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ABSTRACT 

 

The current method of harvesting the Oil Palm 

Fruit Bunch (FFB) from the tall oil palm tree of 

10 feet and above is by using long aluminum pole 

and curved knife (C-Sickle) mounted at the upper 

end of the pole. This method although found to be 

lightening for the workers as the old method is by 

using steel pole or bamboo which is very heavy, 

still can be improved in order to increase the 

worker’s productivity per acre by reducing all 

kind of  forces required. These forces are such as 

to carry the pole, to hold the pole before and 

during cutting and to cut the fruit bunch, are quite 

tiring to deal with. A new machine shall be 

invented to incorporate all these trouble shooting 

aspects which using pneumatic system to easily 

lengthen and shorten the pole using telescopic 

pole when the worker wants to locate the 

pneumatic cutter on the fruit bunch stalk. As soon 

as the cutter reached the FFB stalk, it can easily 

cut the stalk by pressing the button at the lower 

end of the pole. The cutter blades movement 

inside the housing is made frictionless by 

arranging closely 20 mini ball bearings along its 

path. The huge forces during cutting are 

transferred to these multiple mini ball bearings 

which in turn transferred to the bearing shafts 

without generating any undesired frictional force 

to the blade edges. As for the telescopic pole, the 

compressed air is supplied into the pole’s hollow 

section to push the pole’s segments in the process 

to lengthen it to reach the fruit bunch. The friction 

between the teflon sleeve and the pole is reduced 

by the air cushion film in between sleeve and 

aluminum pipe thus smoothen the movements of 

the pole segments inside each other. 
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1. INTRODUCTION 

Malaysia is the 2nd largest Palm Oil producer of 

the world. There are more than 2,000,000 acres of 

Oil Palm plantation in Malaysia. Oil palm tree 

takes about 2 years before its fruit can be 

harvested and in Malaysia when the oil palm trees 

become too old, in average about 20 years, it 

height could reach as high as 20 feet.  In order to 

harvest FFB from these high trees, in current 

practice a light and long harvesting aluminum 

pole is needed. At the end of the pole, a carbon 

steel sickle cutter is mounted for cutting the Full 

Fruit Bunch (FFB) stalk or leaves trunk. Before 

this about 20 years ago,  the pole was much more 

heavier as it was made of either steel pipe or 

bamboo or straight timber trunk or stem. 

 

The harvester workers are normally 

immigrant workers from Indonesia. Quite seldom, 

the workers are Malaysian, or immigrant workers 

such as Bangladeshi or Pakistanis or  Philipinos or 

Naples. These Indonesian oil fruit harvesters are 

normally work in group consist of 2 to 3 person 

per group. One person cut down the FFB while 

other person will collect the loose fruit on the 

ground and fill it up in a netting sack before 

collected by the lorry or trailer passing by at other 

time round by other group. 

2. OBJECTIVES 

 

i. To develop the harvestor mechanism  that 

can be easily used to cut the FFB by having 

a sickle that instead of manually operated is 
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Ausing mechanized system but still as 

robust as the manual type. 

 

ii. To help increase  the productivity of Oil 

Palm  plantation by reducing energy 

required for harvesting FFB by reducing 

usage of direct human mascular forces.  

 

iii. To develop the FFB harvester that can be 

used without having the need to train the 

new worker for a long period due to its 

simple operation using electrical and 

electronic control buttons. 

 

iv. To develop the FFB harvester pole that can 

be  shorten and lengthen as and when 

required by means of telescopic system in 

order to ease burden to carry it all day long 

in large the Oil Palm estate. 

 

3. PROBLEM STATEMENTS 

Harvesting job is quite tiring as the worker need to 

carry this long aluminum pole all day long to 

harvest as many acres of palm oil plantation area 

as possible. Every time when the worker want to 

cut down the FFB, they have to find the suitable 

position to put the sickle on the FFB stalk and pull 

down the pole to cut the stalk. This requires quite 

a great amount of muscular force which is in long 

run a bit fatigue.  

The cutting of the stalk manually and 

positioning and cutting of the stalk requires 

certain skill, experience and power which is a 

common attributes of all Indonesian workers. 

Malaysian, Bangladeshi, Naples, Pakistanis and 

Philippinos do not have this attributes to 

permanently enjoy doing the job for long period 

of time. By experience, the longest they (non 

Indonesian workers) can work is only one month 

after which they complaint of “too tiring”, “too 

hard” and worst complaint is “not worth it” which 

end up with resignation or missing in action.  

The length of the pole is too long to carry 

all day long in between all closely planted oil 

palm trees. For uneven height of trees, the 

workers need to carry more than one type of pole, 

i.e. One is shorter than the other. Too long 

harvester pole also tends to have high deflection 

both either during carrying horizontally or during 

vertical standing, thus quite troublesome to easily 

and accurately position the sickle on the FFB 

stalk.  

4. LITERATURE REVIEW 

Throughout the past decades many 

machines were invented for oil palm harvesting by 

Malaysian palm oil board (MPOB) but none of 

them was made commercial due to its 

inefficiency. This was because the harvester 

operator faces difficulty in positioning the 

mechanical cutter to the bunch stalk during cutting 

process. The operator takes a lengthy time (7-15 

min) just to adjust the position of the cutter and 

grabber to perform the harvesting process, 

compared to a worker who manages to harvest a 

tree in just three to five minutes using a chisel. 

Not only was the operation taking a long time, but 

also the operator experiences neck aches and body 

pain after harvesting operation on only one palm 

tree. Therefore, the ergonomic of the operator is 

also an issue here. A lot of time was wasted in 

locating the fresh fruit bunch (FFB) and 

eventually decreasing the overall productivity 

(helena et al, 2010). 

 

Study carried out by Helena, Jayaselan 

and Wan Ishak above is more towards reducing 

the number of worker used to harvest the FFB by 

using 3D hydraulic arm harvester as shown in 

Figure 1. However, in this study the number of 

worker is remain the same except the mechanism 

to harvest is made more comfortable to be 

operated such as lighter, less energy required to 

carry the harvesting pole, to cut the FFB bunch 

stalk, length of pole can be lengthened and 

shortened easily without the need to lift the pole. 

 

                                        

           
 

  

Figure 1.  3D Hydraulic Arm Harvester 

 

 

Another harvesting concept developed by  

Abdul Razak Jelani of Universiti Putra Malaysia 

which was given a Trade Mark “Cantas”. The 
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concept is using the telescopic pole which 

comprises of basic pole and extension pole, 

telescopic shaft and bearing, while the two-stroke 

engine of 1.3 hp is used as the power source. Most 

of the components are made of aluminum alloy 

for its light weight (Jelani A.R. et al ,2008). This 

is illustrated in detail in Figure 2 below. 

 

                           

      
 

 

 

 

Another method is the Aluminum pole 

and knife (APK) method to replace bamboo pole. 

In this method, a 40 mm diameter aluminum tube 

replaces the bamboo pole of the BPK method. It 

works very well and even faster than the BPK 

method for trees of height below 5.5 m. Above 

this height, bending of long harvesting poles that 

carry relatively heavier cutting knives on top 

constitutes a very serious problem as it becomes 

very difficult to engage the stalks of palm fronds 

and bunches. Harvesters’ hand-pole slippage 

while cutting with the pole also constitutes 

another serious problem as the harvester 

inevitably sweats on his palms while on the job. 

For these reasons, the APK method is yet to enjoy 

wide application. Generally, once the harvester 

reaches the tree crown, it is a lot easier to cut 

(fronds and fruit bunches) using the cutlass than it 

is using the Malaysian knife (Adetan et al, 2007).  

 

Indeed, a lot of time and energy (and 

therefore production cost) goes into oil palm 

harvesting. Such an enormous amount of energy is 

required for harvesting oil palm that even cutting 

a single frond alone, using the sickle cutter (the 

Malaysian knife), could require the exertion of a 

force as much as 18,048 N for the most matured 

frond (Jelani et al., 1999). Further, Bevan and 

Gray (1969) reported that in a study on palms 

aged between 9 and 25 years in Malaysia, between 

43.5 and 45.4 % of the total annual man-days is 

spent on harvesting. Harvesting from the older 

trees took more man-days. The situation, most 

likely, has not changed today because harvesting 

is still being done manually (Adekoya 1990). 

 

Many attempts have been made to reduce 

the drudgery of the harvesting of oil palms. Webb 

(1976) worked on an oil palm tree climbing cycle. 

Test results showed that the cycle was not 

efficient for palm trees and it was not comfortable 

for the harvester to use. A lot of energy and time 

was required by the method. Hartley (1977) 

reported that harvester-carrying booms mounted 

on track or high-floatation wheel tractors have 

been tried in Honduras and Costa Rica. The 

booms take the harvesters to the crowns of palms 

up to 12 m in height, and the bunches are cut to 

fall into a trailer drawn behind the tractor. The 

economics of using this method as compared to 

the existing methods is yet to be established 

(Adetan et al, 2007). 

 

To solve the above problem and 

inconveniences, Adetan et al has designd a 3 

segment pole which can be dismantled and 

assembled as required based on the tree height. 

This is as shown in Figure 3 below, 

 

                                      

 
                 

        Figure 3. 3 segments Aluminum 

pole with sickle knife  

Based on the results obtained by 

Adetan’s team, the harvesting of tall oil palm tree 

can be made easier and lighter by using 

Aluminum Alloy material and adjustable 3 

segment of pole. However, still the energy to cut 

is the same. This study on developing Mechanized 

system is therefore is to reduce the energy for 

cutting by using pneumatic telescopic aluminum 

pole and multiple pneumatic mini disc cutter.  

 

 

5. METHODOLOGY 

Figure 2.  Motorized Cutter, Cantas
TM
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Conceptual designs were prepared in the process 

to build prototype of Pneumatic Telescopic 

Harvester Pole with multiple pneumatic circular 

disc cutter by conducting  a series of brain 

storming session among the research team using 

concept screening and concept scoring tables 

methods. Concept Screening would short list all 

the conceptual designs into smaller number for 

selection in the Concept Scoring using more 

general grading, while the gradings in the concept 

scoring which take more longer time  for 

brainstorming are more detail and meticulous in 

order to distinghuish the best among the best 

concepts. 

 

After brainstorming session completed, 2 

new conceptual design are obtained as Figure 4 

and Figure 5 as shown below. 

 
 

Figure 4.  Concept Generation – Hyraulic Cutter 

Sickle (HC) 

The concept in Figure 4  uses hydraulic 

power source from a mini power pack. A 

hydraulic activated Sickle Cutter is mounted to the 

upper end of the  3 segment pole. The sickle blade 

is divided into two portion with the  cutter blade 

located at the extreme end of the sickle. When the 

worker want to cut the FFB by pressing the button 

which activate the selanoid control valve, the 

hydraulic cylinder will move forward and pull the 

stainless steel string so that the cutter blade will 

bend down and cut the FFB stalk. 

While the concept in Figure 5 uses 

pneumatic power source from a mini compressor. 

There are 5 mini pneumatic circula r cutter 

mounted along the sickle internal curvature. This 

pneumatic mini circular cutter is specially design 

in such a way that it can be easily inserted 

inbetween the oil palm leave trunk. When the 

worker want to cut the FFB by pressing the button 

which activate the selonoid control valve, the  

compressed air will turn the mini circular cutter at 

a high speed high torque motion. This motion will 

rapidly cut the FFB stalk and any blocking 

material. 

For those critical parts that need  

important design such as strength and smoothness 

of the operation,  theoratical  force  analysis shall 

be carried out  to identify the best configuration 

required. (To be carried out in Part II). Once the 

best design with the use of computer simulations 

results were fine tuned, details design of the 

prototype  to be built incorporating all critical data 

(To be carried out in Part II) shall be executed. 

 

Fabrication of  the best design as per 

detailed out on engineering drawings (To be 

carried out in Part III) shall be carried out 

followed by testing the prototype in the real field 

and improve it again and again until the most 

practical FFB harvesting is acheived and its 

practicality can be accepted by the plantation 

people ( To be carried out in Part III). 

 
5.1  Conceptual Design brainstorming, 

Screening, Scoring and Selection 

 
Various practical conceptual design had been 

newly generated  as shown in Figure 1, 2, 3, 4 and 

5 were brainstormed to select the best design. The 

method of brainstorming was by using tabulated 

screening and scoring method to compare 

quantitatively and qualitatively among the 

conceptual design. The final conceptual design is 

a fine tuned main concept with some mix of minor 

element of other not selected concept.    

 

6. RESULTS AND DISCUSSION 
 

The Concept Screening Table 1 and Concept 

Scoring Table 2 represent the whole evaluation 

process that has been carried out.    

 

6.1 Concept Screening 

 

      Figure 5.  Concept Generation – Mini Multiple 

            Pneumatic Circular Cutter Sickle (M2PC2) 
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The concept screening process has lead to the 

short listing of the concepts as in Table 6.1 

 

Table 1. Concept screening 

 
 

 

 

 

 

 

 

SELECT

ION 

CRITER

IA 

 

CONCEPT VARIANTS 

 

 

3Segm

ented 

Alumin

um 

Pole 

with 

Sickle 

(APS) 

 

 

 

Telesc

opic 

Canta

s TM 

Sickle 

(TCS) 

 

3D 

Ar

m 

with 

sciss

or 

(3D

AS) 

 

3 

Segme

nted 

Alumi

num 

Pole 

Hydra

ulic  

Cutter 

Sickle  

(HCS) 

 

Pneu

matic 

Telesc

opic 

Pole 

with 

Mini 

Multi

ple 

Pneu

matic 

Cicula

r 

Cutter 

Sickle 

(M2P

C2) 

 

Light 

Weight 

+ + - + + 

Ease of 

Handling 

0 0 - 0 0 

Ease of 

Use 

- 0 + 0 + 

Speed of 

cutting 

0 + + + + 

Ease of 

Manufac

turing 

0 0 - 0 0 

Flexural 

Strength 

0 0 + 0 + 

Costs + 0 - 0 0 

Cutting 

position 

flexibility 

0 0 + 0 + 

PLUSES 2 2 4 2 5 

SAMES 5 6 1 6 3 

MINUSE

S 

1 0 4 0 0 

NET 0 2 0 2 5 

RANK 3rd 2nd 4th 2nd 1st 

CONTIN

UE? 

No Yes No Yes Yes 

 

The above “-“ (MINUS), “0” (SAME) and “+” 

(PLUS)  rating were further enhanced by the 

following grading details with the respective 

points or marks.  

MINUS ( - ) :   -1, -2, -3, -4 and -5    

(Weaknesses)  

SAME ( 0 ) :   0  ( Average or  common 

features among competitors)  

PLUS ( + ) :  +1, +2, +3, +4 and +5 ( Extra or 

advantageous) 

  

6.2    Concept Scoring 

  

By replacing the above grading details into Table 

1 for the concepts which has passed through the 

screening process, the results can be transformed 

into concept scoring as shown in Table 2. 

 

Since all concepts use alloy Aluminum 

pole, “+” (PLUS) rating are given to the concept 

APS, TCS, HCS and M2CP2. While concept 

3DAS is given “-“(MINUS) rating as it is 

considered as heavy equipment which requires 

extra power to operate using heavy hydraulic 

machine. Therefore only TCS, HCS and M2PC2 

passed through the screening process. In the 

criteria of Ease of Handling, APS is given the 

SAME rating as its only advantage is that its 

length can be varied in 3 stages of segment. The 

rest are about the same as they use fixed length 

aluminum pole coupled with the same Malaysian 

invented manual Sickle knife. While telescopic 

Cantas
TM

 or TCS, HCS and M2PC2 are given 

SAME rating as their motorized telescopic and 

hydraulic telescopic and pneumatic telescopic are 

having about the same feature.  

 

 

In the criteria of  Ease of  Use, APS is given 

MINUS as it provides only slight improvement 

onto the old bamboo pole with Aluminum alloy 3 

segment pole. While  the other three concepts 

TCS, 3DAS and HCS  are given SAME rating as 

they posses about similar advantage which is easy 

to handle in their own respective  ways. However 

concept M2PC2 has more advantage as its uses 

pneumatic system which uses air hence lighter and 

renewable as the air is a free resource. The 

compressed air provides a tribological cushioning 

to the sliding surfaces of the telescopic pole 

segments. The circular cutter which using multiple 

mini roller bearings provides smooth and flexible 

cutting process. Speed of cutting is the best in 

M2PC2 as it is design in such a way that its shape 

is just like C-Sickle but with multiple mini 

pneumatic circular cutter. Its pneumatic telescopic 

is easy to be operated as it uses control buttons 

which can shorten or lengthen its pole length 

within a few seconds only. The mini  cutter 

circular blades can be operated by pressing the 

button that activate the pneumatic valve. 

 

Table 2.  Concept Scoring 
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For the cost criteria which encompass 

manufacturing cost, operational cost and 

maintenance costs, only 3 concepts have a more 

acceptable marks which are TCP, HCS and 

M2PC2. As the detail cost is not available, it is 

safe to assume the costs among the three concepts 

are about the same. Finally the criteria for the 

cutting position flexibility. This is one of the most 

important criteria as the FFB fruit bunches are 

normally located behind the oil palm leave trunk 

therefore it needs a flexible cutter to cut the FFB 

in whatever location. In M2PC2 concept, the 

multiple pneumatic mini circular cutter with mini 

roller bearings can be placed wherever position 

during cutting the FFB     

 

7.0   CONCLUSION 

 

From Table 2, it is evident that the concept 

M2PC2 is more  advantageous as compared to the 

other concepts. Concept Screening and Concept 

Scoring Method has helped in zooming in into 

criteria specifications that can solve the problem 

statements. Therefore the detailing of the design 

from now on can be focussed into only M2PC2  

concept design, after carrying out theoratical 

analysis in the next phase of research.   
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 CONCEPT VARIANTS 

 

Telescopic 

Cantas TM 

Sickle (TCS) 

 

3 Segmented 

Aluminum 

Pole 

Hydraulic  

Cutter 

Sickle  

(HCS) 

Pneumatic 

Telescopic 

Pole with 

Mini 

Multiple 

Pneumatic 

Cicular 

Cutter 

Sickle 

(M2PC2) 

 

Select

ion 

Crite

ria 

 

W’

tag

e 

Rati

ng 

W’t

ed 

Scor

e 

Rati

ng 

W’t

ed 

Scor

e 

Ra

tin

g  

W’t

ed 

Scor

e 

Light 

Weig

ht 

20

% 

+3 +0.6 +4 +0.8 +4 +0.8 

Ease 

of 

Handl

ing 

15

% 

0 0.0 0 0.0 0 0.0 

Ease 

of 

Use 

15

% 

0 0.0 0 0.0 +1 +0.1

5 

Speed 

of 

cuttin

g 

15

% 

+3 +0.4

5 

+4 +0.6 +5 +0.7

5 

Ease 

of 

Manu

facturi

ng 

10

% 

0 0.0 0 0.0 0 0.0 

Fluxer

al 

Streng

th 

10

% 

0 0.0 0 0.0 0 0.0 

Costs 5% 0 0.0 0 0.0 0 0.0 

Cuttin

g 

Positi

on 

Flexib

ility 

10

% 

 

0 0.0 0 0.0 +3 +0.3 

Total Score 

Rank 

1.05 

3rd 

1.4 

2nd 

2.0 

1st 

Continue? No No Yes 


