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Abstract 

 
The design of the Mobile Mini Crane (MMC) prototype begins with the collection and testing of materials to make 

the crane frame. The motor used is a cargo motor manufactured viar Karya 300, and uses a 14 HP diesel engine 

which is used to run the hydraulic system. The prototype was tested by means of a test bench, net capacity test 

and field test. The MMC prototype can carry a load of fresh fruit bunches (FFB) with a max capacity of 400kg/lift, 

and from an economic perspective, MMC's operational costs are Rp. 20.95,-/kg whereas when compared with 

manual labor it is Rp. 25,-/Kg. and from the statistical test results, the results of the analysis showed that the 

amount of FFB lifted was not different but the transportation time was different, the average manual FFB 

transport was 6,164 (1.7 minutes) per TPH while with MMC it was 4,988 (1,7 minutes). 3 minutes) and the 

average lifting weight manually is 172kg and using MMC 234kg. besides that it also minimizes work accidents, 

speeds up the loading of FFB onto trucksand reduce FFB damage during transport. Ergonomically it is able to 

reduce the risk of work accidents and from an economic point of view it is very effective and efficient. 
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Introduction  

In 2016, the absorption capacity of workers in 

Indonesian oil palm plantations employed 16 million 

people to work on new and active oil palm lands 

(Ishak et al., 2017). Massive absorption of labor is 

needed for the process of harvesting palm fruit. The 

increase in labor wages issued by the industry 

becomes bloated during the harvest season 

(Chrisendo, Siregar, and Qaim 2021). The need for 

labor for fruit evacuation (harvesting and 

transportation) of palm fruit is increasingly difficult 

to obtain. In addition, the use of manual tools to 

evacuate the fruit requires more energy because of the 

weight of the palm fruit, which is burdensome for 

workers and can also result in damage to the fruit. 

(Lim et al., 2021; Muhammad et al., 2015). To 

overcome this, it is necessary to make a palm fruit 

evacuation tool that can relieve workers. One of the 

tools/machines that can ease the work of fruit 

evacuation is a crane. The modified crane 

development innovation makes it easier to evacuate 

the fruit when it is harvested and transfer it to the 

truck from the collection point (Aljawadi et al., 2021). 

This solution can overcome the problem of yield 

management and transportation of oil palm in 

plantations in maintaining post-harvest quality (Abd 

Rahim et al., 2020). 

 

Crane is one type of material transfer tool that can 

move materials in a vertical direction or a 

combination of vertical and horizontal. Cranes are 

used to lift cargo vertically, hold it when needed, and 

lower cargo to a predetermined place by means of 

luffing, slewing and traveling mechanisms. (Chwastek 

2020; Wu et al., 2010). Based on the direction of 

movement of cranes, there are types of mobile cranes 

and stationary cranes (Kalwasiński 2018). Crane cars 

can be moved to where they are needed (Sun and 

Kleeberger 2003). In general, crane cars are used in 

the manufacturing industry or factories to move 

goods in large quantities. However, the Mobile Mini 

Crane from the Mini Truck and Mini Tractor 

modifications is very difficult to use in field 

movements, especially in narrow plantation areas. So 

that the modification of the Crane function can be 

implemented in overcoming agricultural problems. 

Selection of a haulage motor for the type of 

transportation that is suitable for limited field terrain 

and qualified power to lift the load of crops. The size 

of the CC (Cubic Centimeter) or the engine capacity of 

a transport motorbike tends to be lower than that of a 

car (Pfaffenbichler and Circella 2009). So that the 

consumption of fossil fuels needed on transport 

motorbikes is less than cars (Suatmadi, Creutzig, and 

Otto 2019; Chiou et al., 2009).  

 

Energy efficiency and carrying capacity of motorized 

transport vehicles are better than pick-up cars or 

private motorbikes for crane modifications.  

 

The pollutant emissions generated from the hauling 

motorbikes are less than the hauling cars or trucks 

used to carry the oil palm harvest (Cepeda et al., 

2017; Dey and Mehta 2020; Suatmadi, Creutzig, and 

Otto 2019). Airborne particulate pollutants such as 

PM10 and PM25 are emitted as emissions from 

motorized transport less than cars (Narita et al., 2019; 

Chan et al., 1995). From an environmental point of 

view, motorized transport is more environmentally 

friendly or ecofriendly to be implemented as 

agricultural transport vehicles.  

 

So that the right transportation for the development of 

mobile cranes refers to hauling motorbikes or tuk tuks. 

 

Therefore, we developed a lifting equipment that is 

able to move quickly (Mobile), makes it easier to 

load/load palm oil from the collection point onto the 

truck and is ergonomic for the workforce lifting palm 

oil. A model of Mobile Mini Crane is built in a simple 

manner with a hydraulic system-based drive motor in 

transporting fresh fruit bunches quickly and 

efficiently. The development of the Mini Crane model 

can maintain post-harvest quality of oil palm by 

supporting sustainable transportation management 

that is eco-friendly and energy efficient. 

 

The specific objective of this research is to create a 

means of transport that is able to move quickly 

(mobile), makes it easier to load or load FFB from 

TPH onto trucks and is ergonomic for laborers lifting 

palm fruit. 
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Materials and methods 

Research flow chart 

 

Mobile Mini Crane design flowchart 

 

Research methods 

Material Collection and Testing 

The materials collected for the manufacture of crane 

frames required iron and plates. Manufacture of 

hydraulic machines for propelling Mini Cranes is 

assembled with the main components namely 

cylinder hydraulic cylinders, pressure pistons, 

joystick-based handles, and latch hooks. Apart from 

that, a motorized wheel, namely Motor Viar Karya 

300, is needed for mobile transportation, and plastic 

nets with ropes for transporting fresh fruit bunches. 

Then material testing on plastic nets and ropes was 

carried out by means of a tensile test for the flexibility 

and resistance of the nets. The steel and plate 

material components are tested for material hardness 

for the durability of the frame and supporting legs 

during transportation. 

 

Prototyping 

Mini Crane fabrication is carried out by forming a frame 

and supporting legs. The hydraulic engine components, 

namely cylinder hydraulic cylinders, and pressure 

pistons are installed in the Mini Crane frame as the 

crane's driving machine. Hooks and nets are attached to 

the end frame of the Mobile Mini Crane. The Mini Crane 

control machine is semi-automatic and uses a joystick as 

a control device. The Mini Crane is installed on the 

motorized tricycle Cargo Carriage as a motor and 

transports the mini crane to the field. 

 
Mobile Mini Crane Testing 

The Mobile Mini Crane was tested in the laboratory 

with various series of test stages and direct field tests. 

The laboratory test consisted of a test bench test, a 

net carrying capacity test with a load, and a prototype 

quality test in the field. The test bench test that 

observes the durability and capability of the mini 

crane machine consists of 4 component stages, 

namely the Welding test, Hydraulic Flow test, 

Hydraulic strength test and deformation test. Then 

field testing as the last stage is carried out to test the 

prototype in actual field conditions or oil palm 

plantation land in observing the feasibility of the 

driving motor and all mini crane components. 

 

Results and discussion 

Discussion 

The design of the Mini Mobile Crane is to combine 

two modified tools/machines as a means of 

transporting FFB from the TPH to the truck to assist 

the oil palm fruit harvesters in lifting the FFB onto 

the truck so as to minimize work accidents. The 

components of the tools and machines used in the 

design are the Viar Motor Karya 300 as a harvest 

transportation vehicle, a mini crane hydraulic system 

as a means of moving and pulling hooks, and nets as 

containers for lifting fresh fruit bunches. These 

components are assembled into a Mobile Mini Crane. 

installed to the Motorized Tricycle Cargo Carriage. 

Mobile Mini Crane Design. 

 

 

Fig. 1. Mini Mobie Crane Design. 

 

Table 1. Dimension size of Mobile Mini Crane. 

Length 
Size(mm) 

Width 
Size(mm) 

Size 
Height(mm) 

3,940 1,200 1950 
 

Choosing a motorbike as a means of transportation 

from an economic perspective is cheaper than using a 

car or truck. Motorcycles are transportation that is 

widely used in Indonesia and are very suitable for 

terrain on various access roads. Motorbikes are the 

right choice for the location of large oil palm 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Start 

Raw material collection 
1. Raw material collection 
2. Purchasing and Producing Spare parts 
3. Raw material testing 

 

Prototype Evaluation 

Done 

Making Prototype 
1. Mini Crane Fabrication 
2. Mini crane control system fabrication 

Test Laboratory 
1. Test Test Benches 
2. Lift Test 
3. Quality Test 

Test Field 
Prototype test in actual 

conditions or in oil palm 
plantations 
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plantations with relatively narrow distances between 

the oil palm plantations. The selection of three-

wheeled motorbikes has strong power and 

modifications to the cargo section can be installed 

with a simple crane machine. The vehicle operates 

with a modern diesel engine which has great power 

and is economical in fuel consumption (Hoang 2020). 

Modern diesel engines are more environmentally 

friendly than previous generations of diesel, and their 

gas emissions are comparable to petrol-engined 

vehicles (Barrios et al., 2012; Cao and others 2019). 

The research design of Awaludin et al. on Three-

Wheeler Evacuation (Awaludin et al., 2015) and 

Mobile Bunch Catcher (MBC) (Awaludin et al., 2016) 

is the inspiration in our research in building a mobile 

mini crane. One of the designed mobile mini cranes 

uses a three-wheeled motor with diesel power based 

on three-wheeler evacuation and net baskets to 

transport and capture FFB based on MBC. 

 

a. Stand Hydraulic and Cylinder Hydraulic Crane 

Based on test bench testing on the manufacture of 

frames and crane hydraulic systems, hydraulic stands 

and hydraulic cylinder cranes can lift objects with a 

maximum weight of 4000kg. The Hydrolic Stand 

functions as a support to maintain stability when the 

tool operates with a capacity of 4 tons in one 

Hydraulic Cylinder, using flexible mounting feet so 

that it adapts to soil conditions in oil palm 

plantations. The following is a drawing of a Hydraulic 

Cylinder Stand. 

 

 

Fig. 2. hydraulic stand system design. 

 

This Hydraulic Cylinder Crane is located on the crane 

mast frame which functions to lift the crane upwards 

when the crane is operating. Cylinder Hydraulic 

Crane at the bottom has a capacity of 6 tons with a 

stroke length of 1 meter. 

 

Fig. 3. Cylinder Hydraulic Crane Design. 

 

• Tool moment calculation 

Calculation Formula 

W � L� � F � L� 

F �
w � l�

l�
 

 

Information  

W (weight) = load 

L� (weight arm) = load arm 

F (force)  = style 

L� (effort arm) = power arm 

 

Results 

F �
w � l�

l�
 

F �
400Kg � 400cm

80cm
� 2.000kg 

 

Hydraulic Pump 

Hydraulic pump as a tool to pump or push hydraulic 

oil which then fills the hydraulic cylinder. 

 

Drive Motor 

The hydraulic drive motor is a 14 HP diesel engine. 

The actuation of the crane lever is operated by a 

joystick using a dual axis controller equipped with a 

trigger button. The crane drive controller system is 

installed in the VIAR 300 three-wheeled motorcycle 

cargo so that the operating worker must turn around 

or get off first to run the crane. 

 

Diesel Engine Specifications: 

1. type   : MDX-192 FE 

2. ModelMachine  : OHV+4not 

3. Diameter x Step (mm) : 92 x 75 

4. Cylinder Capacity (cc) : 498 

5. Maximum Power (Hp) : 14 
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6. Average Speed (rpm) : 3000/36000 

7. Fuel Capacity (L)  : 5.5 

8. Engine Oil Capacity : 1.65 

9. Ignition System  : Starter Electric 

10. Net Weight (Kg)  : 55 

11.  Dimension (mm)  : 500 x 460 x 555 

 

Automatic Lock 

The Automatic Lock functions as a tool to remove the 

net automatically at the end of the Mini Crane. The 

Automatic Lock System is driven using an electrical 

system found on a three-wheeled motor. 

 

 

Fig. 4. Automatic lock system. 

 
Three Layers of Palm Fruit Netting 

The net is made with a length and width of 2 x 2m 

with a 3 layer net structure. The results of 

measurements in the field average weight of FFB 

25kg, with an average diameter of 55cm and the 

smallest diameter of 42cm, while the average loose 

fruit width is 2.3cm, and an average length of 3.6cm. 

 

 

Fig. 5. Layer 3 net (bottom). 

 

 

Fig. 6. Layer 2 net (middle). 

 

Fig. 7. Net layer 1 (Top). 

 

Based on the results of these measurements, the 

smallest net was made to hold loose brodolans so that 

they did not escape. The size of the net was 2.5 x 

2.5cm and the largest net was 40 x 40cm, so that the 

palm fruit shavings did not escape.  

 

Through experiments the nets made were able to lift 

an average FFB load of 15 FFB or 315kg. The design 

prototype still needs to be studied further, especially 

in optimizing the crane controller system so that it 

moves more responsively. 

 

Research result 

From the research and observations that have been 

made, several calculation results are obtained as follows: 

 

Comparison Results of Lifting FFB MMC and 

Manual methods 

 

Table 2. FFB Lifting Results MMC Method. 

Average 
FFB Batch/Day 
(Fruit) 

Average FFB 
Weight (Kg) 

Average time 
(Seconds) 

132 3607.7 27,6 

 

Table 3. Yield of FFB Lift by Manual Method. 

Average 
FFB Batch/Day 
(Fruit) 

Average FFB 
Weight (Kg) 

Average time 
(Seconds) 

221 3320 33,1 

 

ANOVA data results 

Anova data is processed using SPSS 25, and from data 

processing the following results are obtained: 



Int. J. Agron. Agri. R. 

 

Legowo et al.                                                                                                                    Page 16

Table 4. Statistical test results with SPSS 25. 

ANOVA 
 Sum of Squares df Mean Square F Sig. 
Time Between Groups 160436976.216 1 160436976.216 14,723 .000 

Within Groups 1242232872569 114 10896779.584   
Total 1402669848.784 115    

Number of FFB Between Groups .138 1 .138 .004 .947 
Within Groups 3582828 114 31,428   
Total 3582966 115    

 

From the results of statistical tests using SPSS 25, the 

results obtained from the analysis of the amount of 

FFB lifted were not different but the transportation 

time was different, the average manual FFB transport 

was 6164 (1.7 minutes) per TPH while with MMC it 

was 4988 (1.3 minutes) and the average manual 

lifting weight is 172kg and 234kg using the MMC. 

 

a. Economic Analysis 

Economic analysis is made based on the value of 

making tools to the depreciation value of tools, and 

from economic analysis the results are as follows: 

 

Tool manufacturing costs 

Table 5. Tool Manufacturing Costs 

Price of Three-Wheeled 
Motorcycles 

Rp. 47.150.000,- 

Other component costs Rp. 40,000,000,- 
Assembly Fee Rp. 10,000,000,- 
Total cost Rp. 97.150.000,- 

 

Equipment Depreciation Cost 

The depreciation value is formulated by 

Depreciation Value = Tool Price: Economic age x 2 = 

• Depreciation Value per year 

Depreciation Value = Rp. 97.150.000 ∶ 10 Year x 2

=  19.430.00 / Year 

• Depreciation value per day 

Rp. 19,430,000, - / 365 Days = Rp. 53,232 / Day 

• Depreciation Value perkg 

Rp. 53,232 / 4,525 = Rp. 12.75,-/Kg 

From the results of the economic analysis of the tool, 

the depreciation value of the tool is Rp. 12.75,-/Kg 

 
Net Depreciation Value 

Net Price Rp. 230.000,- 

 
Information : 

Lifespan of the net : 250 Days 

Average FFB batch : 234 Forces /day 

Depreciation Value = Rp. 230.000 ∶ 250 ∶ 234 

= Rp. 3,39/ transport 

Variable Cost 

Diesel fuel Rp. 27,200, - / day 
BBM Rp. 20,000,- / day 
Care Rp. 1923.08, - / day 
Operator Rp. 50.000,- / day 
Total cost Rp. 99,123.08- / hour 

  

Rp. 99,123.08 / 135 hours = 734.25 

Rp. 734.25: 234 = 3.24 /kg 

 

MMC operational costs 

Rp. 12.75 + 3.39 +3.24 /kg = Rp. 19.82,-/kg 

 

Literature Review 

The evacuation of oil palm Fresh Fruit Bunches (FFB) 

is currently starting to lead to mechanization of 

harvesting activities. Reasons for time efficiency and 

labor costs for harvesting harvests in the field have 

encouraged the development of crane grabber 

machines and special transportation for the palm oil 

industry. So that a lot of research has been developed 

related to mechanization of grabber machines and 

transportation for the palm oil industry in Southeast 

Asia (Choy and Hoak 2000; Harsawardana et al., 

2020; Aljawadi et al., 2021). The development of the 

Mini Tractor as transportation in a Compact 

Transporter was developed by Deraman and the 

team's research(Mohd Solah Deraman et al. 2006)to 

transport FFB in the field. A single chassis engine 

with four low-pressure tires, and a steering motor 

make it easy to move the Compact Transporter. 

Flexible maneuvers make it easier for the Compact 

Transporter to navigate narrow and bumpy terrain 

conditions. A Mini Tractor with Multipurpose Wheel 

Type Transporter named Rhyno was designed and 

used as a continuation of the development of the 

Compact Transporter (MS Deraman et al., 2013). The 

containers at Rhyno are equipped with a hydraulic 
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drive machine to move the harvested FFB to a storage 

area (bin). The Three Wheeler Evacuation utilizes a 

cargo motorbike with a diesel engine as the main 

vehicle in this transportation design (Awaludin et al., 

2015). These customized vehicles have a lot of power 

and are able to navigate narrow terrain compared to 

other transportation modifications for FFB 

evacuation. The need for fuel and the amount of labor 

absorption is more efficient than the modification of a 

diesel-powered Mini Truck on oil palm plantations. 

 

Mechanization with a hydraulic system to catch or 

take FFB directly from each palm tree is made in the 

form of a net basket and grabber. The hydraulic 

system is installed on vehicles transporting crops to 

speed up the evacuation of FFB in oil palm 

plantations (Sarip et al., 2020). Transport vehicles in 

the form of Mini Trucks are the most widely used in 

designing Mobile Mini Cranes for harvesting harvests 

(Aljawadi et al., 2021; Choy and Hoak 2000). The 

Mobile Crane Grabber design has been applied in oil 

palm plantations in previous studies, including the 

Grabber (Black and Ibrahim 1992), Mark 2 Grabber 

(Ahmad and Abd Rahim 1995), Wakfoot MK2 with 

Grabber (Ahmad and Abd Rahim 2000). The Mini 

Tractor is also installed with a Grabber engine with 

greater power and payload capacity. In Shuib et al. 

research. (Abd Rahim et al., 2020), the 4WD and 

6WD tractor engine drive systems are used to design 

the Mobile Mini Crane for TBS Grabber. Apart from 

grabbers, net baskets are used to catch palm fruit, 

especially those that will be released to the ground 

during harvesting. Awaluddin et al. (Awaludin et al., 

2016) developed a Mobile Bunch Catcher to catch 

loose FFB to help evacuate crops. The basis of 

transportation in the design is a diesel-powered Mini 

Truck with small dimensions. 

 

Conclusion 

The Mobile Crane design has been carried out to lift 

fresh fruit bunches of oil palm from the place where 

the results are stored onto the truck bed. The Mobile 

Mini Crane is a Postharvest Technology that is 

capable of helping harvesters to lift FFB onto the 

truck, thereby reducing the risk of work accidents and 

avoiding damage to the body. Especially the bones. 

Various pre-design trials and data analysis have been 

completed. Currently, the Mobile Crane prototype can 

transport a load of 20 units of fresh fruit bunches or 

the equivalent of 400kg. These results will be used as 

the basis for completion of construction. Prototype 

construction is still under development and 

optimization in the field to increase yield 

mobilization. The Mini Crane hydraulic system, which 

is still manual and semi-automatic, is still being 

developed towards full automation with the 

implementation of Artificial Intelligence (AI). From 

an ergonomic perspective, it can reduce the risk of 

fatigue to harvesters. Work performance of Mobile 

Mini Crane is more effective and efficient than 

manual labor. In terms of economic calculations, 

Mobile Mini Crane is much more efficient than 

manual labor with a price difference of Rp. 19.82/Kg. 
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