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.), locally known as ’sibuyas,’ is arguably one of the most essential culinary ingredients, not only in
s0 worldwide. According to an article in Helgi Library, onion consumption per capita reached 2.29 kg in
®ines [1]. During the same year, the country produced approximately 222.1 thousand metric tons of onions.
e cultivated in 22 provinces across the country, with Central Luzon contributing significantly, accounting for 51.9% of

rank secénd, comprising 42.4%, followed by the Ilocos Region at 2.6%. The most commonly grown varieties include red creole,
yellow granex, and shallots or multipliers. The Philippine Statistics Authority stated that the peak onion harvest in Oriental
Mindoro occurred in the municipality of Bulalacao in 2016, with an average yield of 7.2 MT/ha. According to benchmarking
results, the product was exported to neighboring provinces such as Iloilo and Bacolod for further market utilization. With the
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enactment of the Agricultural and Fisheries Mechanization Act Law in 2013, continuous and extensive mechanization and
modernization programs in agriculture have been implemented. According to Niravkumar Bulsara, data have been provided
and updated for major crops, but not for onion crops. Harvesting and postharvest operations in onion production are still largely
manual, with mechanical power only being utilized during hauling [2]]. Tasks such as pulling onions, cutting stems and roots,
cleaning, and bagging are all performed entirely manually with the assistance of small hand tools. The removal of onion of
stems and leaves and roots requires the most labor in onion cultivation and management, and it is still manual operation [3].

At the present times onion are processed by hand labor after harvest to remove leaves and roots. This operggon is referr®

including excess soil. Accordingly, the standard practice for trimming the foliage is
neck [8]. A single person can cut 10 bags of red onions in a day, and it takes 30 pe . en that one red

of time and labor. Hence, the main objective of this study was to deyffop a red onion (Allium§pa L.) stem cutting machine.
Specifically, the study aimed to design the machine using locally av@lable materials and fabricate it using local manufacturing
technology. The performance of the machine was evaluated based o cutting capacityind cutting efficiency. Additionally, the
electrical consumption of the red onion stem cutting machine was ¢ ated, and a sighple cost analysis of using the machine
was conducted.

2 | METHODS

2.1 | Conceptualization of the study

ludes the removal of excess soil, trimming foliage, leaving a 2.5 cm
le layer on a large flat tray [8]]. Figure 1 illustrates the study’s conceptual
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FIGURE 1 Conceptual Framework of the study
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2.2 | Prior Arts

Prior research served as the foundation for designing and conceptualizing this machine. In the Philippines, there’s a notable
absence of locally developed machines for onion leaf cutting. Consequently, post-harvest onion leaf cutting heavily depends on
manual labor, as confirmed during field visits. Although there are some onion leaf cutting machines available, they are primarily
sourced from overseas, making them challenging to obtain and costly. Table 1 shows the existing machines used for onion leaf
cutting, along with their specifications, features, and/or prices.

TABLE 1 Existing Onion leaf-cutting machine

NO. MACHINE/DEVICE SPECIFICATIONS/FEATURES/P

Specifications

e Model Name: TK-3
e Length (mm): 780

Otake Onion Roots and o Wi_dth (mm): 355
Leaves Cutting Machine e Height (mm): 703
TK-3 [9] o Weight (kg): 4

[ Toedmey -, ;

Leavedength (mm) longer than 100
Dried onions only

Php120,700.00

pecifications

Specially designed for cutting the leaf and root
of fresh onion and dry onion. The worker needs
to put the onion with leaf into the machine
inlet hand one by one; it’s very suitable for

for fieldwork. The cutting depth can be adjusted
according to the different sizes of the onion.

If experienced worker, hourly capacity can
reach up to 2000-3000kg

Model: RM-RLC2

Type: Double Inlet Port

Power: 0.37kW

Dimension: 1100 x 800 x 1300mm

Price:
Php35,000.00
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Table 1 continued from previous page
NO. MACHINE/DEVICE SPECIFICATIONS/FEATURES/PRICE

Advantages

To reduce Human effort and Labor costs.
To replace the traditional method with an efficient op

to the operator.
Designed and fabricated a semi-autom;
help the farmers sort out the onion
It will reduce the yielding cost
increase their profit in tradin

Onion Leaf Cutting Machine [3]

PULLEY

f €§ELT CONVEYOR

3 CUTTER

(K
yf/,

GUIDE PLATE

rural areas, there is a load-shedding problem.
aintenance is required.
The setup cost is high.

Application
It is generally used for cutting off onion, beat,
garlic leaves, and vegetables.

Legend

1-Toppling mechanism
2-Sprocket chain drive
3-Holding devices
4-Guideways

5-Motor

6-Disk type shoot cutter
7-Chain tightening mechanism




2.3 | Design and fabrication of the machine

The major components of the machine include counter-rotating blades, a counter-rotating gear, a handle, a frame assembly, a
collecting bin, wheels, ventilation, and a power transmission assembly. Based on the results of interviews, workers who manually
cut onion stems have no reference for the proper cutting measurements. A person can cut ten (10) bags of red onions in one (1)
day. Therefore, the machine was designed to achieve a 2.5 cm to 5 cm cut from the bulb using a stopper. Figure 2 displays the
perspective view of the red onion stem cutting machine.

9 g

FIGURE 2 Red Onion (Allium cepa L.) Stem Cuttin Design an ive View.

2.3.1 | Counter-rotating blades
The machine consists of two counter-rotating blades, as depicted in
to the gears via a shaft. The onion stem is wedged between these two
counter-rotating blades is dependent on the power trans

re 3, which argfmade from stainless steel and attached
#into the desired size. The rotation of the

2.3.2 | Power

The machine is

lacemient of the battery. The power transmission assembly, as depicted in Figure 4, efficiently
the moving components of the machine, including the shafts, pulleys, gears, and blades. The

a®

FIGURE 4 Perspective View of Power Transmission Assembly of Red Onion Stem Cutting Machine.
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The design of the power transmission was calculated with the used of the following formulas [11],[12],[13]:

N,D,=N,D, (1)

where N, is the diameter of the driver (motor); N, = diameter of the driven shaft (machine); D, is the speed of the driver
(motor) (rpm); D, = speed of the driven shaft (machine) (rpm).

D, + D,)?
Bur DS
4C
where L is the length of the belt (mm); C = distance between centers of pulleys (mm); D; = pitch of t§
Dg = pitchdiameter of the small pulley (mm).

L=2C+%(DL+DS)+

arge pulley (mnh

b+ /b2 —-32(D;, — D)?
_ "'\/ 16( L s) 3)

where C is the center distance; D; = pitchdiameter of the large pulley (mm); D¢ = pit
b=4L, - 6.28(D; — Dy); Lg = standardbeltlength.

2.3.3 | Frame assembly

The frame serves as the enclosure for the machine. The frame assembly of tf i of metal pipes and flat metal, as
illustrated in Figure 5. The machine’s cover is constructed from stainles
and left sides of the frame to prevent motor overheating. All compone
to ensure the safe operation of the machine. During operation, it is ¢ i nd various loads and vibrations.

pdrlodulus, the followmg formula was employed:

1
= — 5
z Y )
where Z}¥F Section modulus of hollow pipe; Y is the distance from Neutral Axis, mm; I = Moment of Inertia, N.mm.y

To solve for the ratio of gyration:

VD, +d
k=# (6)

where k = radius of gyration; D = outside diameter of the hollow pipe; d = inside diameter of the hollow pipe.



2.3.4 | Spur gears

The machine employed steel metal spur gears, shown in Figure 6. The driven pulley was connected to the gears via a shaft, and
as the gears rotated, the attached blades also rotated. The number of teeth on the spur gear determined the speed at which the
blades rotated [14]]. Detailed calculations for the spur gear design can be found in Table 2.

FIGURE 6 Counter-rotating gears of red onion stem cutting

TABLE 2 Spur Gear equations

TO OBTAIN GIVEN FORMULA

Module Circular pitch

Number of teeth and pitch didter Pitchdiameter
Numbero fteet
Pitch diameter Number of teeth x Module
Number of teeth Pitchdiameter
Module

1.5078 x Module
Add 2 addendums to the pitch diameter
Coarser than 1.0583 module, 2.35 x module
addendum = module
dedendum = 1.25xmodule
Subtract two addendums from the whole depth

Tooth thickness of the pitch line

Outside diameter
Minimum whole depth
Addendum
Dedendum
Clearance

f teeth of driver and driven gear, module(t,andt,)
t, and t; Module 2

to detertiine which means performed best in terms of cutting capacity and efficiency. Other measured, observed, and computed
items included: (a) machine capacity, (b) the number of cleanly cut onions (2.5 cm to 5 cm in length from the bulb), (c) the
number of uncut/damaged onions (<2.5 cm and >5 cm in length from the bulb), and (d) the energy consumption of the machine.
The test materials used during the evaluation were onions from Bulalacao, Oriental Mindoro, with fifteen (15) kilograms of
onions utilized in each replication of the treatment.
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The following formulas were utilized for the purpose of this study. It was adopted from the Philippine Agricultural Engineering
Standards (PAES):

For the input capacity of the device the formula used [15]]:

CGi=—F )

where C, is the Input Capacity, Kg/hr; W; = Weight of Input Materials, Kg; T = Operating Time, hr.
The Efficiency of the machine was computed using the formula:

N

W
E,=—x100 ()
I/I/;
where E is the cutting Efficiency, K g; W, = Weight of cutted Materials, K g; W; = Weigh
For the electrical energy demand of the device, the working formula used [16]:

_PixT
7

1

E,

)

where E, is the Energy Demand, kW — hr /kg; P, = Power Input, Kw; T =
Kg.

3 | RESULTS AND DISCUSSION

y W, = Weight of Input Material,

3.1 | Description of the machine

The developed Red Onion Stem Cutting Machine, as shggn in Figure s the issues faced by local onion farmers.
mm in width. The machine is constructed from

sinput chute, collecting bin, frame, handle, ventilation,

1 | Input Chute

2 | Collecting Bin

3 | Frame

4 | Handle

5 | Ventilation

6 | Wheels

FIGURE 7 Perspective view of the fabricated machine.



FIGURE 8 The (a) freshly harvested onions and (b) the cut onions by the gffachin

TABLE 3 Specification of the Red onion cutting ine.
ITEM SPECIF TI
Main structure
Overall dimensions, mm
Length 750

Width 525
Height 1000
Weight, kg 25

Power Transmission system
V-Pulley diameter, single groove
V- Pulley ingle groove
V-belts

Gear 12'8%nm outside diameter, 32 teeth, AISI 1045
Shafts T diameter, ASTM A36 Steel
Cutting Assembly

mm diameter, Imm thickness, Stainless Steel 304

0.186kW, Single Phase
1mm thickness checkered Stainless
25mm hollow steel tube

57.91 kg/hr
95.51%

95.51% ¥ a total operating time of 15.81 minutes. However, the analysis of variance shows that there is no significant difference
in the cutting capacity and efficiency of the device when subjected to different shaft speeds of 440, 660, and 990 RPM. The result
might align with a study in 1987, which concluded that cutting speed slightly affected cutting power [17]. The study noted that
power losses resulting from material acceleration often increased with higher cutting speeds. Additionally, in Ibrahim’s study
titled Development of a garlic root and stem cutting machine,” found that the most suitable conditions for optimizing cutting
performance were observed at combinations of knife speeds ranging from 8.5 to 20.5 m/s or 406 to 979 RPM [3]].
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TABLE 4 The performance of red onion (Allium cepa L.) stem cutting machine

440RPM 660RPM 990RPM
R1 R2 R3 R1 R2 R3 R1 R2 R3
Clean-cut (kg) 12.228 12.824 12.378 11456 11922 10.638 11.9 12.242  12.336

Uncut/Damaged (kg)  0.038  0.588  0.38 0468 0378 0354 0.166  0.622

Time of Operation 1608 17.44 148  13.02 1638 18.04 2038 15.1

(minutes)
Energy Demand 0.0048 0.0048 0.0052 0.0036 0.0044 0.0047 0.0052
Cutting Efficiency (%) 99.69 9648  98.68 95.12 9693 9448 9691
Cutting Capacity

55.56  51.72 60 68.18 5556 50
(kg/hr)

3.3 | Cost Analysis

A simple financial analysis was conducted to assess the feasibility of the Qf the machine is Php
17,840.00, which includes the total material cost and fabrication cost. The g i the machine is at least 5 years,
with a salvage value of 10% of the initial cost. The minimum wage in
assumptions based on the data gathered. Table 6 presents the cost
curve of using the machine.

TABLE 5 Assu

Cutting Capacity
Cutting Efficiency
Wage/Labor (Or. Min
Number of Operat
Operating Time

Php 320/day @ 8 hours of operation per day

8 hours

480 hours
0.186425 kW
Php 1.30/kg
Php 17,840.00

ABLE 6 Cost Analysis of using the machine

PARTICULARS
» Annual Fixed Cost Php 4058.60/yr
Depreciation Php 3211.20/yr
Interest on Investment Php 490.60/yr
Tax and Insurance Php 356.80/yr
2. Variable Cost Php 21121.07/hr
Operator’s Wage Php 19200.00/yr
Repair and Maintenance Php 892.00/yr
Power Cost Php 1029.06/yr
3. Breakeven Point 7,513.67kg

3. Annual Revenue Php 31618.86/yr




4. Net Income Php 6439.19/yr
5. Payback Period 2.49348 yrs (2 Y2 harvesting seasons)
6. Rate of Return 25.57%.
2.5
——— Custom Rate

: \ ——— Cost Curve

Custom rate, 1.3 Php'kg

14000

This achievement holds subst; & onion harvesting and post-harvest processes. Secondly, the total
17,840, utilizing locally available materials. This cost-effectiveness enhances

ts to only 0.046 Php/kg, reinforcing its cost-effectiveness. Lastly, the machine exhibits
a break-even point of 7,513.672 kg/year and a rate of return of 25.57%. The payback period is
ve (5) months, equivalent to two (2) and a half harvesting seasons. These financial indicators
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