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Chapter 1: Introduction

Agricultural activity could be described as the science, art and business of
cultivating soil, producing crops and raising livestock D Even though agriculture
activity is seen as uninteresting, low income and productivity of economic activity,
but the contribution from this activity cannot be neglected especially in matters
concerning food security. For example, in China, having only 7% of the world’s total
cultivated farmland, could support about 20% of the world’s population’s needs 2.
Moreover, agricultural sectors are also playing a role as a major economic
contributor in several countries. In South Africa for instance, agricultural sectors
provided 60% of employment opportunities and generated 27% of gross national
product (GDP) in 2001 . That same year, about 80% of Nepal’s people were
involved in agricultural economic activities yet contributed to about 40% of its GDP
(19 (19 por Nigeria, contribution of agricultural against its GDP has been shown
increment pattern from about 51 % on 1970 to about 65 % on 2010 "“®. Even for
USA, at New York State alone, agricultural contribute about USD 53,719 million to

economic output with about 206,604 on employment contributions .

Oil palm is the world’s most fruit crop in the agricultural sector. It is caused by
its unparalleled productivity and most productive oil plant in the world. The oil palm
or it scientific name known as Elaeis guineensis is a tree without branches but with
many wide leaves on its top or called as tree crown. The fruits are compactly packed
in bunches which are hidden in the leaf axils in crowns "*. The oil palm could live
up to 30 years and could reaches height of 15 meters with a stem diameter about

45 ¢cm 1,

The palm oil could be found in numerous end products either in edible based
and non-edible based product (1.10) Figure 1.1 shows the product that could be

] 4D (.10 Despite of non-edible based product, the

derived from the palm oi
production of palm oil is most focus in edible product such as cooking oil and
margarine ', Although ranked fourth in decades ago, awareness of the negative
effects of Trans Fat on human health has caused palm oil becomes the most

consumed vegetable oil in the world (18) Conjunction with that, the production of
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palm oil is expected to increase 3.47%/ year to support this demand. It will be

estimated, in 2015, palm oil is set to become the most produced oil with total

production of 37.41 million tonnes, surpassing soya bean oil .

Palm Oil
|
| |
Edible Product Non-edible Product

‘ \ } \
- Cooking oil/fats Oleochemical Soap Bio Diesel
- Fats for bakery products | |
- Table Margarine - Fatty acids - Liquid detergent
- Specialty fats - Fatty alcohols| | - Laundry soap - Ethanol

- Glycerine - Toilet soap

Figure 1.1 Type of end product of palm oil.

In order to support palm oil’s demand, its productivity needs to be improved.
There are several ways has been suggested to be implemented to increase the
productivity of the agricultural product such as increase the labour productivity
through improved service extension, reintroduction of the fertilizer, improved seed

(1.11)

and enhance agricultural mechanization Therefore, in this research,

improvement of the oil palm productivity through mechanization is focused.

Agricultural mechanization could be defined as an economic application of
engineering technology to enhance the effectiveness and productivity of human
labour ¥, The main objective of agricultural mechanization is reduce human
drudgery, improve timeliness of operation, increase cultivation rate of an area of
land and improve economy and standard of living of farmers through increased

productivity ¥,

Mechanization has proven to enhance the agricultural activities and ensure

sustainable agricultural production (114

For example in the USA, farm
mechanization allowed one farmer to feed from 5 people in 1880 to 80 people in
1982 19 I India, farm mechanization started in the 1970s. It shows that land
productivity has increased drastically since the introduction of farm mechanization

as a mechanical power source in India from about 0.80 kg/ha to 1.45 kg/ha !9,

Agricultural mechanization also aims to reduce human energy along the

cultivated activity. Nkakini et a/ (2006), has reported comparison of the energy used
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to produce the same amount of cassava both manually and machine assisted. Based
on the result, machine assisted operations have 83 times lower energy consumption
compared to the manual operation of the same quantity of product !'”. On the other
hand, in China, mechanization has become the latest economical source for the

nation .

Agricultural mechanization has been put in place during processing raw
material to final product, land preparation, weeding, harvesting, pest control,
irrigation and drainage, transportation and storage. The process cycle of oil palm
based product starts with cultivation and harvesting activity "'¥. Cultivation and
harvesting involve seeding, fertilizing, weeding, cutting fronds and fruit bunches,
collecting and transporting the fruit bunches to an industrial site for end product
processing. Mechanization has considerable help to reduce the human effort to
accomplish these activities. It also proven could improve the productivity of the
palm oil production. For example, in weeding activities, through the mechanization
has increased the ratio of labour to land hectare from 1 : 25 to 1 : 50. On the other
hand, mechanization in fresh fruit bunch (FFB) collection has increased the earnings
of the oil palm plantation company from about USD 4.96 per day to USD 14.52 per
day (19 Current technology has made further activity along the oil palm cultivation
has been mechanized. WIW. Ismail et al., 2000 & 2009 report regarding the vision
system for prediction of fruit ripening development. It helps the harvester to harvest
only the ripe fruit for palm oil quality guaranteed. However, the result of actual
implementation of this technology has yet to be discovered. MS. Deraman et al.,
2007 discussed about the roller-type oil palm loose fruit picker development. It eases
the harvester to pick loose fruit compares to before the introductory of this tools, the

loose fruit was by hand collected.

In this research, mechanization of oil palm FFB harvesting tools was discussed.
In Malaysia, efforts to develop mechanize oil palm FFB harvesting tools was
initiated by the Malaysian Palm Oil Board (MPOB). The MPOB has introduced a
mechanical based cutter known as Cantas™ 2?2 = 02 The Cantas™ has
demonstrated its capability to improve the oil palm FFB harvesting productivity
through several fields testing sessions. It is found that, the Cantas™" could increase

the oil palm FFB harvesting productivity more than twice compared to traditional

Chapter 1: Introduction
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technique. Despite of it merits, due to weight of the top side of the Cantas™ made it
become less efficient to harvest oil palm FFB located more than 8 meters in height
(129 At this height, the pole of Cantas™ starts to bends and made the mechanical

system inside the Cantas™ stop working.

Due to the impressive performance of the Cantas'™, urge a solution needs to
be discovered to at least bring the same performance to the higher oil palm.
Therefore, an electrical based cutter or called as E-Cutter was introduced (125)-(1.27)
Through implementation of E-Cutter, the pole bending problem no longer disturb the

function of harvesting tools by equipped this tool with flexible features.

1.1 Problem Statement

Development of Cantas™™ by the MPOB is seen as a breakthrough to
implementation of mechanization to oil palm FFB harvesting activity. Impressive
performance has been shown by the Cantas™ through several field testing especially
in term of cost and time performances. However, the operation of Cantas™ becomes
less efficient at height of oil palm higher than 8 meters. At the height of the oil palm
higher than 8 meters, the pole bending problem made the mechanical system of the
Cantas™ was stopped and harvesting activity was unfeasible to accomplish.

The pole bending is caused by the weight of the top side of the Cantas™.
Since this factor could not be neglected, more flexible tools are required %" 17,
Therefore, instead of mechanical based system employed in Cantas™, an electrical
based harvesting tool called as E-Cutter has been proposed (125)-(12D " The structure
of E-Cutter will be similar as Cantas™. An electrical generation system consist of
1.3 hp petrol engine coupled with an electrical generator will be placed on the
bottom part of the E-Cutter. At the top side of the E-Cutter, a linear motor attached
with a sickle will be placed to perform cutting operation. By using electrical based
instead of mechanical based system, the pole bending problem will be no longer

influence the operation of the harvesting tool.

In this research, the linear motor for the E-Cutter has been designed. Several
prototypes of the linear motor comprise a single phase with slot and slotless stator

type structure topology has been designed previously ¥~ 131 Despite of all the

Universiti Teknikal Malaysia Melaka Chapter 1: Introduction



linear motors have been designed and developed, the slot stator type linear motor as

(13D js considered as the best model for the E-Cutter so far. The

described in
structure of the slot type linear motor has been designed in order to maximise it
thrust while maintaining its restricted weight. It has thrust at mover displacement, x
of 0 mm, F,—y of 230 N and total weight, W, of 2.0 kg. The slot type of linear motor
has been tested in laboratory before it could be confirmed to be implemented for E-
Cutter actuator. Based on the testing result, it was confirmed that the thrust required
by the E-Cutter has been fulfilled. However, it needs higher cutting time comparing
to the Cantas™. It only needs about 2 seconds to finish the cutting by using the
Cantas™ compared to about 6 seconds by using E-Cutter with the slot type of linear
motor "?°. Therefore, in this research, focus will be given to design and develop
new linear motor to function as actuator for the E-Cutter. The new linear motor

should have at least similar thrust, ' and total weight, W, however the mover

responses need to be improved to reduce cutting time.

1.2 Objective

The aim of this research is to develop the linear motor to work as the E-
Cutter’s actuator. The linear motor should have high thrust characteristic within its
restricted weight. Two types of linear motor have been designed and developed
which are switched reluctance cylindrical linear synchronous motor (SRCLSM) and
permanent magnet cylindrical linear synchronous motor (PMCLSM). As a guide line
along the design stage, the design target are listed below :-

1. Thrust, F : >200 N

2. Total weight, W,y : <2.0kg

1.3 Scope of Study

In this research, the E-Cutter’s actuator was designed and developed.
Furthermore, the aim of this research is to find appropriate linear motor type to be
implemented as E-Cutter’s actuator. There are two types of linear motor were
considered which are switched reluctance cylindrical linear synchronous motor

(SRCLSM) and permanent magnet cylindrical linear synchronous motor (PMCLSM).

Chapter 1: Introduction
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Both types of linear motor were model using SolidWorks 2011 x64 Edition CAD
software. Once the models of the linear motor have been established, it’s were
simulated using JMAG Designer (x64) version 13.0.021. Each types of linear motor’s
structure were undergone structure design in order to maximize it performance. Once
the appropriate parameters have been obtained, each types of linear motor were

manufactured to validate the simulation result.

For the SRCLSM, the design stage start with a specific outline dimension.
Three structure parameters have been varied to determine appropriate structure
parameters. The structure parameters are air gap length, 6, teeth pitch, 7, and ratio
between teeth width, ¢, and slot width, 7. Each models of the SRCLSM was
evaluated using thrust, /. The SRCLSM was intended to be designed in 6 phase.
However, through the design and measurement stage, only single phase structure of
the SRCLSM was considered. Based on the single phase performance, the 6 phase
performance of the SRCLSM was estimated. Based on the estimated 6 phase
performance, implementation feasibility of the SRCLSM to the E-Cutter actuator

was observed.

For the PMCLSM, a 6 slot 8 pole structure topology was chose. The permanent
magnet pitch, z,,, coil pitch, 7, and air gap length, & were fixed. Three structural
parameters have been varied along the structural design. The structural parameters
are shaft radius, 7, height of permanent magnet, %,, and height of coil, /.. The
structural parameters were varied within fixed of total radius, 7. The total radius,
For Was fixed at 20 mm, 25 mm and 30 mm. A model of the PMCLSM with
complies with targeted thrust, F" and total weight, W, was observed and chose as the
PMCLSM for the E-Cutter’s actuator. Based on its performance characteristics,

implementation feasibility of the PMCLSM to the E-Cutter’s actuator was observed.

The design model of the SRCLSM and PMCLSM were then compared to
commercialize permanent magnet linear motor. Three type of commercialize
permanent magnet linear motor has been selected which are slot type linear motor,
slot less type linear motor and shaft motor. Around 200 models of linear motor have
been picked and performances of them were compared to the SRCLSM and
PMCLSM performance. Four performance characteristics were used which are thrust,

F, thrust constant, ki, motor constant, k,, and motor constant square density, G.
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14 Thesis Layout

The thesis consists of five chapters. Chapter one gives an overview and
discusses the purpose of this study. The motivations of this study are addressed in
the problem statement and the objectives of research also listed in this chapter.
Chapter two presents the basic concept of E-Cutter’s actuator. This chapter start with
introduction to the basic concept and operation of Cantas™ and E-Cutter. On top of
that, brief of the Cantas™s performance and it draw back as well as current status
of E-Cutter development also were explained. Furthermore, introduction to both
linear motor types which are the SRCLSM and the PMCLSM also being covered.

The method to determine the design target for the linear motor also was discussed.

Chapter three describe the design and develop the SRCLSM. This chapter start
with initial consideration of SRCLSM structure topology. After that, the structure of
the SRCLSM was finalized by considering several parameters such as air gap length,
o, teeth pitch, 7, and teeth width, #,. The SRCLSM has been manufactured based on
its final structure parameters. The performance characteristics of the SRCLSM were
then measured and decision on feasibility to implement the SRCLSM as E-Cutter

actuator was decided.

Chapter four covers the design and develop the PMCLSM. The design stage
was started from selection of 6 slot 8 pole permanent magnet linear motor structure
topology. The stator of the PMCLSM was set to slot type and slotless. Meanwhile
several arrangements of permanent magnet magnetization were tested to select the
appropriate permanent magnet magnetization direction for the PMCLSM’s mover. In
this chapter as well, measurement result of the PMCLSM characteristics was covered.
The decision on feasibility to implement the PMCLSM as E-Cutter actuator also
decided. Chapter Five presents a conclusion of the overall study and

recommendations for future work.

Chapter 1: Introduction

Universiti Teknikal Malaysia Melaka 7



1.5

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

(1.7)

(1.8)

(1.9)

(1.10)

(1.11)

(1.12)

(1.13)

(1.14)

References of Chapter 1

R. Ghazali, M. Yusof and S. Ahmad, Non-Food Applications of Palm-Based
Products — Market Opportunities and Environmental Benefits, Palm Oil
Developments 44, 8 -12, 2006.

J. Yuan, The Status of China’s Agricultural Machinery Industry and the
Prospects for International Cooperation, Agricultural Engineering
International: the CIGR Journal of Scientific Research and Development.
Invited Overview Paper. Vol. 7, ISSN 1682-1130, 2005.

DFID, Better livelihoods for poor people: The role of agriculture, Department
for International Development, UK, 2002.

KB. Shrestha, Selected country reports: Nepal, agricultural diversification
and international competitiveness, Asian Productivity Organization, 2003.

R. Nepal and B. Gopal Thapa, Determinants of agricultural
commercialization and mechanization in the hinterland of a city in Nepal,
Applied Geography 29, 377-389, 2009.

OT. Olajide, BH. Akinlabi and AA. Tijani, Agriculture resource and
economic growth in Nigeria, European Scientific Journal October Edition
Vol. 8, No.22 ISSN: 1857 — 7881 (Print) e - ISSN 1857- 7431, pp. 103 - 115,
2012.

MS. Todd, The contribution of agriculture to the New York Economy,
Research & Policy Brief Series, Issue Number 61, August 2014.

DA. Adetan, LO. Adekoya and KA. Oladejo, An Improved Pole-and-Knife
Method of Harvesting Oil Palms. Agricultural Engineering International:
CIGR E-Journal, Manuscript PM 06 027. Vol. IX., ISSN 1682-1130, 2007.

S. Khozirah, KC. Khoo and MA. Abd. Razak, Oil palm stem utilization.
Research Pamphlet No.107. Kepong. Forest Research Institute Malaysia, p.
120, ISSN 0126-8198, 1991.

Y. Basiron and MA. Simeh, Vision 2020 — The Palm Oil Phenomenon, Oil
Palm Industry Economic Journal Vol. 5(2), pp. 1 — 10, 2005.

P. Wobst and R. Mhamba, Towards Agricultural Development and Poverty
Alleviation in Tanzania: Some Policy Options. Trade and Macroeconomics
Division, International Food Policy Research Institute, Washington D.C, 2000.
FF. Mathias, Agricultural mechanization in Mali and Ghana: strategies,
experiences and lessons for sustained impacts Agricultural and Food
Engineering Working Document, Food and Agriculture Organization of the
United Nations, FAO, 2010.

L. Teo, Mechanization in Oil Palm Plantations: Achievement and Challenges,
Malaysian Oil Science and Technology 2002 Vol. 11 No. 2, pp. 70-77, 2002.
SN. Asoegwu and AO. Asoegwu, An overview of agricultural mechanization
and its environmental management in Nigeria. Agricultural Engineering
International: the CIGR Journal vol. 9(6), pp. 1-22, 2007.

@ Universiti Teknikal Malaysia Melaka Chapter 1: Introduction


http://ecommons.library.cornell.edu/handle/1813/10227

(1.15) AO. Ani and AP Onwualu, Agricultural mechanization: A Pre-requisite for
food security in West Africa. 1 International Conference of the West African
Society of Agricultural Engineering, Abuja, Nigeria, pp. 24-28, 2002.

(1.16) G. Singh, Agricultural Machinery Industry in India (Manufacturing,
marketing and mechanization promotion). Status of Farm Mechanization in
India, pp. 154-174, 2006.

(1.17) SO. Nkakini, MJ. Ayotamuno, SOT. Ogaji, and SD. Probert, Farm
mechanization leading to more effective energy-utilizations for cassava and
yam cultivations in Rivers State, Nigeria. Applied energy 83(12), pp. 1317-
1322, 2006.

(1.18) N. Nazir, D. Setyaningsih, Life Cycle Assessment of Biodiesel Production
from Palm Oil and Jatropha Oil in Indonesia, 7th Biomass Asia Workshop,
Jakarta, Indonesia, pp. 1 — 6, 2010.

(1.19) WIW. Ismail, MZ. Bardaie and AM. Abdul Hamid, Optical Properties for
Mechanical Harvesting of Oil Palm FFB, Journal of Oil Palm Research Vol.
12 No. 2, pp. 38-45, 2000.

(1.20) WIW. Ismail, MH. Razali, AR. Ramli, MN. Sulaiman and MHB. Harun,
Development of Imaging Application for Oil Palm Fruit Maturity Prediction,
Engineering e-Transaction (ISSN 1823-6379),Vol. 4, No. 2, pp 56-63, 2009.

(1.21) MS. Deraman, AR. Shuib and MS. Jaafar, Roller-Type Oil Palm Loose Fruit
Picker, MPOB Information Series, MPOB TT No. 419, ISSN 1511-7871,
2007.

(1.22) J. Abdul Razak, S. Abdul Rahim, H. Ahmad, J. Johari and M. Mohd Noor,
Hand-Held Cutter, MPOB Information Series, MPOB TT No. 180, ISSN
1511-7871, 2003.

(1.23) J. Abdul Razak, S. Abdul Rahim, H. Ahmad, J. Johari and M. Mohd Noor,
High Reach Oil Palm Motorized Cutter, MPOB Information Series, MPOB
TT No. 349, ISSN 1511-7871, 2007.

(1.24) J. Abdul Razak, H. Ahmad, J. Johari, M. Noor, Y. Gono and O. Ariffin,
Cantas™ - A tool for the efficient harvesting of oil palm fresh fruit bunches,
Journal of Oil Palm Research, Vol. 20, pp. 548 — 558, 2008.

(1.25) F. Azhar, Design of a linear oscillatory actuator for oil palm mechanical
cutter, MSc. Thesis, University Putra Malaysia, 2009.

(1.26) F. Azhar, M. Norhisam, H. Wakiwaka, K. Tashiro, M. Nirei, Current
Achievement and Future Plan for Improvement for E Cutter Development,
The 24" Symposium on Electromagnetics and Dynamics, SEAD 24, Toyama,
Japan, pp. 459-464, 2012.

(1.27) F. Azhar, M. Norhisam, H. Wakiwaka, K. Tashiro, M. Nirei, Initial Progress
and Possible Improvement of E-Cutter Linear Actuator Development, IEEE
International Conference on Power and Energy (PECon 2012), Sabah,
Malaysia, pp. 933-938, 2012.

Chapter 1: Introduction

@ Universiti Teknikal Malaysia Melaka 9



(1.28)

(1.29)

(1.30)

(1.31)

M. Norhisam, K. Alias, RN. Firdaus, S. Mahmod and N. Mariun, Comparison
on Thrust Characteristic of Linear of Actuators, IEEE International
Conference on Power and Energy Conference, 2006. PECon '06. pp. 470 —
475, 2006.

M. Norhisam, F. Azhar, R.N. Firdaus, H. Hashim, M. Nirei, H. Wakiwaka and
J. Abdul Razak, Effect of Spring Constant and Thrust Constant to
Displacement Characteristics of LOA, Journal of the Japan Society of
Applied Electromagnetics and Mechanics (JSAEM), Vol.17 No.3, pp. 437 —
440, 2009.

M. Norhisam, RN. Firdaus, F. Azhar, N. Mariun, I. Aris, J. Abdul Razak and
H. Wakiwaka, Analysis of Thrust Constant, Electrical and Mechanical Time
Constant for Slot-Less Moving Magnet Linear Oscillatory Actuator, Journal
of the Japan Society of Applied Electromagnetics and Mechanics (JSAEM),
Vol.17, Supplement, pp. S41 — S44, 2009.

F. Azhar, M. Norhisam, NF. Mailah, MR. Zare, H. Wakiwaka and M. Nirei,
Thrust Optimization of Linear Oscillatory Actuator Using Permeance
Analysis Method, International Review of Electrical Engineering (I.R.E.E.),
Vol. 6, No. 7, pp. 2929 — 2938, 2011.

10

Universiti Teknikal Malaysia Melaka ~ Chapter 1: Introduction



Chapter 2: Basic Concept of E-Cutter’s Actuator

2.1 Mechanization of Qil Palm Harvesting Tool

Traditionally, the oil palm fruit fresh fruit bunches were harvested using a
sickle. The sickle is attached to an aluminium pole. The length of the aluminium
pole depends on the average height of the palm oil in the harvesting area. The sickle
is placed at the base point of the bunch and the harvester will pull the aluminium
pole several times to accomplish the cutting process. It took about 386 seconds to

@1

complete one cycle of harvesting activity . By using traditional harvesting

technique, it was recorded that the ratio of worker to the area of land (ha) was 1:18

22

and oil palm productivity was 11.60 tonnes/day . However, the traditional

harvesting technique consumes a lot of time of the harvester and could reduce the

rate of harvester @3~ ?),

Over the years, numerous of researchers has been working out to introduce
mechanizes harvester for various fruits. It was started about 1970s when human start
to improve the productivity and encountering the shortage of the number of labor in
the agricultural sector *®. In 1983, A. M. Ramsay has discussed on the
mechanization of raspberries in Scotland. Base on his findings, by applying
mechanization at the raspberries plantation could improve the productivity over 10%
compared to hand pickers harvesting @9 G. Gianmetta and G. Zimnalatti, 1997,
discussed a mechanical pruning system for Olive-Groves @7 Based on this paper
finding, the mechanical pruning could reduce the labour requirement from 128 man
h/100 trees on hand pruning and 21 man h/100 trees for half mechanical pruning to 4
man h/100 trees. A mechanical system for apricots harvesting was designed and
tested in “®. Base on the test that has been conducted, the mechanical pruner could
harvest about 1500 kg apricots compared to 450 kg and 22.50 kg by using traditional
tools and hand picker respectively within 1 hour harvesting time. It is also increasing
the number of trees harvested per minute up to 400 tree compared to 20 trees and 6
trees by using traditional tools and handpicked. A. Torregrosa et al., 2009 through

their paper has discussed the application of two type mechanizations to citrus
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harvesting in Spain. There are tractor shaker and trunk shaker using hand held pruner.
The tractor shaker was most effective (72 % detachment) than hand-held shakers
(57 %) .

By taking the inspire by the various mechanize harvesting system mentioned
above, mechanization harvesting system for oil palm fruit system is come to idea to
be realized. Before the harvesting system for oil palm fruit could be designed, the
features of the fruit itself need to be studied. The oil palm fruits are normally
compactly packed in a bunch. It is also hidden in the leaf axils in crowns and about
12 m height above the ground. Stalk of frond that underlying a bunch need to be cut
first before the bunch could be harvested and fall freely on the ground *". The
previous discussed mechanize of the harvesting system is implementing shake-catch
mechanism @9~ @ All the fruits mention is having non-similarity with the oil palm
fruit especially when the location and bunch type fruit are considered. The limited
space between the fronds and bunches also made the shake-catch mechanism is
unrealistic. Furthermore, implementing this technique made loose fruit numbers
become higher hence increase the harvesting time especially during the time of
collecting the loose fruit. Therefore, the bunch-harvested style is suggested to use in

order to design and develop mechanize harvesting system for oil palm fruit @1, .10

The Malaysian Palm Oil Board (MPOB) has initiated the mechanization of oil
palm fruit harvester tools called as Cantas'". Figure 2.1 shows the structure of the
Cantas™. The structure and mechanism of the Cantas™ is similar to sickle tools

since it proven to be efficient enough so far in harvesting activities @2), @11, @12

Figure 2.1 Cantas™ structure.

The Cantas™ consists of a 1.3 hp petrol engine located at the bottom of a
telescopic aluminium pole. At the top, a sickle or a chisel will be attached and use as
a cutting head. The telescopic aluminium length could be adjusted suit with the oil

palm height made it suitable to be used in various height of oil palm. The rotational
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motion of the engine is transmitted through a transmission shaft located inside the
telescopic aluminium pole to a pair of gears where the sickle is connected. These
gears convert the rotational motion to linear oscillatory motion in order to vibrate the
sickle. A con-rod mechanism activates the sickle to move up-down in its longitudinal
direction, thus performing the cutting. The engine of Cantas™ has a working speed
in the range between 3000 to 5000 rpm. With the engine speed, the sickle of
Cantas™ has a maximum cutting displacement of 16 mm at 80 Hz of maximum
cutting frequency @2, @1D. 212 “The MPOB has setup several field testing session on
the Cantas™ in commercial estates with the objectives of evaluating its performance
and providing recommendations to the industry. As indicated in “?, the field testing
has been done in Tereh Selatan Estate, located in Johor, Malaysia. Two teams of
workers have been established during the testing session where one team was used
sickle tool and the other used the Cantas™. Based on the field testing, by using the
Cantas™, productivity of oil palm increased from 4.19 tonnes/day to 11.60
tonnes/day as compared to the manual sickles. Worker to land ratio (ha) also
increased from 1:18 to 1:37. Despite of a good achievement by the Cantas™, this
tool is found less efficient for height of oil palm more than 8 m. At this height of oil
palm, the telescopic aluminium pole will start bends and making transmission of

motion from the shaft to the cutting head ineffective *2" 1%,

2.2 Basic Concept and Current Status of the E-Cutter Development

The mechanized oil palm fresh fruit bunch harvesting tools should be easy to
handle, efficient enough and should improve the harvesting productivity. So far, the
Cantas™ has proven it capability of improving the FFB harvesting activity base on
the finding in . However, the same productivity is only competent to maintain at
height of oil palm up to 8 meters due to bending problem occurs in the Cantas™.
Nevertheless, mechanized tools similar to the Cantas™ still could be considered as
the best structure for higher oil palm. The farmer needs to engage the sickle to the
base point of bunches before the harvesting activity could be accomplished. However,
a flexible system should be designed so that the performance of the mechanized tools

is not affected by the bending occurrence.
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Harvesting activity done in horizontally could reduce the total thrust needed.
Therefore, in the Cantas™, the MPOB adopted the vibrating mechanism that is
transferred to a horizontal direction so that harvesting can be performed horizontally.
Thus, a vibrating mechanism has therefore been designed and developed for the
harvesting sickle which causes it to vibrate at high speed in the longitudinal direction
of the pole’s axis. Therefore, similar structure of harvesting tool as Cantas' was
proposed. In the new tool, at least comparable performance of the Cantas™ but
more flexible was aimed. Instead of mechanical based tool in the CantasTM, the new
tool was designed in electrical based tool. The new tool is called as E-Cutter *'?"
@19 The basic structure of the E-Cutter is as shown in Figure 2.2. Since the structure
of Cantas™ provides with several advantages especially on easiness to engage with

the base of frond during the harvesting activity, the E-Cutter also maintain a similar

structure of the Cantas™.

" PN -
x o = Y, -

Figure 2.2 E-Cutter structure.

The 2 stroke engine used in the Cantas™ will still be used in the E-Cutter.
However, the engine is attached to an electrical generator in order to convert the
mechanical energy to electrical energy. On the top side of the E-Cutter, a linear
motor is used in order to provide direct linear vibration motion to the sickle in order
to accomplish the harvesting activity. A copper wire will be utilized to replace the
shaft inside the aluminum pole in order to transmit the electrical energy provided by
the electric generator to the linear actuator. Therefore, this tool will keep operating
efficiently even though the pole is bending caused by the height increments due to

the copper is more flexible to compare to the shaft in the Cantas™ @3- @19),

The E-Cutter development progress depends on the development of the
electrical generator and the linear motor. The development of the electrical generator
seems to be established through several types of permanent magnet generator with

different performance characteristics have been designed and developed *'¢~@19)
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The SRCLM is exciting by 1 phase excitation. Each
phase of coil is exciting one by one. The sequence of
excitation base on the phase number is 6-5-4-3-2-1. Fig.
4 shows the excitation sequence of SRCLM. Based on
this excitation sequence, the six phase thrust characteris-
tics is as shown in Fig. 5. The six phase thrust character-
istics of all SRCLM models were plotted. Each model
of SRCLM has been evaluated using average thrust, Fy.,
thrust to weight ratio, F/W, thrust to volume ratio, F/V'
and thrust to power ratio, F/P.
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Fig. 3 Thrust characteristics of SRCLM

4. Performance Comparison of SRCLM
4.1 Comparison between Similar Type of Linear Motor

The SRCLM models were evaluated using average
force, Faye, thrust to weight, F/W, thrust to volume, F/V
and thrust to power ratio, F/P in order to search the
optimum teeth shape. The teeth shape was differentiate
using the slope base length, /.

Fig. 6 (a) shows the comparison of SRCLM average
thrust, Fi.. It is shows that, the average thrust, Fy. of
SRCLM is increase as the slope base length, /; is in-
crease until it reach the maximum value at slope base
length, /; equal to 0.2 mm. At the slope base length, /, is
higher than 0.2 mm, the average thrust, F,,. is reducing
significantly. Therefore, the best teeth shape of SRCLM
is at slope base length, /; of 0.2 mm with average thrust,
Fye of 117 N.

234

The thrust to weight ratio, /¥ and the thrust to vol-
ume ratio, F/V of SRCLM are as shown in Fig. 6 (b) and
(c) respectively. By increment of slope base length, /, of
SRCLM made increment the total volume and weight of
SRCLM. However, each increment form each models is
not too significant thus made these characteristics
profile is not much different with the average thrust, F.
profile. The highest thrust to weight ratio, F/W and
thrust to volume ratio, F/V of SRCLM are 45.15 N/kg
and 0.38 x 10° N/m’ respectively.

00 htzlyls tety tg lolioliafialis
Fig. 4 Excitation sequence of SRCLM coil
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Fig. 5 Six phase characteristics of SRCLM

The input power of SRCLM was fixed to 50 W.
Therefore, the profile of the thrust to power ratio, F/P is
exactly the same as profile of average thrust, F,. as
shown in Fig. 6(d). The highest thrust to power ratio,
FIP is obtained at slope base length, /; of 0.2 mm with
value of 2.45 N/W.

All these performance characteristics of best model
SRCLM is then compared to the other similar type of
linear motor. In this case, the linear motor in [13], [14]
and [15] were referred. Even though in [13] and [14], a
linear pulse motor (LPM) were designed, however, due
to similar structure to switched reluctance type of linear
motor were used, these model was taken as comparison
model. Furthermore, the performance of SRCLM is
compared to common reluctance type performance. The
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comparison of performance characteristics is as shown
in Table 2.

In [13], the pitch of mover has been set to 30 mm
and six phase structure has been used. As a comparison,
the SRCLM used the same number of phase but lower
in term of the pitch. Based on Table 2, it is shown that,
the performance characteristics of LPM in [13] is much
lower compared to SRCLM. It is confirm with Eq. (5)
that the thrust of switched reluctance motor is inversely
to the pitch, 7,

The LPM in [14], is has better performance com-
pared to the SRCLM in term of thrust to volume ratio,
F/V and thrust to power ratio, F'P. This is due to use of
permanent magnet in the LPM structure. By using the
permanent magnet in the motor structure, higher thrust
can be obtain over the same size hence increase the
thrust to size ratio. However, the LPM in [14] is having
lower in term of thrust to weight ratio. F/W compared to
the SRCLM. Even though the lower pitch has been set
in this LPM which 2.2 mm compared to the SRCLM,
due to different of structure topology such as number of
phase used, the thrust to weight ratio F/IW of LPM [14]
is lower than SRCLM.

In the switched reluctance linear motor (SRLM) in
[15], the higher pitch has been used. The SRLM has
been designed with 10 mm pitch and produced 0.25 x
10° N/m® compared to 0.38 = 10° N'm’ produced by the
SRCLM. However, the other performance characteris-
tics are not reported in [15].

As shown in Table 2, the SRCLM not only having
the best performance in term of thrust to weight ratio,
F/W compared to other model, it also has been im-
proved the common range of reluctance type perfor-
mance. Even though the thrust to volume ratio, F/V and
thrust to power ratio, £F of the SRCLM are locates
inside the common reluctance type performance range,
however the value of both performances are locates near
to the upper boundary of common reluctance type
performance range.

4.2 Comparison of the SRCLM and Permanent Magnet
Type of Linear Motor Performance.

The SRCLM performance also has been compared
to permanent magnet type of linear motor (PMLM).
There are three type of PMLM has been choose for
comparison which are double magnet core type linear
motor (DMC), permanent magnet coreless type linear
motor (PMCL) and shaft motor. All of these PMLMs
were selected from the commercialize PMLM from
several linear motor manufacturer companies. Almost
200 PMLMs has been selected and their performance
has been recorded.

The performance of PMLM normally measured by
three performance indexes such as force constant, kg
motor constant, &, and moter constant square density, G
[16]. These performance indexes were calculated using
Eq. (6) - (8).

Fig. 7 shows the performance comparison between
the SRCLM and the PMLMs. Apart of the three perfor-
mance indexes that has been mention previously, the
average thrust, Fy,. also has been used in this compari-
son. All the performance indexes were plotted against
their volume, V. Based on the Fig. 7, it is shown that,
the SRCLM is have a capability to produce higher
performance at similar volume, ¥ compared to PMLM.
The SRCLM is also seen having capability to produce
higher thrust, F" at smaller size and lower input power, P.

Table 2 Comparison of SRCLM with Similar Type

of Motor Characteristics.
Com-
Best mon
Performance | model lff;ii [[‘ﬂ\i’ [8115{] Reluc-
SRCLM tance
type
F/W (N/kg) 45.15 15.00 | 43.20 - 20-30
F/V 0.06 —
(x 10°N/m?) 0.38 0.075 | 043 | 0.25 0.40
F/P (N/W) 245 138 | 5.10 - 0350"
F
kp=— 6
T (6)
F
ky =—— (7)
m P
2
F
G=— 8
3% (8)

Where k; is the force constant in (N/A), &y, is the mo-
tor constant in (N/W 2y P is the input power in (W), G
is the motor constant square density in (FZ/W m’ )and V
is the volume in (m°).

5. Conclusion

In this paper, a non-permanent magnet type of linear
motor was designed. The aimed of this paper is to
improve the performance of switched reluctance cylin-
drical linear motor (SRCLM). From the analysis results,
the following conclusions are obtained.

1. The teeth pitch, 7, is playing a significant role in
increase the thrust, F. as can be seen from the thrust
comparison of the SRCLM with the LPM in [13].

2. The SRCLM has improved the performance of
common reluctance type in term of thrust to weight
ratio, F/W.

3. Even though the other two performance characteris-
tics of SRCLM which are thrust to volume ratio,
F/V and thrust to power ratio F/P are located in
common reluctance type range performance, how-
ever its located near to the boundary of the range.

4. The SRCLM is capable to produce high thrust,
base on the comparison it performance indexes to
the PMLM.
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undergone laboratory and field testing to ensure performance.
The performance characteristics of each linear actuator are as
shown in Table III.

TABLE III. CHARACTERISTICS OF LINEAR ACTUATOR FOR E-CUTTER

Tvoe of linear Force Motor Motor constant
yp N constant, | square density, G
actuator N W) | (X 10° NYWm?)
Slot less [17] 50 8.5 0.58
Slot type [18] 100 22.1 1.97
Slot type [8,19] 222 32.5 3.40

IV. LINEAR ACTUATOR IMPROVEMENT PROGRESS

A. Previous Achievement of Linear Actuator Development

The latest linear actuator which was discussed in [8,19] was
the E-Cutter’s best performing linear actuator. The structure
and construction of this actuator, known as STLOA-a, is as
shown in Fig. 3. The STLOA-a was designed based on the
target of having a minimum thrust of 200 N and a total weight
of less than 2.0 kg. The thrust characteristics of the STLOA-a
are as shown in Fig. 4. The details of STLOA-a’s performances
are listed in Table IV.

Based on the results of several testing sessions that have
been carried out, it was determined that frond and bunch
cutting was feasible. Fig. 5 shows the laboratory testing session
carried out [8]. Several fresh oil palm fronds were brought to
the laboratory and cut testing was performed. Based on the
testing session, the STLOA-a has proven it can accomplish the
cutting for various sized oil palm fronds.

115.0
Stator Yoke

LJLJLJLJLZ

NS 87 N S| oS
0 30.0
\j Moving Shaft Permanent
Yoke magnet

(a) The STLOA-a structure (unit in mm)

(b) Construction of STALOA-a

Fig. 3 : Structure and construction of STLOA-a

400
, STLOA-a
300
z L
= 200
2
£ 100

0

50 25 00 25 50
Displacement x [mm]

Fig. 4 : Thrust characteristics of STLOA-a

(c) Cutting process successfully done
Fig. 5 : Cutting evaluation of STLOA-a

B. Structure and Design Target for Linear Actuator
Improvement.

In spite of its proven functionality, the STLOA-a has a
slightly longer harvestmg cycle time when compared to the
Cantas™. The main drawbacks of the STLOA-a as compared
to Canms ™ are the total displacement and oscillation
frequency. From observation, the Cantas™ has a constant
sickle vibration displacement of 16 mm and a frequency
oscillation range between 60 Hz to 80 Hz depending on the
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position of the diesel engine throttle. In contrast, the STLOA-a
has a total displacement of 9.39 mm and an oscillation
frequency of 68 Hz. These characteristics will be a primary
concern in E-Cutter linear actuator development without
affecting the other performance characteristics. Table V shows
the design target of the new linear actuator for the E-Cutter
labeled STLOA-b.

TABLE IV. STLOA-A PERFORMANCE CHARACTERISTICS

Performgnge Symbol Unit Value
characteristics
Starting thrust Fyoo N 222
Maximum
thrust Frax N 360
Minimum thrust Frin N 60
Dimension d mm 115 x @60
Weight w kg 2.0
Thrust constant ke N/A 58.15
Motor constant ki NAW 32.5
Motor constant G | x10°N¥Wm® 3.40
square density
Displacement X mm 9.39
Oscillation .
P Sose Hz 68
requency
Electrical time . ms 212
constant
Mechamcal - ms 275
time constant

TABLE V. COMPARISON OF STLOA A-A AND STLOA-B SPECIFICATION

STLOA-a [8,19] STLOA-b
Starting thrust 222N Average thrust 222N
Thrust constant | 58.15 N/A | Thrust constant | 58.15 N/A
Total weight 2.0kg Total weight 2.0kg
Displacement 10 mm Displacement 16 mm
Oscillation 68 Hz Oscillation 20 Hz
frequency frequency

For the STLOA-b, the 3 phase linear actuator will be
designed compared to the previous single phase type STLOA-

a. The 3 phase type was chosen because it provides relatively
low ripple thrust, ease of displacement and motion direction
control by reversing the 3 phase sequence.

In the STLOA-a, an anti-parallel permanent magnet
arrangement was used. The purpose of using this arrangement
was to double up the magnetic flux density inside the air gap.
However, for the STLOA-b’s design and development, a
halbach array of permanent magnets will be used to control
their magnetic flux path direction and increase efficiency. The
structure of STLOA-b is as shown in Fig. 5. The stroke of
STLOA-b is in the Y-axis direction. The permanent magnet
and coil pitch are set to 11.25 mm and 15 mm respectively. A
three phase current with an amplitude of 1.66 A and a
frequency of 70 Hz were used to energize the STLOA-b. The

coil turns were set to 704 with a coil resistance of 18.26 Q.

C. Initial Findings Comparison of Linear Actuator
Improvement.

The STLOA-b model was simulated in order to evaluate the
performance. The full displacement of thrust characteristics of
STLOA-b is as shown in Fig. 6. It has a maximum thrust, Fi,.x
of 208 N, a minimum thrust, F,;, of 92 N and an average
thrust, F,, of 142.4 N. The comparison details of STLOA-a
and STLOA-b performance characteristics are as listed in
Table VI.

300

250
N
5 o r
E 100 | v i
=

50

0
-30 -20 -10 0 10 20 30
Displacement x [mm)]

Fig. 6 : Thrust characteristics of STLOA-b
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Fig. 5 : STLOA-b structure (unit : mm)
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TABLE VI. COMPARISON OF STLOA-A AND STLOA-B PERFORMANCE
CHARACTERISTICS
Performgnge Symbol Unit STLOA | STLOA-
characteristics -a b
Maximum Fom N 360 208
thrust
Minimum thrust Frin N 60 92
Weight w kg 2.0 0.95
Thrust constant ke N/A 58.15 125.65
Motor constant ko NAW 325 20.80
Motor constant x 10°
square density G N*/Wm® 3:40 4.00
Electrical time . ms 312 0.18
constant
Mechanical - ms 2.75 0.48
time constant

Based on table VI, the maximum thrust, F,,,, of STLOA-b
has been reduced 42.2% when compared to the maximum
thrust, F,,x of STLOA-a. However, the increment of minimum
thrust, F,;, of STLOA-b is as much as 53.5% when compared
to the minimum thrust, Fy;;, of STLOA-a. This proves that the
3 phase linear actuator could relatively reduce thrust ripple.
Even though the average thrust, F,,. of STLOA-b does not yet
meet the design target of about 35.8%, it structure size could
possibly be increased since the weight of STLOA-b is far
below the design target.

The thrust constant represents the ratio between the injected
current and the average thrust developed. The higher value of
thrust constant indicates that higher thrust could be produced
with the same excitation current value. The thrust constant, k¢
of STLOA-b was calculated using (1). As shown in table VI,
the STLOA-D has a greater thrust constant value, ks compare to
STLOA-a by about 116.08%, from 58.15 N/A to 125.65 N/A.

kp =12 NA ()

rms

Where k; is the thrust constant in N/A, F,,. is the average thrust
in N and /,,,; is the RMS value of the excitation current in A.

The motor constant, k., is used to evaluate the ratio
between thrust and input power. The higher the value of the
motor constant, &, the higher the thrust of the linear actuator
with the same input power. The motor constant, k;, of STLOA-
b was calculated using (2). But in this case, the motor constant,
kn of STLOA-b was lower by 56.25% when compared to
STLOA-a. Nevertheless, this parameter is expected to increase
as structural and thrust optimization is done.

— Fave

k , NAW

2

Where £, is the motor constant in N/\/W, Fa 1s the average
thrust in N and P, is the input power of the linear actuator in

The motor constant square density, G, is used to estimate
the ratio between thrust, input power and the size of the linear
actuator. The higher the value of the motor constant square
density, G, the higher the thrust of the linear actuator with the
same input power and size. The motor constant square density,
G of STLOA-b was calculated using (3). In this case, the motor
constant square density, G of STLOA-b was higher by 17.65%
when compared to STLOA-a. The motor constant square
density, G, of STLOA-b and STLOA-a were 4.00 x 10°
N%Wm® and 3.40 x 10° N*/Wm” respectively.

k 2

m
v
2
Fave”  NAW

P v

mn

G

3)

Where G is the motor constant square density in N%/Wm”, k,, is
the motor constant in N/\/W, v is the volume of the linear
actuator in m3, F,. is the average thrust in N and P, is the
input power of the linear actuator in W.

The electrical time constant, 7, is used to evaluate the
current response of a linear actuator. The lower the value of the
electrical time constant, 7, the faster the response of the
current. The current will reach its final value when the
inductance no longer affects the response of the current,
corresponding to the frequency of the power supply in a short
time. The electrical time constant, 7, of STLOA-b was
calculated using (4). The design target for the electrical time
constant, 7., depends on the frequency of the power supply, 1
and the mover’s oscillation, fos, of STLOA-b. In order to make
the STLOA-b operates similar to a Cantas™, the frequency of
mover’s oscillation, fo;. of STLOA-b was targeted to equal 80
Hz. Since the total displacement target is 16 mm, the velocity
of the mover is estimated to be equal to 1.28 m/s. Based on
several simulation trials, the appropriate frequency of the
power supply for STLOA-b, f is 70 Hz. Therefore, the
electrical time constant, 7., of STLOA-b needs to be less than
half of the complete cycle time of the power supply which is
7.14 ms.

L
T, =—,ms
R

4)
Where 7. is the electrical time constant in ms, L is the coil
inductance in mH and R is the coil resistance in Q.

The mechanical time constant, 7, is used to evaluate the
mover response of the linear actuator. The lower value of the
mechanical time constant, z,,, means a faster mover response.
The mover as well will reach the desired final displacement in
a short time. The mechanical time constant, 7, of STLOA-b
was calculated using (5). As discussed, the oscillation
frequency, fos. of STLOA-b was targeted to equal 80 Hz. The
total displacement target is 16 mm and the mover velocity is
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estimate to equal 1.28 m/s. Therefore, the mechanical time
constant, 7, of STLOA-b needs to be less than half of the
complete cycle time of the oscillation which is 6.25 ms.

)

Where 7, is the mechanical time constant in ms, m is the
mover weight in mH, R is the coil resistance in Q2 and 4z is the
thrust constant in N/A.

Based on these observations, there are some characteristics
of STLOA-a that have been improved by the STLOA-b such as
the thrust constant, k¢, the motor constant square density, G, the
electrical time constant, 7, and the mechanical time constant, 7,
while the other characteristics seem to be reduced especially
for the average thrust. Yet, since the total of weight of STLOA-
b is much lower as compared to its design target, design
optimization is possible to increase the parameter between
weight restrictions.

V. CONCLUSION

World demand for palm oil products has been increased
year over year. Therefore, increasing production is essential to
ensure its availability in the market. To achieve this, one aspect
could be to improve harvesting. In Malaysia, research to
improve productivity of oil palm fresh fruit bunch (FFB)
harvesting has begun by the Malaysia Palm Oil Board
(MPOB). The MPOB has invented a new mechanized
harvesting tool called the Cantas™. Cantas™ has
demonstrated impressive improvements in oil palm FFB
harvesting output. Yet, improvements need to be done due to
height limitations that affect the operation of Cantas™. Thus
the E-Cutter was introduced. The E-Cutter solves the operation
limitation of Cantas™ due to a part elimination in the
transmission shaft which causes the operation limitation of the
Cantas™. The progress of E-Cutter development is discussed
in this paper. The main concern was progress with the linear
actuator as it is a key success point for E-Cutter development.
The STLOA-a linear actuator of the E-Cutter has been
established previously. Several tests conducted prove that the
STLOA-a could perform the required harvesting activity.
Improvement to the STLOA-a is essential, especially to
improve dynamic operation of the E-Cutter. Therefore, a new
linear actuator for the E-Cutter is required. The initial findings
and the possibility of improving E-Cutter operation was
discussed in this paper.
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