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Abstract

Project Code : TRG 5780090

Project Title : The characteristic of discharging mechanism of the sugarcane billet
planter based on planting condition in Thailand

Investigator : Dr.Khwantri Saengprachatanarug
Faculty of Engineering, Khonkaen University

E-mail Address : khwantri@kku.ac.th

Project Period : May 2, 2014 — May 1, 2016

The objective of this study was to find the discharge characteristic of the
sugarcane billet planter related with the design of container bin and metering device.
The laboratory tests and the field tests were conducted to compare the discharge
consistency and the performance of the original and modified design, respectively. Khon
kaen 3 cultiva of sugarcane was used for the experiments. Discharge index was
recorded and used to analyze the precision index which represents the percentage of
discharge distance that sugarcane billets were discharge within the desired range (6-9
billet/m). For the original container bin design, the lower part of the bin sides were
inclined 60° from ground level, while the upper part of the bin sides were vertical. For
the modified container bin design, the bin sides were inclined 60° from ground level. On
the other hands, the original metering device (type 1) consists of the conveyer belt
attached with the flat steel cleats which have their length equal to the conveyer width.
While the modified metering device (type 2) use the angled cleats similar to the bucket
conveyer. More over the cleats were shorten to 2/3 length of conveyor width and
aligned in left-right alternation. The anther modified metering device (type 3) use the
same arrangement and length with type 2 but use the flat steel cleats with the 20
degree inclined-edge. During the laboratory test, linear speed of the conveyor was
controlled at 0.216 m/s. The result showed that the modified container bin design had a
precision index of 42.01 which 6.49% higher than the original design. Refer to the
consequent laboratory test, the metering device type 2 had the highest precision index
which equal to 51.33%. More over the field test results show that the billet planter with
the modified container bin and the modified metering device had the precision index of
39.29% which was 10.63% higher than the original metering device.

Keywords : sugarcane planter, discharge index, precistion index
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Transactions of the ASABE, Applied Engineering in Agriculture, and the Journal of Agricultural Safety and Health are
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CANE BILLET PLANTER
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ABSTRACT.

The discharge consistency of a conventional sugarcane billet planter is low. A study examined the performance of an
original and modified billet planter. The planter was modified by changing the inclination of the sides of the container bin.
Both laboratory and field testing was done. Results from the laboratory test showed that within the desired billet
discharge range of 6-9 billet m™, the precision index of the modified design was 43.3%, or 9.2 percentage points greater
than the original design of 34.1%. Because of this, the modified container bin was further tested in the field and operated
with a precision index of 62.5%. In addition, the effective field capacity and field efficiency of the modified billet planter

was 7.1% and 6.9 percentage points higher than the original billet planter, respectively.

Keywords. Sugarcane billet planter, Precision index, Discharge index

INTRODUCTION

Sugarcane is an important economic crop in Thailand. In 2012/2013, there were approximately 1.51 million ha of
sugarcane in Thailand, with an average yield of 70.75 Mg ha™ and total sugarcane production of 107 million Mg (Office
of the Cane and Sugar Board, 2013). A major problem for sugar cane cultivation is the shortage of labor, especially during
planting. Hence, a semi-automatic sugarcane planter was developed, and became widely used by middle to large scale
farmers in Thailand (Tangwongkit, 2003). However, the seed cane used by this kind of planter still needs to be prepared by
large numbers of laborers, including processes such as cutting the stalks, removing leaves, gathering, and conveying the
seed cane to the semi-automatic planter (Figure 1). Moreover, due to the time required for conveying, the field efficiency
of the semi-automatic planter is lower than 50% (Salassi et al., 2004). Thus, as labor costs have increased, additional cost

is required to finish planting in time, otherwise farmers have to delay planting (Garrison et al., 2000). Groups of farmers
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are interested in using the fully-automatic billet planter, which uses the seed cane harvested by the combined harvester; to
solve the labor shortage and problems with delayed planting (Figure 1). Moreover, the fully-automatic billet planter has a

higher field capacity and efficiency (Thienyaem et al., 2013).

Figure 1. A comparison of fully-automatic billet planter and semi-automatic planter

However, a major problem of the fully automatic billet planter is that the consistency of the planting rate (discharge
rate) is low and this results in loss of sugarcane yield (Johnson et al., 2011). Significant research has been conducted in
order to improve the precision of the metering device. A new metering mechanism was developed that consisted of a
double cleated conveyer (Chanhorm, 2006). However, this mechanism was too heavy and required too much space in the
planter. Factors such as linear conveying speed and the inclination of the conveyor belts were studied and modeled (Jalil,
et al., 2010; Javad et al., 2013). The flow of billets was affected by the shape of the billet container bin. The undesirable
stress distribution in the container caused arching and formation of a cavity in front of the metering device. This problem
has not been thoroughly studied. The objective of this study was to determine how the discharge consistency of the billets
is influenced by the inclination of the sides of the billet planter container bin. The study consisted of three parts: laboratory
testing, field testing for determining the discharge consistency of the modified container bin, and the comparison of field

capacity and efficiency.

MATERIALS AND METHODS

The comparative laboratory tests and the field tests were done using a modified Austoft 750 BP (Austoft Industries
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Limited, Queensland, Australia) billet planter. The experiments were done as follows.

TEST MATERIALS

The seed cane was prepared for use in both the laboratory and field test. A Khon Kaen 3 cultivar was chosen as it is
currently the most prevalent cultivar harvested by combine in Thailand at present (Office of the Cane and Sugar Board,
2013). Eleven month old seed cane planted in the Banhad district, Khon Kaen province, Thailand, was harvested by an
Austoft model 7000-2000 harvester. Three hundred samples of sugarcane billets were collected, and their physical
properties determined. The billet average length and diameter was 264 and 30.8 mm, respectively. The average weight of
the billets was 197.1 g.

Since the laboratory test aimed to determine the effect of the shape of the container bin to the discharge consistency, the
physical conditions of the test billets were controlled and checked before each replication. The billets prepared for the
laboratory test were kept in a storage room conditioned at 25° C and 55% R.H; they were used within 18 hours. The trash
content was kept at 0% to keep the material uniform for all replications, thus trash materials such as leaves and soil were
separated manually from the harvested sugarcane by laborers before the test. The test billets had a bulk density of 322.2 kg
m™ and were replaced when the bulk density decreased by more than 3%.

The billets in the field test were used at local atmospheric conditions. The sugarcane cultivar and age were the same as

used in the laboratory test. The trash content averaged 6% and the bulk density was 308.1 kg m™.

Video camera

ek

Billet planter

(:Larbox 20:1 éﬁ
ks .

T ;
;@i@

[ Chain & Sprocket “ PTO l

Figure 2. Schematic of laboratory tests (original design)
EXPERIMENTAL METHOD
The experiments consisted of three parts: the discharge precision comparative laboratory test, the discharge precision
field test of the modified container bin, and the performance test of the billet planter with the modified and original

container bins. Descriptive statistics of the measured discharge index of original and modified design from the first test
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were calculated. Then, t-test analysis was performed with SPSS statistics version 11.5 for the discharge index comparison.
The completely randomized design (CRD) analysis was done using one-way ANOVA with the same software to determine
whether there was a significant difference between the field performance of the original and modified design from the
third test results.

Discharge precision comparative laboratory test

The laboratory tests compared the discharge precision between the original and modified design of the container bin on
the billet planter (Figure 2). In the original design, the lower part of the bin sides were inclined 60° from ground level,
while the upper part of the bin sides were vertical (Figure 3). For the modified design, both the lower and upper parts of
the bin sides were inclined 60° from ground level (Figure 4). The billet planter was placed and leveled on a concrete floor,
and loaded with 530 kg of sugarcane billets as described in the material section. The billet conveyer was driven by a 90kW
tractor through a single worm PTO gear box (CTA ASS model, CPMI INC., Taiwan)with a 1:20 ratio. Since the cleated
conveyer that brings sugarcane billets to the discharge channel was driven by the ground wheel of the planter, the
conveyer speed was related to the planter forward speed. The recommended operating speed of this type of billet planter
was 4 km h* (Theinyaem et al., 2013), thus the linear conveying speed was 0.187 m s™. Billet discharge was recorded by a
video camera using a framing rate of 120 frame s (CONTOUR ROAM+2, ION America, LCC., USA) attached to the
tractor roof. The billet discharge rate (billet s*) was determined manually from the recorded video at 5 sec intervals from
the beginning of discharge until the container was empty (Theinyaem et al., 2016). The billets fell into a tray placed under
the planter and removed manually during the test. Three replications were performed for each design. Considering the
ratio of the linear conveying speed to the planter's forward speed (0.187:1.1 in the actual field operation), the discharge
index (billet m™) was calculated from the discharge rate (billet s) using equation 1. Referring to previous research (Jalil
et al., 2010), the overlap of billets in the planting row should be one-half of a billet's length. As the average length of
billets was 264 mm, the desired discharge was 7.5 billets m™. Considering a +20% coefficient of variation as acceptable,
the desired range of discharge index was 6-9 billets m™ (Theinyaem et al., 2014). Consequently, the precision index, which
represents percentage of discharge accuracy, was calculated using equation 2 (Javad et al., 2013). The inclination pattern

of the container bin that gave the best precision index in the laboratory test was used for the field test.
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108 Figure 3. The original container bin: photo top view (a), photo side view (b), drawing top view (c) and drawing side view (d)
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112
113 Figure 4. The modified container bin: photo top view (a), photo side view (b), drawing top view (c) and drawing side view (d)
114
115 Discharge index was calculated as follows:
116 Discharge index (billet m™) = (n /t) * (R/V) (D)
117 where  n = number of discharged billets during observed time duration (no.)
118 t = time duration (sec)
119 v = linear conveyer speed (m s™)
120 R = ratio of the linear conveyer speed to the forward speed

121 Precision index was calculated as follows:
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Precision index (%) = (NNya/Niota) X 100 @)
where  Nnyy, = Total distance that billets were discharged within the desired discharge index range (m)

Niotar = Total distance of discharge from beginning until container became empty (m)

Discharge precision field test of modified container bin

The field test was done in a sandy loam soil in the Banhad district, Khon Kaen province, Thailand. The field length was
300 m and the row spacing was 1.65 m. The container bin of the billet planter was modified according to the best results
of the laboratory test. The modified billet planter was attached to a 90 kW tractor and filled with 530 kg of billets. During
the test, the forward and engine speeds were controlled at 4 km h™ and 2000 rpm, respectively. The container bin was
refilled and the field test repeated for three replications. The discharge index and precision index were recorded and

calculated as in the laboratory test.

Performance field test
The performance test was done on the same field as the discharge precision field test. The times required for each field

activity (planting and loading billets) were collected. Figure 5 shows the schematic of the field which was 20 m wide and
300 m long. The field width was separated into six plots equally for both the original and the modified container bin with
three replications per treatment. The plots were selected randomly for the operations of the original and modified design
planter. Billets were loaded by a separate tractor equipped with a front-end loader. Five data points were taken for the
planter forward speed per replication, V,-Vs, every 20 m at the middle of the field length. The total planting time Ts was
the sum of the planting time in each row (T1 and T3). The total time consumed T was the sum of the planting time, time
loss for turning the planter at the end of rows (T2) and billet loading time, which includes moving time to the rows (T4).
The effective field capacity C¢ (equation 3) and field efficiency E; (equation 4) were calculated, fuel consumption was
measured, and ripper depth was sampled at 30 locations at the positions shown in Fig.5.

Effective field capacity was calculated as follows:

ef

c. -A (3)
=

where

C. = effective field capacity (ha h™)
A = planting area (ha)

T = total time consumed (h)

Field efficiency was calculated as follows:

E, :Trixloo (4)
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where
E; = field efficiency (%)
T, = total planting time (h)

T = total time consumed (h)

< L > *  Position of ripper depth
samplin
20m 20m_, 20m_ 20m_ 20m pling
: . . . : ' — — Plantingrow
'y
! = - - —rHA*—k—kﬂw*ﬂm‘H*hu—>
T4l T3 ) Original
<<———:—k*1\-|*-k#|*—-}\-»\—|-}~*—*—*—kl -k;———- T2
I O UL U AR £
2% DRI MR N A D Modified
<<———:—k**—:*~k7~:*—*—>\—l - -, ——— 7
- = = =l ke ke e Ak e = - .
T4 T3 ; 1 ! 1 : Modified
| — — Fk**-:**sr:**-*—ém-iﬂ-kl— -
W < ; T2
[~ - = = *’*‘*"*‘*'*""*"*‘*"*‘*‘*"‘*"*'*" O .
T4 T3 Original
4‘“'*****‘*‘**‘*"*‘*"*"*}(‘**———— o’
= --— r*—*—‘*—*-*-‘w*—‘m-‘w*‘— O
T3 L
T e == "k* * ’\-~A—7’F *—*—*—m-—iek-k-— -~ Original
= - - *'*-*—'ar*-*‘w*‘ir*-*‘-*-*'*‘— LU .
T4 T3 ) Modified
4———;***-,**-*—,*-*-*1*-**-;1-**,———- >
v l l I | I |

V1 V2 V3 \Z V5

Figure 5. Schematic of planting plots in the performance field test. The same schematic was used for the original and modified container bins.

RESULTS AND DISCUSSION
DISCHARGE PRECISION COMPARATIVE LABORATORY TEST

Figure 6 shows the discharge index resulting from the laboratory test. The dashed line and solid line represents the
results of the original and modified designs of the container bin, respectively. The discharge index was high at the
beginning of the test while the container bin was fully loaded. The discharge index decreased with the amount of billets in
the container. Considering the logarithmic trend line for each inclination pattern, the discharge index of the original design

decreased at a higher rate than that of the modified design over the first 50 m.
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166
167 Figure 6. Billet discharge index from the laboratory test comparing the original and modified container bin.
168
169 Descriptive statistics of discharge index showed that the modified design had a slightly smaller range and a higher

170 mean (6.7 versus 5.6) than the original design (Table 1). Discharge index was significantly different between container
171 designs (t=-4.69, p<0.01). The frequency distribution of discharge index seen in figure 7 shows that the most frequent
172 discharge index of the original container bin was 4 billets m™, less than the desired range of 6-9 billets m™. Moreover, due
173  to the arch doming in front of the conveyer, zero discharges indices were observed on average at 10 different time
174 intervals per replication, while the total number of discharge intervals was 700 times per replication. Using these
175  observations, sugarcane billets were not applied for 1.4% of the planting distance. On the other hand, the modified design
176 had a most frequent discharge index of 7 billets m™, which was within the desired range; this was due to less compaction

177 in the container bin.

178 Table 1. Descriptive statistics of discharge index (billet m™) from the laboratory test comparing the original and modified design of the container
179 bin (average values of 3 replications).
Descriptive Statistics Original design Modified design
N 695 603
Range 0-27 0-26
Mean 5.6237 6.6619**
Std. Deviation 3.6956 3.7953
Mean Std. Error 0.1671 0.1871
180 ** significant at 1%

10
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Figure 7. Frequency distribution of discharge index from the laboratory test comparing the original and modified design

of the container bin

The average value of precision index in the desired range of 6-9 billets m™ was calculated for each design. Table 2
shows that the modified design had a precision index 9.2 percentage points greater than the original design. To interpret
these results, we can describe this difference in terms of planting distance. For every 100 m planting distance, sugarcane
billets are discharged at the desired rate for 34 m with the original design. However, with the modified design, billets are

discharged at the desired rate for 43 m, or an additional 9 m.

Table 2. Calculated precision index within the desired range from the laboratory tests.

Discharging index Precision index (%)
(billets m) Original design Modified design
6 12.69 12.12
7 11.03 12.63
8 6.65 10.92
9 3.78 7.68
Total 34.14 43.34

FIELD TEST OF THE MODIFIED CONTAINER BIN FOR DISCHARGE PRECISION INDEX

Because the modified design gave better precision results in the laboratory test, it was used for field testing. Figure 8
shows that discharge index ranged from 2-14 billets m™. Descriptive statistics of discharge index from the field test are
shown in Table 3. Considering the standard deviation, the discharge behavior was more stable compare to the laboratory
test; however, it was found that variances caused by billet loading could affect the discharge behavior. For example, if the
loading resulted in a pile of billets near the conveyer upper drum, as occurred in the second replication, the discharge

index increased at the beginning. Thus, loading method should be examined in further studies.

11
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203
204 Figure 8. Billet discharge index from field testing using the modified container bin (3 replications).
205
206 Table 3. Descriptive statistics of discharge index (billet m™) from the field test of the modified container bin (average values of 3 replications).
207
Descriptive Statistics Modified design
N 402
Range 2-14
Mean 7.8101
Std. Deviation 2.1900
Mean Std. Error 0.3582
208
209 Figure 9 shows the frequency distribution of the discharge index from the field tests using the modified billet container

210  for all three replications. The discharge index was within the desired range of 6-9 billet m™ over 60% of time. A zero
211  discharge did not occur during field testing. The precision index within the desired range of the discharge index was
212 63.9%, 61.4% and 62.1% for the 1st, 2nd, and 3rd replication, respectively (Table 4). These results confirmed that the
213 billet planter using the modified container bin was able to operate at an average discharge index of 7.8 billet m™ (Table 4)
214 with a precision index of 62.5% on average.
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Figure 9 Frequency distribution of discharge index from the field test using the modified billet container.

Table 4. Comparative precision index collected from field tests

Discharge index Modified container bin precision index (%)
(billets m™)

Rep 1 Rep 2 Rep 3

6 15.38 12.60 19.70

7 18.46 17.32 16.67

8 18.46 14.96 12.88

9 11.54 16.54 12.88

Total 63.85 61.42 62.12

PERFORMANCE FIELD TEST

Results for the performance field test are shown in Table 5. Because the time lost for releasing the billet compaction in

the container by an operator was eliminated, field efficiency increased by 6.9 percentage points after modifying the

container bin. The effective field capacity for the modified billet planter was 7.1% higher than the original planter, and the

forward speed of the modified billet planter also increased due to better flow of the sugarcane billet in the container.

Ripper depth and fuel consumption were not different between container bin and averaged 13 cm and 10.8 L ha™ for the

original and modified container bin, respectively.

Table 5. Performance field test results of the original and modified container bin.

Performance Original design Modified design F-value p-value
Effective field capacity, (ha hr) 0.42 0.45 10.93 <0.05*
Field efficiency, (%) 65.36 72.24 23.51 <0.01**
Forward speed, (km h™) 3.88 4.47 50.94 <0.01**
Ripper depth (cm) 13.01 13.03 0.01 ns
Fuel consumption (L ha™) 11.43 10.15 4.01 ns

ns = non significant; *,** | significant at 5 and 1% respectively.
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CONCLUSION

A study examined the performance of a modified container bin on a billet planter. The original design consisted of a 60°
and 90° inclination for the lower and upper part of the container bin, respectively, while, the modified design had a 60°
inclination for both of the lower and upper part of the container bin. Results from a laboratory test showed that within the
desired billet discharge range of 6-9 billet m™, the precision index of the modified design was 9.2 percentage points
greater than the original design. Because of this, the modified container bin was further tested in the field, and operated
with a precision index of 62.5%. In addition, the effective field capacity increased 7.1% and the field efficiency was 6.9

percentage points higher for the modified billet planter, compared to the original billet planter.
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Abstract

Sugarcane is an important economic crop of Okinawa Prefecture. The sugarcane billet planter has been widely used in Okinawa
due to high labor costs and planting time limits. Most of them were powered by hydraulic systems to avoid ground wheel drive
problems when working under high moisture heavy clay conditions. This study aimed to evaluate the performance and
discharge consistency of the sugarcane billet planter, YABIKU B600, operated in Minami Daito Island, Okinawa Prefecture.
The Ni28 cultivar seed cane was harvested and chopped to an average length of 21.8 cm by Austoft TM2008 harvester. The
field experiment was done with 3 replications. A video camera with GPS logger was positioned over the hopper of the planter
during the tests to examine the performance and planting consistency of the planter. The numbers of discharged billets at each
frame were recorded to calculate the discharge index or planting rate. Moreover, the speed, GPS position and time of each
activity were collected to obtain the field capacity and field efficiency of the planter. The results showed that the average
traveling speed of the planter was 0.97 m/s. The field capacity was 0.24 ha/hr with a field efficiency of 45.66%. The average
discharge index was 7.2 billet/m. Considering a discharge index range of 8-10 billet/m, the precision index averaged 24.63%.

Keywords: Discharge index, Precision index, Field capacity, Field efficiency, Sugarcane planter

1. Introduction

Sugarcane is a major crop in southern Japan, particularly
in Okinawa Prefecture, where about 50 percent of all
cultivated land area and more than 70 percent of farmers are
engaged in it. Sugarcane is regarded as indispensable to the
area because of the economic benefits it provides to the rural
society, particularly in the smaller islands, as well as because
of its tolerance to typhoons and drought [1].

Most of the sugarcane cultivation process has been based
on mechanization to decrease production costs and increase
the yield of the sugarcane. The farmers who did not have
their own machines have contracted farm mechanization
companies to perform important work such as soil
preparation, planting and harvesting. The planting process is
one of the most important processes since it will affect the
production yield of the planted cane and ratoon cane [2]. The
sugarcane billet planter is widely used in Okinawa as this
type of planter can use seed cane harvested by sugarcane
combined harvester, which requires labor and incurs lower
harvesting costs [3]. Since the planting season in Okinawa
mostly coincides with the period when the soil moisture is
still high, the ground wheel drive planters cannot work due
to high slip. Hydraulic powered billet planters have become
more popular than ground wheel drive planters among local
farmers and farm mechanization companies. However, the

*Corresponding author. Tel.: +6687 668 9270
Email address: khwantri@kku.ac.th
doi: 10.14456/kkuenj.2016.2

billet planters had the problem that the discharge consistency
is low. Too high a discharge of sugarcane billet caused high
production costs; on the other hand, too low a discharge of
sugarcane billet resulted in decreased yield. In order to
improve the planter and planting practice, the information
about performance and discharge rate at each state of
planting must be obtained and analyzed. Thus, this study
aims to evaluate the performance and discharge consistency
of sugarcane billet planters in Okinawa.

2. Research methodology

The field experiments were set at Minami Daito Island,
Okinawa Prefecture, Japan. Seed cane of Ni28 cultivar
harvested by Austoft TM2008 was used for the experiments.
The average length of billets was 21.84 cm. The Yabiku
B600 billet planter equipped with Iseki 100 hp tractor was
tested. It consisted of a left side L shape cleated conveyer
powered by hydraulic motor (Figure 1). The cleat space and
conveyer width were 300 mm and 600 mm, respectively.
Row distance was set at 1.5 m. During the field experiment,
the video camera Contour+2, (120fps) with GPS logger
(sampling rate of 1 Hz), was attached at the top of the hopper
of the billet planter. The experiments were done with 3
replications. Two types of measurement and analysis were
performed as follows.
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2.1 Performance of the billet planter

All of the activities of the planter were recorded by the
video camera mentioned above. The billet planter started to
work by traveling to the side of the loading bin, then the
operator would raise the hydraulic powered bin to load the
seed cane in to the planter hopper (Figure 2) and load the
fertilizer. Then the planter would travel to the planting row
and start planting until the hopper became empty and it was
necessary to return to the loading spot again. Figure 3 shows
the traveling route of the planter. The time consumed at each
activity was obtained from the recorded videos. Moreover,
the speed and distance of planting were recorded by GPS
logger in coutour+2 cameras at frequency of 1 Hz. The row
length was calculated using recorded forward speed and
planting time. Thus the field capacity, field efficiency and
percentage of time loss in each activity were calculated by
following equation.

Field Capacity (Ha/hr) = A/ T )
Where, A = Total planting area (Ha)

T = Total time consumed (hr)
Field Efficiency (%) = (Tw/T) x 100 )
Where, Tw = Planting time (hr)

T = Total time (hr)
Lywn (%) = (Tu/T) x 100 3)
Where, T, = Time loss of U-turning in farm (hr)

T = Total time (hr)
Lloading (%) = (TU /T) x 100 (4)
Where, T_ = Time loss of loading seed cane

and fertilizer (hr)

T = Total time (hr)
Ltraveling (%) = (TU /T) x 100 (5)
Where, T, = Time loss of on-farm traveling (hr)

T = Total time (hr)

2.2. Discharge consistency of the billet planter

Since the video camera was attached at the top of the
billet planter (Figure 4), the discharging behavior was
monitored from the full hopper until empty. The recorded file
was replayed frame by frame and the numbers of discharged
billets per second were counted. Then the discharge rate
(billet/s) was used to calculate the discharge index (billet/m)
using equation 6 [4]. To specify the discharge consistency,
the precision index was calculated using equation 7 [4]. The
linear speed of conveyer belt was controlled by hydraulic
motor at 0.3 m/s, which is the appropriate speed referred
from the former study [5].

Discharge index (billet/m) =n/s (6)

Where, n = number of billets discharged (billet)
s = monitoring duration of planting (m)

Precision index (%) = (Nntota/Ntotar) X 100 ©)
Where, Nntotal = The number of accurate
discharg as specified (Time)
Ntotal = The total number of discharg

in each simulation (Time)

KKU ENGINEERING JOURNAL January — March 2016;43(1)

Figure 1 Yabiku B600 billet planter

A : Position of loading seed cane and fertilizer.
B : Planting rows.
C : U-turning position in farm.

Figure 3 Traveling route of the billet planter
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To calculate the precision index, the acceptable range of
the discharge index was considered. Since the average length
of the billet was 21.84 cm, with reference to equation 8
Figure 5 [5] the appropriate overlap distance between each
billet should be equal to 10.92 cm. Thus the appropriate
discharge index should be 9 billet/m. Considering an
acceptable error of + 10%, the acceptable range of discharge
index in this test was equal to 8-10 billet/m.

Pi = (X2)i- (X1)(i+1) ®)

Where, Pi = Overlap length between billets (cm)
(X2)i = End position of the billets i (cm)
(Xa)q+1) = Beginning position of the billets
i+1(cm)
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Figure 5 Overlap distance calculation [5]
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3. Research Results and Discussion
3.1. Performance of the billet planter

The average row length and average row distance were
168 m and 1.5 m respectively (Table 1). Figure 6 shows the
traveling speed of the billet planter during planting. The first
half of the recorded speed was higher than the second half
due to the tilt angle of the ground level. However, the
traveling speed was steady at each turn. The average
traveling speed of the planter was 0.97 m/s.

The field capacity of the billet planter was 0.24 ha/hr.
The field efficiency was calculated based on the time
efficiency and equal to 45.66%. The activities during the
operation were examined and divided in to 4 kinds of time
loss activities; loading seed cane, loading fertilizer, traveling
on the farm, and making u-turns on the farm (Figure 7). The
greatest time loss was caused by traveling on farm because
the loading spot was far from the planting rows. Loading
seed cane by this hydraulic powered bin can be done quickly,
however, due to its large size and low mobility, this resulted
in time lost on traveling instead.

0.8

0.6

Speed (m/s)

04

1st Replication — — = 2nd Replication

02
——— 3rd Replication

0 L

o] 50 100 150 200
Traveling distance (m)

Figure 6 The traveling speed of the billet planter during
planting

Figure 7 Time variation of sugarcane planting activities

Table 1 Results performance of the billet planter

Measurement list Measured value

Average speed in farm 0.97 £ 0.04 m/s
Row space 1.50 m

Average row length 168.09 + 10.6 m
Field capacity 0.24 +0.02 ha/hr
Field efficiency 45.66+ 4.99 %
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Figure 8 The discharge index during planting
3.2. Discharge consistency of the billet planter

Figure 8 shows the discharge index during the planting
in 3 replications. The discharge index mostly fluctuated
between 6-10 billet/m. The average discharge index was 7.2
billet/m. The L shape of the conveyer made the overflow of
sugarcane billet fall back into the hopper, so that the planting
rate was quite steady after the quantity of billets in the hopper
became low.

The frequency polygon of the discharge index was used
to analyze the consistency of planting (Figure 9). A high
frequency of discharge was observed at 4-6 billet/m, which
was lower than the appropriate range of 8-10 billet/m.

Considering the appropriate discharge range, the
precision index at the discharge index of 8, 9 and 10 billet/m
were 7.36%, 8.54% and 8.73% respectively (Table 2).

—a— 1st Replication

—m-2nd Replication

—a— 3rd Replication

Precision index (%)
@

0 2 4 6 8 10 12 14 16 18 20
Discharg index (billet/m)

Figure 9 The frequency polygon of discharge index

Table 2 Results performance of the billet planter

Discharging index (billet/m) Precision index (%)

8 7.36
9 8.54
10 8.73
total 24.63

The total precision index averaged from the 3
replications was 24.63%. This referred to the average
discharge rate of 7.2 billet/m. The accuracy of planting can
be raised by increasing the linear conveyor speed or
decreasing the traveling speed by approximately 25%.

4, Conclusion

The performance and discharge consistency of the billet
planter was evaluated through the field experiment in
Minami Daito Island, Okinawa Prefecture, Japan. The
average traveling speed of the planter was 0.97 m/s. The field
capacity and field efficiency were 0.24 Ha/hr and 45.66%
respectively. The greatest time loss was caused by traveling
long distances to the cane loading spot, as the loading bin
was large and had low mobility. The average discharge index
was 7.2 billet/m. The precision index of the appropriate range
of 8-10 billet/m was 24.63%. The linear conveyer speed
should be increased or the traveling speed should be
decreased by 25% to raise the planting accuracy.
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ABSTRACT

At present, sugarcane billet planter is become more interested by farmers who own the
sugarcane harvester, since lack of agricultural labors become more severe. However, the planting
consistency of this kind of planter is still low. Thus the metering device of the sugarcane billet
planter is needed to be improved. The objective of this study was to develop the shape and
arrangement of the metering device of the billet planter and evaluate it. The original billet
metering device consists of the rubber conveyor belt attached with the flat steel cleats which have
their length equal to the conveyer width. While the developed metering device use the flat steel
cleats with the 20 degree inclined-edge. More over the cleats were shorten to 2/3 length of
conveyer width and aligned in left-right alternation. Then, the developed metering device was
evaluated compared to the original device by considering the precision of billet discharging
during the stationary tests. The container inclination was 60 degree from horizontal level.
Sugarcane variety of Khon Kaen 3 harvested by the Austoft 7000-2000 harvester was used for
the experiments. Linear speed of the conveyor was controlled at 0.189 m/s. The testing results
showed that the developed metering devices gave the precision index of 50.67% which is 9.66%

higher compare to that of the original one.

Keywords: Sugarcane billet planter; Metering device; Precision index

INTRODUCTION

Sugar cane (Saccharum officinarum L.) is
an important economic crop of Thailand.
Referring to 2013-2014 reports, there are
approximately 1.62 million ha in Thailand,
with an average yield of 70.25 tons/ha and total
sugarcane production of 113.3 million tons
(OCSB, 2014). A major problem for sugar cane
cultivation is the shortage of labor, especially
in the harvesting and planting seasons
(Tangwongkit et.al, 2003). Hence, the semi-
automatic sugarcane planter was developed,
and became widely used by middle to large
scale farmers in Thailand (Tangwongkit et.al,
2007). However, the seed cane used by this
kind of planter is still needed to be prepared by
large numbers of labors, whose preparation
processes include: cutting the stalks, removing
leaves, gathering, and conveying the seed cane
to the semi-automatic planter. Thus, as the
labor cost was raised, most of farmers have to
bear a very expensive cost in order to finish

plantation in time, otherwise they need to delay
the planting (Garrison et al., 2000). The full-
automatic billet planter which uses the seed
cane harvested by the combined harvester was
introduced in order to solve the labor shortage
and delay planting problem in United state
(Hoy. J.W., 2001). Moreover, the billet planter
has the higher field capacity and efficiency.
However, the major problem of the billet
planter is the low consistency of the planting
rate (discharging rate) which in turn resulting
in a lower sugarcane yield. In order to improve
the precision of the metering device, many
researches were carried out. Factors such as
linear conveying speed and the inclination of
the conveyor belts were studied and modeled
(Jalil etal., 2010 and Javad et al., 2012). Refer
to the former study (Choochart et al., 2014);
the discharge consistency was raised by
improving the inclination of the planter
container bin. Nevertheless, the conveying
behavior of the sugarcane billet planter was
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dependent upon the arrangement of the cleats
conveyer. Researches results of this
dependency factor are rarely. Thus, this study
aims to develop the metering device for
sugarcane billet planter through the
modification of the arrangement of the cleats
conveyer. Then the discharge index and
consistency of the developed and original
metering device were evaluated and compared.

MATERIALS AND METHODS

2.1 Test materials

The Khon Kaen 3 variety was chosen as it
is the most suitable variety to be harvested by
the combined harvester in Thailand at present
(Office of the Cane and Sugar Board, 2014).
The 11 months old seed cane planted in the
Banhad district, Khon Kaen province,
Thailand, was harvested by Austoft model
7000-2000 harvester. The 300 samples of
sugarcane billets were taken to measure its
physical properties. The billet average length
and diameter was 279.3 mm and 27.52 mm
respectively. The average weight of the billet
was 184.31 g, while the bulk density was 322.2
kg/m3. The trash percentage was controlled at
0%. The prepared billets were kept in the room
temperature of about 25°C and 55% air relative
humidity approximately. The experiment
condition was shown in table 1

Table 1 Experimental condition

Cultivar of sugarcane Khon Kaen-3
Total weight of sugarcane 600 kg
Linear conveying speed 0.189 m/s
Conveyor inclination angle 60 °

Width of conveyor 0.6 m
Diameter of conveyor drum 0.28 m
Number of metering device 2 case
arrangements

Number of replications of each 3 replications
arrangement

2.2 Experimental procedure

The modified billet planter Austof 750 BP
with the developed container bin from the
former study (Choochart et al., 2014) was used
for the experiment (Fig.1). The stationary tests
were done to compare the discharge precision
between the original metering device and the
developed metering device. The original
metering device consists of the flat cleats
attached on the 60 degree inclined conveyer
belt. The length of all cleats was the same with
the conveyer width which equal to 60 cm (Fig.
2).-On the other hands, in the developed

(XX
50

metering device, the original full width flat
cleats were replaced by the new cleats, while
keeping the same cleat space at 150 mm. The
edges of the new cleats were bended to be 20
degree inclined. The cleats were shorten to 2/3
length of conveyer width and aligned in left-
right alternation (Fig. 3). The other geometries
of the planter except for the shape and the
arrangement of the cleats were kept the same
for the comparative tests.

Fig. 1 The modified billet planter Austoft 750 BP
that used for the experiment

Unit: mm.

Fig. 2 The geometry of the original metering device

150 400
/\m | /
50
{"'_"‘;C-'ih}
Unit: o

Fig. 3 The geometry of the developed metering
device

Fig. 4 shows the schematic of the stationary
tests. The billet planter was place on the leveled
concrete floor. Then 600 kg of controlled
sugarcane billets were loaded into the
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container. The billet conveyer was driven by
100 hp tractor PTO through gear box CTA
(ASS) single worm with 1:20 ratio. Since the
actual forward speed of this type of billet
planter was 5.54 km/hr (Thitinai et al.,
2013),which resulted in the linear conveying
speed of 0.189 m/s. Thus, during the test, the
linear conveying speed was controlled at 0.189
m/s by controlling tractor engine speed and
randomly checked using digital tachometer
(Tachometer Laser AND model AD-5172).
The numbers of discharge billets were recorded
by the VDO camera contour roam plus 2 (120
Fps) that attached to the tractor roof (Fig.5).
The instant discharge rate (billet/sec) was
calculated at each 1 sec from the beginning of
discharge until the container became empty.
The experiments were done in 3 replications
for each case. Considering the ratio of the
linear conveying speed to the planter's forward
speed, R which was 0.17:1 in the actual field
operation, the discharge index (billet/m) was
calculated from the discharge rate (billet/sec)
using equation 1. Consequently, the precision
index which represents percentage of discharge
accuracy was calculated using equation 2
(Javad et al., 2013).

A/
A
SrcvaYamm)|

Fig. 5 Sample of recorded frame during the
stationary test of a) the original metering
device and b) the developed metering device

n E
Discharge index (billet/m) =t v o ...(1)
Where
n= numer of discharged billets during
observed time duration (billet)
t= time duration (sec)
= linear conveyer speed (m/s)
R=ratio of the linear conveyer speed to the

forward speed

Nnggral
Precision index (%)= Ntota1 x 100 ...(2)

Where

Nngoat = total distance that billets were
discharged within the desired discharge index
range (m)

Niotal = total distance of discharge from
beginning until container became empty (m)

RESULTS AND DISCUSSION

Fig. 6 shows the discharge index during the
stationary test. The dash line and solid line
represents the results of the original and the
developed metering device of the container
bin, respectively. The discharge index was high
at the beginning of the test which the container
bin was fully loaded. Then the discharge index
decreased. Considering declination trend of the
discharge index for each metering device, the
discharge index of the original metering device
tended to decrease with the higher rate than
that of the developed metering device. To
compare the discharge consistency, the
frequency polygons of the discharge index
were plotted as shown in Fig. 7.
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Fig. 6 The comparative discharge index during the
stationary test
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Fig.7. Frequency polygon of discharge index from
the stationary test comparing between the
original and the developed metering device

Refer to the former research (Jalil et al.,
2010), the overlap length of the billet in the
planting row should be 15 cm. As the average
length of billets was 279.3 mm, the desire
discharge index was 7.5 billets/m. Consi-
dering +20% acceptable error, the desire range
of discharge index was 6-9 billets/m (Thitinai
et al., 2014). Considering the frequency
polygon of the discharge index, the original
metering device of the container bin had a peak
during 4-7 billets/m which was less than the
desire range. More over, zero discharges were
observed for 3 times, while the total number of
discharge was 454 times per replication. That
is, there was about 0.66% of the planting
distance that the sugarcane billet was not
applied. On the other hands, the developed
metering device had a peak during 6-9 billets/m
which was within the desire range, and totally
had no zero discharges. That is; the developed
metering device caused more turbulence inside
the container bin and allowed wider alignment
angle of the sugarcane billet to be conveyed
than the original one. Thus, the sugarcane
billets that align in horizontal and vertical
direction were both conveyed by the developed
metering device.

Precision index of the discharge index in
desire range was calculated for each metering
device as shown in table 2 and table 3.
Considering the average results from 3
replications for each case, first metering device
had the total precision index of 41.01%, while
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the developed metering device had the total
precision index of 50.67%. The developed
metering device had 9.66% total precision
index in the desire ranged higher than the
original one. To interpret these results, we can
describe in term of planting distance. For the
original metering device, there was about 41 m
length of the total 100 m length that the
sugarcane billets were discharged within the
desired numbers. While, there was about 50 m
length of the total 100 m in case of the
developed metering device which was longer
than those of the first pattern.

Table 2 Precision index under the stationary
tests of the original metering device

Discharging Original metering device
Index Precision index (%)
(billet/meter) | Test1 | Test2 | Test3 | Average
6 12.18 13.20 15.01 13.46
7 13.58 11.90 11.21 12.23
8 6.79 10.39 9.30 8.83
9 7.49 5.41 6.55 6.49
Total 40.05 | 4091 | 42.07 41.01

Table 3 Precision index under the stationary
tests of the developed metering device

Discharging Original metering device
Index Precision index (%)
(billet/meter) | Tegt1 | Test2 | Test3 | Average
6 10.98 13.43 13.42 12.61
7 13.72 14.00 15.53 14.42
8 13.11 10.00 13.16 12.09
9 11.59 12.57 10.53 11.56
Total 49.39 | 50.00 | 52.63 | 50.67
CONCLUSION

The discharge precision comparative
station-ary tests were carried out to find the
better shape and arrangement of the cleated
conveyer as a metering device of the sugarcane
billet planter. The original billet metering
device used the flat steel cleats which their
lengths were equal to the conveyer width.
While the developed metering device use
inclined-edge cleat. More over the cleats were
shorten to 2/3 length of conveyer width and
aligned in left-right alternation. The results
showed that the developed metering device
had no zero-discharge index. Considering the
desire range of discharge index between 6-9
billet/m, the average precision index of the
developed metering device was 50.67% which
was 9.66% higher than those of the original
metering device. Thus, the sugarcane billet
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planter equipped with the developed metering
device can plant with higher precision.
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