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Abstract

The objective of this study was to develop a foldable electric cultivator, which was
equipped with a light framework and fordable operating handles for convenient storage. The
developed foldable electric cultivator was driven by a DC brushless motor which was charged
by a 23.1 V-60 Ah LiFePO4 battery. The rolling of the cultivation blades also provided the
forward movements power for the cultivator. Power transferred through a centrifugal clutch to
a transmission shaft, then speeded down by worms and transmitted to the weeding part.
Results of the field performances of the cultivator were as follows, the working width,
working depth, working speed and individual cruising range were 0.54 m, 6.9 cm, 0.6 m s™,
and 70-90 min, respectively.

The cultivator weighted 45 kg, and could continually work 77 min along with the
working area of 1855 m” when the batteries were fully charged. The torque and the electricity
efficiency of the developed cultivator measured by the Prony Brake Dynamometer were 6
kg-m and 45%, respectively. The cultivator had a 15.05% lower energy cost than that of the
traditional tiller. Besides, it showed a reduction of CO;emission of 31.15% compared to the
traditional gasoline engine cultivator. The results indicate that the developed foldable electric
cultivator performed better on energy saving and carbon reduction when compared to the

gasoline engine cultivator.

Keywords: cultivator, cultivation shaft torque, LiFePO4 battery, power efficiency, energy

saving carbon reduction
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Fig. 1 The framework illustration of the foldable electric cultivator.
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Table 1 The specifications of the foldable electric cultivator

Item Specification
Size Before folded (L x W x H, cm) 90x60x80
After folded (L x W x H, cm) 90x60x%35
Weight Total (kg) 45
Framework (kg) 20
Battery (kg) 18
Blade (kg) 7
Power Power (W) 1500
Voltage (V) 23.1
Battery power (Ah) 60
Transmission  Tilling speed (rpm) 105
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Fig. 6 The variances of the torque and power of cultivation shaft of the foldable
electric and gasoline engine cultivators.
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Fig. 7 The relationship of the power of cultlvatlon shaft and power efficiency of the
foldable electric cultivator.

= FHEHERSE TR R
(R A B A - P L A (e T 0.5 s > [
= er%z-iﬁﬁﬁ VE(Sh7.0's o FlIFEEP+ %E%ﬁ,ﬁ% cm M EETE T i%ﬁ[ﬁ?z cm o AT
TP PR RS RS 7 67 o B LIS - STl LD
[ T 1550 £50.6 m/s o fEuRT f%EﬁFéﬂ 5.6 [[IFR 4 TP 6.9 cm > F151 1 R
4.5 cm o P l[ﬁ’?ﬁﬁg /?:gm FEESE ]| 3;1,1 vﬁ;lfgﬁfg [l AL E o
(IO TR P IR+ 38 yﬁ@%ﬁ@rw’ EAATE T ED50.02 A A5
6,03 A fLET Hﬁﬁi 1 983.48 W fEIVESE 14752 W o E,l_&l%ﬁﬁ = '-fEII £71,58.61 Ah -
[ B E PR R (R s B -
qi%@[&%@iﬁ%’v}% %EF%E%@[ Z/anﬁlloff%—] Jﬂﬁb [iifvffhf %EIHI FEY122.38
VAZIT [ 18.46 Vo I SRR £ 86% » T [£3.92 Vo B [EE 60 min -
F%’E@ [ 3= £150.065 V/mm o FJ[ ?ﬂﬁb#ﬁ%@ﬁv&ﬂf zﬂﬁb EET'E&EIHS 46 VG [ =13.71
’ IFL&E’PIF%IH%H V’fi%ﬁ-{ 511\7‘14% ’ Fuf E.th‘ |-§§475 A ﬁélﬁiﬁﬁ&l 10 min > h»-f:. Rk Bﬁﬁ}
£50.475 V/min o FSef iy Fﬁﬁv’fﬁf—“@% %;@ PWV“FE?E » F%@ﬁ@ o] ig;é JﬂJ)E?%%ﬁ

100



R el N T

» legal standard

» electric cultivator

0.5

L/

) . . i
Speed(m/s) Time of turn(sec) Working depth(cm) Weeding depth(cm)
(Need higher) (Need lower) (Need deeper) (Need deeper)

'8 i FREIH RS PR -
Fig. 8 The field performance of the foldable electric cultivator.

Accumulated power consumption (Ah)

Current - 1D

z Accumulated power consumption "5

0 5 10 15 20 23 30 35 40 43 50 5 60 62 70
Time (min)

9 4B TP RS (R B B e R el - -
Fig. 9 Variances of current and accumulated power consumption on motor of the
foldable electric cultivator in field test.

101



PRI R A

100%

Discharge process I II

X
Voltage (V)

—
(=]

E Voltage

SOC

EEEEEEEEE

o N A N @

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min)
[0 FEENATR =SSR FES T -
Fig. 10 The relationship between the power consumption and the voltage change of the
LiFePO4 battery.

P IO (T o 2 SRR R R P A EO e e I ] 24
lﬂf T FEe ?ﬂ*?ﬁ‘%i E‘fﬁﬂ'ﬁfi‘.\,l P R R R R R -
VR  IEARI R I OB LR 53 A SRR T il

RV TN R MR R el > PSR 20F o Wi s - R
S R B T gﬂ%ﬁ%@[%ﬁf D« Pt 38 egem »
r’?g%(ﬁi”ﬁ}iﬂﬂ{ RAFHIPEFHEIPS T 9t > gl 02.4-3.2 kg-m "Eﬁﬁﬂﬁ?ﬁrﬂzrﬁ“ﬁ,ﬂ
59 Ah -

2 BRI R e

Table 2 The current, power power consumption and working time while fixed
loading at Prony Brake Dynamometer experiment

Loading Current Power Power consumption ~ Working time
(kg-m) (A) (W) (Ah) (min)
2.4 33.5+7.8 714 £179 59.4 106.4
2.8 39.4£59 808 £ 128 59.7 90.95
3.2 48.7+5.5 990 £127 59.1 72.8
3.8 53.1£10.6 1090 + 229 55.0 60.25
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Table 3 The differences between the electric cultivator and gasoline engine cultivator on
energy consumption costs and CO; emissions

Electric Gasoline engine  Energy costs  CO; emission
cultivator cultivator ratio (%) ratio (%)
Energy costs (NT/ha) 34.66" 230377 15.05 ---
Energy costs (NT/hr) 4.99 22.99 21.71 -—-
CO, emission (kg/ha) 6.42° 20.61% - 31.15
CO; emission (kg/hr) 0.92 2.06 -—- 44.67
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