Y/ha)
5 oA 626,5498
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(Figure 1).

Transfer chute device from
harvester to baler

Gear box device \ Storage tank or

Knives flywheel device
{from PTO to harvester) Baler

(with built=in impeller}

Cutting drum device T b
with saw tooth '
(Guide 6, Cutting 1)

Agricultural
Tractor(4WD)

Cutting guide device
for forage corn

O Adol= E=E (AGCO, Fendt 716 Vario)ol &
CH-130)& H=sto] PP}, S8 7s E

AAREH AAg2 m=at 25 (Table 1)

b =2
HES PTO, Y % &7 8= 0103}+

Table 1. Specifications of the tractor and silage corn harvester

Tractor* Silage corn harvester*

Model 716 Vario Model CH-130

Engine power/speed (ps/rpm) 172/2,100 Applicable tractor (ps) >80
Weight (kg) 6,604 Weight (kg) 1,180

Width (mm) 2,570 Width (mm) 3,200

Dimensions Length (mm) 4,660 Dimensions Length (mm) 3,100
Height (mm) 2,990 Height (mm) 3,200

Wheel distance (mm) 2,700 Standard PTO speed (rpm) 1,000
Standard PTO speed (rpm) 540 Working width (mm) 1,220

* Specifications of the manufacture company (AGCO Corporation/Myungsung Co. Ltd., 2017)

O 4448719 ZY HANES EUHY PTO $Heol gear boxst pulley® F5 245 o]
ZE5 A7t PTOY rpmo] 70004 1,10028 FS7t
cutting saw tooth® rpmE 87704 137828 Z=7}5l1, knife blade2 rpm-E 9800l A]

cutting drumJ—} knives flywheel=
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1,400 2 =713ttt A< 31X 6= cutting saw toothe F3<% %9 knife blade of knives
flywheel &5 o] &£THlE REEXHoz ZHof 94.17% (Figure 2-(C)-(a)), &Ha 52.75%
(Figure 2-(C)-(b))ol=l. ol®] cutting saw tooth&t knives flywheel®] 3|H&EE EZE Q]

PTO cruise control 75 ©]&35lo] F<& HMESE 3} (Table 2).

< ear corn plante] £ EY & 5-12 cm Yol A cutting saw tooth® Zrtdto] 23}
1 o]FAl7l= cutting drum (Figure 2-(A))at FUF (Figure 2-(B)-(a))2 ©l$E corn plant
£ FHdsE 12709 bladeE ol&3to] 10-30 mm THE HTHsly, transfer chute®
pneumatic ©|%st= knives flywheel (Figure 2-(B))E 4%t olm counterclockwise® 3]
ZAst= knife blade= center of knives flywheel diskE 7|92 ear corn plantol] tfs]
23559 45 (a: Figure 2-(C)-(c)E &=r (Figure 2-(C)).

Guide saw tooth &
Guide saw tooth 5

* Transfer chute

Guide saw tooth 4 Knives flywheel
Guide saw tooth 3 — Flywheel shaft
Guide saw tooth 2 Blade (12%)
Guide saw tooth 1 ~. Cover plate

Cutting saw toath

Cutting drum o «— Direction of rotation — O Knives flywheel

Knives flywheel disk

(Cl
center

Knife blade
e
g

[T} f

Knife blade

-

Knives flywheel o=
disk

Figure 2. Cutting mechanism of silage corn harvester: (A) cutting drum device, (B) knives flywheel

device, and (C) knives flywheel without cover plate and cutting angle of knife blade

O BRAFHL A7|T QHAA] (37°1'37.26"N, 127°12'51.48"F)e] s EX] 7,900 mol A zHujE ALE

= jS
€ e E 2R WY (Figure 3).

O AR EYS pHE 6.8, ECe= 035 dS/m, #7188 2 51 g/kg, EA2 sandy loam
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(sand 55.42%, silt 41.6%, clay 2.98%)c. 2 A=} (FACT, 2017a).

Table 2. Specifications of rotation speed of cutting drum and knives flywheel

PTO CD* KF* (m/sec) CD/KF (%)

(rpm) (m/sec) Max. Min. Max. Min.
700 49.6 46.7 26.2 94.15 52.73
800 56.7 534 29.9 94.15 52.73
900 63.8 60 33.6 94.12 52.72

1,000 70.9 66.7 374 94.15 5273

1,100 77.9 734 411 94.17 52.75

* CD: Cutting drum, and KF: Knives flywheel

O AEiZIES 6¥ Yol uFolA 99 26Y SE7IR 1269, ¥R BIHRXEE 21.6-2657T,
sunshine2 746.6 hour, precipitation= 1096.6 mm, rainy days= 48 day%tt (KMA,
2017) (Table 3).

O AFEZAA 54T S5 (Hybrid: P3394)9] BS54 ZE=0|7 2985 cm, E7|242
2259 mm, L2 100%, FEUEE 7 plants/m*QIth RAIE AAAEe X E (fresh
yield) 62,423 kg/ha, AE5% (DM: dry matter yield) 23,091 kg/ha©E DM ratios= 37%
oI, ASXAME AIFEF U9 10 m*E AWolA 5 cm Bl A o FHsto] S}

O NESHL Az PESS F5to 1=, DES (weight of dry matter)> AT
ARl Ji et al(2011a, 2011b, 2012)0] AREsH HHoZ oFHH 3 plantsE XL E (JSR,

JSON-100)o] 7€ t65 52 AXS & IS FAUAE (Mettler Toledo,MS40025)2 &3 gt

& ESH TDN AESTHL 16,867 kg/ha o]l =H|, Pioneer Hi-Bred International Inc. company
31 Holland et al. (1990)0] A}-&3%F HEl o & Stover (stem, leaf)e] AES5ao] 0.582

£ Fol1 eard TESFol 0858 Fal tistol 7Tt (Table 4).

Figure 3. (A) Satellite picture (daum map, 2017), (B) panorama picture of experimental river site

field, and (C) silage corn transferred from transfer chute device
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Table 3. Monthly mean temperatures, sunshine, rainfall, and rainy days during the 2017 growing

seasons
Month Day Mea?)ct)emp. Sl;:;f&lrr)]e R(e::]nr;z;ll Ral?gla;j)ays
June 3rd-30th 224 252.8 27.6 9
July 1st-31th 26.5 123.7 684.5 21
August 1st-31th 255 162.5 359.7 15
September 1st-26th 216 207.7 24.8 3

Table 4. Agronomic characteristics of ear corn plants in field experiment*

. Yield (kg/ha)**
Plant Stem Ear Planting
. . . . Fresh DM
Height | diameter | bearing density
(cm) (mm) lants (%) | (per m?) Ear Stover Ear Stover TDN
P o 379% | 621% | 554% | 446%
298.5 22.59 100 8 62,423 23,091 16.867

* This category represents average value of samples at each process

** Fresh: fresh matter, DM: dry matter, and TDN: total digestible nutrients

& ear corn plants= yellow harvest stage (26™ September 2017)o] 5% blade 3]7 < % of A]
TA QA weight ratioZ} 3499 A&7l quality parameter values® H3}E EA4
sl At olmf Mt Mo FFLAH]E= ear (Figure 4-(A)) 37.9%, Stover (stem (Figure
4-(B)), leaf (Figure 4-(C))) 62.1%E E It} (Table 3).

95171

O A e EdE £E dxl A4 2000 rpmleE TR Aol A RA&ct Ta| 1
ArERIol 242 Q& E®E PTOL IALEEE 700-1,100 rpm HolA 100 rpm T 2]
S5HA 2 2Rt olnf, S22 blade AL EE 46.7, 53.4, 60, 66.7, 73.4 m/sec}
242 e Ad 2ALEE weight ratios 424 1,000 g9l A8 AHATIA 33 whE 57

3t o™ physical propertiess 2735 FERQ A|E FolA 20-307HE SAHG ] FHGS A
230

O el ARATEAS BASG7] Y] A8 Fo)A] corn kerneld Hu] #2 (width: 9.7 mm,
length: 9.3 mm)2 E=&3st= Zo] 10.16 mm ©]|st2] ear, stem, Kkernel, leaf= scraps
(Figure 4-(0))22 &/3+=H ASTM standard test sieves (iNexus, C8-10002)& ©o|&3irt. &
©E9 characteristicsollAl= 4ol 10.16 mm ©]4 2 leaf (Figure 4-(D)), R oi1Xl leaf (Figure
4-(E)), stem (Figure 4-(F)), ZolXl stem (Figure 4-(G)), ear (Figure 4-(H)), & ol%l ear

(Figure 4-(1)& =&t

O ESH ear, stem, leafd] AHEAE= =3I £3E {FX|T AEfolA Vernier calipers (Stolz,
Pvcc-200)Q} Digital protector (Digi-pas, DWL-80 Pro)E o]-&3to] #3ct Ta|1, A8 71X et

2o BAS sl mf AFTATic 22 1,000 g9 A|EE Ao @1 AR F7E AA
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5 =
?.}'T'

LE5lo] TsoA EstH A quality parameter values (CP, CF, CT, CA, NFE, ADF:
acid detergent fiber, NDF: neutral detergent fiber)& FACT (The Foundation of AG. Tech.

Commercialization and Transfer)oll Al AlEEE=E AR (MAFRA, 2015)02 S}

Figure 4. Classification of corn silage after cutting

O S| bladed] 5PA AL WE FHFLGHY ERoA = bladed IHEKEE7 T
V&8 ear, scrapst A4, Stovers= S7HE. FFEAEfOIA Stovere FHTAGH|I=
62.1%% =, AT Fols 19-60.5% HAR e, AL F7to] met Stoverd scraps WA

Hl &2 69.4%°lAH 2.6%22 EH.

O ESH YFAEIOA eard FEHTAHIE 37.9% =, AT Foles 95-5% HARoOH, AL
T S7boll el earQ scraps HAUH|E S 74.9%0A 828%E Rt I8|1 AAAHL=R
scrapsd SE{AH = At ey St ol 71.5%004 33% =2 5243514 £t (Table 5).

Table 5. Cutting characteristics of silage corn by weight ratio

Weight ratio of silage corn (%)*
PTO Blade Whole plant
Stover (Ws) Ear (Wpg) Scraps
(rpm) (m/sec) (%)
>10.16 mm** | >10.16 mm** | <10.16 mm**
700 46.7 19 9.5 715 100
800 534 358 5 47.5 100
900 60 50.5 6.5 43 100
1,000 66.7 53 6.5 40.5 100
1,100 734 60.5 6.5 33 100

* This category represents average value of samples at each process
** The ASTM standard test sieves (iNexus, C8-10002) was used for the analysis, and the mesh size was 10.16

mm (4 inch)

& HE3FH bladed 574 A <Lmol mE unit cutting products® FHEAL HohZo] 10.16
mm o]4ol tfste] EA} BEAZT bladed FXALE7F wello] mal Abdolst #olx]

I Az zrt Zolxioh, Arbdols blade SAEE7E 46.7 m/s oA 734 m/se 2 @zlzl

69.9 mmolA 343 mm=Z 509% HolF 11, leaf= 146.1 mmolA 435 mm=ZE

o], stem-<
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70.2% FotAor, ear= 22.1 mmolA 16.6 mmE 24.9% Fot&rt

O IJeld 22 R0 A HEA T stemo] 30430014 136592 55.1% ROl 1, leafe
24520004 112208 542% Folxom, ear= 21.18000A4 139502 34.1% ZFolxie}t. 1z
i stem, leaf, ear 25 FHAEZ7L S719to] wat scrapsd PRI 7|7 Zotxa fFAEI 7Y &
Ao, FAlol 215t P (Figure 4-(D), (F), (H) Erte HAXAY Zeld FEf (Figure
4-(E), (G), )e TF F488I7t S7tste 42 EUrt (Table 6).

Table 6. Cutting characteristics of ear corn plants by cutting length and cutting angle

Cutting characteristics of silage corn*

PTO Blade Length (mm) CE** (degree)
(rpm) (m/sec) Stover Stover

Stem Leaf car Stem Leaf Far
700 46.7 69.9 146.1 221 3043 24,52 21.18
800 534 59.4 1134 16.7 24.32 17.53 1431
900 60 59.8 110.5 17 20.61 17.45 14.25
1,000 66.7 395 55.6 169 14.95 16.54 13.55
1,100 734 343 435 16.6 13.65 11.22 13.95

* This category represents average value of samples at each process (>10.16 mm)

** CE: cutting angle of the cutting cross section

O 27127 (1 day: corn silaged] & W AxY)eE A A quality parameterd
composition ratio= CP 8.39%, CF 525%, CT 23.86%, CA 595%, NFE 56.55%, NDF
47.59%, ADF 25%%itt. 72|} bladed] 3|ALEEQl A& 7|7He] wslo] walA] corn silage2
2 quality parameter?] CP, CF, CT, CA, NFE, NDF, ADF& S3Aog walgin,

O Wgle MEAR o2 quality parameters 349 599 A7 Fel blade LT}
46.7-73.4 m/sec oA SA 53 =H,

* (1) CP FAHlE AR7IZte] Ao wial Zashkes Foldled. 139 Fole B 81.2%,
234 Fol= F 81.2%, JEl1l 34U Fole B 82.1%E Zasts BT AT

= (2) CEY T4l AR7Iztel Baol mat Zastes Folder, 139 e Fd 86.7%,
23U Fol= B 74.8%, 12|11 34U Fol= B 63.8%F Aaches FEES EAUT

= (3) CTY F4ule AR7I7e] Bao] wat Frtste Foldled, 134 Fole B 116.6%
23U Fole B 1143%, 22|10 344 Folls= B 1189%E S716te 4TS Bt

= (4) CAY FAHlE A7 Bao] met Zaste Folded, 139 Fole BT 87.1%
23U Fol= B 945%, JE]1 34U Fols B 87.3%2 Aacts TS BT

= (5) NFEY FAHl= A%Z717re] Fajol mzt & ®dte gder, 139 Fole B 98.4%
234 Folle= B 99.7%, 28|11 34% FolEe B 994%=E FAEHE BTS Bt
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= (6) NDF  #4Hle A7 Fitol wet S7tste FoIR
239 Fole B 107.3%, 12|11 34U Fols F 1083%2
= (7) ADFY #8Hl& A7t Ziol met Srtste &
239 Fols T 114.1%, T2l 34Y€ Fols B 1141%E F7iste 4= B+

(Table 7).

Table 7. Quality parameter values changes of silage corn according to storage period and cutting

speed of blade

< | Storage Blade Composition ratio** (%, DM)
ample
P period (day) (m/sec) CP CF cT CA NFE NDF ADF
(A) 1 66.7+ 8.39 5.25 23.86 5.95 56.55 | 47.59 25
(B) 13 46.7% 6.96 5.32 25.52 476 5744 | 4457 234
(@) 13 53.4% 6.16 442 31.39 499 53.04 | 65.39 36
(D) 13 60** 6.93 3.55 25.17 471 59.63 | 5147 | 28.24
(E) 13 66.7* 6.82 48 29.24 5.93 53.21 54.8 30.09
(F) 13 73.4%° 7.19 4.68 27.78 55 54.85 52.75 29.31
Mean 6.81 455 27.82 5.18 55.63 53.8 2941
S.D. (standard  deviation) 0.3885 | 0.6498 | 2.6017 | 0.524 | 2.8482 | 7.5341 | 4.5108
S.E.M. (standard error of mean) | 0.1738 | 0.2906 | 1.1635 | 0.2343 | 1.2738 | 3.3694 | 2.0173
(©)] 23 46.7+ 6.82 432 29.75 5.97 53.14 | 53.72 | 29.75
(H) 23 53.4%8 6.5 3.93 289 5.7 5496 | 55.76 | 31.03
) 23 60*° 7.18 413 24.13 5.34 59.23 | 46.22 25.6
(G) 23 66.7**° 6.68 341 27.96 55 56.44 5211 29.83
(K) 23 73.4%1 6.89 3.84 25.58 5.6 58.09 4747 26.46
Mean 6.82 393 27.26 5.62 56.37 | 51.06 | 28.53
S.D. (standard  deviation) 0.2531 | 0.3398 | 2.3475 | 0.2361 | 2426 | 4.0788 | 2.3634
S.E.M. (standard error of mean) | 0.1132 | 0.152 | 1.0498 | 0.1056 | 1.085 | 1.8241 | 1.057
L) 34 46.7*42 654 | 367 | 2661 | 461 | 5857 | 49.59 | 26.88
(M) 34 53.4*1 6.87 3.37 | 3049 5.6 53.67 | 56.33 | 31.24
(N) 34 60** 7.24 2.8 27.21 5.08 57.67 48.35 26.37
O) 34 66.7*% 6.65 3.38 29.17 517 55.63 54.33 30.66
(P) 34 73.4%1° 7.13 3.51 28.34 5.51 55.51 | 49.19 | 27.53
Mean 6.89 3.35 28.36 5.19 56.21 | 51.56 | 28.54
S.D. (standard  deviation) 0.2987 | 0.3260 | 1.5486 | 0.3917 | 1.9364 | 3.5447 | 2.2499
S.E.M. (standard error of mean) 0.1336 | 0.1458 | 0.6926 | 0.1752 | 0.8660 | 1.5853 | 1.0062

*  Analysis test report 17-C-2413*! 17-feed-1-01183*%17-feed-1-01184*3 17-feed-1-01185** 17-feed-1-01186*",
17-feed-1-01186*°,17-feed-1-01211*,17-feed-1-01212*% 17-feed-1-01213*°,17-feed-1-01214*",17-feed-1-01215*
!, 17-feed-1-01235*"17-feed-1-01236*" 17-feed-1-01237*" 17-feed-1-01238*" 17-feed-1-01239*'° (FACT, 2017)

** CP: crude protein, CF: crude fiber, CT: crude fat, CA: crude ash, NFE: nitrogen free extract, ADF: acid

detergent fiber, NDF: neutral detergent fiber
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O Tela AR 34€0] Fatgel wizl blade X% T quality parameter HEE EAF
o}, 2A.L quality parameter? 7|7 (1 day)2 100%E 2 # LHMAE (CP, CF, CT,
CA) &e] F#4du]el NDF and ADFS #A4H] RslE A3t

* (1) blade 3AET 46.7 m/secoll Al AZF7|7F 34U Foto] UHMAGE §Ho] A= B

91.4%& Z 43591, NDFE B¢ 103.6%, ADFE B 106.7%= 5713t}

* (2) blade IHLEE 534 m/secoll A AF77E 344
92.5% & Z4silal, NDF= #E 124.3%, ADF= B+ 1

= (3) blade FHFEXE 60 m/secollAl A7t 34U Fo] LYHHEGE Fo FAHl= B
85.7%% #4351, NDFE F 102.3%, ADF= B 106.9%2 713 e}

* (4) blade FHEKEE 66.7 m/secoll Al A 7|7F 34L H
91.8%% Zr435l% 1, NDFE H¢ 112.9%, ADF= B 120.8%=2 S7H3i e}

* (5) blade IJHLEE 734 m/secoll Al A7 34U Fto] URtGE FHo] H|E FH

92%=E Z4stal, NDF= B+ 104.6%, ADF= B+ 111.1%

Rk ufﬂu

bl
o\
N
3%
ALy

O A2, blade IASE 7 watxlE A7 o] ozt ARG E & FA-uls AA™ S
2 7Z'Asle ATES Hl1, NDFY ADFE =7186le A2 Hoich E3SH Lee et al. (2002),
Aol AR

ﬁA
olr
ol
r[r
Y
r

Karassahin (2014)9] A% 7|7to] utgdol mat Cpel #4H8|17F 57 2

i, bladed] 2HEE Frio] mal @tdolrzt gopxH AAHos dRbdiE &9 #44Hl= &
Aste AL Aot J=]1, Lee et al. (2002), Weinberg et al. (2011), Weinberg and
Chen (2013)8] Z=7|27& AT AZ7I7t 1ol wet ADFRF NDFY F#/48R0|7F dasts A

B gl fAE.

O ERH AFol A= bladed] FXAEHE Frtol wet detdolzt gotxH UtAE, NDF, ADFY]
Aot o2 J=2 quality parameter’t X712 100%E &
+2] WM3E Ro3Er} (Figure 5).

2
>
ut!
Ip
trt
ik
Hu
2
o
N
)
offt
ro
1o
)
ox
EE
ol

O of7lol A Aol A 3 SHG o YR EQ CP, CF, CT, CAY AEE4 glo] NDFe}
ADFS] AEF/gu]of st oS AY] /ATt o SHPALS doA A & 5 s

Table 42} Table 79 cutting speed of blade (Sg),weight ratio of ear(Wg), storage period

(Suay)= W2 Stof SAZ4Hoz 2R AsE 28R A(1)-4(2) 2.
NDF = 1.289W:-0.0201S420.0859SB,R*=0.9914 (1)
ADF = 0.6587Wg+0.0206Sday~0.0205S5,R*=0.9895 (2)

where, Sp=cutting speed of blade (m/sec)
We=weight ratio of ear (dec.)

Sday=Storage period (day)
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Figure 5. Changes in mean composition ratio of quality parameter according to the storage

period and cutting speed

i

=]
24

AEE AS5EHAY {FE&8e U5 Al SH gkl e ALge] et

it

At

>

BEAZA9 NDFe o 54 51.85 g/kg (SD 4.9 g/kg)ol thasll Al(1)olA AAE (average
absolute error) 7.214 g/kg, ABE (average bias error) 0.8218 g/kg, RMSE (root mean
square error) 4.8361 g/kg, rRMSE (relative root mean square error) 0.0902 g/kg=

HERS

J2|1 ADF+= Bd 5734t 2859 g/kg (SD 2.96 g/kg)ol thsl Al(2)ollA AAE 8.425
g/kg, ABE 1.0384 g/kg , RMSE 2.9462 g/kg, rRMSE 0.1023 g/kg=Z WElRT} ol &
AFRAES ARG ES 24 glo] dFolA &4 7153Ft weight ratio of ear, storage
period, cutting speed2Z NDF2 ADFE & £ U+& dSWUAHAS /MEsty, &35t

e Al extEAe Bolol Al S84 BESAR

metd, FFASAE % 24 21 AAXoE e £37]9 APEEEE 1,000 rpm (66.7
m/sec)oll A +2e]& X8 st= Zlo] NDF, ADF & &&7|&ol 83 RAos fsglrt
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1 2/H Sz HEY SZo|Lt o2
Fixing as A 2 18] 20| glel MEL SAM7E o
. _ :‘_I— o= o o 7_{ OOI' )\-l‘:”
oms LQ_ A0 el AQL10% | =& S JEl-'- SE=Eagig] e e o s
Eﬁﬁo 2 ElH'"o—?- %§m0| HA S Z-\I
3. 2HE= HAO| Qi A
Spring o MEF e | 1 Ay, #H, 3o, & & M8Y | o o LOT
apxg | A0 AR | qliow | gmer | Zeto] olg At F 4w
1 ®3l, By, Ho, & & ALE4
o/ HMIAZAAL | =& Z3o| g2 A. oo} My
= | n=5c=0 | &YA| | 2. HtO|O|E AQS matzlo] gig | T ¢ 7|
A.
BF bye 1. 10A : 6.0%01
metal A04-xxxx )
ol 2. 15A © 52401
=EHS s | M3ZAR| ZA2 ] 320A 0 84201 v/ M
T | n=2,c=0 | ZAHA| | 4. 30A : 80+0.1 H 7|
5. 40A : 10.2+0.1
6. 50A : 10.2+0.1
Cobic - M= 13 1L & S |8dol gl A oo LOT
apmg | A0 | SR aoi10% | ez | 2 AbRA Zo| 9IS 2. 4w
Terminal
plate/Cro JE=2-1 1o |1 HE HY © S AEY 2 LOT
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_ _T'_|- o= o T b = VAL VA | o o =0 °0P T
block ADA-oox | RIRE 1 o100 | ormEr | o] gate A = HhE
MEH - MEY 13 3. %al, B, ' 5 ME8Y 2| o, LOT
aprg | A0 | 2R | aolio% | emz | o gl 2. FE ] uE
o HMIAZAA | =& | L ®a, BY, 3o & ALEA Z S0t M
Load ter = | n=5c=0 | MRIA | 3ol g8 A A E]
minal A04-XxXXX Lo S, 0T
iy s | M2BA | Za2 |2 1040, 01 v/C M
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B dEolde] FAL B 71EoR B

<< 2% B8 Y| M2E 15O HEHO|H 72 >>

20'GP SR e e s 20’HC

20l : 6,058 mm
= :2.438 mm
=

2 0] 6.058 mm

40°’HC

2.438 mi
iOI 2.591 mm

20l : 12,192 mm
= : 2,438 mm

=0l : 2,896 mm

40,GP 5 20| © 2,896 mm

QOI 12192mm
iOI 2591 mm

Reefer Container (ft) Dry Container (ft)
20 40 40HC 20 40 40HC 45
Ly 20| 5,455 11,554 11,554 5,899 12,034 12,034 13,555
(frlli) = 2,290 2,286 2,290 2,348 2,348 2,348 2,348
=0| 2,262 2,216 2,538 2,390 2,390 2,695 2,695
) =] = 2,286 2,286 2,286 2,336 2,336 2,336 2,336
ES
(m_nﬁ) =0| 2,227 2,182 2,491 2,278 2,278 2,583 2,583
LE8X (CBM) 28.300 58.500 67.300 33.100 67.500 76.100 85.700
=t XA =2t 2,960 4,240 4,800 2,290 3,890 4,150 4,880
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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
work imvestigates the use of 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
of the papiNet standard with these data models is explored. As a result, the papiMet standard is found to
be suitable for use with some provisions.

Biocenergy ecosystiem
Logistics chain

© 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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for cvlindrical bale wrapping
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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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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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AEHE 17-FEED-1-01214 A ® o |2017.10.31
4 g | ()Yl
X1|ZF_°4 ‘,
T A 17724 HB7|T HEA| ZHEEZ 88 (2YS)
H =g S44= AZ(1000rpm) M= 2017.09.26.
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25. B wH =48I
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v ARUE  AIBEAZSHA (17-FEED-1-01215)
X
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Al 8 2 2017.10.31
+ A (Rl
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4o | (Fuy
M =X}
T 4 [ 17724 F7|= EEA ZHEEZ 88 (Y F)
HEZd S44 A|Z(1100rpm) M= : 2017.09.26.
26. B . mY/1=A8IAT

v ZAARAz : 2017.11.10.
v ZARNE . AEAAZEA (17-FEED-1-00000)

MNEHESHA
SHHS/FE 164290 7| Al FMT 012 126(MESE 251)
MaHS  031)8012-9660 FAX 031)8012-9669
EMHE  17-0-2688
Al o2l 2017.11.09
= A (F)HY
HaHs U-17-02238 Heoialed | 2017.10.31
HYHS 17-FEED-1-01235 A ®H L | 2017.11.09
Mg | (F)HEA
M = A}
Foa | 17724 EU|E YA HBYZ 88 (L T)
HEY S5 A|Z(700rpm) M= : 2017.09.28.
27. B4 . wYI=A 8T

v ZAALA: 2017.11.10.
v ARWE  AFEZAAZSHEA (17-FEED-1-00000)

-~
AMREHEIHAM
THHS/FL 16420 F7|E $EA BMT 202 126(MEE 251)
MslHS  031)8012-9660 FAX 031)8012-9669
EMHE  17-C-2688
Al &l 2017.11.09
A (F)Ey
HeHsS U-17-02238 Heoigd 2017.10.31
A¥HS 17-FEED-1-01236 a4 3 2017.11.09
Moy | (F)E
M =4 ”
T oA | 17724 HI| T HEA| R 88 (TYE)
HEH S5 A Z(800rpm) M= : 2017.09.28.
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28. AR  mH7IeAd &AM T
v : 2017.11.10.
v ZARUE  AAEZAAEHA (17-FEED-1-00000)

N
MNMeHdESIHAM
FHUS/FLE 16420 Z7|E A AMT Fel2 126(MES 251)
MEHHE  031)8012-9660 FAX 031)8012-9669

EAMEHS  17-C-2688
(e}

Al & 2 2017.11.09
F= A (F)HEA
Y=g U-17-02238 Heodgde | 2017.10.31
AEHE 17-FEED-1-01237 A 0H o |2017.11.09
N g | (F)HEA
H =H Kb _
F oA | 17724 H7|= HEA| HEEZ 88 (Y S)
HEZ=Y 244 A Z(900rpm) M =L: 2017.09.28.

29. 274  sH7IeAd & AT
v ZAARAz : 2017.11.10.
v ZARNE . AEAAZEA (17-FEED-1-00000)

ARHESEAN

SPEHHMS/FL 16420 HI7|E SHAl HFMT FoA2 126(MES 251)
M3 031)8012-9660 FAX 031)8012-9669

EMHS  17-C-2688
o

Al 8 2l 2017.11.09
= A (F)EY
s U-17-02238 T 4odgel | 2017.10.31
AYHS 17-FEED-1-01238 0™ o |2017.11.09
Mg | (F)EA
o]
e = & | 17724 Z7IE YAl HBYZ 88 (EUS)
o=y 244 A2(1000rpm) M= 2017.09.28.

T = el

30. 273 78T
v ZAALA: 2017.11.10.
v ARWE  AFEZAAZSHEA (17-FEED-1-00000)

=
MEHESYAM
FHHS/FE 16429 HI|E Al AMT F2l2 126(MES 251)
MshHS 031)8012-9660 FAX 031)8012-9669
2MHS  17-0-2688
Al g2l 2017.11.09
& A (F)uy
Yeds U-17-02238 Heolgel | 2017.10.31
HEYS 17-FEED-1-01239 A4 " o |2017.11.09
SERIGEE
H = &}
F oA | 17724 H7|z HEIA ZEYZ 88 (ZES)
HEY S A|Z(1100rpm) M= 2017.09.28.
o T

i = T

=1 T
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