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shinjin])
—. 2k}
27} rARUIN
stz (8714 + 59 + 5= + agriculture + EE + E=lE + E3lEl + EE} + tractor +
o
- combine)~2(XF& + autonomous + AtE + auto("2(F& + travel + =& + steer)
Q= | (tractor + combine)*TL = [autonomous™ (travel + agriculture + work + steer)]
= | (tractor + combine)*TL = [autonomous™1 (travel + agriculture + work + steer)]
O|= | (tractor + combine)*TL = [autonomous™1 (travel + agriculture + work + steer)]
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g= HZ g= HZ
1 RSV:Reaction Switch Vavle 10 PP damping orifice
5 SOL:Solenoid control valve for EH iy Priority valve spool

cut off valve and RSV

3 COV:EH cut off valve 12 Priority valve spring
4 EH directional valve 13 Dynamic orifice
5 PVE control unit 14 Pilot pressure relief valve
6 Spool position sensor LVDT 15 LS orifice
7 Solenoid valvel bridge 16 PVFC valve/LS resolver
8 Pilot reduction valve,13bar,SOL-PE 17 Suction valves
9 Pilot reduction valve,13bar,PE-T 18 Shock valves
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@ A+ M @ F FHES SA, ot & It dUE 24
= 5 T A H g4 3X (mm)
Valve Body #&E 0.008, HE 0.005, =& 0.2a
EH Spool HET 0.004, TYE 0.003, =E 0.1a
Prio Spool HET 0.002, AYE 0.002, =X 0.1a
COV Spool H&SE 0.005, ZI¥E 0.003, =& 0.1a
Dynamic Orifice ®0.697

a2l 15, BM M= TEST AP<I

g = Ale Zot

Safety Mode : LED RED ®E=S

Steering Test
Offroad Mode : LED GREEN ®ES

Start Up Test 5 Alo|2 Bt 2tE Eo|AtE 6l

ojo

Setting Pre. : 145.2bar (at 25 Ipm)
Pilot relief valve Test Peak Pre, : 175.5bar
(5h7| AMM| Z 3} & =)

qr
0

Check for External leakage

o[
1]
g
2
M
Hm
A1
o
1
ot
ro

EH flow rate

7~9
2ol we P-EF xbet - ar

+7| ARA| 74—||_ 7'cl-_7|t_)

At 27 ZTOIM QA2 U R A2

Flow limitation ) N
(BH7] AMM| A1} 7 x)

On : 0.456 s / Off : 0.029 s

(517] AbMl ZAnp &=x)

17.7 ~ 18.6 Ipm (5§35t =z74&)
(3H7] M| Hzp 3 x)

[

Prio Valve £3t=Z0llAM2| R 5} &l
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- Pilot relief valve Test
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i i
|
& || =

PT PT
- L
o] B0
200 bar
e 34600 psi
T I“l’olw .
0 2465 puil
L 140 bar
00, r 12030 psi]
1500,
-
s
[ o [ u a g -
Qp
a ] o " » Usgalimin

2 16. Pilot relief valve &M

EH flow rate
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- Flow limitation

o

e

gl limitation

2
g

E— EE——
\:‘-. ]', !
. | SN . |
| = s
02 20. HE SEHY Al

- Prio Valve £3t=Z10iAM 2| & His} =tol

ESEH PRI LeE REHY EFEE Hoifg HoLEY Py L2y REHE EFES AR
2y 328 173 01 17 177 e 329 01 160 17 183
DAJ\:FOSS Lot RH O
1 Eats0k 644 50.0 a1 17 179 Eats0k 649 01 500 1.7 186
H3h100k | 1155 1000 01 17 186 HoHook | 1151 01 100.0 17 192
saza | pum | .z | rem | sua | MoRw soiza | eua | 1za | Red | wwa | WoRw
[=] [=] .
255 327 17.2 02 11 175 Dy 316 02 162 11 18.0
DANFOSS| o
2 Hts50k 624 50.0 02 W 178 2350k 632 02 500 11 182
Hopiook | 1159 1000 0z 11 184 #3500k | 1141 02 1000 11 187
=1 ; H=l>x o| =22 s} &lo
8 21. Prio Valve Fstx=740A 2] 73 izt &eol
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@G FI7I HXold ME HE
A Eatoniit EHSVHE FJI HAE

3 = Ab
Part No. EHSV-18050
Model Code ES-ULA145175AA00A
Max. Pressure P port 25.0 Mpa
T port 3.0 Mpa
Max. Steering flow 23 Ipm
Proportional Supply. Voltage 12VDC
valve Max. Current 1.50A
(Sol_1, Sol_2) Coil Resistance 4.72Q
Solenoid Valve Supply. Voltage . 12vDC
Coil Duty Continuous —15~+10%
(Sol._3) Initial Current 1.67A
Max. Oil Temperature 95T
Mass 9.0kg

Steer relief valve Setting Pressure

14.5(+0.7/0) Mpa (at 23lpm)

Overload relief valve Setting Pressure

17.5(+0.7/0) Mpa (at 2lpm)

G H|3 &S| olE 27, 22T S8

© HESEH 2FEE T4

STEERING CONTROL UNIT

— Lm

O|E 172 FAME=.

-~—-—LSm

Rm

Fm

Tm

(B8]

o]
2l 23, Eaton EHSV ®¢ sl2%
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Eg7 g

operation state

on-Road

MMI off Road non reaction

Safe state

operation state
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O &8 o|= e AQF

SIS
(i)

o (=}
A E ALk
o= S EAIY ot
SV08-S3CN-QO MC-S3T HIB-31-12VR
1 3 0.
=c T\ N
2= § A 7 i
vV 1\ I T TSIl T
3? s 06
NERE
10 10 15 22
(Ipm)
NS
110 110 103 50
(bar)
TENCTEES
_ 100 50 82 30
(cc/min)
AMEE2E(T) -40~120 -40~100 -40~120 -40~120
2 (V) 12 12 12 12
M Z= AL HWotol =23 A o Bt oto|2E| A
AUYE Sellzol=HE MXA (MC-S3T)
PERFORMANCE
Actual Test Data (Cartridge Only) VALVE SPECIFICATIONS
; 4 GPM (15 LPM) from (1) to (3)
Nominal:Flaw 2 GPM (7.6 LPM) from (3) to (2)
o Flow (LPM) - - Rat_ed Operating Pressure 1500 PSI (103 bar)
200 + h El:lyspolcglslst)ernal Logkage 5 cu in/min (82 ml/min)
] . Viscosity Range 36 to 3000 SSU (3 to 647 cSt)
§ 150 : 3 10 Z Filtration ISO 20/18/15
= ] = Media Operating . o . N
g 100 ] A g Temperature Range -40° to 250° F (-40° to 120° C)
) E @ Weight .14 Ibs. (.06 kg)
2 1 T 2 Operating Fluid Media General Purpose Hydraulic Fluid
£ 507 £ Cartridge Torqu
1 - 1 Rqu.:irgmem:r;:I © 15:#ft:Ibs (20:3 Nim)
o1 0 Coil Nut Torque 3-5 f-Ibs (4.1-6.8 Nm)
1] 1 2 3 4 Requirements ™ :
Flow (GEM) Cavity MINI 3W
Cavity Form Tool (Finishing) 40500004
[~ Port1ta 3 (eng) —Port 3 to 2 (de—eng) | Seal Kit 21191006
© Yz M 2 $E M

2k o< & HH
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2 3D CAD =& 2
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TUN|H QTARFEE | BE BN QTAIRFIEE |AIRA &Y
HIX| AlHE Sot &= || 2= Hard Ware A7 22350
E4 EAM H/WAHA TS L1F 3|2 MM AME MEREE
- otTIa|= AMAHAloK ol |= o/ HEMe E5}
EH%§(75KVV HKH %;IEH%% 9;?7%%44 =-1- |D ﬁl t =1 Im L_;VL__HE;C)L
1%} |ojAhEAE safety mode, Z=8H|04 Soft Ware &AKIZ &S
- safety mode safety mode AdA
A% | 8 Aote [Helof A o faty mode €7
[ Z8F MOLCANZIHFGU | Z8F o], GUIA
(2021)| Atz =3 o o i 10 . FE | EHo 2 X[
X HE %
Al AEl 7yt |Proto 1I1%S 2t & A= 1T - Al Al
7('_-|R7-IA|.7|E §|—_<E’_3|.O:|
olZaf AlSeole MZ | ME ZHA| M= cE s T
AEIM A 2 2lE2] S0l
MM ZgskE ot (|3QeE7 |8 ARIMAIY Fidl S0l oIS AlY 22
O LHE XFF HHE 3 xEXH L2 FLE X3S st EE o] WEk
2 Most= x| fgr
@ MZER 718 M 2 =Y FAEE HE 2 2N
@ MEIAL B/M & =Al
® B/MEY (Danfoss it MAIRQ =88 PVED-CLS ZHEE2)= A4y H
PCB (MCU,GPI/O,CAN,AD)&,COIL &.,LVDT £,&8 ol e 4 =2
22 FAMEAon{ CANAD,LVDTZ & XEHHE 2 xekX(z az|

oz Eeel 3

(=) = O
fatst=

Ao

PCB 2 714K

PVED-CLS ZHEE2

2
S

O e 2 PCB(2I4 82| B U= PCBEIISR, ZALE{7} PCB
of HYET o DMEE WAolof, HUE PIN MAPHNOE X3
T ZESeZt 95 ¥Re AT AMIZ JHFos AHE @
2o 3z U BE0| AT

@ MelQCh AT MU0 YAslof ZHES MUOR AL
® ADLIR{EH XZHo| MEfAlS (ex ZBZIMA) 2



© CANSAl: xtEHn HAEEZE S

@ Digital Out: CUT OFF SolenoidValve Al &

® MCU : Xt& MEfXMEII MCUO| &=, =
_?_

Eefo| FPYEHS FOf

0o |

AN L5z

|
1 |2 AD3|
Sensor GND |

Solenoid Valve
Bridge
EH valwe

3

4 C»QNHS:I'!\\(:
5 CAN L Safoty |
. g & Cutot out|

. PR o lean L S 17 Battery (-}

TR Teare . et {8 Battery (+)|

I e CAN L Main |

|10 CAN H Main|

DT06-125
PVED-CLS

111 | 5V sensor supply |
| 12 AD1L |

8 111. Danfoss it PVED-CLS ZHAEE& 74 H PIN MAP

© LVDT (Linear Variable Differential Transformer)

Mol xE SHste MME XP7|Ee| HEE 0|36 S™slH =2 o
UM Z 71, = MOA| AAZISZE B35St Mol &2 DATAE
MCUO| FEED BACK

© CoIL #
=& /T 75 S 0lE & 2 47, LVDTRY 17H2 74

=l =
MCUOl 2% =&2to| ais|s, =8t &H/2 Za|z0|=7t 75, MBI
S:

_|

= 2] , =&
x[7F HA= O] X =&Fzto| HA= D, A =&ZS MCUO| T =&Y
st 2 F =skztol| Bkd (COILESRt PCBZt iMooz o)

@ &ellcolE WE ¥ =5

Zek =/ SolE H#HE 47 & EEL=E FAE0, COILFO &x=
HAloZ FHESHH 7o
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[l — = =
Hx oty HE ds &els fldl 7ls =5 ctolojal s st CANS
Z2EZ qu0| Zeslo] 75 AIRA ZA o HIXAIY Y

MMI, VSP, STW, SASAMA DATAZI Z=&xd|0{Z]of 2, DATAZlI ©AHH
?lel 4% On road &4

e Controller a0

:LE' 113 AI T X7| CAN sS4l A|EA

O AXts=% ON CANSA A|R-A

Off-Road Non Reaction X3 {2 Off-Road Safety CheckatEi Z Off
Road Non Reaction 22l ™E Intended for steering &I, System is
ready, GPS Steering selected M &

92 114, XRFExEE ON CAN E41 A[HA

© ZlsAd

#Hlx|otd HE MsaEels 25 MMI(Man—Machine Interface), VSP,
STW(SteeringWheel), SASA(Steering Angle Sensor)DATAE CAN

ZZ2EZE jEF STW &1z|&o u2l &g des, 7ot el #Ha}

=] o —
SHZI A% o 5 ol o2t 7 o 720 Hetsi o
0022 1H = X523 192 S &2 & 72 das5t,

40 2t 1 oM
oL I mu o
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Hlfpen) s
e o b o
ESE M
wivle]
1 g 8 i

| ¥R

TARDFIR L) i

[ 0 i
S 3 R P o L i a7

O 116. AISHARE / A" Jef=

® XS x3t Ho{7] Mx ME U oEH SM 2A
o HAAES S5 25 SM 24
® ool

Range Input Voltage : DC8~16V
Surge Protector, 9™t 25, Mt 2S5
CANS A
2ch, CAN 2.0B , 250Kbps
CAN Line Filter, CAN Bus Protector
© ADC &=
Range Input Voltage : MAX 5V
O &dlol= &
Range of output current : MAX 2 A
@ Mo{7| st=o MA H M=

o HMol7| 32 MA
® ArtE| s3o| =10 XHE specg THESt= meudd
Core size 32Bit , &F 2% -40~105%, CPU Frequency 120Mhz
CAN 2ch % CAN Line Filter 2 CAN Bus Protector AlE
© &&8l-ol= &3t MOSFET A2 ¥ MCU PWM OUT SET
O S%2% -30~+85E 5 UES= B E MY
® ADC HMA Qg 7t 0~5VE Hstst

2 74

kl O

, 2EE20M 10BITEHs2



® Hct 2= AXMY, ™Y, Surge 25 32 74
@ M o{Z| Print Circuit Board (CIAH3[27|EH A7

® PCB A FR-4, &M 1.6T ,sE 1022 M=t

N1 cqé e M 2 J2teE dfE 23

O 117,

& HMoi7| 7|7 MA
® BASE PNL - Z{ZE SPCC 3.0T ofd=3, 2% 2lo|A
® ARRAY BUSHING - Z{& SPCC 3.0T ofd =2, =% 2ol =22
© COVER - MA PC, EMZZE, 3% CNC7}3(MOCK-UP)
©® COVER SUB - xHx' PC, EMZ %, =¥ CNC7}3(MOCK-UP)

® FOST - XA SPCC 3.0T ofd==, =8 2|0[X
® MTG PIN_PCB - A& PC , 3H 2l0|H

5

© 2™ MOLD - A& fL+X, 3 CNCIt3(MOCK-UP)
O F42 - HE g | 3H CNC7HE(MOCK-UP)
Q MZE - MA HES 0.25T &Xe| , 2H WATER JET,Zto| 28
r{":_‘o 'S
BASE PNL ARRAY_BUSHING COVER COVER_SUB
REE]
244 FOST o zAE ASS'Y

@ 2=25% - MA d2[Z , SH oiAE FE HE
r\ -
MTG PIN_PCB ARRAY_BUSHING 242
a8 118, 7|+ g??% s
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@ Mo{7| delEs AT/ =4
M MHZ22 IAAH Safety 2=, At =&H

DE M=ol 2ERlo=Z
Li+=0{ZICt Safety 2= 28 AL oHd b A E AFMel ZH I Y EAS
if == 2RO E XNSE2THH 2E 5 /€S UXA| AAs=SHHE HE
TE Z=2OW z[ofof sich Aez|Eg oM 2A2 =& 2 MAMe| AlFldrer HH
AEf o] IX|E XMEotl ZSHMOA|l HAIF EH=[o{of SiCt
Zx MM SHYM ALBE X = MO 2AE2M 3 AlZHE 112{510] F
CHot B2 AlZtol| =2&o| Jtsst=E Z =23 0| =[ofof otct, Ats=ekAof =2
E ZA 2 MM|I EE£ Steering Wheel €1 2|5of w2} ad= 285 = 2% =

o

x|
bZtol| w2l =, ek dEiHo M7\ M2 E dEstl HEEs e de

£ FEED BACKSHd =3 =gkztol| "tdsto] A of shot,

® Mo{7| Elol AA
@ J1939 CAN(Controller Area Network) ZZ2EZ M3 EHI0Of AA

CAN S4& 422 CAN ID, START BIT, DATA LEGNTH, HIA|X] NAME,

CYCLE TIMES CAN PROTOCOLZ dzZ|st0{ 2ZEQo MAH X2Z ALS
A CAN Stle=z =& XtEF Aef ¥ =eX|d gz|Eol w2}
Wog Holstn #A| #We 9 ¥ HMo{y| YEE CAN S4SZ FEED
BACKSt= EHYHE AMHA

Fate|E& 7|dke| Safety?|s 7Hdt

Mozl &, & &xle| 7|sol thet &defE d&E5tal, 1ol t3sks TEt=
C

_— CUTOFFSOLON M
e 53 I8500 l',IN_ ”

-. ¥ » . - = T
¥ 3 Sm— s ——

FIE= [
iy T 9% FEED BACK Sﬁﬁ.ﬁ?

a3 119, Mo{7] HAof A
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® == Alselole dAH 2 M=E
@ GUI(Graphical User Interface)7H &

AtsSA 4 HERKT & thEHQ CANSAe J1939Z=2EZES MEs
o, F&FE3tEl AH2=2 EF M S0o|l MEst/|o Solst=E JHLSHYC.

GUI 72 PEAK SYSTEMit 2| CAN interface ZHH|[2} CAN analyser

softwareE AE3sl0i CAN DATA &AM & ZUHZES & = JUEE GUIE

WS CE Eer ALEATE HE[SH AlEE = JEE AEH %P-I 7lsg

U742 oto|Z TefEHo=E LIERfJALT HOo{7[2t PCel F HX|E CANS

A 7ldte 2 AASHC

|_

<

_

% 120. Graphical User Interface

O YEY W BS M0 WA AIEE CANSA 7|8 AlS20lEfH &
RSEEH 07| HAO HHOIE L HLES Mo| AILAHES HEHD HMof
Aagol 24 2 JjMo| BEBMOR MR 20 MCUS ALEEH olE
HEh =S XS0 Moj7| B0l UHolE 2 Y& tfole BAlol

a8 121, AlEole A A M=
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@ Jel7|z A=lN Bol 2 MSAE 2IA
ST A2l "I}
B A& - SEYE Mo s EM™ 303 staAls Xl 72
A2 st Als X 12
© ANE B3 2w
= NE
N NEE=EE =PI 2z}
A il
AE2% 85501A M=o MAS
KS R 0016 _ -
1 | ness o ol75t0] 12AIZHEOF AA] &
” ME St 3 9zl olato] glg A
ANE2E —20Z0llM HMZo| Mg
KS R 0016 _ _
o | M2 ol7k5t0] 12A1ZHEOF AA] %
5%
ME S5 9 elzo) olaol gtg A s
Ho|X| 2 3Kg/en, M 82 39.4 L/min, Tk
5 A Al KS R 0015 BT 40,3 MEE 172 1A|Z2HS et MoiZ| | 74
=T 2 AE = ®HESEo| o|4to] e A NS | ot
PSE 7|E Y4 552 5> AlE
X=Fag 33.3Hz, AIs7F5E 39.2m/s? AbH|
4 TsAld KS R 1034 AlBEsE XY, ZZt 4A| 24 AA] =
HZ St 9 9 pof ofato] elg #
75/322/ECC
5 EMCAIE | JASO D 001-94 | 74 ot=s A
KS C 9610-4-2
O Bel MXA FF
Ao oM
KATECH Mﬁﬂ&”" eshrmr RATECH . '.I:._:.””. TRST REFONT I.‘_hl_.'. s e
i A L] ; N
RACENGD 4
LR YA e

iusd it | Daarnber 1, 1921

KATELH ===
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(2) 2APAE EX AR
=]
1) | MRS ETSEE-: AT 2oLy " et
Proto 2MA Z& & A0~ A
- = - PILOTZHAL Ad74| 20 ®=k
Pilot 7HA AJA| 21 &ZH (Hlof7| QIS =T [ FHAIALA)
= ] PWAIO] 2TE|E Het
CHE (75KW [Msals of s/w 22k [PWvRIo] 2UT2|E Het e
ox} |0|AHE24E] ZeHBARZE EH
T7E 115 A= PNCE =TI
AT |  AOLE |Pilot &% A& | | |E_ v
e s LVDT, PCB ASS'Y A&t AIRIZ 3SET M=} 22
(2022)| XS ZE& foizay A[Zafo[E] Pilot 7HA MAE ured| &2 AlZelolE]
A 2B I 5 daa st Al22olgf ® =t st ek
N ROEREERE
yem sEES Wb | 2ol oI5 A[E 242
A| 3l
™ Proto=2XMA™ ZE 3! Pilot 7HM AH 2 K=
G = o] A AH
® FH0|A WM AMA
RS ZEH 07| Lol =& ZH/$ L2|O0|E WE ) Y 2=2oc=z 7
M5tT, COILEO| AMQlEs wAloz ZWESIH TAMsD waxd 2ot

=
[
W7 TARY
-4 H 4 : DT15-12PA (12PIN)
- A UE Ry E =Y

T8 123. CASE

> L& 2T =2

=]

— gl
o Dty ==
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Hof7| el == |E T
PCB SIZE, 4Bl & Tatpx M A

CAN H

| [ canen |

[0 | ‘___.1 ]

ey ISR |

TREMESAS
Rra50} ouTeUT ] |,_.1 TR S5
B g 1
REPROGRAM

O8 126. Atsx=e Mo{7| 22 E

"'—"q T & MW0I7| PIN MAP
o PIN NO |71 LT USE S rees-12027
] 1 [RES
by 2 |FwE o S7E[COL ORUT RS
3 |MD2 [ IAB3] Y [A [e]Tas L)
47X 2 A W [A C |3
s |mx ARSI L TR CIF
6 |CUT OFF SOL OUT 4 (ARSI & [A C
7 |GND 15 [AGSL] A (i)
8 |izv 6 [ASII R [A [+
3 JeANL [EITA, B [A )
10 |CANH EAL" B_|A C RO
12 PIN CONNICTOR 1M |svout CHL 5 1o [A BT
(AL RFETY 12 |ADY 8 r“@ B & (A FHEY]
= — o —
O 127, S MHo7] HY / reprogram & ZEHE HAUE EHY

HoiZ| MCUol =zlMez ZIckAlol= Normal operating modedd,
ReprogramA|oll= Serial programming modeZ H&0| JIs3IEE 3|2
TAMstD AtFe| REE AUHE PCet Ats=g HMOo{7|E HdZsto] Flch
2! Reprograma! 3 gt

E gA £ el 2 22l 2ol MME™ FLMDO0, FLMD1,
MODEO, MODE1 % MODE2E 2| MEfE ALESI0] 2|Malix = 25 2=
= oz E2f

of ZFsgh

my

Pins
FLMDO FLMD1 (P10_8) |MODEQ (P10_1) |MODE1 (P10_2) | MODEZ2 (P10_6) | Operating Mode
0 X X x X Mormal operating mode
1 i) X % X Serial programming mode

18 128. Selection of Operation Mode
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(O Safety Mode
ISO109750|
O AHFHE =ols =822 AE= CAN 20 H

gfel, &4 ERRORZE 1x o|&d Z< Al

O $MAls HUTT| RTK-FIX(IZ 2% 4 omB) o
x| 2ol % ofd BT MO|ZE| BEE WY
© RHAZL 2TMo| 7Lt 3% Ol4 O|HA Ao|=

L{ wezsazon | [ Srmieer |

© LVDT MHA

LVDT(Linear variable Differential Transformer)= M&9o| QxE& =X™st=
MMEZM Als=x=s HO| EE o &Xf =&zt DATAZ =25t E2HE Q|

A xlgker MEA #Hel omm(2.5v), et # RTA -4mm(0V
0

+4mm(4.5V)2 (X7} HRED E2HE = ofdZ2d 2 O[ARISE gl
CIX|E AMS 2 MAs Hststo] sxfe| {XIDATAZ £=0| 7ts8H LVDT

7H ekt

C
=
i
=

o)
1N OGN AS
N
(4]
=

O

=
n
<

-4.0mm O.IOmm +I4,0rnm

HYM 2F 32 0E5g 9F 32 M A
M7 WA UHAIY atEe s MY 2 glejchl FXY| 25382 FIt
IGN
T -"—'l_‘ i MCU
=55 T S TR L
HxT = vl Ld &
IL1 |4
s w jE
7 131, MY Y el MEY| BoE 20t
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o MAASZS ST PWMAH O (duty cycled)de|E 2t
& O|EE PWMHMO{SI2 duty cycledidol| wZE LVDTE|

= =
Mol E™E dataE 2| Fo B

DATAE = A=

EZRSFA| duty LVDT DATA =X : 2ZHH He| 2 duty &%l =3
ESA| duty LVDT DATA =& : 22t e 2 quty =&82%x| =3

LVDT DATA LVDT DATA
T8 132, =/ESA| dutyd| oflibE LVDT DATASH
O z=eEtg AlZE 53

ARt 2= 10,20,30,40F =8X|Z, == 10,20,30,40% Z=sX|HE
TAMoZE TEHA| BB 775 AS JHAl d=e AlZE Xto|E FHSEt

------

oooooooo

"""""""""

D e T S

8 133, =&HEE Al &5H

@ PILOT EZH =t
® COVER - A& LHHABS, &% INJ'MOLD,2CA'
a28 - 2 NBR, &% RUB'MOLD, 20CA'
© ™ MOLD - MAE LEABS, 3% INJ'MOLD,2CA'
O HAZEB - ME HES, 38 PRESS(PROGRESSIVE)
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A, SH 2ATES
(® ARRAY BUSH'G - A& &L, 3H HAVIS
G EHISHMo] - AEPC, = 3% INJ'MOLD,2CA', EA7tE

o o
B HstE Hol - A I ARZE 2 MAYLD

= o, oH-" = (=)
(D FOST - A &L, 3H FAIIS

() BOSS,SCREW - M& PC, 3% INJ'MOLD,4CA'
® COVER - A& HEABS,

S INJ'MOLD,2CA'
© PCB ASS'Y - MZA FR-4 3H

B CHS7|8, dARE, 49y A

y 11— 1 = o
COVER a=zal 1% MOLD HZETHp
BASE PML ARRAY BUSH'G EHIoL4 0] Habg g2yl
FOST BOSS,SCREW COVER PCB ASSY

8 134, 7|7 AA ZotE

@ LVDT - M8 21% 55 MM 22 Mz

o

-4.0mm

24

d WL +40mm

207

JO8 135, LVDT =H 2 AMEARE
N ASS'Y M=t (3EA)
Atszx=e Mo{7| 2btdE 3SET M &

a8 136. A M7 HE AKX
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@ &3

Proto= M| &

AlZ2ol8 A

HAE 3! Pilot 7H

iy

Al

M MAYE

0

L
T

Al=2olH i

A

Al

| e
8 137, ¢&3 AIZFE 0l S8 2 A
® Z2l7|a AEM "I 2 MsAlg H A
@) Zel7|a MM "It
® MNEEe  SHEE Mokl SHT ZAHH 303 H2AIS AT
A7 & 0 St Als Ao 12
© AlE o= 2w
Y R EEE NEEE: ot ar AEAE] | A
AN 2% 85501A MZo| M=
KS R 0016 B ~
1 | next= ol7}5t0 12A|ZHEOF AlA| =
5%
HZ ==t 9 o mof olAlo] gl #
AEes 3050l HZo MeS
KS R 0016 _ =
o | Mests ol7}510f 12A|ZHEOF AlA] &
5%
HZ ==t 9 o pof olAlo] gle # Ats
AloIX[2t2 3.6Kg/on, M W52 40L/min, EX-T
o | wenrs KS R 0015 Sana 40 B|MET 172 1A|ZHE OF A o] 7| 7
=T s2 AlE = ®HZExto| oAto] S A NS b=
APEZ J|E W4 552 45> A8
SF o4 33.3Hz, ASIHEE 49m/s? bt
4 | FAEAH KS R 1034 AlBFsE XY, 72 2A|ZH AlA| =
HZ ==t 9 o/mof o|Ato] gle #
75/322/ECC
5 EMCAlE JASO D 001-94 +4 or=s A
KS C 9610-4-2
O el XA FF
T —
o ‘o .

S il

[ORTEEE

- B

rELT ot

Mg B A

Bt BT TR

78 138, Zol 7B AEAEA
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S
:oll__l
o
rx
Rall
>

S E0 MB=D Y= A5 ZSAAH EAM
@® CNH i+ Auto guidance system T3S

Mo #HE(EH steering valve)E AFEsIR 20, MM HH2 ofzieft &3,
@ Directional Solenoid, 350 bar, P port closed/bleed A and B to T
© Spring centered, dual solenoid, 8 lpm, 24 VDC

EF: Output to steering orbitrol or to
rest of hydraulic system: depends on

|er_the pump that has been taken
Open Center Installation . Jﬁ | ‘
P = —

e

Pressure / Return sa
Original hydraulic steering or from other hydraulic pump

12 139. EATON mte| =3%F dH||Mo{¥E (EH steering valve)

EATON fte| W=7} M 2= EH steering system< John deere, Yanmar
s MZ E=E e F2 MHE0 ML US.
© z|Zol= o=, g2 &2 of 2l Z=0|A MASt= E=HEo0| T EATON

=
e H|sH[Mo{H eI A
e~
Bepkinic
XCEL45, S10 + GPS Steering M y O

anifoids Steering Manifolds with

KDG4V3 and SiCV
Auto-Guidance manifolds deve ﬂ
loped by Eaton US ACE in earl ] Projected 500K for market
y 2000s

2006 sales 2500 [il—= ,
4§

_

o o
MEED JAS.

2013 sales - 16,000

Customer Foton
Application Tractor
XCELA45 + Steering Manifolds

Customer Yanmar
Tractor

SCU+ Proportional Control Val
ve for auto-following up manifo

Id
Mature Year: 1000 sets B

8 140. =78 EATON jito] vl #AloiE 28 Al

3
i

Got production order 30 units

O New Holland fitel T6 Al2l= ZE 2 EATON #itel Auto guidance valve
7F M0 Uen{, T7 Alg|l= 2Y 2 Danfoss T2l steering valve
(OSPED LSRM 60/375 cc)7t M2=0 US

@ Danfoss OSPED= steering unit 2 ZHEE2 A

EEE

02t
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L3

u L (_,)M_TJ_ @
1) Ri s el
-‘-HI:.' -{\_’M@
{{Thln
®
P Py |
s 182 "1 || B
13 I . “ vr}:l: LT
(K78
TR e

1. Steering control unit : Normal close type2 2, Load sensing® 243 €/ Mo
2. Right hand steering cylinder : $5 H2iH

3, Left hand steering cylinder : X% MG

4. Autoguidance valve : 4Way 3 Position Proportional valve(PWM)

5. Lock valves

6. Pilot line shuttle valve

7. Directional control valve

8. Isolation valve

9. Relief valve{185~190bar)

10. Load sensing pilot operated shuttle valve : Load sensing T3l e
unit@ Auto guidance valve ZHE 0 M2t Y77 HZE

11. Relief valve

12. Shock relief valves(220.0 - 240.0 bar)

OE 141,

£ steering

®

bridge
13, PVE (Proportional valve electnc aciuator) controlunt M. Electio-fydraulic dectional control vaive

15 Mode saect and Electro-nydraulc cut of vaive

17 Chck valve
18 Spoolisisave el

EATONZ! Danfoss ft2| H|z| MO E 2o =

15, S186NG EMAQONCY valve

18 Emargency sissring chack valve

Danfoss jilt 9] steering valve (OSPED LSRM 60/375 cc)

Wandfluh, Hydraforceiit 2]

= o m] = A
W w3k EAUE XESES ALY THS o) MY uD ¥ HES £
= = o
R SrE =
— = o o o o
QO 2t UM el HWES AN HH I JtA2 otz B 3.
HYD Circuit
. rT
WODPF
Mode! Mo PSR < Y SP10-58C-0-N-E12- | SP10-57F-0-N-12-E | KDG4V-3-2C20N-MU |  EHI-20-0C-N-E
DR R -G7 11225049
WG-HF 1
flow{Compensation Pres) 16 lpm{@ 2. P=10bar) &t & 20 Ipm{@~P=10bar) ARRFARISI
£} L= L=
P : 3 Iom{@2P=103bar) | Iom(@2P=103bar) |2 P )
P max 350bar 250bar 250bar 750bar 250bar
Data <5% (70Hz, B%@ . P=5bar(w/dit 1%[PVED CLS,
— Hysteresis(Dither) A ~%{100Hz, 100mA) %(100Hz, 100mA) s Vo)
Viscosity range 12-320 St 10-420c5t 7 4-420c5t 14-54c5t 10-440c5t
Operating Temp. -20-70°C -40-100°C -40-100°C 20-82°C -30-90°C
Mounting Temp Flange(ISO 4401-03) cartridge cartridge Flange({l504401-3) Vale
Current(Deadband) 0:::?;:” 1,200mA@12V(0.54) | 1,200mA@12V(0.34) | 3.500mA@12V(1.24) | 1,320mA@12V(0.3A)
231 PWM Frequency 1,000Hz 120H2 120Hz 2,000Hz CAN Control
Internal Leakage 246ce/min @207ber | 328cc/min ©207bar Wkikcwin 2 )
@207bar
Filtration (ISO 4406) 18/16/13 18/16113 20/18/14 18/16/13 2119714
WB850,000(STR Uinit i
Valwe AYFY W 600,000% ) i # 430,0009 2,180,000 (SASA kit $260USD
Assy Z3H
Valve Assy JHEoM [[EX] AlxIza) Hydraforce Eaton Danfoss
T8 142, EBE XS I A2E Mg WE 24y
O A==z FAAIAEH Lay-out AHA
=]
A B/M I:I|E:||X-||O-| 2 24
= A=} iE o =]
@ B/M 2™ (Danfoss it EHi)= ofziet Zo| H=, = XHo{7|, R&F
3L ' — = = o
= (Orifice, resolver) S22 FAMEU2O, EhiHEE EoH THEs =F
o|-0=| AI E| |:-|E II-E( g))\|9’l

@ SOL(Solenoid control valver EH cut off valve)= &2l =0|=EZ EH
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cut off valveE M5tz HEQ!.
® COV(EH cut off valve)= QX 1f o= Qtedm 4] &M Al XIS |
Mel SE2 XA ®EL,

© SMMSZ Priority valve spooldlA FZ7|A Alsof w2t FAEO0|

Z2™E.

@ EH directional valveollAM HMZ7|& AlSgrol| 2l 2e| =sk2to| Z3H
==
= .

Steering Right with EHI

COV: EH cut off valve -

EH directional valve —__

PVE control unit

Spool position sensor LVDT -

Solenoid valve bridge 1 %

SOL:Solenoid control valve for EH cut off valve — ,.ﬂ_

PVFC valve/L5 resolver
1 LS orifice

H- Pilot pressure relief valve

—===" 1 i+ Dynamic orifice

Pilot reduction valve, 1‘3 bar,'FfE—T . At | E————
PP damping orifice —|_ i | -
Priority valve spool ~

T2 143. B/IM B2 RUs2E 2 7

O Ehi#=e| =2 HN 2 (Steering flow, system pressure, Priority valve

Saeeerg fow

MNax sy=

Mex back preasun
Frory vaie fow

= g—
P SCTUSErS

T T
Wy

J8 144, B/M 2 Hj¢l #ESl F2 X

FUAIAEH Lay—out A A
@ B/Me| SUAIAH Zolote oleiet 20, Main =& =2l EH
F

® Controlleroll ¢d1Z =l Safety sensore= Xt2F =8k A|AHISl CAN &
AlSol| SESI] =8| Haof MSAIA.

© Safety Micro—controller= Safety MAMolM Z=2= CAN ASE ¢l
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drol SFNHSIOIA Hloid B WE FX|E

@ Main Micro—controller= Safety sensor,
Auto—guidance SOollM == AMSE &t
2 MSE S5t g A2 Al Ao SEHS

‘What &
9.,32V)

I:IOZ|E=|O|-

o

Vehicle speed sensor,
1, Safety Micro—controller

=B

= .

{O} Key off/de-enemgoe _.[ﬂ Ve
.
Espﬁl OSPE-valve
I
CAN bus - Steering bus ‘ ‘
(Terminate with 120 Chms in both ends)
l"l"‘-io\'
Safety sensor e Eﬂt Cat-off :
vm:‘.:c{
Micro?ca:sytroller .. Sol:e:qoid | C\EJ:I-\.ZH
Vehicle speed | | - valve
sensor :
» e
Auto-guidance [ [}
WAS' P
e
E P .
! WAS* | ADZ (oot used)
! 1 8 zensor supoly
1 llié'-m'awﬂm— & Solenoid
e Micrcl':'}rilt:troller ™ O"an‘gl 7| EHvalve VDT
bridge
CAN_Main
e il aion ] T —‘
Main spool postion
PVED-CLS
8 145, Ats=xgk H@E 3 7 A|AE Lay-out
€ d]2H o £ oot Xsxg AlAl #3572 Algold 24 FF 2
=
® Al&2lo|M Software
@ CheFst AdEotollAM HE e Al CAE(Computer Aided Engineering)
Jleg #8et AUt gus| M= ok o[ Et CAE 7I=2 HIE
24 f Y 7|2t eHEE ThssHilE.
© AMESIim (Simcenter AMESIim, Germany Munich, Siemens)2 F2f&Ct
ot zt, ZIA, 3, &, ©7|, dA 2ol FAE A|AHS Mdss d
2t o FE = Us S AlEHold EAES MIsts 2ZEL O
2 AHSA, HAIIH, ST S clas AdEolollA FUAAAE b
ME sl AMEER JAS
© 2 APOANE EBES RS AlAH FEF ASH oM Y JHu
2 2?5t 1D-domain allA = EQ0o{e2l AMESIim= O|&35t0f H|2 x|

M
A
olME CHE RY U RSEE

Algeold 2™ S JH St



i SIEMENS - e —————
pump 9 from CAD to LMS E =

i 1 -
-3

: 5 -

i £ . Pusmp control and flow . ~ _ Im i

Pump CAD LMS Amesim pump model i i = gt 13

How to design directional control valves with
the valve builder feature of Simcenter Amesim

REEE Al2E AS oM 2

=l 4 BE ol gjgt
O Aol 4 BE Y I @WeE= 2lo/lEde] HAEZHE 3 Valve
builderE &3l 7l&stF 2o, 2t 2EHI2 B/M RH o Fs 2T E 7|t

@ AMESime| 2lolEzz| ZFEZUHUEE 0|335t0d ofei I8z &0l
Solenoid valve bridge 24! Relief valve 22, Cut-off valve 24 &
THHSIT S,

Relief valvel| Zts @t&d2 2F 145~155 bar (@ 25 lpm)olo{, Fat
7|2l M Tehst o

ZHSh Relief valvel| MEM 3! s5M AIYOO|HE

o

R0l BreisIg.

Solenoid valve bridge 2&2 off-road =Z0llM 1.32A2] 27} ©

()
£ &l cut-off7t & =04, on—road Z=Z10IAM 0.23A2] &/t 2Tt
|
= .

e T ey B

:_ v Toasuen. B 115¥73.) A i :'T M {—_l: valva.2 (PVOURZ) il s
E} Ll | ——— T ot
o o =y i [ ome_| e 1

Tiese | fivwmoms 13

OF 147, 2EZEQ|oje| 2o|=B2] HEXHES &

i
=3
T
m
T
o
L

7H e



® AMESIme| 2lo|=2j2| HEHUE 5 25 M0 Elel
2y Sif 2y FY| W2 IS = o
% TRADIEE SHe 2 AAHO| NEHE AR HUL

EERC

Submodel

actuator002 [HI021] e aites
ﬁl double hydraulic

chamber double rod jack

with no orifices at flow

parts

Parameters
| Title Value  Unit [ Tags

@ pressure at port 1 0 bar
@ pressure at port 2 ¢ bar
index of hydraulic fluid 0
use initial displacement yes
#displacement of piston om
piston diameter 25 mm
rod diameter at port 1 end 35 mm
rod diameter at port 2 end 3B mm
length of stroke 21 mm
dead volume at port 1 end 50 cm=3
dead volume at port 2 end 50 cm*3
viscous friction coefficient 0 NAmSs)
leakage coefficlent 0 Lmin/bar
spring rate at endstops 100000 M/mm
damping coefficient on endstops 100000 N/Am/s)
deformation on endstops at which damping rate & fully effective 0.001 mm

T8 148. 2ZEQ0fo Blo|=2i2| HEHES S5 YF0I0|E CHE 2 N
© AMESIm2| Valve builder& &sli Cut off valveg 75t 0], AE
9| X 0 to 3 mm (0 to 100%)0ll k2l Priority valvedllA E&E=
Z(17 lpm)2 Mo 7tsgt

B v b W e I T eefs TR B e r
faat wi pafn bt g e e el e Y ) sen e e e e R e

Vo b Mae sale | bl il

I e | 2 e of gy i

biram g K 2 e iyl

------

L)

H
— H
: H
|-
: H
iH H
—
|
T
|
6 D UERE]

L L e il =
| B e i 1 B B el v wd 1 el pord B

Maaran pin Fuiees ses Dl tes nerhe ot ebt = 7 DAL S SR Fos i/ o ¥ FEaiene was prame
P T L L T a—— | = F P4
P e i WS L |
~
Fromsa s o (L] iy e
B P ) i bR al =
L TR T S P T ] |
- =
-: =
- —
1
& — v )
[ ir L] ket ad L L
@ % i g e 1]
o DO s ewew e wes e (s
e R e L T e Y R L o

13' 149. Valve bullder% S5t Cut off valve2| tt= 24 Jjjgt
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@ AMESIim<2| Valve builder& &3l Pilot reduction valvel| tHZ ZHEH S
= B 5= Solenoid valve ZFS Al cut off valveQ|

Paths between llow ports  Valve sketcher Input ¢ d P comman 1 all paths belwean ports

i 3 > i 3 -
. port P - port A Number of ports on boflom 2 % MNumber of ports on lop 1 -
@ portT-pota Mumber of positions ¢ Neutral position 3 <
T A 2

= e
[ - ll.{
_— B
i = kil

Select all paths 1 j
Pressure sensing porls !_ _____ 0

Pl |

Re-initialize Fractional area vs X (fractional spool position) tables below

Charactarization of the fiow path between port P and port A

Maxirum areas  Fractional smea  Critical flow number Fractional asea v X (fractional spool position)  Flow rate ve X (fractional spool poaition)
® in terms of nominal flow/nominal pressure drop rﬂ >4 ;# -y t+ 0 s
Nominal pressure drop [bar] 1 Fractional area — P-A
Nominal flow rate [L/min] 1 lex]
direct input of maximum cross sectional area 80
Maximum cross sectional area [mme=2] 60
Maimum fow cosfficient Ca {rull] a0
20
0= T » T T
0.0 0.5 2.0

& b 15
¥ ¥ {fractional spoal posion) [null]

12 150. Valve builder& &3¢t Pilot reduction valve2| ©HZE mdl Jjjdt
® AMESIim2| Valve builder& S35l Priority valvel| tHE ZE S ISt

oo AE9 2[%x| 0 to 4.7 mm (-100 to 100%)0l| C}2} HE Zof A

EEEH 7E2 MO JtsSHESE USRS,
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LFay & garn s o b Uil el B LA T O (TR B D B QR P et COPIe T B R el
,., E - | Diracisas] valee ¢ oflgiinallan
L A =
----- L e &l Q. = 'm
5 A -2f
---’-- = |
----- - - == P
= P..... iy
Pl phTm Fond Wil §iia v 5 (90 RasE 1 il BOaMidn | Lalle il Do
{ i an twil Fetien of the Baw jie® babasan part 1 and gort 0
[T Tl 1] Nty wwa ey ol By iygrrdemi Gl dina LA T T e e Mgy igtel w0 R R EE gl m el fab Bt
W NI O TR B Tl L e D WS 8 I
Namited provsum & |
=1
Flarminat Saw ot i jmin] 188 -
demct bnped of masEmeT coae wecBong an 1
P Cretd e Ea [Fhead] ”_I
5 -
“:
=
—_ . N .
a8 wa 2T e om ni
Timig B OWE  edey vl Tesergi vl o o oew liih [ ™
12 151, Valve builder& &%t Priority valve2| ©HE ZE JHgt
QA BEo| st MA SI (System Integration)E &%t At =& A|AHE 2
S5 AMlS8old 2 JHe 3 oA
o 22 FF % Mol AT input 2 S22 ST AlEEold ZE JHE
® zlolezz] AEZHE 9 Valve builderg Ssll 7L BHEZHO| SIE &
of Atsxzek WEo| AZH oM 2HE ILUSIAS
Zt #Eo AH== Pilot HHS FRSH| fls, 2tol282] HEzHES9|
Oz MA DS TBYCN, MAZOE WMIE UYHS MEE
Bst0] Weof olte 4+ UTE THBNUS
Sj | : T | S
ignal conversion %? : ﬁ w
Pl i gt e S i e %. TIlT TlT
é Pl (T
Pressure
@“0 sensor
N
T8 152, Pilot 23 7ale flok 23 MM 2 2 A5 W od
© 2t MR £Eo| 92 malo|es Fuv|HozRE MUwe BEo| Y
2 sl
O H= ool EEZ 72 60 Ipm 0|, Priority valveE S35l 0ol e
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2 dHE= FH2 17 Ipme 2 MAHSIFS.

AN
© HFoo|EZ eItz 2 = T Al 2F 17~18 Ipmo[0d, o &

b
HO|E{E 7|Ete 2 St ufja2t ZEo| submodel® XXMG S,

a7 153, thE 2 S|

i

==
S

rot

R ES

o

>
[>

Il
|0

glol AlEeold 2

O Xtz =& A|AH dlHdo{g 22| AlFE|o|M slA 2 &
® Alsslo|M oM 2H
@ Ml valve H=of w2 HFof 0]

B
2 HE Alseold ZE S JHUSHA
2

=
Ao
1=

Alzeold siMES s, otzHet &

2
/|
@ AlZ2old 2H2 RLEHZ ZzjzZ #WE Ml valve ¥ A5 =
Dol HXO0|EZ FAMsI¥ oD, A._|§01| 2l M2l valvel| i
XM (el grskhol ZH™E.
® FLEZ= B/M ZE | Priority valvedllM MO = |R2H(17 lpm)S +
3517 Qs 2E| MBI Eo w2t AX™E FEHES ESSIEE FAMG]
(0= =]
AN 3
© Z2|= weE = AAH MY 20| 150 bar Ol5tE2 FX|=H 5lo of
MM &Hs57| flal +AMSIHS
@ M2l valves A= =8k A|AHIQl A|EZ0|MH ZHo| M= ZEHS X
5..3._;|.0:|2
SorMme
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@ = s ZE2 Mo mE Ml valvell EX|M B35t 2 HFofOf
Elo| 2t& Weks Ho{st7| @5 square wave output EflES X &35t
oo
AN 32 -

O WFOOIH= =20l AtEEl= AFO|O|ES XS vrdstol 745
ol =2
AN O

O Alsefojld =2 E3H &Y Al 20t X[Ho| 2oslf £33t LSt

B2, 825t ZAof s WEAM e Fes &elstnAt fot g ¢

o2 MHSIAUS.

@ Fof g2 MM chof| 2Est= F5HE s, 50 kgf/cm?®, 100
kgf/cm?2| M JIX| =Ho=z2 MHSIAU S,

= = =
@ Hol valve ZHEE] RASAS AN sl Alziol wHE R 2 9
o AlBEOlM ZTE 2ABHO0, AlBHOIM HIE FEIIZHSIO
S2e)oM MBS HAEW ColEHE BB BD BHHAS.
© WS EHEel G X NS Aol UsAEel 5 X e

© F5st =HolM OI AI%HIOW 3H’H 20 4
@ 235 =HollA o2l valve2l port AIM EEE+&
(_

1, RM0]) =Z0lM 17.0 Ipme 2 LIEtGon] eladAls(1, LMO)
HOME 17.0 Ipm2 2 FAISHA LIEHL.
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[— flowe rate at port & [L/min] | |— flow rate at port B [L/min]

[L/min] [L/min]
25 20 —
z R - o
203 ruof ’h|
i5 3 0 G IR e s P v O B e 10 |
10 3
3 0 -

; 20 (R0}
"fL\J\JLLLLn_u_ el i

T T T T T T T T 1 -30 T T T
o 20 40 60 80 100 o 20 40 60 80 100
X Time [s] A Time [s]

a3 155. H¢l valve &2Z H3Sol wE port A ¥ port Bl REF AlEao|M A1 (FF5t
=)

© FEs5t =AolAM Ml valvel| port AdAe] a2 HZ =[x F
°F 83 barZ LtEtG2Lt 5.5 sec O|F 2HH X0 16.0 barZ LIE}
@ UH2 UH AMSol B3 mE AEQ 0|52 T2 =2 Ustot

= JH&ol LIEHE

© FH5t =AM M2l valvell port BolAM2] 22 HZ Fx FF Al
°F 150 bar2 LIEIGOL} ZHE|Z #EZE =5 6.1 sec 0|F oY =|0f
°F 16.0 barZ 7FX[=.

— pressure at port & [barl | |— pressure at port B [bar]

[bar] [bar]
90 160
80 nu—_|
70 — 1
] 120 -
60 — J
50 = 100 —
40 BO —
30 — 1
] 60
20 - E
40
2 B '
0 - 20 - l_ I
] | | s S s (G e e Dom e SR S TR TR S Sl CES |
Y ° @ ©__ e & 1w ° A : ' ! '
% Tirme [s] o 20 80 100

40 60
*: Time [s]
a2 156. M2l valve 2F HSoll mE port A ¥ port Bel 42 Aol Zn(FE3st

=)
® 7= olelet &2 A=S S5l AitstFend, 3 2 w2 Ao O
O|E{E &25l0{ 2ZEQ0] Wi post processing 7| =& O|&5+0{ A At
St =

PX Q

P Owerhydmulic =1 X 600

Where, Powery, ..., = Power of hydraulic system (kW)
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[Lfmin]
20 -

15 3

n, = Efficiency (%)

P = Pressure of hydraulic system (bar)
() = Flow rate of hydraulic system (lpm)

@ F55t =ZoM HFOIHE TS5V ¢let RYs2 RAO H LA
oo™ == & Al 2F 1.0 KWE LtEFG2LE, 2F 6.1
Z|0f 2F 0.39 KWE ®X|&H.

sec O|F ©ot™ st

— Power [kiW]

[kW]
1.2 .
1.0
0.8
0.6 —
0.4 -
N O e S
0.2
ﬂ.ﬂ——J
_ﬂ_z_
- i ] o o o o
-0.6 ' | ' T ' T : T ' |
0 20 40 60 80 100
e Time [5]
8 157. 2538t =7olMel A Follole & £ Als2old Znt
O Al2lH o §35H50 kgf/cm?) Z=ZollMe| Alg2o|M siA ZHnf 24
@ 23H50 kgf/cm?) =ZollA Ml valve2l port AMIAM EZEE FES
A MS(-1, RMO) =AHAA FESH =4 RABH 17.0 lIom2 2
LIEtg o], dEAMS(1, LMO) =HAME 17.0 lIom2E FAISHA Lt
EHef
— flow rate at port & [L/min] | [Umin] — flow rate at port 8 [L/min] I
R0 = 2““5 LA =
T ennnnnnnt A Tnnnnnnnn
; 53
‘5‘ L . U -
N R TEmaE® i [ m
] i")aoi T T T T T T T T 1 257 T T T T T T T 1
? 20 40_’( Time[s]m = " =2 40','{ ?‘in‘rersﬂ:l ” L

8 158, M2l valve 22 Aol W2 port A 2 port Be| & Al=8o|M Z1H50

kgf/cm? &35 =Z1)
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AH2 FF5F =
o=z Moz Ustste
© 2 ek M3 Al =71
Sz L}
© H3H50 kgf/cm?) =70l A

H o
= 7S Al 2F 150 barZ LIEHGeL), ez e E =3 36.5 sec Of
_?_

valve@| port BollAle| 22 H= &

OFH (0] 2 47.7 bar2 FA|E.

— prassure at port & [b
[bar] p u P [bar]

140 —
120—-
100—-
80
0]
w0 T—V‘r—v—r—\'—]ﬂﬂm’—y—v—r
20—-
o
-20 T T g T T T T T T |
o 20 40 60 80 100

2 Tima [s]

Ibar] — pressure at port B [bar]

160 -

140 —

120 —_’_‘

100—-

80 —

i

il V¥ VYV VY Y VvV VY VvV Y VvVvVvy

20 —|

0 T T T T T T 1
0 20 0 60 80 100
%: Time [s)

a2 159, M2l valve AZ HZof wWE port A L port B2l &2 A|E&fo|M HADH(50

kgf/cm? 235}

@ 23H50 kgf/cm?)
X o

Ealy P

=
=)

-

Yool S TS| 98 RUSAS R
(o]

2 LMool EE FS Al 2F 2.1 KWE LIEHR 2L}, 2F 5.0 sec
O|% ot™at=(of 2F 1.15 KWE RXIE.
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— Power [kW]

E

el
= LA
IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIII

—
s
(%]

(=]

Gl CEEEEETESS S

) I
20 40

[

| ' |
80 100

=

# Time [s]

12 160. 50 kgf/cm® §ot ZZiofM 2l HFojole & £ AlSefold AT}

® &
@

o ct 234100 kgf/cm?) Z=Z4ollM 2| A|E20|M s Hnf 24
3100 kgf/cm?) =Z1olM M2l valvel| port AOIM EE=&= 72

MS (-1, RMO{) =Z10llA 15.89 Ipm2 =2 L}EtGon], Al
, LHlo]) =AM 15.89 Iom2 2 RAFSH LIEH.

i

MS

=m0 Hr rm

[L/min] l— fiow rate at port A [L/min] | {Umin] |— flow rate at port B [L/min] ]

20 - = 20 5
1 RAo0] ] LH o

AONnnnnn A 0nonnonnonn

104
53 5
04— 0

-5 -5

104 '10_5

15 L4 L 2R J U U 153 EREREES EEEEEEEED
] L E

-20 I*I'H : v | . . : . . | -20 : RHI]‘H . ; : : -
0 20 40 60 80 100 20 40 60 80 100
% Tima [s] #i Tirme [s3

a2 161, M2l valve AZF HSof| WE port A L port BS K& AlEzolM ZIH100

kgf/cm? £33 =)

© F3H100 kgf/cm?) Z=ZollA Ml valve2l port AdllAlel U2 HZ= =
T 7= Al 2F 140 bar2 LIEMGSL}, 36.5 sec O|F °OHHEOf 75.2
bar2 L}EF

@ Fs571 Zotglo w2t RS2 A% Aoty AHs E Solsles A
O Z LIEtg2eny, ol= FotE ti3st7| s o] =olX|7] 22
2 EhohE

b LHS BE =11 UsHA 2 AMSe 5o mE AES| 0ls2



2 &7tMo 2 Ustst= 7igo| LIEHA.
© U2 gtek Mzt Al £72IMo 2 ZstE= ASE Meste LX™EH 4f
O LIEtL mff otH=Ectn JHESIE S,
© H35H100 kgf/cm?) =ZollAM M2l valvell port Bol|Ae| Qtade H=
= 7S Al 2F 150 barZ LIEIHeL}, 2|z #HEE S5 36.5 sec O
= Ot™Elof 2F 75.2 bar2 FXIE.
- "
140 — — 160 s
IZO—: 140_-[_‘

100 — 120 -

fe TTT TTT = Vo —

20 —|

-20 T T T T T 1 ’ T v . - T - Y
e 20 o 60 L 100 0 20 40 60 80 100
X Time [5] #i Time [s]

Oz 162, M2l valve AZF HSof| WE port A & port B &2 AlEzolM ZIH100
kgf/cm? 35 =71)

F5H100 kgf/cm?®) Z=ZioIM HFolo|HE T&517| ?let RYUSH2 R
I1|01 2 LAMOolM ZEZ= TS Al 2f 2.1 kKW= LENGLE, °F 5
0| % obgstelo] of 1.69 kW2 FXIE.

ol

— Power [W]

h3

P
wn =
IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIl

-
=N

-
=

kﬂfrrﬁr‘ﬂrrrﬁr

=

|
(%3]

LR EEEEEEE e A

-15 ' T ' T ' T ' T ' |
40 60 80 100
=i Time [5]

T8 163. 100 kgf/cm?® §3t =ZiofAMe HFollo|e] 5 &2 Algeold 2t

=
P
=

® 75t =of| e XAsxg AAEH RS oS dE =
@ AlZ2old sy Zi= FEI|OM ASE AHsxzg HE HXAH
ZuE HIEC R H[UsP o, AlZ2 ol 2R Hetrs ofAM Zzf
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2 S oolelo] HYAE Sol 2AMHAS.
© PR3 mZolAS RUASH oS YT 24
@ 2ot zM ASxE W2 WAAE 2
of Al HFololef laet oed o e 2

2 UEton, o] Al %#ojolef 9/

15.8 bar, 17.4 Ipm2 2 L}E}L.

©
0
i

2 4o 1o Y
Qﬁuomg—l

22 RMO| 2 LMo =HAM 25 0.3

ol

97.2%, LM O Al 99.4% =2 LtE}H.

I =2ollA AlEefo]d EH ol s

Al 2t2E 2.8%, 0.6% = AlttEol w2l oE d&xT

st =AM AT hof &2 ForE

A Z+Zt 0.38 kW, 0.39 kWZ H A=Y
9
24

L
5.1

12 RAOI & LA O
4 Al=elold Zx}
2 AtH.

E*EHS’J'(F?P RX1I01 2L

= 219, PR} ZUCIMY AFFEF ALY S4ES Algeold 14 An L WA

bar,

al
=

= R

ZHolM R

17.6 lom<2
Sze 2zt

=
o
T

Mol Al

AE At ua

Simulation results Bench test results Accuracy analysis”
Flow Flow
Load Control : Pressure | Power : Pressure | Power EfZ) E? Epo4) Aca,”
rate rate
(bar) (kW) (bar) (kW) (%) | (%) (%) (%)
(Iom) (Iom)
R control | 17.02 16.02 0.39 17.6 15.1 0.38 3.3 6.1 2.6 97.4
Non
—load
L control | 17.02 16.02 0.39 17.4 15.8 0.39 2.2 1.4 0.8 99.2
1) A|Zefo|d ZAnel HIX|A|E ZAzle| APE (Absolute percentage error) HAHS S8 Hatr &4
21, 2) 7 HU 2% (%), 3) &8 Hof 2%t (%), 4) vEs= HU 2% (%), 5) s o=
YT (%)
F5H50 kgf/cm?) Z=ZollMe| RS ofF Ftx 24
@ 235H50 kgf/cm?) Z=ZiolA AR5 =8k e HIXAIY Zz, FES =
ol M RMO{ Al HZFoole UG A F FFF2S 22 50 bar
18.2 lom2 2 LEG ooy, M0 Al HFofo|e AHE e 2 FTF
2 27t 50 bar, 17.9 Ipm2Z LIELH.
® F3H50 kgf/cm?) Z=ZHolAM AlRIH chof 225l R4S HIXAlH
Z3} RAMO 2 LM =ZollA Z+ZE 1.29 kW, 1.27 KWZ A=A
onj, AlZFeo|MH Z1 F¢ssH2 RMO 2 LMo Z=ZHolM ZF

1.15 KWE Al &HE .

© F35H50 kgf/cm?) Z=ZO|Al Algellold 2Heol RASH Hf

Mol & LMo Al Z+2ZH 10.7%, 9.2% = HAt=of w2t o =

RMO{ Al 89.3%, LMIOf Al 90.8%= LIEIH.
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H 220. 50 kgf/cm” 85} £710|MQ] bR A|AH] g9t AlBold siA Axt & WX Alg Ay} v
al
Simulation results Bench test results Accuracy analysis”
Load | Control | " Pressure | Powe low Pressure | Powe | B/ | B | B, | Acc,”
(lrz::) (ban) | (kW) (lrz:) (ban) | (W) | (%) | %) | (%) | (%)
50 R control | 17.02 47.72 1.15 18.2 50 1.29 6.5 4.6 10.7 89.3
kgf/
cm? L control | 17.02 47.72 1.15 17.9 50 1.27 4.9 4.6 9.2 90.8
1) AlZ2o|d Zatel HIX|AIE Z3te| APE (Absolute percentage error) &S S3F Hat: 24
21, 2) 7 2o 2% (%), 3) ¢H Hf 2t (%), 4) #LSH U 2% (%), 5) FHSH o=
Het: (%)
® F35H100 kgf/cm?®) Z=Z40Me| RUSH olF ML 24
@ 35100 kgf/cm?) =M RFS=x=8 We HIXAIY A, RS =
A0l RAO] Al HFolloly =ct b F RE2 2H2 100 bar,
18.7 pm22 LIEfton], LMof Al %Xojolg| flaict otef o |
2 22t 100 bar, 18.3 Ipm2Z LIEIH.
® F35H100 kgf/cm?) Z=ZiollA A2IH chof| 2gsts FSE HXAIE
Z23h RMO LMo =AM Z+ZE 2.65 kW, 2.59 KWZ H AR
on{, Alzgold Zi FUSH2 RMOA F LA =HAAM =Z2F
1.69 KWZ A A&HE.
© T35t oM Algeojd ZEo| FtEs HULAIE RAMOf & L
Mof Al Z2t2f 36.1%, 34.7%=2 A&tEol w2l ol & M= RH O
Al 63.9%, LMO| Al 65.3% 2 LIEF.
B 1,100 kgf/cm? 5} £70IMe] AFEET AAE QAT Algelold alA A U WA A)F A u]w
Simulation results Bench test results Accuracy analysis1’
Load | Control | OV Pressure | Powe Flow Pressure | Power | £/ | E¥ | E,Y | Acc,”
rate rate
(lom) (bar) (kW) (Iom) (bar) (kW) (%) | (%) (%) (%)
100 R control | 15.89 7517 1.69 18.7 100 2.65 15.0 | 24.8 | 36.1 63.9
kgf/
cm? L control | 15.89 7517 1.69 18.3 100 2.59 13.2 | 24.8 | 34.7 65.3
1) AlEelold Zatel HIX|AE Z3te| APE (Absolute percentage error) HAHS S5t ME: 24
4 T U 2%t (%), 3) & M 2% (%), 4) 7= Hf 2%t (%), 5) 7Hsd oS



@ FUs= AlgHolM Hatz&= Hst =40 U2 Alggo|Md ZH o
A MEZo HAZICZE HMstH oo, AlSe oM REHO HA 2
A= 15.7%, B4 HET = 84.3% = LIEIH.
® &2 e 1X1HE FsE AlZEolM MEtze ZE&= 80%=E, d
2N BF $XE CHESIE A2 =2 LIEGoL T8SE Mol A
st A==l ofsh 7iM ghoto] Hest
AlZeo|M 2o RU4sH o5 Hetz= Fstyt ot w2 &
=ol| st ol & MEEIt Sotq Zasieni, &St =740 Cha
thgol Jhse oIxE mais Algelold mHe| melo| FrlMom
susojof @ o= mEHE.
£7l2 Algelold BHe| S Slof FET|HoIM St WAl
8 Znztel DBE 7% o #23 oj™olnd, AlgolMd Azl Al
M s2E 9lsl 2t W oEodel malosE MRHoR SHE A
=)
£ 2. R 2700) TR AAEAY ALY 9UEY A5 e
Simulation results Bench test results Accuracy analysis”
Load Condition | Control E,? Acc,?
Power (kW) Power (kW)
(%) (%)
R control 0.39 0.38 2.6 97.4
No-load
L control 0.39 0.39 0.8 99.2
Load R control 1.15 1.29 10.7 89.3
(50 kgf/cm?) L control 1.15 1.27 9.2 90.8
Load R control 1.69 2.65 36.1 63.9
(100 kgf/cm®) | L control 1.69 2.59 34.7 65.3
Averaged value 15.7 84.3
1) A|Zellold Al HIX|A|E ZADle| APE (Absolute percentage error) A4S S8 Hatxr 24
Zy 2) ResE HO 2 (%), 3) RYsEH oE MeE (%)
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(2) 2AMHE FZ AX
O ASx=g EWMEO| Cifst HAXTHE RY S5H AS AE
Oh XtsxZe AlARO0| FME AMRE HESH MojHES 7, ¢4 S9 O
Ol HEAIAH F4
® 2 AFoME= @S2l 93kw = HE EMEE AHY s MEYsA2
of, XtMISH M 2&l2 ot Zet Z3
@ E:MES| F7|&= 4,290 (L) x 2,250 (W) X 2,770 (H) mmolo{, SX}
S22 4,070 kg,
© EME{9| AT MZHEHE 2,200 rpmoilA 93.2 kW,
© 7Y HZc= AdE A dralolod, A0l HZo iM% 2 MAR
22 Z2EZF 21 cc/rev, 46.2 Ipm (@2,200 rpm)<.

B 3. Specification of the used tractor in this study

Items

Specification

LengthxXWidth><XHeight (mm)

4,290%2,250%2,770

Empty weight (kg)

4,070

Rated engine power (kW)

93.2 @2,200 rpm

Max. torque (Nm)

500 @ 1,400 rpm

S Displacement (cc/rev) 21
eering —
Efficiency (%) 95 1 @ No load
pump X R
Gear ratio of engine—pump 1:1
— 503
— T
G600 100.0
80.0
500
BO.O
- 70.0
400
P 60.0
EE" 300 50.0 g
- 0 =
m - 40.0 g
200
- 30.0
— 20.0
100
100
1] 0.0
700 00 1100 1300 1500 1700 1900 2100 2300 2500 2700
HEES [rpm]
O 164. = 7ol ALEE E=E{(PX1300, Daedong)2| AEIE =

>

S Bl Ao =9

=
=

a4
==

A SA|

port2]
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Hyrdotechnik) Al=

© RMAM 2ch U A2MA 2

A Z3517]

al o}
== 4

2| 5t0d MM (Hysense QG 100,
2 MM (Hysense PR130, Hydrotechnik) AlZ.
2ch HIO|EHHE =&sI7| ?loto ol & =& &

(=]
Y

x| DAQ(Q.brixx A107, Gantner)E AlEZ.
© 7&

MM, UUN 2 Blo|E 57

x| 2 M2 otz Zo &3

. dlojEl 4>

AR o AlY

Specifications

Flow sensor

Hysense QG 100
(Hyrdotechnik)

Measuring principle: displacement
Viscosity range: 10~500 mm2/s (cSt)
Output signal: 4~20 mA

Range: 0.7~70 lpm

12~24 VDC
Environmental temperature: max. +80 °C

Supply voltage :

Accuracy: 0.4%

Pressure sensor

Hysense PR130

Measuring principle: piezo-resistive
Pressure type: relative pressure
Output signal: 4~20 mA / 0~10 VDC

(Hydrotechnik) e Range: 250 bar
e Weight: 85 g
e Accuracy: 0.5%
e 4 universal analog input channels
e Fast high accuracy digitalization 24 bit ADC, 10
DAQ Q.brixx A107 kHz sample rate per channel
(Gantner) e Power supply: 10~30 VDC
« Environmental temperature: -20~60 °C
e Accuracy: 0.01 % typical
@ Hlole =& AZEQ 0= DewesoftXE ALSst¥ oo, =&k w= O
OlE{E of& sl HlwWsH7| 2[5t Webcam2 &E&3510] MAIZIeZ A

& % Hlolelg 2ol
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B 0|&3t0{ ¢h=sh

_ PXQ
Power,q.quiic = My < WX 1000 (1)

Where, Power,,,, .. = Power (W)
n, = Efficiency (%)
P = Pressure (bar)

() = Flow rate (Ipm)

r
>
(@)
-}
?
=
QO
<
>
=
@)
<
Z
fjo
4 O
0L
_O'L
4%
|0
2
—
wn
O

mu >

(Least Significant Difference S510] AtE HES

A
T Dmo= T oe-

- 124 -



ok K1 ol Klo Mo Hr < S W 8 o 700
& = N - <t KT — b)
oRu m., ~N mu.__.L S __A_O ™ AN Q\V |r_”_ (@]
@ = Ko w0 o Klo - o
o o S S N HH
T 0] nl ol o o ™
< O ny 0 @ U &K Ko
S By I o T a e O
© o Zl mo pal = %o — _ 5}
T hm 23 WW g2 g ook g 3 5 O
2 Ko T O T o T % P _ | L g
0 <o %o = Ll = - — X < R ¥ T TH
N — S ol » o1 " v
I._ o @ I0 = - W a= o L= = .
> __ oMl o X 2 X - ok B & o
r-X T¢ "I .3 .53.Z [ | &3 { g
- N | Ko & 31 € & & & N o (17T T CTRN DU S R =
S ) L N _/n_ -— O O o __A_O M M E_“_
oo Qe oy N s ke =<=83 I - <
Emp;_/px_o T. o o B : .3
. N KO N — a0 N S T S o4 S ; A—, e _ re oI
m. Wﬁ _|__mo ° _|__m m _“Mnﬁ_u _|__mo ﬁ_.w_.__ SE mﬁ (@)} mﬁ M_Iu_ w g.z.—.—y . —E.:x Evee | o_H
= N x._ % _.A._ _.__mo _ _A._ P _|_|_ o_ ] _|_|_ oli ol m =) ©® © w N O o w - ® v © o 700
o o - T K < ar g el T Ki
S i < = gy @0 o ofo R
S M T~ o= B [ R = o) | e
X R® 2 T OF = oF & o K
A ovwmoal_% ﬂ Eo_m__lg_ o N 4 . K
2 ) N K 7 - . -3 -3
aom RS KT HET = L R _.r:rr_y: ” —:‘E_.h W
7l om Mooy T H o R 3 ®m T Kl w B
= N = 4ol 5 - ~ & _ 7 = = =
o - erdrwN Zoaga T g e & =
= — k) 2R mo o) = . e 9D
S R SN B R e X T M B 2 h
KI . &5 0 = oW OO T = o= : __ —. S Tan | =
— 1 & — 110} _._._n_ —_— 6 N O_ L J T % - ....._l.. Marr ST
sl Qo Mo o g KRN N o L W S g
— o« of RIOI WO — %o Ko L) Ko g J0 4 O 0
. Ko &l N s o R ; ;
K H O e Mo+ w v [ [ .
o o ol =~ < 4K l Eh 3
Lo 4 omo wol I T X .__uo ol ¥ ol = U N ©
RO . &l .ol do M GO = < K : ; ; A i
7MEWEO7E:L|NM£mnﬁmﬁi_u%o_enmﬁae,,zo ce® o T He w
WdT) 2181 Moy (NdT) 211 MO
@ () @ @ @ Sy

- 125 -



!

RSoll ot

ilo}

%I:

b

S7t &

54°2

54°2

al
=

16°0ll A 38°

K|o

FS7F Al HIEAMOEE 72

Lt
| e

= Zio 2 L|E}

7ts

Klo

HEE 571 Al Bl E FEO|

ot

Lt
[

= Zdo =z L|E}

7t

900 rpmoilM 1,400,
107%, 115%, 126%

R

=
o

2,200, 2400 rom2=z &7

|M< 5= 900 rpm

olM 1,400, 2,200, 2400

T T T T
o o w < o~

TR
E:_:.._;__ L

o
-

-~

E.LrE....,. ]
i

N
-

b L

o
-

(WdT) 2181 mopy

38°
1400 RPM

16°

38° 54°

900 RPM

16°

.

T \

~N o «© w0 - o~ o
- -

Ef_r . ,_E.,_..-;
(M.

T
~N o © w - o o
- -

Azmqv 9lel MO[]

38° 54°

2400 RPM

16°

38°

2200 RPM
E2fy LSof f

16°

=
=

8 169.

g 2ol LIEH.

S|IMET 900 rpm

ol =

ol
K

- 126 -



ol
08!
B

ol e 125%, 172% Z7t51 o0, J1& =2

o
=
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ol
N

beh o,

ANE FMEHEQl 2400 rpm Z=ZO0AM= =2 16°0A 38° FH 54°=2
St & o, 24 &4H2 122%, 153% S7H&

© st AT FMEL =AHAA =2 It Al HEHMAHEE AH2 F
7t Ao 2 HEgon], o @2 AR SMET =AM =gZio|
Sotetol| wE el FSIIE0| o = LEtE

® J7H @2 g2t 16°x=duAM AZXSHEE 900 romdlAM 1,400,

b

2,200, 2400 roml 2 &7t mff, ¥ 2=H2 105%, 119%, 122% &
It on], =&zt 54° oAM= ARFHEEZT 900 rpmoilM 1,400,
2,200, 2400 rpme=z Z7tet m, 2t AH2 102%, 106%, 108% &

7tet.

O SLch =eZt THOA AE SIMEE SIF Al HEHAMO{EE o] &
bl He =z LIEtgen, o Y2 =82t =AM X 3™MEFET}
Soteto w2 el FIHE0| o A LIEHE

® EE Hof x2 54° mAM LHo| JIE EH AEsIoN, A
2 RY B2 uel Y= We EUAQI 160 bar 7HA| S7HE
150 150
120+ F 120

E x

£ 90 90 -

e
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- 127 -



P

E2l 2400 rpm Z=ZHolM= =82 16°0A 38° 2 54°=2

]
Tob

2l ™ o
SoF & o, Zt2F 432 112%, 137% S7te.
© =Lt AT SMEE =AM &2t STt Al HEMoEE AHE2 F
Jb5te Aoz LEtgon], o We Xl FMET ZHolM =skzto
S7tetoll wE etede| FI7tEo| o =7 LiEHE.
® 718 @2 =gzt 16°=dolM ARSMEE 900 rpmolA 1,400,
3

7tgh of, 22t A2 106%, 118%, 121% &
E

© SYs m@Z mZ0IA AN HMEE St Al HEFOEE A2fo| F
Jbste WMoz Uefdon, of We mazt xziolM dF M%)

/ .
150 150
120 - { 120 -
o
<
£ 90 90 4
v
bs
=]
f 60 60 -
o
S
(-9
= -
0 - - - 0 - .
16° 38° 54° 16° 38° 54°
900 RPM 1400 RPM
150 150
1204 1204
3 A ‘
£ 90 PN 90+
bt
2 i
2 60- 60-
i
- . -
30+ 3 30 )
0 r y 0 : -
16° 38° 54° 16° 38° 54°
2200 RPM 2400 RPM

=
o oz 24 Za}

J8 171, EE RSOl M2 AHEXE FUA

>
I

® LSof| e =3 2AM An|

@ EE LS T3 Al S 542 off 2FD Zo| Lietd,
© 7t w2 AT Bz

=

M&ET 900 rpm =AM =&zt 16°0l|A] 38°
Z SH2 141%, 173% S7lst¥2n{, 7} =
ofl

Zl 2| ™EEel 2400rpm E=ZOIAM = Z=82E 16°0A] 38° & 54°=2

oM rjo %2

- 128 -



[=13
= .

7t
b E71 Al HlEdojeE S22

= 130%, 195% &

=5
=

K0

7
Klo

= Zdo =z L}E}
Al Hlg|Mojei =2 otado| =}

7ts

Hog LIEL,

—
—

F

[S)

1,400,

S| M< = 900rpmof| A

P
—

2l
27t

{2 127%, 155%, 168% &

ot

-

2,200, 2400rpm2 =2

E

7tet.

3| M55 900rpmoilA 1,400,

P
—

oAM= ol

7

A

K]

oll

2,200, 240022 &7}

Xl

ol of =H LIEFL.

3 ™MEE 2,200 rpm O]

X
—

@ o

L}
[

o=z LIE}

N

BN

i
10

b

75|

=2o| 7t& 3A LbEH

by
. A

£

1400 RPM

© 0w N o © o
L N o T o §
o
G} ?
(2]
0
F_e
4
v e
© W N © © © o
- e 000 O

(M) Jomo

900 RPM

(A\Y) 1amo

16°

38°
2400 RPM

3g°

2200 RPM
E2l LSO we Ats=

16°

100

a8 172,

23 2ol LiEH.

54°

K

=

16°0ll A 38°

| S|MZEE 900rpm =

o

FoLE
=

X
o

t

7

©

=5 |
=

- 129 -



shml, 22t S22 123%, 179% S7te.
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10 25 250
o f
8 204 200
= T = |
éE‘. 8 8 45 2 1504
B S 7 g
é 4 E 104 &£ 1004
3 |
2 0 = ; 5- — 50
" [ Experiment [ Experment : [ Experimen]
V] L T L S N 04— —— I IJ 1 ' i
1] 50 100 150 200 250 300 o 100 200 300 ] 100 200 300
Number of data Number of data Number of data
Right steering, =&t 16° =212 R& &4
10 45 500
8- 40 450
’ 35 400
g7 T 30 350
S 2 £ a0
% 5- 5 A 5 250
g 4 g < u%. 200
g & 15 150
2 . 10+ d 100
; l_ Experiment 5 | Experiment| 5% | Experiment|
% 50 100 150 200 250 300 % 100 200 300 % 100 200 200
Number of data Number of data MNumber of data
Right steering, =82t 38° =712 7¢ &4
12 55
" 50 4
10 4’5} 800-
= __ 404 .
£ 3 % g
g, o 304 5 4004
8. 8 2 25] g 1
u_g_ : 62. 20_-5 o m-l
3] 15+ 200+
2- | Experiment 1: | Experiment| 1004 Experiment
1- | I
i 0t i -
%0 s 0 10 200 0 3 % 100 200 300 b 10 200 300
Number of data Number of data Number of data
Right steering, =&k2t 54° =79l /e EA
a2 174, AF HFMEE 900 pmol A TEF et o x| me uleFolY s 9t
=M 24 A
E 5. AT S™EE 900 rpmoll M = =740l w2 H[HAHEE R SN JsSHEM 21
Steering Flow rate (Ipm) Pressure (bar) Power (W)
Direction
angle
Max. Avg=EStd. Max. Avg=£Std. Max. AvgxStd.
16 6.43 5.23+£1.02°¢ 30.40 15.93+9.13° 291.35 137.8£91.0°
LS 38 7.80 6.69+0.97° 34.94 22.14+9.62° 409.03 235.9+120.2°
54 8.51 7.38%£0.90% 38.46 23.08+10.63% 490.94 269.6+£143.3%
16 7.81 6.71£0.92°¢ 20.73 14.89+5.35" 240.44 157.3+68.8°¢
RS 38 8.11 7.01+£0.94° 39.97 24.55+11.81°% 481.68 273.9+£150.0°
54 9.81 8.19+1.44° 46.93 25.65%£13.46% 688.94 342.3+£207.1°%

1) Average + standard deviation.
2) Means with different superscripts (a,b,c) in each column are significantly different at p < 0.05 by
Duncan multiple range tests.
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o, o 45 200
2] —— 104 100 I
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Number of data Number of data Number of data
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Right steering, =&zt 54° =71°| R EM

(=]
8 wer 9 Eso| W2 HHMOLE Rt

a2 175, AE S|MET 1,400 rpmOoil A

g!, %&!1} 7E}-% (=) = -1 = =
@ LS =Ao|lM =2zt 38°2t 54° Ato|e| FEIt RS =Zol|Al =gzt

H* 6. AT BMEE 1,400 romollA 2 =zdof WE H[HAMOYE 7 SH J=SHA=H

Z 1}
Steering Flow rate (Ipm) Pressure (bar) Power (W)
Direction
angle
Max. Avg=Std. Max. Avg=Std. Max. Avg=Std.
16 7.73 5.6941.44° 37.71 20.65+10.82¢ | 437.41 199.1+133.7°
LS 38 8.62 7.23+1.18° 44 .46 24.82+12.15" | 574.90 290.1+164.5°
54 9.76 7.07£2.07° 49.09 29.01£13.86* | 718.00 349.0+£217.7*
16 9.31 6.15+2.48°¢ 39.58 18.38+13.23° | 552.64 216.9+£186.8°
RS 38 9.57 6.76+£2.49° 46.76 22.36+13.13" | 671.05 272.2+210.1°
54 11.26 7.37+2.65° 53.15 24.93+15.80* | 877.26 336.5+275.9°

1) Average *+ standard deviation.
2) Means with different superscripts (a,b,c) in each column are significantly different at p < 0.05 by

Duncan multiple range tests.
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¥ 7. AZ SIMEE 2,200 ropmollM A =0 w2 H[HAH{EE R EMH JsSHEN
Z 1}
Steering Flow rate (Ipm) Pressure (bar) Power (W)
Direction
angle
Max. Avg=®Std. Max. Avg=®Std. Max. Avg=£Std.
16 9.72 6.46+2.12¢ 46.78 23.04£13.17° 678.3 264.6+£202.4°
LS 38 10.33 7.07+2.54° 52.20 27.42+14.85% 808.7 345.2+252.1°
54 11.78 7.68+£3.02° 58.09 26.59+16.36% 1026 376.9+311.5°
16 8.95 6.64+2.13° 48.57 27.39+15.41° 647.6 318.4+215.2°
RS 38 10.36 7.68+2.54° 53.70 28.24415.15% 833.4 380.84264.2°
54 11.41 7.72£3.15° 63.53 30.63£18.61% 1084 437.70£342.3%

1) Average * standard deviation.

2) Means with different superscripts (a,b,c) in each column are significantly different at p < 0.05 by

Duncan multiple range tests.
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Where, FPowery, ;... = Power of hydraulic system (kW),
n, = Efficiency (%),

P = Pressure of hydraulic system (bar),

() = Flow rate of hydraulic system (Ipm)
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(c) Steenng angle 54"

T8 189, x=gkztol| mE d|H MW E AlS ol A ZIHLS Ao, A SHMEE
2,200 rpm)

@ E=E RS Mo Al =82} 16, 38, 54° =0l w2 SEM2 ctsot
€=

©@ =82 16° =AY o 2o 7, ¢4, sH=2 242 9.27 Ipm, 48.52
bar, 682.32 W& L}EIGton, =&zt 38° =4 mf =t R2F, 4,
=22 Zt2H 10.17 lpm, 55.58 bar, 848.09 W, =&z} 54° =74
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(c) Steermg angle 54°

O3 190. =&kZtof| w2 Hl Mo E AlZ2o|lM siA ZZHRS MO, AR SIMEE
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AlgeolM 2H AHZF
® Algdo|MdM 2 AHZE g
O AlZco|d ZHo| HES M ds HIPDF Ml AlZg oM 2
Qo M52 Al=dlo|Md ZHo| A1l A== 4o Z1 gtS H|usHod
Holste Aoz Zdsiion] cits3 22 XEE &3510] "HIE =+
el ot
© Mean Absolute Percentage Error (MAPE)
@ MAPEE= HAAMH|IE2AIEZAM, AN Zioll st At Ate| HlgS ¢
¢t ChE & ol =2 L& ez ZH(AMFeo|Md)e HeEE 4
7tsk7] *Ish B 2 ALSE.
—Z (y,—,) [ 100(%)
2—1 a
Where, y, = Actual value, y, = Predicted value
© Root Mean Square Error (RMSE)
@ RMSE= Ed Mad HAEM, XX F Ao EF=HXIZ, A=
ol ZHo| ofFst gt AX HZFEH 4tel XI0|E EFstZ| #3510
At2E . E35|, MYUX (precision)S Edst=d Aeteh
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Where, y,, = Mean actual value

Algeold 2" A5 &1t

L =
@ AE FHHMEZE 900 rom =0l ohE AlSE oM 2H AZF Z1}
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Experiment Simulation Performance”
Steeri Fl Fl
angle raotg Pressure | Power raot\eN Pressure | Power Efz) @3) Epo4) ACCPO5)
(Ipm) (bar) (W) (Ipm) (bar) (W) (%) (%) (%) (%)
16 6.4/5.2" | 30.4/16.1 | 291/140 | 6.5/5.1 | 29.7/16.0 | 287/138 | 6.19 | 7.19 | 7.89 92.1
LS 38 7.8/6.7 | 34.9/22.1 | 409/236 | 7.8/6.7 | 34.5/22.5 | 401/245 | 4.78 | 5.40 | 7.80 92.2
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Averaged value 481 | 742 | 891 91.07
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E 9. AUE FMEZE 1,400 romollAM =gk ghek 3 xgkzbol| e dH{H Mo E 72 S4 24
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Experiment Simulation Performance”
Steer Fl Fl
OW | Pressure | Power OW | pressure | Power | B2 | EY | E 04) 4cc,®
mgle | rate | Sy | awn | P G | W | @ | @ | @ )
(Ipm) ar (Ipm) ar (%) (%) (%) (%)
16 7.7/5.7° | 37.7/20.7 | 437/199 | 7.7/5.7 | 40.3/20.6 | 466/203 | 3.07 | 6.59 | 8.49 91.5
LS 38 8.6/7.2 | 44.5/24.8 | 575/290 | 8.9/6.9 | 45.2/24.9 | 605/291 | 7.54 | 3.00 | 9.17 90.8
54 9.8/7.1 | 49.1/29.0 | 718/349 | 9.7/7.5 | 49.4/26.6 | 720/339 | 8.65 | 11.7 | 9.61 90.4
16 9.3/6.1 | 39.6/18.4 | 553/217 | 8.7/6.0 | 41.6/18.9 | 546/218 | 4.66 | 7.90 | 8.88 91.1
RS 38 9.6/6.8 | 46.8/22.4 | 671/272 | 9.7/6.8 | 48.4/22.3 | 707/270 | 9.47 | 10.4 | 9.04 91.0
54 11.3/7.4 | 53.2/24.9 | 877/337 | 10.8/7.3 | 55.0/24.3 | 887/328 | 3.06 | 10.3 | 9.76 90.2
Averaged value 6.08 | 8.32 | 9.16 90.8
1) A|B3o]d Autel Wix|A|F ZAnte] APE (Absolute percentage error) A4S £3F ate B4
2) % AOOLA (%), 3) 4 A RAL (%), 4) U6 AHYHAL (%), 5) 4953 A5 FHe (%)
* Maximum/Average
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© ChHE Ee= 2,200 rpm =AOA] =& gtek 3 =skztof| w2 7 £
M oum AnE Ued dddoz Algdold 2del MiTs A
Zof el 90.2%~92.6%2| HZE LIEHH.
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Experiment Simulation Performance”
Sieer Fl Fl
1 OW | Pressure | Power OW | Pressure | Power Efz) EY | EY | 4acc”
mee e o gy | | B man | W) @ | @ | @
(Ipm) (Ipm) (%) e (%) %
16 9.7/6.5" | 46.8/23.0 | 678/265 94/67 | 47.6/22.9 | 674/271 | 4.45 | 7.60 | 7.45 92.6
LS 38 10.3/7.1 | 52.2/27.4 | 809/345 | 101/7.2 | 52.3/26.1 | 790/335 | 5.94 | 12.1 | 9.39 90.6
54 11.8/7.7 | 58.1/26.6 | 1027/377 | 11.7/7.8 | 59.1/25.9 | 1033/372 | 6.87 | 13.0 | 9.41 90.6
16 8.9/6.6 | 48.6/27.4 | 648/318 94/6.8 | 48.5/25.9 | 682/316 | 6.74 | 9.85 | 8.56 91.4
RS 38 10.4/7.7 | 53.7/28.2 | 833/380 | 102/7.6 | 55.6/29.2 | 848/380 | 8.51 | 6.28 | 9.69 90.3
54 11.4/7.7 | 63.5/30.6 | 1084/438 | 11.7/8.1 | 63.0/30.0 | 1105/448 | 9.59 | 12.6 | 9.79 90.2
Averaged value 7.02 | 10.2 | 9.05 91.0
1) AlEgo]M ZAutel WIX|A|Y ZAute] APE (Absolute percentage error) AIXHS &3 Hshe 24
2) 5 BUHH QAL (%), 3) 4 BUEULA (%), 4) A48 BULURAL (%), 5) F9sE & ZHE (%)
* Maximum/Average
© Algdold 22 HAE B &4 &A1t
- SuE| A HNSE, T8 W Fu0| 02 SUE RSEEE vl Hojw
of S5 BAS BT RUSH oS MET Il o ol B9 28
- 7=y AlSH 0| WaEtEs AR oM sEE 2 =HE R SHL} AS
o HEH S Sot 7Y SHe| HIE S5t0{ ALHE
- 2 oMo A Zxe=Eel gUsd AlsH ol dEEE 90%E, = A0l
= 2 AT UERE AlS2 ol =TTt 90.2%~92.6% TELE CH27| LtEHE.
Ol=, =¥ CHd| MG = stitel of, 2F 100.2%~102.8% TFELEMN FHE CHH|
SME= 556t Ao ECHE
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11, 2 oMo MM et A=Y MM =3 H| 2M8E HoF 21
Operating conditions L e
2 e By A =% g g%
RPM | Direction | Steering angle A EH oA A3 E)
16 92% 102%
LS 38 92% 102%
900 54 90% 100%
16 91% 101%
RS 38 91% 101%
54 90% 100%
16 92% 102%
LS 38 91% 101%
54 90% 100%
1,400 90%
16 91% 101%
RS 38 91% 101%
54 90% 100%
16 93% 103%
LS 38 91% 101%
54 91% 101%
2,200 . >
16 91% 102%
RS 38 90% 100%
54 90% 100%
Averaged value 91% 101%
® AlZ80o|M slM 21t 232 ST Atz RrUAIAH M5 A5}
e AlseolMd EHEHel 2y Wy 2 4 BE M #HYgo mE As=g 7
O AlAEO| M5 HME AlY £5
@ dlHHo{e = =AMt m2lojg Mo
O 2 ATHUTH S B/M ALY L 1, 2XAT HEKO{YE HY BF A}
oF B M
o = 1
@ xS mgWoo =Y Jbs AU HI ZIRY, relief valve 59
=, priority valve EE7E, A2 Z &= /X & 47IX[2 AtMlet M2
ofel Eo} TS,
E 12, AHSERE uleAlol B AR
22 =
Sl B/M AL 12 = .
HZ T =3)
T 60 lpm 50 lpm 60 lpm
Qg mmn AEoly 150 bar 190 bar 210 bar
(@25 lpm) (@25 1pm) (@25 lpm)
Ao =
_ 17 Ipm 20 lpm 25 Ipm
(Priority valve E&F3)
ZHs spoole] $ %] -4 to 4 mm -4 to 4 mm -4 to 4 mm
O AlsEolM S22 HEZ =7, relief valve &2 priority valve
Mol garg mastof ag
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© Spool?| ZHE2 A= AlSeo[d SWOlAM CHeI7F ele FAHY 422 A
57| wf&oll, Spool2| ZS¢X|7t Zztol deS o|x|X| 7| mf=Zof

s Al chatoll A H 2l &t

X M5l TRMA
@ Mool e & M5 A HWIF X|E M

@ HlHMOHE =Mzt 45 YIS flof MAAFNNAM ALEE FA

Al Ms "Il X|E(Max. overshoot & Settling time)E &4 &t

1.4 Max. overshoot

1.2 Steady state error
R [y L — —t S 4
= T T
£ 08
s Acceptable error band
"
2 06
a

0.4 settling time  ————»

0.2

0

0 1 2 3 4 5
Time (s)

® Overshoot = ofeffet #2 4= Sof th&Ed
1~ F,
Overshoot = ———— X 100%
F,

where, ]\Jp is the max value of the response

F, is the final value of the response

© Settling time2 MO ASof wE SEO| acceptable error band Lol
Hatst=dl 2ot AZES 2lo|g
@ Acceptable error band= Ma&odtof| w2} final valuell 2% =2 MH.

® Main valve & 2 223 =9l overshoot, settling time, final value
HIMK| 22 MYoto] HH MY EL] zH3 AlXFS TESH=O Al

O Alggojlde Sot HZ 37T M ALY =&
@ Atsze 7 AlAHel HZ Zow2ol sl 50, 60, 70 Ipm2

1) Md. Abu Ayub, Siddique. 2019. Simulation model of the automatic planting depth system for rice
transplanter using proportional valve. Master’s thesis. Chungnam National University.
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Flow rate (LPM)

30

ZEolM AlZEo|M 2
2 Atoll st Z=f

s
T
2 =
9l AEote fiolsE Sal H

25

priority valve2| H|O0{F&t.

AR =

main valvel| T
7519 =.

s8o|d 2R HZ ZIZRE0| 60 IpmeY O priority valve X O
0| 25 Ipm2E HEIHES MY5IU 3.
Z 327 50 Ipm =AY W priority valve MO R F main
valve 72, S 2 Ct31f 20| LEIGS.
25
20
i s 1
N S 154
(0]
©
E; 10
[T
— Flow rate at priority valve 51 Flow rate at EH valve port A
-2% line - -2% line
fffff +2% line ----- +2% line
T T T 0 T T T
0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0
Time (sec) Time (sec)
90
80
70 o ]
= 60
®
=
© 501
5
é 40
o
30
20 -
—— Operating pressure at EH valve
10 - -2% line
***** +2% line
0 T T T
0.0 0.5 1.0 1.5 2.0
Time (sec)

a2 198 HZ S=7E 50 Ipm Z=0lA 2]

- "ol fe
o
- Al of

- Main valve 722 final value
- Main valve2| &2f

2ol

20.94 Ipm2 2 L|EIG2.

(=]
sae

- Main valve?| EE {2 AE
ZE AOMe EE RS 7
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Priority valveE &3l main valveZ

max value= 22.67 Ipm2Z LIEIG20{ . overshoot
8.3%, +2% 7IX[2| settling time &

Algdold =2 54 21

— o =

priority valve2| &t&S &3l main valved| sg2== &

ST

S| final values

rir

195 secE LIEIGS.

= 0.
ols&er (0 to —1)2 2{5tof W=

15.50 Ipom2 2 LIEtGS

SEoIM overshoot7b 2HMSIX] 2on{, +2% 7}



Flow rate (LPM)

X|2| settling time © 0.269 sec® LIEIGF2.

- Main valve Zs2 2| final value= 72.16 barZ LIEIGS

- Main valve2| 22 SEAM overshootZ7t 2l stX| gteny +2% 7t
X|2| settling time 2 0.256 sec® LIEIGH2.

© HZ Z=7F 60 lpm =Y of priority valve MO ®Z 3 main
valve 72, 252 21t Zo| LEHRE.
30 25
25;”[L ffffffffffffffffffffffffffffffffffffffffffff
20
w, 0000 | _ ]
20-W =)
% 154
Q
154 §
3 10
10 L
5] Flow rate at priority valve 51 Flow rate at EH valve port A
- -2% line ~-2% line
,,,,, +29% line ----- +2% line
0 T T T T T T 0 T T T
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time (sec) Time (sec)
120
(IR A——————————————
= 804
©
£
g
> 60
[2]
[0}
o
o
40
20 4 —— Operating pressure at EH valve
-2% line
fffff +2% line
0 T T T
0.0 0.5 1.0 1.5 2.0
Time (sec)
2 199, HZ IZ 7Y 60 Ipm ZHoMe AlSold F2 54 21t

— Priority valveE &3l main valveZ 3=2== &2 final values=
24.84 ImeE LIEHGHS .

- Mol 722 max value= 28.75 Ipm2Z LIEFG20{, overshoot
28.8%, 2% 7IX|2| settling time © 0.220 secZ L|EIHS.

- Main valve F22| final value = 18.54 lpm Z LIEIGS

Main valvel| #& SEolM overshootZ7} &M SIX] fon{ +2% 7}

X|l2o| settling time 2 0.233 secZ LIEIGS.
- Main valve Z&2d2| final value= 102.03 barZ LIEHGS
- Z=Qt# 9ol max values 105.32 Ipm2 2 LIEG20{, overshoot

3.2%, t2% 7HX[2| settling time= 0.211 secZ LIEIGS.
® BHZ =7 70 lom =AY mf priority valve MO F& Z main

rir

rr
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Flow rate (LPM)

N
40 25
35
204
o4 I\ ]
s
254 3 15-
Q
20 *@‘
z
o 104
15 T
10
Flow rate at priority valve 51 Flow rate at EH valve port A
51 - -2% line - -2% line
,,,,, +2% line ----- +2% line
0 T T T 0 T T T
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time (sec) Time (sec)
140
120 “
100
®
£
o 80
?
¢ 60
o
40
— Operating pressure at EH valve
207 2% line
fffff +2% line
0 T T T
0.0 0.5 1.0 1.5 2.0
Time (sec)
O3 200. HZ =7 70 lom =HoMe Alg2olM =2 S5 ZAnt

— Priority valveE &3 main valve2 &32== T2 final values=

28.47 Ipm2E LIEG}2.

Mol S22 max values 37.22 Ipm2 2 LIENG204, overshoot

37.2%, 2% 7}X|2| settling time 2 0.187 secE LIEIGS.

- Main valve 7&2| final value= 18,93 Iom2Z LIEIGS

- Main valve?| #2 SEOlM overshootZ7} ZHMSIX| oni, +2%
X|2| settling time 2 0.184 sec® LIEIG2.

- Main valve &2 2| final value= 107.15 barZ LIEHGS

- ZH=Qt# 9| max values 129.53 Ipm2 2 LIEFG20, overshoot
20.9%, t2% 7X|2| settling time 2 0.187 secZ L}EIGS.

©)

il

Z S=rdE AlSeold Zxfof wE =AH Atk

~
o Uo
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® 12. g 39RFN OE 72 Algdold 2

Pump . .
Overshoot Settling time
flow rate Items Final value Max. value
(%) (sec)
(Ipm)
Priority valve
20.94 22.67 8.3 0.195
control flow rate (Ipm)
Main valve flow rate
50 15.50 15.50 0.0 0.269
(Ipm)
Main valve pressure
72.16 72.16 0.0 0.256
(bar)
Priority valve
24.84 28.75 28.8 0.220
control flow rate (Ipm)
Main valve flow rate
60 18.54 18.54 0.0 0.233
(Ipm)
Main valve pressure
102.03 105.32 3.2 0.211
(bar)
Priority valve
28.47 37.22 37.2 0.187
control flow rate (Ipm)
Main valve flow rate
70 18.93 18.93 0.0 0.184
(Ipm)
Main valve pressure
107.15 129.53 20.9 0.187
(bar)

Hz ZZ2S=0 w2 Priority valve MO &2 BZ 3272 50,
O L

=
| 60 Iom & m MO F&e| target value?l 25 Ip

e mIt 7+
25 LEHGS

BZ ZIZRYS 60 lpmollM 50 pmoE L4 AIZiS m, Mol R
o| settling time2 ZA5t}, main valvell &3 |2k % 2o

CH et settling timeO| &7tst= A2 LIEHH.

HZ 32 % 60 IpmolM 50 Ipm2 2 ZA Al main valve

| 16.4% 235t E. O™ AZF Ag Zzfo wzH oatA el

1 Mol Al F& =thZfol 2F 13 Ipm =22 LIEIGeL}, Hx
2 50 lpm Z=ZO0|AM= main valve Z|Cf ZHEA| |20 15.5

_[c_|>_
mo 2 LEIL} E2ME MM JHSA| main valve?l B2 | £30|

n
n
o

OK Im Ho H
o
m O

!
0
OII

o
[ni]
L
n

| El

ZERYS 60 IpmolM 70 Ipm2 2 ZIHAIZE of, Mol R
5= o

= 2| overshoot 7t 75}, §35| H=&= 2| overshoot

Jl

=
L =
ol
oM I
d
oot

2.1%, 1.0% S7}5t09
T main valve 72 2 ¢f
Heo}, et249| overshoot 4522 QIsH 8ol o 2 ZHe =z

i main valved| & % 2 2+zt

22 ZUAIZE O P2 & 3

o = - O O A O 1= 1 )
lo |H
K

m o

0 m



Flow rate (LPM)

O AlE2o|ME E3t priority valve MO & =AMz Al &
(@]

@ AMExE 7

=

=

o
® BT ZZ7Z 60 Ipm, priority valve MO G2 20 Ipm =74 of
priority valve M52 2 main valve &, Z=a2 cl21p 20|
LIEHGS.
25 20
L DR T PR T e EEEXTErrrerssrer
=
o
4
8 10-
10 3
(T
54
5 Flow rate at priority valve Flow rate at EH valve port A
~-90% line A e 90% line
----110% line ----110% line
0 T T T T T 0 T T T
0.0 0.5 1. O 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time (sec) Time (sec)
80
704 o
60
E 50
°
§ 40 -
8
o 30
20
—— Operating pressure at EH valve
104 e 90% line
----110% line
0 T T T
0.0 0.5 1.0 1.5 2.0
Time (sec)
O8 201. MO SFE 20 Ipm ZZollAM2] AlEElo|ld F SEM Z1}
— Priority valveE &3 main valve2 &2== T2 final values=
20.26 IpmS =2 LIEIHS.
- Ho| S22 max value £ 22.01 Ipm2 2 LIEIG2 0, overshoot &
8.7%, *2% 7HX[2| settling time & 0.193 secZ LIEGS.
- Main valve %%9 final value = 14.94 Ipm2 2 L|EIGS
- Main valve?| & SHol|M overshoot7} BHMSHX| oo, +2% 7t
X|2| settling time © 0.248 sec® LIEIGF2.
— Main valve Z=¢t249| final value = 67.27 bar2 LIEIGS
- Main valve2| ¢tz SHOAM overshoot7t EMSIX| &on{, +2% 7t

X|l2o| settling time 2 0.226 secZ LIEIGS.

- 164 -



Flow rate (LPM)

© H=ZT Z2%Z 60 Ipm, priority valve MO F&HS 30 Ipm =74 o

=
priority valve MO FZ 2 main valve 72, &=z Cf

2h2q o o
LHEFG .
45 25
204
R P P e
3 15-
]
©
] 3 10-
15 w
10
] Flow rate at priority valve 51 Flow rate at EH valve port A
54 e 90% line (| /| 90% line
1 ----110% line ----110% line
0 T T T 0 T T T
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time (sec) Time (sec)
160
140
120
g 1004 |
g
> 80
[}
o
& 60
40
—— Operating pressure at EH valve
204 e 90% line
----110% line
0 T T T
0.0 0.5 1.0 1.5 2.0
Time (sec)
O3 202, MO{RE 30 lom =ML AlSeolM F2 S5 AL

- Priority valveE &dll main valveZ2 3=2== &2l final values=
29.93 Ipm2e 2 LIEtGS.

- Mo "2 max values 41.50 Ipm2 =2 LIEIG209, overshoot
38.6%, x2% 7FX|2| settling time & 0.183 secZ LIEtGS.

- Main valve ®&2| final value= 18,93 Iom2Z LIEtHS

- Main valve2| & SEolM overshootZ7t 2SR gt2oni +2% 7t

2 0.174 secE L}|EIHS.

Main valve 3242 final value= 109.69 barZ LIEHGS

- Z2E 29| max value= 141.25 bar2 LIEFGS0{, overshoot
28.8%, 2% 7IX|2| settling time 2 0.183 secZ LIEIGS.
@ Mo7E =74H AlZ2 o[ Zotof e =A AR MH

rr

Xl2| settling time

rr
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# 13. Alojfol 42 &8 Aledold Axt

Control target ) Overshoot | Settling time
Items Final value Max. value
flow rate (Ipm) (%) (sec)
Main valve flow rate
14.94 14.94 0.0 0.248
(Ipm)
20 -
Main valve pressure
67.27 67.27 0.0 0.226
(bar)
Main valve flow rate
18.54 18.54 0.0 0.233
(Ipm)
25 -
Main valve pressure
102.03 105.32 3.2 0.211
(bar)
Main valve flow rate
(Ipm) 18.93 18.93 0.0 0.174
m
30 P
Main valve pressure
109.69 141.25 28.8 0.183
(bar)

© AlE20|ME ETF Relief valve 23 =X 3} ALQF

Priority valve2| M0 ®&0| Z7t&+5E settling time O] ZAst= A

o2 LiEtH.

Mo R0l 20 lom¥ mf, main valve F&0| 14.94 |lpm 22 L}E}

L} O|M HZ= H|o|E{Q} H|m5to] EE Al XMool A| 22 |2 2=

ol 224

HMol722 25 IpmollA 30 Ipom22 J7t AZE ©, main valve?|

7 2 AH2 A4 3.2%, 7.5% SIS} 2L, main valve 222

overshoot 7t 28.8% = I Z7tet.

Mol REES 30 pmeE ZIIAZES I ¥
A

2 3 24Ho| o|SECH A2l overshoot 4E2E QI5H f/&o| O
2 Aoz EchE.

Priority valve MO G2 2&AHA T Alkel 25 |pm O] J(&F Metsh 2

oz EhED

-
o
@ Relief valve 25 25 zH3E flo 44 s &=€E 150, 180,

© EHE di3o} = =&2Ztof] == Al AE[0f

= |
210, 240 bar2 MAH™HsI{ AlZEo|Ms Falat
Z g Azl 2o 2sRH
7t 7ISXHA =11, 2sFe HUAEFEMH EAM A main valvel EZE &
(=)
2 7

o
ek ZEo Cisff 2 YHS

— H T
ARE ol ool SBE I RY AlABe HEE 23 MYE
X

© Relief valvee| zt=9tadE 2+ 150, 180, 210, 240 barZ F1 A|Ed
m

ojdE 3RS [

o2 LtERH.

=

@ Relief valve2| Zt=¢otad 2+ 150, 180, 210, 240 baroll M= main
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Flow rate (LPM)

20

valvel| Zt= UEH2 Zt 173.5, 200.4, 227.7, 255.3 bar 2 L|E}:.

300

150 bar — 150 bar
180 bar| —— 180 bar
210 bar 250 4|—— 210 bar
240 bar ——— 240 bar

200 |

150 4

Pressure (bar)

100 4

E 50 -

T2 203. Relief valve &=

e
o

2 3 4 5 0 1 2 3
Time (sec) Time (sec)

Hof| 2 main valve & 2 = A3}

g

® Relief valve2| =23 F7tof w2t Main valvel2| =2 H|H X

@

@ &AM o1

z=

x|
o2 BZrtete ME2 EFend, olnf relief valve?| S22 21510,
TE2 tank 2oz 527 mf&£0| Main valve?l R 022 LIE}
=2k, relief valve U2 FEV| 2o MAAIUCHZ EHFAE S

2g O WEHE,

=
i

H

o =

| =t Al =& &8 25

B EElsE Aoy B2 2ol HE SIS O E (68, /60,
70 lpm), priority valve MO 72 3F=F (20, 25, 30 lpm) ¥ relief
valve 28 4=F (150, 180, 210, 240 bar)oll LSt A|ZE0|MHE =

dstion], O ZI =35 AIFE EESIUS.
HZ =272 60 Ilpm, priority valve M0 F&F2 25 IpmO| Z[H
e 2 HMA|EARCH relief valve ZE YHES 210 bar HE0| 758
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—

A 75kW(100hpe) Olgt EE{ 2] A MA AlZOM I HE2 S22 M
= he| 220 JtA2 A Xto|7F LiX| ot Eofol| Fojelo] =i U2
A, S 2 Jlesd U=l AUt Hof ez I =

3
of mol AlFo| At

S
oo

olz{et A|EOIM “ADIE XtEs =g A|AHS JHLe2MN MAFIe J|s
AXE ol 7|sFd IUtete] 7|=X ANEMH S JIMet A|REMEE =2 o
T A2 W2 ECHE.

[ZHA M3}

“ADLE XtE =& AAEIO| CHSHA = AISXF HAHE M elstnes il T 7
N 2 BEEAAe A, ME AT AHEZS2=Z 2ls5to] XA M7 |& =, 115
7l Maiod Jieto] Sl ARl 2 M E S5l BT |YHe 7|4 ME
HE sS4t o F&E 44 7|9 7|sUdE Sot SHEEZE o|l8 = U2
RAe 2 HobEl ok &0 7o 7 Vs 222 slY ZOofEE X Z3tsto] &
=3t ¥ &L Jtsst7| 2o Iu MHEIF JtsE S5 XAIRE, A 71
3 A AM T 59 ®AF AIAHG = HEo| Jisd

[AF2]A M3}

SES| a3y Zaet TSI 5o A=l w2t 093] JHX| & =41}
BEX| =M XAS S| mf 2ol =2to| £ H2|gto| 2T =, o|2{Et
SE FRAe| FE UFSH| A= JFAEO| ot It = FES X
S =abof 9l= Aol ST et e &0, o|2{Et Ite| = BE H|
2 LAz o7 oty sEC #HAS ofEA tt=Es AFe.

olofl “ADIE Xt& =& A|ARTS| I 2 Fufo| 7t ZAM=o| =EE FES
S7|H et AMo SSTEHEM STUES JHH BE o 7|ojg HoZ HEot
=

el=2} Mu}]

“ADE XtE =g A|AET0| AZEtE O w2l S7[A AFo el el=Zelrt =t
S 2 Ao=Z o ME. S7IAH AFA QAZEprt SFECZHM HHelzHe| S
S =W I8 &&o 2 T50| E. £ o=zt 2E5EHo=2M siel ME=nt
of JtA HAMHE S =HE3510] s el =&0| Jtsof&ol w2t A|E A/ S JHE 5
UA =, J2[1 “ADtE X5 & A|AR"S RAL Aol =0 MZ& sto] F
7t8el ol=z2l &5 E Jtsstctn EHEhE
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Stability evaluation of a proportional valve
controller for forward-reverse power shuttle
control of agricultural tractors
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Kim™ , Yong-Joo Kim™
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®| nstitute of Agricuttural Science, Chungnam National University, Dagjeon 34134, Korea

‘Department of Biosysterns Machinery Engineering, Chungnam Matlonal University, Dasjeon 34134,
Korea

*Smart Agricultural Machinery R&D Group, Korea Institute of Industrial Technology (KITECH), Gimje
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"Gint Ca, Ltd., Suwon 16225, Korea

‘Comesponding author; yonghyeon kim@gintlab.com, bablna@cni.ackr

Abstract

Due to the characteristics of the farmland in Korea, forward and reverse shift is the most used.
The fatigue of farmers is caused by forward and reverse shifting with a manual transmission.
Therefore, it is necessary to improve the convenience of forward and backward shifting. This
study was a basic study on the development of a curent control system for forward and
reversa shifting of agricultural tractors using proportional control valves and a controller. &
test bench was fabricated to evaluate the current control accuracy of the control system,
and the stability of the controller was evaluated through CPU (central processing unit)
lad measurements. A controller was selected to evaluate the stability of the proportional
valve controller. The stability evaluation was performed by comparing and analyzing the
command cument of the controller and the actual current measured. The command current
was measured using a CAN {controller area network) communication device and DAY (data
acquisition). The actual cumant was measurad with a current probe and an oscilloscope. The
control system and stability evaluation was performed by measuring the CPU load on the
controller during control operations. The average load factor was 12.27%, and when 5 tasks
were applied, it was shown to be T0.65%. This figure was lower than the CPU limit of 74.24%%,
when 5 tasks were applied and was judged to be a stable system.

Keywords: agricultural tractor, CPU (central processing unit) load ratio, current
control, electronic control system, proportional control valve
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Analysis of dynamic characteristics of proportional control

valve for auto-steering tractor

Yee-Seo Min*, Yong-Joo Kim**, Wan-So0 Kim***

B £ A9c AE I EGEE oEqoiEny] SN AN vEAYEY ot ENE 2 T g 2
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23 MEGTuc) o] FEAS i &2 95RE o|il HE HokEl

Abstract The aim of this study Is to analyze the dynamic characteristics of proportional control
valves according to varlous working conditions as a basic study for developing proportional control
valves for auto-zteering wactors. The dynamic characteristics of proportienal valves were measured
using hydraulle characteristics measurement system, and the power was analvzed using measured
flow rate and pressure data. As the experimentsl conditions. the tractor engine speed and steering
angle was s=lected as the maln variables, and the experiment was performed on urethane road
conditlons, As @ resalt, It was found thar the flow rate, pressure, and power of the proportional
control vaive increased as the tractor engine speed and steering angle Increased. In particolar, as
the steering angle Increased at the same engine speed the flow rate, pressure, and power tended
to increase by up to 19086, 172%, and 273%. respectively. Similarly, as the engine speed Increased
at the same steering angle, the flow rate, pressure, and power tended to Increase up 1o 161%,
122%. and 168%, respectively. Therefore, it can be seen thar the steering angle has a higher
infiuence on the dynamic characteristics of the proportional control valve than the engine speed.

Key Words © Agricultural tractor. Steering systern, Propomional control valve, Flow rate, Hydraulic
power, Pressure
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Analysis of load data for developing a self-
propelled underground crop harvester during
potato harvesting
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Yong Joo Kim*™

'Department of Biosystems Machinery Enginesring, Chungnam National University, Dasjeon 24134,
Korea
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Korea

*Innovalley Substantiation Team, KIDAT, lksan 54667, Korea

“Comesponding athor,

Abstract

The purposs of this study is to develop a self-propelled underground crop harvester and
its performance was evaluated by measuring the load during actual potato harvesting
operations. This study was conducted at a constant working speed of 1 kmeh™, A load
measurement system was installed to measure the actual load and the requirad working
power was anabmed. A hydraullc pressune sensor was also installed to measure the hydraulic
prassune, The required hydraulic power was calculated using the hydraulic pressure and
flow rate, The results showed that the engine spead, torque, and power during harvesting
oparation were in the range of 845 - 1,423 rpm, 95 - 228 Nm, and 9 - 31 kW, respectively,
Traction power, axcluding the hydraulic purmp of the tractor and power take-off (PTO) cutput,
was [n the range of 9 - 28 kW, and it was confirmed that it occupies a ratio of 16.2 to 509
of the engine rated output, The engine can supply the minimum required traction power
to mowve the vehicle, This means that the engine usad in this study could be down-sized to
be suitable for an underground crop harvester, In this study, the gear stages of the tractor
wierz not considerad, This resaarch thus shows the possibility of developing a self-propel led
undenground crop hanvester,

Key words: harvester, load, measurement, self-propelled, underground crop
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Abstract

Heavy tractors wse hydranhe steering svsterns to cope
with lizh load venatons. For sutomatic steenng of the
tractor, the performance of the proporfional electrome
conirol valve of the bwdrauhic steenng system doectly
affects the steenng performapce This study aims to
develop a sumulation medel of an elecnc proporional
control valve to be uwsed m futme stedies to improve the
aufomatic steenng performance of tractors. The simmiaton
results of the amalysis model were compared with the
actuzl vehicle test remitis to venfy the acowacy of the flow
rate, pressure, and power of the proportional control valve
port. The simulation and actual vehicle tests were
conducted under thres load conditions. The average power
acenracy of the three load condiboms 13 84 3% which
increased under the low load condiion and decreased
under the hizh load condition.

Keywords: Amcultwzl fractor, Awtonomous actor
Auto-steenng, Proportonal valve, Valve control
1. Imtroduction

Autonommons fractors are bemg confimmously studied o
mmprove amicultursl work efficiency and reduce farmers”
labor (Stentz et al. 2002). To muamizm the work
path, aufonomons operation of tactors melndes steenng
control, autonomous path  planming,  environmental
awareness, ete (Blackmore et al 2002). For larpe tractors.
1t 15 more appropriate o use a bvdranlic steermg system
than the electic motor method as 1t operates under high-
load conditions (Lee et al. 2022). The performance of the
electromic proportionzl control valve unsed for stesrng
control  doectly affects the autonomous: dnving
performance Therefors, the purpose of this study 15 to
develop an electrome proportionz! control valve anab=is
model to mmprove the performance of the automanc
steering tractor. This model can be used to aammlate and
evaluate the performance of the automanc steenng tractor.
The model waz desizned and developed to predict the
performance of the steenng system dnving umt under each
load condibon The predichve performance of the
simmizton model was venfied uung actuzl experimental
data.

1. Marerialz and Aethod=

The analymis model was developed wsmz Somcenter
AMESIM (vermon 2021 2, Siemens Digial Industries
Software. Company. US), 1D-domain software. Bazed on
2 mngle product model such as a bydranlic pump, 2 rehef
valve, a dwection control valve, and an actiuator, unlbized 2
tractor anio-steening svstem drawing and proportional
control valve specifications, The flow rate of the hydranlic
pump was sef to 60 LPA and the wput flow rate of the
direction control valve was set to 17 LPM so that the mput
conditions of the analvsis model were the same as the

mdoor fest conditons. The performance of the
proporbonal control valve was evahiated by drading the
load actirs on the cylmder mio three levels (no load.
S0kgfiem®, 100kgf'om?), and analyzed as an average value
for Left and Faght steerngz. The mput signal model was
applied a5 3 square wave cutput fo control the change of
posthon of the mam vahe and the actuator operation
divection according to the =signzl Under the simulation
conditiors. a non-uniform lozd ocow: durme an actual
tractor operatton, and an arbittary load pressure was
selactad to confirm an effect on the vahre according to the
load condition. (Mo load. #0keflem®; 100kzfem®)

i

Figure 1. Simulation analysis model of acmstor movernent
according to the main valve posifion.

The developed aufonomous steering model was
evaluated based on flow rate. pressure, and power. The
flow rate and pressure at the main vahe output tenmenal
are the same as the flow rate and pressure at the actuator
mput termmnal, so the sonulation result at the man vahe
oufput termmnal was wsed. Hydrauhe power was calculated
through the follownnz Eq (1) and was calculated through
the post-processing fimcton m AMESIM using the
pressure and flow rate result data.

FPxQ

600
where Power,  ic the power of the hydraulic system

W n 1z effictency (%), P 1= the pressure of the
hyvdrauhic system (bar), (2 1= the flow rate of the hydranle
system {1/'pin}

To confinm the acowracy of the developed analyms

model, 2 smzle valve test was performed on an indoor test
g and the acowacy was evaluated with relative amror.

3. BResults and Dhzcussion
The power required fo ditve the actuator under no-load

Power, . =T % (1
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