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Development of a Mini Ginger Chopping Machine

Marjun E. Caguay’
Institute of Agricultural and Biosystems Engineering, Mindoro State University

Abstract: In the Philippines, ginger processing operations, especially in small and medium-scale processing centers, require
significant time, financial investment, and effort. This is primarily due to the lack of affordable and cost-effective chopping
machines specifically designed for ginger processing. Consequently, the objective of the study was to develop a mini ginger
chopping machine that addresses these constraints and meets the requirements of local ginger processors and workers.

The machine was composed of five major parts: the hopper, chopping chamber, power transmission system, prime mover, and
frame. Locally produced ginger was used as test materials for the experiments, which included three treatment speeds: 250, 350,
and 450 rpm. The experiment was conducted using a completely randomized design (CRD), and the performance parameters of
the machine were analyzed using an analysis of variance (ANOVA) test. Furthermore, a least significant difference (LSD) test
was employed to compare the means, with a 5% significance level. The results demonstrated that the highest chopping capacity
of 38.6 kg/hr was achieved at a shaft speed of 450 rpm, with a chopping efficiency of 96.13%. However, a significant portion of
the device's inefficiency stemmed from the presence of unchipped materials, amounting to 2.74% of the total inputted test
materials. The majority of the product sizes ranged from 2 to 4 mm, indicating consistency in the chopping process. A cost
analysis revealed that the machine needed to process a total of 649.5 kg of ginger to reach the breakeven point, considering a
custom rate of Php 2/kg. With an initial investment cost of Php 8,000, the machine could recoup this investment in just 3.36
months (equivalent to 74 working days), and additionally provide a net income of Php 21,641.55 per year to ginger processors.
Keywords: Chopping machine, Ginger Processing, time and cost efficiency, performance analysis, Market Feasibility

L. INTRODUCTION

Ginger (Zingiber officinale) is a globally renowned spice cultivated in various countries worldwide, including China, India, Nigeria,
Nepal, Bangladesh, Japan, Thailand, Philippines, Cameroon, Sri Lanka, Korea, and Fiji. It is widely utilized in both its fresh form
(Green Ginger) and dried form (Dry Ginger). In many Asian cultures, both types of ginger are commonly added to teas to enhance
flavor and for their associated health benefits. Ginger possesses essential oils, namely Oleoresin and Gingerol, which contribute to
its distinct characteristics. These oils make ginger highly valuable in the food industry as a spice for flavoring curries, as well as in
the beverage, perfume, and medicinal industries. The versatility of ginger and the presence of these unique oils have established its
widespread use and demand across various sectors [4]. Freshly harvested ginger typically contains a moisture content ranging from
80% to 85%. However, for the purpose of storage, ginger is dried to achieve a moisture content of approximately 10% to 12%. This
drying process helps to prolong its shelf life and maintain its quality during storage [1] [2]. The harvest of ginger takes place
approximately 8-9 months after planting, specifically for the purpose of processing it into dried ginger. Once harvested, the fresh
ginger undergoes several post-harvest processes, including washing, peeling, killing (a process to prevent sprouting), and finally,
either slicing or dicing. These steps are crucial in preparing the ginger for further processing and storage [5][7]-

Size reduction is a critical step in the processing of fresh ginger as it reduces the time required for drying and minimizes energy
consumption. Slicing and dicing are the primary methods employed for pulverizing ginger rhizomes. When ginger is sliced, it can
be dried in a cross-flow drier within 5 to 6 hours, whereas drying scraped whole ginger using the same equipment and conditions
takes approximately 16 to 18 hours. This significant difference in drying time makes sliced ginger a preferred choice, especially for
the export market, due to the high demand for value-added products in the international market [3][9]. The mechanization of the
slicing procedure is imperative to address the challenges posed by labor shortages in the ginger processing industry. However,
existing vegetable slicers available in the market are not suitable for ginger slicing due to certain limitations and drawbacks. One of
the key factors to consider is the unique morphological characteristics of ginger rhizomes, which contain long and sturdy fibers in
their flesh. These fibers possess the ability to withstand the cutting forces applied during slicing, making it necessary to develop
specialized machines tailored specifically for ginger slicing [10][11]. The vegetable cutters currently available in the market are
primarily designed for non-fibrous vegetables like potatoes and carrots, which require relatively lower cutting forces. If these cutting
machines were to be used for ginger, the blades would be susceptible to damage and would need frequent replacement. Additionally,
the cost of these available machines is typically high. As a result, small-scale industries may face limitations in investing in such
expensive equipment, leading them to rely predominantly on manual labor for ginger processing operations.
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Based on the benchmarking conducted, it has been observed that the vegetable cutters available in the market are specifically
designed for non-fibrous vegetables such as potatoes and carrots, which necessitate lower cutting forces. However, when these
cutting machines are used for ginger, the blades are prone to damage and require frequent replacement. Furthermore, the high cost
of these machines poses another challenge. Small-scale industries often lack the capacity to invest in such expensive equipment,
leading them to rely predominantly on manual labor for ginger processing operations.

After conducting preliminary activities, it was identified that processing centers face two major challenges that require attention:
manual washing and manual chopping or slicing of ginger produce. According to interviews conducted, daily production levels
fluctuate between 50 and 200 kg of fresh ginger when slicing is performed manually. Currently, laborers rely on kitchen knives for
these tasks, resulting in low productivity and efficiency, inconsistent sizes of cuts, and an increased risk of harm or injuries to
workers. These issues highlight the pressing need for improved methods and equipment to enhance productivity and ensure worker
safety in ginger processing centers.

The limited quantity of ginger that can be processed manually each day directly affects the income of both the workers and the
processing center. Introducing mechanical slicing of ginger can address the challenges associated with manual labor and transform it
into a commercially viable production process. By automating the slicing task, the machine can significantly reduce the time
required for slicing the product before it is subjected to the juicer machine, thereby lowering labor costs. Additionally, the machine
is designed to be user-friendly and safe, ensuring a more efficient and secure processing experience.

Therefore, the objective of this study is to develop a mini ginger chopping machine with the aim of enhancing production and
increasing the income of processing centers engaged in ginger processing and production. By introducing this innovative machine, it
is anticipated that productivity levels will rise, leading to improved financial outcomes for the processing centers.

Il.  OBJECTIVESOFTHE STUDY
The general objective of the study was to develop a mini ginger chopping machine. Specifically, the study aimed to:
1) Design a mini ginger slicer using locally available materials;
2) Fabricate the machine using local manufacturing technology;
3) Evaluate the performance of the device in terms of chopping capacity and chopping efficiency;
4) Analyze the cost of using the machine.

1. MATERIALS AND METHODS
A. Conceptualization of the Study
The design conceptualization of this study was driven by the feedback and concerns expressed by the turmeric and ginger
processing centers during interviews. Based on the information gathered, it was observed that the processing centers typically resort
to manual chopping of the produce before subjecting it to the juicer machine. This manual process is time-consuming and labor-
intensive. To overcome these challenges, the study aimed to design and develop a mini ginger slicer machine that utilizes locally
available materials and machine technology. By introducing this machine, the goal is to streamline the processing operations and
improve efficiency in ginger slicing, addressing the concerns raised by the processing centers.
Figure 1 illustrates the conceptual framework of the study, utilizing the input-process-output method. The framework revolves
around the overarching objective of developing a mini ginger slicing machine. This serves as the foundation for the study, guiding
the input variables, the processes involved in designing and developing the machine, and the desired outputs or outcomes to be
achieved.

INPUT PROCESS OUTPUT
1. Literatures, IP search, 1. Design conceplualization, 1. 2D and 3D Design
design considerations, design analysis, design plan of the Mini Ginger
Autodesk Inventor Calculations Chopping machine
2. Design plan ol the — 2. Fabrication of the 2. _Miui . Ginger
macﬁu:l;censed N \\ machine using local N N \_ | Chopping machine
manufacturer, locally N manufacturing technology .
available materials P
" [ 3. Preliminary Testing, / 3. Machine operating
3. Mini Ginger Chopping ) / Adjustments, Tinal Testing / performance, energy

machine and Performance demand  and other

LCvaluation assumptions

4. Machine operating

4. Cost analysis
performance, energy

4. Machine annual cost,
break-even point and
payback period

demand and other
assumplions

Fig. 1 Conceptual framework of the study
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B. Design and Fabrication of the Machine

The design of the mini ginger chopping machine was influenced by the daily volume of fresh ginger handled by ginger processors.
It consists of five main components: the hopper, chopping chamber, power transmission, prime mover, and frame. The machine was
constructed using various materials such as an electric motor, v-belts, v-pulleys, pillow blocks, square and angular bars, bolts and
nuts, flat sheets, MS plate, and shafts. The figure below depicts the isometric and exploded view design of the mini ginger chopping
machine.

Fig.2 Mini Ginger Chopping Machine Design and Exploded View

1) Hopper

The hopper was constructed using a G.1 steel sheet, which was carefully chosen to handle the materials being fed into the machine.
It not only accommodates the materials but also acts as a protective guard, preventing the chopped materials from escaping the
chopping chamber and scattering around. The dimensions of the hopper were determined using the formula for calculating the
volume of a rectangular prism, as shown in the equation below.

Fig.3 Hopper Assembly Design
V=LxWxH Q)

Where: V = Volume of the rectangular prism, mm?®
L = Length of the hopper, mm
W = Width of the hopper, mm
H = Height of the hopper, mm

G.1 steel sheet has a yield strength of 470MPa. Based from this and the estimated load that the hopper will support; the thickness
of the G.I. steel sheet was calculated using the basic equation of:

P
°TA

Where: ¢ = Allowable stress, MPa
P =Load, N
A = Area, mm?
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2) Chopping Chamber and Blade Assembly
This particular component serves the purpose of securing, safeguarding, and enclosing the blade assembly, which includes both the
blade and shafts. The designs and calculations for this part were conducted on a part-by-part or component-specific basis.

a) Blade Assembly
To effectively slice through the flesh of fresh ginger, a cutting force of 31.56N was determined as necessary. The blade assembly
design of the machine is illustrated in Figure 5.

Fig. 4 Blade Assembly Design

b) Transmission System
The capacity of the electric motor used in the machine was based on the computed torque acting on the blade assembly. It was
calculated using equation 3 and 4.

P=27TN (3)

Where: P = Power, Hp
T = Torque, N.mm
N = Speed, rpm

N1D1 = N2D2 (4)

Where: N1 = Speed of the driver pulley, RPM
D2 = Diameter of the driver pulley, mm
N2 = Speed of the driven pulley
D2 = Diameter of the driven pulley

C. Performance test and evaluation

During the testing and evaluation phase, two kilograms of ginger were utilized in each trial. Each sample was fed into the machine
while the blade operated at various speeds (rpm). The experimentation involved three replications, with each replication consisting
of three different treatments. To ensure reliable results, a minimum of three test trials, lasting at least 15 minutes per trial, were
conducted. After each trial, the sliced ginger was weighed. The machine's capacity and efficiency for each treatment were calculated
using the following equation. [8]:

Wi
cc=— -

Where: CC = Chopping Capacity, kg/hr
Wi = Weight of input material, kg
To = Total operating time, hr

- Wi-We x 100

wi (6)

CE
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Where: CE = Chopping efficiency, %
Wc = Weight of crushed chips in the sample, g
Wi = Weight of chipped sample, g

IV.  RESULTSAND DISCUSSION
A. Description of the Machine
The ginger rhizomes will be introduced into the hopper and guided towards the rotating cutting disc. This cutting disc is directly
connected to the rotating shaft, which is driven by a 0.25 horsepower electric motor. As the ginger rhizomes are continuously fed
into the hopper, they will undergo the chipping/slicing process within the chopping chamber. The chipped ginger will then descend
into the discharge chute under the influence of gravity. Figure 7 and 8 depict the constructed mini ginger chopping machine and a
sample of freshly chopped ginger, respectively. Additionally, Table 2 provides the specifications of the machine.

TIOE

Fig. 8 Chopped /sliced Fresh Ginger
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TABLE I
SPECIFICATIONS OF THE MINI GINGER CHOPPING MACHINE
Particular SPECIFICATION
Main structure
Overall dimensions, mm
Length 390
Width 310
Height 680
Weight, kg 10
Hopper 2mm thickness
Power Transmission system
V-Pulley 152.4mm diameter
V- Pulley 50.8mm diameter
Chopping Chamber Assembly
Chopping Blades Assembly 150mm diameter
Shaft 12mm diameter
Prime Mover
Electric Motor 0.186kW, Single Phase
Frame Assembly 50.8 x 50.8 x 3mm thickness
Machine Performance
Chopping Capacity 38.6 kg/hr
Chopping Efficiency 96.13%
Number of Operator/s 1 Person

B. Fabrication of the device

Initially, an initial design was created for the fabrication process. However, certain modifications were made to specific parts of the
machine to achieve the desired chopping capacity of 25kg/hr and chopping efficiency of 90%. It is worth noting that all parts and
components were fabricated using locally available materials and technology, ensuring practicality and accessibility in the
manufacturing process.

C. Performance of the machine

The machine underwent evaluation to assess its chopping capacity and chopping efficiency, considering the impact of varying shaft
speeds (250RPM, 350RPM, and 450RPM). The obtained results were subjected to statistical analysis using the Statistical Tool for
Agricultural Research (STAR), enabling a comprehensive examination and interpretation of the data.

D. Performance Evaluation of the Designed and Fabricated Mini Ginger Slicer Machine

The performance of the designed and fabricated mini ginger slicer machine was evaluated to determine its chipping capacity in
terms of kg/hr. Table 1 shows the parameters collected during the testing and evaluation of the mini ginger slicer. It was found out
that the chipping capacity and efficiency of the designed and fabricated mini ginger slicer machine was 38.6kg/hr and 96.13 percent
at 450rpm. The total operating time was 0.053 hours.

TABLE 2
THE PERFORMANCE OF A MINI GINGER SLICER MACHINE
Darticular 250RPM 350RPM 450RPM
R1 R2 R3 R1 R2 R3 R1 R2 R3

Input (k) 2 2 2 2 2 2 2 2 2
Output (kg) 1924 | 1924 | 1.901 | 1.826 | 1.84 | 1.863 | 1.813 | 1.87 | 1.846
Crushed (kg) 0.055 | 0.054 | 0.051 | 0.064 | 0.07 | 0.066 | 0.074 | 0.063 | 0.077
Time of Operation (hours) 0.0735 | 0.076 | 0.074 | 0.061 | 0.06 | 0.059 | 0.055 | 0.053 | 0.051
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Chipping Efficiency (%) 0.0735 | 0.076 | 0.074 | 0.061 | 0.06 | 0.059 | 0.055 | 0.053 | 0.051
Chipping Capacity (kg/hr) 97.14% | 97.19% | 97.32% | 96.50% | 96.20% | 96.46% | 95.92% | 96.63% | 95.83%

E. Cost Analysis in Operating the Mini Ginger Slicer

The cost analysis of the ginger slicer machine was conducted, considering both fixed and variable costs. The machine was assumed
to have a useful life of fifteen years, with a salvage value of ten percent. Repair and maintenance costs were estimated at five
percent of the initial cost. The daily wage/labor rate in San Jose, Nueva Ecija was taken as Php38. The total investment cost for the
machine was Php8,000. Table 3 presents the assumptions derived from preliminary activities and data gathering, while Table 4
outlines the cost analysis associated with the machine's usage. The computation demonstrates that the presence and operation of this
slicer in a ginger processing center can contribute to increased income for the processing business and a reduction in labor costs.
However, these benefits are contingent upon the specific circumstances and requirements of the processing operations.

TABLE 3
ASSUMPTIONS

Assumptions
Chopping Capacity 38.60133 kg/hr
Chopping Efficiency 96.13%
Wage/Labor (San Jose minimum wage) Php 38/day @ 2 hours of operation per day
Number of Operator 1
Operating Time (@ 1 cavan per day) 1 hour and 18 minutes operation per day
Annual Operation (Working Time calendar, 2020) 241 days, 5 days a week except holidays
Power Consumption 1.2kW
Custom Rate Php 5.00/kg
Initial cost Php 8,000.00
TABLE4
COST ANALYSIS OF USING THE MACHINE
Particulars
1. ANNUAL FIXED COST 1,260.00 | Php/yr
Depreciation 480.00 | Phplyr
Interest on Investment 220.00 | Phpl/yr
Tax and Insurance 160.00 | Php/yr
2. VARIABLE COST 2.32 | Phpthr
Operator's Wage 15,866.34 | Php/yr
Repair and Maintenance 400.00 | Phplyr
Power Cost 4,138.20 | Phplyr
3. BREAKEVEN POINT 649.50 | kg
4. ANNUAL REVENUE 57,362.91 | Phplyr
5. NET INCOME 35,800.20 | Phplyr
6. NET PROFIT 21, 641.55 | Phplyr
7. PAYBACK PERIOD 0.2011yrs or 2 months and 45 days (74working days)

V.  CONCLUSIONS
Based on the objectives and findings of the study, several conclusions can be drawn. Firstly, the developed mini ginger chopping
machine has proven to be highly effective in reducing labor, time, and expenses associated with ginger processing. It also offers the
potential for generating additional income for ginger and turmeric processors. Moreover, the machine can be fabricated using locally
available materials and local manufacturing technologies, making it easily accessible and feasible for implementation. In terms of
performance, the machine has demonstrated satisfactory results based on its chopping capacity and efficiency. While the chopping
efficiency decreases as the shaft speed increases, higher shaft speeds also result in a higher shredding capacity for the machine.
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The cost analysis of utilizing the machine indicates its financial viability. Local ginger and turmeric owners could potentially
increase their profits by Php 21,641.55 per year when operating the machine for 2 hours per day to chip/slice their products. The
cost of fabricating the machine was Php 8,000, and the projected annual operating cost was Php 21,562.7123. The computed
breakeven weight and payback period were determined to be Php 255.07 kg per year and 74 working days, respectively. These
results highlight the economic benefits and relatively short timeframe for recovering the initial investment.
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