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Abstract: This paper proposes a torque assist strategy for operating a hybrid agricultural tractor in the field. In general,
different field operations such as baling and rotary tillage require different patterns and amounts of torque. Thus, a large
agricultural tractor is used to improve the farming efficiency. Therefore, this research has the goal of developing a
hybrid tractor that uses a small electric motor to provide additional torque for specific field operations. To achieve this
objective, a rule-based torque assist strategy is proposed and validated for a simulation model in the Autonomie
framework, which is a commercial simulation tool. Finally, the work efficiencies and fuel consumptions of a
conventional tractor and the hybrid tractor with the proposed torque assist strategy are compared using simulations.
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Table 1 Specifications of hybrid electric tractor

Components Specifications
Engine Rated power 71kW(@2300 RPM)
PTO Rated power 28kW
PMSM,
_ Motor-Generator 7 4KW(@2300RPM)
CC M verter/Convertor 7.5kW
system -
Batter LiFePO4, 300V
Y (10 Ah)
Length x Width x 3,990 % 1,990 x
Chassis Height 2,690 (mm)
Weight 3,260 (kg)
T
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Fig. 1 Configuration of a single-shaft type parallel hybrid
tractor
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Fig. 2 Simulation model of a parallel hybrid tractor
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Fig. 3 Experimental measurement of PTO torque in baler
and rotary tillage operations
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Fig. 4 Time responses of engine speed and transmission
torque in baler operation

&g Al Izl 3 S tﬂ*’}‘ﬂ o EA AANE
F2tste] HolHE 53l wdg 7o w
L3 oA o7 &=} Eﬂ—i—ﬂ EIE vaskith
Fig. 4 oA H& wief o] EZE Hdlo] Ax|
== AEFSE & HAF J5S ¢ T
old ndlo M= <l B AA
o] g-3kaL lojA A LHET7} uh
P} % (Transient) “JEJ7HA] &= HEA

L=
% % 9k o vobt AW &%

i)
rlj

>
&
- m

o, ™ > 1o
o2 e
mloé

rr

X
oo I
N

Mok o

%0
R
s
ot
o

Front Wheel Chassws



596 A3 - 52

@l Z74 wol=r EFHo] qlo] w g
3¢ AFSHE WEAE A7 Aok WEA =
29 A9E AFdlA wdlo] AA WEY] B2
wel o % qluh. 3

al < 3]
Awk o] wel HE HEE x| eE AMEH

FAY Al HEY slolHg= EdH ESA
A19Es HEA M 7R fs RER AASEIT
= Qxxte]l #EEHE Normmal REE, EHE
o]gste] EAE A Y3 Assist BE, 18l
W elE F 43 Charge E=olt), B3 XY
Adegf dugFS dAE 7 e 19 29H S
AR A duygESy Assist EEV}
AGENE 2SS BE7F A8 a89 44 a8&
Aastz] el dule]  EmvE A PEo o
ste=AE AAste dagFor o] o
AT

REZe] HdEs 93 dAdS fEiA &

ArelM= wiE e s dHE YEll= soc

E3] dlx £5uks o] &35lE o] HFE= B =H A
ki e ESHY A 744 <o
FarElo] glol <zl FHmwnke SAskal glon
AWt Ao} 9 Be AuHE FAs I AA
gue WAME Adn v oHd A
Aol d FE 7]iKRule-based)] EA AL
ks Alekstarzt st

2k EdE o= &Y £85 Folil 98
AR S Fol7] flElA &Y deE(EEE 7o) E
Fo X HrE UEHA w29YS sk =) Fig
5 9] BSFC(Brake Specific Fuel Consumption) =% ofA]
K npel o] ERE ] Q& ETt 7HAsH s
AR o] ghashy oF 1550 (rpm)o]stE HojAH

4
A8 AR Trkshe AS U F Advh &
g2 pEalg oz oA £xrt gasA
EdE £E% o4 U WA g 29
a0 A"} o83k Al ZAS FTET A
AR} ef= Rl &= S BSFC =4
dolAd dx AR W g M Ae
3 o

RN
1550~1800(rpm) We] F+7to2 A3}l t). ThA
daf| A, Yl A H
BEE AAGE A SE(0, )32 AoEon
Ho @S C q 7 3t Al
E5E (@, a)® BOBI3ATE F7HH o R EE ] A9

= I
S
-
o 0Q
o
td
[
X
2
o

lo

Table 2 Fuel and work efficiency, change of SOC for
@ chg = 1800 (rpm)

@ ast(tpm) | g (L/B) | Mw(Wha) | ASOC (%)
1 1550 15.1274 0.6628 -4.49
2 1600 15.0817 0.6610 -5.42
3 1650 15.0671 0.6590 -6.33
4 1700 15.0701 0.6568 -7.16
5 1750 15.1051 0.6520 -8.1
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Fig. 5 BSFC curve of engine
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Table 3 Fuel and work efficiency, change of SOC

We_ast We_chg V2% My AS0C
(rpm) (rpm) (L/h) | (Wha) | (%)
1 1650 14.7924 | 0.6892 -7.2
2 | 1600 1700 14.8935 | 0.6794 | -6.28
3 1750 14.9899 | 0.6702 | -5.79
4 | 1650 1700 14.8768 | 0.6766 | -7.27
5 1750 14.9739 | 0.6679 | -6.71
6 | 1700 1750 14.9787 | 0.6651 -7.7
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Fig. 6 Time response of SOC for @, ., = 1600 (rpm)
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Fig. 7 Time response of motor torque in baler operation
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Table 4 Working and fuel efficiency with respect to
a)eimin and a)eimax

(“prr’;) gpr’g‘; e (LR | nL/ha)y | ASOC (%)
1690 | 1710 |14.9067 | 0.6739 -7.09
1680 | 1720 |14.9276 | 0.6721 26.95
1670 | 1730 |14.6476 | 0.6703 -6.82
1660 | 1740 |14.9673 | 0.6680 6.9
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Fig. 8 Hysteresis for mode switches of torque assist
strategy
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Table S Performance summary in baler operation

Type . ]

Performance Conventional Hybrid
Work efficiency (h/ha) 0.6723 0.6680
4 (L/h) 15.1520 14.9673

Fuel consumption (kg/s)
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Fig. 10 Fuel consumptio

n, velocity, and motor torque in
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Table 6 Performance summary in rotary tillage operation

Type

Conventional | Hybrid

Performance
Work efficiency (h/ha)

t (L)

0.7021
15.1972

0.6743
14.6829

Fuel consumption (kg/s)

~~~~~

.......

Velocity (km/h)
( ‘

[$)]
o

Motot torque (Nm)
o

&
S

Time (sec)

Fig. 12 Fuel consumption, velocity, and motor torque in
rotary tillage operation on M1
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Fig. 13 Engine torque and speed in rotary tillage
operation on M1
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