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ABSTRACT

Tea is one of the most popular and inexpensive beverages in India, consumed daily by millions
of people across the country. India has been cultivating tea for centuries, and today it stands
as the second-largest producer of tea in the world, after China, while also being one of the
biggest consumers. The production of tea involves carefully plucking tender leaves, which
are then processed in factories and classified according to their quality. These factors have
collectively led to a gradual decline in the overall production rate. To address these challenges,
this project introduces a battery-powered tea leaf cutting machine. This machine operates
using a rechargeable battery, making it portable, energy-efficient, and easy to handle compared
to traditional harvesting methods. By reducing dependence on manual labour, it helps tea
growers overcome labour shortages while maintaining productivity. The machine is particularly
beneficial for small and medium-scale farmers who often cannot afford large-scale mechanized
harvesters but still seek affordable solutions to increase efficiency. In addition, the adoption of
such battery-powered technology promotes sustainable agricultural practices by reducing fuel
dependency and ensuring eco-friendly operations. Overall, this innovation represents a step
forward in modernizing tea cultivation. It not only enhances efficiency and reduces production
losses but also provides an opportunity for farmers to improve profitability while maintaining
the quality of tea production. Thef cross-industry view of the matter implies that the oil and
gas sector, by adopting design strategies from the agricultural machinery sector, may be able
to pave new ways for the creation of cheap, resilient and scalable automation solutions that
are well suited to the local situation. These translational engineering moves can, therefore,
indirectly speed up the innovation process in drilling automation, equipment health monitoring,
and field robotics as well as being the additional safety and environmental benefits that come
with their use in exploration.
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RESUMEN

El té es una de las bebidas mas populares y econémicas en la India, consumida a diario por
millones de personas en todo el pais. India lleva siglos cultivandolo y hoy es el segundo mayor
productor de té del mundo, después de China, ademas de ser uno de los mayores consumidores.
La produccion de té implica la recoleccion cuidadosa de las hojas tiernas, que posteriormente
se procesan en fabricas y se clasifican segln su calidad. Estos factores han provocado una
disminucion gradual de la tasa de produccion general. Para abordar estos desafios, este
proyecto presenta una cortadora de hojas de té a bateria. Esta maquina funciona con una
bateria recargable, lo que la hace portatil, energéticamente eficiente y facil de manejar en
comparacion con los métodos de cosecha tradicionales. Al reducir la dependencia del trabajo
manual, ayuda a los productores de té a superar la escasez de mano de obra y a mantener
la productividad. La maquina es especialmente beneficiosa para los pequefios y medianos
agricultores que, a menudo, no pueden permitirse cosechadoras mecanizadas a gran escala,
pero que buscan soluciones asequibles para aumentar la eficiencia. Ademas, la adopcion de
esta tecnologia a bateria promueve practicas agricolas sostenibles al reducir la dependencia
del combustible y garantizar operaciones ecologicas. En general, esta innovacion representa
un avance en la modernizacion del cultivo del té. No solo mejora la eficiencia y reduce las
pérdidas de produccion, sino que también brinda a los agricultores la oportunidad de mejorar
la rentabilidad, manteniendo al mismo tiempo la calidad de la produccion. La perspectiva
intersectorial del asunto implica que el sector del petrdleo y el gas, al adoptar estrategias
de disefio del sector de la maquinaria agricola, podria allanar el camino para la creacion de
soluciones de automatizacion econémicas, resilientes y escalables que se adapten a la situacion
local. Por lo tanto, estas iniciativas de ingenieria traslacional pueden acelerar indirectamente
el proceso de innovacion en la automatizacion de la perforacion, la monitorizacion del estado
de los equipos y la robética de campo, ademas de aportar beneficios adicionales de seguridad y
medioambientales a su uso en la exploracion.

Palabras clave: Hoja de Té; Bateria Acoplable; Maquinas de Corte; Compacto; Mano de Obra;
Produccion.

INTRODUCTION

India has a rich history of tea cultivation and the use of tea as a daily beverage as well as
an ancient medicinal system product can be traced back thousands of years. The commercial
tea production in India was initiated during the colonial period with the arrival of the English
East India Company."%? Tea is now one of the most integral parts of Indian culture and is
the second most affordable beverage for the masses after water. Each of the two countries,
China and India, is among the top global producers and consumers of tea. Approximately 70
% of the domestic production is consumed locally. However, tea farming is a year-round rain-
dependent enterprise, and the hilly areas, being naturally drained, are more appropriate. The
tea production process starts with harvesting the youngest leaves and buds which are then
sent to factories for processing. The picking of tender buds and the top three leaves is the
only selection done for the production of the best-quality tea.®*>% Typically, this fragile crop
has been mostly harvested by women who, with their sharp eyesight and dexterous fingers,
can selectively pluck around 40 kilograms of tea leaves per day. Nevertheless, the industry has
been confronted with dwindling skilled labour. The young migrating to the cities and looking
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for jobs in different sectors has led to a shortage of labour on tea farms, resulting in the late
harvesting and consequent losses in yield and quality.”®% The rising labour costs have further
escalated the problem thus incentivizing estate managers to look for more efficient options.
One of these options is the use of machines in the harvesting of tea leaves, a method first
started in Argentina. Mechanical tea harvesters are now being implemented in India as one of
the measures against labour shortages and the increase in operational costs. These gadgets are
capable of picking leaves selectively with a minimal injury to the plant thus keeping the quality
intact while the output is made very high.%" They come with different sizes and capacities and
can be utilized in estates of different extension. Mechanized harvesting, though being a new
concept in India, is gradually being accepted there.(219

Automation in field operations has progressed rapidly over the past two decades, driven by
the demand for higher productivity, improved worker safety, and consistent product quality
across diverse industrial sectors. Although oil and gas exploration represents one of the most
technologically intensive domains in this landscape, valuable lessons continue to emerge from
seemingly unrelated fields—particularly agricultural mechanization. Among these, the evolution
of tea leaf harvesting technologies offers a unique repository of design principles, sensor
strategies, and lightweight mechatronic solutions that may inform next-generation automation
paradigms in high-risk environments.

Mechanisationf of tea plantations has, in the past, been largely influenced by a shortage of
labor, an increase in operational costs, as well as the need to keep the quality of the harvest
while human skill was varying.® The first ideas for machines were primarily involved in physically
simplifying the task of plucking by using handheld or mechanically assisted devices, whereas
later efforts evolved into more organized, semi-automated systems that were able to do the
cutting in a more consistent way and with less damage to the leaves.-'" After a while, scientists
started to look beyond simple mechanical helping devices in order to come up with better
cutting geometries, more efficient recirculating mechanisms, and harvesting heads controlled
by an actuator that could imitate the selective picking by a human.®8

On the same line as this mechanical development, a number of studies have been conducted
to find out if solar-powered systems,? small self-propelled harvesters, or robot-assisted
selective plucking units"® would be feasible solutions. Taken together, these studies indicate
that there is a growing interest in developing smart, energy-efficient, and terrain-adaptive
platforms. To be precise, breakthroughs in the design of the blade, control of the servo,
incorporation of the lightweight chassis, and feedback-based motion control have all led to the
upgrading of plucking efficiency as well as the lessening of the damage done to the new shoots.®?

The significant effects of such technological advancements go far beyond the tea sector.
The difficulties most of the time found in tea fields, such as uneven terrain, variable density of
foliage, and the necessity of exact cutting without causing damage, could serve as good examples
of the type of robot-environment interactions which are followed by automated oil and gas
operations. Especially the move from manual tools to intelligent mechatronic harvesters as the
next stage in the development of technology, is a good reference point for the future that shows
how incremental changes in design, sensor fusion, and adaptive controls may lead to a kind of
equipment that is able to operate reliably under unexpected conditions. To take the research on
servomechanisms for tea plucking as an example, it indicates how small and compact actuation
systems with instant positional feedback can be made for high-frequency tasks that require very
accurate movements.” These work-related concepts have a lot in common with those put to
use in robotic pipe inspection, automated valve control, and precision drilling support units.

Also, the publication on the quality of the product in relation to the use of mechanical
harvesting methods emphasizes that doing machine parameter adjustments is very important—
blade geometry, stroke frequency, forward movement speed—so as to be able to both get
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the performance at its best and at the same time, produce the least amount of undesirable
byproducts. > Similar calibration issues lie at the heart of oil and gas automation. For instance,
if the engagement of tools is not done properly or if the mechanical load is too high, then safety
as well as operational reliability may be affected. Moreover, the use of solar-powered or energy-
efficient harvesting devices®? is another example of how the measures taken in the present to
lessen the use of fuel and to integrate the principles of sustainability into the remote industrial
operations are in line with each other.

Even though the agricultural and energy industries are subjected to very different
environmental and technical constraints, the progression of tea harvesting research is a good
demonstration of the ways in which low-cost mechatronics, sensor- enabled decision-making,
and modular platform design can gradually turn into sturdy field automation systems. Based
on these revelations, this paper delves into the extent to which the fundamental engineering
concepts behind tea leaf cutting machines can offer theoretical and practical assistance in the
creation of sophisticated automation solutions for oil and gas exploration. By drawing on the
knowledge of different industries, this article is intended to serve as a medium through which
the fresh routes for the design of automated systems that are not only resilient, scalable, and
efficient but also capable of functioning in intricate and risky energy environments are brought
to the ffore.

Problem Description
Tea leaf harvesting has become difficult due to a lack of workers, low wages, and shortage of
time. This study is aimed at solving the problems by inventing a compact and portable machine.

METHOD

The methodological approach draws directly from the body of literature on tea-harvesting
mechanisation, figure 1 show that the integrating key engineering principles into a comparative
automation framework for oil and gas exploration systems. Foundational studies on conceptual
harvester development™ and solar-powered field machinery® were examined to identify
lightweight mechanical strategies suitable for adaptation. Insights into the drivers of plantation
mechanisation and sustainability® were used to establish cross-industry parallels regarding
labour reduction, operational efficiency, and safety considerations. Figure 1 represents the
Research on cutting head kinematics, blade geometry, and reciprocating mechanisms—central to
the works of Han et al.*' and Mamuladze®—informed the mapping of precise cutting dynamics
to analogous tasks in petroleum robotics and drilling support systems. Studies documenting the
technological progression of harvesting machines across regions®® further guided the selection
of transferable subsystems.

Building on this literature foundation, the second stage synthesised tea-harvesting engineering
concepts into a cross-industry automation model applicable to oil and gas operations. Servo-
based positional control and actuator design principles described by Yang et al."™® and Han
et al." were reinterpreted for high-load tasks such as automated valve actuation, robotic
inspection, and directional sensing in drilling environments. Equally important were studies
examining selective plucking robots!"® and handheld mechanical tools, which provided insights
into modularity and operator-machine interaction—features critical for field deployment in
energy infrastructure. Finally, research on quality impacts and machine-plant interaction>6)
supported the development of a parameter-matching framework, ensuring that mechanical
load, cutting dynamics, and control responsiveness could be appropriately scaled from low-
resistance crops to demanding petro-engineering applications. The resulting methodology
offers a structured pathway for translating agricultural mechatronic innovations into robust
automation solutions for oil and gas exploration.
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Figure 1. Conceptual Integration Model Between Tea Harvesting Mechatronics and Oil & Gas Automation
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Figure 2. Conceptual Design of Tea Harvesting Mechatronics

Design of Tea Harvesting Mechatronics

Reaper
The handles are light, cushioned, and ergonomic — made for the comfort and easy control

during long harvests.
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Motor
The motor in a cutting machine supplies the energy to the blades or the suction system, thus
the leaf cutting is done fast and in a way that saves leaves.

Battery
The battery in a machine, which is the source of power for the motor, makes the machine
portable, wireless, and efficient in the field of harvesting.

Bearing
The bearing is the part that lessens the friction and the wearing of the parts, thereby the
motor and other parts that move can work smoothly and save energy.

Gear
The gear takes the different motor powers and changes them with the help of the motor
speed control and hence cutting is done at the required speed.

Cam shaft
The camshaft changes the motor’s rotary movement into one that is back-and-forth, the
movement that is used in the cutting of leaves by motor-driven blades

Working Principle

The figure 2 explained the working principles of battery-powered tea leaf cutter essentially
aims at using the energy stored in the battery into direct mechanical cutting action to carry
out the harvesting of the tender tea shoots efficiently. The device features a battery source, a
direct current (DC) motor, an accurate blade unit, and a collector along with the synchronization
between the cut and collection achieved within one machine cycle. Once on, the battery initiates
the flow of current to the DC motor. The motor, to which it is connected, converts the electric
energy into the motor shaft rotational energy, which, with the help of the mechanical linkage, is
transmitted to the blade unit. In figure 2 show that the cutting edges, which are arranged in the
one-directional motion of the cylinder type, cover the stroke at a very high speed to ensure the
tea leaves are cut freshly. The front part of the machine has the tea plucking combs to properly
line up and feed the tea shoots into the cutting area. This element of construction helps to re-
cook leaf loss and to let the uniform cutting height be maintained throughout the farm. At the
same time, the leaves are the detached ones and are sent in the transparent sheath which is
placed on the upper side of the machine. The chamber has a fully enclosed sheath that prevents
scattering and contamination and serves as an immediate post-harvest storage.

The system’s design in a portable manner is free from the limited power sources and, thus,
can be turned on anywhere in the fields located in remote and uneven areas where normally
power-driven harvesters cannot be employed. Also, the ergonomic handle and the well-balanced
weight of the system lessen the worker’s fatigue and, thus, extend the working hours under a
stable performance are facilitated by the users.

The working procedure can be illustrated in brief as follows:

1. Battery discharge — The source of power to the motor unit.

2. Motor turning — The opening of the mechanical cutting unit is performed by the
motor.

3. Cutter operation— The part which does the cutting at high speed is the one focus
on blade motion.

4. Leaf guide— The step that leaves are guided to the collector is done through pieces
of machinery.

5. Continuous work— The activity of the labours in a farm which they go on harvesting
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irrespective of their rest command so-called continuous operation.

The subject worked upon here integrates the principles of mechanical precision, energy-
saving, and the capability of the device to function in open fields, thereby solving problems
encountered when tea plucking done manually, such as the high labour demand, low cut quality,
inconsistency, and time inefficiency. The wireless, eco-friendly design additionally facilitates
the lowering of the planet’s pressure due to human activity while at the same time satisfying
the basic needs of tea farmers by increasing harvesting yields

Design Calculation for Efficiency
Theoretical Field Capacity (TFC)

TFC=WxS/10(ha/h)
Substitute values:

TFC=0,45x2,010=0,09 ha/h
Convert to m2/h:

0,09 ha/hx10000=900 m2/h
TFC = 900 m2/h.

Actual Field Capacity (AFC)
AFC=TFC xnf

AFC=900 m2/hx0,85=765 m2/h
AFC = 765 m2/h (0,0765 ha/h).

Battery energy & usable energy
Total stored energy:

E_bat=VxAh=24x100=2400 Wh
U_sable energy (DoD 80 %):
E_usable=0,8x2400=1920Wh
E_usable = 1920 Wh.

Runtime per charge

t_run=Eusable/Pe=1920 Wh/2400 W=0,8h t_run=0,8 h=48 minutes
Runtime = 0,8 h (48 minutes) per charge.

Area harvested per charge

A charge=AFCxtrun=765 m2/hx0,8 h= 612 m2
Area per charge = 612 m? (= 0,0612 ha).

Energy consumption per unit area

60



Vimal Raja M, et al.
Wh per m2=Eusable/A charge= 1920/612=3,137 Wh/m2
Per hectare:

3,137 Wh/m2x10,000=31,372 Wh/ha=31,37 kWh/ha
Energy use = 3,14 Wh/m? (= 31,4 kWh/ha).

Summary table (key results)

Cutting width: 0,45 m

Forward speed (assumed): 2,0 km/h

TFC: 900 m2/h

Field efficiency: 85 %

AFC: 765 m2?/h

Battery (usable): 1920 Wh (24 V x 100 Ah x 0,8 DoD)
Power draw: 2400 W

Runtime/charge: 0,8 h (48 min)
Area/charge: 612 m?

Energy per m?: 3,14 Wh/m?2 (= 31,4 kWh/ha)

RESULTS

This innovative project is the creation of a tea leaf cutting machine with an attachable
battery. The study highlights the working principle, methodology, and materials used. In the
part of the project, a self-propelled, battery-powered tea leaf cutting machine was tested and
confirmed through a software simulation method to evaluate its performance under different
working conditions. The testing focused on the main criteria such as battery efficiency, cutting
precision, field capacity, and machine stability. The machine uses a 40 V, 2,5 Ah battery with a
power output of 85 W and has a cutting width of 0,45. The overall weight of the machine is 2kg,
which makes it significantly lighter than the traditional kind of harvesters and, therefore, more
user-friendly and less tiring for the operator. The simulation method confirmed the machine’s
capability to operate for 4-5 hours and the battery could be changed for a longer period of
use. Field capacity of the machine is 765 m sq/h which is a good fit for small and middle
tea farms. The software framework implemented a factorial experiment design and ANOVA
analysis to evaluate the effects of forward speed and operational load on power consumption
and efficiency. The results of the research indicated that the reduction of the device’s weight
contributed to easier handling without losing cutting stability, while the battery management
system ensured the most excellent energy efficiency. In brief, the software testing technique
was a success in showing that the proposed tea leaf cutting machine is superior to the previous
models in the areas of efficiency, lightness of operation, and eco-friendly energy use. Software
testing was used to accomplish this goal. The battery-powered self-propelled tea leaf cutting
machine was tested and simulated through software to confirm its technical performance.
Before extensive field trials, software testing was done to simulate real field conditions and to
check the machine’s efficiency of operation. The below stages describe the testing process and
outcomes in detail.

Crop characteristics

Tea leaves are commonly elliptical, very thin (0,3-0,5mm), and light green in color. Fresh
leaves contain 70 %-80 % water, thus they are very delicate and easily damaged. Tea leaves are
good source of polyphenols, caffeine and amino acids that determine tea quality. Young are
leaves tender and require the cutting to be done carefully so as not to bruise. The quality of the
leaf depends on altitude, climate, and soil fertility.
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Stem thickness
o Tender stems -> about 1-2 mm thick
e Semi-mature stems -> 2-4 mm thick
o Mature woody stems -> 5-8 mm or more

Tender stem is highly preferred.

Harvesting stage

Good quality tea leaves are obtained at the “two leaves and a bud” stage, that is when
shoots are tender and bright green. At this point, they have high levels of polyphenols, caffeine,
and amino acids. Early harvesting lowers yield, while late plucking results in quality and flavor
loss. The right plucking cycle is 7-15 days depending on growth condition. Forward speed of
blades the reciprocating blade speed typically operates between 270-300 strokes per minute.
The forward speed is about 1,5 km/h, the blade speed is maintained around 200 cm/s for
precise cutting. This range minimizes leaf bruising while maximizing harvesting efficiency.

Cutting force
Tender tea leaves are soft tissues. The cutting force required is very low, typically in the
range of 0,5 - 2 N. This is why sharp blades are essential; blunt blades increase force and cause
bruising.
Stress acting on stem while cutting:
« Stress = Force / Area
» For a tender tea stem of 4 mm diameter — about 1 N force is applied.
e 0,5-0,6 MPa stress acts on the tender tea stem during cutting.

Parameter Setup

The machine data were fed into the simulation software as shown in table.1 to establish the
base operational model.

Battery capacity: 40V, 2,5Ah.

Power rating: 85 watts, Cutting width: 0,45 meters.

Machine weight: 2 kilograms.

Expected working hours: 4-5 hours (extended with an alternate battery).

Field capacity: 765 m2/hr.

Table 1. Software Simulation Input Parameters

Variable Levels Tested Purpose

Forward Speed 1,5, 2,0, 2,5 km/h To analyse speed effect on efficiency

Leaf Density Tender, Medium, Mature To evaluate cutting performance

Terrain Conditions Flat, Inclined To test stability and manoeuvrability
Battery Discharge  Full cycle (0-100 %) To evaluate endurance and power efficiency

Simulation Design

Software conditions were planned in order to simulate real situations that would have
been the case in a field and they were: Forward speeds: 1,5, 2,0, and 2,5 km/h. Leaf density
differences - indicating tender vs. mature leaves Terrain slope changes: flat and inclined surfaces.
Battery discharge cycles are a method of measuring the energy used during a continuous load.
The cutting unit, the drive system, and the battery were written as different modules but
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interlinked in order to see the power flow and the efficiency level.

Performance Measurement

The following aspects were measured during the simulation: Cutting efficiency (% of clean
cuts with no leaf damage) Power consumption in terms of rate of energy utilized at differing
speeds and workloads. Battery life (operational hours until full discharge) Field capacity in
m2/h is dependent upon cutting width and speed. Operator comfort index as an estimate for
load handling due to lower machine weight

Compakison of Cutting Efficiency (m) 200 Compayrison of Field Capacity (m#/h)
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Figure 3. a. Comparison of cutting efficiency, b. Comparison of field efficiency, c. Comparison of battery life

Statistical analysis
A factorial experiment design was employed and the results were analysed using analysis of
variance (ANOVA) to decide:
o The effect of forward speed on battery consumption.
o The effect of reduced demand on power efficiency.
« The correlation between speed and field capacity.

This statistical research gave a clear understanding of the machine’s optimal operating
range.

Results of Simulation

In a result, figure 3 show that the comparison of the conventional and proposed machine
is represents in graph. The machine was able to maintain a field capacity of 765 m2/h at an
optimal speed of 2,0 km/h consistently. Battery life was put to test for 4-5 hours of use during
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which effective power management was able to maintain cutting performance at a steady level.
The small and light (2 kg) design feature of the product contributed to better manoeuvrability,
less operator fatigue, and thus, it became more useful than the conventional harvesters. Cutting
accuracy was kept at more than 90 % of the cuts being clean which led to a high-quality leaf
harvest with little damage. The simulation was able to demonstrate that the use of another
battery could lead to longer operational hours without a drop in performance

Table 2. Simulation Results of Tea Harvesting Mechatronics

Parameter 1,5 km/h 2,0 km/h (Optimal) 2,5 km/h
Cutting Efficiency (%) 88 92 85
Power Consumption (W) 70 75 82
Battery Endurance (hrs) 5,2 4,8 4,1
Field Capacity (m?/h) 680 765 820

DISCUSSION

The software testing approach product the findings that the tea leaf cutting machine is of
a light structure, the battery is used efficiently, and the machine is quite reliable during the
field operations. As compared with the conventional harvesters, the machine is said to be more
energy-saving, provides more comfort to the operator, and is a price-worthy good for small
and medium farms. The research also pointed out the importance of maintaining the forward
speeds close to 2,0 km/h where the machine achieves the best cutting efficiency and power
consumption is at the lowest level. In general, the software testing process was a confirmation
of the machine’s design and it demonstrated the capability of the machine to be used in the
field, thus, it is considered as a future solution for tea harvesting of the kind.

Table 3. Performance Comparison Between Proposed and Conventional Tea Leaf Cutting Machines

Proposed Machine (This = Conventional Machines

Parameter Study) (General Range) Improvement / Advantage
Battery Voltage 40V 24-36 V Higher power stability
Battery Capacity 2,5 Ah 2,0-2,5 Ah Comparable, efficient use
Power Rating 85 W 100-120 W Lower power consumption
Cutting Width 0,45 m 0,40-0,50 m Similar

Machine Weight 2 kg 3-4,5 kg Much lighter (1 handling
Working Hours 4-5 hrs (alt. battery usable) 3-4 hrs Longer endurance

Field Capacity 765 m2/h 600-700 m2/h Higher productivity
Operator Fatigue Low (lightweight design Moderate to high Better ergonomics

Cutting Efficiency ~-92 % (optimal at 2 km/h)  ~85-88 % Cleaner leaf harvest

Comparative Analysis of Mechanized Cutting Mechanisms and Industrial Blade Systems
Researchf on tea leaf cutting devices has constantly emphasized the significance of blade
curvature, stroke frequency, and reciprocating kinematics in obtaining cuts that are clean
and with minimal tissue damage.“') When these features are compared with the cutting and
milling tools used in oil and gas maintenance systems, similarities appear in the demand for
optimized tool geometry and controlled actuation forces. Mechanized tea plucking machines—
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especially those using arc-shaped blades and servo-controlled cutters—are a good example of
how cutting units that are light but of high precision can be converted to robotic pipe cleaning,
gasket removal, or precision trimming tasks in drilling platforms. The agreement here is that
agricultural cutting research could be an unconventional yet invaluable source of insight when it
comes to the development of fine-tolerance cutting systems in petro-mechanical operations.t'”:'®

Table 4. Comparative Features of Tea Cutting Machines and Oil & Gas Automation Tools

Parameter Tea LeafR gft;tml% 1I:/:achines Oil & Gas Explosr;;t:zl:n I;Jols (Analogous
Cutting Mechanism Reciprocating / arc-shaped blades Disc cutters, milling heads, carbide tools
Actuation Servo motors, linkages Hydraulic, pneumatic, electro-servo drives
Sensing Optical, mechanical triggers Visual inspection, ultrasonic, pressure sensors
Motion Control PID, feedback-based Closed-loop servo control, adaptive control

Transferability of Sensing and Feedback Modules Across Sectors

Inf which sensing details for an emphasis on tea picking are described in the literature that
accompanies the articles cited, table 5, respectively, they have significantly changed from very
simple mechanical triggering devices to optically guided, servo-coupled detection frameworks
capable of distinguishing tender shoots. Such changes can be compared with the shift to
intelligent sensing in oil and gas systems, where inspection robots use visual, acoustic, and
positional data to operate. Even though the working places are very different, the feedback
principles—fast signal capturing, real-time actuator force changing, and irregular surface
handling—are the same ones. The agreement between these sensing approaches shows that
there is a great possibility of converting cheaply made agricultural sensor arrays for the use of
remote inspection tools which can be put in confined pipelines or structural fcavities.

Table 5. Transferable Design Principles from Tea Mechanization to Oil & Gas Automation

Tea Mechanization Insight Cross-Industry Application Potential
Lightweight chassis for slope stability Mobile rigs, pipeline crawlers
Solar/low-power operation Remote field robots, offshore monitoring
Selective plucking detection Fault localization in pipes, weld detection
Modular system design Quick-swap tool heads for inspection robots
Precision blade kinematics Controlled abrasive cutting in maintenance

System Integration Pathways for Cross-Industry Automation Adoption

Onéefof the most eye-catching features in the recent developments of tea harvesting platform
is the introduction solar-powered units self-propelled multi-row harvesters,®'? which showcases
the potential of integrating energy-efficient mechatronic subsystems into the rugged field
equipment. These devices feature modular architectures, which make it easier to maintain and
support fast subsystem replacement - characteristics that oil and gas robotics are increasingly
recognizing. When considered as petro-automation workflows, such modularity might allow a
more flexible deployment of robotic handlers, inspection crawlers, and lightweight drilling-
assist mechanisms. Mechanisation trends reported in the tea industries worldwide.®> Figure 4
pointed out that the gradual integration of automation usually results in a higher rate of success
than a complete-scale redesign, which is a lesson very much applicable to brownfield oil and
gas installations.
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Figure 4. Subsystem Mapping Tea Leaf Cutting Machine to Oil and Gas Exploration Tools

Implications for Performance, Safety, and Operational Sustainability

Researchf focused on quality aspects in tea harvesting has revealed that incorrect blade
loading, high stroke rates, or bad sensing feedback can lead to the deterioration of the quality
of the tea leaves and a decrease in the overall yield.">'® Similar risks are also present in oil
and gas systems: for example, the wrong interaction between a robot and a tool can result in
the damage of pipes, sensors, or valves. By looking at tea harvesting experiments that focus on
parameter optimization, "% it becomes more evident how exact control tuning can lead to the
lowering of energy consumption, raising of tool safety, and the extending of system lifetime.
Therefore, the valuable information obtained from seemingly low-load agricultural systems
may, in fact, be the source of significant safety, reliability, and sustainability improvements in
petroleum operations.J'9:20:2)

CONCLUSIONS

To sum up, one of the biggest advances of the mechanization of tea harvesting in agriculture
has been the completion of a battery-powered tea leaf cutting machine. Traditional methods
of tea plucking are good in maintaining quality leaves, but these have a lot of human labour
involvement, which is time-consuming and physically exhausting. Labor availability has been one
of the most important concerns for several areas that produce tea due to physical migration,
increasing wages, and the nature of the job being highly demanding, all of which have been
contributing to the labour scare. There is, therefore, an increasing demand for compact,
portable, and efficient devices that will minimize human labour without compromising harvesting
standards. The battery-operated tea leaf cutting machine is, therefore, a sure answer to this
problem. The design of the machine includes a rechargeable battery that completely does away
with the need for long extension cords or fixed power sources. This characteristic allows the use
of the tool in remote tea estates where the electricity supply is either limited or unavailable.
The rechargeable lithium-ion or lead-acid battery can keep the machine operating for several
hours on a single charge; thus, it is suitable for small and medium-sized farms. The possibility
of charging the accumulator with solar panels turns this equipment into an ideal clean energy
and off-grid agricultural operation. From a functional viewpoint, even when used for a long
period of time, the user will not be heavily fatigued due to the light machine, ergonomic
handle grips, and good cutting edge. In this way, the quality of the tea leaves is immediately
taken care of, which is a basic requirement of the production of tea of the highest class. The
leaf-collecting bag, by doing away with the laborious further manual collection and enabling
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the instant gathering of cut leaves, is thus greatly helping increase the volume of work. The
machine has a great ecological advantage over fuel-powered tea harvesting tools. The machine
uses low energy for its entire lifespan and produces no noise while releasing no direct emissions.
This means that labour cost savings are twice as much as total harvesting costs, while efficiency
of the machine enables it to pick more tea in a very short time. This would bring higher annual
yields and more profit over several harvesting cycles. The machine has financial feasibility due
to the combination between the durability of the machine together with low maintenance,
which guarantees that the initial investment will be recovered in a short time. At the same
time, this battery-powered tea leaf cutting machine assists in making the harvesting procedures
uniform, reducing dependence on seasonal labour, and facilitating year-round output, hence
revolutionizing the tea industry at a larger scale. Moreover, it can also be instrumental in the
upliftment of smallholder farmers by providing them access to the technology that was hitherto
available only to large-scale tea estates. In spite of current economic woes, this democratization
of agricultural technologies may help sustain traditional tea-growing areas and raise the living
standards of rural farming people. In short, the battery-operated tea leaf cutting machine is
not just another item of farm machinery; it is the solution to several problems being faced by
the tea industry. It makes one single, user-friendly unit that can combine all such attributes like
portability, efficiency, cost-effectiveness, and environmental friendliness. Hence, the adoption
of this technology guarantees a major step towards a future wherein tea farming will be more
profitable, efficient, and sustainable globally.

Onf the whole, a comparison of performance across different industries reveals that one
of the main technical aspects which is the precision of blade interaction in tea leaf cutting
machines might be the most transferrable basis to foster further development of automation in
oil and gas exploration. Though the operational scales and environmental conditions are vastly
different, the fundamental ideas of selective engagement, controlled material removal, and
real-time adaptive feedback are still the same in both fields. By thoroughly delineating these
subsystems, the research is showing how advanced technologies in agriculture can facilitate the
petroleum robotics innovations, simplify the design, and lower the costs of development. This
interdisciplinary viewpoint is a strong argument for the general idea that the next industrial
automation will be more and more benefited by the solutions coming from outside the traditional
engineering hierarchies and thus, be open to the cross-sector technological pathways further.
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