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Abstract

Manual labor for chopping Leucaena to prepare animal feed, particularly for beef cattle, remains a time-consuming
and inefficient process. Moreover, it can affect the consistency of Leucaena size, which impacts the digestion
efficiency of beef cattle. Therefore, this research aims to design and build a Leucaena shredding machine for beef
cattle feed, evaluate its performance, and study the payback period of the shredder. The study designed a Leucaena
shredder equipped with a 2-horsepower motor and three shredding blades. The machine was tested to assess its
performance by measuring the time taken to shred 2 kilograms of Leucaena and comparing the results with manual
shredding. The results showed that the developed Leucaena shredder reduced working time by 94% compared to

manual labor, with the machine taking an average of 61 seconds to shred 2 kilograms of Leucaena, while manual
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labor took an average of 952 seconds. Additionally, the Leucaena shredded by the machine was finer and more

uniform than that shredded by hand, which positively affects the digestion process in beef cattle. Economic analysis

revealed that the Leucaena shredder could achieve a payback period within 42 days when used for feeding seven

beef cattle, and the payback period shortens with an increased number of cattle. Therefore, this Leucaena shredder

is an efficient tool for improving farmers’ convenience, reducing animal feed production costs, and being effectively

utilized in medium to large-sized livestock farms.

Keywords: Leucaena, shredder, beef cattle
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n3zfi (Leucaena) @4 Figure 1 Fouilwlerts
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Table 1 Feeding Beef Cattle (Weight 500 kg) (q’i‘ﬁ
yryllss, 2558)

Type of Food kg/day Main Nutrients
Fresh Leucaena 10 Protein, Fiber
Ground Corn 3 Energy
Soybean Meal 1 Protein
Hay 2 Fiber, Energy
Mineral Supplements 0.5 Vitamins, Minerals

Clean Water Always Available -

Vlanagement Technology

Figure 1 Characteristics of Leucaena and Leucaena

Weight Measurement
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Spare Blades for Grass Shredder
Thickness 05 cm.

Width 25"

Length 9"

Figure 4 Components of the Leucaena Shredding

Blade Assembly
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Figure 5 Inlet of Leucaena Shredder
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Table 3 Input Parameters

Input Parameters Value
Number of Blades 3 blades
Shear Strength of Leucaena ( 7 ) 0.5 MPa
Diameter of Leucaena (d) 2cm
Cross-sectional Area (A) 3.14 x 10™ m?
Distance Between Blade and Shaft (7) 10 cm
Motor Speed (RPM) 1250 rpm
Shaft speed (RPM) 938 rpm
Motor Efficiency (n) 80%
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Table 4 Calculation Results

Calculation Result
Shear Force (F) 157 N
Torque (T') 15.7 Nm
Angular Velocity (o) 98.13 rad/s
Required Motor Power (P) 1.54 kW
Required Motor Power (HP) 2.07 HP
Actual Motor Power Required (2,,., ) 1.93 kw
Actual Motor Power Required (p ) 2.58 HP

actual

Inlet

Blade

Outlet

2 hp Motor
Structure P

Figure 6 Components of the Leucaena Shredder
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Required amount of Leucaena per day (kg)

Shredder working hours (hr) =

Machine capacity(kg / hr) x Efficiency

(6)

Electricity cost / day = Working hours (hr) x Power (kW)

x Electricity cost per unit (THB /unit)

(7)

Total Variable Costs = Labor cost for operating the shredder + Electricity cost (8)
Cost Savings | Day = (Cost of Manual Labor / day)—(Cost of Using Shredder / day) (9)
Payback Period ( days) _ Initial cost of the Leucaena shredder (10)

Cost saving / day
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Table 5 Comparison of Leucaena Branch Shredding
Tests: Manual Labor vs. Custom-Made

Leucaena Shredder Machine

Experi-ment Time to Shred Difference Difference

Number 2 kg of Leucaena (seconds) (%)
(seconds)
Labor Machine

1 900 65 835 93%

2 1020 59 961 94%

3 927 57 870 94%

4 910 60 850 93%

5 820 55 765 93%

6 950 65 885 93%

7 1030 68 962 93%

8 1050 65 985 94%

9 980 62 918 94%

10 940 55 885 94%
Average 952.70 61.10 891.60 94%

SD. 69.73 4.61 - -
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Table 6 Total Cost of a Leucaena Shredder

(Table 7) inmzldiaalumsdudaiuios uazaziuns
¥ 4 . X X
Yuiladnwinlaiianniu (Figure 8) laumInABAINT
wadlatiia 100 M uagltiedassunaunailnenisle
WaasAunum el 3 T S‘ﬁdmﬂmmmnsﬁn’m’mnsjm%a
dugurulunsdosdadle uaziuanldiaiasquiaed
AU laugaanRaInuuITBVed (Kamma et al.,
2020) fildvmanaweIssduiagiTineauazilien
naky wuinelansluns§uNsazaaaaiarnnisaulne
USuuN Uae (Chuchom & Lemkhun, 2022) 7ilavinnns
Wauwatadlanfudzsa wuinlszazamaunuud sl
¥ 4 .
muwuﬂmiﬂgﬂamm

Item Cost Unit
Fixed Costs
Initial cost of the Leucaena shredder 10,000 THB
Depreciation cost of the Leucaena shredder* 1,800 THB/year
Maintenance cost (5% of the shredder Initial cost) 500 THB/year
Total Fixed Costs 12,300 THB
Variable Costs
Labor cost for operating the shredder 300 THB/day
Electricity cost / day (8** hr. x 1.492 kw x 4***THB/unit) 47.74 THB/day
Total Variable Costs 347.74 THB/day
Total Costs per day (347.74 THB/day + (12,300 THB / 365 days) 381.44 THB/day

Note: *Residual value of the shredder at the end of year 5

** Depending on the number of beef cattle, but it is set to operate 8 hours per day.

*** Electricity cost / unit 4 THB/unit

Table 7 Payback Period Calculation for a Shredding Machine vs. Manual Labor

Manual Labor

Shredder

Number of Hours

Cost per Day =
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Number of Amount of Cost per (Amount of Leucae- [B*Motor Power * Dii.‘ferenc.e in Payback Period
Cattle Leu.caena Number of Worker (Baht na required * Electricity Cost Daily Savings (Days)
Required (kg)  workers Day) Leucaena shredding per Unit] + Labor  (Baht/Day)
capacity * 70% Cost for Machine
working efficiency Operator)

- - - A B (o D=C-A Fixed cost/D
1 10 1 300 0.12 300.72 (0.72) (17,001)
2 20 1 300 0.24 301.45 (1.45) (8,500)
3 30 1 300 0.36 302.17 (2.17) (5,667)
4 40 1 300 0.48 302.89 (2.89) (4,250)
5 50 1 300 0.61 303.62 (3.62) (3,400)
6 60 1 300 0.73 304.34 (4.34) (2,833)
7 70 2 600 0.85 305.06 295 42
8 80 2 600 0.97 305.79 294 42
9 90 2 600 1.09 306.51 293 42
10 100 2 600 1.21 307.24 293 42
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Payback Period of the Leucaena Shredder (days)

Duration (days)

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

Number of Beef Cattle (head)

Figure 7 Payback Period of the Leucaena Shredder
Compared to the Number of Beef Cattle
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