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Abstract.
The primary product of oil palm processed into oil is its fresh fruit bunches (FFB), which
typically weigh between 6 and 35 kg. After harvesting, these FBBs must be transported
to the palm oil mill. One critical step in this process is loading the FBBs onto truck beds,
which is currently done manually. This physically demanding task poses a risk of injury
and requires considerable labor. Additionally, counting the number of FBBs loaded
is necessary for inventory and logistics. This study presents a preliminary design for
an FFB elevator system mounted on a truck bed, which also includes an automatic
counting feature. The design methodology combines exploration of existing manual
loading practices in oil palm plantation with redefinition through the development
of a mechanical conveyor system integrated with mechatronic components. The
design process involved calculating loading speed and power requirements, selecting
appropriate energy sources, and incorporating a counting mechanism. The proposed
system consists of an elevator attached to the side of a truck bed, powered by an
electric motor with a minimum generator capacity of 3 HP, and achieves a loading speed
of 6 FFBs per minute. The counting system is operated by an Arduino microcontroller,
equipped with switches and counter sensors. The design serves as the foundation for
future model development and functional testing to validate performance and feasibility.
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1. Introduction

Indonesia is currently the largest producer of palm oil in the world, in 2023 producing

50.07 million tons of crude palm oil (CPO) and 4.77 million tons of palm kernel oil (PKO).

Of this amount, exports of 32.21 million tons, provided Indonesia with income worth US$

30.32 billion [1]. CPO and PKO are produced from the pressing of Fresh Fruit Bunches

(FFB) of Oil Palm, which are bulky, and have a large volume and weight. The volume of

fruit transported from one block of plantation ± 20 ha with an average fruit weight of 20
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kg can reach 8-13 tons/day. This causes the process of harvesting, loading, and shipping

to the factory requires a lot of manpower. Harvest and transportation management

and infrastructure greatly determine the quantity and quality of FFB processed by the

factory. Several systems have issued mechanisms that have been implemented by palm

oil companies, including the net system and bin system supported by grabbers [2,3].

However, these mechanization systems are expensive and require a well-organized

plantation system, so they are not efficient for plantations owned by farmers or small

companies. Loading of FFB from the Fruit Collection Point (FCP) into the truck bed is

currently generally still donemanually, namely by being punched, lifted, and then thrown

into the truck bed (see Figure 1). The capacity of this loading work is highly dependent

on the ability of human labor. Due to the weight of the FFB and the high throwing,

this process has the potential to cause injury to the loader and cause fruit damage [4].

In company plantations, and especially farmer plantations that have not implemented

digital recording applications, recording the number of FFB collected and loaded is still

based on manual calculations by the “krani” (harvest recorder employee), which is also

manual, which has the potential for human error. In addition to manual recording, in the

system of purchasing farmers’ TBS by middlemen, counting and weighing often use

uncalibrated scales, so transparency cannot be guaranteed [5] .

Figure 1: Manual loading of TBS from FCP into the truck bin.

DOI 10.18502/kls.v9i1.19344 Page 46



6th ICTESS: Science and Technology

The process of moving FFB from field to FCP and loading it into trucks manually, in

addition to requiring great effort, also has the potential to cause injury to the loader. This

has been the focus of several previous studies to find a solution [6,7]. To overcome this

problem, several FFB loading tools have been designed to load equipment, for example

by [8–10], but these designs only provide a loading function, there is no automatic FFB

counting system. In previous designs, the loading system was separate from the truck

body, while in this study the system designed was integrated with the dump truck body.

The TBS loading system designed in this research is also different from other designs

in that this loading system is equipped with an automatic TBS counting system whose

data is stored digitally so that it can be used as information for management analysis.

This article aims to present the initial design of a FFB loader from FCP to a truck (FFB

conveyor) with a counting feature. The purpose of this manuscript is to present the

preliminary design of an FFB elevator attached to a truck bed that can also count the

FFB being loaded.

2. Materials and Methods

2.1. Materials

This design research uses secondary data obtained from the practice of loading oil

palm FFB on plantations. The parameters used as the basis for design are:

1. Truck bed dimensions

2. Dimensions and rheological properties (weight, volume, shape) of FFB

3. Manual loading work process (mechanism)

4. FFB calculation work process

5. FFB loading work capacity into the truck bed

2.2. Methods

The general design method uses the following stages:

1. Development of the idea of the loading and counting mechanism

2. technical calculation of system requirements
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3. technical drawing using Solid Works software

Then the parameters of the mechanical equipment determined by the design are:

1. Conveyor mechanisms and materials, including 1) conveyor type, 2) total weight

transported, 3) chain speed, 4) chain pitch, 5) interconnecting chains, 6) operating

environment, 7) lubrication, and 8) tensile strength and breaking strength of the

chain [11]

2. Conveyor rotation and electric motor speed reduction system

3. The amount of power of the driving engine, which is determined based on factors

that affect the traction force: a) weight of the material transported, b) weight of

the chain and additional supporting elements, c) friction coefficient, d) corrective

coefficient for the type of operation, depending on the load and hours of operation

per day, e) speed correction coefficient, f) corrective coefficient when the chain is

taken by the sprocket and g) safety and pressure coefficient [12]

4. Type and size of electric motor

5. Mechanism and system of TBS calculation, using arduino and switch sensor.

6. Structured research stages are depicted in Figure 2.

3. Results and Discussion

This manuscript presents a preliminary study of the design and construction of a palm oil

FFB loading system from the FCP to the truck bed equipped with a feature to calculate

the number of loaded FFB bunches. The prototype to be produced is intended to

reduce the burden on the FFB loader, which is currently still done manually. Palm oil

FFB weighs 6-25 kg, if lifted and thrown into the truck bed at a height of + 2 m, it has the

potential to cause injury, both incidental and long-term. This process will be replaced

with mechanical equipment, namely a conveyor. Like the loader design conceptualized

by [8], the system built also uses an electric motor as a conveyor chain drive. The electric

motor is driven by a gasoline-fueled electric generator (see Figure 4).

The difference in the design concept in this study [9] and [8] is that the tool designed

in this study is coupled to the truck bed and equipped with an automatic counter. The

first feature is expected to increase the speed of loading work because the conveyor
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Figure 2: Research stages.

does not need to bemovedmanually. While the second feature is included in the system

to reduce the workload of the FFB number recorder, while minimizing human error.

Based on system requirements, considerations of loading mechanisms, and related

dimensions, an initial concept for an automatic counter TBS loading system was

designed as shown in Figure 3.

4. Calculation of loader system design with conveyor

Chain Conveyor design data to move palm oil FFB from the palm oil storage area to

the truck as shown in Figure 4 above is a Length of 3000 mm (3 meters), Width 400

mm (0.4 meters), sprocket diameter of 200 mm (0.2 meters) and Chain conveyor slope

45°. The chain used is the Extra Strength Conveyor Chain from Renold [12] with a pitch

of 3 inches (76.2 mm) with a weight per meter of 2.88 kg/meter. The chain conveyor

is designed using 2 drive chains. The number of forks is designed into as many as 2

pieces which are installed with a distance between the forks of 0.5 turns of the chain

conveyor so that on the chain conveyor there is only 1 FFB in each transport and this
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Figure 3: 3D view of the concept of the TBS loading conveyor system attached to the dump
truck.

Figure 4: Top, side and rear views of the concept of the TBS loading conveyor system attached
to the side of the dump truck body.
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is used as the basis for calculating the speed, load, and power of the drive motor. In

this Chain Conveyor design, the speed of moving FFB from the ground to the truck

which is done manually as shown in Figure 1, is used as the basis for calculating the

chain conveyor speed. The speed of manually moving FFB is 6 Fresh Fruit Bunches per

minute. The speed of moving FFB using a chain conveyor is designed to be the same

as the speed of manually moving FFB, which is 6 Fresh Fruit Bunches per minute. The

average weight of one FFB is 20 kg, so the chain conveyor capacity can be calculated

as 6 FFB x 20 kg x 60 = 7,200 kg/hour or 7.2 Tons/hour.

The length of the Chain Conveyor is 3000 mm (3 meters) so the speed of the chain

conveyor can be calculated as 3 meters x 6 FFB / minute / 60 = 0.3 meters/second =

1080 m / hour. To send 1 FFB from the ground, the chain conveyor takes 3 / 0.3 = 9

seconds. This 9 seconds is the time that can be used by the operator to manually move

FFB from the storage area to the chain conveyor and to carry out the calculation and

weighing process of FFB automatically.

Chain Conveyor Load Tension and Driving Power can be calculated using the follow-

ing formula [13]:

T = Fs + Fi + Fk …eq 1

𝐹𝑠 = (𝑄𝑡 × 𝐿) + (𝑃 𝑐ℎ × 𝐿) × 𝑓 = ……eq2

𝐹 𝑖 = 𝑃𝑐ℎ × 𝐿
2 𝑓𝑙 = ……eq3

𝐹𝑘 = (𝑄𝑡 + 𝑃𝑐ℎ) × 𝐿1 × 𝑠𝑖𝑛(𝛼) × 𝑓2 ……eq4

N = T x v / 75 …eq 5

where:

T = Total chain force or total work chain tension – (kgf)

Fs = Upper chain tension – (kgf)

Fi = Under chain tension – (kgf)

Fk = Lift chain tension – (kgf)

Q = Conveyor total load (capacity) - (t/h)

Qt = Conveyed material weight – (kg/m)

L = Total conveyor direct length (including inclined/declined) - (m)

Pch = Total chain weight (see manufacturers tables according to chain types)

N = Driving power (kW)

v = Chain conveyor speed – (m/s)

f = Upper chain friction factor – 0.25 ∼ 0.35
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f1 = Down chain friction factor – 0.10 ∼ 0.15

f2 = Lift chain friction factor – 0.25 ∼ 0.35

Qt = 7.200 kg/hr / 1.080 m/hr = 6,67 kg/m

Fs = (6,67 x 3) + (2 x 2,88 x 3) x 0,25 = 24,33 kgf

Fi = 2,88 x 3 / 2 x 0,15 = 0,648 kgf

Fk = (6,67 + 2,88) x 3 x sin 45 x 0,35 = 7,09 kgf

T = 24,33 + 0,648 + 7,09 = 32,068 kgf

N = 32,068 X 0,3 / 75 = 0,13072 KW = 130 Watt

The drive power of the chain conveyor required is 0.13 kw and rounded to 250 watts.

The chain conveyor drive uses a 1 phase 4 pole induction ac motor with a rotational

speed of 1400 Rpm. To adjust the speed of the chain conveyor to the rotational speed

of the drive, a transmission is needed. The sprocket rotation required to drive the chain

conveyor is 0.3 meters/second and the sprocket diameter is 200 mm (0.2 meters) is:

nsprocket = v x 60 /(phi x d) = 0,3 x 60 / (3,14 x 0,2) = 28,6 Rpm

The required transmission ratio is = motor/sprocket = 1400 / 28.6 = 48.9 and rounded

to 45 to meet the minimum speed required by the chain conveyor.

5. Design of Automatic Counting System

The FFB counting system on the loading tool developed in this study uses a touch

sensor. Although more advanced technology-based counters such as artificial intelli-

gence and infrared sensors have been developed, this research design uses a simpler

touch sensor because it is adjusted to the characteristics of the work area on oil palm

plantations. An image-based counting system with artificial intelligence such as that

developed by [14] has the disadvantage of frequent errors, both when taking pictures, or

during processing. The touch sensor uses a simpler system so that it has high durability

and consistency. Touch sensors as a counting tool have also been used to count the

number of people in a place or area [15]. The object counting system developed by [16]

uses infrared, egg objects will be counted if they pass through the sensor. This study

did not use infrared because of the differences in the characteristics of the objects and

the loading tools developed. The diagonal conveyor system and vibrations will interfere

with the working system of the infrared sensor. In addition, TBS also has different shapes

and sizes.
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The calculation system of this research design uses an Arduino Uno microcontroller

with a touch sensor. In addition to being a sensor controller, Arduino is used as a storage

media controller (SDRAM) to store digital data on the number of FFBs that have been

loaded into the truck, and an LED screen display of the calculation results in real-time.

The touch sensor will be installed on the form plate on the initial conveyor base on

the loading system (see Figure 4. Side view of the loading system). The FFB placed

on the form plate will press the touch sensor, which then forwards the ignition current

to the Arduino, and the calculation system works. The calculation results during the

process will be stored in SDRAM on the Arduino board. The stored data can be copied

to a computer in CSV format so that it can be easily and quickly used as a basis for

calculating harvester salaries or analyzing the productivity of the harvested plantation.

Figure 5: Schematic design of an Arduino microcontroller with a touch sensor.

6. Conclusion

1. The mechanical equipment for loading oil palm FFB has been successfully

designed, equipped with a FFB counter

2. The design results are realized in 3-dimensional engineering drawings, which can

be the basis for prototype fabrication.
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3. The design needs to be animated to study its interaction with other systems, such

as the location of FFB in the FCP, loading of FFB into the loading system by the

operator, and arrangement of FFB in the truck bed.
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