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Design Verification of an E-driving System of a 44 kW-class
Electric Tractor using Agricultural Workload Data
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Abstract: The aim of this study was to verify an E-driving system of a 44 kW-class electric tractor using
agricultural workload data. Workload data were acquired during field test (plow tillage, rotary tillage, loader
operation, field driving, asphalt driving) using a conventional tractor with a load measurement system. These
workload data were converted to data of a 44 kW-class tractor based on the load factor of the engine. These data
were used to verify the design of the E-driving system of an electric tractor. High-load operations such as plow
tillage, rotary tillage, and loader operation could be performed at stage L and stage M. High-speed operation
(asphalt driving) could be effectively performed at stage H using a rated rotational speed of the motor. As a result,
the E-driving system of the electric tractor was possible to perform all major agricultural operations according to
gear stages of range shift. Based on results of this research, we plan to develop an electric tractor equipped with

an E-driving system and conduct research on actual vehicle verification in the future.

J|& My MP,, , : maximum motor power (kW)

MS : motor speed (rpm)

LF : load factor 7S : travel speed (km/h)
EP,, : engine power during operation (kW) r . wheel radius (m)
EPj, : rated engine power (kW) ~ : gear ratio
MP : motor power (kW) MT : motor torque (Nm)
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Fig. 3 Measurement system of the conventional
tractor used in this study
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Fig. 4 Photos of field
tractor (a) plow tillage; (b) rotary tillage; (c)

test using conventional

loader operation; (d) field

driving operation
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Table 1 Engine load factor of the tractor
according to the agricultural operations

Field

operation| driving

Plow Loader Asphalt

driving

Rotary

Item

tillage | tillage

Max.* | 0.69 0.96 0.23 0.25 0.62

Ave. | 046 | 051 | 009 | 017 | 038
4 Std#* | 021 £ 020 | £ 008 | =003 | +0.14

Note. * Maximum
** Average + Standard deviation
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ZeH] 4 Y Al 4 kWH EFEHY 8 B3
+ Fig. 73 2oH, W-3F 9 PTOE T&3t A
At 2elE] 42 FHL F 140 sec 5¢F 38
HAth 2AY T 29 EdE A3 F 2 PTO 9A
Z}zy A 1,560.9, 3,230.9, 3412 Nm=z UERGom,
B 1,050.2, 3702, 169.7 NmZ Uebgth Zel] 7
+ A THellA 2y XE WEke R IHske
247 EA) wet ARoA & BT DAEY
. A Ede AL A9 olF AYUIE FEsA
& W 3t Hol2 sl FaolA LA

20 24 Al 4 kW3 EFEe ¥ EIE Fig 8
I Zom, H-IEES TEste] ALtk 26 &

H
e 29, 929, A3 AYge 2k oF 55

3500

Front wheel
Rear wheel
—PTO

3000 4
2500 +
2000

1500 4

Torque (Nm)

1000

500

Time (sec)

Fig. 7 Torgue of front and rear wheel and PTO
of the 44 kW class tractor according to
working time during rotary tillage



N
ofv
Ho
=
oy
=
2
ot
fol

6000

Front wheel
Rear wheel
5000
- 4000
£
=
g 3000
o
5
=
2000 +
1000
O T T T T T
Q 10 20 30 40 50
Time (sec)
Fig. 8 Torque of front and rear wheel of the 44

kW class tractor according to working time
during loader operation

2500

Front wheel
Rear wheel
2000
gE’ 1500
Q
&
I2 1000
500
0 T T T T
0 10 20 30 40
Time (sec)

Fig. 9 Torque of front and rear wheel of the 44
kW class tractor according to working time
during filed driving

sec & FHEHAT A F =Y Ed= 1 ?—%01]

A Zzb A 2,701.8, 49212 NmE YERgOH,

7+ 897.6, 1,656.5 NmZ ura}bh:} 20 A _Eﬁ_],

B A7 2 53 A% A 75 g9 Ay 53 &

Ho] B3, 7 75o% Z—}?j% Fate] T

TRl g e PP} BASA EdEE

T A})71E AR AR Fol A 2oiE F

7V 22 9F 9 sec, 20 sec, 30 secS AT Z EF

AET FAR FEO TRSE WA

o 3 A A 4 kW EFEY A-FE E
T Fig 99t £t} J& 3 AL T ?%“%5‘71

A 21004 F 45 sec T AT FY

F 29 Eax AF8M 27 A 14641,

1,870.6 NmZ YEto ™, HAF 919.0, 563.3 NmZE

olFE - YeF - PEF
Front wheel
30007 Rear wheel
2500
E
Z 2000
o j
=]
& 1500
o
'_
1000
500
D T T T T T
0 5 10 15 20 25 30

Time (sec)
Fig. 10 Torgue of front and rear wheel of the 44
kW class tractor according to working
time during asphalt driving

Fa Aele A9 B B ¢
sfof B Aol W3 ke $s

-

3 ©
o] %ﬁﬂ SR
7F Ay skt

OFATE F A Al 44 kWu EHE]Q]
Ed+ Fig 103 2t of2~ZE 3 2y
AF7E st 2A0A 9F 30 sec &S T
o ZY F 28 Eas A-FgAM Az
1,467.9, 2,962.6 Nm= UER O™, it 753.5, 1520.8
NmZ UEPRT of~ZE F3 A2 Hx 5 Al

F[O F_>|“l_‘

B _\ﬂ dob ot
2 32 o M

VR BE FEL SRR, R4 FolE ofay
Eo] vre TE AFOR <3} £Y E} vol
£ R0 vehgck

43 TIPS EE MAH HEB

7|75 EE AAl= EEY T-N Ax$ 7)o
HI7}F 2188 44 kWa EZE 9| FaiH|olEE B
AFsth #1717+ EFEHY #&Y)= 7| EY
o FH&RE ARggte] wel Lo, Me, HEellA]
o] 7lojulE HslrolEo] A&tk EES T-N
Ax 9 Ak Lebo| A o] Fstrole o] #A 1

TE= Fig 113 2t Z8% =z
3,100~3,300 rpme] RE 3ALT QoA P
o, RE9 Y EIE 1843 NmZE UElith ZE}
g AES FZ 1,000~1,200 pme] 2E 3HEE A
HelA FREM, BH A Edvs 1258 NmE
ettt 29 AL FZ 1,000~1,150 pme] =H
&R oA s, REHY H Eds
169.7 NmZ Uegth = F3 A9 F=

[ele}
76]’11_‘?

41

Eeloje - HEE 2022. 12



300
—s— Max torgue
270 4 <= Rated torgue
Plow tillage
240 + Rotary tillage
4 Loader operation
. 210 o Field driving
£ = Asphalt driving
Z 1804
[
S 150 4
5
— 120 4
20
80 5 -'\'_\
30 .
0 4+—=—= - - - - T v
0 2000 4000 6000 8000 10000 12000

Rotational speed (rpm)
Fig. 11 T-N curve of the motor and load data of
44 KW ftractor with gear ratio (stage L)
applied

3,250~3,400 rpm®| =¥ 3HLE HLloA T
o, ZEQ AU EJE 668 NmZ UERT) o~
E 39 Zg F2 3,000~10,000 rpme] EE] 3]
£5 HojelA FRHH, HES HU Eds 492
NmZ YEpgth Fe¢ 4¢ 9 20 242 A
T Lol A UEM Z‘M E3 A9 WA *f‘fﬁﬂ‘”
o, =ZEel 7 g 9 ofAFE F3] Z9
RElY] A4 Eﬂ HEH WellA FaEs A %POL
ST

EEY TN A= g A}k Meol| A9 Fatr
o|E|9] #A TIjEZ+= Fig 129 2oh ST B2
FZ 1,500~1,600 rpme] RE 3|WE&T WA 4
B, REY HO EIE 3840 NmE UERITH
ZeH] AL FE 450~550 ipme] EH 3HEE
HefolA 3=, 2Eo Hl B3+ 191.5 Nm=
Uelgtth 20 2A4S FZ 400~550 rpme] RE 3
ALz W\ FdEH, REHO HY Eds
353.6 Nm% UERth = F3 Age FE
1,550~1,650 rpm®] EE 3IHEE HfolA TP
o, 2E At EIE 1391 NmE UEstTh ofx
ZE F3 Y-S FZ 1,500~5,000 pme] =2E 3H
£= 1A R, e H B 1025
NmZ Yepgth Feh¢ 4 2 20 2L A
T Mol A ZEO] Hof EA e oA s =]
2ol B7Fsd o2 YEtgth 2EHY] A& Zr?j
< ZEO H E3 HE WA o,
w3 Fsl7p AA g dE 9 of~PE F3) X—}
de A4 EA HE HollA A

>

42 Journal of Drive and Control 2022. 12

300
R { —s— Max torque
270 ¥ ~-»- Rated torque
3 «  Plow tillage
2404 * % «  Rotary tillage
F % & Loader operation
LS B o Field driving
3 i Asphalt driving
Z 1804 %
S 150l }
E' -‘ N e
2 120 g
b o ff
%
80 _i R [j
60 :‘ xxjx . . '“h.._____'-_‘q
3
0+ 2 T T T T T T T T T T T
0 2000 4000 6000 8000 10000 12000

Rotational speed (rpm)
Fig. 12 T-N curve of the motor and load data of
44 kW tractor with gear ratio (stage M)

applied
300 1
* —s— Max torque
270 H " ~-=- Rated torgue
y < Plow tillage
240 + Rotary tillage
Loader operation
210 Field driving
Asphalt driving

180 4

150 4

Torque (Nm)

120 §%
90

60 L

0 . 2000 I 4000 I 8000 ' 30|00 . 10600 I 12000
Rotational speed (rpm)

Fig. 13 T-N curve of the motor and load data of

44 KW tractor with gear ratio (stage H)

applied

HE TN A% 9 AHeks Hbol| A o] et
olH 9] IA T EZ= Fig 137 2o} 2% He
FE 800~950 rpme] EE IHEL WL oA T3]
o, ZEo AW EIE 6594 NmE UElth ZE
g &S FZ 270~320 rpme] ZEH IHET B9
A =, BEQ A EIE 2947 Nm=E
bt 20 2e FE 250~350 rpme] RE 3A
E£5 WA FEM, REO HU EdE 6064

NmZ Uehgth = F8 2L 2 900~1,000
pme| EEH IHEE HolA S, BEH X
O E3E 2388 NmE UENSTH ofAZE F3 %

< F2 500~3,000 rpme] FE IHEE ML oA



P
)

Mo
o
=
X
g
fo

Sy, ZEo A EFE 1761 NmE YERGTH
OlATE Fof AAPS AT BE YL APer
Hohol A 2B o] Ho) E2 9] oA 3o 2
Yol B7hed 202 YR of~FE F3 2y
< gREE 2E B4 EZ H9] WA FREA
om, EFHY HA F AtE T A AAvpEY
o] Z-gste= AN A EIE AMESe Zo=®
LFERS T

&R Z]ojulo] W H7]HE
7Fs 9% Table 29+ 2t}
2 Ryt #AEE EE

= Aol 7Fed AR YT kAR of
E 3 22 1% A =EH B4

2ejo] 7bsd Ao
BE 79 Agje P

A &3 Psd Aow epg
o=

A
o,
30 ot
T o

& Mo B HEOlA 3E 35
S5 TRIA A ne}
Ao g wordh

o2
L J
off tov
w2 R

Table 2 Workability of agricultural operations
according to the gear ratio of the range
shift of the electric tractor

perations| P1ow | Rotary | Loader | Field | Asphalt
tillage | tillage |operation| driving | driving
Stage ™\ (7.09 | (2.83 (5.05 (7.09 | (24.02
(gear ratio) | km/h) | km/h) | km/h) | km/h) | km/h)
Stage L
O* @) O O @)
4.4
Stage M -
@) O @)
2.1 X X
Stage H
@)
(1.2) X X X X

Note. * Able to work in all sections

** Unable to work in some sections

o
fo
s
&
o
ol

5 &8

2 ATE 4 kWa 2775 EFE RS 9%
71Z2ATE2A FAY F3Ho)EE &-83ke] E-driving
ANz'Ss AFsH] Asl TN, T8 A=
o= 2tk

1) 2o & AZl Feh&o] Hphe ZEEH
ZA0.51), Z2H 74-30.46), oF2ZE F3(0.38),
= F9(0.17), 20 2%(0.09) o2 YERT

2) 44 kWu EZE9 w44 HolEH& Fit&s
3 Astsldon, 8 BEaE k9 AL, 20 F
, ZEH AL of~ZE F3 F FIP o=
=7 YERth 544 vlolHe AT EFEY
E-driving A28l AZ3t=d AHS-SHAT

3) RHL Aok Loke] 39 Zg$ A
2o A4S 2HO Hd Ea HEY oA T34
Rom, ZER AL, BT 9 ofxTE F Qe
B2EC B4 EF 9] WolA FAEHAT

4) FHL Ak Mo A$ Z$- 2
2o A4S BHO A EZ HE Lol T3
o] Zrgjo] BII5E Aow Uehith Eelg] AL
22 BEC] Ao Ea HE oA F3EoH,
gt H of~TE F3 A B4 EA HY el
A TP Ak

5) $u% 4GS HY

ff o2 oft

Mo
)

=

3
PN
2

Lo

B olrBE F9 4

QoA FEo] Zo] Byedt o2 UERT

webA, St B 2 20 A9 2 aRst
AL Adehr Lol F3d 4§t oo
b, of~ZE FH e 1k F3Y AYe
Ay HeollA 38 49 2ElY] HA x4
TE A 188 Flo) 7M.

ARH o2 RES} 7|E EYEH HyEH o]
o] W& A|2ElS A E-driving AlaES WA

ol T} 44 kW ERE Y] F8 sAdSE
F3 s Aoz ot FF AFoMe
ATAH}E VIO E E-driving Al28o] HAjH
T5 EHEE /Este] Aak Al tigh A+
g o ol

b Sk

r

¢

1T 1 A B
N

B AL $UFNAFR A0 $YNE

<=719971 9] Hes71 AL 71 e/ A (321061-2)

43

Eeloje - HEE 2022. 12



2 7] 3HA DA (821014-03) 2] A4S wrol
TEHI =

OIsHZAI(CONFLICT OF INTEREST)

AR o] =g} #uste] ol uA FE9| oA

7}

1)

2)

3)

4

5)

6)

7)

44

e WAL,

References

D. H. Lee, C. H. Choi, S. O. Chung, Y. J. Kim,
E. Inoue, and T. Okayasu, “Evaluation of tractor
fuel
operation cycle”, J. Fac. Agric. Kyushu Univ., Vol.
61, No. 1, pp.173-182, 2016.

S. M. Baek, W. S. Kim, S. Y. Baek, H. H. Jeon,
D. H. Lee, H. K. Kim, Y. J. Kim, “Analysis of
Engine Load Factor for a 78 kW Class Agricultural
Operations”,
Journal of Drive and Control, Vol. 19, No. 1, pp.
16-25, 2022.

Y. M. Kim, 2020. “2017 National air pollutants
emission”, National Air Emission Inventory and
Research Center, pp.1-141, 2020.

S. Y. Baek, S. M. Baek, H. H. Jeon, W. S. Kim,
Y. S. Kim, T. Y. Sim, K. H. Choi, S. J. Hong, H.
G. Kim, and Y. J. Kim, “Traction Performance
Evaluation of the Electric All-Wheel-Drive Tractor”,
Sensors, Vol. 22, No. 3, pp. 785-801, 2022.

O. Lagnelov, G. Larsson, D. Nilsson, A. Larsolle,

efficiency using dynamometer and baler

Tractor According to Agricultural

and P. A. Hansson, “Performance comparison of
charging systems for autonomous electric field
tractors using dynamic simulation”, Biosyst. Eng.,
vol. 194, pp. 121-137, 2020.

S. Y. Baek, W. S. Kim, Y. S. Kim, Y. J. Kim, C.
G. Park, S. C. An, H. C. Moon, B. S. Kim,
"Development of a Simulation Model for an 80
kW-class Electric All-Wheel-Drive (AWD) Tractor
using Agricultural Workload", Journal of Drive and
Control, Vol.17, No.1, pp. 27-36, 2020.

Y. Ueka, J. Yamashita, K. Sato, and Y. Doi,
“Study the of the
tractor-Specifications and traveling and

on development electric
tilling

performance of a prototype electric tractor”, Eng.

Journal of Drive and Control 2022. 12

8)

9)

10)

11)

12)

13)

14)

15)

Agric. Environ. Food, Vol. 6, No. 4, pp.160-164,
2013.

Z. Wu et al., “Modelling and verification of driving
torque management for electric tractor: Dual-mode

driving intention interpretation with torque demand

restriction”, Biosyst. Eng., Vol. 182, pp.65-83,
2019.
KAMICO and KSAM, "Agricultural Machinery

Yearbook Republic of Korea", Korea, 2020.

J. Y. Kim and Y. I. Park, “Analysis of Agricultural
Working Load Experiments for Reduction Gear
Ratio Design of an Electric Tractor Powertrain”,
Trans. Korean Soc. Automot. Eng., Vol. 20, No. 5,
pp-138-144, 2012.

W. S. Kim, S. Y. Baek, T. J. Kim, Y. S. Kim, S.
U. Park, C. H. Choi, S. J. Hong, and Y. J. Kim,
“Work load analysis for determination of the
reduction gear ratio for a 78 kW all wheel drive
electric tractor design”, Korean J. Agric. Sci., Vol.
46, No. 3, pp.613-627, 2019.

S. Y. Bacek, Y. S. Kim, W. S. Kim, S. M. Baek,
and Y. J. Kim, “Development and Verification of
a Simulation Model for 120 kW Class Electric
AWD (All-Wheel-Drive) Tractor during Driving
Operation”, Energies, Vol. 13, No. 10, pp.2422-2436,
2020.

N. G. Lee, Y. J. Kim, W. S. Kim, Y. S. Kim, T.
J. Kim, S. M. Baek, Y. Choi, Y. K. Kim, I. S.
Choi, "A Study the of

Transmission Error and Tooth Load Distribution

on Improvement
using Micro-geometry of Compound Planetary Gear
Reducer for Tractor Final Driving Shaft", Journal
of Drive and Control, Vol.17, No.l, pp. 1-12,
2020.

S. M. Baek, W. S. Kim, Y. S. Kim, S. Y. Baek,
N. G. Lee, S. P. Moon, H. H. Jeon, Y. S. Choi, T.
J. Kim, and Y. J. Kim, “Strength analysis of the
driving shift gears for a 67 kW class agricultural
tractor according to tire type”, Vol. 47, No. 4,
pp.1147-1158, 2020.

Y. Chen, B. Xie, Y. Du, and E. Mao, ‘“Powertrain
of
dual-motor driven electric tractor”, Int. J. Agric.
Biol. Eng., Vol. 12, No. 1, pp.33-41, 2019.

parameter matching and optimal design



5% NS - AAD - o FE - ART - WET

HN

16) W. Zhang, M. Liu, L. Xu, X. Zhao, and X. Fu, 17) C. K. Wen, S. L. Zhang, B. Xie, Z. H. Song, T.

“Simulation of Hydraulic Suspension System of H. Li, F. Jia, and J. G. Han, “Design and
Electric Tractor Based on Matlab-AMESim”, J. verification innovative approach of dual-motor
Phys. Conf. Ser., Vol. 1903, No. 1, 2021. power coupling drive systems for electric tractors”,

Energy, Vol. 247, p. 123538-123559, 2022.

cooje - HEE= 2022. 12 45





