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Figure 1 (a) Map of rubber cultivation in Thailand and (b) cultivation radius in the south.
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Figure 2 Expected trends in the production of rubber wood.
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Table 1 Proximate and ultimate analysis of rubber wood and wood chips

Characterization Rubber wood Woodchip
Proximate Analysis
Moisture 10-12 % 20-50 %
Volatile matter 78-80 % 70-85 %
Fixed carbon 17-19 % 2-12 %
Ash 0.5-1.5 % 0.5-5.0 %

Heating value

4,200-4,500 kcal/kg

3,000-8,500 kcal/kg

Ultimate analysis

Carbon 49.5-51.5 % 45-50 %
Hydrogen 5.5-6.5 % 5-7 %
Nitrogen 0.2-0.3 % 0.1-0.5 %
Sulfur <0.1 % <0.1 %
Oxygen 42-44 % 35-40 %
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Figure 3 Characteristics of sending shredded wood chips to 6-wheel trucks

80 HP diesel engine
Cylinder volume 2488 cc
Continuous horsepower 80 PS
Maximum torque 66 Nm

at 2200 RPM
Engine net weight 340 kg
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Figure 4 Preliminary drawings of the prototype system of the mobile rubber wood shredding system.

Figure 5 Preliminary drawing of the screw assembly to carry wood chips through the ejection blower to the delivery pipe.
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Figure 6 Preliminary drawings of a rotating squirrel-cage wood chipper set.

Squirrel
cage
blade

Set to pull the wooden rod into
the chopping hole.
(Sawing plate rotor rotary feeder)

Figure 9 Squirrel cage wood shredding system.
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Table 2 Physical characteristics of Para wood

LazvUInvesTanLadsdie3snng Sieve analysis Inonnsinden
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nedsuvLImeyMalade lddeyanismaasudanandly Table

Physical appearance Value
Diameter (cm) 4.41+0.53
Length (cm) 98.08+1.19
Weight per piece (kg) 2.05+0.42
Moisture (%w) 30.00+1.76
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Figure 10 Relationship between chopping cycle speed and efficiency.
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Figure 11 Relationship between chopper speed and performance and power consumption.
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Table 3 Average particle test results

Chopping cycle speed (rpm)

Average particle size (mm)

1000
2000
3000
4000

4.26+1.01
4.07+1.02
4.03+1.01
3.83+1.01
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"Lﬁﬂizﬁwﬁmwmiﬁwwa&;ﬂ'ﬁ' 75.82+1.65% 81.95+1.69°,
94.52+1.96° uay 93.11+2.46° Wasidud 1afuimnisiiu
WomdndudluluudazrYasenndeu Andusnsduuaos
W99 0.75+0.067, 0.81+0.06%, 0.86+0.05%° Lay 0.95+0.06"
Ansrafy N30 24.71+2.14°% 26.68+1.87%°, 28.33+1.50% Lay
31.29+2.07° unseduy (Hfufeasiai 32.94 unseans)
TneusiazAnaiingaan fianuuanenansadaitedfey 0.05
eviinsmegeumateyniaads feifnisTavuiauuy
ATULNTY (Sieve analysis) TduavuIneun1ALad o 1y 1Fy
4.26+1.01, 4.07+1.02, 4.03+1.01 uay 3.83+1.01 Aadiuns 89

Table 4 Calculation of the break-even point of the machine
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Details

The pickup truck is equipped with a set of equipment

Production capacity

16.128 tons per day

Daily income

(at the price of 1,000 baht per ton) AL
Energy expenditure per day 750 baht
Transportation expenses per day 528 baht
Labor cost per day 900 baht
Average daily depreciation and maintenance 290 baht
Total expenses per day 2,468 baht
Net profit per day 13,660 baht

Net profit per month
Net profit per year

300,520 baht
3,606,240 baht
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Article history ABSTRACT

Received: 30 May 2023 The purpose of this research is designing and establishing a prototype of a mobile rubber wood
Revised: 22 June 2023 shredding system. The study involved examining the characteristics of a set of chopper blades in a
Accepted: 29 June 2023 squirrel cage wood shredding system and testing various factors of the machine. These factors
Online published: 8 August 2023 included the chopping speeds, which were tested at four levels: 1000, 2000, 3000, and 4000
Keyword revolutions per minute (representing linear speeds of 20.9, 41.9, 62.8, and 83.7 metres per second)
Rubber respectively. Rubber trees obtained from pruning and leftover wood in the plantation area were
Rubber wood used as raw materials. The physical characteristics of the rubber wood were recorded, including a
Rubber wood fuel diameter of 4.41+0.53 cm and a wood moisture content of 30.00+1.76 percent (wet base). After
Wood chlppe_r testing the various factors of the machine, it is determined that the maximum efficiency achieved
Wood shredding system was 94.52 percent, representing a maximum capacity of the machine equal to 3.51 tonnes per hour

(with an average of 2.65 tons per hour). The energy consumption rate is measured at 28.33 Thailand
Baht per tonne (diesel fuel at 32.94 Thailand Baht per litre). The average particle size obtained
from the sieve analysis was 4.03 + 1.01 mm, which was the test data for the optimal chopping speed
factor of the machine at 3000 rpm. This speed is found to be suitable for handling wood chips from
fallen or pruned rubber trees in rubber plantations. The system works in conjunction with a lorry
to pack and transport the wood chips to factories requiring fuel from shredded rubber wood in a
timely manner.

“Corresponding author

E—mail address: somsukrmu@gmail.com (S. Trisupakitti)

Online print: 8 August 2023 Copyright © 2023. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat
Maha Sarakham University. https://doi.org/10.14456/paj.2023.21



