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SUMMARY

(d & 8 8

A shuttle shifting actuator and a clutch actuator were used to shift transmission AMT
of farm tractor. A shuttle shifting actuator and a clutch actuator were used to shift
transmission gears. PID position control algorithm and simulation program were
developed to control the actuators. The transmssion control algorithm was developed
and experimental tests were conducted to evaluate the performance of the algorithms.
PID position control algorithm and simulation program for a shuttle shifting actuator
and a clutch actuator were developed. The initial PID gains were found by
Zigler—Nichols open-loop method and the simulation program was used to select the
optimal PID gains by analyzing response and stability of the system performance. The
step response of the actuators were analyzed to evaluate the performance of the PID
control algorithm and to validate the simulation program. Seven levels of the loads
were applied to test the performance of the clutch actuator by considering the tractor
operating conditions. The experimental data and the simulation results were compared.
The results showed that the actuators were controlled properly at given conditions.
The experimental test-bed was constructed at Sungkyunkwan University for
laboratory tests. The test—bed consisted of a power train of farm tractor, an electric
motor Instead of a tractor engine, a three-phase inverter to control the motor speed,
the shuttle shifting and the clutch actuators, and [/O interface modules. The
potentiometer signals of the actuators and the RPMs of the motor and the
transmission axle were measured and used to control the actuators.

The transmission of the experimental test—-bed was shifted in oder of neutral,
forward, neutral, reverse, and neutral ranges to evaluate the control performance of
the shuttle shifting actuator. Maximum overshoot, settling time, and steady-state error
were analyzed to evaluate the control performance. The results showed that the
shuttle shifting actuator was controlled properly to achieve the maximum overshoot of

less than 5%, the settling time of less than 0.5 seconds, and the steady-state error of

_13_



less than 1% at the all range levels. To evaluate the control performance of the
clutch actuator, the clutch of the experimental test-bed was operated from
disengaging position to engaging position at sixteen—-speed levels, 4 levels of main
shift lever and 4 levels of auxiliary shift lever. The settling time was considered
divided into two stages from disengaging position to initial contact position and from
initial contact position to clutch engaging position. The clutch actuator was controlled
with the maximum overshoot of 0% and the steady-state error of less than 1% at the
all speed levels. The settling time was slightly greater than 1.5 seconds at the second
and the third main shift levels of the fourth auxiliary shift level.

The transmission of the experimental test-bed was shifted from neutral to forward
range and from neutral to reverse range to evaluate the control performance of the
shuttle shifting transmission. Total duration time was analyzed to evaluate the
performance. The total duration time was sum of the clutch disengaging time, the
shuttle shifting time, and the clutch engaging time when the ranges were changed.
The tests were conducted at the second and the third auxiliary shift levels of all main
shift levels by considering the field operation of farm tractor. The total duration times
of all speed levels were less than 2.5 seconds and the speed of transmission axle was
reached at the designed speed within 3 seconds. The results showed that the
developed shuttle shifting transmission control algorithm could be useful for the
automated manual transmission AMT of farm tractor.

The test of power requirements of tractor for field operation was conducted to
evaluate endurance and operating efficiency of AMT powertrain. A power measurement
system was developed and installed at the 38 kW AMT tractor. The strain—gages with
telemetry system were used to measure torques of transmission input shaft and PTO
input shaft. The engine tachometers were used to measure rotational speed of
transmission input shaft and PTO input shaft. Strain—gages with slip ring were used to
measure torques of driving axles, and encoders were used to measure rotational
speeds of driving axles. The measurement system also included pressure sensors to
measure pressure of hydraulic pumps, flow meter to measure fuel consumption, radar
sensor to measure traveling speed of tractor, thermocouples to measure temperature
(fuel, transmission oil, outdoor), an I/O interface to acquire the sensor signals, and an

embedded system to determine power requirements. The power requirements of the
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tractor for plowing and rotary tillage operation were 35.4 and 48.5 kW, respectively.
The results showed that rotary tillage required more tractor power among the
operations. Fuel consumption ratios for plowing and rotary tillage operation were 0.59

and 0.40¢/h-kW, respectively.
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- TCU o]_coﬂoi ol /\JEOJ]O] quﬁ—

- AR o)A i}—i,ﬂ, AR rmel dqgahz W Ale] =24 At

S&TH-F (57)

A3t HE 7 (AMT)E Actuator 7

- 758 Motord] #7124 AA 2 3D 742

- Select/Shift Actuatore] & DC Motor® A2 9 A5 H7}

- Clutch Actuator®] BLDC Motord] 7] A% 7}

- BLDC Motor®] & ¢agls 7

- DC Motor2] A5 W3 7|5 5 Actuatore] A7]4 AMA A A
- Actuator 274 9AF =& % Sensor ¥ Power Interface ¥eF 49

- =8 BLDC Motord AA7]2 AA 2 A3 A

- BLDC Motor -8 <zt AA

ehAEa (5°)

- Ae e AEF SEwHEy]) A)Ad g
CAEAS AT T)ol/EY A AFoly EE L
-G TCU(Transmission Control Unit) 7§4t

CAEAE A Wg gy RE Y

- B S XP%ﬁMT Ao} =4 s

CAARE 9 A AE Ut 7 D E AR g

- AF g 2}-8 Shift & Clutch by wire 34 F-3& A8 A Fi

- 7)) g FY A AFofolE, TCU XA Ald (U dghd Uz A3
(F) AR A AR AE A e HE 4 E A A

7lo)/E el A Aoy @F Ade HIHH BE 49

- 7)o)/F A dFololy YAkt Ve AR
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- xbERe)l WE B 2 A SAA FA
- Tremec® 69 MT ®H<E7])o]  7]¥kE F3 Magneti Marell®]
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- 7 Sprinter -2 Hare] AT FBIFAQl 700422 H|E 4
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L AAsgesHsr] 4 e 78 53 &
7] =35 Z99/520%
- Automated manual transmission AISIN Al Co., Ltd.
e control apparatus /EP 01788287
Clutch control for automated manual General Motors Corporation
transmission(AMT) /US 07070538
) Hydraulic control system of Fuji Jukogyo Kabushiki Kaisha
automated manual transmission /US 06865965
Automated manual transmission Jiang Hong
launch control / US 11037983
Automated manual transmission Tomomitsu Terakawa
system for a vehicle /TP 08003436
Gear change process for an
automated manual transmission unit Kengo Minam
and automated transmission for a /TP 02048401
SE vehicle

Automated manual transmission and

method for controlling the same

Hidenobu Satoh
/TP 01837560.

manual transmission

Shift position sensor of automated

Makoto Futamura
/ JP 01750037

2. 531 34 &
7h EWHE Ass pes AlRE A
- AMT Al&=glo] @9k 53= F2 <83, EF
iR
- T8AE W R sk AMT Al="e T4
TAEM, A Eel wep e el 1 SRR
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w2 Aol E QA Ao o] Aol A3te dEA HFeoHE A&
EHE AMT A=A 2 viAYSS WS Aol #X|(Transmission Control Unit,
TCU)eL 4FdlolBlE T3l 7| A4 WME7|E Aojshs Ao 19 1-29F Zvh AREA7E W
£YHE 23 TCU dds o] ASF(E/R shifting) 508, F¥Z(main shifting)
ooy, FH A (clutch) o}Follo|E & Alojste] WEHg Fdstal TCURFH SAHE AA
A% E CAN(Controll Area Network)s &3l dAEsle] AMT 8455 9 AA], TCU, 959

oy L9 mAL AGEr AMT A~€e o] wMAst A Asaa Al&3)
3}

Position information Operation
Creing | (TFR anifing ) T/> e
shitting shifting 4
L Transmission ;— Actuator i ¥ <
— — — [
Main shifting Main shifting |, (oA | Diagnosis
| Transmission J‘_ Actuator J‘ AMT TCU | Co | System
I | "
f \ R
Clutch i—[ Clutch L ]RPM ‘RPM
Actuator
\ J 7
.| Driving
3 Shaft
¥ 1-2 AMT B o &2 miAYS
(2) AFololy AA 2 s
7hH 29 A A Fdoly
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dev. Eee] #& <zl
W&V 2 Adsi 29 A Efe] 3 2ER AE
7

2] Aol Q= vhoopiz gl A2 FE(A A4

% 1-3 7€ 2YA HESEAY AR
A AFooly o] MAXNLGE EE317] sl dF ooy oAl dAT FHo gk 7]oju]
oF A7)|EHe AlkS AAZAY. F 1-13} #Zo] A #HE 7]ou](clutch pedal ratio)e] #

S 40/327, Y= 3 YW (release fork lever): 60/110, t}o]o}xz @l A3l (diaphragm
spring lever)= 21/69, 2¥l= Y3 ZF#HA YFd oy @ (release fork clutch actuator

lever)¥= 60/120= A AHs 9o}
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E 1-1 2R Al =" AL
System parameters Gear ratio
Clutch pedal 40/327
Release fork lever 60/110
Diaphragm spring lever 21/69
Release fork clutch actuator lever 60/120

e
—
o
o
i
X
)
r
0,
a
s
i
A
N
_0|L
ofN

Release bearing Release fork lever Clutch pedal Actuator screw

release force max. kgfl 193.0 105.3 129 96.5

Stroke [mm)] 9.0 16.5 138.0 18.0

FHA Y A A= A EWYE W 22§ e s s AR Y] AdAEE AL

Hate] 056% olatz AAHAI 99 AR EY fFoolE Arke] AL i 1-33% Zrh

FH

1-3 FY A Ao olg A

Actuator condition Value
Disengagement time 0.5 sec
Clutch actuator screw max. load 96.5 kgf
Clutch actuator screw stroke 18 mm
Operation speed 36 mm/sec

A fFololy e Fx= ad 149 #a Y= ¥ gl dgEojok k= H



22 965 kgfolth, i 1-4= FH A AFololHol AMgH 2a7F9 Abgolty, 2375 754

7171 $l8 WA Bl 4= 200 rpm, 98 B2 30 kgf-em ool ThedtEE AEH L

1-4 ~3% AY

FH

Pitch Helix angle Number of line Effective diameter

Screw 85 9.6 2.0 16.0

FH

1-5 Z#4 AFolold =H A9

Actuator condition Value
Reduction gear ratio 4850 rpm
Rated motor torque 1.89 kgf-cm
Motor power 100 W

MtsEl el f o olE = AAo] EEIA] 2 H]H (potentiometer) @ 1 AU (encoder) 7} WA
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23 A=y om 1 1-69 7ol =zHH

kgf, 45 kgfZ e

Shifting power

Shifting arm length F/R operation power

Lever length

o kgf 45 kgf

30 mm

270 mm

N

& 7

X FHeh B A(2700 rpm)

-

B

AW H 045271

&)

o] =7 WA

Specifications

System parameter

17°

Neutral to forward operation angle

17°

Neutral to reverse operation angle

45 kegf

Shifting power

0.45 sec

F/R shifting time

40/105

Actuator connection lever ratio

514 kgf-cm

Actuator operation torque

25 rpm

Actuator operation RPM
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TY 155 A% AFoolEe] HARE U 2ex 9jFolelE s o] LA
Bk WaHel Qo) =H A4S A4 Fol sk AFA AFolold o] Age
wE= G4 135 V, A4E2 30 Kef - cm9) DC RE2 AFe ¥ 1-8% 2o ue

52 fFdelHe) gge 19 1-69 2k

)

Parameter Specification

Type DC FERRITE

Rated voltage 135V

Voltage range 10 ~ 156V

Temperature range -30 ~ +80°C

Rated torque 30 Kgf - cm

Protection Waterproof type, Within C/BREAKER
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AFAs} Atz ol Agel oa dFHAem ¥
1-99} Zro] 229 Zol= 685 mm, WY Zol= 109 mmoe® YErg o He5x =
Aest Mbel e 747 5 kef, 26 kef2 UEhgvh B Eae] 270 A 045%0]w Fwd o
Fol| o]y Ak 3 1-103 21}
T 1-9 FuE 2gdm AY % 25

Lever length Shifting arm length Operation force Shifting force

685 mm 109 mm o kgf 26 kgf

E 1-10 FHE o Folole) o) Abek

System parameter Specifications

Neutral to 1st, 2nd level 17°

Neutral to 3rd, 4th level 17°

Shifting power 45 kgf

Shifting time 0.45 sec

Actuator gear ratio 1/20

Actuator operation RPM 67 rpm

Actuator operation torque 30.48 kgt

A Fes g pash 9@e 19 179 2a 2708 BHE pAEel 9o 2zt

RE7L HASEA 12 3-4ve] AZ2U| AR SA0 WES SRR LEHI FuA e
HE AZYOR Adstel mEe 94 @S B3l Fu%e) Aol A5HES g
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I
[ -]

:I -
i @mE -
19 1-8 Bl fFofoly HAE
s5° @a0sv) 357 (194V) 55° (305V) 35" (194V)

75" @17 V) 15® (083 V) 75" (417 V) 15° (083 V)

90° 5V)

U @ 4a8E] U4 371E 93 AMT AUiA@3d= AA 2 Az
(1) AMT AW A& HA
LA FEY WHAS HUer] Yl AW AEAAES Ao AA el e 1y

1-109F 2ok A @4A= AMT Alztel] Badh 53 7ide gdoly 3 ey, AW H,

490 weolzm, WA 4, A vwez PAHACH AP GBS ® 1-13% 2

.
Hl Fus AFolold, Bus AFoloHE 47 gAY HAnEE Hu) A7 A5
2600 rpme WHEFSk] flal 34 220 V, 257(3560 rpm) 45 kW& EHE AFE3lg o 34 2

Vel AWEE BH £5E Aojsdrh sed Heelat W5y, #9402 50vy =Y
g JFor 2Y%0A AUl 50% FIE F £ dow, A% el s A ow

ARFAY. B 9T melolze] WS 18] 11163 W o4& WA F gl §3el
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I 1-10 MErE A0 Al EA .

i 1-18 A AR 7 5=

Component

Component

O 00 =1 G T e W N

10

12
13
14

U-AMT TEST BENCH FRAME
U-AMT TEST BENCH PLATE 01
U-AMT TEST BENCH PLATE 02
U-AMT TEST BENCH PLATE 03

BRACKET
SUPPORT POWDER BRAKE
SUPPORT BEARING
SUPPORT BRACKET AXLE CASE
(L, R SIDE)

SUPPORT TORQUE SENSOR
COVER AXLE SHAFT
SUPPORT TORQUE SENSOR
COVER FLYWHEEL PULLY
COVER SUPPORT BRACKET C/H
MOUNT MOTOR

15
16
17
18
19
20
21

22

23
24
25
26
27

PULLY MOTOR
PULLY FLYWHEEL
GRID COUPLING SH TYPE
SPACER AXLE SHAFT
KEY AXLE SHAFT
SHAFT PULLY FLYWHEEL
SHAFT LEFT POWDER BRAKE

SHAFT RIGHT POWDER BRAKE

SHAFT LEFT INERTIA
SHAFT RIGHT INERTIA
MOTOR(220V, 3Phase, 2Pole, HHI)
INVERTER(3Phase 220V, 45kW)
POWDER BRAKE
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ARAA S mUEEY 2 AelE 8 AEE WA 1y -1} 2e] AFHAY AR
woao) 9oz deREe] HA%E, F- ¢ Hey ndolae I &%, YR L%, B

AN EEY FHE A5 EaE FAE] A dYACIEIT oy B d 9 W

@ Qelolr} wgHo] gor AFdoly T5 U AoE 7 RHmejong mE =y

FES 99 12 Vel A B

ol
B
N
X
s

Gauge Indicator Button Switch Nobe
1 Motor voltage Motor RPM Power Power ON/OFF Motor control
Motor
Powder brake Left powder
/
2 Motor current RPM(left) Ready ON Manual, 1\i§utral/Au brake control
Powder brake Powder brake Right powder
7 /
3 voltage(left) RPM(right) Ready OFF Motor F/N/R brake control
4 Powder brake Torque sensor Driving ON Powder brake
current(left) signal g ON/OFF
5 Powder brake Coolant Driving OFF Powder brake
voltage(right) temperature £ Auto/Manual
6 Powder brake
current(right)
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Potentiometer
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JT 1404

9 124 AESEWSY] W] nhe o

o] Aot {3 TCU 27

off
A

S A E

ok AEsk ¢
(1) AMT A==le] AojE 9% TCU layout A7

(7)) TCU®S A 9
AA AFEAANAE AR Heldo] FaArHe] AR &g 9

3lal ApsW 7] g Wol dZdhE FAlolth AEwsLr]E Al
SA R FAYI o5 WEA| o] 7] (Transmission Control Unit, TCU)E o] &3] Ao st}

TCUE 9 1-259 #o] TPSolA ~ZEC] Aujel VSSolA zpgke] &5

Sasiere] e B AN AEE el FEAAG Aol F

H
d Aol A HAdeE ATl WET|U e e

Throttle Position sensor : i ;
(TPS) 0O/D switch Inhibit on switch
Vehicle speed sensor J K Dowr e

Output rotation

TCU

Input rotation

[ 1\

(VsS) \
/’

Oil temp. sensoer

Accelerator On/Off switch

A

Shift Control

Hydraulic Control
Solenoid valve

Damper clutch
Solenoid valve

Solenoid valve
(Dccav) (RCSV) (scsv)
9 1-25 As ¥ TCU 99 ¥ =9
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- Engine RPM 3
- Throttle position Engine map
- Brake and accelerator Transmission map
- Gear lever *
- Position of Clutch
- Gradient T C U
- Velocity .
- Driving load
- Torque - Current gear acceleration
- Clutch RPM - Next gear acceleration
L
¥ h J ¢
Throttle operator Clutch operator Transmission operator
* L] * Whedl
: T M I
Engine Clutch ™ N an.ual
sensor transmission
| Wheel

29 1-26 AEEFERE7] ) TCU M=,

(t}) EgE AMTE ®WEA0]7]
dutg o2 FEHsE EdH = TCUZ AT A&st FelE7|E EPH 48317 ¢
A AMZL TCUS AAZF Aosdiy, EgEE TCUE 2§ 1-273 7o) ZAx7F HE:d

BE zaelw A3 Edav o) RPMAEE EAste] 224 frololEel M ool

Lever signal
Engine RPM
TCU
Transmission RPM >
A J v
Clutch actuator Mission actuator
Engine Clutch premm— Man_u aj.
transmission
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#E 1-15 & AA 9 ALY

Specifications Accuracy

Type Hall Effect
Output Type Digital

Voltage - Supply 475V ~ 252V
Frequency 15 kHz
Termination Style Wire Leads

(b)) E=AA

HEAHS AAS] YaaE RPM 9o EZltorque)® 83 @40t} EalE x=9
EAE FAT Fdart e, ol Aol Aol dHe Ao Eaeh "Aeh dde] 3]
wol ), zpEFe] Fabel] Wi A BEAagE W ¢ dE WE 95 E AAd Folof g o]
E 98 1™ 1-307 #Zo] AFo EZAMA(TRC-100k, oA, Korea)E F2Hslsl o™ 1 ALY
< X 1-163 2t

a9 1-30 7Es BEAE SASY] 9% Ba AlA.
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I 1-16 EA AlA9 ALY

Specifications Accuracy

Rated capacity 100 kgf-m

Rated Output 1.3 mV/V£1%

Supply voltage AC2YV

Temperature operating 0 ~60T

Safe overload 1202 R.C

Hysteresis £0.5% R.O.

Cable length cable ¢10, 4core shield 5 m

(th ¢t Heeo]=

2 odFeAE Al AE FAE AR AHES HFTRy] witel el -3t
7 vk mEA BEasE ByATT] 9jste] A i 1-313 #Zeo] g9 2y
(PRB-65 12, ¥} 7]& %, Korea)E &3t %0 Heolaz ass HFo=2X

2 AN A EAE 2AFEE 3P on 1 AP F 1-177 2.
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117 3% HBo]la Abk

Specifications Accuracy
Rated capacity 650 Nm
current 2.0 A
Supply voltage DC 24V
weight 160 kg
bearing standard #6019
Powder capacity 1000 ¢
Revolutions 500rpm

(ZH =44

BolaE wige] 9% Alsd s AN OR o] whE Ao WIPo] dojupA] FEE
WA 7] Aol dasteh Wz Aol oy 77 AR 712 YA T s T &
2 YA = o] tlidoeltt. & wer HYolaw B&o F& FUAoRE WstE
o, 29 ¢3S s F2E AEAv oW AdY v E WA Fs S5
A 2% oY wivt PFxE ZF AT EE 3T

er=2AS8 93 A REE AW 2AH (thermistor), 4™ 7= (thermocouple), RTD (Resistance
Temperature Detector) 5°] th Au|AEHE w=x] B4 Foa] X ug Ao Wale
S ol &dte SE A= Aom &9 Aoyl A REEEHRTL wEARE A Ho] &
I AWML FL do] Ak AMAZT L 2xd wE F&Ho 7AYS o]gde] &EE

al

S Z2RUAE Yo Aol YA, $As A X o

Ao
o
Ol
L
rie
[ﬁ
>
hu
=
)
A

AA7E wg- Aok @R o] vk RTDE w40 kol wet A7) A% o] Wats dds ol &
3o £2E FAg 4] vAa ARde] desittE wRo] AR s A o] wa
714 AP Aol T kg Aoy wiie] AEAke 2 wmol=vh Alsta Wshr Ak A
A= RTDAIA 7} 4 & shct,

RTD= "+, & , Nickel 5°] glow, Zi1g Wgio] mwsto] owlstA A7 A7e] T4
3 AFLLE=WMY T -200C ~ 500Co]7] witel 28 1-219F Z& wF 32434 (platinum

resistance temperature detector, PRTD)E A}&3}%1th PRTDS AP % 1-18% 2}
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® 118 = AlA o] A}k
Specifications Accuracy
Range =50 ~ 150TC
Output voltage 4 ~ 20mA
Accuracy DC 24V
Thread 160 kg

(o) WA 20E
Aol AA FAE s
1 A Aolstr] A=

TollA EE AMT S ®&2 dxpa A5oolge] 3d 2o o A 7|0 & Al
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7] wiitol 3 fss FAY F di= 7P A (potentiometer)-& AHE3FY] 1 e FA T

Atk e FololHel= 19 1-33% o] AFskler I AMFE & 1-199F 2t

2 1-33 ol o]



F 1-19 EHIA e AR

Specifications Accuracy

Max. active angle 345°

Resistance 1k&

Resolution 0,0 up to <0,1 %
Thread 160 kg

(1) F=cloly A=l 7

7h FA fFclolE A2

Y 1-84 FHA AFdely Alade] el FH A AFooly AlAdE MR
B

B, dZ7]0] 2 2afe 749 dFdolH e}, A4

n
ek
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>
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hu
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oli= 71&e E¥A AMAadlelM A FHAE FEdhy] A8 22AY A A7) -7

4 29 deloltz fAd Aotk dFclodE FUAE @ L AAHY) A Az
PAE e 24T 5 YEF 2H9 J98FS ANLEOE MA) A% 2aRst A4
5 o} gom FeA ANE DU/ AT WAL F7H0] Yrk o)A@ gL FeyAe
3 AolE Asaldl e, 4L 490 RHRE 29X 49 23 490 2 2dEd /)E
o 224 AES A9 Wk 9ol Add-On WHOE FHF & At

A
294 AFdelge) T AAUFE =, 7]
4 5ol aA FYe) @AV} vk EGEG AgHE AL 992 SFo % 2 g
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S ~aRE o gAY EF saAFE el ga el sy YE Fxol/d FA
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o FeAE AL wFAH JUE KA 5+ 9o¥ RE] A A7 £ut A<
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Add-on WAl& A&k 7fEEsith

9l 1-37 RS AFooly AlAHe] PR,

(2) dABeela Alxd i
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Constant-force
plate s

Armature Air gap

Magnetic circuit

(Enlarged)

(Enlarged)

When opening

When applying
current/braking

a9 1-38 AAtE ol e,

AR ol =] gL 0.5% ool 2600 rpme 600 rpmoE 2000 rpme FEA| 7= A S

mye a9 ol B AAHe AA AFe ® 1-20% 2.

#F 1-20 AApHE ol AA ARF

System parameter Specification
Engine RPM 2600 rpm
Gear ratio 29/ 32
Initial RPM 2275 tpm
Objective reduction RPM 581 rpm
Reduction rpm time 0.5 sec
Brake torque 0.68 kfg—-m
1% 1-39¢ Eg9H A&e dAHgela xyAL] mHoR Ank AT dviE= A
3 BAs, A Fusky] g6 WF 2] U HAHHE AAGAY £ FWHS 3
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‘ 1.5tator |— —1
‘ 2. smature(OFEHED | —\q
‘ 3. Amature hub | —\
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el
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[ seas |
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mglsrarn\:m#arznzmm }/ 10
ELECTONIC BRAKE ASSY Z=BI=
19 1-39 EFEe] A8 dAxE ol HA =i
(L) AarBeola A7)
AxrEeela oy 8 Ade ofn AN, Uh mde] AA, @A 8 gold AA
& zAstel BRI AFLL Gy AT ADe AAFYT AP AA el AANY
128 AHslal Zo] 3ASA B EE FE8 A oA AAE o)A 12V Y-S 97E
F thold Ba dAE Adndelast 3R FHo d7ste]l Atk 19 1-40 A%
o A3 AAugeladA AvHE dREE ST Ao
Agudolze] Aegste 95 APe AAsgon, Y 20 F 1-213 2k
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# 1-21 AARGolz AeHs AF =74

Parameter Condition
Engine RPM 2600 rpm
Gear ratio 29/ 32

Initial RPM 2275 tpm

Coil radius(® FZLHFAF(3])  Coil resistance(  Current(l) Braking Torque(kgf-cm)

200 8.3 1.35 42
0.28 300 12.8 0.93 64
400 17.2 0.77 62
200 7.4 1.50 o8
0.30 300 11.3 1.12 52
400 15.2 0.86 o6
200 6.3 1.90 63
0.32 300 9.7 1.26 o8
400 13.2 0.94 o8

F 1-23 ol sl nE Ae B4

Lining outer radius(®) Coil resistance(&) Current(1) Braking Torque(kgf-cm)
60 11.3 1.12 o2
61 11.3 1.12 66
62 11.3 1.12 70
63 11.3 1.12 5

A A dArE g ol A

2 H Aol AL F = AL HAFE 2= Aoz ddHY. Ay e
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2 xde =Y A4 PRFE Fer AL o

kgf-em®) B27} WANAL #old WHEAL NEAS W eold 944 63 oA T

kgf-cm®) Eagto] 2AEAY. 29 A4S ZANAL 2AFE A sel Q7 ARE
"

WA 71 A, Beld e &
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At AA Al A" As E3ZE 68 kgf-cmol v oFAES n#dte] 90 kgf-cmE H R = 3
A7l A HHEE AT EAVF B35t SR og 246 sty 3%S AlRete Als

2% 23590,

¥ 1-24 F7F AgrE A= 2ol AA =27

No. Coil radius(®) LA F(3]) Lining outer radius(®)
0.32 200 63
0.35 200 63
0.35 300 63

AEaE F 1-259% 2o F7b A%R Adudelads HNAel 2035 Y FAFL
200319 W 7} 2 80kgf-em2 HHA 2ol 915e] A2 Az WAel AN Aol Fo
F GYe F ACE RO} BEF R mAGE FEolvh a7 1412 Axud

#F1-25 F7F Azt AR ezl AsEA

Coil radius(®) FLHFHG(Z]) Colil resistance( ) Current(l) Braking Torque(kgf-cm)

0.32 200 6.3 19 [
o0 54 9.9 80
0.35
300 82 L5 i
2000 5
—ldleZ 2| H 4
— =847 ZHla0/H 1 45
Hat =2eol=3
e
Ny
""\.\‘L '

2000

g 1500
(o}

y = -2690.1x + 17457
R2 = 0.9992

1000

500

4 45 3] b5 5] 6.5 7 7.5 8
AlzHsec)

29 1-41 dAEgela fEA s 4 At
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29 4EEE OF BW0PmOE BEdE 570 AWARY FEOE YUY HF A
Ato i wholy 4 063, 2UPAT 2008, A4 20352 ARG oM, Aol Fyu=

Statore] AEF-2 A5 WMATAY SFA4E ARG elae Hee 1 1-429 Zow,

—Ipm

2500

&AL 0.38F

Z3|: 2024 rpm, B 0 pm

&5 2024/0.39= 5189 rpm/sec
= ‘(.:. = EI|SE L 4000 tpmfsec
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No. Item Number Item

1 20122313 HOUSING-CLUTCH-AMT-U-TRG250

2 40251324 HOUSING-CLUTCH-AMT-U(CST)G250
3 40251326 SHAFT-C/LEVER-AMT-U-TRG260

4 40251328 ROD ASSY-CLUTCH-AMT-G260

5 40009519 ADJUSTER-CONTROL-TRG670

6 40029049 NUT-HEX SMALL-5314120013

7 40012288 ROD-BRAKE(RH)-TRG670

8 40251329 ROD-CLUTCH-AMT-U-TRG260

9 40251331 SHAFT-C/AC ARM-AMT-U-TRG250
10 40251332 ARM-C/L SHAFT-AMT-U-TRG260
11 40251333 SUB ARM-CLUTCH LEVER SHAFT-U-AMT
12 20122314 AC ASSY-CLUTCH_AMT-U-TRG250
13 40251334 COVER-CLUTCH ACTUATOR-AMT-U
14 20122315 CASE-CENTER-AMT-U-TRG280

15 40032362 CASE-CENTER-(CST)G280

16 40219935 COVER-F/R SHAFT_AMT-TRG281

17 40234883 BEARING-BALL-A0869034

18 40055294 NUT-A0610211
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No. Item Number Ttem

19 40234812 WASHER-LOCK-TRGZ80

20 40220438 BRAKE ASSY-ELECTRIC-G280

21 40234915 SEAL-OIL-TRGZ80

22 40219933 SHAFT-R/IDLE_AMT-TRG280

23 40249729 LEVER-MAIN_AMT-TRG292

24 40237470 KNOB ASSY-AMT-TRG750

25 40030817 KNOB-REAR-TRG869

26 40237467 HARNESS-AMT  SHIFT-TRG730
27 40181401 SWITCH-PUSH BUTTON-TRG750
28 40237463 SWITCH-PUSH BUTTON-TRG750
29 40007355 CAP-RUBBER-TRG750

30 40012843 CAP-A0710062

31 40030816 KNOB-FRONT-TRG869

32 40251084 KNOB-CAP-U-TRG869

33 40220667 SENSOR-RPM-DIR-TRG750

34 40187402 SENSOR-RPM-TRG750

35 40036269 SWITCH-PROXIMITY-TRG750

36 40036272 BRACKET-LEVER SWITCH-TRG750
37 CABIN-ASSY

38 40220110 LINK-F/R_AMT-TRG290

39 40008367 BUSHING-PLASTIC-TRGY70

40 40251409 ARM-F/R LEVER-AMT-U-TRG290
41 40251098 SHAFT-F/R GUIDE_AMT-TRG292
42 20122526 ACTUATOR ASSY-FR-U-TRG730
43 40251636 BRACKET-FR ACTUATOR_U-TRG750
44 40031194 BRACKET-PS SWITCH-TRG750
45 MAIN-SHIFT-LEVER

16 40220410 CONTROLLER-AMT-TRG750

47 40229786 BUZZER-ALARM-TRG750

48 40214278 CAP-STR COVER-TRGS69

19 40214281 COVER-P/S-TRG869

20 40192175 CAP-FR LEVER-TRGS869

ol 40214156 COVER-STR COLUMN RR-TRG864
o2 40214159 COVER-STR COLUMN FR-TRG864
o3 40220412 PANEL-INSTRUMENT (54S)-TRG750
o4 40251442 FRAME-PEDAL-AMT-TRG830

55} 40247109 HARNESS-MAIN(AMT)-TRG750

o6 40220409 BOX ASSY-FUSE(AMT)-TRG750
or 40182988 COLUMN ASSY-STR(PSS)-G630
o8 40251638 BRACKET-PANEL UPPER AMT-TRG750
29 FUSEBOX(POWER SHUTTLE)

60 40220410 CONTROLLER-M/S  AMT-TRG750
61 AC  ASSY-M/S_AMT-U-TRG250
62 70145 ACTUATOR-MAIN-SHIFT-ASSY-1
63 83636 ACTUATOR-MAIN-SHIFT-ASSY-2
64 40220110 LINK-F/R_AMT-TRG290

65 89517 ARM-M/SHIFT#2

66 89516 COVER-CASE-UAMT
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No.

Item Number

Ttem

67
63
69
70
71
72
73
74

86137
86135
83586
83585
40010311

40220309
40247110

U-AMT-LEVERI

U-AMT-LEVER?Z
RAIL-MAIN-SHIFR(1-2)U-AMT
RAIL-MAIN-SHIFR(3-4)U-AMT
ADAPTOR-F/R-TRG291
MAIN-SHIFT-LINE
SENSOR-POTENTIOMETER-TRG750
HARNESS-MIDDLE(AMT)-TRG730

% 1-46~49% AA EgE] #

Ay Ze A Fool, A oFoolE, FNE o
= 1=

Y 1-46 FHA o FololE FHR.
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® 1-27 PID Ao} Aol & A xdlo] A5 W)

Rise time Overshoot Setting time Steady state error
Kp Decrease Increase Small change Decrease
K Decrease Increase Increase Eliminate
Kp Small change Decrease Decrease Small change

%OﬂolE14 PID X4 A4 A4

PID AgE dFololHe Ao} Alxdgl Aol 7Hd & IS vARE ATy HA
A& & 2" 1-503 Zo] PID Al #HAst daelss /MEstd e ol& w3 PID A
o712 AT A Al AR dagEE Z-N (Ziegler-Nichols) WS %3] oo 9]

Hel PID 7] AleE AAS &, 7] Aot d5ololH e HEed+E V£ 22 Kp, K, Kp
q

FAZ AAGAE ABdeld TIPS Ay, STt aFY Bk ARE 5

Z-N Calculate
open loop method Initial parameter

i

Selection of optimal Fix initial
K, by simulation K, K

l

Fix optimal K, Selection of optimal
initial K K, by simulation

i

Selection of optimal Fix optimal
K, by simulation K, K;

l

Optimal of
K, K, K,

9 1-50 PID #A Alg AA <aEl s,

of ol o] B A|AEle] Agshii= Axp2] ed oo 9}, PID Alo]7], ZEIA o vEe Agst
FE olg3le] MIHATE AFedeolHE 4 (1-5)¢F 22 DC RE 9 ALdFE AL A2
o, PID Alo]7]E A (1-6)3% 7S Adukzel g

H(s)= 2 (1-7)3F Zo] yehd 4 glom & A7olA AR ¥elrenEH= 7]EHSHE)]



5V, SAFMN)7F 2707/360°2 AL 190 71k 3k

. agnw RFoolE Alo] Axue] AL
NesEle 18] 1-513 o] vpEd & ok

K

m

e

7=R,J/(RB+KK,)

Gpyp=Kp+Kps+—
E
}Y(s) ?2}j§ .....................
K, (K,s*+ Kps+ K;)

T(s)

'+ (1+K K))s*+ K K,s+ K K,

K dE7] B2 35 (Nm/A)
R @ opvbago] A7)

B #4 v AG(kgm?/s)
Ke @ 97149 A5 ( Vsec/rad)
T AR

T #A B AL (kgm?)

E: 7] A V)

N 34" 9 (rad)
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— Kp
(CI Y ou e
- » . — GG —
K'/ 4 ﬁ@ (Actuator)

ATt
C(T) A :
K /__,__ S
L . t
i T
8 1-52 Z-N method?] AGSHEA.
K;) =1.2—
K
_p
K=5r
Gy = X 05L wereeeessssinssinissssisiit s 2 (1-9)
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PID A% HAFFE 3 AEHold Zzagae 18 1-533 o] LabVIEW (version

dal ¥AE 27 AFE AFelolHe] Ao) Axw ARPFE JFOE K, Ky, Kp £AE
44N, SRS AR W7k ARE BA6] FEANE A9E F4 A5 A4
ek,

ST Y oW FE(maximum overshoot), A& A ZH(settling time), A3 e] 2=}

MR o] w AZ A, Fw FuL o FofolE e H$
HGEZE dAstd gt e AZA gl & A-+5 dAs Yo =

3 Al2®l & ZEol| wE WEF Aol MASEA| gkolof 37| o] ¥ 1-54(h)9k ol &
WHGFEZF 93 AR A4 e Qx7F HAQ ASE AASAY. obdAd Hrles A
o] ARl kAol ofd HAUMHAEE HrtsteE WRd UelAAE HdE(Nyquist plot)e
o]5 o f(gain margin)®t A o f(phase margin)E o] &3ttt o5 oAF¢ AN AdFE=
Alz=de] A EE UedE XE=Z 717be] X7 45 AAgo] Auldoz <hgsite

AL eJulakm, §5e) A gz Aoz Asuo] Hebdsiths AL n g

PID coefficient optimization simulation

PID ceefficient Step response Nyquist plot

Kp
EIEr

i
Gz

kd
Goz

Result

Overshoot(%) 9

Settling time(s) 0,66
S3-error 0

Closed Loop Stability  stable 0.25+

Amplitude

-1

=

@

=
T

[0, 000000

Gain margin 0

Phase margin 0 0.00- T T |
0,00 2.00 4.00 E.00
Time (sec)

1€ 1-53 PID AlF H 4 sk

]
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e
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o
s
£os
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o
=

_82_



Angle, degree
Displacement, mm

Time, sec Time, sec

(b) A

(@ AF, A%, PR
4 Fololye] Hx &9 Hde.

1-54

1 b

A

b 294 AFeloly
2o oFelolH o] PID 27] Ao} A% AR 919 A AAA 45 AN o

A% Z-N A9 $9oE gt XA orEe $HE4e FHF Ao a9 1-55% 2
_]

U A AR Al b2 019%, 03122 UER e olE Fd %7 AFE Ke=196
Ki=5.16, Kp=0.18% A A3} t}.
13
E 10
o
g 7
2
z 4
H L’/" T
1 7
0 0.z 0.4 0.6 0.8 1.0
Time, sec

;E

29 1-55 27| A AAde f% Z-N Ald &%
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THZ FA3 AEHoIAS s A 9 1-66, 19 1-57, 19
ol e AaE 19 1-56% Zo] yEEoew SRS L9
u Hof SWFE, AR, BGGH AT 7P WA e )
F FE SEHEAES HAFAT K7t 145 o]l Aol A& Tke] HAF Srkste] E24
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ol Kp7F 09 o] 3 wl w43 S7tst e A% of= 035 ofF5H Frtettt AT
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KpE 1452 AT AHjolA Kol S5 ed SHAEE Algdold 3

i

e g 1-574%
ol #FFGL SHA TS 1Y 1-57(@¥ 2ol K7t 3459 W AR, A 47}
7h A YER AL S FRETE WAEA] ol E 8] dFooly o] H3F KiE 345E A st
Ak A 29 1-57(h)eF o] Kiol A7|el F#glo] o5 offst 94 oIf7F FF %
S 7 RE WA kS & 5 glon, o] uf o5 of= Faue oz g
ER A 9 sk

KpE 145, KiE 3452 AT FHodA Kpo @A AERE AEdold & A=

'y

a9 1-58% 2k SRS 17 1-58@s 2ol Kyt 0199 W FHAe] b Ha o

MFETL BAEA ot b 25T SHEAS WYtk Kosl 348w} A olfE 1

¥ 1-58(b)sh 2ol AAAOR % &S b4 AAHPOH, o5 offE FH S A
o= vheb A it

- 10 r 1
100 —o— Max. overshoot, % | S0 20 -
| —m— Steady state error (x10°), % 250 | o =
e 80 | —— Setiling time, sec | |8 = 160 2
s - - 200 | &
< | = = ] 2
g 60 z g 120 £
'.;:' B = 150 | =
@ 40 e E 80 =
i—: Optimum, K.=1.45 £ k=] 0o %
-9 | = ; i
20 Q 50| —o— Gain margin | 40 33@
argi L]
3 | 2 0 | - P.!ms(' m u'gm__"
0 1 2 3 4 0 1 2 3 4
Kp Kp
[e) =
(a) €9 A% (b) e+
29 1-56 FH A fFclolE e H4d Ag A A3H(Ke).
. 10 .
19¢ —e— Max. overshoot, % 300 200
| —m— Steady state error (x10°), % [ = = )
80 | | A= Settling time, sec | |8 m 250 1160 ._?
S 5
i 6 - - 200 | 5
EE 60 | | § gl: 1120 g
E L = 150 | =
g 40 |4 = = g0 5
< a E | -
b Optimum, K=345 & = 100 =3
& | . |2 = 1 5]
& 20 [} 50 | —&— Gain margin 40 ]E
| Phasemargin || 3
0 0 0 3
0 1 2 3 4 5 0 1 2 3 4 5
K; K;
[e) =
(a) €9 A% (b) e+
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Phase margin, degree
g 8 &8 ¢ o
& 2 = 8 § ©

0.4

—&— Phase margin
0.3

—&— Gain margin

0.1

c o o o o
n o Wb o ]
NN = =

300

qp ‘uisaew uies

Time, sec

S o v 9 N o

0.4

%
—a— Steady state error (x10°), %
0.3

| —h— Settling time, sec

KI)

0.2

Optimum, K;=0.19
y,

—a— Max. overshoot,

" R I a
= = = = =
w w = o

YRS HIUTIERNER |

100

Y 1-58 FH A fFeleoly e HA Alg A Ko
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puit
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0242 A4

ole]¥ ] PID Z7] A4S Kp=343, Ki=12.25, Kp
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75 — 55

55 45

Angle, degree
Angle. degree

0 8523 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8
Time, sec Time, sec

(a) TH—>AR (h) THd—>FA

% 1-59 A57 e geolE o] PID &7] Al A 2t

2 ool e ) Ao Alxd AYBFE AFEo2 Ky, K, Ko
2 629} o] bEh:

1
Aiodt SARE AlgdelAl g Ay Z1d 1-60% Zo] #EHIJY. SHA T

Bt g £ $HEAS wolw on, Kb 18 o9 Al SRl 24 At
of A% AFololHe Aoj7t ofHES & F vk Kerb F7Fl wheh o5 ofi 19
1-602)st o] 126141 FAS Ahstgon], A4 olfi APHOE Fastel Axgo] ot
B3 AeE dEigl Kb 12 el A 14 o9} o5 ol fi7 B abgEe] dF A
fFalele ] H4 Kpi 652 44tk

Kp® 652 343 oA Ko $d4%% Yg Agdeld & Fvh= 17 1-613
otk SRS 29 1-6LD% 2ol Kok 20 o149l Aol fAkshA vhebos, 579
Aol 4 SR SHEAL AT PAEE 27 16129 o] Kol 2l¢l Fuglel

o5 ofFst AN ARt AT ;S A EE RSl ARE & 5 glom, o] uff o5

m
u

KpE 65, KiE 5.72 2AS HejolA Kpo S$H9A5H HBEE Al&d o)A A=
B 1-629 2k SHAEES 19 1-621)% 2ol Hvj eMFES FHAe] Kot 0249 o
A ko, gAEets Kot LT b A @ke walvh Kprb E7hael

whel o5 olfi= Y 1-622)9 2ol AANOR we e b4 AAsgom, A ol fe

v

Kp7F 025 o4 v dAs Hadhs 4 Btk & 7oA & AlZke] EgY W
£7] el 7 23 249 e el Mol ewWGES AHATTe] HaolH, MR
7P e P e 4 KpE 0242 AAESI T
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YA, A5, FHE&, Bsg A7) AFo o)y AojE 93] LabVIEW (version 2009,
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e
0

Trwerter marual @

HEZEE [V
A R T T e - Invertar ratual @
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 200 Emergency _ Powder_brake On .
El )
L Al . £ Azt i A 3 Powder_brake manual? @
FID Loop count 0

Powder_hrake auto @

PID gains PID M gains =7 =8 ®MF PID out 0.00 5
3 4 ° Clutch Direction @
proportional gain (Kc) rél.DDD proportional gain (Kol -41.000 o PID iter O S it '

1 4 1EF 2E 3EF 4EF NEF
integral time (T, min) :3’0.001 integral tirne (T, mind :\D‘DDI P90 0 O Powder_brake marual @
derivative time (Td, min) -40.000 derivative time (Td, min} -40.000 Emergency? o
el |[=md 2l Ladlizdlizdliz=d [2dl =24l =20 =]

17 1-60 Ao olE] Al Ao} Lz,

(5) PID HA A4 45 H7t

(7h 29A g FeoH

Fe]x fFoolye] HA AF(Kp=145 Ki=3.45, Kp=0.190) A& AMT Aul A& 4=
Al delol Alo] Al S MAst HA AlFe THA TS vuson A= 19 1-61
3 o] vebyte) ojul oo Alo] AF AL KeE A AFuy) 02 v 1252 4A3%
23 3 A5 B(Kp=125, Ki=2.85, Kp=0.065)3 KpZE HF AFHT} 02 & 1652 A

o

Ag = HA4st g Al A(Kp=1.65, Ki=4.15, Kp=0.325)& =it Alo] Ao & Huj
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SWHE AAANZ, A e B 1-283 o] BE AE oW fEE ERRA] Kp=1.25,

250% 2 WEF A Kp=1.65, Ki=4.15, Kp=0.325¢] 4% A

1.06x0l Hl&] Ao A=

o] o} Kp=145, Ki=3.45, Kp=0.197} 4 Ao AFd-& FAetadvt oju] Aozt Al
A5 & Aot HFHA gt

Ki=2.85, Kp=0.065%] 74-¢ & =2A|7ko]

15
E 12
=
= a
5
E 6
=9
L 3 —= K,:1.25K:2.85 K, :0.065
=) -6 K,:1.45 K;:3.45 K, :0.190
0 . | —A— K165 K415 K:0.325
0 0.5 1 1.5 2 2.5 3
Time, s

¥ 1-61 FE A fFcllolE e HA Ao} A T At

3 1-28 FEA AFololg e HA Ao Ag AL 2

Parameters Max. Overshoot Settling time Steady state error
(%) (sec) (%)
Kp=1.25, Ki=2.85, Kp=0.065 0.00 2.50 1.29
Kp=1.45, Ki=3.45, Kp=0.190 0.00 1.06 1.32
Kp=1.65, Ki=4.15, Kp=0.325 0.00 1.68 1.32

oA AFololE WME FEe] mE Aol A% W AMT Av ABFANA HA5HE
om Fat el wE FeA o
A Aol ol HAAU B3k FEel W Aole] S A¥e E 1-20sh ol Faiv
Folteln Ay eMGEE WASA 2%a FFALE LlE oWE, APFHeE 0.5%

o= hebsth o B Edl FelA AFelclH] HF ASE 9E PFARY oheh 3}
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=
g 12
]
g 9
=
2 6 -8~ 0 Mpa
& —©— 1Mpa
.% 3 —A— 2 Mpa
) —— 3 Mpa
0
0 05 . 1 1.5
Time,
2 1-62 F-sF e wE ZojA] HFooly] Aol 4% 4

31229 F3f el whE FHA qFcloly HA A &9 AT

Load Max. overshoot Settling time Steady state error
(Mpa) (%) (sec) (%)

0 0.00 £ 0.000 1.03 £ 0.015 0.33 + 0.068
0.5 0.00 £ 0.000 1.04 = 0.015 0.28 £ 0.102

1 0.00 £ 0.000 1.04 £ 0.017 0.30 = 0.251
1.5 0.00 £ 0.000 1.06 £ 0.015 0.41 £ 0.043

2 0.00 £ 0.000 1.08 £ 0.010 0.32 + 0.059
2.5 0.00 £ 0.000 1.07 £ 0.010 0.49 £ 0.110

3 0.00 £ 0.000 1.07 £ 0.015 0.31 £ 0.123

ojo] A7 AF(Kp=650, K=5.70, Kp=0.240) A%< AMT
AUl A g A glele] Ao A e AAste] HA AFet $HATS vasision 2
= a9 1-633% o] yEepwth ol loje] Ao AF AL KeE HA AFHT 02 B
6.300.2 A3 F HH3 3 AF H(Kp=6.30, Ki=4.80, Kp=0.155)% KpZ H& At} 02
e 67002 AR 5 HA3 3 A A (Ke=6.70, Ki=6.05, Kp=0.330)2 &3ty ¥ 1-303%
o] Kp=6.30, Ki=4.80, Kp=0.1552] 4% Hdl ew+E7} 850%, AZAI7ko]l 1.18%, A d/dH
Q27 0%2 WERREIL, Kp=6.70, Ki=6.05, Kp=0.3302] A% FHh wWHEZ 1.50%, AFA7E
o] 374z, A FH AT 45% = e BF AAE HAAF SR Hu LHGE
3%, AR 0.44%, AFH At 0%l vla] Ao} Aol wol Kp=6.50, Ki=5.70, Kp=0.
HA Alo] AFdg Gt
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—5 K,:6.30 K;:4.80 K:0.155
-6 K,:6.50 K;:5.70 K,,:0.240

¥

f

- K,:6.70 K;:6.05 K,:0.330

0.5

Lo [Tel Te} Lo
© [Tel < 2]

.ITIp VBUYy

2.5

1.5

Time, s

Steady state error
(%)
0.00
0.00
4.50

(sec)

Settling time

Max. Overshoot
(%)

Parameters

1.18
0.44
3.74

8.50
3.00
1.50

=4.80, Kp=0.155

KP:6.30, KI

5.70, Kp=0.240

6.90, Ki=
Kp=6.70, Ki1=6.05, Kp=0.330
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79 |

o 65 |
E[' 55 Neatral \ Neutral
S 51 j‘
E" | = B —
< 25 |
l
0 2 4 6 8 10 10 12 14 16 18 20
Time, s Time, s
(a) 9 — A2 (b A7 — F3
?5 Forward Forward
3 65
E.L‘ PR | Meutral Weutral
= 45
%.L' 35 - \\ [\
=1 Hevers JI Revers
< 25 | !
15 | . i ; . |
20 22 24 26 28 30 30 32 34 36 38 40
Time, s Time, s
() 54 — 54 d 3 — F3
a8 1-64 HAH AFE o] &3 AR fFoolEH ] A Ao A,
E 1-31 A5 dFoolH e A Ao A5
Control direction Max. overshoot (%) Settling time (sec)  Steady state error (%)
N* — F° 258 + 0.035 0.43 £ 0.012 0.04 £ 0.003
F—N 3.11 £ 0.085 0.37 £ 0.023 0.03 £ 0.005
N — R* 3.36 £ 0.068 0.40 £ 0.020 0.02 £ 0.010
R — N 278 + 0.040 0.31 £ 0.012 0.03 £ 0.005

‘N : neutral, ‘F : forward, ‘R : reverse

(1) AlejAds H7F W
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¥ 1-32 F8A gFoelH e ®& Ao AT

Standard state RPM reaching Mission

Auxiliary Settling time (sec)
_ Main shift error time RPM
shift b ) (%) (sec) (rpm)
1 0.48+0.02 0.97+0.01 0.11+0.017 256 £ 0.08 267 + 3.15
2 0.49£0.03  0.94+0.02 0.10+0.011 257 £ 0.05 291 + 253
! 3 0.47+0.01  0.96+0.01 0.14+0.019 260 = 012 438 + 2.22
4 0.53£0.01  0.92+0.02 0.22+0.222 261 £ 011 596 + 231
1 0.49£0.02  0.97+0.02 0.14+0.028 263 £ 015 657 + 255
) 2 0.51£0.03  0.92+0.02 0.11+0.022 259 £ 0.09 784 + 3.10
3 0.53+0.03  0.93+0.01 0.19+0125 260 + 004 929 + 213
4 0.51£0.02  0.92+0.02 0.12+0.034 265 + 0.10 1238 + 362
1 0.49+0.01  0.89+0.01 0.15+0.064 262 = 011 1459 + 1.03
5 2 0.50£0.02  0.91+0.01 0.23+0.189 269 + 008 1735 + 220
3 0.50£0.02  0.91+0.01 0.36+0.071 275 £ 0.07 2048 £ 1.25
4 0.49+0.03  1.00+0.01 0.26+0.170 288 + 016 2731 £ 1.22
1 0.51+£0.05 0.93+£0.01 0.16+0.057 292 £ 018 380.1 = 292
A 2 0.53£0.01  0.97+0.02 0.30+0.164 297 £ 0.16 4559 * 2.53
3 0.56£0.10  0.93+0.03 0.19+0.128 3.04 + 0.13 5325 + 3.37
4 0.53+£0.06  0.93+0.03 0.33+£0.294 313 £ 019 7137 £ 352
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Angle, degree

Displacement, mm

Revolution speed, rpm

75 |

65 Shuttle shifting Forward

55

Neutral

15

35 -

Reverse

15 v

0
15 Clutch
127 n n n ﬂDisengaging

] L O | }
g : ngaging

200
150
100 t
50 T

0 0 10 20 30 10
_50 |

7100 1 il duration time Total duration time
-150 (N->F) (N->R)
I I \ \

—200

‘ Transmission RPM

Time, sec

2% 1-66 AF7 fFololH o] WM Alo](FWL-3, FW%-2).
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75 2 - T —_— T
| Shuttle shifting | | shuttle shifting
65 1 ; - ' 65
£ g
% 55 ¢ } hh %
-=‘ > . Shuttle shift | Shuttle shif a5 Fy
Shuttle shifting time Shuttle shifting time ]
B 3 Sy - N>R s B
2 . ]
ST 15
0 0
15 7 = T T T 1 - 15
= | Clutch | | Clutch =
£ 12 |! J Il I 12 z
o B
E 9t Disengaging | Engaging I Disengaging Engaging 9 g
E time L time time o time g
g 6 | (N->F) (N->F) I (N->R) (N->R) 6 f.
£ | E
2 3t 3 =]
0l 0
=] 200 - < T = 200 =
& 50 | Transmission RPM | Transmission RPM | 50 2
= 100 100 g
E—__ 50 | [ s0  §
[ 0 | I | o £
.% 50 |9 2 A 6 8 10 20 22 24 26 28 05 g
= 100 w0 I
£ -0 150
20¢ Time, sec ' Time, sec s
(a) T8 — AA b 8 — F2
¥ 1-67 AFZ oAFoolH o] W& Alo](FWEH-3, FHE-2).
F1-33 7o #AEnlel o8 s IAHEGEHE 2 36
Auxiliary shift 2 3
Main shift 1 2 3 4 1 2 3 4
Forward 66 9 93 124 147 174 205 274
Reverse 55 65 76 102 121 143 168 225

*T%Z RPM = A2 RPM (2600 rpm) x 7]o] <]
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F 1-34 A ooy WM& Alo] He(gdH — A3

Neutral — Forward

Auxiliary Main shift Total .duration RPM .reaching Transmission
shift time time RPM
(sec) (sec) (rpm)

1 240 + 0.04 2.63 + 0.05 66.3 + 0.05

2 2.35 £ 0.05 2.59 + 0.04 79.1 + 0.10

: 3 240 + 0.04 2.65 + 0.03 93.1 + 0.13

4 2.38 = 0.07 2.65 + 0.08 1241 + 0.15

1 2.29 + 0.03 2.62 + 0.04 1471 + 0.03

2 2.36 = 0.03 2.69 + 0.03 174.0 + 0.20

; 3 2.37 £ 0.03 2.75 + 0.03 204.8 + 0.25

4 243 + 0.06 2.88 £ 0.05 2740 + 0.22

E1-35 AR AFololE WE Aol AB(FE — =)

Neutral — Reverse

Auxi.liary Main shift Total .duration RPM .reaching Transmission
shift time time RPM
(sec) (sec) (rpm)

1 2.39 £ 0.05 2.61 + 0.08 55.0 = 0.15

2 2.33 = 0.06 2.55 + 0.06 65.0 + 0.10

: 3 2.38 + 0.04 2.60 + 0.03 75.8 + 0.65

4 2.37 £ 0.06 2.63 + 0.08 102.0 + 0.06

1 2.29 + 0.04 2.58 + 0.03 121.6 + 0.47

2 2.36 = 0.03 2.63 + 0.03 143.6 + 0.32

) 3 2.37 £ 0.04 2.73 + 0.05 1682 + 0.36

4 241 + 0.03 2.81 + 0.05 2251 + 0.30
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Angle, degree Angle, degree

Displacement, degree

®» =~
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’/ Main 3
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Main 1|
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ain shifting actuator(1-27 "
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Main 1
bain 4
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o6}
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ﬂNeutral
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JH Main shifting actuator(3-4)

;
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Clutch actuator

Semi-clutching
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¥ 1-36 F9% Aoy W& A% WUl A
Auxiliary shift Main shift Total duration time Mission RPM
(sec) (rpm)
3—1 3.56 £ 0.18 204 £ 2.55
) 1 —4 3.17 £ 0.12 588 = 3.11
4—2 350 £ 0.13 282 £ 241
23 361 £ 0.11 43.1 £ 278
3—1 263 £ 0.18 65.1 + 3.55
5 1—4 209 £ 011 1235 + 3.77
4—2 3.25 £ 0.07 76.2 £ 2.96
23 3.15 £ 0.05 915 £ 2.82
3—1 365 £ 0.08 1449 + 2.13
1 —4 347 £ 0.09 2726 £ 1.78
’ 4—2 343 £ 0.15 1726 + 2.35
23 364 £ 0.07 2035 £ 249
3—1 3.59 £ 0.13 37194 £ 281
A 1 —4 362 £ 0.21 712.3 + 3.68
4—2 363 £ 0.18 4549 + 2.67
23 3.59 £ 0.14 5322 £ 3.39

o
ol
o
N
i)
T
[@))
©o
&
L
i
s
T
N
i
12,
Y
=
s
o
N

B ogE ogagoy 34w AFdolH: @x Y AHE AASAYL 28 — 3ue)

2
W&o A= 34 e Foll o]yt e ol

g
by
5
N
2,
- 2
s
S,
Y
4z
g
B
>,
o
i)
A
of\
=
0
=
flo
=
—
o
ﬂ
o
i
S
<
o
3
i)
=Y
)
4z
g

o A Hwldeo] ovtoA] 3T o2 AojEE Ao 34722 g =g Aul

- 101 -



FHE 2 RS S upE st 24 AR A @gokv dA HE A Zho] A5l )
8 =l e o FE oFololH ] Ae mAAXE T Ale] AFoloHE A
S W Alofo] Azte] o 2eHY] o B =3 249 Ao Fx F TE
S RPM2 §-®¥& gl SRS o] Ao ue o =4 #@Hslew 2 Aol 79
AEne] o8 Add EE RPMI fAFSHA ey
75 5
69 Auxiliary shifting actuatof(1-2) puxiliary |
g)a . * d v Auxiliary 4
L . i
g . / . Neutral
= F/ e
= 25 Auxiliary shifting actuator(3-4) I iUX!:!aryg \1_.___‘,7
uxiliary
T
o 15
[ 5]
@ 12 Py ! Disengaging =
= JioaiSs R L
o i et} ¥ ST Ter TS T )
g 2 Clutch actuator
g
g 5
=
.E 3 Y 3 Eraadinag
0]
0 1 2 3 4 3] ] 7 8 i O 1 2 3 4 b 6 7 8
Time, sec Time, sec
(a) T4 — 2% (b) 1&+ — 2%t
75
o5 Auxiliary shifting actuator(1-2) Auxiliary 1
o Auxiliary shifting Qctuator[szl) Auxiliary 4 /
@ 52 \ \ Iy
S ,_T(\\_w — %__k
Eﬁ % \ \ il Meutral
< \J | \ T Auxiliary 2 ,/
3 N l Auxiliary 3
15
o 1D
[F]
& 12 = !  Disengaging N
= / A — /!
.‘_;\  § = e ST TS TTIT TS T =K
g 9
g Clutch actuator\‘
2 5
2
E 3 < b3 Freadirg < P ——
0
0 1 2 3 4 5 6 7 8 90 1 2 3 4 5 3 7 8
Time, sec Time, sec
(c) 2% — 3% (d) 3 — 4%
29 1-69 FHS ofooly WS A Hrh Ayt
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137 W% olololy W Ay 9ok At
Main shift  Auxiliary shift Total dgjgon time Mlss&ginf{PM
=g > 1 239 + 0.13 %69 + 345
1—2 217 + 021 660 + 2.78
! 2 — 3 347 + 0.18 1458 + 2.15
3> 4 299 + 0.14 3786 + 3.02
29 — 1 319 + 0.09 291 + 247
, 1—2 301 + 0.07 784 + 3.10
2 — 3 289 + 0.12 1735 + 2.20
3 — 4 312 + 011 4559 + 223
=g > 1 208 + 0.08 123 + 259
1—2 288 + 0.07 911 + 301
) 2 — 3 302 + 013 2001 + 1.99
3 — 4 313 + 0.15 5283 + 321
=g > 1 310 + 0.09 595 + 2.65
1—2 307 + 0.09 1227 + 401
! 2 — 3 299 + 0.10 2729 + 201
3 — 4 301 + 0.08 7140 + 2.9
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2. AMT S Ede] TCU A2 47 2 7
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& AHgSRTh B MEAC)E AT o oA wEolokshs o] Aol w

jatn)
o
s
o
ol
ol
~

1-702 2Ald FEZH] dw<l CPUS wAd=E el ok A5 45
E

e AbeA QEAA 9 AT Aolg WS WF A5E £2 9 Ae, AE 2
s 4

A_vCC
PN

02

5V

L1
CIC10J121NC
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EEE <
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X—7-| PBO(SS) PC4(A12) [552X
sck [ PB1(SCK) PC3(A11) 35X
X5 PB2(MOS)) PC1(A10) [ 35 X M2_SEL2
Elec_Horn X4 | PB3(MISO) PC1(A9) M2_SELT
M1_PWM PB4(OC2A) - PCO(AB) 734 CL_BUTTON
M2 PWM 2 PB5(OC1A)  § a5 £o PG1(RD)
PBSOCTE) & sel £ %t PGO(WR) [—>—X
T
8oEy -y Bd2RLERe
R§§m08§i‘sxw FO o~
PERIZOOKKRRERLRERR
T [2[2(R[& N[R(N|R| 8 &(RIR|B(H|S
5v &
) I [
i 555
% %\ %\ = 8\ 8\ g g g |
o] =45 S8 [s 2
®
] o
16MFiZ % %

c22 —C23

1 SPFI _L_15PF

a9 1-70 FESY 32X CPU).

N oy e AAA FAEE

o

g2 ddsto] Ao dAAel FAE bl d&F Ar o] rhgdty o e HAE
o 27)e] Aoz Aloje = vk Axe] di= CAN §4le o833t EdE e CAN9| 4
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% ISO 11783914 AT o] om B Agtorz a7 1-713 2o Jurs FA Y
CAN BA1R9 3 2%o] Al gEHE CANZZESE AEZe 9 B2 WA Alole <lgH o
2 SMDEFY 2.2 1 Mbaud ©]49] AEHEE 7HA & PCAR2C20TE AHE-31% T

D5 5V
KDS226 Q
1
. T R—
2
5V 5V
o)
ce c20 _| 1
104 1UF16V —T~ 3 {
1 :
5V — = R24, R25 D6 1
Q 1K 1K KDS226 =
u13
CAN_Txd > ; TXD—’ RS ?
SPGND CALHY <_"]CAN_HIGH
VCC CANL
CAN_Rxd > 4 5RXD  Vref 42—X ?égR(RE@:ngg)
| PCA82C250T 1
= = < CAN_LOW
c28 C29

2 ZoolE e YA e ARE gy Wy I 28 1-72¢
2ol JHF IREE FAAT. FAAH FEF analog to digital I EZ=ZH #H E o
OJHE B3 Z2AHEHE 0 ~ 5VY ofgdE 1 AT E Aol & =Ho Lo|d txY ANF = W
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C33 [C34 |[C35 C36
~ N ~ | [V ~ | N ~ | N
®
IN]
N

© © © ©
(N (N (N (N
2 2 2 > T T T
(a] (a] (a] o Q Q
RA1 X X X X I I I
MNR14J1K D11 D12 D13 D14 RA2
C_FR_lever AD 5 4 “ ) ) ) 4 5 FRlever AD
C_CL AC_AD 6 3 3 6 CL AC AD
C_FR_AC AD 7 2 2 7 __FRACAD
C_Spare_AD1 8 1 1 8 Spare_AD1
SN MNR14J1K
RA3
MNR 14J200K
LO| O | 0|

a9 1-72 AEZY IEZE(AD 945 3 =2).

10K u4c u4D

C_TM_HALL_A % 5 (>c5 9 (}J_DTM HALL_A
_chs
L

104 104
74LS14D 74LS14D 74LS14D 74LS14D
12V sv 12V sV
R33 R31 R30
3.3K 5.1K 5.1K
u11B u11c
3l 4 CL_BUTTON 501 6 Setting BT
D10 R355.1K 74LS14D D9 R34 5.1K 74LS14D
Q3 C_Setting BT Q2
KTC38758Y KTC38758Y

MMDL914

I

a9 1-73 PEEZY IJ==(=9A]).

2% 1-740 = A5 4 FololE of A fFoolHolA A= DC RE AlolE 3k
2 Yehlidth ZH O Ao E fEiA a5 ) JEHs 7HRE EHEFEA(74LS153M, On
semiconductor, USA)E o] &3 o ZHO Ao 25 &3-S 93] oA 349 ~9H
245 o] 7be3k db=A ¢l TRF3205, IRF4905_P (International rectifier, USA)E AF&-315 o1
IRF32052] - continuous drain current’} 20TCel 4] 110 A, 100TCol 4 &0 A, IRF49052] 7
S 27 =74, -52 AE 7FA
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6 10 10K 4 U21A
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10| 1A AY ] 10K2012 2 Q16
5118 %18 KTN2222AS
cs 1
104 3|28 9 3 4 N M1_BOTTOM1
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= 14 1 2 Q17
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9
Q8 N N @
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1 I
22R - : 22R
M1_12V R48
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C38 100R
2200UF63V R50 R51 C39
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M1 _GND
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R60 1K R61 59K R62 100K R63 11K

——AN—
C431103
1] =

o

10K
0V@oA 4.5V@30Amax U18A
R65 10K 4.5V@30Anax w1 pemax <} : ) ,
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C45 U158 74LS14D
MC33072DR( I10UF16\/

29 1-760= A Heolast HA 5 AoEr] AR oF =Y IJRE=E YEhlAvh
Alole] &8 Ao]E 93 IPSH451S (International rectifier, USA)E AM439 o0 H2% HE

(over temperature protection) % ¥+ H S (over current protection) 7]&-S 7}FI U}
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C Elec Brake
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(2) TCU Aol 2A
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FololHelA Ah-gat= DC RHE Alejstr] 9 =H Ale]-§& POWER-FET7} 871 "3+ of
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Ayto] wr=Al AQdy, A FEHET|dA AR HoAE AEF dFolH= FHU
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O TM_HALL_ A 5 @O & ) @ [ T TR GIMHAL A Q oy
®
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Fi¥ 5T B
(a) B¢k d TCU 3= (b) ¥k & TCU 3=

28 1-92 TCU 3= ®gh

(1) A7 A2

A7) Mg 2" 159339 2ol EY, 2y WA, AEEH AoladACd A

2 o] 4d FHwd WA o= 2 kV 108, 4 kV 108], 6 kV 108, 8 kV 108 9] 4 #Fo.
Hel A3 rretaA Alde AAskdv A7 Ald A, REEA 8o, Ao
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(a) =9 A (b) ®¥ =} A (c) Aol HA
o9 1-93 AR AL

7HE AAET ZlEedl s A3 E¥ A FEslarh 2635832 Foixlal, of e of 24l 5

s WA 7

ox AATAY. 454 o
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Follolg ] g 7]

I 1-38 AMT EZH e A

Item Specification
Length x Width x Height (mm) 3,048 x 1,680 x 2,386
Weight (kg) 2,103
Engine Rated power (hp) 50 @2600 rpm
Transmission AMT
PTO Rated power (hp) 40
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F1-39 WA "B Ve

Overseas Domestic
Tractor used hours per year hr 100 205
Percentage of loader use % 60 45
Loader used hours per year hr 60.0 92.3
The minimum warranty period year 2 3
Loader used hours during the warranty hr 120 277
The number of loader work per hour A 108(86) 36
(Consider of work margin) H1 120096) 96
The number of clutch  operation per 1 A 4.3
time loader working H1 5.3
_ L4 369.8  60hour
The number of clutch operation per hour i 5088 60hour
L4 22188  5160%*
The number of clutch operation per year H1 30528  5760*
Total 52716 10920
Work margin(Promoting factor) 0.5 0.5
The final number of clutch operation 26358 5460 31818
L4 11094 2580 13674
H1 15264 2880 18144

*The number of loader work

71
A By, A-FR FololEst FeA ol FelolE], FHE oiFoolele] 2zt A Lwl
== | A
=]

e =4 ek 19k ol A BUME AsiMde Be Alte]l 225
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p——— el @D Vsl (1 el - {1001
3 o iy Hl coo

A5 WA "HokE AT 23 E

leycle=>45s e 21 (1-10)
45 %< 12500 = 5625005 = 156hr (6.5days)

140 AFA Q74 9o e Ads

F/R Forward Neutral Reverse Neutral
Step 1st Z2ed 3rd 4th bth 6th Tth 8th
) ) Stop ) ) Stop
Condition FO?W .ard Forw grd after Neutral Re.V e.r se Rev e1.rse after Neutral
shifting traveling shifting traveling
output output
Clutch E-Dx* D-Exx E-D D-E E-D D-E E-D D-E
F/R. N-F F F-N N N-R R R-N N
pearshift

* E-D ! Engage—Disengaged, ** D-E ! Disengaged—FEngage
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Engage
Disengag

Foward
Neutral
Reverse

&Y
23
b
o
:Cn)LL
i
i)
fo
)
X2
i)

& T F7HE g 2AAAAE E 1413 2ol 1 -2u-3uh-4d-3d -2 -1 -
2 3o, 3 cycle’ 89 F#A xFE vk £I 1-2¢ FEd 3-4 50

A7) wEel 1-29s &2 ol7] HsliAE 3-4de] &
H Al lojoF vk o] 3k

s, A8 AzEe 2 (1-1D3 2] 5Yo] A8 AT
N Age B WA 4 A WS A oA ezl dejuA kskon, YE o %

o] e B7HE s 2008 vHE AlEE FUPHoR A3 a2 zpEo] dojubA o

leycle =>70s e 21 (1-11)
70 X 6250 = 437505 = 121.5hr (5days)

I 1-41 #9554 H7h 2 Alds

Step 1st Z2ed 3rd 4th bth 6th 7th 8th
Condition 1 level 2 level 3 level 4-level 3 level 2 level 1 level Neutral
shifting  shifting shifting  shifting  shifting  shifting  shifting
12 N-1 1-2 2-N N N N-2 2-1 1-N

gearshift
34 N N N-3 3-4 4-3 3-N N N
gearshift
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A A WTA Bk WEe] Ao b5 We) el FaEEA HA5]
Nzol wep G dFdolde] A5E FANYeH, AMT $EAAY £ 2

.
& BAFY) 98 Wy ALET AH9) 4pEY

o
o,
42
b

o
1:011
o

S BH3%e] W& F & (efficiency of
transmission) % < H-&(slip rate) S =433t}
ohH ¥% A9
XHAAAES 8 AMRE AY ¥Fe w4A 2] 2 BEAo] tE 3 AHe =g HAAHsA
o B¢ X F48 3l 332 = A7 diE] 4o H e HAAF I BEA, FE S,

HF YA FE 3 v FA4FAY EAL AR wd7Iedel gE 8ty va 555 (USDA)
Mol uwgl 4393, 95 #AYASFE sol compaction meter (SC900, Spectrum
Technology, E Plainfield, USA)Z o]&3}2] 0 ~ 25 cm ¥WSolA] 5 cm HF 02 ZAF o

PR GY ZAS BF AABE o §ite] EFS ART F 0B AxUS o §5HAT. A

} i Field size | Water content Cone index (kPa) by depth
Site Soll type o - -
(m) (wh, %) 0 cm S5em | 10em | 1o5em | 20 em | 25 cm
[ Sandy loam | 100 x 40 157 &0 043 1,394 1470 1,208 1,208
Loam 106 x 35 21.3 1,76 2124 2285 2445 2451
m Sandy loam | 120 x 30 284 53 84 1,666 2,450

Aol AP 50vtE g EYHY Fo FAYQd o A(plow tillage), ZEFE] A&
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(PS2408, Sewoong, Korea)E& AH&3t o™, ZElg] A% 297l 43| 230 emeolal Ly Z

o] gaEoe] ¢l d 2R o] ¥ (WJ230E, Woongjin Machinery Co. Ltd., Korea)Z Al-&
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P1 (540 tpm)
20 cm
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Shifting

Clutch engaging time Total shifting time

Shuttle shifting time

direction

2.26 = 0.19
0.38 + 0.15
2.14 + 0.25

0.36 = 0.07 191 £ 0.18

0.38 £ 0.15
0.33 £ 0.11
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146 FWE RFololg el W& Alo] B4 A (9] : sec)
o . Main shift
Auxiliary shift

N — 1-2 N — 3-4 1-2 — 3-4

1 1.21 + 0.04a* 1.28 £ 0.18b 2.53 + 0.09¢

2 1.24 + 0.08a 1.27 £ 0.11b 2.58 + 0.19¢

3 1.27 £ 0.12a 1.29 £ 0.06b 2.57 £ 0.08¢

4 1.28 + 0.10a 1.30 £ 0.13b 2.59 + 0.13c

Average 1.25 £ 0.18*x 1.29 £ 0.19 2.57 + 0.22

* p<0.05 by SNK multiple range test
*% gverage * Standard deviation

(hollow shaft) °]F-o ZE <A o] X (CEA-06-250US-350, MicroMeasurement Co., USA)E
B23le] B4 A5 E Ao e devED (radio telemetry) I/O S1E o]~ (R2,
Manner, Germany)E& ©|&3to] o= AlAe] AT E FH3vt W] eS| v
B Alad2 g 1-1029F Zo] AN, B A5 2EYQIACA — 3T <t

W(rotor antenna) — LG5 <FH| W (stator antenna) — <721 7|(receiver) — H©lo]H 3 %= 9

TAZ AFEY, AA L QrH Y AYLLS FATAA AR QteEUE B FHF otH U=
AYE FH(Gnduction power)dtA Erl WHEY] e Ea =4S 98 Algd dudE

o
>,
[
jaii)
rlo
5=
‘_\&
m
)
Lo,
=
1z
2,
i
ﬁ
i
2

- 127 -
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a8 1-102 Ex =R A 2" P QA

H A%e] A8F59e 479 AFol| F&3tes EAS AF9 IHAEEE FH3l] 4
(4-1)& o]&3lo AisAY. A9 EAE Four element full-bridge 2E Q1A o)A
(CEA-06-250US-350, Micro Measurement Co., USA)ES #3 RHlES gaS 413 A]7]7]
el = Wk digte] 45°= F-F3Fa(Nahmgung, 2001) &4 £HYS o83y NI E
Fotalon, ojuf 2EH A A= 27 FA4S ¢h3kstr] 98 '’ A esklth

H AEe] 2EH AR = 17 1-103(a)%t o] HFE &5 (final drive axle)ol] -3}
on, FdEEE H AF9 Fx=E Qld Wrd IHAER AAE FFEE o] of¥frR=E
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Power, kW
E
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o
T

0 50 100 150 200 250 300
Time, sec
(a) =% A+ 29
10 A —p—
tﬂ‘—'|‘7| B EH= %E—:! ¢|_g=1_ L=
=z |
— 6 - ’
5 L) | l
z 47 |P | meﬂ i |u )
o | } | ﬁ' | 8l
2 r ‘|‘ | |
l | |
0 1
0 50 100 150
Time, sec
(h) Zeg A2 24
a9 1-104 M7 JEHSY 2FHe] A8,
B 147 2 A9 A AFel BASE 2258 B4
.. Driving alxes Efficiency of Slip
) Transmission . LD 2
Operations iout shaft power transmussion rate
P (kW) (%) (%)
P
. low 15.1+4.7%% 11.6+1.7 76.8+3.1% 20.3+3.1%
tillage
Rotary B B A B
) 3.8£3.6 2.8£0.4 73.612.2 19.1£2.5
tillage

2 driving axles power (kW) / transmission input shaft power (kW) x 100
2 (1-(traveling speed (km/h) / driving axle speed (km/h)) x 100

¥ averages with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by

Duncan’s multiple range test.
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F 1-51 W& FEdd e S (¢ 1 g)

F/R shift Auxiliary shift Main shift Shifting shock

0.24+0.015"

—_

0.26+0.027

0.27+0.023

0.31+£0.014

Forward 0.26£0.007

0.35+0.021

0.46+0.013

0.55+0.014

0.23+0.009

0.26+0.016

0.29+0.021

0.30+0.026

Reverse 0.25+0.014

0.32+0.023

0.38+0.020

A QO (DD [ QO DD [ [N [ D

0.47+0.010

= Averagetstandard deviation

@ 24 $Ee A% wA 7% AL
AMT FHolEdle] 288 7% ALe 6 A% ud 71%e Adse] 24, v o
fQlow odd 2eA AFololEe AFA AFdoHe] AR ATow wAsL WNE 4

BE HHoz AHagol e

Y
Ol
L
2
v
>

T WA Ve dagEe 1§ 1-111~114¢9F
wol =A A% WA Fulshy, FeA AR He A% WA, AFA AR H I A4F

A, AE B TR o2 s vk

7)) A v Fv) A
a9 1-1118 A5 HA Evjaggoz s HAS Aldgsty] A F¥ 34, W7o 94
TS A4 o AL &y 2o dA EHE vk el

=
ol gd ¥ AEHA AdHIE 3= AWE AT FRSH S 42 1de] fA8 F
A

7}
A A AW E TR Favh ofr)el Ao AEee 2a A3 SAFE 800 rpm(s 3] )
oz vy o § FHA dds e gal AE BA AYE 2718 ME A4 9
AE BA Enge] fR s Abs WAl AlRtE 7] H
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. St HHE EAHTHCL

. F/N/R shuttle leverE ‘N'0j| £&
CFHEYHE SEHO 58

. Range Gear shift® £&|0| £&

s By =7t
= AL?

Y

P

E/G 48 MEsict
(ABOUT 800RPM)

START THE E/G

AlS0| HelX| Y= BS
(4.7.229| 1) &%)

v

1K B
(4.7.2.29| 2) =)

2ax 1S 92 23

s HYHE
K| Aot

s HE AE
(LEHA: %==ofjolEf &)

a9 1-111 #ps BA F9] Sl s,

() As BA

29 1-112, 1132 S8 A AFololE et A5 oy e g B A

[€)

HU
é
12
e e

.
ool mE|S o4 §5E WA lelm R WY AAe o §F¥E Ade HHo
T H

AgAt s BA AP A A= & Aol AlAE AL oF 12% o] & F# A FHEelA



al
=

S

g wop @t} A% wAY AFe A &

7bx] Abg Aol XA

s 232 AT

CU Bt H=00IE QED

E/G RPM SENSOR

= C/AC: CLUTCH ACTUATOR
= FR/AC: F/R ACTUATOR

= P/M: POTENTIOMETER

= ENCODER

VES TE =5 5=

N &#Z 32

E/G RPM SENSOR =&
(4.7.2.229 3) B=X)
E/GE B800RPM 22 IS TG &4 AZOIF 100RPM

OIBIZ LIS= AR 44 EYSE 2AFHY. ISIZ Mg =

C/AC ROD =gt &=
TOP LIMIT =X

s =23 8=

CHECK THE CLUTCH ACTUATOR
BIZ Z® & 0E ZA

@&

CHEC!
C/AC MOTOR
R04<20 AND D02=(0
?

NO

YES

ZH =& 282 B03 ERROR
(4.7.229 4) %)

C/AC ROD =8t o2t
BOTTOM LIMIT &3

C/AC P/M
D04<600 OR >790

[ =oJF SISOl Pis &te |
SH3t=O =230 2401
SN @HU JIE «=20
FE 3F B13 ERROR
(47222 4) =)

DH ® A3GE YoiLt
XX A 20| JE OIS
= 0l 20 S22 A
B39 ERROR
(47.222 4) =)

T B E 5371~ e
P/S TOP & BOTTOM LIMIT HI 3 &)
o 2D R840 SO a8

as
B39 ERROR
(4.7.2.22 4) 8=)

C/AC ROD =gt &=

B

a8 1-112 284

AFololEl o] AF HA Fare]

=
i=1
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= FR/AC: F/R ACTUATOR
= P/M: POTENTIOMETER

l = ENCODER
FR/IAC =0 =& STI= 0|S CHECK THE F/R ACTUATOR
P/M 2t == (82 & FR/AC E28 §3l 28 8% 80%

FR/AC MOTOR J= =8 3%
HWO| HEE SFHO =IJ|o=

YES olss as s 23 8=
P/M 423} BT S0 AT _<F = ad = s EAD
su=c =x s=y 3w

r
231 ERROR
(4.7.2.22 5) B=E)

CHEC
FR/AC P/S
DOS < 694
?

NO

FR/AC ZIiF 3 $IXIZ2 0IS
P/M 2t 5F

FR/AC P/M 20| &=
YES USBC =H L2 AT
LOWER COVER 2 2/ 0|
HeIor BOIR AR
231 ERRO"”
2a7.225 5) &#=)

FR/AGC P/M
> 371 & 9 < 4
?

NO

me: 282X
=5 ¥ = &7
- l- = ( s =3 88 )
C/AC ROD & &S| ot AR R BT =2 s 0 ZA
(D02 =& 40 & o)

-

T/M RPM SENSOR & =70

YES B0 21 R= as

e SRt S0 2=

S0 =A5T = AP
B837 ERROR

TIME > 100% OR
D04 < BOTTOM LI

Sai3 H=00lg d6rE &@F
D04 2t D150 HE

FR/AC MOTOR & P/M
L0 25 22 =g@8 as
T/M RPM SENSOR T/M RPM SENSOR OUT1 3¢
B &e ouT2Z: BIEAF
* B41 ERRCR
(4.7.222 7) 8X)

CHEC

iy

S 1-113 AFF AFololH e A wA ¢

(th As A4 F5
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( HBX =g I &7 )

"
FR/AC EE0IA

X

/M RPM SENSOR
2| g

X7

NO

Dos52t A10I HZ
FR/AC =1 =& HXZ 0IS

<

v
FR/AC RE0NA & OIS

s =23 8=
R I @ & O Z2Al

3

HEC
DOS=Z|cH F T fIx
OR 1% 33}

T/M RPM SENSOR
B g

FZE? ?
NO FR7AC E30F JTF= 220 ]
ST A S| E8 = 8F #XMI
A .
: v COUNT +1 OiER %= 2= TR
FR/AC i #& #IZ 0|8 HF|E @AE 2339 Q|
BE B
v B34 ERROR
- NO (4.7.2.22 8) &=E)
Di16=(A1-A2)/2+A2 g =
( 4 COUNT>3 'y

=8 #3 Mz

YES

L 4
B38 ERROR &t H|
D15. D16 &

(3) AMT I EH Q9] ibs f138k AAAA
oFM Ao A Fad AMT FYEHS @AFE As Hryl & 283 7« MY 7=

Fal 9 11159 o] AA Fitel JHsd HAEAAL WAL s TrE

A AFE 2AF A3 Bael A AN Yol fol BAJk ek 44 29y

o] 29 AN 2L AF 2PAAE AAE 84 FEo] & nAguon] Ao wol}
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F/R shuttle lever

10 Controller

9 Harness middle

Switch
range shift
E/G RPM
Sensor 7 T™M /RPM
sensor

Electric brake Clutch actuator

29 1-115 AMT S E#Ql A28l g o] op,

2. Harness main
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5. Electric brake

6. Clutch actuator
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10. Controller
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1. F/R shuttle lever
g 1-116 AAE Y EHS 24 FEo A=

2t TCUS 483t 7l /e 9 3= v
() TCUS] A&3t 71 A
TCUS 483 7% /MES 98] AMT 23 EYEHE o] &3¢ W Azre] upg} B ==

FAFS BAAY WS Aol UF et mE e WS AFo A8 LA
A WAFE 2 5 dome Ao Ase] e WM Ak H@ AFE TCU A8 T2
# 8 olr}

Oh 48

TCUE 5@ W& Aol 222 dFololy U3 ZaAonee) A23& o143 PID A

olE Tl olFolALESE shlem, A As W& A§ LB FrE(overshoot)7} A THA
orolol B} Z (w38l 2002) QW AGFE VA ok WA s wE ME A7HS e
PID A& AT P, I, D A Ad A9 23481 145, 345, 0192 A3 o0 (¢
Aluk 2010), o] wie] W& AZFe 103zt AE AEE 3% SR AAE A A

|

F-2oll dAste] W Al Al d¥FE vAE Aegs ALY 7 UEF e

O

o} 2
2 1-1173 Zo] LabVIEW (version 2010, National Instrument, USA)E o] &3l ZF#|x] o

e A% A5E AANoR Felg & dEE sk
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Chutc!
F/H
i

Al2Hs)

L TaEs HENE BSn o0 -
oLz A LR B 031 (= 38 |
EAAZH e
I‘ ;I:Lc wants and SeminazhAYHOMEWHIE! l | T |
I = | Eﬁf.uc::]ﬂ_rj
¥ 1-117 WS 2 dE s FA 229
Az #4442 A AT E 9532 (Band Pass Filtering, BRE)E ©] &3}
¢17ko] BHTS =7]3= A% Wl 1~10 Hz S A3 Y= Fad9s A7
O (Suzanne, 2007), 18 1-119¢} #Zo] KS B 0710-1¢] HAE <l7te] 25 7= A
of W& Fu4 J1EF32 FF(frequency weight function)E 5o W gHInverse Fourier

Transform, IFT)g o]&

st

AL 4 A

St (time domain weight function)® ¥ 3}3k

5 gy Aoy Az AEFA (convolution)dFth o 7|4 ABFAL A 7FHEE T}H]

-

T 7 AEE @A HHoE A A= A (1-12)F o] &3t ALtdYy. 7AEFH +
A E A S (weighted vibration signals)i= AF#o] 313 s gl A EHTES =7|& AR
2 Awstg gel pVIVE YJediies o= 4 (1-13)3 #Zo] RMS(Root Mean Square)
% O‘I—%—E‘)‘]—O# ﬁ]ﬂ—%q—(suzanne’ 2007) 047]}\1 Auzy Ayzy Quy %k% 7]—%;—<] 61:]'—{:’:7]— X—]—Q—Q z, Yy,
258 7HEE e YUEY kK, k. A0 BHTE 27 4 F9 AFE vFEA AT
LR T
Vibration =T e _ Weighted
Signals I Convolutlon'll vibration signals | pvTV
- - - (time)
Weight function IHA Welght function
(frequency) (time)
a9 1-118 s A5 e +494.
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Displacement, mm

0 1 2 3 4
Time. sec

¥ 1-120 PID Aloj & B3k W< A|7he] Wsh(ts=1.03s, 1.33s, 1.53s).

a9 1-121= SA4Y AEAEZE pVTV o= Uehdly] 9g o= WS A7 1.03%
d 1-121(a)= WEAIZE 1.03%24 ut

o
=
‘R
3@
N
e
1o,
o

78t th pVTV e A% 253 g5 7heA A7t 1422 259 753 As 1250
2 el =maska 259 A ghol vE Fol wls] A U pVTV @ts 24 k=t
2% s Fol b =ZA FEsdom W AIRF 10329 W 0479 g, 1.33%% W 0630 g,
1532 Wl 0732 g2 5% AF # vpRAIRAR W A7le] AojAFE ZteE A4S U
ERUSit) o]E LW GETE dojux] = F8 A AofdA] ®& Azt v g PID A
7y W SFANAME 7 AA dEebY, AAFE P, 1, D AlS 145, 345, 0.197F W& A7k W

% $4e 25 3y H4 PID Asde v
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= 5| X-axis j: Y-axis : Z-axis
LI - ol
B TimE, . h - a a2 0.4 .Fi:_n&, SJ.E 140 1.2 ] 0.2 0.4 -Fi:ne, SJ.H 14 12
(a) 329 7[E&E5 AT,
_ T Xemis : Y-axis T zaxs f]
0, ' \/’\A’/\/\ﬂl\ﬂ 1 f xm’f\fmlﬁjk\ﬂ wN\ﬂ
Time, s - | Time, s. | - : . Time, s . -
(b) 1~10Hz 9oz AHyEd 7[&55 A3,
o E:d X-axis J.g Y-axis 1-2 Z-axis \
i | .
: i M ) AR
| | Tima. 8 | | - Time 3- | - | - Ti.mB, 3. - |
(¢) 7V5A 71 489 dYdEd 7tEx A3
oY 1-121 3= X% 9 &4 (t=1.03s).
¥ 1-52 W A7te| & pVTV 3t
Acceleration Signal (g)
Shifting time(s) ) _ ) pVTV (g)
X-axis RMS Y-axis RMS Z—axis RMS
1.53 0.326£0.031* 0.211£0.045 0.491+0.020 0.732£0.030
1.33 0.205£0.026 0.242+0.011 0.447+0.033 0.630+0.021
1.03 0.194+0.027 0.130+0.078 0.350+0.029 0.479+0.023
* Average * standard deviation
(2) AL3E 9 TCUQ A A
TCUS 334 55 AsME TCUS T48a JE 88 wEd 249 #ae o
A 3ko] 9 2FE& WA tolol b o] A3tk W (heat-sink) AAE T3 WA ek
BoodFo] A}83 ¥l A] A2 IGBT (Insulated Gate Bipolar Transistor)d] A-$ #e &%
o] T olslolnz HWAFAL] %7 AEHHo 2 (5T o]gle &5E X glojof gt =,
ole] TCU, WS X33t A 7|79 &5 W3 2 wd 5437 98l Aledoldes +
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HE LM22675 325 AR&3to], Wd S Folal HA ZmARe &
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Technology and Standards, 2005)¢] Z¥E o] &3ttt W& Jded Qg AA A4
FEe H 2-33 o] AAS AT AABYE T & 7], k& EwEol, & o Fol, gk
A Fo], k2 2w Folw WHuHWe A ZolE AASIE V|Eo] HY ok ddo] ¢
E 79 Zo], &2 o] o 9 Zo|, ¥ gog W Fu 53 Zo| Iy EF F
W Aol My FAE WU A% wo SASAA dor "ol AgE AA e Y
wol vy w3 x| FH 3y o], offf# £ ZHolw WEHHWY AAhe #HUE A
A= 7ol Avh 9 40 ~ 69418 A B A wE AW, 2R, H A, F
gte]l A3t i 2-49F 2
I 2208 w9 AT %
Age Population Ratio(%6) Age Population Ratio(%)

20 - 24 128 0.02 ob — 89 79,819 12.31

25 - 29 939 0.14 60 — 64 100,291 15.47

30 - 34 4,774 0.74 65 - 69 132,137 20.38

35 - 39 12,809 1.98 70 - 74 106,789 16.47

40 - 44 29,564 4.56 D -9 00,362 177

45 - 49 51,929 8.01 above 80 17,674 2.73

o0 — o4 61,034 9.42
#F 2-3 W&y el Zegk AA AF FHE

Sitting height

Sitting shoulder’s

Sitting eye’s height height

1 »
P
'

Sitting elbow's
height

10
g

Buttock-knee length

1

-

Buttock—popliteal
length

Head length

Forward grip reach

Forearm-fingertip

length Elbow-grip length

Elbow-wrist length
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E 24 BREAA A A5 S48 (91 mm)

Factor Avg. S.D. Min. Max.
Sitting height 901 33.93 774 1004
Sitting eye’s height 787 32.16 666 896
Sitting shoulder’s height 588 27.43 491 671
Sitting elbow’s height 206 24.21 155 342
Buttock-knee length 508 25.17 452 660
Buttock—popliteal length 459 26.16 360 560
Popliteal height 387 20.57 320 464
Head length 174 22.46 139 216
Forward grip reach 690 41.33 558 868
Forearm—fingertip length 441 18.43 376 502
Elbow-grip length 320 15.79 206 410
Elbow-wrist length 262 12.98 214 307

sy wgdue QnEed Pt Ag, & 4oy o
2-5% e BASATAMA 5, 2002, AAH] A =dE Ae A Ak A Ao}

& 0
ol s Sojo AEE Aolsel MEHmel M7 mrh: HE 4X A9 Bl 9

oX,

o)
BN
LS
oX,
i)
10
X,
E
o
0
lo
re
i
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)
(ld
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Part Design parameter Accessibility Manipulability
Shape O
Length O
Diameter O
Side angle O

Grin Vertical a.ngle inijci.al position O
Upper's final position O
Lower’s final position O
Braking method O
Acceleration method O
Reverse space O
Rotation axis horizontal angle

Support CW final position

CCW final position

(D) AAA EF7F B

okl A Ete] gE A A BE A=

7k
)=o) FMVSS (Federal
s

T2 Asx #H
Motor-Vehicle Safety Standard), 52 EEC (European Economy Community), =7 tH2]
23714 (Korean Industrial Standards, KS)oll A A Al 3t #edste] A4 99 244 5o

d3ta oy, FE FEJE(viewpoinp)dll ek A AEE Frtarm M3

HEAEE $84 Wrold 2447k vhebus AQS oushs A0E F4 A 27} A4
B AN, S, AR 5 A4 94 L WIS AT FoF REAEDT B
S oolth WA BEIAEES o83 s87e AAME AR Aoke AL welse] w9 F

A oA ¥QIHZE AlsE W o 2 (Korean Agency for Technology and Standards,
3}

2002) T3 FEJE ek Aok . FFE FAdeR Hriekal glow, 19 2-13 2
o] AAEAEAE ko] o7 T AA AR HIHAAE A AR, 2004)=
Ao oA 7EA] 7)Eo] WEstal ARl A AN Hrkel #E At d5g dA ol
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L A e 5= P 33 - 23 L 18
[ i ] | ol i
4 30
157
Eye point
B2mm 41mm
" X A
h'\\ b\ :
a3mm : Meck pivot point
¥ | )
L /)
ol |

B | - 3|:|.

AA Aloke] b = EQL W U] ola AxAe] FEFTE Aolv], HEAES 2

o] Az Zlso] HojuH, A=V 2 ARE FE&Y 5 A= MHolvh f A Aok effective

oz EAANE F8% F ol W

—_—

field of view) SHFEEToR2 HAWE FASY, &3t
Y= #FF 157, U 8, sk 127 o]jolt}. Aok Al ok(stable gaze field of view)E ™ F-
9 50 A REE wE FHE WA, 58 §lo] FAVE 7hed HeE A% 30 T 45

LA 20 7307, sk 25 T 407 ol E #Ekth fr:=Alok(induced field of view)s AAlE A

[0

(

nol EAZ BEY 5 ot AR ALY 9o} Azke] FAE Bl e mA
T WHE #5307 1000, AW 8 T 357, sk 12 T 507 o]dlolth. H.ZEA]okauxiliary field of
viewE ARFEE FEE "olAM, FHEF AT B ddf FABGL FAAE G

x4 WelE 29 50 71007, A 35 T 50, s 50 T 75T o i E HEth
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. degree)

(9]

Vertical angle

Horizontal angle

Field of view

Perceptive
Effective

-12 7 8

-15 7 15
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5 &
to?
10 O
n_é2
L0
< 9
to?
o D
G_OGO
3
Q)
o
=
«
-
%

87 35
-50 7 =75

35

-12 7 =50
% 2001; Nakaji et al., 2003)

0
S0
-50 7 -100

o0~

-15 7 -5
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: right or up
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o0

100
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Elliptic area of measured viewpoint

X100 4] (2-1)

FBualuati ' mt)=[1—
(Bvaluation. score of vieupoint) Total area of auxiliary field of view

g AAH B AxSe Y 2-33% o] AZYH Ade] §old 28 HH(AK-2,

Autonics, Korea)E ©]&3le] ~2a3F 5 we} 9 98-S st #olA EQE e o]Eo] 7}

:& 4z
rir
e
=
e
ok
ot
o
f
N
N
W
O 1
o
8
o
o
S
o
8
f
X,
2
o
2
)

ukak 3|l 7t =Ao] 7hs3sk Aol

o ofN
>,
o,
g
o
i,
rir
PO
o
e
o
o
N
o
o

+
—
0
<
o
ot
o
2,
o)
Do

=
AA(NT-Gyro300, NTrex, Korea)E& A3ttt &4 A A AL Aok wElep ¢F
7o el wel 4 8 e ke WSty glenw Aolm A AFsk(pitch) 2 #-F-
(vaw) 3 A28 ZA43c)h dHolH 3 AR = Aol2 AA 9 dgzk 540 7t ES of
g2 8 W E(NI-9205, National Instrument, USA)S AF&3Avh 28] E e xpo]l = AlA
AAE Horbel Bed £, F£4 A4rE SA4s7] 98 AR AolE AA e wA
(calibration)2 @ ol A ZJH 7 3 w3 -90 ~ 90°, =4 W3k -90 ~ 90" WA 57 Ao
2 4RE A AFe M7 RS WHsA A Adste] WstE SAS T A Y ddE
2% 2-49F ol AAl ZAxet AAAAE Adtste] wAEGoH, AAATFE

0.9996, =2 Zt=7F 0.9997= ety A A H7E Aladle] Abgo] Jhedhe & o vk

—
/| &4
: “F7 3 axis joint
Laser pointer J
Z-axis

v

_ /] Y -axis

= (b) gl AAA F7} A xw
Gele] A4 P Az,
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FH

2-7 EYH AA

g7} Alzewle) Abo

Ttem

Model

Specifications

Step Motor

NK266-02AT

e 3.6 input voltage
¢ 1.8 degree/step resolution

e +180 degree measuring range

Gyro Sensor NT-Gyro300 e (.1 degree resolution
¢ 16/32 analog inputs
Analog Tnput NI 9205 e 16-bit resolution, 50 kS/s sampling rate

Module ¢ +10 V programmable input ranges

0.2
y = -0.0019x + (0.0022
0.15 T R* = 0.9997
0.1
> >
& & 0.06 |
2 s
g g ; P
? o wr
il 100 2 -100 B0 a0 100
2 5
g 7] 0.06 +
g g
= =
-0.1
0.16
02

0.
Actual horizontal angle, degree Actual vertical angle, degree

() 37} (b) 542}

29 2-4 Aol= Al el wA At

dede 4947 WEaE 243 W AAT 4HE FA%E AR 49T + Yk

Aol e 71€9 Ay F2 AEAtalA AbEedel joystick AACl @ Aolvt,

p

+ Out of work area, 2 JAF2e] o] AlA T A A3 A 5= Rear work area= &

Fahslu.

- 165 -



Out of work area Maximum work area

M_;:n?\l"mrk area r

BoAelAE EdEE F2 2% WA 40 T 6949 QAAANFE AEste] AWF B
dold ZRaYor WEdwe] Yrge BWAAEE sgrh At £t Tol AL

b
Aol Be = glowd HESHWIE 1A Alof el A2s] Eofetol 7] wiEel] A7
=

QW AaEE AR AEded LRI AUsiar. EeAG BEAEY 947

18 2-63 o] HA] A EH(Seat Index Point, SIP)-S dH o2 3= 329 A FHFo| &
datd o, 7 REQJES A& EIdH AATWHgA HARE AT ¢ e 4

6]

2]

(Z_Z)Q‘ Z:l_o] -Z*-‘%LFH’E}Q Z‘Jrﬁ(fcv,yvazv)gr %‘ﬂ;—(]g JZ}E(-TanEaZE)g -TQ’]‘ Y JZ}E%%E O]%

Jom, 474 ARk EPUd} w04 Fus ol gs] 4 (2-3)% ol
#

74, 74 A= 2 delA AR AAA F7F Wl wer H

(Horizontal L)ZATANQ(xV—xE, yV—yE) e A (2-9)

(Vertical £)=ATAN2(zy— 2, \/(:EV—:UE)2+yV—yE)2)~-~- 21 (2-3)

Eye point

Vertical angle

Horizontal angle

/ View target

Vs (X Yo Z4)



A 3715 98] A Edo]A2 CATIA (HSX, Dassault Systems, France)E AR&3}S T
32kl CAD (Computer Aided Design) 221382 CATIA (Computer Aided Three
dimensional Interactive Application)= As2ty &37|5 A4, /Adst=d F2 AREET
o] Ao A AeE YAE A &
AA BHNA Al

=
AAs AA WAl The

HSX (Human Builder and Simulation) W &A-& 7} A3

shthe el gk mebd B ATelAE AANFE vHd Aol ZzaUg o845

=2
=]
2, AGAT 714 HAE AGF B ne BT $4Y o Hgle] F A
EARR AN B AT $RAA R AN MEANE AdstA 255
J

xAo] YEE WA AER FAsdrh 240 O NS ATES A v

]

o
W o5 2t Salisbury @t Craig(1982)« A 502 22X &9 HAHAE 93l X249 7

4g AEsE0m, Yoshikawa(1985)% 234 A% mqete] za40 Ans 4959

o

t}. Gosselin®} Angels(1988), Zanganch®} Angeles(1997) 52 Yoshikawa®] ZF2FA 9 /fdS
BEY MyEdolH e 7|-ota HAAA 28355 e Kokkinis®t Paden(1989)2 A&
= HaA FHAQ 22 vR7|sketA ]l s AlAEATE. Kosuge(1993)= HE Y
HuEdelye 3 mRlE FE& Feste] 23S AT omA i ErE dEEA
A stE A8 eivh. Ahndt H

g thalel] Eolgt #aE Fste] fojXl B

O
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i
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<
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i)
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el 1™ 2-8¢] ¥ FAEA(Model 01163,

rir
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ki
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Do
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do
f
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—
(0]
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o
m
ot
do
N
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o9 2-8 & 44
% 2-8 e YA A
Ttem Model Specifications
e +19% over full scale accuracy
e (.2 kg high range resolution
Manual 1 -
antal muscie 01163 ¢ Dual measurement range, 0 ~ 136 kg or
tester system 0~ 23 ke

e +0).03% timing accuracy
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L PTO swltcn

Oo
?\ 0+

Loader joystick

Auxiliary
hydraulic
lever 1

~ Auxlliary |
' hydraulic
lever 2

Forward winer @ Backward
switch wiper switch

% Sub transmission =
lever ] —

b——F—N—¢

B AN AAAY H7E 98 B AFoA s AAA Ho A AHES o)&

Aol wg Aol EdE ] HEAES 24T 59, 74 4mE ¥ 2-99% 23 AT
59 wEste] Z4F 5 Fitgre AN
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E 29 AAA B A2EE o g A% 24 A3

Horizontal angle Vertical angle
View targets Measured Measured
value (°) value (°)

Right back mirror 49.7+0.44 -6.1+0.%4
Middle back mirror 33.4+0.42 0.2+0.33

Left back mirror -38.7+0.88 -4.0+0.14
Dashboard 0.9+1.34 -37.2+1.10
Throttle lever 28.2£1.96 -34.2+0.48
F/R gearshift lever -14.5+0.58 -34.1+2.77
Ignition key 234+1.12 -37.5+1.81
PTO switch 16.8+1.51 -41.6+1.26
Light switch -12.1+0.11 -44.5+2.07
Lamp switch -8.7+0.91 -49.9+1.48
Horn -8.2%0.76 -45.9+1.33
Emergency blinker -7.9+0.83 -44.5+1.26
Handle tilting lever 10.0+0.92 -52.1+1.19
Loader joystick 82.4=0.71 -44.6+1.32
Auxiliary hydraulic lever 1 87.7+0.49 -08.0+1.58
Auxiliary hydraulic lever 2 91.3£0.72 -58.1+0.12
3 point link lift 90.3£1.18 -57.1+0.78
PTO lever -56.9+0.01 -68.5=0.98
Sub transmission lever -56.8+1.80 -57.1x0.21
Parking brake -51.9+1.76 -54.4+1.94
Four wheel drive -40.1+£0.35 -59.0=1.34
Backward lamp 97.8+1.02 -19.7+£1.46
Forward lamp 99.8+0.76 -19.6£1.39
Forward wiper lamp 97.2+0.90 -21.0£0.52
Backward wiper lamp 100.2£0.01 -21.1+0.74

gy BxeleEs] g% Wt Asbs E 2-103 2ol Uehdth Hize] 9 E%e] 9145

e, g g8k Mule, A% A s e Wi FRFE 242 367, 61

A, 4% 02 e 93 9% wnels FAAAF gl 43uTh B4 Uehge

ez W we FEow WALk Avlwe) WE WAWSE 50802 ent 7
al

A Foghs & oAl 2% At A5 A Hd HUrHSE
7]

th AlE7)9 PTO 29A, £ 29A9 Hyt FH7Pdes 22 437, 423, 408 o2 e
AR 2 Aol WE AAAS HA FHIT ¢ 5S¢ 5 AT FAdS5H A4, v

ute] s91xe) W WARSE A7 357, 408, ARz JERG AAGe] Wwd B4
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wow dE EY dY GA it FUEETF MP o2 FAGAA L F9gHT 5 FEL
2 H{rkE Ak 244 QB A 2y xolaE, REf4dd R

EL R
AA 3= PTO
5%, 104, 118 2

B 29N A, Ty ol AT 29N A BT AR o] A AAY W

#* W7 SE 07 oR e
AT A ALH WRE HEAES B BRI FAMGAk G4 U3HLG R
FEoE Wrbsol AUt R A AAA FL AL AE FHE A5 ofH e

F2-10 A A B A

Viewpoint Point Viewpoint Point
Right back mirror 36 Loader joystick 0
Middle back mirror 61 Auxiliary hydraulic lever 1 0
Left back mirror o4 Auxiliary hydraulic lever 2 0
Dashboard 50 3 point link lift 0
Throttle lever 43 PTO lever 0
F/R gearshift lever ol Sub transmission lever 5
Ignition key 43 Parking brake 10
PTO switch 42 Four wheel drive 11
Light switch 40 Backward lamp 0
Lamp switch 35 Forward lamp 0
Horn 40 Forward wiper lamp 0
Emergency blinker 41 Backward wiper lamp 0
Handle tilting lever 44
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rir
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Loader joystick

a9y 2-12 22 HU)F g

A9 A dye 8 2-11% 2o S9A #HEe 1321 N, Bdola #HlY& 1787 N, £
NOoZ yeh Z5F ISO7F 7] AARez AAsad EdY 2243 9]

Object Measured value (N) ISO/TR 3778 (N)
Clutch pedal 132.1+2.94 350
Brake pedal 178.7£4.53 600
Loader joystick 30.1£1.13 70
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(a) (b) (c) (d)
19 2-16 ERAL AlSFe] WS Y.

2R EYH AME 5T o BAHE 26 MAE AXE B8] g8 19
2-173} ko] A PaFe] 45 AE BANGE A -4 2o] Av 2HS 9% v
BA(T)E Paye] EeaE i (tust washen®l YA) 2 9743 Avke(ne] 3
g worn o o AW AL A HESHG)S A AVHY(r,,09 F A hepdvh
dule) 2ae 98 AFW dH(p, e ANE g407] A% 94 MAYE)S Ay =
UrE 49 WAWOE e AOE, o e Ao 2FYFD), P9 25YFD), A
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T_1—7T6d§(1—n4)7'7n:?; ........................... Z\_]' (2_4)
0-5‘ = 27—md.X

F 2R Xd+Fyxd,)
mAT Ald,—d.)

AAFHA AE AAS st 27 2-18% 2L A TeHA B4 wug Awse o
® 2-199 o] dAWel £FUS TASAY EGAE 49 94 (P, P)E 4 @5t 2
9 % glew of W Ageli W 2ok Auel AXH (ACDSY EFiE A2

o #4, #9ALC] FL WA Ak oF g3 Aol A AW EHS B}
ge due) AFm), T AEE(, AW Do), YA AYE MR 71

A A (2-6), TR SAAs A 2 gme) AolB WA sto] dule Eaal

Washer

%l 2-18 #W fF=Re] sk A mdl

Px=e+(b+d)singz53 ................................. 2] (9-5)
P,=(f+g)—(b+d)cosg,
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Washer

19 2-19 #we] EAe BA

b+d)sing, m
F= GSin(¢(2—¢1))+bﬁzs(jsl—¢3) ........................... A (9-6)
(1) 917+ 238 7]uvke] #w] Aol
7hH R E ¢zl
T% 2208 1 A% AW FAe TF QE ek 79 AdE 2 olde o]
EAYE 223 5 9wt Fa Fo| ofd W= u A s x2S a7 oj@el 18 2-213%
e dolgd Bo £E M FAE FhE WA ST 2ol Aestn Fus duE

(b) =4 (c) A=
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% 2-25 W& S U5 3D =9
E2-12 Ao 82 FF % )%
Number Part name Function
@ Housing 1 Cover
@) Revolution plate Transmission
©) Housing 2 Cover
@ Circuit board Transmission
® Transmission handle Transmission
® Ball plunger Transmission position
@ Shaft Support
Ball plunger spring Connected with ball plunger
© Ball plunger support Connected with ball plunger
Screw Fix
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Horizontal angle Vertical angle
Actual Measured Actual Measured
t-value t-value
value (°) value (°) value (°)  value (°)
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Main shift lever 279 28.2+£1.96 -1.49 -34.5 -34.2+0.48 -0.32
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PTO switch -159 -16.8+1.51 2.18 -419 -41.6+1.26 0.68
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Import CAD drawings of Create representative
the operator's workstation 3D human models
Define parameters of Create driving posture files
workstation components of human models

| |
v

Place workstation componentsand a human model

\

Define kinematic constraints for each driving task

4

Construct animation and evaluation scheme foreach driving task
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1 DOF
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ISO/TR 3778 (N)
100

*N © Neutral, F : Forward, R : Reverse

Measured value (N)
87.0 £ 6.96
782 + 3.14
88.7 + 4.70
81.0 £ 5.00
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FH

2-19 FH &

Measured value (N)

ISO /TR 3778 (N)

Forward acceleration 61.5 = 2.68
Forward deceleration 60.7 + 2.88
Reverse acceleration 61.2 + 291
Reverse deceleration 60.3 + 2.63

100

71E AAA
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T

Dad
=
ofo

Ol
L
s

S
o,
&

35
o

=]
T

1

HH O A
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3E2-20 WA o] AAA B At
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e 9

A3 9 A el

o
% 531°, FAAE -

Horizontal angle (°) Vertical angle (°)

Evaluation score (point)

Lever knob 53.1+0.32 -20.5+0.24

31

Sub shift dial 03.2+0.12 -22.4+0.18

30
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FH

2-21 W& e oA ErkE A A 2A

Condition Lever shift Engine Repetition

e N —>F s Stop

s Experimental tractor

: 48 Hp, Liit e F > N e Min. (830 rpm)
LI
e Design standard e N > R s 2000 rpm
: 100 N
e R > N e Max. (2780 rpm)

* N ! Neutral, F : Forward, R @ Reverse

r
b

EAFQNA MEEw o] WA H dake B 2-22723% 2ol vy A3 Ay Fat

0 N olgt= W=l Awr 7b 4ol tisfA= wHakAE ekl <

A AA A AR W& FHAA 3 W& A 18] 7]EA oS dHEIa A3 HA

43 z3pakolvh 2000 rpm3t H o F7d el A T ol A
%z

Ao Aastgn FPNA FAL BF FS 2

E2-22 A52 due] 249 A A @] o N)
Lever shift
Engine
N—F F—= N N —-R R — N Avg.
Stop 84.0+4.3Y 82.4%3.7 91.9+96 88.1+4.7 86.6+2.2
Min. 90.5£5.6 84.8+3.4 99.4+2.9 81.0£3.2 83.9+1.6
2000 rpm 107.9+8.0 83.7£2.9 113.6+3.8 81.3+1.2 96.6+2.4
Max. 112.3+7.3 81.7+0.8 119.945.8 81.3£1.3 98.8+2.4

b Average t+ Standard deviation
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E2-25 A5 A e =4 o Ay
Measured value (N) ISO / TR 3778 (N)
N — F 485 + 1.12
F—N 439 £ 1.02
N —R 50.2 £ 1.76 100
R —N 459 + 1.55
Up 0.3 + 2.42

* N ! Neutral, F : Forward, R : Reverse

#* Average + Standard deviation

R ;
s @me) 1SO 7129 100 NolshE wsilr] mite] Wadule] 252 Prhs o) gel
gtttk & el WA Rus Aue AR Fhe oA @ A9AE )

Measured value (N) ISO / TR 3778 (N)

N—>1 22.5 = 0.70
N —>2 21.3 + 0.78

100
N—3 23.3 £ 0.89
N—>1 20.8 £ 0.71

Auxiliary shift dial 38 £ 0.14 0
Clutch switch 3.2 £ 012
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3420 942 SAHAT o8 Wy} A5z Bdaw 5lgoz FANA Aof oo $49
AARE dEE SASGTh WA 49 FUE duFe Fuk deld, FHA w4

3E 2-27 WA o) AAA B At

] ] Horizontal angle Vertical angle Evaluation score
View point . ]
) ©) (point)
F/R shift lever -148 £ 0.21 -34.2 £ 0.22 51
Main shift lever 528 £ 0.32 -194 + 0.24 32
Auxiliary shift dial 51.6 £ 0.12 =226 £ 0.14 30
Clutch switch 51.7 £ 0.15 - 205 £ 0.13 31

h 24
Az Aol Ws #Hwe JAd e fske AAE A ste] gAHIME 9
At AERQ G SIPANAEE x= 720 mm, v= -250 mm, z= 120 mm o] A

a9 2573 o] HHQNAA 2Fsbe d9d XS Fua AN AeG9Y

Ol
L

9
o
&
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ol 3k 4 vl WS gue HuE SIPE 9oz o] (320, 240, 150)= 1y 2-573 7
o] W, AW, HW BE WA AGd e E0jFS &9 F A
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(1) CANY 7N 2 =%z} A
Ao %A ARA 0] 7]%o] wsli wolme AEZT o Aol SAHWA B 1
o] AApAe] FA(ECU)Y 71 A2 F7hata vk AxpAe] Zxe g 3-13 2o] %3}
o] dlxl, W& ABS (Anti-lock Brake System, AHg 27} F41%E o vl 7F A7 A4S
Bxety] s AdE B4 Bdola) wele FHE Aojsts AARA ofze W AL

o
rul
op

=

Az e, AREAL, FAA 5 AN /S AU AojshE Aelgont At 7
O Aol WAl wet A5NEIe] AolE MET PEF, AF, 2T F Ay wE
PR AolsHe GBAX sta gk ae} 7 AdAe] AT AR JuE A7)
A3l zAzt e AW W AAa Qo) 7 Ale) FAzele] Adel B whae) Flst
gAe BAE Do AP Age] HEHS AN B AR ALkl AR gol

X
=
)
ot
lo
=
(27
NE
o
2
=
oo
i)
o
B
2
2
oX,
ol
o
o
ol

of ek - w3 AXIL Tt o
gk7] flal zF AAAel RS EESIE o] FolAoksty E A olal Al A
2l A R sey HA o AlA®l Ao Fasith olF 93] CAN (Controller Area
Network) &4l ZZEZo| /s 7] A 239t

o
&
fo
-
(ld
¢H
||

————————————

. A d
" s ¥ 0
igriter \
vl
" D
nLor -~ o]
f”"w”'\“u solenoid valve
e

¥ 3-1 ECUS 99 8 =9 435,

CAN EAlolgh 19881 Bosch AFS} Intel Aboll Al Aol ZbE Al&Alo] FAHE 74 o

NS AEE]) YEe] Qe Algld YEYa EBAadAoz xLd ‘Car Area

)
)
N
105
ol
>
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Ty ]:H Tl [¢) =
AAA ] Z2E Areole] AFYACIA Power Trainol ©]&% L gty Fdk o Axd} =
ojzol Zraf ApEAHEW o} 4 Aesk, AE Assh, o8 A, A, FEY A T

3 313 o] vhekdh ZopelA &EHal Sl

#E 3-1 CAN HES =] && #of

Application

Field Contents

e Communicate between ECU
General vehicle e (Control the dashboard, light, air conditioner, windows, center
lock, air bag, safety belt

s Power train and control the water pressure for constuction

Heavy vehicle vehicle, forklift, tractor

Train e Exchange data between electronic system

s (Connect the control equipments

¢ Initialize, up/download the program and parameter, exchange
Industry automation the measurement/actual value

e Printing equipment, control the paper and fiber

¢ ‘Transport system
Medical appliance ¢ MRI, X-ray, wheel chair

Building automation e Control the heater, air conditioner, light, elevator, escalator

ApgF ol Al CAN ME9 A= CANS| wAA] dF Sl gl i 3-29F Zo] i CA

Z

HEAS A& CAN HEQA=z 7% & dth i1d CAN HEfAE <zl 9 wE7)9
o) Ey el A~ ABS 2 ESP (Electronic Stability Program) 59 AFA](chassis) ]2~ €l
¥ zro] 31d9] dlojE dFo] Fad B WESLA AFHT Bit rater™ 125 Kbit/s¥-H
Ho 1 Mbit/sE A3 tio] Agapel go] vhFatal AZ4e wol=rf Be 7o) A%
= oy HdE E oy ALY 7o vk AL CAN WESAE He A §15F9 nir
Al o] Lo ¥ ks W B4 UEY A AFHY Bit rate W 125 Kbit/s
& ATt AL CANS i1d CANY 9] dF e FolE oA o} g2 F9 ==

& g-o] 753t



¥ 3-2 & CAN HEQ=e AL CAN HEY =S vl

Section High Speed CAN Low Speed CAN
B

CAN Class ggES)SKCl:oit/s ~ 1 Mbit/s) % 195 Kbit/s)
Standard ISO ISO 11898-2 ISO 11519-2
Transceiver Philips 82C250/251 Philips 82C252

TJA 1040/1041/1050 TJA 1050/1054/1054A
Topology Line topology Various topology
Signals Approx.500-800 Approx.1200-2500
Messages Approx.30-50 Approx.250-350
Nodes Approx.2-10 Approx.30-50
Part Power train Engine control Body CAN Comfort features

(2) CAN9| EdE ]9 2g

ISO 117839] &S 4w rd, CANe| o3 do|yr} wshed wf o3 AxpAo] FAE%
FastE A kol wAA e gl oA Ak ID= WA A o] g obyEr A9

& AAsked, ol AZ oY Ao dAAe] A S| EAlel Wzel Hereteal & o WA g
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# 3-3 CAN IDE o]&3F a7 e

CAN 1ID Source Destination Reference Period
Error cord

Ox19FFA060 AMT controller dashboard 100ms
FR lever

] ] RPM

Ox19FFA080 AMT controller diagnosis/PC 30ms
Current / AD
AD

Ox19FFA090 AMT controller diagnosis/PC SW 30ms
Error state

) ) Number of errors
Ox19FFAQAO0 AMT controller diagnosis/PC ) 100ms
Program version

) ) Electronic horn test Reques
0x19FFAOBO  diagnosis/PC AMT controller
Delete number of errors t
Main shift lever
) ) AC level
Ox19FFAOCO AMT controller diagnosis/PC 30ms
AC AD
Error state
Main shift lever
AMT
AMT . TM_RPM
Ox19FFAO0C2 ] main shift 100ms
main controller FR lever
controller
Clutch AD
AMT Main shift level
] ] AMT
Ox19FFAOC4 main shift ) Gear engagement alarm 100ms
main controller ) )
controller diagnosis

@ A e A4 2 AE 4L 98 Adsels A

EdY e @3 A= tiFE Az FAke] gl XA BAE dd gme wEa

G5, 0%, B4 EGE, LG AT AWA, 1998, 1999, 1998) Aed Awe ojgn g
FoR AASEE 2L AZHIE FA Qo] EdE PAE Asge] Bad 4
ok,

FAES 93 AxZEY E=ZX LabVIEW(version 8.5, National
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Instrument, USA)E AF&31%t) LabVIEWE A S AS 9 Ao} Tzadlogy thddt Als
A 7b 7bsstal, AASE Fo] ofo]Fo =z Holgle] HolHe aE5S APdom AT

7 = Aol vk w3 AAlg ez WEEaL e 54 % 4F 4SS o AxAE

+ FPGA(Field Programmable Gate array) 58, 3L
(Real Time) EES ©] &3] A AlA AZE /O 8ol EES o835t A%

ol dHEH FE AA T MEHE #AHE AAH RT B 4
o] EgY dA HuE FAdsA @rh. FPGA EE(Crio-9104, National Instrument,
USA)S Hf 3 Mhze] dE 52 8719 1/0 1Y #H o)A EEs Al 4 7heshe] s
o] AF %W FAEFEe] FHAo| VlFIEE ¥ o, RT & (Crio-9012, National Instrument,
USA)S 400 MHz8l Z2 AN/l F3so] Be ol N5 Al AN 58 7Fssheh ohd
273 YHEEZF NI 9206(National Instrument, USA)2} NI 9219(National Instrument, USA)
E AR&sEath NI 9205+ 110 250,00070E & & il 167019 opd=1 9jd& 7HAH,
16U E 9 #3F o2 £200 mV, +1, £5, +10 V] dl9 A5 §j¥e] 753} NI 9219+ 471

o] ojd 21 YH G JFAH 250 Vrmse #3522 Thermocouple, RTD, A3, gt 2 A

HES A3 #, FPGA &2

™

£ 24T & ) olgra &Y T E(NI cRIO-9263, National Instrument, USA)2 47 2]
d2 2498 A Hd 100 kS/s9 SE2 £10 V] ASS FEAu gxE gdEE
25 NI 94033 NI 94018 AF&3F3 vl NI 9403(National Instrument, USA)2 32712 2jd &
THAW  wol=rl B g™ NZE W Aes BTV AT s|zH A
(hysteresis)7} Avf. w3k <t FAdF 2 @& 2 BoFdA7E dvh. NI 9401(National

Instrument, USA)2 8712 Ad-S 7Fx™ ) 100 ns?) 314 B AT A0 73t} o
Ad ZHUREZE NI cRIO-94742F NI cRIO-9411& AF&3tglth. NI cRIO-9474(National

o
-

it

=74

B
et

Instrument, USA)+= 8719 Adg 2t A 1 pus 52 WS Z9sH 7 Ade HEHE
el = LED7F 1tk NI cRIO-9411(National Instrument, USA)S 67] A& 23 500 ns9
SEE HolHE Asom PHES 4 Stk FPGA Z&3% RT 28 % T/O 289 AY
& 3-49F 2t

in
o
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ENERGIZED IN MAZANDOUS LOCATIONS, & = 3

A\ SO KT stranaTe caniEs e

(a) Crio—-9012 (b) Crio—-9104
19 3-2 RT 283 FPGA = E.

(a) NI 9205 (b) NI 9219 (c) NI cRIO-9263

S 33 wANE sl ot Y ¥ £Y wE.

(a) NI 9403 (b) NI 9401 (c) NI cRIO-9474  (d) NI cRIO-9411

T 34 3N Axde dAd 9 R Y 25
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E 34 deld #3 3H % VO mEe A%
Module Specifications
Real time * 400 MHz processor Real time embedded controller
OCESSOr cRIO-9012 * 128 MB nonvolatile storage, 64 MB DRAM
P * 10/100 BaseT Ethernet, USB/RS232 port
FPGA * Control and signal processing circuitry
cRIO-9104 * 8 slot reconfigurable embedded chassis
gate * 3 M gate reconfigurable FPGA core
* 32 single—-ended or 16 differential analog inputs
NI 9205 * 16-bit resolution; 250 kS/s aggregate sampling rate
* £10 V programmable input ranges
Analog T/O * 200 Vrms channel-to—channel isolation
dgl NI 9219 * Thermocouple, RTD, resistance measurements
foduie * 100 S/s/ch simultaneous inputs
* 4 simultaneously updated analog outputs, 100 kS/s
cRIO-9263 * 16-hit resolution
* NIST-traceable calibration
* 32-channel digital I/O module
NI 9403 *5 V/TTL, sinking/sourcing digital 1I/0O
* 1000 Vrms transient isolation
* 8—channel and 100 ns ultrahigh-speed digital I/O
NI 9401 *5 V/TTL, sinking/sourcing digital 1I/0O
Digital /O * Industry-standard 25-pin D-Sub connector
module * 8—channel, 1 ps high—speed digital output
cRIO-9474 *5 to 30 V, sourcing digital output
* Extreme industrial certifications/ratings
* 6—channel, 500 ns digital input
cRIO-9411 * +5 to 24 V, differential/single-ended digital input
* Extreme industrial certifications/ratings
(1) EdY 331w AlA
A3t e WET]e] RG-S 93 F4 FE5S 1® 359 Z2rh HRIEHE IHEE,
A, 228 S48 9 BHolas Ef(torque)dt I AEEE AT A+
A el olEz ol olE] wiRe] FH ol E&vH (potentiometer) & 0] &3] F 7
Ars 23895 HA5EE AU FUE AFdeld: HALE, s oFe oy
= HAgEd HA5EE 24sgon FHA dFololy £ HUAEe JAEEE 24
stelrh Zlo) Wi WE A AASEG AF HALEE YAPAE LRE SR



¥ 3-5 AMT EdH 9 233 ws 93

)
o
ot
ujs

Component

Measurement item

Main motor

* RPM
* Direction
* Temperature

Powder brake

* Torque
* RPM

Actuator

* Potentiometer

Foward and reverse « RPM

Main transmission * RPM

* Potentiometer

Sub transmission « RPM

* Potentiometer

Clutch « RPM

Gear box

* Mission RPM
* axle RPM

Cooling device

* Temperature
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H (adaptive filter)
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(b) Proximity sensor for measuring transmission

(a) Proximity sensor for measuring engine

revolution speed

revolution speed

(d) Temperature sensor for measuring hydraulic

(c) Torque sensor for measuring driving shaft load

temperature

(left), and proximity sensor for measuring

driving shaft speed (right)

REERS

o] §-3-910).

=
=

X(R-1, honeywell, USA)
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A% "2 s E i 813 7Y E o] E3le FupE JH3EA HHASEEE FH5A
t} 2ol A Faks vy EF2 (brushless type) 0.7 AA|ZEF ALgo] 7h58 RPM AAE
EAlo A2 7hsd EAAA(TRC 1000, Dacell, Korea)E AF&3lit) w3k #4719 f4 &
EOERe 200 ~ 40009 €% F4e) sbestan ¥ £E/b e T-type At (in
Sensor, Korea)E& A3} %t}

Edy A Alagol] Age R daess AASY] 98 L™ 3-89 #Zo] E
e 2 T dolEE W ols W, 4SS Ay dagEs AARE Ay
AS A=wg AEstsdvh AS Al2"e a0 dd AN RS SA49 A5E JEs= 1O
Aol ~ ZE, 9 AM AEE nHoz Heste] PCl B0z AojF2 dFohs
FPGA(Field Programmable Gate Array) =&, 3%9 Aaxe 2 Aoj7} 71538 RT(Real

time) ZES o] 839ttt =AHE AA AFE 1 kHzo &£52 747he] AlA o A3 1/0 9

o
Raw signals y - Real Ti
Sensor o {pe1BUS eal Time
signals Interface module /| Processor
INoise reduction algorithmi%b Y
|Wavelet transforml | Adaptive filter |
2% 3-8 LAY LnUEE o 4d EAE wFAT 4w,
EdE AZ Az 4eAAS 99 olF Bwd, Aol%y ¥, Ag AY LneHL

g2 At AN AHE FeAA Lokl F2 AE5E Universal W02 (4
AE, 2005 YAS AL QAR wE Fgol AAE o] T oy AH} B
B A2(Gibbs) B4 Hasste 2TE JAHY PHOR ATFArh
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SNR (db)

M .
oving Adaptive
average Filter
filter

Wavelet
filter

Raw signal

Sensor signal

36.0 28.7 45.0

24.5

Engine revolution speed

29.6 36.8 28.8 44.1

31.9

Transmission revolution speed

28.8 43.9

41.5

Driving shaft revolution speed

36.2 28.7 32.5

21.2

Driving shaft torque

289 28.7 30.2

254

Hydraulic temperature

35.9 28.7 39.1

27.7

Average

3-7%

S 2
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Moving Adaptive
average filter filter

Wavelet
filter

Raw
signal

Ttem

0.82
1.51

1.98 1.59
1.43

1.70

0.60
1.31

Delay time (s)

Rising time (s)
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t=go] WorE & ANz A7 7 ASIC (Application Specific Integrated

Circuit)e] 1} ASSP (Application—-Specific Standard Products)”} ¢t} o] A2 dHkA <l DSP

(Digital Signal Processing) ZZAAZ FAS ¢ gE 52 AsS O3 & F e FH
59 Ak A3

Q7] W]l ASICE. F& PCol AL % vholmz T2 A A} wwe]H
H

2o 9 54F A4 AREA AEG] 45T BHoE A
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=
t
_YE
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AEE Azshz AV R A A6 ALE FEHE FHR AFHRE 159 4E
AL} beaAw, B SR ol go] HeAEE AAY A wF hFF wopl 348

A3t} o]} Zo] Programmable deviceE< 18 3-99} o] §EA¥ X7l wha]# A
}.
High Low
CPU
DSP
Prog;iTcngle Flexibility Speed
FPGA
Programmable
ASIC
Low High

_-13 3-9 I;]x]E4 /\]Eﬂfq B_AA 6]
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Agst FEHETIe] AT Alad A= e AlA B e ¥ BA4E 918
of a&o] AT AL sE Bagh A ARgALe] gl wel A EE-g A Fore 5 s
A AA7E desioh 2% 3-109 2ol FPGA® F WiFeol A2 d4=¥ 5500
blocks) ¥ =]

TAAEM, A7A AER =yRaEs 23 ATl el stedol AA R afe] A%

i
u
=3
o
o
=5
Q
e
e
z
lo
ri
A

2 5 (logic module)¥} w4 <4 9 (interconnect) &=

oy L
S| ]|l

o drh o o i o o o Vi —3]‘|—“|'_‘>—[ _

L BB OO000 .|, L 1
*mmmmt:op —4 o
_Am00000h. | —Hig !

UL —TiaaBaocaoo 3| |/
PROGRAMMAELE g DOQOOGO0 e 1O BLOCKS

i

INTERCONNECT 1666000003

Lﬁﬁﬁﬁﬁﬂtﬂu
SO000000

LOGIC BLOCKS

fe

79 3-10 FPGA®] W5 =2 &,

E ¥ 3-89 o] AAfAe] sl YE ASIC wrf W ATl ul$ FI sxEs)
of W3} A Z AHEAe] fpel el MAY S glol AA L Al §EA] Frhe

ol vk
¥ 3-8 "oy 3 AA AxZEYS W o] vl
Hardware
Item Software
ASIC FPGA
Flexible Possible Impossible Possible
Inspection Easy Hard Easy
Development time Short Long Moderate
Price License price Expensive Inexpensive

<+ FPGAS Fa+ 2001 152323 7oAl 2004 24318d o= oF 38% S71a%le
], PDP (Plasma Display Panel), LCD (Liquid Crystal Display) ¢ tXx¥€ TV, fH]HE 2
£ 7ukoz sk F4 Aeo], DVD (Digital Video Disk), A7), 27U, MP3 59 ofg 4]

sope] Ago] Holuhal ot FAITAANEA LN AR, 2005). FPGAE F2 AR
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o] HAo ug} 7P o2 WL 7hsst

al
oA ARgH N oH, dA 2R, oFet 5o et AJAg Fopol #ts] Fgral i

K

3 W2 w4 A S5 AR AbEe] of¥tial HAsklvh o] A 2H(2004) <

2y 25 9 379 Ae&FY Aad LS e 3 G ol AEE AT AHE
at7] 913 L8 ES FPGAOl & &ate] diadAle]l Az 3449 o] AnE Hudos =4
3FA T $HFE(2004)2 FPGA EEC A& A3 AeE ¢agss AAZN Y Adxe 7|AA

FPGA®] Hopfied network ¢ il#]&$ L #HAsksle] FPGA AA Aoz Fdo] 7hs3h
A 2Eg Adtel o, thE ASIC Bu ¢3Els 738 A 285 E AE A4AAZE & Y

STRINIRS 5 AT

X
ofo

ol
ol

(2) FPGA9] &+

FPGA?] ZFRE 3st=dolE AAlsts Z2age] W wet Anti-fuse W2, EPROM
(Erasable and Programmable Read Only Memory) <2 EEPROM (Electrically EPROM) 4t
2], SRAM (Static RAM) cells ®2jo] glow, zpzbe] w2 ALGA7E & % &40 2§
A 7ide]oF S Aubesystem, 2007).

Anti-fuse¥ 22 3719 @i om A=Y M obflFE nd, WEA, FHAAR o] Fo
3 MAAZ, HAFY YT AEFToR o Fot}. o] FxoA HwA L 18V

o], A9te Anti-fuse Ejnjdol] 917133 5 mA A% = A

EPROM-S ¥&3 iz v w22 Select ¢ Floating 7 719 AlJEE 713 Fx2= F
AA= A ke Aol Zzgge]l HA ke AHAE

Floating Alo]Ed| HA3d}7} EA8Fx] Fola o] EUdXAHE HES L9 EU3A Select
AolEd st} ON A7 = Slt} o3 W o= EPROM2 Z=dfw] A2 ARE3
th Zzad8 e EEROM Axbe v gdZdolu Ak de A Y ZAHA A 2384

1__%:'_

Alo]EAbol = g ow

Fl
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38 dojwA HRRE Az2agde] sbeeta 3 WA o] wg Avk= Aol vt
SRAM T-Zol|A & 2 elr] 93k 14 A9 Ho] SRAMA| 9]sle] A H oA =
HE Z YA 58 AFES. SRAMY A G A= AA48S Aojsry] 98 md xR SRAM A
of A= d=d oA AUl AXYE 1L ARE {FA3E R s o) wpEkA] o]
WA AMEShE Al A= FPGAS wldARE 3] HESHy] 9 bxe AgaA 7}
F a3t} oE w2 d|sle] SRAMT-ZE= vlad WAg @Wol xA| 3 AZ 2ol Al
2l QoA Ay Az o] R F glom FFE CMOS F4& AHEste] Axd F o=
el Qlvh Aol AAE Helyrh A A i dho] AAE EEPROM ¢4 FPGAZE o]
EE AFnE e 4E9s 88 3= Alado

= X

Edelty, 2HnE X ATdA: ofg s AAAse] 4G N8 29 31134 2
Q
(e}

Real-Time
Controller

-----

s
......
-----------
.......
‘‘‘‘‘‘‘‘

e Signal
S Tconditioning[ | APE

2HE Aodns s oz dHRE NI 92068 ol 8ate] A7le] HA%me v
JAEEE 2AHEE Sk B NARE ] gAuGR

I E 9 AE, er B
ozl ABWAL AHAgeh bR JHEES NI R219% o g3t MARE} A4 1
gojze eRE Z4stglon UXY 9HFYE NI 94039 AADEe Bal WARH
ot 3w neolze] HEWAS PHWITE NI 94039) FHALE B3
A SFololE, Fus oFeloE, FaA ofFelolee]l 2A% HAY ofF, HAWTFS
g 2

FEQ NI cRIO-9411& |83l ¥ vjide AHEE
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NzEle] AojE 9@

Fou HAY FHEES NI cRIO-9M745 o] -&ato] wWARH o 3]d9ak
)

Pl = AA

v

Module

Specifications

Signal

9263

Control F/W actuator

Analog output

Control main transmission actuator

Control clutch actuator

9263

Control Powder brake

Analog output

Control main motor RPM

9205

Engine RPM

Mission RPM

Emergency switch

Analog input

Driving/stop

Main motor CW/CCW

Inverter Manual/Automatic

Powder brake Manual/Automatic

9219

Analog input

Temperature sensor signal

9403

Emergency switch

Driving/stop

Digital input

Main motor CW/CCW

Inverter Manual/Automatic

Powder brake Manual/Automatic

F/W actuator driving/stop, CW/CCW

Digital output

Main transmission actuator driving/stop, CW/CCW

Clutch actuator driving/stop, CW/CCW

9411

Engine RPM

Digital input

Mission RPM

9474

Emergency switch

Main motor CW

Digital output

Main motor CCW

Electro brake
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Clutch actuator with potentiometer
for feedback control

2 3-13 FHA Al o)H o) GE AP YA,

YA dFoolH e fAE FAs A AREH LVDTE =9 AgS ¥egtez yed7]
A8l A (calibration)s A &3FATE FH A AFololHe] SAHPS 19 3-149 Zo] -8~18
mm HeolA FEH Eol 6 mm A b WH9E ol A HFdolyrt AAdd HAE U
ojuf AAZE BEEE RS WASAL, o]o] LVDT wAHNE -16~22 mmE 3kth. LVDT

o] wA Ayi= 19 3-1569F #Zo]l At Aol @AV AAAF 0997 HENY LVDTE 9]

=
£33 JF72 Aolrt e FAd 5 9l
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Lo | same

179

T
I

Reference
potentiometer

Shuttle shifting actuator

with potentiometer for

feedback control

19 3-18% 2o

e

=
=

Al 2w E 9

23!

.Xﬂl
_,AO

2 AWk glof

o] 15°

il

By
=

A or g7t

b,

A

ol o] &l 7} A

N
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35° (1.94V)

55° (3.05V)

=

=

20

60 B0

40

Angle, degree
Engage®} Disengaged *HEj

2 9]

10

I F

/321
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e xRAeuEe EHfpor A3 HFdolyet e WA o= Engagedt
Disengaged’ 81 & WHE3lo] PIDAIOlE A 83l9 3 LVDTY Y gtez 1003 A3 As
H7te AAFYGe =4S LabVIEW 2o AAEn o249l x1o]9 PID Aoz =
e o g A 7ks ALtEAT

() A5l ol Aol deH7t A
- HFoolH oA el PID Alo] deH7tE A 43S FHF 23 29 3-205%

kel
&
3-103 Eo]l upEhwth sl AQAAIEE U THA AdH, 5 A>T,

il
|
X,
™
ol
o o K

°
i
i
et
o
£
I
i
H
e
B
i
Lo

75 15
60 | g
g °© 15
;IJ‘ 45 a
81 En—so
30 |
< < 45
15 60
0 75
0 0.5 1 1.5 2 0 0.5 1 1.5 .
Time, s Time, s

18 3-20 AZ R A Foo]E o] PID Aol At

3 3-10 A5 WS Ao A

Transmission Rise time Delay time Setting time Steady state
direction (s) (s) (s) error(®)
F—>N 0.46+0.01 0.52+0.23 1.11+0.09 0.74+0.58
N —> R 0.44+0.01 0.47+0.02 1.08+0.07 0.54+0.50
R—N 0.46+0.04 0.52+0.14 1.05+0.14 2.05+0.53
N —>F 0.47+0.01 0.49+0.01 1.07+£0.14 2.02+0.51

YA dFoleoly el Alo] Aatm 1y 3-213 & 3-113F o] 05% ofel Alo7te 33
i, ASE A9 ] 0.02 Veltlz Ao} Zheakdlth <5, AMTE tid ez & deola 27



LVDT value, V

Time, sec

29 3-21 FH A fFclolEe] PID Ao 2.

I 3-11 28A ¥ Ao 23
Clutch Rise time Delay time Setting time Steady state
direction (s) (s) (s) error(mV)
N —E 0.23+0.01 0.26+0.23 0.48+0.02 20+0.11
E—-N 0.22+0.01 0.23+0.02 0.48+0.17 22+0.21
N—=D 0.23+£0.04 0.26+0.14 0.47+0.01 21+0.22
D — N 0.23+0.01 0.24+0.01 0.49+0.04 24+0.21
(2) ARG

A2 18 3-229)
e A He ¥
S22 = 18 3-233}

ZHEE
A

!

HIOIEd
2YF7

ol A Y. A Fde EHE thAalste] HA
RS e St thelolgg nEe s A
2.

| AMT DEFE AR 23 |
e ohol & =
o =0l 0] £ =eol=

Z2r A

el 2

010l =5 APM
= Al o001 H

M2l E] RPM
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E 3-12 3 Ak HGrpeks
Failure part Failure reason Failure status
Motor Poor Stop{poor motion)
F/R Open Stop(OV)
actuator Potentiometer Short Stop(out of regular range)
Poor Stop(within regular range)
Motor Poor Stop{poor motion)
Open Stop(OV)
Potentiometer Short Stoplout of regular range)
gchtliior Poor Stop(within regular range)
Open Stop(OV)
Encoder Short Stoplout of regular range)
Poor Stop(within regular range)

MEAZF L Aoy zEaodlozH thekst NI A7t 7Hedk LabVIEW  (version 2009,
National Instrument, USA)E ©o]&3}o] 7I&3t3lth LabVIEW= Al Al &dle] HEgH o=
Abgo] 7hestal A FFo] ofo]FoE EHojglo] HoH ] BFE& AAAo= AT

7 = ARel dow w3 AAHor yAstal e FA4 % 4% S8 o] AEA
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Few 24 BE 5o TAN vk AWE AFES 19 3-26% o] A=Y 3
FAGL A Aoz nPAF FnLE 443 4% Yok Foviolar AERY 52 0§

of

dodutE Asdd FO8 g A9UE AL Gl ma TCUS ] FAL 94
Real time

=
i pProcessor
—
Analog [/O =
O /
> PCI Bus
p B

Digital I/O

FPGA

L

i

Actuator

1
i
T

9l 3-24 %R Al &~El A ZSE layout.

=Tl S2ix ac ZHADE SHH A HIH HST aAc ZHMOE
EngneRPM |0 THRFM o 1000- 1000~ 3000- | 1000 [
i i = U Je° o 0
1500 N 1500 : g z g
4 S 7 S 9002 002 o 9002
1000 2000 000 z000 g E 2 £
600° 00 : 5007
: : 2000 :
2500 2500 g 2 : :
500 / o Lsmo /’ - 7002 700- : 700
3000 3000 : E = :
-, 4 b \ 600= 600 B 600
500 500- 10002 500-
300- 300 : 300°
3 e (15 &
200= 200= B 200=
- - - i = o r
< 2 -1000- i ——

Model Name Program Yersion
0

5

=
£
I
:
=
on

Setting
Chanrel #
o [ 1
@ cciusive
@ etenced
@ vitual

Standard Can Baud Rate

250k Bad v
GoBus On ) @ Bus Status
STOP

e
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O 3-26 ARG A A= A ZEE

O L

25 =245 93 FA A (photo sensor), A2 WZo] WE (= Ba =4S 93 B2z 4
AM(torque sensor), ¥ Al A FH QA wE AE S4= AT ISR AA

(accelerometer), 123 W&7] FASh 9T HEela WS £ e A A

(thermocouple)& o] &3l AlA el XM AL HF 3-133 2o IAd&EE HAHE 93
FAAE AR HEHE QY o] ¥k& AJ7ko] 1 ms?l Al A (Model

%o & IAFE awdt
BR-100DDT, Autonics, Korea) & o] 8315131 %% 8 24¢ 918 22 A= 44 &2
o] 100kgf-mel3t A7 F#He] 13 mV/VE 7}A% EZAX(TRC-100k, T4, Korea)® AH&
S e AT A W7h del Bed 8464 Abgel shed shdad g
(Charged type)o.& & AelA ARRsH7] &o]dh 7F&&%  AA(4384, Bruel & Kjaer,
Denmark)& AH&3t90 olu] A& ZHo] folsn% Wrmel dL(2646, Bruel & Kjaer,
Denmark)E &F3sle] 98 mV/Ge #AEE ZE=E 39t A, A57, Fus 4 Bus

ool E A Az A WAE TUAWE s AE3sT)

y 3 Vibration _." z
o -"—?--- | { Torque Driving shaft rpm

""_'v"’ _r 5
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3318 A A" e A Al ARG

Sensor Ttems Specifications
Output type digital
Photo
Supply voltage 475~252 V
Sensor
Frequency 15 kHz
Hysteresis £0.5% R.O.
Rated capacity 100 kgf-m
Torque sensor Rated output 1.3 mV/V£1%
Safe overload 120% R.C
Supply voltage AC2YV
Frequency range 0.3 to 100,000 Hz
Accelerometer
Sensitivity 9.8 mV/G
Type T type, Cu(+)~Ni(-) constantan
Thermocouple
Range -200400°C

SRR Azde] A4 ABE 24 9% VO AFsol s mES 19 3-287 o] T
qetglom AAT AFFe E 3-149F prh WL R §4 €% 9 Wrke £re) EFe
AAAez WP wa 7sel Yol AW e EHo] Rold A BN 9213,

National Instrument, USA)-S A}&3g oW =9 E=A= full bridge 3 EZE 7[R = ofd =

_ISE’.
2
O
[\
W
ﬂ
Z,
=2
o
=
~
5
@
=
3
@]
=
-
w
=
m o
>
ofo
o
£
Ay
Zi
ﬁd
:L
e
A
D
ofj
i
B
o

S
& 9

°f

£

ThEE A Y AFE 50 kS/se £EE 24 bitse] ARG & =AHo] 7153 AR
ol 1 AHRE(NI 9233, National Instrument, USA)S ARE3} AL A, F%5=,

g BAAY tAE A5E H 100 nsd iE BA A5 ZAo] 7%d tAd

iy

fass

)
A
=
ON

Ny

iRy
n
)

WE(NT 9401, National Instrument, USA)-S o]&3lo] 3 AETE =43 A Y. F8A,
TG 9 RS AFooly Y A Ao ZH7he] Ui AAH ERAvY e

b

Fdow Aol 250 kS/s2 32 A9 ofFR A5 FHo vhed g2 9 EE

2
P
o)

Ol

o]
(NI 9205, National Instrument, USA)< B3l =433

L Ao 3 MHz¢ A% 52 8749 10 Ql¥Helx w58 FAd 34 73 FPGA
W& (Crio-9104, National Instrument, USA)S AF&3sle] 4o e 9 3ldgxe 40| 7t

SRS 900, 400 Mz o ZRAAZ FH5] we Fe) NE AeE AN £9 7t

ol
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53 RT "E(Crio-9012, National Instrument, USA)S o] &3] =AHE AHA AZ

(ld

(Universal Serial Bus) A Z&wjAo] AA3t== 33T},

A Az" P4 JORE AL

USB

Function

I/0

module

NI 9213

16 ch, built-in cold-junction compensation

24-bit ADC for up to 0.02C measurement sensitivity

NI 9237

4 simultaneously isolated analog input channels
50 kS/s sampling rate, 24 bit resolution
Programmable half and full bridge completion

Up to 10 V internal excitation

NI 9233

4 simultaneously isolated analog input channels
50 kS/s sampling rate

2 mA ITEPE signal conditioning for accelerometer
24-bit resolution, Antialiasing filters

£5 V programmable input range

NI 9401

8 isolated digital input channels
100 ns ultrahigh speed digital I/O
5 V TTL, sinking/sourcing input

NI 9205

32 isolated analog input channels
250 kS/s sampling rate, 16 bit resolution

£10 V programmable input range

FPGA
gate

Crio-9104

Control and signal processing circuitry
8 slot reconfigurable embedded chassis

3 M gate reconfigurable FPGA core

Real time

Processor

Crio-9012

400 MHz processor Real time embedded controller
128 MB nonvolatile storage, 64 MB DRAM
10/100 BaseT Ethernet, USB/RS232 port
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Temperature ~ ——> Thermocouple —_— NI 9213
Driving shaft torque —— Torque sensor ~ ———> NI19237
Vibration — Accelerometer —_— NI 9233 \

| ¥ Crio-9104
Engine rpm — Photo sensor —_
/ -
Transmission rpm ——— Photo sensor —_— NI 9401 |
" —
P ——
Driving shaft — Phot
 Driving shaft rpm . oto sensor | _ Crio-9012

Actuator position Potentiomet NI 9205

18 3-28 ARG Al A" A F =A layout.

FPGA ZE& 9% Z2a9e F2 VHDL @] ARgHW, & dAgedAs 2z A2 3+
Fo] go]dk LabVIEW (version 2009, National Instrument, USA)E o]-&3&}o] 723} 5]v)
FPGA EE2 19 3-299 Zo] Fd /O EEH9 Holy A4S 3 /O &9 LSB
(Least significant bit)¢} 2. ZA(Offet) 59 AWE ¥ RT EE AIsta vkl RT
EES LY 3303 2ol Az 3 WY B Fig 54 AE SAHE 9% AReAe 44 @

S FPGA EEo| AEsts= v o=z FPGA 53 RT 8L 573 %

oy

T3k FPGA EE
I} RT E&E2 AAAH o2 FIFO(First in first out) WA E W43l 3lo] FPGA RES 53}
of =89 AA AZE 402 RT EE2 FIFO WA dgst, RT Z52 5d 2
TE 107052 W3ee] USB 59 AdmAle #A4sA @k olw, FPGA ZE¥ RT ZE

e HEE R AL Aladd R £ uge fAeAA A= AP FPGA
BEAAY AHgstal RT EEolA= et 2 Aofvrg Faste] Axgle] Zgl= F3E8 F

23}E7] Yol aglng &A% AA AlEE FPGAE %319 #S Al7A9 3 RT & F
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o [EBA Catbratod
0 -

|

o
a. Module calibration b. Initialize configuration FIFO ¢. Load configuration data on FIFO
sy
I ~—
- E o
‘ Il . ' {EE]
&
(]
o
¢. Load configuration data on FIFO d. Acquire sensor signal

18 3-29 FPGA 227139 7f=Fe,

VISA Resource Mamel
I 5
,,,,,,, - amm
o »-@
o
a. Install FPGA b. Read I/O module calibration data ¢. /0 module configuration
- N
“ -
=
iR —
1 =
d. Read sensor signal in FIFO e. Convert binary to nominal

19 3-30 RT =& Zza9e] s,

-
uheh A 4eAA el Bastd,
59 EAA A4S ol §te] A

S W R34 gUoE WY F, 4w Yt 48 9% AARE Fas G99 By
g

3} 9o

o
o,
ofo
o

z

K
i
d
e

o] vt Fu G e AARYE Fyo W Fourier transform

W (Wavelet transform)-& ©]&3F # Go] dom H43 AT FeAA
(Mother function)”} t3lk o] &2l WMgho] wo| AREH o] Ath A7F 4] Fe AAR
[e]

o] AbgEE AL ko] Ha 7h3lk ol F ¥ ZEH (Moving average filter)”7} 1.2.H

TH 3o Wl uel Hy B WEU) 7Hed 482 (Adaptive filter), e gHS 74

N
XN
o2l

ae

<=k
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B] (Kalman filter)

v

o g8 Wte

7l
£

tol 449 g B

B3

[e]
AL A
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1.
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=

K

Al

=

FH AlS

=
=

ZH

T

ans
R4

z

Y, o]
E](Moving average filter)

3
=

Ein

[}

]

(1) ol&%

(e}

e

j2)
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ojy

_ZTI
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e

j2)

o

B

3

—
o

il

ojy
s

e

j2)

oA A (3-2)¢F #ol i

4} (3-2)

1 M=

Mi:()

A7) A, x(t)

U

e

j2)

o

(2) dlo] &8l (Wavelet filter)

EE

8

pase)

-

—
o

-

1.

(Window)©] 2+
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SHERR & VAUGHN, PLILC 620 Herndon Parkway
Suite 320
Herndon, Virginia 20170
Phone: 1-571-313-7556
Facsimile: 1-703-935-8473
www.sherr-law.com

VIA MAIL AND EMAIL
January 26, 2010

Young-Chol Kim

KIM, CHOI & LIM

Korea Coal Center 10th Floor
80-6, Susong-dong, Chongro-gu
Seoul 110-727, Republic of Korea

Re:  U.S. Patent Application No. 12/689,338
AUTOMATIC TRANSMISSION
Inventorship: Jung Woong Choi et al.
Our Reference Number: 661-0002
Your Reference Number:  OF09P297/US/YJY

Dear Sirs:

‘We are pleased to inform you that the above-referenced patent application was filed and
the assignment recorded on January 19, 2010 at the United States Patent & Trademark Office
(USPTO). Enclosed are copies of all of the documents filed, an electronic Acknowledgement
Receipt from USPTO, and Notice of Recordation of the Assignment. Also enclosed is our
mvoice.

We have enclosed our draft of a preliminary amendment to reduce section 112 issues for
your review. Please review the enclosed preliminary amendment and give us your feed back
when you return the executed documents to us.

Please advise us of any prior art which you, the inventor and/or anyone associated with
the filing or prosecution of this application are aware which relate to this invention so that they
may be submitted to USPTO. Under U.S. Patent Law, failure to submit known “relevant™ prior
art may result in invalidation (i.e. cancellation) of a resulting patent. Any prior art cited in a
corresponding foreign patent application should be submitted to USPTO in an information
disclosure statement within three months of citation.

Please also identify for us any U.S. Patents or Pending Patent Applications that you, the
inventors or any assignee are aware of that are related to the subject matter of this case. We need
to determine if the file of these cases contains any relevant prior art or if it should be brought to
the Examiner’s attention since it may be a potential or actual prior art reference under U.S.
Patent Law or it may raise an issue of double patenting.

PRIVILEGED AND CONFIDENTIAL
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SHERR & VAUGHN, PLLC
Privileged and Confidential January 26, 2010
We will be sure to inform you of any developments in this patent application. We expect
to receive the Official Filing Receipt within one month. In the interim, please do not hesitate to
contact us if there are any questions or concerns.

Very truly yours,

SHERR & VAUGHN, PLLC

A

Todd A. Vaughn, Esquire

Enclosures:  Preliminary Amendment
Invoice
Patent Application Papers Filed
Electronic U.S. Patent Application Acknowledgement Receipt
Notice of Recordation of Assignment

TAVIMST/SWL/kmt

Page 2 of 2
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Docket No.: 661-0002

Jung Woong Choi et al. Confirmation No.: TBA
Application No.: 12/689,338 Group Art Unit: TBA
Filed: 01/19/2010 Examiner: TBA

For: AUTOMATIC TRANSMISSION
Commissioner for Patents
P.O. BOX 1450
Alexandria, VA 22313-1450
PRELIMINARY AMENDMENT
Sir:
Prior to examination on the merits, please amend the above-identified application

as follows.

Amendments to the Claims are reflected in the listing of claims which begins on

page 2.

Remarks begin on page 7.
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1 US/12/952,997 (7] =)

620 Herndon Parkway

Suite 320

Herndon, Virginia 20170

Tel. Phone: 1-571-313-7556
PLLC o 05058473

www.sherr-law.com

Email: mail@sherr-law.com

“Admitted o practice in the District of Columbia,
Texas and before the U.S, Palent & Trademark Office
and the Supreme Court of the United States of America

January 12, 2011

Ms. Sun-young Kim

KIM, CHOI & LIM

Korea Coal Center 10th Floor

80-6, Susong-dong, Chongro-gu

Seoul 110-727, Republic of Korea

Re:  U.S. Patent Application Serial No. 12/952,997
AUTOMATIC TRANSMISSION FOR VEHICLE
Inventorship: Sang Heon Lee et al.
S&V Reference Number: 661-0005
Your Reference Number: OF10P072/US/YIY

Dear Sirs:

We have received a Notice of Recordation and Updated Filing Receipt from the U.S.
Patent and Trademark Office (USPTO). We have enclosed a copy for your records.

If you have any questions or concerns, please do not hesitate to contact us.
Very truly yours,

SHERR & VAUGHN, PLLC

ALY/

Todd A. Vaughn, Esquire*

Enclosures:  Notice of Recordation
Undated Filing Receipt

TAVISWL/it

PRIVILEGED AND CONFIDENTIAL

- 314 -



USPTO 1/8/2011 8:06:28 PM PAGE 1/005 Fax Server
TO:SHERR & VAUGHN, PLLC COMPANY:620 HERNDON DARKWAY

UNITED STATES PATENT AND
TRADEMARK OFFICE

Facsimile Transmission

To: Name: SHERR & VAUGHN, PLLC
Company: 620 HERNDON PARKWAY
Fax Number: 17039358473
Voice Phone:
From: Name: ASSIGNMENT RECORDATION SERVICES
Voice Phone: 571-272-3350

37 C.F.R. 1.6 sets forth the types of correspondence that can be communicated to the Patent and
Trademark Office via facsimile transmissions. Applicants are advised to use the certificate of
facsimile transmission procedures when submilting a reply to a non-final or final Office action by

facsimile (37 CFR 1.8(a)).

Fax Notes:

Pg# Description

1 Cover Page

2 <Description not availables
4 Batch 2289120 Document 1

USPTO ASSIGNMENT SYSTEM PROCESSING

Date and time of transmission: Sunday, January 09, 2011 8:06:02 BM
Number of pages including this cover sheet: 05
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USPTO 1/8/2011 8:08:28 DM PAGE 2/005 Fax Server
TO:SHERR & VAUGHN, PLLC COMPANY:820 HERNDON PARKWAY

UNITEDR STATES PATENT AND TRADEMARK OFFICE

UKpen OF "ROPEATY AND
D THE UMTED & 'WTENT aND TRADEMARK OFFICE

DECEMBER 29, 2010

PTAS
SHERR & VAUGHN, PLLC T 0 e A
620 HERNDON PARKWRY *501387333*
SULTE 320

HERNDCN, VA 20170

UNITED STATES FATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGHMENT DOCUMENT

THE. ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PRTENT AND TRADEMRRK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROCM CON THE REEL AND FRAME NUMBER
REFERENCED BELCHW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE

INFORMATION CONTRINED ON THIS RECORDATION WOTICE REFLECTS THE DATA

FRESENT IN THE FATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD

FIND ANY ERRORS OR HAVE QUESTIONS CONCERMING THIS NOTICE, YOU MAY

CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 5§71-272-3350.
PLEASE SEND REQUEST FOR CCRRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
MRIL STOP: ASSIGNMENT SERVICES ERANCH, P.0. BOX 1450, ALEXANDRIA, VA 22313.

RECORDATION DATE: 11/23/2010 REEL/FRAME: 025521/0771
NUMBER OF PRGES: 5

BRIEF: RSSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FCR DETAILS) .
DOCKET NUMBER: 661-0005

ASSIGNOR:

LEE, SANG HECN DOC DATE: 11/02/2010
ASSIGNDR:

KIM, SANG HYUN DOC DATEZ: 10/25/2010
ASSIGNEE:

LS MTRON LTD.

1026-5, HOGYE-DONG, DONGAN-GU

ANYRNG-5I, GYECNGGI-DC, REPUBLIC CF
KORZA 431-080

P.0. Bax 1450, Alexandria, Virginla 223131450 - vww.us=1o oov

USPTO 1/9/2011 8:06:28 PM PAGE 3/005 Fax Server
TO:SHERR & VAUGHN, PLLC COMPANY:620 HERNDON PARKWAY

025521/CT71 PAGE 2

APPLICATICON NUMBER: 12952697 FILING DATE: 11/23/2010
PATENT NUMBER: ISSUE DATE:
TITLE: AUTCMATIC TRANSMISSION FOR VEHICLE

JOANN STEWART-WOOD, EXAMINER
ASSIGNMENT SERVICES BRANCH
PUBLIC RECORDS DIVISION
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1 CN/201010565794.8 (=)

The State Intellectual Property Office of the People’s Republic of China

100101

18" Floor, Tower B, Grand Place, No. 5 Huizhong Road, Chaoyang District,
Beijing  Lungtin Int'l Intellectual Property Agent Ltd.
Xiaojun ZHENG Teqiang ZHENG

Issuing Date:

December 6, 2010

Application or Patent No. 201010565794.8

The Official Filing Receipt for Patent Application

The Patent Office has received the patent application filed by the applicant in accordance with the Article 28 of
the Chinese Patent Law and Rules 38 and 39 of the Implementing Regulations of the Chinese Patent Law. The
accorded application number, filing date, applicant(s) and the title of Invention creation are notified herewith as the
following:

Application Number: 201010565794.8

Filing Date: November 26, 2010

Applicant(s): LS Mtron Ltd.

Title of Invention-creation: Automatic Transmission for Vehicle

The State Intellectual Property Office has received the following documents after checking:

1. Request for Patent Application 1 set, each 3 sheets;
2. Abstract 1 set, each 1 sheet;
3. Drawing for Abstract 1 set, each 1 sheet;
4. Claims 1 set, each 2 sheets;
5. Description 1 set, each 7 sheets;
6. Drawings 1 set, each 3 sheets;
7. Power of attorney 1 set, each 1 sheet;
8. Certified copy of the priority document 1 set

9. The Original Application Document 1 set

10. Request for substantive examination 1 set

11. Chinese translation of the cover sheet of the certified priority document 1 set

Reminder:
1. After receiving this notification, if the applicant finds the recorded contents is not identical with the contents filed
by him, he may request CSIPO to correct.

2. After receiving this notification, the applicant should indicate the application number accurately and clearly in any
proceedings before CSIPO.

Examiner: Airong LIU Examination Department: Preliminary and Procedure Administration Department
Tel.: 5500
200101 Paper Appli address: The ing Dep; , SIPO, No. 6 g Rd., Haidian District, Beiling, 100088;
2008.10 he i shall be itted in the form of i through the ic patent
application system. The ponding in ather form than electronic documents, such as in paper, shall be deemed not

to have been submitted unless otherwise provided.
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CERTIFICATE OF APPLICATION
- Y (UOARNEE FAZ A F= 0¥ s .
& @ ol | Namo LS Mtron Ltd. Residence No | 1341T1—xxxxxxx
icant oo J|G OIStAl Zot Az —450—
= £ 23% (i:ﬂli%r LS%%I? 0l 2 & g B S | 031-450-8231
o 2 (23 F 8l S . .
Name KIM, Su Chul Residence No |850102-%wwwuxx
= A |HEZIAAN =23 SES2 37, 1
= 1(%5 {E%EE, %gg;miszrmoé) asus
o 0] & & = gl =
ot X Name LEE, Sang Heon H;sidenoe No 750428~k wkxn
E aJIE BEA SR 229-11, 10 3|
Inventor = %El TR (J[EFE seaeic & 5 H S
4 e =) F R EHS "
Name KIM, Hyun Myung ﬁgéidence No 771080-—%wwwsx
A | HIE OHAA| =01 SIOIR {2 tH
e 0, 302%= 501= (aﬁ%gf_lﬂjté 45 =
BISOIIIE )
= o |2ga dizlel 3= | 9-1998-000040-3
= A (ASEEA E27 =252 58, 102 HOIMNLUSHEEAMR A (=
o 21 el ==, SAE3aug)
Agent 4 o |2deg thelel 2 |9-1998-000131-1
T A | NESEA S22 S252 58, 105 AHOIMNUSHYEUEBAIRA (=
==, HEgang)
& |/ H 5 =561-2011-0003356 =8 &2 X (2011 018 13
Application Number PATENT-2011-0003356 Filing Date |JAN 13, 2011
gg(neHe Ha, ESy EMHADNEE F HEY U B ISEEI
ClXols E8E =S8, |Transmission Automatic Device for Main Shifting Transmission R
AEZE(MHIA)FE 22 |ail with Transmission of Agricultural Tractor
Title of Invention,
Product(s) Embodied
in Design, or
Classification of Mark
= [ HEE IPC 2F F16H 63/30
ZH &S H & & EH HEHE2Y
2 AAE SHE.
This is to certify that the above applicant has filed as stated in this
certificate at the Korean Intellectual Property Office
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CERTIFICATE OF APPLICATION
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E 2o | Name LS Mtron Ltd. Residence No | 1341T1-wwwaaxx
fcan A IS OIGAl =013 QUOIAR o —450~
= 23; éiJiI cf 15%%1) 1 & 3 ¥ S |031-450-8231
= = =3 F o s
Name KIM, Su Chul Residence No [B850102-xxxxxxx
A A 172172 B
F = [pepEgngeeavec | @av e
=] =} ol ate =0 ¢ s
wrof X} Name LEE, Sang Heon Residence No | 790428 xxxxxxx
Inventor A 2 Al 229-11,
T 5 RN NS e e
= == = &S = g8 | s ek
Name KIM, Sang Hyun Fi_;sidenoe No 760123
== A OFOF A 3
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= =] AR=F-| CHalel B = | 9-1998-000040-3
= EY NEEEAN =2 S E5& 58, 105 JHOINULUSFHEHBAIR A (5
o 21 el SS, SAEs2uy)
Agant FEEREEEE telel S [9-1998-000131-1
= & AESEA SE=7 S252 58, 10= HOIMUBUSHHEEAISRA (=
==, SAEsAy)
&8 8 8 5 = &-2011-0140940 &= & 2 X 20113 128 23y
Application Number PATENT-2011-0140940 Filing Date |DEC 23, 2011
gal(nen)o oa, =8 =5 FH=S IJIPE FHISH=E BRI JHA B ZX
Clhels E8® 5. |Hydrostatic Mechanical Transmission for Automatic shifting of
aE(MH A"/ P& |sub-gearshift
Title of Invention,
Product(s) Embodied
in Design, or
Classification of Mark
= = HEeEs IPC 27
EH SN E & B FAESHELY

@S2 At 20120110

Pl AlElE SHE.
This is to certify that the above applicant has filed as stated in this
certificate at the Korean Intellectual Property Office
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4 o |olaH F oW s P
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Inventor A [FIIE sdA BYE 229-11, 10
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=5, 4E3aEY)
g 8 ¥ 3 S6-2011-0141076 =8 2 T |2011E 12@ 23
Application Number |PATENT-2011-0141076 Filing Date |DEC 23, 2011
[o]

g = E FUHSZI M2 AEUOIH
gg@% %Sﬂ SE. |Actuator for Hydro Static Transmission Control

Title of Invention,
Product(s) Embodied
in Design, or
Classification of Mark

= = NEE IPC 257

HE3HMEHH HEHEY

F AE SYHE.
This is to certify that the above applicant has filed as stated in this
certificate at the Korean Intellectual Property Office
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£ @ o Name LS Mtron Ltd. Residence No
Applicant
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Application Number PATENT-2011-0141276 Filing Date |DEC 23, 2011
2 (10 HEA H<s Bl & 213 Zi|
CITIclE ODag 2E LINK DEVICE FOR TRANSMISSION AND SPEED CONTROL
AE(HHIAY)E 22

Title of Invention,
Product(s) Embodied
in Design, or
Classification of Mark
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This is to certify that the above applicant has filed as stated in this
certificate at the Korean Intellectual Property Office
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Title of Invention,
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certificate at the Korean Intellectual Property Office
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P-26
Bubble Screen System for Greenhouse Therm al Insulation

Kiyoshi Miyauchi'® , Takanori Yamasaki’, Katsumi Ishikawa®

lFaculty of Agriculture, Kochi University, B 200 MMonobe, MNankoku, Kochi T83-8502, JTapan
2@raduate School of Irtegrated Arts and Sciences, Kochi , B 200 Monobe, TMNankoku, kochi 783-8502, Japan
3Fac:ulty of & griculture, Kochi University, B 200 Monobe, MNankoku, Kochi 783-8502, Japan
: Corresponding Author, Tel +81-088-864-5212, Email: kmiva@kochi-w.ac.jp

Abstract: New technology development to raise profitability is expected because production cost increases by oil prices
remarkable e these dave in the field of the protected horticulture in Japan For heating costs reduction to held many of
production cost, 2 natural energy and woody biotnass resources and the use of the heat pump are performed in each place, but
emough result is not provided. Therefore, in this study we devise a bubble screen system as the new technique of the greenhouse
covering which can let oil consumption decrease sharply, inspect the findamental petformance and effect, and develop the
practical use scale system The objective of this study is the production cost reduction by the thermal insulation in winter season
and shading in summer season. The bubble soreen system is a method to cover the greenhouse by a bubble. We replaced the
atmospheric layer of two folds of air films that thermal effect was recommended with a bubble and raized the thermal insdation
with the outside. B ecause we compare the bubble screen with the flow attmospheric layer, and thenmal resistance growing big and
the manufacture of the bubble and collection are easy, it is thought for the thermal insulation improvement of the greenhouse
effectively. Therefore, large reduction of the oil consumption and C Oy discharge reduction are espected. About 5 degrees Celsius
thermal effect is confirmed in the preliminary examination, and this leads to the 30% reduction of the wamming fizel consumption
of'the winter season

Key Words: Greenhouse, Heat Insulation, Bubble Screen, Energy-saving, Cost Reduction
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Performance of Noise Reduction Algorithm for Development of Failure Monitoring System

YongJ.K' *, Sang H. Kl.m » Hyun M. Kl.m Sang H. Lee ,Jeong W, Chm Chul H. Cl’mil
Jin Y. Kim!, Jin H. Je\mgl Dae H. Lee’, Chang H. Choi’

R&D Center, L3 Miron Ltd., Aryang, Korea
gchool of Life Science and Biotechnology, Sungloruniosen University, Suwon, Korea
*Corresponding Author, Tel +82-31-688-5383, Email: babina@skio. acler

Abstract: In order to develop the failure monitoring system for a tractor, the failure monitoring list and the failure monitoring
sensor have been selected and equipped. Additionally, the noize reduction algerithm has been developed in accordance swith
wibrations while driving a tractor so as to ensurereliable s gnal estimations,

Ag for the failure monitoring sensor, the revolution speed of the respective shafts (e.g., engine shaft, transmizsion sha ft, driving
shaft) depending on the power transfer, the torque exerted on the drive shaft, and the hydraulic temperature have been added to the
failure monitoring list so that the load exerted on a tractor duting the execution of the field packaging wotk can be estimated
MMoreover, the measwrement system has been developed based on the FPGA module and the BT module which possesses the
capability of processing signals at high speeds so as to collect sensor signals in a stable manner.

Regarding the noige reduction algerithm, a wavelet filter, a moving average filter and an adaptive filter have been implemented.
Specifically, tests were bazed on the evaluation of the noize ratio to the signals of the respective filters while executing the
packing work with the dniving speed maintained at 15 kimth and a response speed while making a sudden gear change from 15
km'h to 30 km/h The result of the test revealed that the adaptive filter provides the most excellent performance. Therefore, it is
estitnated that it can be used effectively for measuring reliable signals while executing packing work with a tractor

Key Words: MNoize Reduction, Failure IMonitoring, Tractor
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Development of Automated Manual Transmission of Agricultural

Tractor Using Electric Actuators

Yong-Joo Kim °, Chang-Hyun Chol ™, Dae-Hyun Lee ®

* Machinery Technology Group, Advanced R&D Center, LS Mtron Ltd., Anyang, Korea (e-mail:
babina@lsmtron.com)

® Dept. of Bio-mechatronic Engineering, Sungkyunkwan University, Suwon, Korea (e-mail:
chchoi@skku.ac. kr)

The purpose of this study was to develop automated manual transmission (AMT) of agricultural tractor
using electric actuator. A shuttle shifting actuator and a clutch actuator were developed to control manual
type shuttle gearbox and transmission. To evaluate performance of the AMT, the experimental test-bed
was used. The test-bed was consisted of a power train of agricultural tractor, an electric motor instead of a
tractor engine, a three-phase inverter to control the motor speed, the actuators, and 1/0 interface modules.
The actuators were installed at the link of shuttle gearbox and transmission of the power train,
respectively. The potentiometer signals of the actuators and the rotational speed of input shaft of the
motor and the transmission axle were measured and used to control the actuators. PID Simulation
program was developed to optimize position control of the actuators. The AMT control algorithm was
developed and experimental tests were conducted to evaluate the performance of the AMT at speed levels.
The results showed that the actuators were controlled properly to achieve the maximum overshoot of less
than 5%, the settling time of less than 1.5 seconds, and the steady-state error of less than 1% at the all
speed levels.The AMT of the total shifting time of all speed levels were less than 2.5 seconds and the
speed of transmission axle was reached at the designed speed within 3 seconds. The results showed that
the developed electric actuators and the control algorithm could be useful for the automated manual
transmission (AMT) of agricultural tractor.

2 Corresponding author. Tel,: +82 312907834; fax; +82 312907830.
E-mail addresses:
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Development of Electric Actuator Position Control System
for Automatic Shuttle Shifting of Tractor

C.H Choi M. N Woo D H Lee Y, J Kim J, H, Jeong

The purpose of this study was to develop position control system of an electric actuator for automatic shuttle shifting
of a tractor. The electric actuator was installed at the link of the forward-reverse gearshift of the tractor transmission, and
controlled in the ranges of forward, neutral, and reverse positions. The position control system of the electric actuator was
developed based on PID (Proportional Integral Derivative) controller and transfer function of the electric actuator. The
coefficients of the PID controller were determined by Ziegler-Nichols (Z-N) method and optimized using simulation program.
The prototype AMT (Automated Manual Transmission) test unit of the tractor was installed and used to evaluate the
performance of the position control. The evaluation system for the control performance consisted of forward-reverse actuator,
motor driver, and controller.

The tests were conducted as the controlled positions of the actuator were changed from neutral position to forward,
neutral, and reverse positions in sequence. The sequential tests were repeated 20 times. The operations of changing the
gearshift were considered as the step response of the control system. Maximum overshoot, settling time, and steady-state
error were analyzed. The results showed that performance of the position control system was reasonable and qualified. The
maximum overshoots, the steady-state errors, and the settling times of the position control system were 10~20%, 1~5%,
and 0.92~1.49 sec, respectively. The modifications of the electric actuator will be required to enhance the performance of
position control during field operation.

Keywords : Automated manual transmission, PID, Electric actuator, Position control

1. N B 3}]4 E{power shuttle)3} 5-vHH<:7](Continuously Variable
Transmission, CVT)= #5072 W zke]o] 753 #H4o]

Edes 2EE, A7) A9 Sl vt 2 f&5Eo) Slon), BE fPAE AMERE R f&0] Wl 7o) v)
Aelo] A Fale 23] T EUale] wle}l W&Ao) A olg oAl 4 ol W] sfte] Had Aol
RIS dhlis o wdzige] fo)4 grs Folnc F2 (Song and Lee, 2007).
3k @ 4o]tHKim et al., 2010). @A) EDEo]] AF2E 1 9l AREEH 47 ) Automated Manual Transmission, AMT)
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Researcher, Faculty of Life Science and Technology, SungKyunKwan University, Suwon, Gyeonggi, Korea, Yong Joo Kim, Senior Sesearch
Engineer, KSAM member, and Jin Hee Jeong, Director, LS Mtron LTD., Anyang, Gyeonggi, Korea. Corresponding author: Y. J. Kim, Senior
Research Engineer, LS Mtron LTD., Anyang, Gyeonggi, 431-080 Korea; Fax: +82-31-290-7829; E-mail: <babina@lsmtron.com>.
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Development of Measurement System for Shifting Shock of Tractor
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Development of an electric actuator for tractor shuttle control
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Development of Position Control Simulation of
Electric Actuator for Tractor Automated Manual Transmission
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Development of Clutch Actuator Pesition Control System
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Development of Automated Clutch System using Electric Actuator
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t}. AE 2704 (brochure)

16 x 16 synchro-shuttle or 3-range HST transmission

16 x 16 EZ Shift (Automated Mechanical transmission)
Push-button-operated independent PTO

Telescopic lower link

Two sets of remote-control valves

Available with quick-attach skid-steer-compatible front-end loader
Loader control joystick lever

Optional mid-mount PTO

Your choice of Industrial, Ag or Turf tires

5-year warranty

Ses dealer for details

LS Tractor USA | 6900 Corporation Parkway, Battleboro, NC | P: 252.984.0700 | F:252.984.0701 | www.lstractorusa.com
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R-Series R4041 R4041 EZ R4041H Implement

ENGINE Front end Loader LL4101
Type 4 - Cylinder, Indirect - injection, Water - cooled Tractor Application R-SERIES
_Model (Tier3) LS - Mitsubishi S40L - D Maximum Lift Height, in. 9.1
Engine HP (Gross) 4 Clearance with Attachment Dump, in. 658
PTOHP 35 3 Reach at Maximum Height, in. 245
Rated speed, RPM 2600 Maximum Dump Angle, deg. 47
_Disp u, In. 152.9 Rollback Angle, deg. 40
Fuel tank capacity (gal) 85 Digging Depth, in. 59
Alternator 12V - 50 Amps Overall Height in Carry Position, in. 50.4
DRIVE TRAIN Lift Capacity (@ Pivot Pin), Ibs. 2500
_Transmission | Synchro shuttie AMT - EZ shift Hydrostatic Drive Breakout Force (@ Pivot pin), Ibs. 4354
No. of Speeds 16F/16R 3 Ranges Approx. Weight (Loader w/o Bucket), Ibs. 1102
Brakes Wet, Multi - disc

Steering Hydrostatic Power Steering Backhoe LB2101
PTO Tractor Application R-SERIES
Type Full Indep or Manual Independent Digging Depth, in 87
Rear{rpm) Standard (540 rpm) Reach From centerfing of swing Pivat, in, 125.1
Mid PTO Fiekd Option (2000 rpm) Loading Height, in. 724
HYDRAULIC SYSTEM Swing Arc, deg, 180
Impl pump, gpm 82 T Height, in. 835
Steering pump, gpm 4.1 5.5 Bucket Rotation, deg. 180
Total flow, gpm 123 137 Stabilizer Spread (Down Position), in. 68.7
Category, 3pt hitch CAT 1 Stabilizer Spread (Up Position), in. 46.4
Hitch Lift capacity, Ibs 2755 Bucket Cylinder Digging force, Ibs. 2679
Lift control type Position / Draft

DIMENSIONS

Overall length with 3pt, in, 1322

Min. overall width with Ag tires, in. 55.9

Wheelbase, in. 69.2

Ht to top of cab. with Ag tires, in. 95.1

TIRE SIZE

Ag Front / Rear 95-16/12.4-24

IND Front/ Rear 10%165/43%16-20 B

Turl Front / Rear 28x8.5-15/41x14-20

wﬂm —-. e

Total weight without ballast, Ibs 3813

Note Specifications and design are subject to change without prior natice.

Standard Equipment

* Dry-type air cleaner * Remote-control valve (2 pairs) + Adjustable seat

+ Pre-heat starting aid + Hydrostatic power steering + Telescopic stabilizer & Drawbar

« Hand and foot throttle control « Front outlet valve and loader joystick  + ROPS w/seat belt

« Instrumentation-alternator + Hydraulic draft and position control + Safety flashers

« Warning and engine oil pressure light  « Rear working light « Turn signals

—
Tractnr 1ICA
iractor USA
52105977
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R-Series (Premium Compact)

R4047 / R4047 EZ /| R4047H

Versatility in a large-horsepower,
compact-size 4WD is combined with
features designed to take on heavy-duty
jobs with ease.

16 x 16 synchro-shuttle or 3-range HST transmission

16 x 16 EZ Shift (Automated Mechanical transmission)
Push-button-operated independent PTO

Telescopic lower link

Two sets of remote-control valves

Available with quick-attach skid-steer-compatible front-end loader
Loader control joystick lever

Optional mid-mount PTO

Your choice of Industrial, Ag or Turf tires

5-year warranty

*5-year imited warranty. See dealer lor details,

LS Tractor USA | 6900 Corporation Parkway, Battleboro, NC | P:252.984.0700 | F:252.984.0701 | www.Istractorusa.com
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R-Series R4047 R4047 EZ R4047H Implement
ENGINE Front end Loader LL4101
Type 4 - Cylinder, Indirect - injection, Water - cooled Tractor Application R-SERIES
Model Tier3) LS - Mitsubishi S40L imum Lift Height, in. 96.1
Engine HP (Gross) 47 Clearance with Attachment Dump, in. 658
PTOHP 41 - ] Reach at Maximum Height, in. 245
Rated speed, APM 2600 Maximum Dump Angle, deg. 47
nent-cu, In. 152.9 Maximum Rollback Angle, deg. kT
________ k capacity (gal) 8.5 Digging Depth, in. 59
12V - 50 Amps Overall Height in Carry Position, in. 50.4
DRIVE TRAIN Lift Capacity (@ Pivot Pin), lbs. 2500
Transmission Sy_r_m:n _sh|_.|ﬂle AMT - EZ shift Hyd: ic Drive Force (@ Pivot pin), Ibs. 4354
No. of Speeds 16F/16R 3 Ranges Approx. Weight (Loader wio Bucket), Ibs. 1102
Brakes Wet, Multi - disc
Steering Hydrostatic Power Steering Backhoe LB2101
_p10 Tractor Application A:-SERIES
_Type Full Independent or Manual Independent Digaing Depth, in 87
Rear{rpm) Standard (540 rpm) Reach From centerling of swing Prvot, in, 125.1
Mid PTO Field Option (2000 rpm) Loading Height, in. 724
HYDRAULIC SYSTEM Swing Arc, deg. 180
I pump, gpm 8.2 Transport Height, in. 835
Steering pump, gpm 4.1 55 Bucket Rotation, deg. 180
Total flow, gpm 123 o 13.7 ) Stabilizer Spread (Down Position), in. 68.7
Category, 3pt hitch CAT1 ilizer Spread (Up Position), in. 464
Hitch Lift capacity, Ibs 2755 Bucket Cylinder Digging force, Ibs. 2679
Lift control type ~ Position / Draft
DIMENSIONS
Overall length with 3pt, in. 132.2
Min. overall width with Ag tires, in. 559
Wheelbase, in. 9.2
Ht o top of cab. with Ag tires, in. 95.1
TIRE SIZE P
Ag Front / Rear 95-16/136-24 -
IND Front / Rear 12%16.5/17.5L- 24
Turf Front / Rear 28x85-15/41x14-20
WEIGHT
Total weight without balast, lbs 3813

MNote Specifications and design are subject o change without prior notice.

Standard Equipment

+ Dry-type air cleaner

+ Pre-heat starting aid

+ Hand and foot throttle control

+ Instrumentation-alternator

« Warning and engine oil pressure light

« Remote-control valve (2 pairs)

* Hydrostatic power steering

» Front outlet valve and loader joystick
* Hydraulic draft and position control

* Rear working light

—

Tractor USA

- 345 -

* Adjustable seat

+ Telescopic stabilizer & Drawbar
* ROPS w/seat belt

* Safety flashers

« Turn signals

52105978
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