2aNLLUL u,a::ﬁ'mmLﬂ%f»J\‘im\f[ué'ami’m%'né'aﬂﬁ'ﬂﬁﬂﬁuﬁjﬂﬂ’[ii’i:ﬂﬂlﬂﬂiﬂé‘ﬂ
Design and Development of Sugarcane Leaf Pruning Machine
for Sugarcane Seed Purpose by Using Hydraulic system
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ABSTRACT

The pruning of sugarcane leaves are usually carried out two months before harvesting
in order to facilitate the harvesting by human labors and to avoid traditional burning of the
sugarcane leaves. Generally, the sugarcane leaf pruning machine is used in harvesting
sugarcane for factory. However this type of machine is not suitable for removing sugarcane
leaves for planting because it can damage the seed bud up to 60-70%. The objective of
this research was to design the mechanism of Sugarcane Leaf pruning for sugarcane seed
purpose by applying the hydrostatic power transmission to the Sugarcane Leaf Pruning
Roller which could be moved in a vertical direction attached to 25 hp tractor. The machine
could remove the sugarcane leaves from the ground up to 3.5 m. The revolution of the
rollers was controlled by using fuzzy logic controller. The controller will open a proportional
valve allowing hydraulic oil moving to drive the hydraulic motor and using the rotary encoder
as the feedback signal. It was tested with the LK92-11, KhonKaen 3, Uthong 84-12, K95-84
and Kamphaeng Saen 01-12 sugarcane cultivars which were 11 months old and had the
height of 2.31-2.93 m. in Sikhio district, Nakhon Ratchasima province. The experiments were
conducted at the forward speed of 2.09 km h™, a linear velocity of the Sugarcane Leaf
Pruning Roller of 0.5 m s and upward direction of the Sugarcane Leaf Pruning Roller.
The experimental results showed that the average seed buds damage was 1.28% and the
average stalk damage was 3.41%. It could work at the rate of 1.88 rai/hr while the fuel
consumption was 2.36 liter/rai and the average germination percentage of sugarcane was
68.57%. The average damage of seed buds and stalk, and germination percentage were not
significantly different when compared to results of human labor. Fuzzy-based controller was
fast and accurate for removing of sugarcane leaves although it gave a few overshoots.
The cost of the Sugarcane Leaf Pruning Machine was 134,000 baht. Considering that
the labor cost of sugarcane leaf pruning is 300 baht/rai for 8 hr/day, the Break Even point
was calculated to be 175.61 rais.
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Figure 1 The isometric drawing of a Sugarcane

Leaf Pruning Machine
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Figure 2 The schematic diagram of hydraulic system for installation on a Sugarcane Leaf-
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Figure 3 (A) The schematic diagram for installation a Velocity Controller of hydraulic cylinder.

(B) The schematic diagram for installation a Velocity Controller of hydraulic motor.
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Table 1 Rules of the fuzzy control in velocity loop

dError
N A P
Error
NB NB NB Z
NS NB NS PM
Z NM Z PB
PS NS PS PB
PB Z PB PB
When : NB = Negative Big PS = Positive Small Z = Zero
NM = Negative Medium PM = Positive Medium
NS = Negative Small PB = Positive Big
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Figure 6 Design the membership function of output signal in velocity loop
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Table 2 The physical property of LK92-11, Khon Kaen 3, Uthong 84-12, K95-84 and
Kamphaeng Saen 01-12 sugarcane cultivars and the quantity of sugarcane leaves

. Height of Diameter of Periphery of Quantity
Sugarcane cultivars sugarcane* (m) stalk (cm) stalk (cm) of sugarcane
leaves (kg/rai)
LK92-11 2.31 3.43 9.95 1,500.34
Khon Kaen 3 254 3.25 10.23 1,254.75
Uthong 84-12 242 3.40 10.45 1,102.33
K95-84 2.93 4.30 12.00 1,196.30
Kamphaeng Saen 01-12 2.34 3.35 10.45 1,167.66

* Average of 4 replications

Figure 7 Relationship between the tensile force of leaf and height of sugarcane
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Figure 8 (A) Undamaged stalk (B) damaged stalk by the
Sugarcane Leaf Pruning Roller (C) Cleaned sugarcane plant C

for seed cane of next planting
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Table 3 Efficacy of developed Sugarcane Leaf Pruning Machine with various

revolution

of the rollers on damage of seed bud, damage of stalk and cleanness of sugarcane plant

of different cultivars

Height of Revolution of the rollers (rev/min)
S:fli'i':l‘;ar';e sugarcane 600 650 700 750 800

(cm) S T P 8§ T P S T P 8 T P S T P
LK92-11 0-100 1 0 NC 1 0O C 4 0 C 7 1 Cc 9 2 C
100-200 0 O NC 1 0O NC 2 0 C 6 1t C 7 2 C
> 200 0 0 NC 0O 0O NC 1 0 NC 1 0 C 5 2 C
Khon Kaen 3 0 - 100 2 0 ¢ 3 1 ¢ 5 2 € 9 2 € 18 3 C
100 - 200 1 0 NC 2 1 C 4 1 c 7 2 c 9 3 C
> 200 0 0 NC 1 0 NC 2 0 C 5 2 C 8 2 C
Uthong 84-12 0 - 100 1 o ¢ 2 1 ¢ 3 1 C 6 2 C€C 9 3 C
100-200 0 O NC 1 o ¢ 2 1 C 4 2 C 7 3 C
> 200 0 0 NC 0O 0O NC 1 0O ¢ 3 2 C 5 2 C
K95-84 0 - 100 2 0 ¢ 8 Tt € 5 2 € 8 2 C 9 38 cC
100 - 200 1 0O NC 2 0 C 383 1t C 7 2 C 8 3 C
> 200 0 0 NC 1 0 NC 2 1 CcC 14 2 C 6 2 C
Kamphaeng 0 - 100 1 0O NC 2 0 C 4 0 C 8 2 C 10 2 C
Saen 01-12 100-200 0O O NC 1 0O NC 2 0 C 5 2 C€C 8 2 C
> 200 0 0O NC 0O 0O NC 1 0O ¢C 2 2 C 6 2 C
Note: S = The average damage of seed bud (piece), T = The average damage of stalk (piece),

P
NC = Insufficient cleanness for planting

Cleanness of sugarcane plant,

C = Sufficient cleanness for planting,

Table 4 Results of testing performance, fuel consumption and slip

Effective field Theoretical Field Fuel .
Sugarcane . . . . . . Slip
cultivars capacity field capacity efficiency consumption (%)

(rai h™) (rai h™) (%) (L rai) ?
LK92-11 1.86 2.63 70.72 242 3.26
Khon Kaen 3 1.90 2.70 70.37 2.31 2.88
Uthong 84-12 1.87 2.69 69.52 2.38 3.08
K95-84 1.89 2.71 69.74 2.33 2.90
Kamphaeng Saen 01-12 1.87 2.69 69.52 2.36 3.02

Anaduaufsieradandan
uazandey sindaesidudainusenaaedne
w9 5 wugannsaelulasldiaies wudn
sfudesfannuniy 341% adpudurin
Ry 1.28% uariasidudaiusentasdoy
\Re 68.57% wWisuLfiBuiULINIUAY WU
ANNIEENIBYBIAEBEgINT1 0.03% UAS

ANNLEBBIDYEEDEFININ 0.70% &
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Table 5 Comparison the work quality between developed prototqype and human labors on
seed bud and stalk damage and germination percentage of sugarcane seed bud

Seed bud’s , Germination
Stalk’s damage
Sugarcane damage Seed (%) Stalk percentage Seed
9al (%) bud ; (%) bud
cultivars - (piece) -
human rototype (piece) human rototype human rototype (piece)
labors P P labors P yp labors P P
LK92-11 1.40 1.44 2,675 2.74 3.16 158 63.30 62.56 511
Khon Kaen 3 1.09 112 2,897 3.17 4.36 168 67.20 66.18 557
Uthong 84-12 1.20 1.24 2,509 2.71 3.54 160 75.70 7495 492
K95-84 124 1.28 2,989 2.04 2.80 131 70.20 69.24 622
Kamphaeng 1.31 1.33 2,602 2.87 3.20 174 70.72 69.91 531
Saen 01-12
Mean 125 1.28 2.71 3.41 69.42 68.57
T-test 0.46™ 2.19™ 0.29™

Note: * = NS = not significant

Table 6 Comparative cost of labors and the prototype for sugarcane leaf pruning

Performance of  Performance Cost of fuel Cost of human
Sugarcane cultivars human labors of prototype and tractor labors
(rai h™) (rai h™) (Bath day™) (Bath day™)
LK92-11 0.77 1.86 1,581 2,156
Khon Kaen 3 0.85 1.90 1,601 2,380
Uthong 84-12 0.79 1.87 1,631 2,212
K95-84 0.83 1.89 1,617 2,324
Kamphaeng Saen 01-12 0.80 1.87 1,631 2,240
Mean 0.81 1.88 1,612 2,262
T-test 66.62 15.81°

Note: * = significant at 5% level,
The prices of diesel oil was 27.09 Bath (12 December 2017)
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Figure 9 The break beven point of a Sugarcane Leaf Pruning Machine
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Figure 10 (A) WRZAIANRANANALAAIIU
Figure 10 (B)

reference signal.

***** response signal.

Figure 10 Response of LK92-11 sugarcane
cultivar for the revolution of the rollers (A)
and error (B) compare with the reference
signal
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Figure 11 Response of Uthong 84-12, K95-84 and Khon Kaen 3 sugarcane cultivars for the revolution

of the rollers (A) and error (B) compare with the reference signal
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reference signal.

----- response signal.

A

Figure 12 Response of Kamphaeng Saen 01-12 sugarcane cultivar for the revolution of the rollers

(A) and error (B) compare with the reference signal
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