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SUMMARY
(FE=8FE)

The purpose of this study was to evaluate the possibility of development of hybrid
tractor system. The layout of hybrid tractor system was designed and used to determine
components of the hybrid tractor system. The major components of the hybrid tractor
system were a motor/generator, an inverter—converter, and battery-BMS (Battery
Management System). A laboratory test equipment was installed and used to examine the
charge/discharge performance of the hybrid tractor system. The working cycles of
plowing and rotary tillage operations were used to test the performance of the hybrid
tractor system. The results were as follows.

The parallel type hybrid tractor system was designed. A PMSM (Permanent Magnetic
Synchronous Motor) was selected as a motor/generator of the hybrid tractor system. The
output power and the torque were 7 kW and 29 Nm, respectively when the engine
rotational speed was 2,300 rpm. The LiFePO4 battery was used. The output voltage and
the current of the battery were 300 V and 10 Ah, respectively. The inverter—converter
was used to control the motor/generator of the hybrid tractor system .

A laboratory test equipment were installed and used to examine the charge/discharge
performance of the hybrid tractor system. The laboratory test equipment included a 71
kW mechanical diesel engine, a motor/generator to assist a torque, an AC dynamometer
to apply work loads for plowing and rotary tillage operations, a BMS to monitor SOC
(State Of Charge) of the battery, and a fuel conditioning system to measure fuel
consumption of the hybrid tractor system during experiments.

The laboratory test and the working cycles of tillage operations were used to examine
the charge/discharge performance, verification of control strategy, and control
performance of the hybrid tractor system. The charge/discharge performance was
analyzed by measuring the charging/discharging time at different engine rotational speeds
and SOC levels. The results showed that the charge/discharge time reduced as the

engine rotational speed increased. The working cycles of plowing and rotary tillage

_15_



operations were used to predict the motor/generator torques, and the torques were
measured using the laboratory equipment by applying work loads of tillage operations.
The predicted and measured motor/generator torques were compared to verify the
charge/discharge control strategy. The results showed that the control strategy was
adequate. The changes of the SOC levels of the battery were analyzed to examine the
control performance during plowing and rotary tillage operations. The results showed that
the difference between the SOC levels before and after field operation was not great. It
seems that the SOC levels could be recovered to the initial SOC levels during the tractor
moving period to the other field. The fuel consumption ratios of the hybrid tractor
system were not improved significantly. The fuel consumption ratios were improved only

3.8% for plowing operation and 1.6% for rotary tillage operation.
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Steeting

Steering loss
: 715 % los:

decrease

Lubrication

Lubrication
decrease
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F3h FPsfdo] vhEn® 7)E Ak A8% mild, full WA 9 ol T|es TNk

2 sho} EdEe] AT AA9 stelnels WS AFHoz TYstel Austar. w,

7 7KW, 29 NmE AAHNeH 2 94 gole

wel MgEE BAd Y A & Fu gAAAe AAsgor A YA5E o g3
7

et A}k
HiE 2] St 300 Vdc
44 =49 7KW
A48 EA 29Nm
TE 5& 80% o]
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Torque [Nm]

A

T
30 I ,.-:

, Speed
2300 [rpm]

a9 1-4 ZE/EAY] 4 99,

(2) ¥1"¥ ¥ -BMS (Battery Management System)

HiE = A4 iv] &&o] %8 LiFePO4E ol &3l oH s iE 2 slojHeg= AX~H
o AbekE a3t W T 300V, A8 10AhE WY &= 3kWhzE A3ttt o]
W wE e A ol &3 F < 30AE A ZheskA skelv Wi"E SOC (state of
charge) Aol € AWHE L} F4A1& 913 BMSE # 1-33 Zo] AAsden vy 7H7+9
cell A -0.7 752V H9Z 40| 7lestH, 7w 2 A &% 247 -100 7 1004, -20
T 100TC Y WHeE SAo] Jhesith. BMS 7|52 protection, alarm, SOC Aol 9loH
protection 7]s9l+= cell OVP/UVP, module OVP/UVP, pack OVP/UVP, charge/discharge
over current, OTPE X AFH O alarm 7]l cell OVA/UVA, module OVA/UVA,
pack OVA/UVA, charge/discharge over current , OTA, 12V Hx dA9Y OVA/UVA, master
PCB temp.& XFAIHTE SOC A&E9 24&LS 10% o/dZ stdern T4 CAN,

O
k=3
RS-232C B5% 7}538A 8o WHEAS 8139t

* 1-3 BMS A 7%

Range Accuracy

Cell A (V) -0.700 ~ 5.200 + 10mV

Pack Current (A) -100 ~ 100 + 100mA
Cell Temp (TC) -20 ~ 100 + 3T

3) HCU (Hybrid Control Unit)

AojdA = F&/2 el W/HFz/oold HEZHYM EHe T & 93 MCU, HiE
2o A/ Hd7 2 AH #YE % BMS, A7 2 2EHY FEd ayE Y FHd 59
AA A =88] Aol s 98 HCUR +A Y, 2428 Ao A= CANS 3 SAlst==

I
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239k HCUE de] 300 VE A4 £82 6 kWS 71 DC-DC AWE 7 W= o] ¢
tho o] w Wzbe ey o]g3k vl

2 75 Aol 2 g -BMS AlojE A3 WEE BE/MAY] Y 2 $HATS X
Hate] E 1-49 Zo] /M A%E HAAIAoH AWE Eg 918 @k 300V
RE & Hd 10kW, A& Tkwe] Alojzt 7hgsirt. ofel e AFFE 50A, =3k 70.7A
ojt, mE]/ /M A7 Aoz IutF oz ALEE = PWM Alo] WS o] &39 10kHz £52 &
g bAoAt SA &
55C= MAs o FE/Axe] 49 8Tt of& g WA F32e o] &35o

W MRS Ag o] ste] BA =BT

b
rir
to
™
ot
M
fo
b
lo
M
O

m
i)
v
2
A
righ
o
o
-
A
o
£
o
<O
2

E1-4 I E T A

g A} ok H| 3L
Input voltage 300V DC (220 ~ 380V)
Output power AL TkW, Hf 10kW
Ouput current 70.7A peak / 50A rms
AC output frequency 280Hz@12p @2800rpm
PWM frequency 10kHz
Ambient temperature -10 ~ 55T BE/ AT 8T
Monitoring peak efficiency 85% ©] A+ @300V
Cooling type FA g2 fan

A

H

~gsumlel wal o 1727% At Aa® FUoR ke AHAAAY vt bsie ¥
stk ol @l bS] AN e e = o 430w, RE/BAY], AAFNFA %

) )
538 9% 2H, AuE/ANE BMS-HE 2, HCU 5 94%% 7} 7o) 169wel, e
=1

%7 %7} 59 premiumst W& 109 ukglolth Slolnel= =dE) dn AP miks A
ARG 5, BAF U FANT 5 weste] Ao 1 A, A7k oF 3504
foz e
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tolHej= E€E (110 HP)

H] 2t

EdE (95HP)

43 WiRE

EE/EA7], S A B,

3lo] B =3} 16 W AHYE /71N, BMS-HIH 2],
714 HCU &
Premium 3+ 10 Wukg] HFaH &y 5
g w7t 69 M5l -
95 HP : 16,685 g/h 110 HP :
Az A7 (g/h) 3115 685 &/
] 19,800 g/h

Ax A x 000122 L/gx 1,100
A/L x AEAZE/
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SHE7F Sa(H W 4500rpm) T27F A8kl By Av Y o]z tiRo] dadiy A
% al Aow vbEo|Aa glo| o8 stz FdolEY AN fwHe] e dsH A
ddor ged & gluhs @il ok SAAAM = T destal 27 gH sl %A
of =AW rtAo] Atk Aol AN F=9 2% Wl WAl xo]Z(noise)ell oF
sttt & AA e F9o] HxEelng & AlAAY AW " (converting) A o] glo] Al
oA AH A 5 3laL, Mt Bzle] HFHA o viEE 1F WA Al gley
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£ 16 T4 M

Specifications Accuracy

Type Hall Effect
Output Type Digital

Voltage - Supply 475V 7 252V
Frequency 15 kHz
Termination Style Wire Leads

(W) =AM

Edye] del= Faek wEAde A48 AsiMs RPM 2ol EA(torque)t= & 8.3
faol BEas Al Al AA A FEE & 5 e wer Bdolaet ddd A5e B

AE SATAL ol F 3] ¥ 1-99F o] AFo EAAA(TRC-100k, A, Korea)E #2F

o o AA%E F 1-79 2k

a8 19 AHe) BEaE =

E1-7 EAAAM ] AL

A5l7] 919 AN EHe A ARG e 4 AA

Specifications Accuracy
Rated capacity 100 kgf-m
Rated Output 1.3 mV/V£1%
Supply voltage AC 2V
Temperature operating 0 760T

Safe overload 120% R.C
Hysteresis £0.5% R.O.

Cable length

cable ¢10, 4core shield 5 m
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CHEEEIE BE!

2 drelM= Al AE AAE AR ASe HYFEr] el gl FakE =
T T wEA BAaE EAATY] {8k Asel ' 1-103 2ol ¥ Hiola
(PRB-65 12, Be}d 754, Korea)E &2 ettt o0 HYolaz A& wWFo=z4 F3)
E WPANA BEAE SAHSES oen I A% F 1-83 7}

g 1-10 H-3E

E 1-8 I Hdolzae ALY
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

() &% A

veolz vhel 93 ATHS PYAPOR olo] wE YA o] WMo oA BEE
W) Aol Basi W WAl e 71H7 dAY B2 WA s A B
2 W77 Fydel dEdelth A W Ag A AR T Heoldi fgol
T Fudor WSz, Be) £8e A8 BE LAY o 9 AQY g A
7198 Feg 2Ase] A Lw oY Wk PirE FFA S o),
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LeE2AS Y3 AlA 2= A1 2E (thermistor), A ™ # = (thermocouple), RTD (Resistance
Temperature Detector) 5°] th Au|AEHE w=x] B4 Foa] &% ug Ao Wale

HAS ol skl £EE FYe AOR FY Fol7l A3 WSEEI} MEAY APHo] @
=
=

=

A& RTD AA 7 2 3stu},

RTDE "W+, & , Nickel 5°] low, a5 Wgio] &xwstel oAnlstA d7|A& o] 53¢

ol AFESZRLE -200C T 500Ce] 7] wiiel iy 1-113 22 ¥ FF24 A (Platinum
o

Resistance Temperature Detector, PRTD)E A}£3}% . PRTDS] AL

E 1-9 PRTDS AL

Specifications Accuracy
Range =50 7 150TC
Output voltage 4 7 20mA
Accuracy DC 24 V
Thread 160 kg

7F &A
dE 9 Ao dagE MY D AFAHE, SOC (State of Charge), 52 Fuj
5o F8 Aees B4 B/ Hrier] fsids A E AReks dRe] Al Ao ®UF A
o] A g 3lr), weka] 2 AFoAe FHA e ooy EH| H(dynamometer) A7 ¢

E

>
£
OJ.u

-
Al



E23le] t}o]u} =1 E (dynamometer)

(71 ©Fol v 2 7] ] (Dynamometer)

21 AVL dx& T8 4

*

R R ) e
ol < Zﬁ A o T nk —_ ,
T M o w = X Hq4 T % =~
ﬂ%ﬂrwﬂﬁ_aimﬂ %aﬂwﬂﬂ@ﬂ %wﬁ%v %%%Q.@@m_x
- T T R R R = Mo T RoT 4L KT
T N RS Haﬁi%u@% ° _ 7 - 5 F e
TP @9 R R T M F T o SRR T
T X — T Hw . 0 B M 5 B < of =
= ~ = o = T o X 7 % X H ~
m R o ) < T X~ o o < gl T = T}
o B oo A S T S TE o, o8 o o
= 0o = £ 5o X Nr E TE g 8o om
e W5 g o] = o W o (LT
= o - Al H F T oy W MO N T W o B
Lrds sz R E T e & oo % 4 MY - W T g
e e B S m = Koo Mo wm ﬂ 5 R o T Mm o mw =
; o r = T X - i X . 0 wo WK o~
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@%EEE,Xmeﬁ&.}ﬂ% wow X OB S %yﬂ,@wowﬂw
PR R EET R pmom e 2P N Ea A A
T 2 = o & SN o o Mo ~ Y S Mo 2 o
o o & T ° P E T o - o Moo 2 o ™ox0 M - 2 =
T TSI EES A AR TE NS N I
LR Mg b 7%,E%M%%ﬁH N
= 5 = T ™ oo Jo G =3 Y b T 1 il o X N —n ™ o i
= A L, B AR oo W _ ¥y S A )
ﬂ ) &O ﬁE .A # —_— \_ﬂﬁ ~X U‘.# _EH ﬂvﬂ < 0 EW ke 0 —_ —_ =] W =1 ~ il \Iv,ﬂ
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T3 = -~ I - K SRGAE I CR oo T o M
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@ 4= of H .H 2z & _Eﬁ Mmoo g B o oA de i B ooz R g o g
I e do X < T o 0 9 M Mo T Mo — X o & [ R
,ﬂl (o=e] ‘Ur - = . VC = o £ T il fiXs Jl k=) o
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AA7) % Aol HEd EMC A, B 28 %, 4% A% A4 5 F9 47 F9
Ag bl AP Was) glor), A FARE gAlst 2eE olgsnr wd
§3b Azre) ARt mge] Fel Ak A tholopmo] AgHE B Ay 1 &g W
ol wel drkd o= 12~25m AL, tho|yRe] &5 F829 A= 100~200kWE +
2 AbgE, ol d 2AeA A AA B, A%, WA 2 BE AR A% A9e B
A A,

29 1-14 A ol Rr Y.

(th) 3telrel= EAE tho|u R E

a) stolHgle EdY tlolulrnly AA

stojBel= B Ao WIIE AT A3 doluruE= AC Holui AliadoRr Y
1-159F #Zo] A& d(test bed), =4 #-A(measuring equipments), A ]2 (operating room), &
%7]7](conditioning units) = T oW e HrF d@o] o] Folx = AlPdE A
A7 Adxel 32 JMElFE ACEHA BYY dynoroad, ACRH, Z=golH sInjy
(cabinet) 2.2 o] F oA It} dynoroadt L9 1-16(a)2} #Zo] 53] EdH 234-S 1d
3l 7FSsk 27 3slelA e ARl HAET 7hestEE AAEA o™ w3 (squirrel cage)
FAAE £33 wF vholumugolt), 3 B3 ZAXE S A 23 A3 uEy
© sy AAES o] 43 A AsEE 28 1-160)8 2t} Ag

— o T o al
ol AbEE AC HE = theksh Aol os) sk v Aol 23S o AAHNS
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Measuring Equipments |

Fuel
Meter

Operating Room

Air Mass Opacimeter
Flow.

Meter

I
I
I
I
I
I
I
i
'
'
0
I
H
| Emission Bench
¢ AMA B0

i

*x=
=

= 70

e

AC Dyno
Autornation Systerm

Conditioning Units T PUNMA Open

Isolated
Base Plate

Fuel Temp.
Water Temp. Control
Control Unit

Uit

g 1-15 slolneEls g

Torque — [Nm]

(a) design

a9 1-16

Cable Boomn

With
F-FEM 1/O

Engine
Mounting
Systemn

| pemm—

T. P, Alpha

Test Bed

Au 28 37 4
1400
. ;
. /Y

—T // \
1 ¥
800 120
400

/ =
g 0 1000 2000 3000 2000 5000 6000 7000 8000

Short Time Torque —— Torque == Short Time Power === Power

(b) specification curve

Dynoroad.
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PM Filter
Warming
Cabinet

v

Partial Flow
Opacimeter

il

Filter Weighing Micro Balance o oo e i
Chamber Exhaust Full Flow  Constant
Emission PM Sampler Volume
Bench PSS i60 Sampler
AMA i60 Cvsi6o

2% 1-17 AR Gy v B e g 5

|
A7t e 29 1-18% 2 Au A%
7} NEHAE Aok AU AEFAA = EYY 100ps U A7y FolH= A EE
Are) Bz pAdRen selngs pERE gAdAn B3 10ps FERE/
pE)
=

=5 o]&39 AC dynost

o}
ol
s

jas

[
ra
2

l>

o
-
oX,
NE
)
jubal
o

il
o
of
ol

o
1o
o

C H3k o] yhestnge Fof Zmi
S F-3 WUPF Jhesioh ek RE /AT Ee fle v el BMSO dE AlaHlE
=3t o, Ad W3l 2 mE/ AT AolE 935 E-MCU (Inverter/converter)ZE A 2] &}
Ak HAF-E 9o As F4S 218 power analyzer}t AlF A|2¥lS FH|FF o0 AR
9

F =4S 98] MR AR SN 2Te P

4
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g 44 59 AolE 9% B Axg 7E
(1) CAN 7%k Aloj A= 7jat

CANS- At 58 A5a 9 E5 2ol AHMe HA #Aae 74 e 584

2ee] @e dde] oy w34 SolA AMEEE EWHE obF o] X omAa 9t
CANS SAIAE EQAE mglo g dfo] 7y wolzd Z3nz 59 44 H&4do] 7}

d F2 A Rt w8 EYH A9 #7lel e CANZ IS0 11783004t = o] 9l

(7}) HCU layout
BEY stolHel= EdH= 7[££ EYH Hla ZEAE @38k MCU, WEHg A
°]& @93 BMS Fo] F7HEth MCUS BMSe Aloji= 19 1-199F o] 7k5 AAE
ol e FHdg, BHolaet rt&HEe] YHESE UM ¥
T 59 AEZE FP}L oE Al el Hlawsle] Eye
BEs e RHE 7eEA vy E FddA 2ASA HE2gE oy I

Abekar My e 4= 9l HCU (Hybrid control unit)7} 2 8 &k},

iﬁ Hiﬂi i ﬁﬂi ﬁi Noise
reduction
Information I .| Signal processing ’
Data acquisition board & Controller I

.. Control Map
Control
| Sensor || sensor | - command

1% 1-19 HCU AlojE 913 =4 Al =H.
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HCUE slolHul= A xde] FHA9 Aojr|zA dxx Arjmye] s Eujet 23,
Stop/Start 7|5, &8 ¥Zx, IAAAEH 2L FolHY= )T H FolHYP= ®E&U|9 W
g gl B=sk a7 1-203 Zo] dlZl Ao 7] (Engine control unit, ECU), ¥
7] (Transmission Control Unit, TCU), ®lH 2] Ao 7](Battery Management System, BMS), &
B Ao} 7] (Motor Control Unit, MCU) 2 AF=Fue] 7|} Al Al 26l 53 374 EdHe] A
Al Fa Ay W& Bl Z; Alojr| ok AR ughs T3 A Ao 55 THEHI

G 2

Machinery Layer

Electric Layer

Control Layer

J¢
=
e

o mEx

Sl HIS
®I| &8

ol d&

22

HCUE 7122 7so® a7 1-213 Zo] SAXNZRY 27 ¥ 3 E3FS 23
o oA REE EujslE PSR(Power Split Ratio) 7158 F3dtojof dv} 242 279

o{l

ko]l HEE dotste] FYPREE AASHL R RHA S F9)E EA9 B
AXkete] ECU 2 MCUd A& digA dr). 5 HARZ= 40 (Gear Ratio, GR) Aot
W] Alo]E Yubd o 2= TCU(Transmission Control Unit)7} 8FA] g, dlo]H gl = x5 2}
e Zgke] A Al2d" &8 2 7 OOL(Optimal Operating Line)$-3, ZH ] 3 X

& At ske] HCUCA A3 A ste] TCUl A A18HA] At
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Load Condition & s &
) ] argue ¥ Lorgue to
uantity such as R |
i s [hrottle ——W
A/C. P/S and HH Cor ; @
Lonversion
Eleetrical Load =
F'orque

Engine
N 2
APS Control Limitation AT
Strategy OOOO
7 VL
Ly A =a
APS i =
CV1

I'ransmit 3 : I:l
faliiila Control - = L
Vehicle 5 Clutch Control
Driving Steategy
g T e
it i > Ratio Control
Sondiuon Driving Mode [ | 7|2
h 4 Yy
orque f“ HEV ‘/‘\, Mot .
: : nor
/— Control |>\ : e
2 drive
Strategy v E—

OOL Map

h 4

¥ 1-21 HCU®9| Alo] 75,

M A= SOC (State of Charge) 7% Alol= #lgele] SOCHE #FzF 3
of A Aolsti=rfel w} dAv] Aol dEbxivh wEkA HCU= v Aol HuistswA
Hig o] de B AH7E AAs] fAHES A7) odA e Aol wigh AlojE HAAEHA @
th stelEel= EUH O Ades Sulstaty] ko] V24 AVEA Ve FHE ¢ A
ojokdlal o] Hro|% Z}E W% V)% (Auxiliary function), QFA(Safety), 2
7% 49l Aol7] AdelA dad 4 lojokgit}

AT s FESH AN EFEH ZAHE ASE dAidAEste A44E Ao AEE
MCU¢ BMSell o] ®E 52 o5& A== 317 fla CAN §4l& T3l Zag dHol

HES $5AES S o= 8] 7€ CAN 54 F%¢ 27 wAsA fuw F719

o
ok
K-
)
R

FXL

(Diagnosis) 59

(th) HCU H4 A7

HCUS AA Al A& o 3= Wols st=dof(ZdAA) - st=sdof(Ho 7] AAE),
ool (H@EA) - 2ZEo|(Ao] &ags), AZEY (T M Z2ad) - 4o
(Ao 7] A E), Edol(sd Y ZRad) - L EJoj(HEA ] dagF:E o] &3}
= dl 7 e ARgE 5 vk @A AR Akl A we] ARl Sl shedlof(dE

1) - st=dlof(Alo7] AAIE)e] W2 A7 E ZAASL o] FAY dwvid AojrE
O] whEol AEs whEsopshs ARSI @A el @ A Au7r Aedts @

] X

s

o FeFe] mdw g AP FA ] AAEFE A wiel ghdEel A8 Al
T AR H8AS BT Aol vk FEAAEAAA) - 2ZEH (A &
o

WAl % A WMAY S glov), weF duelE ol AL sy
g

FH7F Ao 2ZEY O (FF &Y 2RI - e of(Ae]r] AAlE)



o] Wb o AulA o 7 HILS (Hardware-In-the-Loop Simulation)® £2™ A|o]7]9] #&o]
v BE AY AAAA FE & e BE FAEH st Aor]e s3e H15E
A= Aol JAR A w4 Y ZmIiglo]l A Aol o] AFo] Holopdt). A
Aol=Zxt AATE Afodes AZHE 2 AZEE A3 5 AqAN, Al "HojA= T o]
|0 BAEE =] - =4
walo] AR S ARl o™ ARER @te] wel A Aol 7l FPGAS wholH A

EZHE AMgete] AAs

AYA

i 4> X

(th HCU A5% 812 47

a) W5 2 AA
MCUSH BMSE Al°ist/] 18] HCU AE2 9] =2xg dAsgor 17 1-22% o
CPUS) WAEE el gtk HCUE 4% g4 4234 2 A3 Aojg A5 oa
NEE 4 D Aelsta, Ael¥ AAE ZWE MCUSH BMSE Aolste] mH 7% oy

% ZAsEs 4k

Y
5V n

L
cic1on21NG R

$T =
SRoocantzs %
PA3(AD3) 48—
C_RxD PA4(AD) [45—X
C_™xD Elec Horn_Chk_ PAS5(AD5)
Elec Brake Chk PAB(AD6) el
CL HALL A 6 PA;((’;ES 4z SUB_GEAR SW
LAl S
TNCHALL A & PCT(ATS/CLIO) [42—X
IM HALL B 9 PC6(A14)
10 PC5(A13) <
seck > 11| PC4(A12) T35 2%
2 PCa(AT1)
PCI(AT0) 55X M2 SEL2

)
>
{7

M2 SEL1
PCOAS) [Ty CL BUTTON

M2 PWM 16 PG1(RD)
PGO(WR)

!

sv

c22 c23
15PE_L _L_1sPF

¥ 1-22 Controller circuit diagram (main CPU).

MCU ZEZ# ¢ BMS HEZHIIe] 412 ofg e dAAel FAEs HEZ A43
77ro] AAA O] FAE el A& ABwFe] shEahy oy e FAE @ 2719 Mo
Aojek 4 drvk= Aol = CAN F41& o] &3aivt. EFE 9 CANe 79 ISO 117839
A A ]

o] glom B A= 2y 1-233 o] 2T E AT CAN BA15-9 3
45 CANZZES AEZHY AT W Alol9] QHHo|AE SMDEY .2



1 Mbaud ©]73¢] A%&%E 744 PCASAC20TE AHg3191 T,

D5 5V
KDS226 Q
1
3
R—1 2

5V
C6 Cc20 1

o

104 1UF16V ~T~ 3 {
2
5V = R24, R25 D6 1
Q 1K 1K KDS226 =
u13
CAN_Txd > ; X0~ Rs 3
£ GND CALHG % <__]CAN_HIGH
VCC CANL
4 5 R27
CAN_Rxd > RXD  Vref ¢——X 120RE®R= 2 : LEADAT )
. PCAB2C250T 1]
= = < CAN_LOW
c28 c29
15PF. 15PF

¥ 1-23 Controller circuit diagram (CAN communication).

gy 44 Do BEe BAS] AF 4uE 99 2] A8 19 1249 2ol 4y
8 8

RS TAEAT. FAE 3 EE analog to digital 3| Z2A 2 ANE B3 A=

5 VY ofdiad AT E Aol H FAHo| Fol3 HAE sz Wgrh w3k 3z A
T e S18lA ofel el AIIE ke si7A Srel ¥al AR MEAAE 7T U E
9= A37] (MNR14, Rohm, Japan)E ©]-&3}%t}.

Q
c33 [c34 [c35 | c36
~ ~N ~1 N ~1 N ~ N
© © © © —
o o o N -
N N N N —— —— ——
2 2 2 2 d 9 49 %
RA1 < < < SN q N -
MNR14J1K D11 D12 D13 D14
C FR lever AD 5 4 “ “ T 4 5 FR lever AD
C CL AC AD 6 3 "3 6 ___CL AC AD
C_FR_AC AD 7 2 2 7 __FRAC _AD
C_Spare AD1 8 1 1 8 Spare AD1
197 MNR14J1K
RA3
MNR 14J200K
193

¥ 1-24 Controller circuit diagram (AD input).

9 1-250% MCU Aojol AFgehs ZH Alojf =2 E ey ZEe AoE 9
A arge] 47 PES JAE HEZYA(74LS153M, On semiconductor, USA)E o]-&3}%
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o EH 9

IRF3205, IRF4905_P (International rectifier, USA)E A}&-3t9] 2 TRF3205%] 7% continuous
drain current”} 20C oA 110 A, 100TCol 4] 80 A, IRF49052] 7

Aol NE HeEs

913

al-2-of A

329 2913

215 o]

753 Q

T

HE I A

[e] =
S 247} 74, -52 AE 7FRI
5v 12v
74L5153M
iy 6 10 10K 4l U21A
4 10K 3
5 ‘112 ay LT 2 M1_TOP1 R82 )
AN 749 10K2012 2 Q16
B 1B KTN2222AS
cs
104 28 9 3 4 -] M1_BOTTOM1
11 4B BY .
M1_PwM > 3B 407 -
— 14 1 2 Q17
= M1_SEL1 A 16 P —<IM1_0C- KTN2907AS
M1_SEL2 ; 21B 26 P12 OR(FHFA) sy o)
90 R9
K 10l g‘g =
c1 :
104
= 12V
us =
7415153M
u21c
5V 2A
an )
7 5 6 M1_TOP2 R83
12 AY “ 10K2012_2 Q18
%%1p KTN2222AS
c14 a -
104 Zg gy Lo 8 ! M1_BOTTOM2
10 m1pwm [> ] a497 ]
= 14 1 2 Q19
i 2 Hy  spEg e s
_ B 26 or(AA=A) -
R13
0R =
M1_12V
R38 R39
1K 1K
Q4 Q5
IRF4905_P IRF4905_P
M1_TOP1 |E jl M1_TOP2
e =l
M1 R M1 L
Q9
R42 IRF3§(?5 b b R43
|RF 3205
M1 _BOTTOM1 1 .| |. 1 M1 _BOTTOM2
1 T
22R - 2R
M1_12Vv R48
M1 _ISENSE
C38

100R

R51 C39
0.005/MPR-5R(S) 103

¥ 1-25 Controller circuit diagram (motor control).

2200UF63V R50
/‘\o. 005MPR-5R(S)
M1_GND

19 1-2600%= 7tzhel

= eI

AEZH oA A3 TE
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5V
R60 1K R61 59K R62 100K R63 11K

—— A
c431103
= 10

0V@OA 4.5V@30Amax
RE5 10K 4.5ve30Amax M1_IDemax <__}

M1_IDC s
Mm1ibc <__F——24—

C45
IWUH 6v o LM393N

53

<_Im1_oc

18 1-26 Controller circuit diagram (current amplification).

E 1-27¢l= MCUF BMSE Alojshr] AAg ofF =3 J25s et Aole] =4
Ao & 9= IPSH451S  (International rectifier, USA)E AF&3t oW A% HIF(over

temperature protection) % A M. I (over current protection) 7]s-S 7}t

R67 R66
Elec_Horn Elec Brake

R7% R73
10K 4.7

R77T =
15K

C Elec Brake

D21 =

R80
Elec Horn Chk Elec Brake Chk

10K MMDL914

¥ 1-27 Controller circuit diagram (external output).

(8h) HCU Aol AA

HCU ZAEZ e o= MCUA AH&3h= EEE Alofslr] 93l =¥ Aol POWER-FET7}t
87 2o} dvk. POWER-FETE 4R A& ddux2 ¥&3 22 POWER-FET 13
WAE 9gh Wwdso] Wh=A] sttt} stelHeEl= EdEA AR HE MCU HEZFH =
Al 37A9 AFE AHEIEA 10.952We] A& WE3Ha, BMS ZEZHE Hu 13A AR/E
AREEHAA 338Wel 48 WESY ueld, MCU AEZ# 9 4 W&Ed wel POWER-FET
o] o] BR3lng Aolas AFuFoz AZsle] Wdw 7 HCU AolAZ o &35t}
I 1-282 HFEZY W A" POWER-FETS ¢Fvs Aolxd 23 HHE T2

% A
3%k 3D =g YERUSl e ¥ 1-299F o] HCU H=9f &Fug AlolAE Este] &
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) HCU A& A8 A<
7z

HCU AEZY

=
lo
ol =
o
o,
o
o,
N
N
ol
N
o
o
o)
i)
Pr(
_L/
'|"
>
mal
i)
2
rd
>
mal
=
N
o,
>
mal

HCU AEZ89 HEdd A3 19 1-303 Zo] AEZH 7| FuAYge =EFHAS o

7beke AP o2 JASO DO01-94 578 AZ(A-2)F<

i

=
oJg3tel AP AABAT. AEFee QYA R FRYAE A 5 A=t 4%

1.

= FHCA B ASPAIEIE ol gt AR AE@ANE AVF - AEY E2 dee

o

ettt Al e dmdsre] HojA 110 V, A AAeE 25 us, TAFAE 1/30 Hy,
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ARG gaze) 9 dudas 04 Qo2 Aoy Ado] F37
[e] =)
3 glol SANGE wETAT
AMEBEOA 1
AEER 2010.01.20 -4 u= %]
A A 7ig wP »
R By 3 h
N = gEgEs nEIY A
# B ETE) FEL] LsEs
W sege NE$ 1EA
B ow ETEE 2010.01.20
1.8 HESNS REYY AH T Y 5 0P 4y,
2. qmwH
1) JABO DOCI—04 6.7% AS (A-2)U S E Ajg.
(™ B2 PSR T SRS SRS MB0| HEN i2 o3,
BEHRAUTIE Bo PUD ANHES UsE ABERS BULICH)
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2 250
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£ 5
= 20 1. Adantive filtering
= 2. Wavelet transform
= 150 3. Moving averade
4. Kaman filtering
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0 1 2 3 i
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£ 111 9H el e g 54
Moving _
Raw Wavelet Kalman Adaptive
Item _ _ average _ _
signal filter _ filter filter
filter
Delay time(s) 0.60 1.93 1.77 1.88 1.09
Rising time(s) 1.31 1.20 0.67 1.53 0.97
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#E 1-17 ¢I9E A

s AL A H] 3L
Input DC Voltage A A 300VDC
40Nm@
AHAA 96kW
2300RPM
Output Power
L 40Nm@
FH &= :11.7kW
2800RPM
Output Current 64Apeak/45ARMS
AC OutputFrequency 280Hz@12p @2800RPM
PWM Frequency 10kHz
Ambient Temperature -10E"80% BE/AAE 8%
Monitoring peak efficiency 93% | 4+ @300V
Power density 0.7(kW/Liter)
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h dE Al &L AWE e} A¥R ddF 3, AL A& MCU, HCU ¢ A5 #Ee

F1-18 MY A

e A 4 A
= Al M) 3L = Al M) 3L

A7 96Cell HFddF  25Ah

1cell: .
AA A4 315.84v™318.72v HuoddF  35Ah

3.29v"3.32v
AA & 10Ah WAEAAY 264y lcell: 2.75v
AAoHA kW o R -20C760°C
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1™ 1-85 AHAlelE, Az A IS AFH.

Pack Size : 418W X 292.7L X 326.4H
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(th) HCU A&
AWME /AW E e wWiH g, HCUE dA4d3k= Ao

e T 1883 o] =dE swRe] 9
Ag). WA dEele A8 dEE AR HCU, Wee #3 dH 5ol
ARSI LEe WA 34 dAclBe] 4 QAN AR nHE fd FURE
WS g Az oo e BT,
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& BODST

PTO/3%54]
M B E

sjmms

el

(Fd/2E)

9 191 FelEE = Al BEYHY FA A PTO / 3334 e ).
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A&l e,
191 GL1000= =

& GPS AlA

)

belet.

9l

<]

=

=

AL

=

=

A4 9 o]

T MX06 =4

Ji

& VECTOR jit dHeoly =4 #

=

b ge 471243 ek

<]

3

dHoly A
| Macnaught

]38
ol

1.

3|

k<)

Lo]j% A

&

R
Yy 1-93

&l 71

)

e g 1-939% 2

On/Off = W7

2]

j

1

NI

71 A7

AgTEe A

Full-throttle M El= A A3}

b a2y 1-94

il

s

75

-
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2500

2400

2300

2200

- Time(s)
2100 ; ; ; T :
E/G 0 30 60 90 120 150
rpm ———HYBRID QOFF-LO ——HYBRID ON-LO -HYBRID ON-HI

T _/

I 1594 FelHE e RE gt o] mE et (A7)

Asamel & & = B4 AdE Y 3 AR
mgol vl Uehga X HASE e GAA Abgo] sledtel selnes RE §3
A AYE o medor £33 & 3les Fassin

o QX MESE LM (Torque vs rpm, HEAH|E, £8) B
360
13.5/56 | FE2H[E(kg/h) / FH(KW)
320 - —
e
\ 15.2/61
280 : ‘
HYBRID OFF-LO l
240 + 2312 rpm
£ 2157~2380 rpm e
Z
< 200
m - = K8 14.7/51 . .
] - HYBRID ON-HI HYBRID ON-LO
#2358 rpm 12.3/40 {2385 rpm
S 2101~2443 rpm 2199~2436 rpm
10.2/30
20 v Y
E/G rpm 8.3/20
40 !
\_ 1600 1800 2000 2200 2400 2600 )

T 1-95 stolnE= R Ba A A Hds Ae 99 (71990,
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It

¥ 1419 Sl R = wE B of¥o) i d f45 A HE

A2 45 (rpm) A

ERshes

2436 ~2407 2407 ~2400 2400 ~2397 2397 ~2362 2362~2084 (¢ /h)

X%(())\lj\f 0% 0% 0% 1% 99% 19.3
*H_ON

/LE)W 33% 10% 0% 319 21% 16.4

H/_P(I)IN 19% 14% 4% 24% 39% 19.1

*H_ON @ 3lo]Hg= EE= On, *H_OFF : 3lolEgl= EE= Off

(h =2 29

ZEY 2 Al AFEEE AR 3 AF g9ge a9 1-963 F 1-203 #Zo] yvEbyTh A7)
2y w7 R Slo| By E RETE HRERA] @S A GolE vlud vre Xl 3dge o9
o A F&etg o AltE ABAEF A YERES A & Jqdd dfolHElE RE F
ZF Aloll= A1 B dRARF] A el a dA I-AFE B2 PR AFgo] 7 E)

of Solnes B FA A A4S o BEHOR £9T

= T HESE L H(Torque vs rpm, AEAH| =, E2) N\
360 .
13.5/56 | A2 2H[E(kg/h) / ESH(KW) ‘
320 3.30 }
R 15.2?61 r Y
220 14
240 = -
= 16.2/59
- HYBRID OFF \ HYBRID ON
m ZF2145 rpm 14.7/51 = 72314 rpm
i 160 1590~2456 rpm ‘ 1753~2455 rpm
12.3/40
120 !
10.2/30
20 Y v
E/G rpm 8.3/20
40 ! &
\_ 1500 1700 1900 2100 2300 2500 o

9 1-96 stelBEYE e wE A AR A Abg o (ZEEED.
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¥ 1-20 sfolE g = RE F 3
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e,
>
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A7

B

U6~2400 2400240 2400~2970 207~2302 AR AR 1B~ (¢ /h)
*H_OFF 49 2% 1% 8% 4696 37% 1% 18.3
*H_ON 27% 0% 2% 15%6 479 49 0% 179
*H_ON : $felPgl= EZ On, *H_OFF : glolREl= 2= Off
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R ER:
WAIZHE &

[ = R |

24

P7195 M2-Lo H}I‘bl‘id M2-Lo H].rhrid M2Z-Hi Tel20 (M2-La)
219 1-98 stolmel= =dE wds) A
E 1-21 sojnel= =y Ywwst g
o P7195 Hybrid Hybrid TE020
° (M2-Lo) (M2-Lo) (M2-Lo) (M2-Lo)
ARG AnLrE g
79 5.4 59 59
()
A2 A Bx
IFd =4 24 25 2.7 3.3 2.8
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]_
ARE FolHYs EGH JEs AsiAE  dLAd vgt

7]
4
% AsNAE FF AUl ME =AY F8 FHLLY £8EY

';"lz‘-g— 511_ b [e] = o )=
T8 TALa®EY] d¥s, PTO 995, & FY¥EE, 2 98 E, A5)9 4, d8a
g 2@, ¥E7], 97]) S40] JhedtEs JEste]l A8 EHE E45AY

() EdE 49 A=H

7h 2499 A4

2 A7 T ASF Aa"le B 1-213 o] A7) 4000(L) x 2,677(W) x 2,640(H) mm,
+d EIHE ARgste] fEsiinh EdH A9 AAEHS
300 rpmell Al 75 kW2 olwl PTO &¥-& 65 kWeolH, M7= 7|44 FEH&E7|2 o) &
THAGESES 8 ~ W%olth FeEIE X A waow Ao 206 MPaZkA EE
o F dE3U} 12 cc/rev, B HXIL 6

co/revE A7) S AT F I o we o] BeHy 9ee ¢ & vk

18
s
)
ol
o
=
e,
™
lo
tob
2

B
0,
=)
s
s
i
il
n
offt

Ttem Specification
Length x Width x Height (mm) 4,000 x 2,677 x 2,640
Weight (kg) 3,260
Engine Rated power (kW) 71 @2300 rpm
PTO Rated power (kW) 65
No. of pump 2 (main pump, auxiliary pump)
Hydraulics Max. pressure (MPa) 20.6
Pump displacement (cc/rev) 12 (main pump), 6 (auxiliary pump)
Volumetric efficiency (%) 95

D] H = ) =
P dxle] AAEENTE LIYe skl ESY A udHe = ARl SR
(tachometer)& AF-&3ko] ZAsYTh. B2 2 W&y d2%e] 4 29 5 o4
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A5 A4 Qe ol 1S o] g5ty olHy] WFe] 13 1-999 ol el AxuS
g3 WAy AR DAWEY Axwe FAAS Fd Adw AAHE FF 5

(hollow shaft) °]F-o ZE <A o] X (CEA-06-250US-350, MicroMeasurement Co., USA)E
A3l B3 AN E A3 o o @y v ED (radio telemetry) I/O Q1€ #H o]~ (R2,
Manner, Germany)& ©]-&38te] oz Ao NEE AT W7 Jese] d
E AA"E 29 1-1003 2ol FAHNeH, EA ATE AEY A A — 35 <l
W (rotor antenna) — XA F- HE| U (stator antenna) — 521 7] (receiver) — Hlo|E 3 7dA <
AR AdsEH, AA L dHY dLe FATAA AR QtHUE F8 3
AY-S FHF(nduction power)dtA Ftvl W&y lH = B
o

FAEZQD W A A

wmﬂn antenna
S
o

Roforantenna & electronic - T— _”‘!{’!’

o e st s e st Sy S R VR A —
BSwm  Rotor antenna ="

— d
2 N
\ J
Y N
RN !
v b B
Y J = ——
{

45'.4';—" 'i#” ‘ _ &R : .
(a) Straingage+rotor antenna (b) Stator antenna (¢) Reciever

o9 1-100 W] dEEe Ea ASF AlaE A 84
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O
av)
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iRy
)
A

PTO 4859 42859 ¥E7] de5y sd3 ddvEZ] AAgs o]&stdon, 3
A&Em d7le] gdEme Fdilnz EGQY Ao Wdd AAE o839, PTO ¢
S Ea F4 Azde a9 11019 Zo] dAH oy, 19 1-102(a)9k Zo] ZHeold
(flywheel) 2] A (damper) 471 ¢] 2~ EH 1A o] A (CEA -06-250US =350,
MicroMeasurement Co., USA)¢} A5 <t L}E AAslo] B4 A5 E FA4HsAY. B2 Al
T AF 2 A s A% AR GHYe FAV= A4 29 1-102(0b), 1™ 1-102(c) ¢
2}

Stator antenna
=% 1-101 PTO 2 A A,
(a) Straingage+rotor antenna (b) Stator antenna (¢) Reciever
29 1-102 PTO 18 %9 BEa AS A2ad 7488
&) A%

EdY 2% AQ8FHLS 479 AFol &t EAS A= IHAEEE SAHsIY 2
(1-1)& o]&3lo AisAY. A9 EAE Four element full-bridge 2~E Q1A 0]
(CEA-06-250US-350, Micro Measurement Co., USA)ES #3 RHlES gaS 413 A]7]7]
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flel = kel diste] 45°= F-#3al(Nahmgung, 2001) H54 £89& &3 AT E

galom, ol AEHAANA = AF F4s ¢ekshy] Al 2% A s

HE=
H 259 2EHJACA = 2 1-103(a)9t 2o #HE F-&=(final drive axle)o] F23}%
o FAEEE H AH Fx= A HRe IA&EE AAE AHIFE Ao oy ¢R=

SR-10M/E60, MI-Scientific Co., USA)el g st E AR&ste] S48kt o A

il
flo o &
o,

< 29 1-103(b)¢F o] 3 dFe A F-io ZEHRIACAE F-Fste F A5 FLg
WRlez £HY(SK6, HBM Co., Germany)s ©l-&3to] EaE SAsHHT. & A5e] 3%
S ¥x9 odsmr(M60H, Autonics, Korea)E F-#3le] FHAI G oW, T2 Al o]&4
2 FA0E darrt e AEskE As WASH] 98 BEdE AA gAY

(b) & 2=

29 1-103 A%e] F AZ Asd,

Powerral’le (kVV) = W ................................. );]' (1_5)

oI714, T @ g =2 (Nm)
N: 3d % (rpm)

o
1= ar
CH(Kim, 2004). #¢H8Ze £& hHe o9 1-1049 o] F 2 wx frEze] 747} g
al Z

=
AA(PEA, HBM, Germany)E 723l FA3 3L e

of gl o2 EETFE olF3to] Atssloen, oL d A ]
stuz A SEAe FA4%E ol&dte] AEdAT (Kim et al, 2011h).
_ g, x PXQ e A (1=
Pouwer,,,,, (kW) =1n,x 102,081 2 (1-6)

o714, n, AH 5E,
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of AW oF 35 ~ 40°9 AEE

]

= AA T

A Al (Radar sensor II, DICKEY-John, USA)

_ZTI

N
A
o

H
ol

™
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i
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o
3
ojy

o]
A

a7

3

ta e, 19 1-107

A 3]

=
=
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o] F 18 Az FAe] 7bestes 8 AL veolH 3 4A(QuantumX MX840, HBM,
Germany) 37§ & ©]-&3sto] AU tlolH FHAA = ofd R s HUAYE NS E 5 W
S oy AAAcr YA FPGA (Field Programmable Gate Array)S o83t #&
AAZL 7bestnzE 24239 T AFEA Ade AA A5 FA0] Jhestthe ZHo] k. E
A 9 gy AT AL AEdT 192 kHze AZY £29k 24 bite] E35S A= ol E
9 AFHe] AEEE 29 1 MHz9 £52 dXdE 2%

A E o] &ttt SA4% A AE = oo ool of(firewire)
Ho| AEstglon ol A= Zzade 18 1-1099 7ol AF A
2 =Ao] fo]3 Catman (version 3.1, HBM, Germany)S o]&3}o] /fetalgict. w3k d o]

=

el e gele] wE AEe] od WA FEE AR A(igE AL

N
iRy
S
C/R.)
i
o
s
oo
Ol
ol
2
o
A
e,
™
N

tachometer

Transmission input shaft BT g-211S
Tele

PTO input shaft strain gage  metry

?

Analog : 19.2 kHz, 24 bit
Digital : 1M pulses

>

Firewire

v

Main hydraulic pressure sensor

v

Auxiliary hydraulic pressure sensor

v

Front axles straing gage & encoder

Firewire
Rear axles straing gage & encoder

flow meter

T o e

irewire

Traveling speed rader sensor

v

Temperature thermocouple

18 1-108 EUE By A= A xde] AL
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A 24E 5A4A 271 L BEAC] vE 3 A9 =& dAsden, B £ E4E 9
g 3 3o = ZAzbel dlsl dole vl & MASf] EA, FE T AdF BUAFE 30E
ZA 8 vHPark and Lee, 2003). B4 A& FSi7ledel o ste] vl 5 5FF-(USDA)H

u} 4390 A5 BYA G soil compaction meter (SC900, Spectrum Technology, E
Plainfield, USA)E o] &3l 0 ~ 25 cm WA 5 cm HA o2 SA3 oY 8 &5 =
AL EF QTS ol &sto] EYES AAHT & 28 dXHE ol &3t AlY 27 EA
S 3 1-228F Zo] AMFE(O]H, )9 FE(FDE S8 T2 A7t 167, 284, 21.3% %=
vetston, 453 #dATE Ay 2ol wel zolrt AN o) 588 ~ 2451 kPa W=

o)

) ) Field size | Water content Cone index (kPa) by depth
Site | Soil type
(m) (whb, %) 0 cm 5cm| 10 cm| 15 cm| 20 cm| 25 cm
I S@ij 100 < 40 15.7 850 948 | 1,894 | 1,470 | 1,208 | 1,208
I | Loam |105 X 35 21.3 1796 | 2.124 | 2285 | 2445 | 2.451 -
m | Sady o0 g 28.4 588 784 | 1,666 | 2,450 - -
loam

e
o,

(h) 2859
[e3]
H

Aol ¥z 53 EYEHe Fo Fed =7 H2(plow tillage), ZEME] A2 (rotary

tillage), WL & 2r9d(baler operation), 218 Z+¢](wrapping operation)S TS E &3 # <o
Al sEE ZAAE FHol 20119 590 AASHH T AR 33 Ekel s Z7e]
2t 2k 9]
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(PS2408, Sewoong, Korea)E AF&31%

o, ZEH

A% 237

o

S 7§£o]

- =

o

230 cmeo|3 L3 Z

o] gaEoe] ¢l d 2R o] ¥ (WJ230E, Woongjin Machinery Co. Ltd., Korea)Z Al-&

Hde= 2

o, g7

shaiel.

1§39

Al

71 1571,

= Yarm)o] 271¢%]

|

= L

W d# el 1.25 mel
W] < 28 3 (RF1500, ELHO, Netherlands)E AH-&3141

A WL (F550,

MCHale, Ireland)Z

Plow tillage

Rotary tillage

Baler operation

Wrapping
operation

Operation speed

L2 (1.9 km/h)

L2 (1.9 km/h)

M1 (5.1 km/h)

H2 (18.5 km/h)

PTO - P1 (540 rpm) P1 (540 rpm) -
speed
Engine rotational 9300 rpm
speed
Plowing depth 20 cm 20 cm - -

(d) Wrapper

(b) Rotavator (c) Baler
o8 1-110 EHE 29 7).

(a) Plow

2 2859 4 4%

E A]lel wE AeFHS EY 2 w2 Ar)E dE2A dEdey wdd A9
o walAE FAREE AFE B FoT 2y RE F4% §Y dHolE = Site [ halAw
UetiSlen, oju dlxe] A8FHe W&y 9€E, PTO 8%, F 9 ¥x fFY4EZ &
85 oz YehoT

h =8 < A9

Site TelA Fehe 4% 20 Al 285 29 1-38% Zo] AU ow 7] Hu)

2%He a9 1-111a@)% 2ol 986 kW7HA F7hatgich. daisw e A 2e%da} &
AV AFES Hol Flow Wrdo® o 035 ¢/minvt ARHAT W] dEEe A0%

- 118 -



o]
$ 4

2}

e
=

F 7+ &2

gl

13 glom, w0019 Astet vl

G

WE e A
o] 7] ftEol Iy 1-111b)sk 2ol & &

A T

==
=

% ut A A

0

)
ku
oF
-

oR
¢+
o
ojy

olp
=

| A& AL
Al o]

0
B
o
o}
~

G

AL on, Bz

=
=

ek

3 ~ 18 kW¥

ok
)

of wey 29 1-111(c)9F 2o

s}
=1

SEE

34

13 ~ 15 kWel W92 ey
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- 0.4
Fuel consumption
— Hydraulic pump power ;n
100 e,
0.2 3
E 75 | Engine power B
L E { . . . =
5 J Transmission input shaft =
= | 19 =
£ 50 f i | g
|/ r}l;lj! ‘ IJL,‘" l l ljll u:
o LU 1 I ! " =
- | ! l"'\lx;l'\“, I“Pﬁ JEUAYR 102 5
; ‘ . |Ii|' | i I ¢ =
h '.'-.
0 J- Jﬁ l l L \\ L I : ‘_0 4
0 30 60 80 120 150
Time, s
(a) Major part power and fuel consumption
60
E 45
=z 30 j‘ |
2 ()
)
0 ; i
0 30 60 90 120 150 0 30 60
Time, s T1me, S
(b) Driving axle power (¢) Hydraulic pump power
4 100
:::5 3 g) 75 Fuel (87C)
2 = e R S
5 5 Average 1.2 km/h ‘g 50 Transmission 0il(657C)
3 "
- AN »
> /V\j Y i Outdoor(26TC)
0 0 : .
0 30 60 90 120 150 30 60 90 120 150
Time, s Time, s
(d) Tractor operation speed (¢) Temperature
" -1 EEe A A A 2eed 54 A
(W) =ete] 43 &4
2eH] A 2 A BEYHO Ao Y2 9 1-1129 o] SAHAY. e 48 3
o wE EdE dF 28FHe 7 1-112)9 2ol Hd 1190 kW= Ze¢ 42 %
Al Bk A et I AgsH e A mER] AR el wed g o] #E
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180 0.4
) PTO input shaft
V_F‘L_'r.l;‘“el COREIIgO! Transmission input shaft ;‘1
wl Lt b L, B
En = f U ’ 8
a gl e p() cr > i o
' Hydrauli¢ pump power =
¥ i "' Ll E
o " : | .l | =
o i Ll 1l i I® TR -} =
: il |
A 60 k e
| =
02 =
°| o 5‘
"l W Py el
0 0.4
0 30 60 90 120 150
Time. s
(a) Major part power and fuel consumption
16 16 :
Total Main hydraulic
2 12 Total Rear axles E 12 fia
- / Front axles e .
5 8 il 2 8
3 nan i 11 Il 1 [e] . A A b
o “-!.'1..-, l i i N Fre 25 AL o]
(=™ 4 { | K jr il 111 ﬁ -ﬂ Ii# _"-'i’P ',. ;L'-‘i_ i 4 b il - | !‘
! I . : | M A [ PRI e i L
0 u & ul . 0 5
0 30 60 90 120 150 0 30 60 90 120 150
Time, s Time, s
(b) Driving axle power (¢) Hydraulic pump power
4 100
S —
E 3l 5:“ | FuelFSt-S"C)I B
] Average 1.2 km/h 5 Transmission 0il(707C)
2t £ 50
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Sy 288 B3 UE ZEdde A4 9 SRrxd 34 48] 23 %2 A
3 sl RE/RAYY) Ba 9 A dndoz J7A dad HAse] od 3
AR 1A mEne) Ad, G5 EF LGS A AL AE, AFAAET) T
xo) A8 el A7 we]l AEH I gtk X gelstel: HAX 3 B4 A4S

3 EaYES A3,

E

Torque ripple
201

0 15 15 225 30
[mech.deq]

8 2-8 EAEE 93,

a9 2-9¢ 24 BEA o S ex4 2¢S 125 188X 7E2E AAsa, A4

Cogging torque

9
[mech.deg)
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Torque
(N -t} 99-65

Continuous
operation area

|
2300 2800
Speed (r/min)

a9 2-10 ey RE /AT Em 3R

# 2-1 gtolHE= EY FEREH/ L] Y AFS

. Motor
[tem Unit Note
/generator
Rated output W 7377
No. of poles 12
Rated speed r/min 2300
Maximum speed r/min 2800
N'm 30.63
Rated torque
kgf-cm 312.5
Rated current A(rms) 50 +10% less
Elec. time constant ms 32.88
Mech. Time constant ms 45.12
Rated power rate kW/s 1.9017
Back EMF constant x10-3V(rms)/min-1 22.915 +10% less
N'm/A(rms) 0.6126 +10% less
Torque constant
kgf-cm/A(rms) 6.2503 +10% less
Phase resistance Q 0.0097 +10% less
Phase inductance mH 0.3189 +20% less
Supply voltage VDC 220 VDC DC Link
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Sy 2-l4E mE/AY] AES A e 24 Ad%E 0a9ge v 3Y
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!

(CCW)olH 3 HAEEE 1000 rpmoZE AR & =459t 97
Tek Al @ Stop M Pos: 0.000s MEASURE
+

CH3
RMS
22.6Y

¥ 2-14 FrdY 39,

(b 23 =4 A8

EH/ AT A zRe AeHErbE A& F-s 54 A

Kol
7ol el BEHe AAREFEE g At 220 VoA AAZH 7 kW o], BEH &8 80%
A

o

o, A B 2300 rpme]deold, Fak A AIY Ay 29, 28, A7 744 88 kW

88.1%6, 2800 rpmo. & #HFFow o] F Fal /fEEe] MY Hipel A3d Aow dddnt
a8 2-158 HE/EA7] AFEY IALE wE ZEWS FAIT Aor B oAl Al
S5 WA olA] oF 85% o] ®& &S AL S & F Ut
E 25 F3 24 AY 2
i AAEE 53l A3 AiA

YA [Vdc] 220 220

AAZE [kW] 7 ol% 8.8

2E Z& [%] 80 o]’ 88.1

A4 334 [rpml] 2300 °] 4 2800
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*15G Efficiency [%] Map Torque [Nm] enmenne ey
30 P 188.0-90.0

20 W 30.0 -82.0
W 78.0 -80.0
B 76.0 -78.0

W 74.0 -76.0

72.0 -74.0
500 1000 1500 2000 2500 2800 H70.0 -72.0
Speed [rpm]

29 2-15 RE/ LAY ASE Be/EEW.

29 2-16 13 AAE woly W,

- 7)) 23 AlRES 1Rl 2-17, 2-18% #o] V& EYE WEU| Aolx F
A Aol WH-ol| AFFo] yhgdte] o] W AA WMol YrF IS TE. 3 rotor
9} statorE HEsrozHA AE FAR 7|Edd WF 142 FAhEFoH Aol HALT
sensorless type©] 7}e3dtA dte] 7o) G EWHE AESHA] ol AUE AEA Y. Statore

o] AolA ¢Fo BEEEZE olglA FHYAOH rotors MZoA WETE o]o]x= w|
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TORQUE " Torque assist(after)

250
i Torque assist(before) I.f/

- . 1 N .. -
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=
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=]
e | N ..oy RpIOIE L P

240
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Time {5
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2. AME/AHY A

7} W E /AW E(MCU, Motor Control Unit) layout

AME/ZAWE = stolBg]l= EdY BH/ 17 T T AoE AT AoHA=E <
o] mea =3 AZAF o]l ¢ E-Machine (Motor, Generator)¥} ®JE 2] Alo]o] Az 5o A9
Ao 7] (Hybrid Control Unit, HCU)¢] W& -& wWol <lxle] #¥-& Boostingdhil <1zl
ol &3l HiE g e FH& FHIIT)

¢l B = t}o] @ = (diode), E & X ~¥(transistor), IGBT (Insulated Gate Bipolar Transistor)
59 AEE WEAE o&ste] 19 2-213% Zo] 3W WFE ARE HIANTIE WY

=

o

o
oft
)
o

e MEdiipple) & AAANAFE 3 =25 Wdd A/7E 7}
oAk, M Faae] Wit JEjE WgskE B (nverter) 794 AW B F-E Alo] st Ao
slzR2 FAselnh stolBes EYY FsRY/ LAY AojEs U VWA dirz, 2
&% S 93 AAE PWM A3 E e 5 75 2ZHQA PMSM (Permanent magnet
synchronous motor)2] 5o 3 33 AFZ S T8 S o= 93 IGBT A9
d 2A s AAsY. ol IGBT:= nlho]&ehH(bipolar) E#MA| 289 MOSFET (MOS
field-effect transistor) 2AFS E43 A2 g AFEEy s 293 EAS 2% 71X
Aol g HEO £k xAd fed Aol vk EI PWM A% AAE g 3 dA
o

AA 9} RHEEE g &Y (resolver) & o] &3] =4

(converter)F-, A7l 323+

F S i -
[ I—A
300vDC | =AM HRAM
1
: 1
] e F : D
1
1 I
\\ 7
e DD BAMLE = -~ =
I
Power Module | DC/D I
1 olation b e :
I
" g 2 r Regolver
12VDC ¢+ g T PWM ——=== =
- 1
1 5V‘ ove Filter & ADC D) :
] . ’ :
: DC/D . :
Control Part : onverter gy Nep - :
\ 3.3V ,'
e e—————————————— — _7

18 2-21 E-MCU +A4 &=,

(1) &2 9 7=

E-MCU®| F8 3472 EAE 29 el 4

L

b sfol B = AJAE Ao Vs o2H

Ol
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&
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1
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Boost present
combustion engine

downsized
combustion engine

’ Charge battery

> t
Boost (dynamical) V Start-Stop function

Recuperation

18 2-22 E-MCU 314 7] %,

1y 2-24 E-MCU Higg] =4 7] 5.
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L e/ A " o

(1) 3= AA

MCU 3] ZelA Jd Asel dis] AitAeg 2 Aol 5 AAS 98 A4S v A=
Z 2 (TMS320F2811, Texas Instrument, USA)9] 3| =+ 19 2-25¢ 2t} o] FEZH = 32
bite] DSP Core W@ MCUe|® 8 Ade] PWM XEE 7kA3L Q3 Hdf 16 9] 12
bit A/D AWMEE 7FA L vt F24AU4S 520 A 1.8 Vola, I/O+= 33 V, A/D ZAHH=
3 Ve & ASskE ztevh gk v AEZHY AdYF-= ¥ 2-263 Zo] IRE AAG

ATt

(g

¥ 2-25 Digital signal processor.

T ==y il | Tor—r e I eV roToNwormE e

T L BT

¥ 2-26 Digital signal processor power.
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obgRI AEE HA™E ASz wAty] flsia] 9 2-279 o] ADC (Analog to Digital
Converter) 2 AlAstgon oldza ANE We o fuke] AT A2 olfsle] Fars

738k Sith.

imﬁ

i
i 4

Zis" J

() M EEe -l

18 2-27 ADC.

28 2-98°8 RE/MAYY AR PAE AZd7] 93 A9 AEIH ] AE 3 ¥ &Y

(resolver)?] 3|Z2=Z jepdich

b L b

¥ 2-28 Resolver.
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MCU®9 E41 322 CAN2 <IHH =9 Ado] Hojduh CANIZ+= 9 F 999 %

—_

—_

g

12VE AR&317] wj¥#-o] CAN Transcever (TJA1050, Philips, Netherlands)oll A9 5 VE &

il

371 913l 5 V A ARV (regulator)E AH&3FaL QI EIebe] A& 93l Digital isolator
(ADUMS3201 , Analog Devices Inc., USA)& AA3A Y. CAN 541 % USB &€&& 93 3
2EE 9 2-299F 7

L T P

19 2-29 CAN & USB.

Aeke Y E A7 E 583 We= adete] od# A48 9 rpm AS 59 HHo=
AEE T 28y Ao Fep g Fo] AAZAZ Qe A FF7](Isolation OP-amp, 150122,

Texas Instrument, USA)E Al&3lo] 322 FAsI0om oo wlg} 9 2 &= Ad
Zt daw A "o A FE7)7F 34 level shiftd] 2=+ 29 2-303 2
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18 2-30 Level shift.

THO EA AoE 93 IPMQ ¢lE o]~ 18 2-313 o] A A F).

THWHEEL DESCRIPTION | IPM Board | REVISION NUMBER 0.0

R
” - - - ze P—
o Mun Fe min
] al - - - - e
[ bl L T T e 2033, w4. 08
o o aﬁ -, S a% . - u% - - 2k, B e
B N I M i AeE il = == 3
] B aveo
e 1] o s s
ot 8 le i [ nEF
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B s i e
" o L e P XPED TRTE
B e e s
= ™ g 4l a e FiE mes
b el — = . e el
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T
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]
i s B
A
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f
i
9?‘ il

g i
. s o i -
= SN S R e e -

o
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7
7
I

s ] il o L LS e

¥ 2-31 IPM interface.

Y TE5E 8 dYe DAWES 93 IGBT &AF Alestr] ¢804 power modules
Al en g2 AAEE 29 2-329 2.
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- IGBT Heatsink Steel plate
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i
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o] 50 100 150 200 250 300 350 400 450 500 550 600

1Y 2-33 & WEt Aledeld At

2-349F o] uEtuith AlEdolAl 10& A 5 IGBT % wadde 2x7F #4738 34«
HaL 73C= vEtskew 100& A3 Foll= ddow do] A=

20000 (mm)

200,00 ¢mm)

w
— "
100 J
ae 080 20000 (mm) A
— i

100.00

nnnnn

¥ 2-34 B 574 AlgeElelAl At
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(3) IHWE/HAHE AlEE 7 R Rt

b A E/AWE A zHE T

stelrg= EdY O] di&7 AWE/AHHMCU)S HAA A= IPM Iy #H o]~ A5
28 2-35, #W 2l HAEE(main control)< Z¥ 2-363 Zon AA HEEZ H=(control board)
g ek A 2y 2-189 o] dErdTh JIME/ZAWE S Ve 1y 2-37, 71 2-38

s ol AA By ey A AdE ngoR AREe e Ay 1Y 2-399 2

(@) 9 (b) o4

(@) 9 (b) o4

23 2-36 Main control A A %=,
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i <Top View> ) <Ilnner View1>
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R 2404 o] Ao Algel AbSE AEE 2H
Nemolit A4 A5 2800 rpmelAl 47 A (RMS)o]th,

lo
o
Y
il
j
rir

2800 rpmel A 20

27 2-40 QAME/AME S RETE AF 84,

ANEE e A4 Ea T AlE A3 AWE/ZWE el 48 d¥e]l Mk 330 V, AR
209 AZ 6,897 Wolle w Zdo] 6311 W 91.51%¢ &S Ueudel N384 ZE e &

22 2800 rpmoll Al EAZ7F 198 N emo]il upeba] 5806 W= Alitwo] RE 9] &2} Q¥
ZAWME 39 W= 91.99%9 T&S HAUE 20 Neme H35 & Ao o w2 A
FoEs A3 Aate 27 2-413F 7o) 0ollA 1400, 2000, 3000 rpmlE H£LE &
A9 peak gkeol oF 77 AR #TEFATL o= AlFE HE AFA EAgA AA HiFo
peak”7} 66.4 AoR=Z JAWME/ZIHE S E&& n#sH AYAOE Ao 7teds gdd F
ATH.

b) A8 2o T A
HEy slo|He= EYEA REE IJAATA L7 TE Fasty] i 7AwE
o] A& APty 8 AEE EHO W AHSES FA3E AlPE AT RE S AL
e 121 AA HAF 50 A (RMS), Hul &5 2800 rpmeolat WdE d7|= vy 4
S 3lo] A3 AFEE WEE = Ni-MH wWiHe2l2 Ak 300 Vol &3 20 AhZ F44d
FE 2 AY W 10417, 20 AR 1A H 40 AR 3080 afd A A A a9
2-413} o] 500 rpmellA 14 V, 1000 rpmel A 30 V, 2000 rpmell A 62 V& vebst

il
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100

80
60
40
20
0
0 500 1000 2000 3000
E 2-41 2 Ay 54 A

c) stolHel= EdE EE/IH7] Ao A HUt

A MCUS =E/2A47] Ao As H7E 9] 1y 2-429 o] AC vho] U= (AVL,

Austria)o] 71 A& /gl 100ps tANZ S FAstdvh stolHE= Aladl F4E 9

AR ZH/TAVE 9443 F vholure ARZESL A on ZE/HAY] AoE 98
E

MCU, A9 &+ el 248 ddFAE Frhepaivh Ade] A8Ad Fgs 98 4 =
Hol dASA FAHES 123Fe] ov] A& (warming up test) & FH o Al L&+
F2(25TIE FAIAT 98 392 95 T9AE T 44 FE dHE i #9)
shelom A2 A F9 boostinge #1%8F EE/AHVY () A, viHE SHE
g BACEA) AEE AdE FHESAT olwf Al T A AA IHa 2300 rpmelA] &

& FHU(100%) = 7IE AdRs BHE FAAY e RHE dWFo R 3
AAZIAA I BE2E FAs o, Bl Al Aol FaE o] &shy <zl Rl A
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18 2-42 dtolB = A4l A Hul A,

MCU®| AdsAlg A= 19 2-433 #Zo] veptom 1y 2-25(a)= EH/ZAA79 &
Ao A, 2' 2-25(h)= A AP daE dERTh s A At MCUS| Alofel] u}
A QAR WFer AAMs gdstglon o2 Qs <X EAvF M8 71

o Al s WA s As] tolu s o] gdte] <Xl g dA S
Ao Bas= AMAe]l Srhete] ZE/ L7 Az sdd W 30 Nm7HA

b 27k8ke] Xl &¥ 9 boostingo] 7hs e & 4 AT ol wE A Y
2 od 2o Tk didor AA #EHEA @dvh ZE/ AT 2l AlEE MCUE

olgste] wE/MA/E A v wgew HAAZeH ool weh @7 w449

(a) & *19(boosting) (b) ¥+A A&
1E 2-43 EH-MCU A5 A9 2t
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3. Wi 2-BMS 7id
7h spolHel = EdY wiE g

e e AAdS feide b, =8 F7), olvA dE 29 dE FdE 55 Al

oF alv] WiEH §%e) A% AP FaAol dE TELH 299 74 v= 540 wel A4
Ak Aol AgHE WEE F/40] bsd 2 Axolw dukdel Ayl Fz 9
A4 (lead-acid)7t g5 stolnele el A% WEP oJux "Rl da FAS o

=4 Al YA(nickeDoly #E (lithium) Al Dol %o] AhgHth wehs B AFo = &ol
BEE EGEE sEdR U Ade) wingE dAdsged, a8 2-49 Zo] A% 8 B
dE FAAS st YUF Ade wigez AAQss.

1500 | Li (for HEV)

;& Li (for PHEV) /

S .

> 1000 | Li (for SHEV)

.';‘

5

Q Li (for EV)

c;a 500 | el NiCd  NiMH (for EV)

0 :

. »

0
0 50 100

Energy density (Wh/kg)

29 2-44 Wi e AlY Hla

(1) 2l&ol #y e
B ¥ 2-459F 2ol Hezh AxrE 17491 15 AAE ArEgo] vig ol sy Ald
o2 ARy ATHAY dEe & P e 7] SollA AR Al Abskeke vt
ou AA AgElm oz WE] sy olE Fd ouAE BAdEA Ao
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1 S v =TT il _.i_ s e - .. P -ae—r.
=T He | - [ [
1 | | | i T
| | | | |
| !«r.\t: I | ,
20| | | | | E
| | | [ }
= | H | -
& | | - | i .
= I5f il 2o i : | . ¢
= | A | | | K | | E
B Blige J 5] { | f i | | g
= JI Q | { i'f ' i SR
T L L ';f ' ' Y
M) N | m‘_f!.f \fl\!'l | F.f !\l 21| 22| 23 24 25 26 |27 28] 29| 30
= ,l R |"“f.--/“:.-!"f “_ﬂ"'{ \‘. = -~ | Sc! T Vv LCr  Mn | F Co | Ni Cul Zn
: Sl ) L ',f‘wf"\f [ | 30|40 41 42 (43 [44 45 46|47 | 48
i @ @ ' | JJ | Y | Zr ' Nb Mo (Te Ru gh' Pd| Ag Cd
| s ‘ [ 71 72| 73 74 |75 76 77 78 79 B0
| | 1 ima los! | WA i
g | 4 18| i a2 : Lu | Hf Ta W Re ¢ r | Pt Aul Hg
— | 1 | |
A 70

<

iz Z

Li £ Ba Ca WNa M3 & Zn Fe Co Mi 5n Pb (H)

0j=2t

Cu H3 43 Pt Au

3Ct 4

1Y 2-45 ¥4 o] 23}

I.. ?jru

7 BF

o o -

g5 Ad wiy =

2 ME Y2 EREY, =5

T 2463 2ol ThE WEE e vz AL o5

| Abg s

Aol wet 1R Aol = o] 4kskRbAL,

of uhe} 1x}/2
o] xk3}

=354,

A

End

YEES ot

1__

F YEAdAE YAy, 22 Aol = el BlEEey Mgy R e

S8 ——— 1XEA] —F— Ol&tzt22t 2|lE & A

]

Q

— =3zt SAF=FSON

.

I'

|

— Ol¢tets

cIS& A

— 2 XS] —— == OIXt& X

— Cl&=5

— cl=0[=2 OIXHE X

— cl&ZCIH O &K

A A,

LIS

¥l 2-46 #E A4

wol wWiH el 19 2-473 o] 22 wiH Y =X dYaEws viE})
o Mg SRl i AQqne &4¥Et

#(Cd) = ol & ol A

3190 Aol A

—_

nl, mﬁ

%

(Ph), 7t=
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il
o
ol
Y
A
iy
S
°
I

s Ay A Al 4 &

Positive Charge
Electrode -— —>
Discharge
8 0 6 Li+ i
il P - = --."\./';
. Li+ g
- : [
+ Li+ ———
rafers = Ly —
L = .
s ==
—_— Li+
.- . S}
= g Li+
[ b B g— |
SRS a /
; o
: L | e—
| |
Legend: ¢ Metal Lithium Oxygen I Graphic layers _,.J
g
_
_-"JJ-’ E |_’ 9
2|E0I2TK|Q| L7 & &l: L e

9 2-47 gEel Wiy e X

(2) ZlEA4d wiE 2] (LiFePO4)
gaEol M= F=ol &4, &

—L
™

Agai muee] A9 AhAel wg wg wie] otk BN WEHAE 17 2485
g

)

B2 7x2E 7Y B gEel wiEE el vl 3748 A" FEAdd Evtoher J9A
ARl =do] Ahgs Rz HgAe] v Euh Y V€ gEold Wy A AEake] Y
YZ Qe A A Fel AgHE AEVTE 22 A7k B iR ALk
ofElw @xle] S&o] Thsdto] FH: ARG HlTo] W]efH o ® Fopxal vt 2lEIqbE HiY
g stekdor 3] hAE AL ATEe] Qlabdoe] FAE Aol wEel EHel glEol HiY
glut of 309% AFE AP 4 Jow, STl 147 o o]t}
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=
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ojy
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ToR

K

o
alo

N

o
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2 170 mAh/g? °]&4<l n]-&FH(specific

el

/1\1,

2l

k.

o

capacity)¥} sH7A ©

s

<)

[e)

gEAE wH el

~
)
)

)

B

=

Nlo

LiCo02 Ht} A7)

™

+

FePO,+Li

cnmge
- —

LiFePOy

Dizcharge

tow, 71E AREHAR WA A<D

S

tiu] 2ufolm, A hu] 16¥1= Fo EHY A&

O

W7}
s

H ol e ]

H) s
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o
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o] °F 2,000 AFo]Z(SOC 07100%)o]™ W2 e F 37}
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Lt W E2l-BMS Al 7
stolBE= EdUHE viE s YEAMEEZA M2 300 V, dFE 10 Ahé AMES 7HA
d, HlEe agste] wiE el o F- AolAE A&t BMSy & 2-63% 2
o] 24 7)%S& A EE ML}, Cell, Module, Packell HalA BE 75 ¥ &4 7]5S
F7Fsl9 o SOC (State Of Charge)= 2A2& 10% o|Ul= 4FEo| 73l E AASHY T
gAg i/EES 44 i dA 1672 FAERe WueEdd FAE fs CAN %

RS-232C FA4le] 7h53tA st

£
%
5
%

I 2-6 BMS =4 7]%

Range Accuracy

Cell A+ (V) -0.700 ~ 5.200 + 10mV

Pack Current (A) -100 ~ 100 + 100mA
Cell Temp (TC) -20 ~ 100 + 3T

(1) 915 2]-BMS A~ layout

A7) B ostolHel= Aeke] A wiE e /U Aol wE B&A<l delvt D ashy
v 2 el g el olal] wiEele] sl % Fre] 9ol lonz AA wiH e HHE
EUE"ES A AlojEd 4 3= BMS7E Z83th BMSE A4 viE e IS8 H(State of
Charge, SOC) ¥ A4 el(State of Health, SOH)o| W& &84 ARE HAANE FFEozh
Yol o5 JhedtA T, 59 stolHe= EdY e A4 2xAAE AREsto] detgk 2t

o

el 2hd Al e el e AEAQ EUHY " Ao ) st uEpa sfe]He| =
EdH ] viE 2 -BMS Alxde Ty 2-503 o] Adstelen shdel e #EQdAbd

wiE ¢ 2 @ BMSo|t}

- 172 -



Battery Pack

Module 1
External Host | CAN | BMS Master CAN
" i P
[ oo ) Communication [P I | Protection I & rocessor
ot wemary [ Power | Pack OVP
- Pack UvP
vatuation Software | L EEE] | o] |  Fokine [Femon [rower]
Module UvP
[ power ] curent | o I3 Sensar
@ RS-232C swtch | el Uvp R
& :
‘Cell Balancing
-50C
=SOH ‘Communication
- Voltage | Fuse | | Hall C.T R | c- ||
-Ti
- Current
BMS status Modula 2
- log Data C canbes - Module 3
— Processor signal Module 4
=== Power signal

a9 2-50 sfelE = EdE BMS 74

BMS:= Micro-ControllerE ©]&3}o] ZUHH B A& a3ty sk, it
Aol A e Mg FA57] & o5 dHolE ol&3dte B3I FI& FRI}EE A

h

3kl o1 Master BMS9| 3= 2 Alojdehe 19 2-513% Zvh Z47be] ®ES BMSE I1H

W o] sl on TPl A Pack moduleo] A 60 T 86 VO WYL Fol A
S DownAl#A AFE3HA vl Module BMS:= 247 wiH e 9 2x¢ HgsS =Asla o=
masterdl] A$3A =™, masteroll /] FAE HHo we}l AAE cell balancing 715 F3HE

SasA A

o = . = Host Key On
. Master BMS
. Wake up / Initial
BMS Data Back up slave CAN(12V)
Slave Power down Power On
: v
slave Comm
(Cell Volt./Temp.)
.
= Power down CMD Host
o mmun icatio
Measure PackVolt./Curr./Temp.
Calculate S0C
Communication [ mcusea risc ] Ry
[ Moutar } [ e ] ) Tz
J L Bottom
ey CAN2Hest) ADC 1661t | Precuge |
Rasistor
s [rs sz e
| otage | | | Fu
= e =
Key On Temp [ owtaive |

¥ 2-51 Master BMS 7 g,
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~~

2)

2 7%
1 :

A WiEY S/UAE fd stelEyn E9Y wiy el ARS Welet 5AE 31w sk

59 A HI(module over voltage protection), A% B3 (module under voltage

(o]
o N

protection), ¥iE 8] #e] {7t H S (pack over voltage protection), ¥lE ] =H AHZS HIT
(module under voltage protection) Ao} Al%kS F 2-73 o] AANRoH, IHFHA Hh-A
(charge over current protection), ¥}H7# H-X|(charge under current protection), i< HMX]
(over temperature) ¥ 3 Aloj(fan control), A+ ZH](consumption current)e] sk = 7]4 <l

Ao} Abeka AA AT
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E 2-7T BMS +8 7%

ITEM Unit Typical value
\Y% 3.60
\Y% 3.50
sec 5.00
\Y% 3.45
\Y% 2.60
\Y% 2.80
sec 5.00
\Y% 2.90
\Y% 345.60
\Y% 336.00
sec 5.00
\Y% 331.20
AV 249.60
\Y% 268.80
sec 5.00
\Y% 278.40
v Cell Diff. Volt 50mV over
- or Cell Volt. 3.45V over
Q 10
mV Cell Diff. Volt bmV Under
A 25.00
A 22.00
sec 5.00
sec 10 sec
A 25.00
A 22.00
sec 5.00
sec 10 sec
T 50.0
T 45.0
sec 5.00
T 45.0

(3) BMS A7

h TAFE A

BMSe B3 7% % AloE 98 Abgd Dol t&Fe] ALS Aojsor drh= M
B2k A 2 AEAS mEste] 19 2-52¢9F 1% 2-533 #e 2 E2HE AR o
AEe 2R 248 A% AME 7 2548k o), A 17 2-55 FAE 2-563 2ol A

st
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15.9
626
(Bus bar width)

276

2-8.0dia.

2..236 dia

g

\_1-Load input bus bar (+]

«connector part number: 72

Connector part number: 7282-1020 (Yazaki)
(Supplement) Harness side female

Schematic (TOP VIEW)

2() 14
(R
— T —a Coll
0 Coll

Mounting dimensions

-

Collar he!gm:»s}'{

83-1020 (*Note) Mounting hole:
2:6.0+0.2 dia. 26.0£0.2
1.024+.008
69.0
2.717
General tolerance;
less than 10 .394: 0.3 +.012

1010 50 .394 to 1
more than 50 1.96!

1y 2-52 BMS Z# o] (AEV18012).

Coll Input terminal
#187 tab, 0.5t

rminal (-)
t

Schematic (TOP VIEW)

5:Coll

6:Call

L

Load side has polarities (+) and (-)

Mounting dimensions

2.201+.004

General tolerance:
less than 10 (.394)
10 (.394) to 50 (1.969) £0.6

more than 50 (1.969) 1.0

¥l 2-53 BMS # ¥ o](AEV110122).

MAX. 45
i MAX. 1.772/458

'iw”‘ ‘ | 132‘4%
1 T SO 1 1
J 5‘7

224

Epoxy
2.5 max.

8 max.

[ &—— 30 max.
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j
J

H
1C
=]

| #

—~ G5
O [w
Trt
Bl h— o |
L L J 8

S
W2
Power | Resistance Dimensions(mm)

Type | pating| Range@) | LEL5 | WE1.0 |Wa £0.2| Ws £0.2] P, $0.2| P £1 |
RGR 15L 15W |0.05~800 18 12/5 12 2.7 8 6 0.6
RGR 20L 20W 10.05~1k 63.5 12.5 12 2.7 8 6 0.6
RGR 30L 30W |0.10—1.2k 75 19 18 2.7 10 8 0.6
RGR 40L 1OW ]10.10—~1.5k 90 19 18 29 10 8 0.6

1% 2-55 A ™ ARG

LCLH] £ [E_%ml H;@

21477 (55 mm)
0.80” (20 mm)
0.33” (8.5mm)
0.80” (20.4 mm)
3.07” (78 mm)
0.08” (2 mm)
1.54” (39 mm)
may 3-947 (100 mm)

FE=Mmoom>»

(1) BMS ¥ layout
BMS<9] 3 Z9] CAN, RS232C, vlolaz ZNEZH, Ao As 9 vgg ZYEY 58 9%
A #Holebe 17 2-579 o] Zzte] e g EAo] wEl CN 1 T CN 99 Hud
(termina) & UF2o™, CN 12 vlolzz AEZ#H Aol @ A A5 CN 2% RS232C
%21, CN 3% LED #Alo], CN 5% A Ao}, CN 6= CAN B4 9 tf& AA 9ol Ao, CN
Y 9

7S RE G He] Aok AX, CN 89 CN 9+ HiH g9 &% &y Ao & 2s st

@ ==

<CN 5> <CN 3><CN 2

<CN 1>[1

<CN 7> .<CN 6> <CN 8> . <CN 9>

1 rq 7

9 2-57 BMSe] Hujld 2@ 3 4.

(4) BMS 12} A2 7
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BMS®] 2= 29 2-583 o] A(celDo] ASH A7 ™ S 2 AoE A A
A B (voltage sensing)?} AF =AY (current sensing), MEH el &% A& 93 &v =
F-(temp sensing), &5 Avjet T4 2 EUHHS 93 FAF-(MCU&CAN communication)
& AA BMSO AlojE 9% vtolZZHAEZH F(main S/W)E 7 Avh =3 Hge] A
Foll = 128 kbyte®] W4 Flash ROMO.2 d3ste] wiE g Aojst ddd 22ahe A%
ST

B

o,

Current Main S/W
sensing HI01

Wi

MCU &
INCommunication

| Arem—— = - . :
Cell Communication Temp 1 Temp 2

¥ 2-58 BMS 3|2 4.
1% 2-59% Vi BMSO A EAFo R AolAE AAT o]ty 540 x 220 (L x W)9

= e e adste] FWel FAbstel wjA sk A12FES] A E (connector) = self
interface connector®t module/enviroment interface connector7b 1O9™W  self interface
connectors BMS Hdloj(firmware)?] HJUlo]EE 93 ISP (In System Programming)<}t
BMS ZUYH#H GUI JHIAIAE 3 RS232 AYHZ T3 module/enviroment
interface connector®] Z-¢-ol= EE 2 #lHE #He H/HdF{ EUHHES A AGH,
CANS #13 AdE, A9 A& 9% AYYH, 2= ZYHY 2 3 A& 9% AYH 52
2 4%
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i i‘ ‘IF nel

A=

EdY g8
gAdE 185 B
M >
S 1} ARE 5 2ol
b s¢] BMS 173
o.g_v/]\_vg 3/]7(4

stien 14
2) 2-603F 2o 1x
gl A= A 2ol 14 A &Ee] e H-
- zdo 2 8 Aarz
AdE & FA i o] F7HE o]l&3FY e ‘D 14 Ad7 BAL 93
. o= Il =) = =~
0]'04 ——r7]—i 94% -
pattery Managemen\ gysiem
mModel Hame * WS - 2801W
(a) 12} A &=
(b) 22 _

18 9- 2} A A
( 2] 2-60 BMS A &= | &
6) vjEle = '
e j}ﬂ # (battery pack) 2 7|

At HHHE] i)
=1 j_a
2 2-619} o] AA 5o
7 EZY 3lo
=1 H -
Jel s A b

2Bl
A3 A = ANE A5
== AL E]
F&3t9i) Ay e He wd
R B = =1 §]’7:]O]
silide} EE%

o] F3 g FEe A
F& AAste] ol &
2 7=
= ]'ﬂ_‘gi :ll}\é] J_:,L%o A
= 1__?( :‘]_Oj]:]_
S Lt
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Sort Cooling fin
Tvoe 1 -2 X E wafo dzpEo| B
yp -3Ye 7|Fo= (%
Type 2 | - ‘823l njgxf
Type 3 - Ut 7hHo| Wztm BA)
-2 REE wifsh dztuo| fA
Type 4 -H2E XHE 7|F2E | HE
- #lo|A HF R0 HZHE o] LA}
s -EU2 71222 (jugel Ho|x BFHE 521
-2 REE wifsh dztuo| fA
Type 6 -SYS /IE2R EE
- Alo|A HZHof HZE o] 2L
-2L X E W2e dzpEo| B
Type7 | -HU2E XHE 7[FLE (S
-F0|x TR0 Wziw ojE
¥ 2-63 4% AlEdolAd
—=— Maximum Temp.
60 = I —&— Minimum Temp.

<8 Twe 2

Jn

A
=

50 =

0k N

Max and Min. Temperature, Celsius deg.

30 i i 1 L I i i

Typel Type2 Type3 Typed4 Type3 Type6 Type 7

< Case Type & ZE EM > < M7 Case Type5 HAf >
a9 2-64 AAE A EHolA A},
(7) EYH" =z s
HiE 2] -BMS A|~=®lo] gk, dw ®H 259 RUHE, el od H4 FAdE, ddE

Fo AT AR B AR obde x4, dHolE B B Ax® Adr]eo] rhedk RUEE
RIS NEE o vy g e A Sl wE z2 O] F4- 1% 2-659 #rh 1
d 2-659] 1), 2), 3), 4), 5), 6), <& 717 =Y
status flag, information, cell balancing, ©lo]¥ FA|, 2 F-E S }epIt) Set condition
a9y Wl AEEZY b polling timedl we)l dataE A G 7 JA SlFH, start/stop
HES A3 45, A" SAF70 w2l Wl AEZS TS AE/SAT =+ Uk

Select targeti= master 2 slave?] A HElE ZYHHHNFE F-Eo]3, status flags #<Q)

=
g Xz 139 set condition, select target,

Z

‘



["_n_,

l:Ll

AE

L]

v eb ==t} Informatione 2t cell A = FH ), x

Al lFE, A L% ) Cell balancingt® module®] balancing 53F A | S FA] &)
HoHoly ZA] B cell Aola WHE Fo2 X8 6708 AW ~H (thermistor)&
JelEv oulf AMu| 2B 25
FE2 e dy =2 A7 7he

>

T ) —
- —
) —
T ) —
[eestes ]}
.
T TE—
e e
- R
P e—) Y
=}
U

299 @A A LUEHY

BMS Monitor

]

el
= =
o

Tl A A WA, wAdd A
Z

Az 2 Ave Ha

im N

=z

T

E el =

24 $9% 39 2663 2ol AASAY. 2=

sho] Az B-Aje] golalA sholrt.

7
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o vy .

1 e el ale'm

L L "
Tempb Temp4 Temp2
r r r
r r r

Temp5 Temp3 Templ

o
=
=
&
o
&
=
=
&
&
-
=

Y 266 MiEE # e F 9.

(8) ¥ g-BMS ¢A& 7
& &8 WiEY =, BMS

IS AEEE 9 7zke) REe] B Aol HEel wEsia.
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¥ 2-8 wiEg = 23 A|FE AdY ApeE

Tractor BMS(Master) 2|5 ZM AP
Function Pin Name Normal Peak

Comment
CAN H
CAN Comm. 4.5V, 50maA ; Input / Output
CAN L
12V
CAN Power 12V, 100mA . Input
GND
12V
AUX Power 12V, 1A 12V, 3A @ 100ms Input
GND
DC+
Battery DC = 350V, 30A . Input / Output

MCUSE ol WjElel 417h shbe SR die] we v B4l desty 29
2-605k ol WlElel B AA WA Y5 EESAG AP AP P Yejsk vk 4

K

= b
ovf, AA FF Feist FAFEE e Aol 69 F sAGIGE T waAsn

5
ARl M= Ad] B 0 F AJEIY). Al 2L AR 32%, J
o
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A 3 A sfolBg= EUE AEBHo)A nd s
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1. Al Edeld =9 layout AA 2 2
7F Al Ed ol B4 layout A A
(1) EgE A
stolH = EdY AlE ol

& T3 EYH(L7040, LSmtron)2t & Ygk Ao

2dS sy s & Aol
Aledeld wdE

3-13 7ol =7] 4,000(L) x 2,677(W) x 2640(H) mm,

TIKW(9owHe )+ 477
WA AASAT £
A 3,260 kg=2 % A

AZEL 2300 rpmel A 71 kWolH ol PTO &8 65 kWoln ¥W&7= 7 AA s
7|2 olE FYHAIGEES 8 T 95%°|th
T 3-1 EY Al Edold 24 A
Ttem Specification
Length x Width x Height (mm) 4,000 x 2,677 x 2,640
Weight (kg) 3,260
Engine Rated power (kW) 71 @2,300 rpm
PTO Rated power (kW) 65
No. of pump 2 (main pump, auxiliary pump)
_ Max. pressure (MPa) 20.6
Hydraulics ] ] .
Pump displacement {(cc/rev) 12 (main pump), 6 (auxiliary pump)
Volumetric efficiency (%) 95

2) A=l 24
EYEH AEgHolAH EEL A wEd
Matlab SimulinkE 7|¥Fo. 2 F=38lo] 2}ako]

ZEA AL Sl AlE el Z =g olt
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AULUTONOMIE

math-based plug-and autonomie system design

1) dov_ctr_cool_200_5m
- 1) drv_ct_nomal_1000_05m
ommi 1) dr._cir.cace,_2500_50em

1) dire_ctr. truck_21000_50m

Start a Blank Project
Create a New Vehicle

Create a New System

5 Definition Fikes

‘Configueston
Initalizaton Fis
ScalingFiles
PreProcessing Fiss

¢ sl System Pragerses|

A Z 2 19 (Autonomie 1210).

slolrg = EUE AlEgo)Hd A sudly] 98 2™ 3-29F o] 71IkW td

.
a9y wEg A R4 Rl T omwildA AN e A% whe) px
9 ALES WSl AAstgon, EdEe] 4o weh A (Enginod] A TAE B F
%7 9%, PTO 9%, F9gxelA 248 g Fokol o8] Y £20] Lojupus ¥
3 248 YASAY MEr)E B9 west § 120l AN MEe o YA
fgo] 85705% ¢ sl W WE 90%9 Vol B Aesdon TEAHY Y
EE o) oul7ish Sute] A& aelste] $Y aws) o Rold & YR sarh. AA )

A= s EdH FA 3260 kgoll 524

Engine  Mechanicall Load Clutch/Torqgue Gearbox Transfercasé Final drive Wheel axle] Chassi
Acc. Converter

Energy Generator  Torque
Storage Coupling

+
Electrical Acc.
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=]

olrgl= EdE EdE ik A AREH EH/EAV]E 74 KW g2 A4 HHL 74 kW, A
A FAFE 2,300 rpmelH, A4 E=ZE 3063 N'm ot

o) wee] 744 AFeA AT T35 PTO AEsHI M%7 85 &

s Agstaon e 4% Qi EdEs vhbAz dnpe Sk 448 uws
of B £wst o)Fold & YR SATE AA FAE = A 1584 keol 7 =517

@L’ Eﬂ%&i *}E Ln.u_w{ _L.‘i' Q Ix_._'

Engine Mechanical Load Clutch/Torque Gearbox Transfer | Final drive Wheel axle Chass
(S5 Converter case

Storage

EIectricaJI Acc.

Power
Converter

stolrel= EdH e Aojdzfe EUY il TIkW o]de] sHol agd 4¢ EHE
T3 EAE oA 2E dFE WA oz e AgEdd wE REo 5 AFe 17 34
op #Zol 7Ask Y. PTO ¥ =3 9 Pzl s 23tz F-at& <l A= vy

LTHE BEAE Adeta, A5 RS BEaE W) 7)o E Uiro] A& Fhe] o
WASE R EAE AL § ke e dXld 89w AA B3 g ALbsith
of 7]e e AA = TIkWH el A7 3d5 2300 rpme 3

AXELa 08 v|FEo R AA EA o)A BEAv}

2E7} 7l st s Sl

A7) A7 2B
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ol Wy 45 LHE T3 =
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(1) 23d 2= 719 process
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B

distribution)

frequency

probability distribution) 2. Z WERITHE 5, 2010).

SAFD(speed-acceleration
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3to] 7)€ W = (acceleration mode)

e 7Es] 9
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A%, 7<= (deceleration mode)
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=

A 2 (idle

1x-&ete] EamstsF dfge] 5 Nm/s ©]

=
=

X E=(cruise mode)

A2 Aol

E=7F 70 Nm ©] 38

=
=

mode)

21(3-1D

27X TX N
60,000

P OWET 11e (kVV)

Where, T : Torque, Nm.

N : Rotation speed, rpm.
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PXQ

Power,,,,., =n,% 104,081 21(3-2)
Where, 7, : Volumetric efficiency, %,
P : Hydraulic pump pressure, MPa,
Q : Hydraulic pump displacement, cm3/s
) A9 2= g By
Auict B E7tAEe) 9F GO ALgey] Astel AWE AP FPREE RRYS UF
Aokl ZAT FAdCYE RAste] HPAH AN HEAY FASHS ADL F
DEZ A wvh agy AddoR A4 2Ry FRSHL 4PN z20sA @

dA = FHE e
de] Adstr] ojgern=, FIAHIHE T43te TA4 FHoeR FALES FAITHWoo
et. al., 2010).
Akl FYRE T WS (D) AA FAPCIHE sk, (2) #HE delHE 25
RESS W97k A%

4

R TR &, Q) HolHE x£9dte] FHE=E Jfdsta (4) Jidd

FYReg AR BPS A ATE 4w 29 FUE At velHe 23

s

S trip segment-based Z3HH, pattern classification 23, modal 3t
H 5o o] MEEAtHAndre, 2004). tHiEAQl FARE X3WHES 1y 3-59F o] A
A Z4dolH e SrAgd taiA AAFH ths AAF27EAE short trip E+ micro trip

olgt BElE ATeR HEstel 4 54E wod & o) EAAE VELR £TUES
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Calculate the target statistics from
the entire speed-time data set (&)

w
Select desired number of driving
segments to from a cycle

Calculate the statistics of the
synthesized cycle (g)

v

No

Is |“2%|< Desired % error m—3  Cycle rejected

l’ Yes

Cycle accepted

F3) Aol E N W 9] b9l micro-trip methodE & -£317] 98] EYH AA H3f
Holg & A tom iEstofopsitt. Sk A dS 2A 9 ARE I AT & A3
gto] v AEHe E=hE WzbAE e AR Adew RIS oHA TEE AR X
gol AA delvE Hud + d=A 39 Aepryrt desith AsAs ~EE(throttle)

o &3sfo] FIE AojEtr] wiitel] £k, VEEIF dHo® yeus ¥ EYEHE AR

29 JhE fste] A 2o x5t 7)ol EAdgrom Eae Hd, FHA Hargtdd
Eawsiare] Hul, HaA F9f, RMSE 77HA 84AE Mgt dAA delge A% =
G HolE e EARY HUeaE AAtetal o] Ao Hite VEoR AN FAYdes A
ek &, 229 Hito] HAvl HEE v AR @AZ 24 (stepwise method) & &
|oto] xeke 73be AT WLy 2 Al g DA A Hat 11714 wdo] FAHR
2 1189 AR As 2Fete] A9 AbelEs el Heb AR AYS "t 73] &
Eatn g 14719 AR 2As ekl 2zl 2 AbolEe e w eake] AWt 5%
ojl & WS E HAAs A AA A AL gofskd & 3-2¢9 ZY

- 195 -



FH

3-2 EYE AAns A g

Work selection Plow tillage operation : 24 data set

. e Transmission, PTO : torque, rpm
Data collection

e Hydraulic pump : discharge

o e Torque : Max, Min, Avg
Assessment criteria ] ] )
e Torque differential : Max, Min, Avg, RMS

_ ¢ (Calculate each error of micro-routine
Construction method

s Stepwise method for minimum sum of error

A e Aol e BB Askel ] FH AbelF FIPPUS ol ARk FY Aol
Zo WrlolE SRR QAABAQ SAPDE o] falo] AA HolHe] Exe} A Fa

Aol e #E Abo] Al# Al

~~

s} Sum Square Difference, SSD)E A4t Hung 5, 2007). 2+
A Aol FANAME EAZE 0 NmHEH 400 Nm7HA| 10 Nm3tA o2 EaWstzs - 20 Nm/sol
A 20 Nm/s7h4 1 Nmys bA o2 §stel piivirte] 8228 ARtels Ba-Eaws
Z A A (Torque-torque Differential Probability Distribution, TDPD)-S A A|8tgitt. o2 &
AA Hole ¢ TDPD9 SSDE 2] (3-3)3 #o| Aitete] /a2 Alo]E& H7bel ARE
shlvh. 2] Arel el thste] SSDel @3k W br)Ee] glv] Wil & 3-3% #2S A A=
oA ARESEAL Sl = Al Fl F Alo]E ] SSD gkt Bkl

v

N, N,

i=1j=1

Where, NN, : Number of torque classes,
N, : Number of torque variation classes,
p; - 1jth entry of the TDPD of the candidate cycle,

¢; - 1jth entry of the TDPD of the overall engine toque profiles.
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SSD
1.46
1.54
1.80
1.45
1.95
2.37
1.99

Duration
(s)
1369
1874
598
1435
240
195
136

Max. speed
(km/h)
91.2
91.3
44.6
108.2
56.7
50.0
40.0

3L.5
34.1
114
39.6
47.3
184
17.6

(km/h)

Avg. speed

1o} Fa AbolF Wk A
Distance
(km)
12.07
17.77
1.89
15.7
3.1
0.99
0.66

A

Cycle
FTP72
FTP75
NYCC

LA92
IM240
ECEI5

10Mode

[€)

=

3-3 Ak
USA
Europe
Japan

-
ik

L - - B R~ - N R N g R
AR B BN S S G
R g W By o o= s e
= T X o X ogm Lo -~ T = '
o RN BT < my ok N Bo Ko opl B9
w0 - o T ny TR of ~ wo o <
o RS S i ol S o
= N ~ ° 1o O . o) —_ o ‘ul ﬂme HT EE
g T e B LT ) oy 2
Moo = 5 e 2R 4 4oy o B
™ X o 0 = g R WS 2
RN NI - AR - = S
- T "o 0 | !
N A <& = o ok T o M=
o S L S
Mmqm_mmelngW%ME 1] o
<V = % 2 W/u AN o X E M o wm Wm ok
g FET, v e lE o ™
" %o W o oot o X Moo~ o mJ
Lo OT ~ — 0 ~n N .ZTl
ToT o ,FReli Twye,
T s A= d oz EE Cow g oo
= T By B o o= = o S
A N TR S RN
T owo o R i Kl T F R w
T ow B wmd BB o T o 2N o
S S e SR NG T
o — [
wn%ﬁaﬂrﬂafge%qa%v EkWM@
T T e OF % o T 0° 5
T~ T P I i ¢
oW R e KT MR e M o— TN}
N oo W a XL o < oy ob
o OT_ w R DE :i vy . ,i o oL S
N < F oo 27 B Moo T
Y = % W R R e X ™ o
T % ok K N oo I I & ® A
B X i S LR BT
i~ o}/ TS o N w BB ooy >
o W= s T F S
W R oo O ﬂ” ar ook o . AR Mo ow oY
T o o i X o WY o ™ 2 O 5 T o ull
o W it [y il 3K R =
WIT N \ml Qnﬂ ‘L.~l wAO —_— OT_
o~ R T = Boo 4 ol g ooy N D\ X T
LS AT RS TRy Vo
N T “_nno X * <
T Rw T E T ek oML w TR TS
S N9 ®FE I =
xR x o o H 4 ®F B < [ERNCE M

=
=

= =
=

3171

Z}
A}

g of uj

-
.

gto]l A3 m=ob e

[
- 197 -

31 9)

5

=2 °F

o]
& =9

t}

el



aL A 3]8k7]

Power, kW Power, kW Power, kW

Power, kW

80
60 |

40 |

20

80

60

40

20

15

10

ol AA A AesHo] YA YERSTHA).

Transmission

. Main hydraulic

| Auxiliary hydraulic

0 30 60 90 120

Time, s
a. Start mode b. Depth adjust mode c. Plow mode d. Turn mode

K

TY 36 Bk AW T8 2e¥Y 34 A
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Torque, Nm
=

0 30 60 90 120

Zo] 4 ko] fiste] o] FojHrt mE=
Vb aL, M3 R 1292% % LbERGE

EorS 4 3t AL me=ol AAzxd wevl zZb7b 5435 2563%2 AA e 80% oS b
AL e & vk 24719 MF- 2] dHolEelA &

o]
1T H 1=t H
REE 1WA dega e Res 1~ 28], A4 24 = 0 ~ 334 v

o
=
o]
>
o,
=t
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N6
(e
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Start Plow Depth adjust Turn
Operation time (%) 7.10 54.35 25.63 12.92

Eehe e A0 fd wew dde) Eas BawsY 4 Aie E 359 Uk

¢ Ae Age 3= A 30762 NmEZ 295 Nme| A7 E2E zdsla YA 19
Z}

3-8 el B xEaY AolA 1% olstz BEF g ol 44 Wel ulelA £&AQ
W, 8229 g

4
o] o]Ro)H LS sl BEae HFghe 15342 NmE e S
250 Nm 7-3Fe] °F 90%E aHA|ste AS &eled + At
EAWS S FUREA 4576 Nnyse] Hu EaWsFy 379 Nm/s?] RMS gte2 7t
2 2 et Fese] #AEY. A4xd Ren A 3171 Nm/s, 4 -3889 Nm/s2
& WES UERNA R RMS 32 263 Nm/sZ W2 Holu, o] Aixd merp &9

=ol uja] dolA et A A M Witgel s A e @ielw
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gHy, BEawgae] slakads 9 3-27(h)9t 2o -5 ~ 5 Nm/s 897} 95% o4&

A eel AAe] AEo] o 2o RawEo] g wol WAFALL ¢ & Y} BA-EA
WHalgk AARY A= 29 3-99F o] A 170 ~ 220 Nm, EA2Rs s -2 ~ 2 Nm/s ¥
ol 90% °]ge =2 gE +XE YEATH
¥ 35 Behg A R B4 A
Start Plow Depth adjust Turn
Max. 268.68 307.62 307.50 293.82
Torque
Min.  40.03 51.01 69.45 31.78
(Nm)
Avg. 10770 190.39 198.54 117.03
Torque Max. 45.76 16.58 31.71 27.01
differential Min. -13.67 -13.49 -39.89 -23.37
Avg. 065 0.01 -0.01 -0.30
(Nm/s) RMS  3.79 2.19 2,63 3.48
15 . 295‘Nm 50
40}
= 10 =
= . 30}
3 =
s S 20
o 5k a
10}
%050 100 150 200 250 300 350 % 20 0 20 20

Engine torgue, Nm

(a) B

a9 3-8 FEhy Awd BA, BAaRsyE 24

Engine torque differential, Nm/s
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A},
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T TT I
; & H EEEEREES
. 100 5 f55
1 E e
: 2 150 HH
‘: 2 B
| Eo00 E55
2250 = ;
: i H
; < 300
- 0 350
iy, 10 300 ! i
T 207400 o O 0% 10 0 10 20
g Engine torque differential, Nm/s
2% 3-9 Zu¢ 49 TDPD 43
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ste] et e A AbelFe] we) A7
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S 248 9 BRE 736%, 48 2 56.25%, A4
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= AR YL 437 £¢EQAL, Ft EAE 15492 Nm2 B8 §3b7 @ AsE S 3
Ade # whgdstar 9l

¥ A8 79 29 Alo]|Fe EAZLS nad A= ¥ 3-63 2vh Bz Hu, Ha
#Fe A AtelEd 24 A9 Amete] A7 0%2 Hul, Hagtol £FE AF o]
T AEEASS AT £ At BEavsEe Hul, HA RMS#H 77 4362, -39.38, 3.14
Nnvs2 274 A3 Az 47, 1.3, 1.6%9] 45 vehlo] 5%clWE Yeh v Eaw 8wk

Bkl 2A7h 1L11.9%2 vlad 2 vebd g gt AA 7 09 kA fESAel ole
oAz waso] Qg dFo] & Ao AHHh TH S4zke] g 239 3
T 281%2 5% olae] ML 7)|ES wrEatelr)

350
300
250 |
200

150 |

Toque, Nm

100

50

(] 200 400 600 800 1000 1200 1400

F 36 MEE APdr=e B4 AUt
Torque (Nm) Torque differential (Nm/s)

Field test Working Diff. Field tost Working Diff.

cycle (%) cycle (%)

Max. 307.62 307.62 0 45.76 43.62 4.7
Min. 31.78 31.78 0 -39.89 -39.38 1.3
Avg. 153.42 154.92 1.0 0.09 0.08 11.1
RMS - - - 3.09 3.14 1.6
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Za% 2 Alo]Zo HUIE 93le] BEa-Eawaty AARNS AAd A=
i ol Eael EadsiEe] o), AaRRoA S XU ZojE9on) |
g 5o] atAdld Aoz AA agfze] gL nHE Aoz wekH
A 50 ~ 70 Nm Abeld X & A9t 150
Wele] EAawistarel A 95% o] w& &
Red B3 BEawsteed g BEARE 243 Ade 1
H

~73} o] vebueh ¥ A
9 Ane) mew BAAne $Us] HY E2E 30762 NmE e mmol A uebi,
4 BAEE 3178 Nmz 490712 53 o)5ae 43 wedA B sawsae 4%
EEclA RMSg 2222 7HE B ey g d o Reke s w53k Wigo] A
e Ae FAstgy, BT wooA 3922 b =27 vt AAvEEe Sushed g
2 pamsel AFS FAY 5 vk
8 R EEEEEE RS
- SSEESSSESSEESERSSRSS
EE_-S ) =Ll mEEE
)] :::-150 :
%‘1 i _%250
= S50
QEH 0 350
%"fof,,,m U
Moty zen\numu& " W5 0 5 10 15 2
* g A Engine torque differential, Nm/s
a9 3-11 /g d Zee A3y 229 TDPD 23
E 37 AR Beke Aoy w7 we B4 B4
Start Plow Depth adjust Turn
Max. 268.68 307.62 307.50 293.82
Torque
Min. 40.03 51.01 69.45 31.78
(Nm)
Avg. 109.43 190.36 198.82 121.07
Max. 43.62 16.58 31.71 27.01
Torque Min. -13.67 ~13.49 -39.38 -23.37
differential
(Nm/s) Avg. 0.65 0.01 -0.02 -0.32
RMS 3.91 2.22 2.73 3.42
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Ny 24q) Abo]F9] TDPDE o] 88 SSD #h2 Zeh¢ 29 Abel&9 A4 15322 e}
Yok 2 AtolEell uidk vla iAol glenz duk ) Alo]F 9] SSDaty vlw gk Aot
® 383 vk A AfelelA AbEE SSD ghol Awe Al T FaA AllEE BtY
ol AbE¥ SSD w3 FARSHAl vrEb R #F]) Aol Eo] Al ARl Fat 54 Al
Adoz wgsts gk wera
3-8 duk Frmse} sty R Ee] SSD Ml At

Driving cycle Working cycle
FTP 72 FTP 75 LA 92 ECE 15 10 Mode IM 240 Plow
SSD 1.46 1.54 1.45 2.37 1.99 1.95 1.53

@) WLe g we A
Oh Weel w73
Mde] ae) A A e RokE 23T Auks 09 3-129 ol LhebuTh &gl ¥
she gl PoWE TEse wehd, 90 FAAGd Y@ 38 A 4H v
5 pobl €@ 2 2 wskbyl aRAAL WY A FE W

i) Wu) cho] BiH GEe) Fo| Frhgl wek PTO F3he] S7He)7} vhehstov), 23
Folz Mdeish ezl Aol iy ol ¥ 2 AL Bar 3] G W

AA A7 Bl tiske] ARE $A& HAG 3= E 3-99 2ol PTO F-3he] Yol
whE ApR] 692%% TP B WES AXsgon) HaTan Wde LT A
meg gelth et WEe] gl BEREE 21%E WA et Wdd 29 F A%

) FHARE
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Transmission
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Time, s
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f. Discharging

e. Tying a bale

d. Turning

b. Start «¢. Baling
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a.
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E 3-9 AR Bahe] A7) uhE #4 A

Acceleration Deceleration Cruise Idle

Percentage (%) 69.2 20.3 2.1 8.4

Azdolge el Ba wstd B4 Ave ¥ 3-109 2o] Jedd. Hd =

Lt

33375 Nmi A2 3 oo Fabrf At A I 3-13(a)¢t 2ol 1 HlEg=

2

#3100 B2/ Ba sty B4 4y

Max Min. Avg RMS
Toque (Nm) 333.75 31.64 134.59 -
Toque variation (Nm/s) 35.26 -3751 0.002 2.28
295 Nm -

-
o

Probability, %

Probability, %

w

0 50 100 150 200 250 300 350 -40 -20 0 20 40
Engine torque, Nm Engine torque differential, Nm/s

(a) B2 (b) == WHs}hgk

29 3-13 Ba g 23 v 24 A

- 205 -



=

en
=
I
|
|

—_
=
=]

ma

=2

=
I
|

—_
en
=
N L

1

|
NN N EEENEEI

H

probability distribution, %
Engine torque, Nm

N |

11

| |

M
en
=

an;,,e rﬂ;m 350

40_% -10 0 10
Engine torque differential, Nm/s

¥ 3-14 AR Bz Y BEa wAEkgke]| tidk TVPD 23

™
=

(h Wil 2y 2= s

TR Y PRES HEste] EYY WAy e dAd Ao HIE AT vidH
3-159F Zvh. 40 x 100 me] FAstd FXE YFo= 11719
1,699 = oF 28&7Fe #Fjiol o] Folxla Hat 139.78 Nme| =
Aree SA4A= i 3113 Zo] A dHolyet FHA EAdA
3029 2 a5 YErW AR, A wlolH o] sl Aol A LERE o] 50 Nme]&te] A
2 b2 v A yErdg dAE RE it @ e A fevar dddnh 7HA

f2e] tiste] EAA e WA A= 32%= MY Al AAAY 5% W UE UEHI

g

400

350 |

300 |

250 |

200 |
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Torque, Nm
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Time, s

19 3-16 A9 2= i Aol A,
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Max. Min. Avg. RMS

Mode 9¢Diff Mode 9¢Diff Mode 9¢Diff Mode 9¢Diff
Toque

333.75 0 41.21 -30.2 139.78 -3.9 - -

(Nm)
Variation

25.29 28.3 -26.45 29.5 0.002 -3.4 2.42 -6.1

(Nm/s)

Aard 2 AlolZo] HIE 9dte] Ea-wEawder dAEA Ax= a8 3-163 2}
AA "oy e TVPDHEY 50 ~ 100 Nm Alole] WHelolA] v SEEXE e IR A
Aoz fAe 282 FgE Yepdidol SEF ¥ Wyt AA #Addole e o H]

S FIEUAT FEEL/L S G PRAMY Aol =A WA RonE T Y
o
=

0’ A B o o I Y e o o i W 2 R S it
NN E SN NN s,
50 L 1T ___EH
- = el
"~ g 10000
= = B
El o 1505
& = HH - =
z 5200 SEae
=
S 2250
o =
e & 300
o, 0 350 EEEE:!
T
405, -10 0 10 20

Engine torgue differential, Nm/s

A Wskrel] the TVPD 2t

)

% 3-16 MdE FAdRE BEA
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E 312 QY ) A e W A mavsd B4

Start Bale Turn Tie Discharge
Max. 242,50 397.44 957 57 393.13 21445
T
orque Min. 32.24 52.41 A1.38 88,51 48.42
(Nm)

Avg. 77.83 153.36 141.18 158.16 91.09
Max. 3475 93,61 92251 13.84 11.60

Torque i 2 2852 2 95.12
dittorentia M- 363 985 9371 951 1857
(Nm/s) Avg. 0.20 0.04 001 017 018
RMS 364 2,87 342 354 278

Aatd Fdr=o SSDE Iwt FHR o] SSDykw wwdk Ay F 3-133 o] ey
Tl SSD#ke A dlolgete] 2polE vEtdl= gholBnRE 0o ke E AA 3ES & vE
Wohan B ¢ k. e 2 Rme] SSD #hel AEe] wAl ¥l T Ale)E S
AhEE SSD #t frAbskAl vEbd i 2S) AbolEe] A £ §-3 5AS AA
How whgstal lvkar dehd

¥ 3-13 9vk FP ool My A wseo] SSD Hlw Ayt

Driving cycle Work
FTP 72 FTP 75 LA 92 ECE 15 10 Mode IM 240 mode

SSD 1.46 1.54 1.45 2.37 1.99 1.95 1.64

(4) Zeg] 4% 29 2=

SbA] S Eeg Ae, MLy A B PWOR 7 3-173% Po] Rety Ay =

=2 Jjgaisivh. 2ee] 3L FR 105 m x A2 35 me FAE v FPs A
|

govl, & 99 AN AU 2@stel AARCE ATFATh AL A9 Ao

AZEe & 71222 3 BAE A9T A5 oF 1270 A8 9 EeE Af AlolE2 EYY
o] Aeke wo|l womz Z@he AL Ay wiI AR AR 2FAdzre]l @Ayt xo] U
= AS Y A

2 A9 Ameh A} AfelEe SARS vawd A= E 3-149F 2k A A, F
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3 AbolE ¥ A9 AHete] AUF 0% HuUl, Higkel xdd AR 2]
HASS A 5 dvh. BEawsge Hul, 4, RMS#He 77 64.32, -43.12,
9 38 39, 1.2%9 2AE vEe] 5% olWE YEhSIY. 77
A Bl ek e e 27 5% oo s 7]E=S wrEsgt)

A A9) Aol F] SSD @& E 3-159 2ol 2k H49) A% 16302 vhebuh &
g AbolZel W@ vl viol glome Auk Fa Ate]Ze| SSD gol Al Al T F
@ Abol2 e WG W AFH SSD @3 AL e WA ae) AbolZe] A T

o) B} BAL AAAcE wdd Aoz duAr,

300
200 -

Torque, Nm

100 -

0 100 200 300 400 500 600 700 800

Time, s

S 3-17 A9 we= A Ask(zer w9,

£ 3-1 2etel AR=9 54 9ot

Torque (Nm) Torque differential (Nm/s)

Working Diff. Working Diff.
Field test Field test

cycle (%) cycle (%)

Max. 384.32 384.32 0 66.86 64.32 3.8
Min. 53.24 53.24 0 -43.96 -43.12 3.9

Avg. 184.64 188.23 1.9 0.08 0.08 0
RMS - - - 3.20 3.24 1.2

% 3-15 2B Ame SSD B4

Driving cycle Working cycle
FIP 72 FTIP 7 LA 92 ECE 15 10 Mode IM 240 Rotary
SSD 1.46 1.54 1.45 2.37 1.99 1.95 1.63
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4
stolreE| = EdY Alg#old S MUty 98 ' 3-183 o] 100ps w E¥UH =
98 FATAL ASE AAGAT. 7EA EdY Rdo] FAE Autonomie (version 2012,

LMS International, Belgium)oll Al A Al g F4n] o] Az Ap=zF 2o Fx 2 AGE HA

st AAlsklen, EdE e 54 weEl dxl(Engine)olr AR ¥ T W& f4¥HF,
PTO 949, FSHg =zl T8 A9 F3bel o8] o9 £4do] dojyrs 53 248 4
Aokalvh WErls EdE vl S 129y VAA WET]e] ol Fddd R0
857959 & el @ M 90%9] VA& S AgAGor] FEAFY FHe =dE
o onFle}l sinpH e AAE w3 Y 47} o]Fold £ JEE Il AL FA

x\\\% ] :\ ] i l ;&‘_ ‘

Starter Engine  Mechanical

Generator  Torque
Coupling

Converter

Energy
Storage

-;::l

Flecirical Acc.

18 3-18 EYE AlEgo]ld wele] Tz

7h Az
stolHel= EdY Algdold mdolx AAE Az ZEY A AL 27 3-199 Zo
Autonomie Al E# o)A Tz 1o 7wk 272 73] MATLABS o] &3l ¢Jdo] 753 ns
AT e & FF AU Y, 45 £5, T B EHE, A9 Full throttle 73 El ol
]

Aol HE-EA HH 5 100ps & EAE DA A9 A FAsH 43,
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I
4;
‘Castlron’; %Assumption

eng.plant.init.technology
eng.plant. init.num_cyl_init
eng.plant. init.material

eng.plant . init.eng_mass =1394.7; %eng.plant. init.mass_block + eng.plant. init.mass_radiator + eng.plant init.mass_vol + eng.plant. init. tank_s
eng.plant. init.tank_mass = 60;

eng.plant . init,fuel _mass = 150; % Capacity of tank in kg - approximate value
eng.plant.init.time_response =0.4; % 0 to 100% of max torque in 500ms - approximate value
eng.plant. init.spd_idle = conversion_calc( rotational_speed’, ‘rpn’, ‘rad/s’,650);

eng.plant. init.warmup-init =0; % This should normally by O

eng.plant. init.pwr_max = 332086, 3: % Watts

eng.plant. init, fuel_density_val = 0.835: % ka/L

eng.plant.init.fuel_heating_val = 42500000; % (J/ka)Specific LHY

eng.plant. init.fuel_carbon_ratio =12/13.8; % (ka/ka) ref:Dr.| Rob Thrina

ena.plant. init.displ_init = 12700; % cc

eng.plant init.inertia

= 0.34; % ka-m"2 - approximate value
eng.plant. init.spd_str =1

0; % speed level (rad/s) the engine crank has to reach in order to start

% maximum curves at each speed (closed and wide open throttle)

o9 3-19 FtolHE= EYE AlEHOA Rl I ALF 4.

folHe]l= EYY AlE#H oA 2de o7 & REL 19 3-208 Zo] FAST dA

L5 BEEe a3 Adgd e BEAE ibEtE EE59 A5 ddH AN E5 A5 AR

& At 2502 P gtk dEF 2= IR on/off BH, A7 ~22E JH oy wH

Ax 87 &% %7 ARG FE37) Ys Emavt 9o HREE dx ¥ 23 dA

&5, Aavts w7ld, A 2% o] gtk A% BEa E¥o] A ¥y AW 24 &

ol el 3 ¥ o Fo wu}e}
A

2,
2
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o b
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T‘o'uf = (1_ Tcmd) * TCTT+ (T‘cmd * TW'OT) }‘\_]I (3_4)

Terr = closed—throttle torque curve
Twor = wide-open-throttle torque curve

T

cmd

= engine command of throttle (wide-open=1, closed=0)

() /A7)

Adzle] B oA AEE 3] sfolHg= EdE Aladolid EHolA AAE =Y/ IH7

o

=Y/ g 7] 9

o,

REO AFS E 3-169 Zow 1y 3-219 o] AEdod wd

=
2 92 74 kW, 44 3d4E 2300 rpm, A4 EAE 3063 N-m=z A

Astgor wEe) £E-Ea Fie] 9@ 4% weshel At

i 3-16 E¥Y Algdold 29

Motor
Ttem Unit Note
/generator
Rated output W 7377
No. of poles 12
Rated speed r/min 2300
Maximum speed r/min 2300
N‘m 30.63
Rated torque
kgf-cm 312.5
Rated current A(rms) 50 +10% less
Elec. time constant ms 32.88
Mech. Time constant ms 45.12
Rated power rate kW/s 1.9017
Back EMF constant x10-3V(rms)/min-1 22.915 +109 less
N-m/A(rms) 0.6126 +10% less
Torque constant
kgf-cm/A(rms) 6.2503 +1096 less
Phase resistance Q 0.0097 £109% less
Phase inductance mH 0.3189 +209% less
Supply voltage VDC 220 VDC DC Link
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not.plant
not.plant
not . plant
not.plant
not.plant
not.plant
not.plant
not . plant
not.plant

not.plant
not.plant

not.plant
not.plant

not.plant
not . plant
not.plant

not.plant
not.plant

not.plant
not.plant
not.plant

cinit.inertia
cinit.coeff_regen
walt_min
time_response
t_max_trg

cont _to_peak_ratio

Jinit,
init,
Jinit,
init,
init motor_mass
Jinit controller_mass
.init.cont_to_peak_ratio
cinit curr_nax
.init spd_base

Jinit.tra_cont.idxl_spd

= 0.0145;
15
30; % &%), minimun voltage allowed by the controller and motor
= 0.058;
180; % Time the wotor can remain at max torque
1:
10.4;
4
= mot.plant. init. cont_to_peak_ratio;

= 3005 % (A}, maximum current allowed by the controller and motor
= conversion_calc( rotational _speed’, ‘rem’, rad/s’,2500);% rad/s

= conversion_calc{ rotational_speed’, rpn’, rad/s’, [0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 B500 7000 7500 8000 8500

Ol
L

iz

S

E
2

iy
i

=

2 H

A
w

)
N

o

2

init.tra_cont.map = [46.5 46.5 46.5 46.5 46.5 38.2 31.68 27.3 23.9 21.2 19.1 17.4 16,8 14,7 13.6 12.7 11.9 11.2 0 0]
Cinit tra_max. idxl_spd = mot.plant. init. tra_cont.idxl_spd;
Jinit tra_max.map =mot.plant.init.cont_to_peak_ratio + mot . plant.init. tra_cont. map;
Jinit. tra_max.points.tra = max(mot.plant.init.tra_nax.map);
Jinit.traomin, idxl_spd = mot.plant.init.tro_mas, idxl_spd; % rad/s
Jdnit.tra_min.map = -mot.plant.init. tro_max.map;
Jinit.eff_tra.idsl_spd = conversion_calcl rotational spesd’, ren’, ‘rad/s’, [D 1000 2000 3000 4000 5000 6000 7500 8000 B5O00] )
Jinit.eff_trg.ide2 trg = [0 7.715.56 23,2 31 38.7 46.5]/46.5+not .plant . Init.tra_max.points.tra; ¥iyR - ensures that the maximum torque is included in the effici
nit.eff_tra.map 2 [l
2] 12— S L = b T Eo] o ok o)
29 3-21 sfolEY = EUE AEdold R Y AR ¥,

jnels Edy Agdeld mdd ®E BE RES 1@ 3-229 o] FA}AT 2T
RES ¥ A5 1B Eag At B2 AR AT A4 B2 A8 4%
A E=oz pAFel gt AYREE A on/off B, AW 22E ¥ ofF B,
27 %%, 27 94 FEHY AW Ba 9or) FYReE A1 FY 23, 93
Azrle w71 A7 R ol drh AP =3 F¥9] A9 QU= dAe 27 &
wel diRe] 2n-gm 3o o AAYD A ARE wWH s¥ oo ulz)
D o] EHe] btk AR 2w g A% Azl An) A% FAo nel Ay 3
2 Eae] o) AAHE Azl uhE HRgon AA AR xmge] FHdrh

—
o
— e | |
8 3-22 Flo)lHE= E
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(th 71¢]
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qFE2 W dapol TAdd WS G Aol Hux AT B 7)o A =Y
oA AZ7AA e 7ojE 2Fety EdE e FRGrL FRE 3d Fs 4dqls iy
of & 12¢te= AAlga ol 4g 8 YojHlE A3k 7o) BE2 VA 7o o]
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2

=

o
W2

XX File content

gb.plant.init.inertia_in = 0.003; % kg m"2

gb.plant.init.inertia_out =0 *

gb.plant.init.nass = 604/2.2046;

gb.plant.init.spd_thr =10;

gb.plant.init.nb_ratio =12;

gb.plant.init.ratio.idxl_gear =[0,1,2,3,4,5,6,7.8,9,10,11,12];

ab.plant. init.ratio.map = [0,12.569,8.903,6.224,4.655,4.331,3,.297,2.305, 1,922, 1.604,1.290,0. 902, 0.6281 ;

gb.plant.init.eff_trq.idx1_trq = [D:100:1000) ;% input trq
gb.plant.init.eff_trq.idx2_spd = [0:100:1000] ;% input sp

gb.plant.init.eff_tra_ratiol.map = 0.38+ones(length{gb.plant. init.eff_tra.idx2_spd), length{gb.plant.init.eff_trq.idxl_trq)
gb.plant.init.eff_tra_ratio2.map = 0.88+ones(length(gb.plant.init.eff_trq.idx2_spd), length{gb.plant.init.eff_trq.idxI_tra)
gb.plant.init.eff_tra_ratio3.map = 0.98+ones(length{gb.plant.init.eff_trq.idx2_spd), lengthigb.plant.init.eff_tra.idxl_trq)
gb.plant.init.eff_tra_ratiod.map = 0.88+ones(length(gb.plant.init.eff_trq.idx2_spd), length{gb.plant.init.eff_trq.idxI_tra)
), (sb )
1. (gb }
), (sb )
1 {gb }

)
)
)
)
gb.plant.init.eff_tra_ratioS.map = 0.98+ones(length{gb.plant.init.eff_trq.idx2_spd), length{gb.plant.init.eff_trq,idxl_tra});
)
)
)

gb.plant. init.eff_tra_ratio6.map = 0.88+o0nes(length{gb.plant.init.eff_trq.idx2_spd), length plant.init.eff_tra.idxl_tra));
ab.plant.init.eff_tra_ratio7.map = 0.38+ones(lensth{gb.plant.init.eff_tra.ids2_spd), length(sb.plant.init.eff_trq.idxl_trq});
gb.plant. init.eff_tra_ratioB.map = 0.98+ones(length{gb.plant. init.eff_trq.idx2_spd), length(gb.plant.init.eff_tra.idxl_trg
ab.plant. init.eff_tra_ratio9.map = 0.98+cnes(length{gb.plant.init.eff_trq.idx2_spd), length(gb.plant.init.eff_tra.idxl_tra});
gb.plant.init.eff_tra_ratiolD.nap = 0.98+ones(length(gb.plant.init.eff_tra.idx2_spd), length(gb.plant.init.eff_tra.idxl_tra));
gb.plant. init.eff_tra_ratioll.nap = 0.98+ones(length{gb plant.init.eff_tra,idx2_-spd), length(gb.plant.init.eff_trq.idxI_tra));
gb.plant.init.eff_tra_ratiol2.nap = 0.98+ones(length(gb.plant.init.eff_tra.id«2_spd), length(gb.plant.init.eff_tra.idxl_tra));

for cpt=1:gb.plant.init.nb_ratio,
gb.plant.init.eff_trq.map(:,:,cpt) = eval(['gb.plant.init. eff_tra_ratio’,nun2stricpt), .map']}i%c

ate the 3 dinens

s (tra, spd, ratio) map for trq loss

1Y 3-23 stelHeEl = EYE Algdold R HE ALY §iE.
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i 3-17 Charging time of SOC by engine speed

Speed SOC (%)
Status
(rpm) 20 — 40 40 — 60 60 — &0
2,100 353.7+4 .55 343.9+3.1s™ 347.0£3.0s™
Charge 2,200 338.5+5.3s™ 329.8+3.7s" 332.8+3.8s"
2,300 32994235 313.741.9s" 316.6+1.8s""
v averages with different superscript (A, B, C) in each row are significantly different at p<0.05 by Duncan’s multiple
range test

2 averages with different superscript (a, b) in each column are significantly different at p<0.05 by Duncan’s multiple

range test

=
9 A Y awshs ARGel ST 1 AT WA SE7b wekx)

SOCe w W AaAzte vad 23 @A SOCeH W Azt o] folAdo] flas

80 — 60%°] SOC ®WslolA SOC 1% Y #Aaste ol Aele AIZES 2,100 rpmell A 13.2%,
2,200 rpmel Al 13.1%, 2,300 rpmellA 1282 = Yetsth 60 — 40%¢] SOC Wzle|A SOC
196 & #asted dEls AR 2,100 rpmell A 13.1%, 2,200 rpmell 4 13.0%, 2,300 rpmell A]
12727 AR 40 — 20%¢] SOC ®zkel A SOC 1% 3 #Haster 2= Ak 2,100
rpmel Al 12.2%, 2200 rpmel A 12.1%, 2,300 rpmell A 11.8%7} A H o

i 3-18 Discharging time of SOC by engine speed

Speed SOC (%)
Status
(rpm) 80 — 60 60 — 40 40 — 20
2,100 268.9+3 954 267.1+4.68™ 250.6%2.25"
Discharge 2,200 261.0+2.8s" 260.6+3.2s5 242.4+1.1s™
2,300 955.84+3 55 953.2+4.6% 236.2+4.65°°

2 averages with different superscript (A, B, C) in each row are significantly different at p<0.05 by Duncan’s multiple
range test
2 averages with different superscript (a, b) in each column are significantly different at p<0.05 by Duncan’s multiple

range test
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i 3-19 Variation of SOC by work load at plow tillage

Charging Discharging Generator

Cycle time time Motor torque torque Variation of
No. (s) (s) (Nm) (Nm) SOC (%)

1 6.8 18 12.3 164 -2

2 35.1 A47.2 135 13.2 -4

3 129 474 18.2 11.1 -4

4 60.5 11.4 6.7 164 +1

5) 34.0 15.6 9.7 13.2 0

6 48.2 2.2 3.2 14.2 +1

7 66.4 13.3 6.3 17.1 +1

8 62.5 12.9 7.2 17.3 +1

9 70.1 10.9 8.7 15.1 +1

(2) 2 B3 #4

AW AFBEAE e mekel A9 A9 B4 A% AF Aske o3 3-M9h o]
==
5
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B gro] e Wyt Ea gEnh A e oy EE e Wb Algbe] S ARtEd 2
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} 137 Nm, ©4d7] 37} 161 NmZ YEoy =
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i 3-20 Variation of SOC by work load at rotary tillage

Charging Discharging Generator

Cycle time time Motor torque torque Variation of
No. (s) (s) (Nm) (Nm) SOC (%)

1 32.5 40.5 10.1 15.2 -1

2 32.7 46.5 13.7 16.1 0

3 37.7 34.9 12.8 13.8 0

4 20 55.4 184 12.1 -3

5) 39.1 36.5 13.3 159 -1

6 38.3 31.3 144 14.6 -1

7 27.1 40.8 14.9 15.8 -1

8 37.6 219 3.8 15.8 +1

9 34.9 22.3 8.7 15.3 0

4
99EY 9 AR 4R B4 2%E § 321, 329 2o Uehtew AR su@e 5
S7h e T4 B 2 ANENE Aee BT B A Aol Fat R B

3 AtolE A9 Al Rk EE = 3283 g/kWh, stolHEl= EUE = 2997 g/kWhE  of

stolHej= EUH = 256.3
oAl A F37E b EE 49 AbelFE A Al dnk EYEE 2816 ¢/kWh, stolHEE EEHE
2705 g/kWh= o 4%°] 7|4 B3bE Mglow, Fa7h 7P e 89 Apoj2e] A4 Uk B
BE = 2854 g/kWh, ol EHE = 2849 g/kWhE 0.2%¢ 713 w2 Jld Z9E B
Atk oA Felny= EdE = duk EE] vlE] & FaA 9 7 A 2RH )
Aol B &dds AAsATh 7 @9 Aol 2o Fs zEdxsE T Fs s T
& ooy dE 2R frelAde] glE Aoz FlH il

Foh¢ B AA dHd A8 AR 2950 g/kWh, ZEE] A9 2870
g/kWh=z Uesith sfelne= Aags 483 =dve] 49 Zohe FLa9dlA 2811
g/kWh, 28He] 4+ 2ol 282.3 g/kWhel < gk gyl vlg Eehe
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i 3-21 Fuel consumption per power at plow tillage

Cyele No. Workload BSEFC (g/kWh) _
(Nm) Normal mode Hybrid mode
1 202.8+45.5 308.7 291.7
2 278.5%68.2 317.0 300.2
3 313.7£72.6 328.3 299.7
4 233.0£35.5 296.7 278.2
0 233.3£57.6 284.8 278.1
6 204.3£57.1 2579 296.3
7 233.5£53.5 2776 283.7
8 230.1+47.3 283.8 280.8
9 223.9+52.5 299.8 274.5

i 3-22 Fuel consumption per power at rotary tillage

Cycle No. Workload BSFC (g/kWh) .
(Nm) Normal mode Hybrid mode
1 226.7+54.9 290.2 288.4
2 247.7£52.2 280.6 277.3
3 234.8+58.3 291.7 288.4
4 261.1£60.6 281.6 270.5
0 238.6+52.6 279.8 276.2
6 201.3+54.8 287.2 278.7
7 208.7+64.0 280.9 2729
8 214.3£50.8 280.4 284.9
9 226.8+68.4 300.2 303.7
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ARTICLE INFO ABSTRACT

For better performance and durability of a tractor during field operations, it is necessary to select the
optimal gear setting for the operation. The purpose of this study was to analyze effects of the gear
selection on load acting on the transmission and PTO shafts of a 75 kW agricultural tractor during rotary
tillage with a 20-cm tillage depth. In order to measure the loads acting on the transmission and PTO input
— T shafts, a load measurement system was installed on the tractor. The system consisted of strain-gauge
sensors to measure the torque on the transmission and PTO input shafts, a radio telemetry 1/0 interface
to acquire the sensor signals, and embedded software to acquire the data. Rotary tillage was conducted at
three ground speeds and three PTO rotational speeds under upland field sites with the same soil
conditions. The load data was converted to a load spectrum using the rain-flow counting and SWT (Smith
Watson Topper) equations. Sum of damage due to the load was calculated using the Modified Miner's
rule for each gear selection, and then the load severeness was calculated as the relative magnitude of the
damage sum. The average torque on the transmission input shaft increased significantly as the ground
speed increased from L1 (1.87 km h™') to L3 (3.77 km h™') at the same PTO rotational speed. Also, the
average torque on the PTO input shaft increased as the PTO rotational speed increased at the same
ground speed. Rotary tillage exerted significantly greater loads on the PTO input shaft than on the
transmission input shaft. The severeness of the load on the transmission and PTO shafts increased,
indicating possible decreased fatigue life, as both the ground and PTO rotational speeds increased.
Results of the study might provide information useful for optimum gear selection for rotary tillage,
considering not only field efficiency, but load severeness on the transmission and PTO input shafts.
© 2013 Elsevier B.V. All rights reserved.
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Accepted 27 July 2013
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Agricultural tractor
Gear selection
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PTO (power take off)
Load severeness
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1. Introduction Optimum gear setting for operation type is important since the

load acting on the tractor, part durability and working performance

Agricultural tractors are used as a power source for various field
operations such as tillage, planting, chemical application, harvest-
ing, transportation, through driving axles, power take off (PTO)
devices, and hydraulic lines. The number of agricultural tractors is
increasing in many countries in the world. For example, the
utilization ratio of a tractor in Korea has been increased to 71.8% of
agricultural working days during the spring and autumn seasons in
2010 (Park et al., 2010a,b). A tractor has various levels of driving
and PTO gear settings, and different combinations of the gear
settings are used to provide the required power suitable for an
operation type and field condition.

Cor author at: Dep: of Machinery Engineering,
Chungnam National University, Daejeon 305-764, Republic of Korea.
Tel.: +82 42 821 6712; fax: +82 42 823 6246.

E-mail address: sochung@cnu.ackr (S.-0. Chung).

0167-1987/$ - see front matter © 2013 Elsevier B.V. Al rights reserved.
http://dx.doi.org/10.1016/j.5till.2013.07.013

are determined by the gear setting (Park et al., 2010c). Durability of
tractor parts is one of the important concerns (Rotz and Bowers,
1991). Simens and Bowers (1999) reported that American farmers
spent about 40% of the total maintenance costs to repair the tractor
and about 30% to repair the failure of powertrain parts due to
excessively high operating speeds. Also, working performance
affects fuel consumption of the tractor. In the case of the Republic
of Korea, annual fuel consumption by tractors was 345 ML/year,
accounting for about 48.5% of the total annual fuel consumption of
agricultural machinery (KAMICO and KSAM, 2010). Therefore, it
would be meaningful to analyze effects of gear selection on tractor
load during field operations.

Kichler et al. (2011) analyzed the effects of the transmission
gear selection on the tractor performance and reported a 105%
increase in fuel consumption rate, a 28% increase in implement
draft, and a 255% increase in required power when the gear setting
was changed from 3.0 km h™" to 8.3 km h~" in plow tillage. Several
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Load Torque Estimation for a Parallel Hybrid Agricultural

Tractor in Field Operations

ho Kim*

g

Yong Joo Kim', Bongsob Song, and Jin

This paper presents o lood torgue estimation algorithm for @ paralfel ybeid agricadnral ractor (HAT) b mafor field operations such
as ballg, plowing, and rotery tillage. While the Toad torgue i a Inbeld efecteic vehicle iy mostly wsed fo make the wilcle deivable,
o Rarge poviion of the load fongue ina HAT is requined for field operations. To idensify dvnamic characteristics of each field operarion,
both PTO and transmission forgue in major field operations ane measured. Based on the measunement resulis, it is tnforred that the
Toad forgue estimation is necesany' o develop o fongrs-assist strategy fo capiune Hie characteristies of the feld operation. Thus, an
acaptive obxerver i proposed for the foad forque extimation, and ity performance §s validated experimentally by comparing the

estimntedd v torgue with the measuremerns,

NOMENCLATURE

v = tractor speed

i, 11, = engine speed and estimaied engine speed
o, = wheel speed

. m,, = mass of troctor and wheel respectively
J. = rotational inertia of enging and motor
o= rotational nertia of wheel

A, = viscous damping coeflicient of engine

T, = engine forque

T T; = load tergue and estimated load tongue
T = input torque

Tepn = power take-ofl (P10 driving torgue
T\ = injiat Loagqise 10 ITANSINISSIon

Ty = wheel driving torgue

T = motor torgque

T, = rolling resistance moment

F, = reaction foree at the axle

Fre = tractive force at the wheel

Fs = implement drafl {or drawhar) force

F,, = aerodynamic drag force

F 0o = gravitational force duc to slope

1 = overall gear mtio

r= effective mdius of whee!

= rond or ground slope

© KSPE and Springer 2013

1. Introduction

The benefits of hybrid electric vehicles are now well known: carbon
dioxide emissions are reduced and fuel efficiency is improvied by
including an electric path, L&, electric motor and hall.u:.'_': Recently
these systems have been extended to heavy-duty vehicles such as
excavators and agricultural tractors.™" However, it should be remarked
that the objectives of these hybrid heavy-duty vehickes may not
coincide with those of hybrid electric vehicles on the market. as they
may require difTerent tonjue-assist strutegies,”

When a parallel hybrid agricultural tractor (HAT) shown in Fig |
is considered, the main objective is to generate an input torque by use
of both an engine and a modor 1o be lange enough 10 perform major
field operations such as baling, plowing, and rotary tillage." Alhough
fuel efficiency is also one of the key objectives for the hvbnd tractor,
n more important goal of the ractor in this stedy is w0 minimize the size
of the engine with the assistance of an electric motor, Furthenmose, if
a small-size of a motor is chosen for this system as listed in Table 1,
the tractor cannot be driven only by the motor; thus the tompue
generated by the motor is used only o assist the limited torgue coming
from the cagine in ficld operations.

To develop the torque-gssist strategy of the clectric motor, one of
the most challenging problems is to estimate load wrque depending on

@ Springer
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during plow tillage
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Abstract
This study was conducted to d a guideline of optimum gear setting for enhancing tractor performance. The purpose of this study was to
measure and analyze driving axle load and fuel consumption of a 71 kW agricultural tractor during plow tillage under different gear settings (L2, L3 and
L4). The total four torque of front and rear driving axles and fuel ion were d and analyzed in terms of gear settings considering working
hours and tillage depth during plow tillage. One-way ANOVA with Duncan’s multiple range test were used to analyze the driving axles torque, fuel
consumption, working hours, and tillage depth with gear settings using the SAS (version 9.1, SAS Institute, USA). The results showed that when the gear
was raised from L2 to L3 and from L2 to L4, the average torque on the axle increased by 28% and 71%, respectively. However, the fuel consumption
decreased by 13% and 22%, respectively. Also, the working hours was reduced by 28.6 s (33%) when the gear set changed from L2 to L3, and 40.9
s (48%) from the changes of L2 to L4. The tillage depth of gears L2, L3, and L4 were 196, 192 and 161 mm, respectively, especially, the gear L4
showed the difference of 39 mm (20%) with goal dept of 200 mm. It is known that the fuel efficiency was high with higher gear set because higher gear
setreduced working hours. However, excessive higher speeds caused decreasing tillage quality such as uniform tillage depth. Thus, appropriate gear

selection considering not only field performance but also tillage quality is needed at the plow tillage.

Key words: Agricultural tractor, field performance, plow tillage, gear selection, driving axle torque, fuel consumption, tillage depth.

Introduction
Oil prices climbed above $100 a barrel recently. The prices have
been rising on geopolitical concerns and are expected to rise
further '. High oil prices caused recession in most of the
industries; as a result, the ways for improving fuel efficiency
are needed especially in agricultural area °.

A tractor is a farm vehicle that is used for general purposes
around the farmstead if agricultural implements are attached.
The total volume of tractor production in 2012 was 40,449,
accounting for 57% of the total volume of major agricultural
machineries such as cultivator, tractor, combine, rice transplanter,
and cultivator. The utilization rate of the tractor reached 85.7%,
which implies that the tractor is the most widely used machine on
the farm in 2011 '. Moreover, the tractor uses 345,000 kL of oil
which takes 48.5% of total oil consumption of agricultural machines,
so developing high performance tractors which make high power
with low oil consumption are needed in this high-oil-price era *.

Most studies on tractor performance have focused on the
power-train since it takes about 30% of the total tractor costs *.
Since the tractor is used for general purposes, it has different
gear ranges for different speeds. For this reason, the tractor
efficiency differs depending on gear set, and many farmers waste
the tractor power with incorrect gear set *. Therefore, analysis
of the power-train efficiency with different gear selection is
important. For analysis of the power-train efficiency of the tractor,

*Corresponding Author: Mr. Yong Joo Kim

Journal of Food, Agriculture & Environment, Vol.11 (3&4), July-October 2013

researchers analyzed torque load acting on the transmission shaft
during field operations 7. The load was different by soil conditions
and operation speeds, and the load was higher at plow tillage
than rotary tillage. Kim ez al. * analyzed the torque acting on the
transmission and driving axle shafts of the tractor during plow
tillage. The torque were conducted under five field
conditions and with two speed levels. The results showed that
load increased with plowing speed in both input shaft and final
drive shaft in every field condition.

Some researchers considered fuel consumption during field
operations *°. Park et al. '* analyzed the factors affecting on fuel
consumption of the tractor. The results showed that the fuel
consumption was considerably influenced by throttle engine speed
and gear selection but much led by kind of soil. Especially, the fuel
consumption increased as throttle engine speed increased but
reversely proportional with gear step. According to Janulevicius ez
al. ", tractor used 43% of fuel with maximum torque of over 50%
and medium engine speed of 1,100 - 1,900 rpm. Of total fuel 30%
was used with maximum torque of over 50% and high engine speed
of 1,900 rpm. In addition to the research of prediction of fuel
consumption, Korean government supports fuel saving of
agricultural machines by funding the research which develops the
tractor monitor for fuel efficiency °. Japanese government also
supports the education of tractor energy saving practices ',

Literature review revealed that the analysis of the load and fuel
consumption was investigated separately. However, the load and
fuel consumption need to be considered at the same time to

631
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. Motor Position Control Algorithm for an Automated Manual Transmission

of the Agricultural Tractor
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Motor Position Control Algorithm
for an Automated Manual Transmission

of the Agricultural Tractor

Yongjoo Kim, Jihwan Kim and Hyeongcheol Lee

Abstract— This paper presents a motor position control algorithm for an automated manual
transmission (AMT) of the agricultural tractor, based on modified linear quadratic tracking (LQT). In
this paper, the modified LQT is derived from the original LQT by applying the Luenberger observer
in order to design an output feedback controller. A dynamic model of the actuator is derived to
represent characteristics of the worm geared DC motor and the proposed control algorithm is applied
and tuned with the model. The proposed position control algorithm of the worm geared motor using
the modified LQT can improve steady-state performance without changing the hardware
configuration of the AMT. The simulation results show the validity of the proposed control

algorithm.

Index Terms— Automated Manual Transmission, Synchronizer Gear Shifting, Motor Position

Control, Modified Linear Quadratic Tracking, Luenberger Observer

I. INTRODUCTION

In recent years, the needs related with the fuel and production efficiency of the agricultural tractors
have increased significantly (Scarlet, 2001; Lindgren, & Hansson, 2002; Lindgren, 2005). In order to
increase the production efficiency, the control operation of the clutch pedal and gear lever should be
decreased and this can be achieved by using automatic transmissions such as the dual-clutch
transmission (Kulkarni, Shim, & Zhang, 2007), the power-shift transmission (Molari & Sedoni,
2008; Tanelli, Panzani, Savaresi, & Pirola, 2011), and the continuously variable transmission
(Savaresi, Taroni, Previdi, & Bittanti, 2004). The automated manual transmission (AMT) is a

modification of the manual transmission which has electronically controlled actuators in order to
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Mode shift control for a dual-mode
power-split-type hybrid electric vehicle

Sungwha Hong', Woulsun Choi', Sunghyun Ahn', Yongjoo Kim? and
Hyunsoo Kim'

Abstract

This paper presents a mode shift control algorithm for reducing the variation in the driveshaft torque for a dual-mode
power-split-type hybrid electric vehicle. To evaluate the shift characteristics of this hybrid electric vehicle, dynamic mod-
els for the hybrid electric vehicle powertrain were developed. Using the dynamic models, a mode shift performance
simulator was developed, and simulations were performed. To analyse the shift characteristics during the mode shift,
bond-graph models for the transient state were constructed, and state equations were derived. From the bond-graph
models and state equations, it was found that the transient torque occurs because of the inertia torques of the first
motor—generator and the second motor—generator. Based on the transient torque, a mode shift control algorithm was
proposed, which compensates for the transient torque. To evaluate the performance of the proposed control algorithm,
a test bench for the dual-mode power-split-type hybrid electric vehicle was developed. From the simulations and test
results, it was found that the variation in the driveshaft torque was reduced by the proposed control algorithm, which
provides improved shift quality.

Keywords
dual-mode power-split transmission, mode shift control algorithm, motor torque control

Date received: 29 August 2013; accepted: 18 December 2013

Lexus RX-400-H and Ford Hybrid Escape are single-
mode systems that use the input split. These single-
mode systems have a low efficiency because the power
circulation is in a specific high-velocity range.*”
Furthermore, to provide a sufficiently good perfor-
mance, a single-mode system requires a motor with a
high maximum speed for the input shaft, and a motor
with a high maximum torque for the output shaft.
Because two large-capacity motors are needed and the
prices of the power electronics, such as the inverter, are
high, the additional cost due to hybridization cannot
be reduced below a certain level.

To overcome these weaknesses of the single-mode
system, various types of multiple-mode system have

Introduction

A power-split-type hybrid electric vehicle (HEV) con-
sists of one engine and two or more motor—generators
(MGs) combined with planetary gears (PGs). The most
successful commercial power-split-type HEV to date
has been the Toyota Prius, which was launched in 1997.
Since then, various structures of the power-split-type
HEYV have been studied worldwide.

Power is distributed to the engine and motors in the
power-split-type HEV by the power-split transmission
(PST). The PST has a mechanical path consisting of
mechanical elements such as PGs, and an electrical path
consisting of MGs (Figure 1). Furthermore, the PST
enables high-efficiency engine operation, independent
of the output shaft speed, through the electrically con-

trolled continuously variable transmission function of
two MGs, and can implement the electric vehicle (EV)
mode because the PST can freely switch the engine on
and off while driving.'

PSTs can be classified into input, output and com-
pound split types depending on the position of the
power split.®> A system that uses only one power-split
structure is called a single-mode system. Toyota Prius,

'School of Mechanical Engineering, Sungkyunkwan University, Suwon,
Republic of Korea
2Machinery Technology Group, LS Mtron, Gunpo, Republic of Korea
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associated with green color and SPAD measurement. Though, the most strongest relationship was between non-normalized
green and Kawashima index with r2=0.561*** and r2= 0.546*** respectively. Purpose of using conventional low-cost digital
cameras for determining of Nitrogen in rice leaf offers a potential new tool as inexpensive, fast, accurate and applicable sensor for
small farms.

[P-62] ACASE STUDY FOR ISO11783 IMPLEMENTATION FOR TRACTOR MONITORING ACCORDING
TO SAMPLE FREQUENCY
(Jae-Min Moon, Seung-Min Kim, and Dong Hoon Lee)

The 1SO 11783 standard is basically based upon well-known communication technology designated using the controller area
network (CAN) bus and consists of 14 sub-standard. Various technical aspects of the standard description about physical layer,
data link layer, the term diagnostic network, caustic terminal and file servers is definitively recommended. In our previous study, a
basic prototype of the standard was developed and evaluated with an external GPS receiver in field. Nevertheless former
experimental tests concluded that the prototype was suitable for enough transmittance speed some or more 250 kbps as
recommended the standard, the number of sensor Electronic controller unit (ECU) and sampling rate of each ECU were not
sufficiently considered. In this case study, a tractor equipped with 3 new ECU (Fuel sensor, hitch height and GPS) was integrated
with previous 1ISO11783 infrastructure. Experimental tests in both laboratory and field were performed according to the change of
sampling frequency of each ECU. The sensor signals (multiple messages and packets of measurement data) weremeasured by
interrupt method, additionally, that were transmitted from sensor ECU to main ECU. Total amount of transmitted, throughput and
loss rate was calculated and assessed. In case with sampling frequency lower than 100 hz, both of experimental tests resulted in
the exact same performance, as being supposed by 1SO11783, regardless of the number of ECU and the distance between the
ECUs. In case with sampling frequency higher than 100 hz, throughput was severely decreased (40%) and loss rate was some or
worse (45%). Even if the high sampling frequency (>100 hz) might not be probable in the future implementation, the physical
distance between each ECU should be carefully considered to ensure the integrity of a implemented system. Also anappropriated
noise removal processing technology might be useful to improve the performance of high frequency measuring system in an
agricultural vehicle.

[P-64] ANALYSIS OF PTO LOAD OF AGRICULTURAL TRACTOR DURING ROTARY TILLAGE
(Yong-Joo Kim, Dae-Hyun Lee, Sun-Ok Chung, and Chang-Hyun Choi)

The number of tractor is 243,531 units as of 2010, accounting for about 86% of agricultural machinery (tractor, combine, and rice
transplanter) for field operations in Korea. The utilization ratio of a tractor in field operations is 71.8%, and the ratio is continuously
increasing. In particular, the fuel consumption of a tractor is 345,000 kL, accounting for about 48.5% of the total fuel consumption
by the agricultural machinery, thus it is important to improve the energy efficiency of the tractor. To design a high-efficiency of
tractor, analysis of load on major parts of the tractor power drive line during field operations is critical for an efficient and optimum
design of a tractor. In this paper, PTO severeness ofan agricultural tractor during rotary tillag was analyzed. First, S-N (stress vs.
number of cycle) curve of the PTO gear was obtained through a fatigue life test. In order to obtain the S-N curve of the PTO gear
using a PTO dynamometer, the breakage time and the rotational speed of the gear were measured by observation of bending
stress by tooth width and torque change. Second, torque acting in the rear PTO shaft was measured and analyzed during rotary
tillage. A load measurement system was constructed with strain-gauge sensors to measure the torque of a PTO input shift, a radio
telemetry 1/0 interface to acquire the sensor signals, and embedded software to calculate severeness. Rotary tillage was
conducted at two grounding speeds and two PTO rotational speeds under upland field site with the same soil conditions. The load
data was inverted to a load spectrum using rain-flow counting and SWT (Smith Watson Topper) equations. Modified Miner's rule
was used to calculate the partial damage sum. The relative severeness represented the relative ratio of the damage sum. The
results showed that the severeness of PTO input shaft increased with higher-speed gears of the tractor. It was also known that the
load on the PTO input shaft was affected more significantly by the PTO rotational speed rather than the ground speed during rotary
tillage. Results of this study would provide useful information for tractor PTO design with consideration of loading of rotary tillage.

[P-65] EVALUATION OF TRACTOR CHARACTERISTICS DURING PLOWING BY GEARS SELECTION
(Yong-Joo Kim, Dae-Hyun Lee, Sun-Ok Chung, and Chang-Hyun Choi)

This study was conducted to analyze effect of the gear selection on fuel consumption of a 95ps agricultural tractor during plowing.
First, In order to measure the loads acting on driving axles and fuel consumption during plowing, measurement system was
installed with strain-gauge sensors to measure torque of four driving axles, flow meter to measure fuel consumption of the tractor
engine, an I/O interface to acquire the sensor signals, and an embedded system to acquire data. Plowing was conducted at three
ground speeds (L2, L3, L4) under upland field sites with the same soil conditions. In this study, to analyze the effects of the gear
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setting on the driving axles and fuel consumption of the tractor engine, One-Way ANOVA and the least significant difference test
(LSD), whose factor was the ground speed were conducted. The average torque which was torque sum of four driving axles was
increased as the ground speed increased from L2 to L4, and there was statistical significant difference as increasing the ground
speed, considerably. Also, the average fuel consumption was decreased as the ground speed increased, and there was statistical
significant difference, too. The results show that plowing required the greatest torque at the ground speed L4, but the fuel
consumption was lowest at the ground speed L4. Because duration of plowing was decreased as the ground speed increased, and
fuel efficiency of the tractor engine was increased as the engine rotational speed decreased.

[P-66] ANALYSIS OF POWER REQUIREMENT OF AGRICULTURAL TRACTOR BY MAJOR FIELD
OPERATION
(Yong-Joo Kim, Dae-Hyun Lee, Sun-Ok Chung, and Chang-Hyun Choi)

The purpose of this study was to analyze power requirement of an agricultural tractor by major field operations. First a survey was
conducted to obtain annual usage ratio of agricultural tractor by field operation. Plowing, rotary tillage, and loader operations were
selected as major field operations of agricultural tractor. Second, a power measurement system was constructed with strain-gauge
sensors to measure torque of four driving axles and a PTO axle, speed sensors to measure rotational speed of the driving axles
and an engine shaft, pressure sensors to measure pressure of hydraulic pumps, an /O interface to acquire the sensor signals, and
an embedded system to calculate power requirement. Third, the major field operations were experimented under fields with
different soil conditions following planned operation paths. Power requirement was analyzed during the total operation period
consisted of actual operation period (plowing, rotary tillage, and loader operations) and period before and after the actual operation
(3-point hitch operating, forward and reverse driving, braking, and steering). Power requirement of tractor major components such
as driving axle part, PTO part, main hydraulic part, and auxiliary hydraulic part were measured and calculated to determine usage
ratio of agricultural tractor power. Results of averaged power requirement for actual field operation and total operation were 23.1
and 17.5 kW, 24.6 and 19.1 kW, and 14.9 and 8.9 kW, respectively, for plowing, rotary tillage, and loader operations. The results
showed that rotary tillage required the greatest power among the operations. Averaged power requirement of driving axles, PTO
axle, main hydraulic part, and auxiliary part during the actual field operation were 8.1, 7.8, 3.4, and 1.5 kW, respectively, and the
total requirement power was about 70 % (20.8 kW) of the rated power. Averaged power requirement of driving axles, PTO axle,
main hydraulic, and auxiliary hydraulic for the total operation period were 6.5, 6.0, 2.1, 0.9 kW, respectively, and total requirement
power was about 52 % (15.5 kW) of the rated power. Driving axles required the greatest amount of power among the components.

[P-67] DEVELOPMENT OF GRAIN YIELD REMOTE MONITORING SYSTEM BASED ON INTELLIGENT
MOBILE PHONE
(Xincheng Li, Minzan Li, Lihua Zheng, Hong Sun, Xiaofei An, Jia Wu, Xiang Guo)

This paper designed a set of real-time yield information acquisition and remote monitor system based on Differential Global
Positioning System (DGPS), computer communication technology and intelligent mobile phone. The system includes three parts:
vehicle-mounted vyield estimating system, remote PC and intelligent mobile terminal. The yield estimating system can collect
impulse sensor data, elevator shaft speed, grain moisture, harvester travel speed, cutting width and yield loss data to establish
mathematical model and measure the grain yield accurately. It also receives the geographical position information from GPS
receiver to draw grain yield distribution map. Moreover, through the GPRS network, it can send the data to a remote PC for
processing and displaying; And through GPRS/3G or Internet network, the remote PC can connect with intelligent mobile phone.
The intelligent phone is to receive data, carry on data processing and realize data storage. It can fix position on Baidu map and
also can draw the yield map. The software running on the intelligent mobile was developed mainly including three parts: wireless
communication module, database management module and Baidu map module. By using intelligent mobile phone, Managers can
master the real-time working condition and yield data of each vehicle at anytime and anywhere, and it is very convenient to query
information or carry out remote control.
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Analysis of Power Requirement of Agricultural Tractor by Major Field Operation
Y. dJ. Kim 8, 0. Chung S, J, Park C. H, Choi

The purpose of this study was to analyze power requirement of an agricultural tractor by major field operations. First
a survey was conducted to obtain annual usage ratio of agricultural tractor by field operation. Plowing, rotary tillage, and
loader operations were selected as major field operations of agricultural tractor. Second, a power measurement system was

constructed with strain-gauge sensors to measure torque of four driving axles and a PTO axle, speed sensors to measure
rotational speed of the driving axles and an engine shaft, pressure sensors to measure pressure of hydraulic pumps, an /O
interface to acquire the sensor signals, and an embedded system to calculate power requirement. Third, the major field
operations were experimented under fields with different soil conditions following planned operation paths. Power
requirement was analyzed during the total operation period consisted of actual operation period (plowing, rotary tillage, and
loader operations) and period before and after the actual operation (3-point hitch operating, forward and reverse driving,
braking, and steering). Power requirement of tractor major components such as driving axle part, PTO part, main hydraulic
part, and auxiliary hydraulic part were measured and calculated to determine usage ratio of agricultural tractor power.
Results of averaged power requirement for actual field operation and total operation were 23.1 and 17.5 kW, 24.6 and 19.1
kW, and 14.9 and 8.9 kW, respectively, for plowing, rotary tillage, and loader operations. The results showed that rotary
tillage required the greatest power among the operations. Averaged power requirement of driving axles, PTO axle, main
hydraulic part, and auxiliary part during the actual field operation were 8.1, 7.8, 3.4, and 1.5 kW, respectively, and the
total requirement power was about 70 % (20.8 kW) of the rated power. Averaged power requirement of driving axles, PTO
axle, main hydraulic, and auxiliary hydraulic for the total operation period were 6.5, 6.0, 2.1, 0.9 kW, respectively, and
total requirement power was about 52 % (15.5 kW) of the rated power. Driving axles required the greatest amount of power
among the components.

Keywords : Agricultural tractor, Power requirement, Plowing, Rotary tillage, Loader operation
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Evaluation of Tractor PTO Severeness during Rotary Tillage Operation
Y.J.Kim S 0 Chung C. H Choi D, H, Lee

Abstract

Analysis of load on major parts of the tractor power drive line is critical for efficient and optimum design of a tractor.
The purpose of this study was to evaluate severeness of the tractor PTO driving axle during rotary tillage operation. First,
S-N (stress vs. number of cycle) curve of a PTO driving gear was obtained through the fatigue life test using a PTO
dynamometer. Second, PTO severeness was evaluated during rotary tillage operation. Torque system was
constructed with strain-gauge sensors to measure torque of a PTO axle, an /O interface to acquire the sensor signals, and
an embedded system to The of PTO was analyzed using measured torque data during rotary
tillage. In the PTO gear life fatigue test, breakage time and bending stress of the gear were measured by tooth widths and
torque change during the fatigue life test. The S-N curve showed a good linear relationship between bending stress and
number of cycle (life) with a coefficient of determination of 0.97. For PTO severenss evaluation, rotary tillage operations
were conducted at two PTO rotational speeds (level-1, level-2) under different paddy and upland field sites with different
soil conditions. Results of averaged relative severeness for PTO level-1 and PTO level-2 were 1.96 and 3.34, respectively,
at paddy field sites, and they were 1.36 and 2.51, respectively, at upland field sites. The results showed that the PTO driving
axle experienced more severe load during rotary tillage at paddy fields than at upland sites, and relative severeness was
greater at the higher PTO rotational speed under all of the soil conditions.

Keywords : Tractor, Rotary tillage, PTO driving gear, Fatigue life test, S-N curve, Relative severeness
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Analysis of Power Requirement of Agricultural Tractor
during Baler Operation
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Abstract

Purpose of this study was to analyze power requi of an agricultural tractor for baler operation. First, a power
measuremen: system was developed and installed in a 75 kW agricultural tractor. Strain-gages with a telemetry system were
used to measure torques of transmission and PTO input shafts, An engine tachometer was used to measure rotational speed
of transmission and PTO input shafts. The measurement system also included pressure sensors to measure pressure of
hydraulic pumps, an /O interface to acquire the sensor signals, and an embedded system to d ine power requirements.
Second, fielu experiments were conducted at two PTO Speed levels, and proportion of utilization ratio of rated engine power
and power vonsumption of major parts (transmission input shaft, PTO input shaft, main hydraulic pump, and auxiliary
hydraulic pump) were analyzed. Results of usage proportion of engine power for PTO speed level 1 and 2 were 4.1 and
22%, 31.5 and 16.3%, 49.6 and 59.7%, 144 and 20.8%, and 0.4 and 1.0%, respectively, for ratio of measured engine power
to rated engine power of less than 25%, 25 ~ 50%, 50 ~ 75%, 75 ~ 100%, and greater than 100%. The rtesults showed
that the usage proportion increased in the range with the ratio of power requirement to rated engine power of over than
50% when tae PTO gear was shified from P1 to P2. Averaged engine power requirement for baling operation, tying and
discharging eperation, and total operation were 43.3, 37.3, and 42.0 kW and 49.0, 37.0, and 47.4 kW, respectively, for PTO
speed level - and 2. Paired t-test showed significant difference in power cc iption of engine, ission input shaft,
and PTO input shaft for different PTO speed levels. Therefore, the power cc nption of engine for baler operation
increased when the PTO gear was shifted from P1 to P2. It was indicated that the power requirement of tractor was affected
by the PTO rotational speed for baler operation.

Keywords : Agricultural tractor, Power requirement; Baler operation
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Development of Heat-sink for Reliability Improvement
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Development of Battery Management System for Hybrid Tractor
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SOC and Fuel Consumption Simulation by
Driving Velocity for Paralle Hybrid Electric Vehicle
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1. A&
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2007).

EdH = 2HI, A7) 59 AEE Y3} i‘d? 12 U 4714 BRE3A
o 86%9 =& HFS AAsn gden(H T, 2010), BT YAzl & FH7|Ad H|
3} Aoz =0 oyt EFFHA AFA 3ol HELH 7Zl€s H4dg AL JA¥A, 1%
&9 EAH ALe] et @& g 2= 4 & EF F3}, e A5 [g =4
o 2 HAF sle]lBa= Alo] Hke] M= oo} Frh

2 dFE selre ELH AL A 7z 7 E, deolEs A7 AEHolA
2dg /g F a2 Ay EZ24M9 F3 £ 9 EAY FY £E4 FY
NEHlAE &35ty d8 22F 9 dig g Fd73%%(State Of Charge, SOC)E £4 3t
o EdE 53 sto|HE 7l AL JMs 45 E FUAdA.

>3

2. A5 2 W

7} 4dy sojnas A2y

doluale Axg 3 ¥EY Aage AF, e, @47, MEIE THH 2%
d1¢ 25 S92 Agdt Aoz 35 WAL 29 13 »oh £¢ 4 4, o=

tE AT T8Y 714 FUNEAYANYY AU 93 o ReiA RY.
* HFBoEe

»LSYEE(R) FYATL

Ra% A H ey
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Development of Working Cycle for Performance Evaluation of
Tractor Baler Operations

gz +¥g EELE ol @’ A8
yaedea 4PFSHE FLS A=
Jin Kam Park'* Hyun Woong Yun' Chang Hyun Choi'
Dae Hyun Lee’ Yong Joo Kim’
Ichool of Life Science and Biotechnology, Sungkyunkwan University, Suwon,
Gyeonggi, 440-746, Korea
LS Mtron LTD, Anyang, Gyeonggi, 431-080, Korea

A g

Sae7h Ao wet Srbl SREE ¥l FHRT o) olol A ool Wasin. 53
ag sw} ge dud o duA Ee ST dasht AFAst ol T4 Ael¥2
WAt ol ARolT ol ¥ AFAAE EdH Fad F A A HUA F
sg 2usa WY 499 AEBE AT A Aol e Awste A FHLE AU

Az 2 W

7 kW3 487E 29 EdE9 947 ddF, PTO 99F, AUFA 28 e
2 ge Az Aa EPoz pFsd A7 EaE At AssEe P& L
2. PTO 1902 44dd 51 kmhe $52 43 WdAE gt ¥ 13 22
299 +859d0. 238 ARE E=(mode) BAYel H &3 Ay 2 F3 WES <
ag. 4 Fre A% Aoz FEee 4 A¥Ael micro-trip method® #83tel 2 A
o2g Ean e 98 E2-EauNRF A B AAHAT

i
3

= i s
X

b oo 4
r X & o

.l
2

°

-~

A3 2 n&
sy W A9 &Y Al AL e 3Y 29 ol e Aa 2q AtolEFe
ge wawel od 2% ML, 48, MLBS, ME FEe2 FEHUA z% 2Eg A
gatn 73t W AAste vgol 3 4Y A% 5% ol LAE Btk ¥ 1& ¥F 49
Ao AT Y AlolFe SAZE WALY AR EAs B3 ERT A7} 5% 9
s sA%d $48 45e Yenic 2 Aol B7tE A Ea-gausF AARY
Ase 1w 3% gon AA 2 delHe SERE WA vA EAeH SEr¥sl 5 9
HuudA Aol7t 2 HARA Wet AW A% Bl FHE FA I Roz wedch

ZnEd
Andre, M. 2004. The ARTEMIS european driving cycles for measuring car pollutant emissions.
Science of The Total Environment, 334-335:78-84.

* FAAA 1 T, 031-290-7834, F, 031-290-7830, pjk2815@naver,com
+ 2 d7E 5USAAERY FUTIEALAAS Aol A8 olFold A4
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AR, FAe, A, A8, olid, HAE, o) ds
A @ drIAes 20139 A e th

sr2izely|78ts / SR YBHBXHEE 2013 EABSEEWS =2 pp. 165-166

3y =4y Raidolg AAY (1) - oA AA -
Pre-processing of Tractor Load Data during Field Operations 1)
- Outlier Removal -

#33 243 3L 287 o’ Ay’ QEE3
'2goista vto]| e A A7 AF L, LSAEEF) FFATL,
‘Ygoojsta vrolevstE 2 Attt ‘Addiatn A% uto] QA AF F R
Myong-Jin Ryu' Youn-Kug Choo' Sun-Ok Chung'* Yong-Joo Kim’
Dae-Hyung Lee’ Chang-Hyun Cho’ Kyeong-Hwan Lee'

'Dept. of Biosystems Machinery Engineering, Chungnam National University, Daejeon, Korea
*Machinery Technology Group, Advanced R&D Center, LS Mtron Ltd., Gunpo, Korea
*Dept. of Bio-mechatronics Engineering, Sungkyunkwan University, Suwon, Korea
‘Dept. of Rural & Bio-Systems Engineering, Chonnam National University, Gwangju, Korea

A8

349 A Edy SPAgRd AdAE g BASE e 4 w3 £9, =4H
Hed7] BE 47 So) WA Aol & ATANE BAY A FHF FaoHE $A5)
siatel dolgol E#slel Y olANE AAA SR

Ag 2 B

B A7AE 75 kW EJEHZ $249¢ FHsEA S volEE AEsAth F4 % PTO
2% 229 zgsd, Bohe AL 247, 2HY AL 45 YA A 45F, A% A} 15EL
2 Agage. 249 dolg: Wss] J¥F PTO 98%, F 3 HZE F4HL $3t &3 dol
B2 7450 Utk AAde) ZFWNE Bojde dold, $EFA e FEHAE vlojdE HolH
W AE7t e B QxS vLstel AYsA Fe dolHE oAxZ Buyrh o¥AE @
o5 dojHE Holy BAld 4 54 WE 77 REF AAGD U deolge vudh

23 9 1%

e ¥3 2q dolged W&y 948F 2 A3 EAVL 0 kgrmoldHe] o)A 7F HAHIY
o, ol Ax AA ¥ WF, Ay, EFAA HaAn, EA$ ALdlHE AR FHEHE
DEE WS Holg: EadolE oAX7 HAHA AANGR HAgel 47321 kef-molA
30321 kegf-m2 WY, PTO 482 39 o 4A & 2e A&, WA ZAAA A
7 AA F FEgko] 1649.2, 5384 kgrmol A 16469, 5385 kgrmo.2 Wttt 2E e AN
= gor|E oty o4 7t BAsURL AA F FA@ol 126.1 barol A 698 bar2 WAL F
sdolHe oA AA T 9 dolEst vmste PWFe AA Wy . Hof, HKk}ol ¥
o WA ZojSo] FF EAL g AHHA dHolHE W AL HAJ}A

AaEF

Kim, Y. J, S. O. Chung, S. J. Park, and C. H. Choi. 2011. Analysis of power requirement of
agricultural tractor by major field operation. Journal of Biosystems Engineering. 36(2):79-88.

AAR : T, 042-821-7975, F, 042-823-6246, sochung@cnu.ac kr
ATLE SYSAAZE PUAQ]7| 471 LAY (111051032WT011) 9] AP Oo2 SRS
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Development of Working Cycle for Performance Evaluation
of Tractor Plow Operations

ol@y! ug Ay~ ol @’ 287
'‘JEadE JEFEE  (F)Ls AEE
Hyun Min Lee' Hyun Woong Yun' Chang Hyun Choi'*
Dae Hyun Lee’ Yong Joo Kim’
'School of Life Science and Biotechnology, Sungkyunkwan University,
Suwon, Gyeonggi, 440-746, Korea
LS Mtron LTD, Anyang, Gyeonggi, 431-080, Korea

A 8

i AHE o] e EdEHE AR A5l wet v 8 23 AT ¥ vido] "o 4
Aolth. AHEatsr 2ol EYE e i@ U] A& SHI/ Basit TFA FL EFHA E
e F3Y Alo)22 J5H7t oeE ARt oldl & AT EYHY IAAY F 3
U E9 Ao ¥5 34 4HME AT A AolE AL BHoz At

Az 2 BH
1 kWH 487F 5% EYH ¥47] 485, PTO 48F, f4EA9 28 ¥4& F4sn
3 e AW 28 FYHoE FEHA AW HAFER Y¥o AP E3E AJAAY ¥WEFES

FHE LY, 794 3902 A fAGALH 51 kmhe] $E2 88 @& EFg9-E AHE3
A 3% 13 Zo] P H HHoz AL FYHAY. ES B AYe FYEY € A8
€ 2= E4Nd g3 FEY § E=d wE EIs BT AARA 93 A 7 2
4 2% 2AsReH A% AbelE e 913 micro-trip methodE 4-&3HiTh.

23 9 31

9 Eoh$ 4309 A% AlolE AL Ashe 29 29 2ol Yehkoh BE BAWY jsa
7H"L%l 4] Aol S BEAMSIE &8 BE 736%, BE RE 56.25%, FAZRA BE 2341%, A3E
E R2R%E T A48 A9 ENAFAS 5% ol 2A4E BRAFUY B 1S ¥} 49 A=
S 2 Alol2e) B4 ME BHE E29 E3 Wt XU} 5% W WE A
4 248 4% YT 21 Aol 29 BAHE A E2-EWsS AARA ABe 29

3% Ty Ty U RN TSR AT DU N0 N AR o TR S WA 1o T30 Nth g

f12] E3¢ -5 ~ 5 Nm/s 99 EIustFoA 95% o2 & &8 X & Jehiith

F1Ed

Choi C. H. and M. J. Nahmgung. 2000. Load measurement of tractor on field performance.

Proceeding of the KSAE 2000 Annual Conference, pp. 29-34. (In Korean)

iﬂﬂl} DT, 031-2350-T834_ F_ 031-290-7830 choiauto@skku edu
£ EFE SETESEES TS ATAAY J¥A 9F o] oA A,
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dE e AEuE= 7)€ HulEHF EYE(P7195, LSMtron)e] w7te] 3}o]
HEl= AFE 982l 5640 do] FUHEHST o ks sfolHE = HAFE A5 9
2 E A 7R AAste] 71 EQE 7HARl 71,690 MY w4 duvtE gk 82970
aivh stelrel= EdE ] wrhe #e] FYFES 110vtE S Iz dE EdEe

=
of AAMELTF 122603 ¢, BAFE Y 29930 A&E3HA F+o] 7kt

E ul (1 91)
wE /9] 650
Y 1,895
HCU / w4 631
vje 2 = 2,000
C/H, #Alol 141
7| e} 323
A 5,640
1107125 A48 EdE 9 solHYs =dE B} v
A it B it P7195 Hybrid
oAl = (ee) 3,769 4,485 4485 4,485
== (kW) &4 82/97 71 R1(71+10)
= (kg) 3,781 5112 3,226 3,300
F7HCE ) 95,230 112,900 71,690 *82.970

“@ob (82,970) = P7195 FA (71,690) + S47F (5640 x 2)
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210 105 37 315
384.4 215.2 - 5,996
368.4 170.4 - 5,388

160 448 - 608
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e

AR Ade] T0kWH EFE ARg Zd e B4, 2013

H]§ 1 6081/ x 1,1009/1 (HA 714) = 6691/

™

gn] dn A w8 669dY/d x 8d = 53523
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O Mousazadeh H, Keyhani A, Javadi A, Mobli H, Abrinia K, and Sharifi A. 2010.
Evaluation of alternative battery technologies for a solar assist plug—-in hybrid electric
tractor. Transportation Research Part D. 15(8):507-512.

- A AF&7}15 3 solar assist plug-in ¥lE @] 7)<l i ks AFE slolHY = A7)
EGE e 2ol 3 Y Bx SY AA7E w2 delrt Abgo] AdHE v
of AUXRE B oA FA stellA FH g el s F Fibske ol vHA Vs

wrg

et

O Finesso R, Spessa E, and Venditti M. 2014. Layout design and energetic analysis of a
complex diesel parallel hybrid electric vehicle. Applied Energy. 134(2):573-588.

- 3 solrY= W™ Y]] dlofol yARRIE AASa AAZ A9l FHHs Ao

2o 7 Rule-wol 2 Alo] Aoz dn Aws Aie wWELe Hxssti wE

gjo} Axle] AHA = AlAaFE T

)

O sudhir G. 2014. Experimental analysis and feasibility study of 1400 CC diesel engine car
converted into hybrid electric vehicle by using BLDC hub motors. Energy Procedia.
DA177-184.

F 2
FEd 22 99 u9 FEe) MYl B ICE REZ 99 o 980 ARG 34

9 v wE A8 A7 xYoA ICE R=rt; EV Ry t] 84808 488 &3,

O Elisabeth A. G., and Lester B. L. 2012. Comparing resale prices and total cost of
ownership for gasoline, hybrid and diesel passenger cars and trucks. Transport Policy.
27:200-208.

- Turbocharged direct injection(TDI) &3} hybridized electric gasolie (HEV)S &gt 7]
T S 95 AHEE F55a 2 AXTIE 3 B0 4 €5 59 7]F net

present value(NPV) W2l o2 Hlawsle] o3t AgivS A Whas 2hs,
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O T. W. Ku, Y. Kim, and B. S. Kang. 2006. Design and modification of tool to
manufacture rectangular cup of Ni-MH battery for hybrid cars. Journal of Materials
Processing Technology. 187(2):197-201.

- SpolnEs gl Yo r sol wjEY A Ni-MH WEE A8 AATFE
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O Felix B, Mario M, Antonio L, Sergio B, Vincente R, Jose E, B., Manuel C, and Arturo
V. 2012. Design and development of a multipurpose utility AWD electric vehicle with a
hybrid powertrain based on PEM fuel cells and batteries. International Journal of
Hydrogen Energy. 37(20):15367-15379.

- PEM W¢] dx Az wHYE Pt 4575 Al2" gfelA] RS WA multi-
purpose electric vehicle2 73k /e FA3 7502 off-road T3P A FFo] H g
= A"l g E Aol sHs TH

O Santiangeli A, Fiori C, Zuccari F, Dell E. A., Orecchini F., and D. Orazio A. 2014.
Experimental analysis of the auxiliaries consumption in the energy balance of a
pre—series plug-in hybrid-electric vehicle. Energy Procedia. 45:779-788.

- FY S 54 stolB s Agate] AAl =2 Aol e A% FH A, &

o Ha42, RPM, wlH @9 AYg 2 SOCE &A. Auxiliary A 2E9] (8 Au #Ei} &
AT Au S AAzroz FE 9 BA3LY] electric moded A9 dB Au Y EE&S
=%,
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Aot AFH(EE, Wa)dd sto]lHeln AlAFEE FASHY HdF duAE F& oy X
& HEFote AladloR dn ARF A Yt
Honda Giken Kogyo Kabushiki Kaisha. 2008. Control system for hybrid vehicle.
JP-8-204531

gholHeE| = AEare] Aol Ajxgl s B2 Yo 7| duxE Fwdtr] s

AR ek dE7lel el AGGA A dYE AGshs Aol AadE AT

Nissan Motor Co., Ltd. 2007. Motor torque control apparatus and method for automotive
vehicle. US-07164247.
ol gl AEFe] XY EAE A3t AAE /T on By EA AoE 93 7]

E2YE Ba TEAS By PEHS FEAAR Ao Az P

Toyota Jidosha Kabushiki Kaisha. 2006. Hybrid drive system wherein clutch is engaged
when engine speed has exceeded motor speed upon switching from motor drive mode
to engine drive mode. US-07168515.
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Hashimoto Toshiya . 2011. Hybrid vehicle and control method of hybrid vehicle.
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Plug-In Conversions Corporation Kim ADELMAN. 2014. SYSTEM AND METHOD OF
CONVERTING A STANDARD HYBRID VEHICLE INTO A PLUG-IN HYBRID
ELECTRIC VEHICLE. US-13615824 .
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- 293 -



H 7 & A5AIA-EH]

7

A

Ay

F b

Motor-

Generator

- Rated power : 7.377 kW
- Rated speed : 2,300 rpm
(max. 2,800 rpm)
- Rated torque : 30.63 Nm
- Elec. time constant : 32.88 ms
- Mech. time constant @ 45.12 ms
- torque constant : 0.6126 Nm/A(rms)
- Phase resistance : 0.0097 &
- Phase inductance 0.3189 mH

E-MCU
2 (Inverter/

converter)

Inpit DC voltage : 300 VDC (2207380 V)
- Qutput power : 7 kW (continuous)

- Qutput current : 70.7 peak /50 A RMS
- AC output freq. : 280 Hz @ 12p

- PWM freq. : 15 kHz

- Ambient temperature : =10 ~ 55

- Monitoring peak efficiency @ 8%

3 BMS

- Monitoring range
Cell voltage : -0.775.2V (+10mV)
Pack current : -1007100A (+100mA)
Cell temp. : -207100C (+37C)
- Function
- Module over/under voltage protection
Pack over/under voltage protection

Charge over/under current protection

4 Battery

- LiFePO4 (2 EA4H)
- 3 kWh (300V, 10Ah)
- 4 packs

T T
Fuel conditioning system |

- AC dynamometer (rated : 200 kW)

- Motor-Generator for torque assist

- Inverter (converter) for Motor control
- BMS for battery monitoring

- Battery pack for power supply

- 50 kW dissel tractor engine

- Analyzer for voltage/current/power analysis
- Fuel conditioning system for

fuel consumption measurement
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o Miks x5} PR
W AEH ° e
- Rated power : 7.377 kW
- Rated speed : 2,300 rpm
(max. 2,800 rpm)
- Rated torque : 30.63 Nm
Motor- - Elec. time constant : 32.88 ms
6 Generator - Mech. time constant : 45.12 ms
2z} A AE - torque constant : 0.6126 Nm/A(rms)
- Phase resistance : 0.0097 &
- Phase inductance 0.3189 mH
- Stator, rotor &8
- Sensorless Aol H2]
- Inpit DC voltage : 300 VDC (2207380 V)
- Qutput power : 7 kW (continuous)
E-MCU - Qutput current : 70.7 peak /50 A RMS
- AC output freq. : 280 Hz @ 12p
(Inverter/
7 - PWM freq. : 15 kHz
Convertelj - Ambient temperature : =10 ~ 55
27k AIHE - Monitoring pezk efficiency : 85%
- IPE+ 67, ¥Z43 AA
- O AE, 39 it Fesa
- Monitoring range
Cell voltage : -0.775.2V (+10mV)
Pack current : -1007100A (+100mA)
Cell temp. : -207100C (£37C)
3 HiE 2] 9 - Function
(dA9) - Module over/under voltage protection
Pack over/under voltage protection
Charge over/under current protection
- BMS + #lE&] 470 43
- Uy 2, g, gl
- A3x%E%E : °F 36 km/h
- AAEHE : ¢ 15 km/h
9 StolH el = - AA™ : A4 249 kN
Edyg - PTO 29 : A1 64 kW (85 ps)

Az - A 21% A3}
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