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ABSTRACT

This study addresses the operational challenges of achieving precise positional control in three-
phase AC motors, particularly in small industrial communities aiming to enhance productivity
through advanced motor systems. Despite their efficiency, three-phase AC motors (0.25-1 kW)
often struggle with control precision due fo inherent inertia and extended starf-sfop cycles.
Typically, these motors require 1-2 seconds to reach nominal speed and 2-3 seconds to stop,
disrupting operations demanding high precision and responsiveness. To overcome these
limitations, this research proposes a novel control mechanism capable of reducing start-up fime
fo 0.5 seconds and stopping fime to 0.75 seconds. The system ensures accurate positional halfs,
critical for applications like automated production lines and specialized equipment, such as
missile launchers. The control process is optimized for seamless synchronization with other
subsystems, mitigating disruptions from delayed motor responses. Adapted for small industrial
contexts, the proposed solution addresses practical challenges by reducing downtime and
enhancing accuracy in shorf-duration tasks. For instance, the system excels in rapid object
fracking and locking scenarios, where delays could compromise target acquisition. By
integrating this advanced motor control system into local industries, the research fosters
community empowerment through increased production efficiency, reduced operational
delays, and technological self-reliance. This innovative approach demonstrates the potential of
modern motor control technology as a catalyst for industrial and economic development,
particularly in underserved regions where traditional systems fall short.
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I.INTRODUCTION

In many small industrial communifies,
especially  those involved in  local

positional adjustments. However, these
motors often face challenges due to their
moment of inertia, which makes starting and

manufacturing  or - communify-based stopping processes slow and inefficient [2].
production, there is a significant need for When transitioning from zero to nominal
efficient control systems to improve the speed, it takes approximately 1 to 2

precision and efficiency of production seconds, while stopping from nominal speed

processes [1]. The development of a three-
phase AC motor confrol system is vital for
achieving precise control over machinery
used in such community-driven industrial
setups. Typically, small industries use motors
with power ratfings ranging from 0.25 to 1 kW
for various tasks that require precise

to zero takes an additional 2 to 3 seconds.
These delays hinder the operational
efficiency of small industries, where the
desired system response fime is ideally 0.5
seconds for starting and 0.75 seconds for
stopping at the commanded position.
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The implications of these delays
become even more crifical in applications
where fast and precise movements are
necessary, such as in systems used for missile
launchers or other defense-related
tfechnologies [3]. In such cases, the motor's
speed and precision must be tightly
contfrolled to ensure that the system
performs within a ftight operational window,
typically no more than 30 seconds. For
instance, in missile launchers used for
defense purposes, the machinery must lock
onfo moving targetfs at high speeds, often
exceeding 600 meters per second, within a
very short period. These requirements
necessitate the design of a more responsive
and precise three-phase AC motor confrol
system that can meet the demands of both
industrial and defense-related applications.

Furthermore, the development of
such a system not only contributes to
advancing defense fechnologies but also
provides a valuable service to small
industrial communities [4]. By improving the
control of machinery in these communities,
it is possiole to enhance production
capacity, reduce operational costs, and
increase the efficiency of local
manufacturing processes [5][6]. This helps
bridge the gap between technological
advancements in defense systems and the
operational needs of small-scale industries,
leading to broader industrial development.
The integration of modern control systems in
small industries can contribute significantly
to fostering economic growth, improving
workforce skills, and enhancing the overall
industrial infrastructure in these communities.

As such, the integratfion of modern
motor control systems info small-scale
industries holds great potential for fostering
sustainable development and improving the
quality of life in these communities. By
reducing delays, improving system response
fimes, and increasing operational efficiency,
these advancements can drive productivity,
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reduce downfime, and create more
competitive manufacturing environments.
Ultimately, the success of such systems in
both industrial and defense applications
can lead to the creation of a more resilient
and adaptive industrial landscape in these
small communities, contributing to their
long-term prosperity.

IILMETHODOLOGY

1. Block diagram

In this section, a block diagram will
be presented to illustrate the structure and
flow of the proposed system. The diagram
aims to provide a clear visual representation
of the key components and their
interactions. It will outline the control process
in a simplified manner, allowing for better
understanding of the system's operation. The
block diagram serves as a helpful tool to
highlight the sequence of actions from
motor startup to stopping. Additionally, it will
show how the different subsystems work
tfogether to achieve precise control.

Preparation software,

schematic, and hardware

Testing the function of PCB

Figure 1. Block diagram

aed Make the schematic
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To clarify the methodology behind
the development of the Three-Phase AC
motor control system, we present a step-by-
step explanation following the research flow
as illustrated in Fig. 1. The system begins by
receiving a voltage input through various
components such as the controller supply,
radio voltage, power transistor ignifion
voltage, and the 3-phase AC bridge DC
voltage. Once the control system s
powered on, it remains in a standby mode,
continuously awaiting external commands
in the form of farget position inputs.
Whenever a new command is received, the
system processes it by comparing the target
position  with  the  current  position,
calculating the position delta (a measure of
the difference between the commanded
and actual positions).

The position delta can be either
positive or negative. If the delta is negative,
the system initiates a leftward subroutine,
while a positive delta triggers a rightward
subroutine. The system then acquires input
from a feedback encoder, which provides
real-time data regarding the motor’s current
position. This feedback, combined with the
commanded position, allows for precise
calculations to determine the motor's final
position[7]. The result of this calculation is
used to generate a command signal for the
motor, ensuring accurate movement
toward the target position.

Given that the initial command
signal is typically too weak to directly drive
the motor, the signall undergoes
amplification via Transistor-Transistor Logic
(TTL)[8][?]. This step enhances the signal’s
strength, allowing it to activate the 3-phase
AC power transistors that control the motor.
Following this, the system enters a waiting
state, awaiting the next command. The
system will remain operatfional unfil it
receives a stop command, which could
come in the form of a shutdown signal
(turning off the controller supply) or a reset
command, which would restart the system
for a new operation.
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In the context of community
development and small industrial
applications, this method of conftrolling the
3-phase AC motor is highly relevant. For
small manufacturing communities,
improving control systems can significantly
enhance  production efficiency and
operational precision. The technology used
in this system, particularly in applications,
can be adapted for use in industrial settings
where precision in movement and position is
crucial, such as in automated assembly lines
or precision manufacturing equipment [10].
By adapfing these high-tech control
systems, small industrial communities can
enhance productivity, improve
manufacturing quality, and contribute to
local economic growth [11].

2. Method

The research methodology
employed in this study follows a structured
approach focused on the design and
prototyping of a motfor control system,
followed by extensive testing and analysis of
the results [12]. This process is grounded in
the quantitative causal research method,
which aims to measure and evaluate the
relationship  between input signals and
resulting motor behavior. The core of the
method involves designing and fabricating
a working prototype, conducting tests,
collecting data from these tests, and
analyzing the outcomes to assess system
performance. By utilizing this systematic
approach, the research ensures that the
control system operates with high precision
and meets the desired objectives[13][14].

The success of the prototype is
determined by how effectively the signals
fransmitted from the central processing unit
(CPU) or microcontroller correspond to the
desired actions. Specifically, the fest s
considered successful if the 3-phase AC
motor in the missile launcher stops precisely
at the commanded position, as specified in
the control system. The command signal
(Tx), which is derived from other research
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inputs, is fransmifted at a consistent
frequency of 26

Hz, translating info a period (TS) of 1/26
second. This consistent frequency is crifical
fo maintaining the coordination between
the confrol system's electrical signals and
the mechanical motion of the 3-phase AC
motor, ensuring that the motor's start and
stop times are synchronized [15][16].

Furthermore, the system design
addresses the issue of potential waiting time
in the CPU/microcontroller, which could
otherwise lead to data loss or delays. The 26
Hz frequency is chosen specifically to avoid
such delays, ensuring smooth operation
throughout each cycle of the 3-phase AC
motor. This careful calibration between
electrical commands and mechanical
movement is essential for the functionality of
the system, particularly in  real-world
applications such as missile launchers,
where precision is paramount.

In the context of community
empowerment, particularly in small industrial
communities, this research offers valuable
insights info optimizing the production
process. The application of such a motor
control system can significantly increase
production capacity and efficiency in small-
scale manufacturing environments [17]. By
adapting advanced control  systems
typically used in high-tech applications,
small industries can achieve enhanced
accuracy, speed, and consistency in their
operations, ultimately improving their
competitiveness in the marketplace[18].

The successful implementation of this 3-
phase AC motor confrol system in small
industries can lead to a wide range of
benefits, including reduced operational
costs, increased productivity, and the ability
to produce more complex products with
higher precision. By adapting and scaling
these technologies for local industries, we
aim to confribute to the economic
development of small communities,
fostering  innovation, improving labor
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productivity, and ultimately increasing their
capacity fo compete on a global scale[19].
This work,

therefore, plays a crucial role in
empowering local industries  through
technological innovation, aligning with the
goals of community service by improving
industrial capacity and sustainability [20].

III.RESULT & DISCUSION
1.Result

The results presented below highlight
the timing chart and switching
characteristics of the Space Vector Pulse
Width Modulation (SVPWM) control method
applied to a 3-phase AC motor. SVPWM is a
highly efficient technique used to regulate
the operation of three-phase motors,
particularly in precision-demanding
applications, such as those found in
industrial settings. This method enables more
accurate control of the motor's speed and
position, which is critical for enhancing the
performance of small-scale  industrial
systems. With the increasing demand for
precision in manufacturing and automation,
the ability to finely control motor functions is
paramount, and SVPWM offers a solution
that minimizes power loss while maximizing
operational efficiency.

The timing chart details the switching
behavior of the power transistors in the
SVPWM-controlled 3-phase AC motor. The
process begins with the activation of
switches that control the voltage and
frequency applied to the motor windings,
allowing the motor to operate with minimal
harmonic distortion. The precise confrol of
the switching sequence ensures that the
motor responds quickly to commands,
improving both speed and accuracy in
fasks such as positioning and speed
adjustments. This is particularly important in
applications where system responsiveness is
crifical, such as in assembly lines or
automated systems, where even small
delays can result in production
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inefficiencies. Furthermore, the improved
control of voltage and frequency ensures
that the motor's operation remains smooth
and stable, which is essential for reducing
wear and fear on the motor, ultimately
increasing its longevity and reliability.

The ability of SVPWM to reduce
harmonic distortion further enhances the
overall efficiency of the system, making it a
preferred control method in industries where
energy consumption and motor wear are of
concern. By reducing harmonics, the motor
operates more efficiently, producing less
heat and reducing electrical losses, which
can lead to significant cost savings over
time. These advantages make SVPWM not
only a fool for precise control but also an
important  confributor to the overall
sustainability and operational efficiency of
small-scale industrial system:s.

In conclusion, the implementation of
SVPWM in 3-phase AC motor control systems
provides a robust solution for improving both
precision and efficiency in motfor-driven
applications.  As small  industries and
community-based manufacturing  setups
confinue to evolve, the adoption of such
advanced control methods will be crifical in
meeting the demands for more responsive,
efficient, and reliable systems. By leveraging
SVPWM, these industries can enhance their
operational capabilities, reduce energy
consumption, and extend the lifespan of
their motor systems, conftributing to more
sustainable production practices in the long
term.
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Figure 2. Timing chart switching Space
vector PWM

Figure 3.Schematic

Table 1. Measurement Result

Figure 4. PCB
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No command Receive Correct Incorrect
1 0x22 0x22 N
2 0x28 0x28 N
3 0x30 0x30 N
4 0x32 0x32 v
5 0x34 0x34 N
3 0x36 0x36 \
7 0x38 0x38 \
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The table provided outlines a series
of commands with their corresponding
received and correct values, along with a
column fo indicate whether the received
value is correct or incorrect. In this particular
dataset, all commands (from 1 to 7) have
received values that match the correct
values, as indicated by the checkmarks in
the "V' column. This suggests that the system
under observation has successfully
fransmitted and received the correct data
for all seven commands.

In terms of data integrity, the table
implies that the communication between
the sender and receiver is functioning
optimally, as there are no discrepancies
between the received values and the
expected values. This is crucial in systems
where precision in data fransmission is vital,
such as in embedded systems or
communication profocols that involve
command and control operations. The
absence of errors indicates that the system
is likely well-calibrated, and the environment
is stable with minimal interference affecting
the communication channels.

However, it is also important to note
that the data presented in this table is
limited, as it only reflects a small sample of
commands. While the absence of errors in
these commands is promising, it does not
guarantee the system'’s performance under
different conditions or with a larger set of
commands. To further validate the system's
reliability, additional tests involving more
diverse command sefts, different
environmental conditions, and potential
edge cases should be conducted to ensure
consistent performance across a broader
range of scenarios.

Lastly, the uniformity of the received
and correct values across all rows in the
table demonstrates a robust error-free
environment in the current test setup. In a
real-world application, such consistent
results would typically indicate that the
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system's communication protocol is highly
reliable,

but ongoing monitoring is necessary to
confirm that the system remains free of
errors in dynamic, operational environments.
Continuous testing under varying loads and
conditions would provide a more
comprehensive analysis of the system's
overall reliability and robustness.

2.Discussion

The results obtained from the
implementation of the three-phase AC
motor confrol system align with the
expectations set forth in the research
objectives. The system successfully
demonstrated its ability to maintain
consistent  performance, with  precise
control over the moftor's position and speed,
crucial for small industrial operatfions that
require high levels of efficiency. This
outcome highlights the potential for such
systems to significantly improve production
capacities in local communities by
providing a reliable and scalable solution
for industrial automation.

In order to ensure the stability and reliability
of the components within the control
system, it was necessary to include
measures for voltage regulation. A key
component in achieving this was the
installation of an electrolytic capacitor in
parallel with the component voltage source
for each PCB (prinfed circuit board). This
capacitor serves a dual purpose: it helps
maintain a stable voltage supply fo the
motor confrol system while simultaneously
acting as a fiter to smooth out any
fluctuations in the power supply. This ensures
that the motor operates within the opfimal
voltage range, minimizing the risk of
damage or performance degradation.

Through these improvements, the three-
phase AC motor control system not only
meets the technical requirements of
precision and efficiency but also plays a
significant role in empowering small
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industrial communities. This development
helps bridge the gap between advanced
fechnology and local industrial needs,
offering a practical solution that can drive
economic growth and provide sustainable
development for communities that are
often underserved by larger industrial
initiatives. By focusing on the specific needs
of small industries, this research contributes
fo the broader goals of enhancing
production capacity and fostering local
economic development.)

IV.CONCLUSION

Before summarizing the key conclusions, it is
important to recognize the significance of
using advanced motor control techniques,
like Space Vector Pulse Width Modulation
(SVPWM), in enhancing the performance
and efficiency of small-scale industrial
systems. As these systems typically operate
with limited resources, adopting cost-
effective yet highly efficient methods can
lead to substantial improvements in
production processes, motor longevity, and
overall system reliability. The following
conclusions can be drawn from the
research on the implementation of SVPWM
in 3-phase AC motor control systems:

e The implementation of SVPWM in 3-
phase AC motor confrol improves
operational efficiency by generating
a higher line-to-line output voltage
than the DC inputf, crucial for
reducing energy consumption in
small industrial systems. This
improvement is significant for systems
with limited energy resources, as it
enables better utilization of available
power and reduces unnecessary
energy losses.

e SVPWM provides a simple, cost-
effective  method for controlling
motors in small industrial settings,
making it accessible for businesses
with limited resources  while
enhancing production efficiency.
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The method’s ability to control motor
speed and position  with  high
precision without requiring expensive
equipment makes it an ideal solution
for small-scale manufacturing
applications.

e The use of digital signal generation
reduces processing fime and
operational noise, leading fo faster
motor response, smoother operation,
and greater precision, which is vital
for high-demand applications. This
ensures that motors in small industries
can handle complex tasks with
minimal delay, improving overall
system performance and reducing
the potential for mechanical wear
due to rough or inconsistent motion.

e By enabling more efficient motor
confrol, this system supports local
economic growth, boosting
productivity, reducing operational
costs, and promoting sustainable
development in underserved
industrial communities. The improved
performance of motors not only
enhances operational efficiency but
also drives broader economic
benefits by fostering growth in local
manufacturing sectors and providing
a foundation for future
technological advancement.

In summary, the adoption of SVPWM in
3-phase AC motor control systems is @
fransformative approach that addresses
both technical and economic challenges
faced by small industries. Through its
efficient energy use, low-cost
implementation, and ability to reduce
processing delays and noise, SVPWM proves
to be a powerful tool for improving
operational  efficiency and  fostering
sustainable development in  small-scale
industrial settings.
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