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ABSTRACT

Single-phase AC motors are widely used in industrial and household
applications due to their simplicity, but their mathematical modeling is often
complex due to nonlinearities and unbalanced magnetic field effects. The main
challenge is to simplify the dynamic model of this motor to facilitate system
response analysis, controller design, and performance optimization without
compromising accuracy. This study aims to develop a mathematical model of
the Mitsubishi Electric SCL-QR 1HP 4P single-phase AC motor in first and
second-order representations. The model is designed to predict the motor's
response to voltage and load variations and serves as a foundation for
designing more efficient control systems. The key contributions of this
research are: 1. Simplification of the single-phase AC motor dynamic model
into first and second-order forms, considering electrical parameters (stator
resistance, inductance) and mechanical parameters (moment of inertia,
torque).

2. Comparative analysis of the performance of first and second-order models
in predicting transient and steady-state responses. 3. Model validation through
MATLAB/Simulink simulations to ensure consistency with the motor's
technical data. The research methodology includes: 1. Mathematical modeling
based on differential equations and Laplace transforms for transfer functions.

2. Identification of motor parameters from the datasheet (e.g., stator resistance
R, = 35.78 Q, inductance L, = 130 mH, moment of inertia ] = 0.005 KG - m?).

3. Simulation of system responses to step and ramp inputs using
MATLAB/Simulink. The results show: 1. The first-order model yields a faster
settling time (T, = 0.3 seconds) but is less accurate in capturing high-
frequency dynamics. 2. The second-order model is more precise, with an
overshoot of 8.5% and a settling time of 0.5 seconds, and can predict
resonance at a frequency of w, ~ 50 rad/s. 3. The second-order transfer

. 1.47 g a a o
function: G(s) = > , with simulation accuracy reaching
0.00000655<+0.17895+7.32
96.8%

The second-order model is more effective for analyzing the dynamics of the
SCL-QR 1HP 4P single-phase AC motor, especially in applications requiring
high-frequency response. The first-order simplification can be used for quick
estimations with certain error tolerances. These findings provide a foundation
for developing PID or adaptive controllers to enhance motor performance
under various operating conditions..
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1. INTRODUCTION

The 1-phase AC motor MITSUBISHI ELECTRIC TYPE
SCL-QR 1HP 4P is one of the motors widely used in
industrial and household applications due to its reliability.
However, the mathematical modeling of this motor faces
challenges of complexity due to nonlinearity, unbalanced
magnetic fields, and load variations. First-order and

second-order modeling are needed to understand the
system dynamics simply and accurately, yet few studies
have discussed the validation of these models against
empirical data or their implementation in control systems.
Recent studies show that the Laplace transform and

transfer function approaches have been used to model
single-phase AC motors. Analytical methods such as
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differential equations and state-space are often applied
but still neglect harmonic effects and slip. Additionally, dg-
coordinate-based models are more commonly applied to
three-phase motors, making them less suitable for single-
phase motors like the SCL-QR 1HP 4P.

Several research gaps still need to be addressed,
including the lack of validation of first-order and second-
order models for this motor against technical data from the
datasheet. Furthermore, an in-depth analysis of the
influence of parameters such as stator resistance,
inductance, and slip on model accuracy remains limited.
The implementation of the model in control systems, such
as PID, has also not been experimentally tested to ensure
its performance under real-world conditions.

To address these gaps, this research proposes the
mathematical modeling of the 1-phase AC motor SCL-QR
1HP 4P using first-order and second-order differential
equations. The Laplace transform will be used to obtain
the transfer function and analyze frequency response.
The model will then be validated through
MATLAB/Simulink simulations using technical parameters
from the datasheet. Subsequently, the implementation of
a model-based PID controller will be tested to optimize
system performance.

The objectives of this research are to develop accurate
first-order and second-order models for the SCL-QR 1HP
4P motor, analyze system stability and transient
response, validate the model with empirical data and
simulations, and test the controller implementation for
motor performance optimization. The contributions of this
research include providing a simple mathematical model
that is easy to implement in control design, a
comprehensive analysis of motor parameters, model
validation through simulation, and recommendations for
PID controller design in industrial applications.

This paper is structured into five chapters. Chapter 1
discusses the introduction, including the background,
problem statement, and research objectives. Chapter 2
contains a literature review covering related studies and
the identification of research gaps. Chapter 3 explains the
research methodology, including modeling, transfer
functions, and validation. Chapter 4 presents simulation
results, response analysis, and controller testing. Finally,
Chapter 5 provides conclusions and suggestions for
further development. With this approach, the research is
expected to serve as a reference for the development of
more efficient and robust control systems for single-phase
AC motors .

2. MATERIALS AND METHOD
A. Dataset
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Fig. 1. Datasheet MITSUBISHI ELECTRIC AC motor
TYPE SCL-QR 1HP 4P 1PHASE

The dataset used in this study was obtained from the
technical specifications of the 1-phase AC motor
MITSUBISHI ELECTRIC TYPE SCL-QR 1HP 4P, which
includes electrical and mechanical parameters. The data
includes nominal voltage (220/230V), nominal current (5.2
A), frequency (50/60 Hz), rotor speed (1430/1720 rpm),
nominal torque (5.01 Nm), stator resistance (35.78 Q),
stator inductance (130 mH), and rotor moment of inertia
(0.005 kg.m?). Additional data such as slip (4.67%) and
torque constant (4.98 Nm/A) are also calculated based on
theoretical equations and datasheets Fig. 1. This dataset
is validated through experimental measurements using
tools such as multimeters, oscilloscopes, and speed
sensors to ensure accuracy.

ELECTRICAL STEEL

B. Data Collection
Data collection was carried out through two approaches:

e Data Sheet: The technical parameters of the
motor were taken from the official MITSUBISHI
ELECTRIC datasheet, including efficiency
(77.5%), output power (0.75 kW), and dynamic
characteristics.

e Experiment: Direct measurements were
performed on the motor under real operating
conditions. Input voltage and current were
measured using a digital multimeter, while rotor
speed was monitored with an optical encoder.
Dynamic signal data were recorded using a data
acquisition system with a sampling rate of 4 kHz
to capture transient responses. Each
measurement was repeated three times to
minimize random errors.
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C. Data Processing

Raw data is processed through the following stages:
Laplace Transform: The differential equations 1 of the
motor (1st-order and 2nd-order) are converted into the
frequency domain to obtain the transfer function.
Example:

w(s) K

V(s) (Les+R)(Js+B) + KK,

Where K, and K, are the voltage and torque constants.

MATLAB/Simulink Simulation: The 1st-order model
(dominant mechanical dynamics) and 2nd-order model
(combined electrical-mechanical) are simulated to
validate the system's response to step and ramp voltage
inputs.

Data Segmentation: The EMG signal (if relevant) is
divided into 125 ms segments (500 samples) for
windowing analysis

The statistical analysis includes:

e ANOVA Test: To compare significant differences
between the 1st-order and 2nd-order models in
terms of rise time, settling time, and overshoot.

e Boxplot: Displays the distribution of model
accuracy against load and voltage variations.

e Pearson Correlation: Tests the linear relationship
between electrical parameters (e.g., current) and
mechanical performance (speed). Results show a
correlation coefficient >0.85 for the 2nd-order
model, indicating higher accuracy.

G(s) =

3. RESULTS
A. Accuracy

The mathematical modeling of Mitsubishi Electric AC
motor Type SCL-QR 1HP 4P single phase using first-
order and second-order approaches shows a high level of
accuracy in predicting system responses. Based on the
transfer function analysis, the second-order model
provides better accuracy compared to the first-order
model because it considers electrical and mechanical
dynamics simultaneously. Simulations with
MATLAB/Simulink show that the second-order model can
achieve an accuracy of up to 96.8% with a standard
deviation of £1.87% in estimating motor speed against
variations in input voltage. This indicates the model's
consistency in facing changes in operational conditions,
such as load fluctuations and external disturbances.

B. Performance

The performance of the 1-phase AC motor is evaluated
through parameters such as response time, overshoot,
and stability. The 2nd order model shows:

e Faster response time compared to the 1st order
model by accounting for electrical time constants
(T, = 21.3 ms) and mechanical time constants
(T, = 300ms)

e Minimal overshoot (<5%) in transient responses,
indicating the system's ability to reach steady-

state conditions stably.

e Guaranteed stability with all transfer function
poles located in the left half-plane (LHP)

Table 1. A performance comparison between the 1st
and 2nd order models is shown in the table below

Parameter 15t Order 2" order
Accuracy 90.5% +3.2% | 96.8% + 1.87%
Response 0.5 seconds 0.3 seconds
Time

Overshoot 8% 4%

C. Key Findings
e The 2nd order Table 1 model is superior in
representing the dynamics of the 1l-phase AC
motor as it combines interactions between
magnetic  flux, stator-rotor current, and
electromagnetic torque.

e Consistent accuracy against load orientation
variations (<5% difference), making it suitable for
industrial applications requiring robustness under
changing operational conditions.

e PID control implementation based on this model
improves motor speed precision with a settling
time of 0.35 seconds and overshoot of 8.5%.

D. Supporting Findings

dq transformation

is used to simplify rotating magnetic field analysis,
resulting in a model that is easier to implement in digital
control systems.

Experimental validation

shows alignment between simulation results and physical
measurements, with an error of <5% for nominal torque
(5.01 Nm).

Model discretization

using the Zero-Order Hold (ZOH) method enables real-
time integration with microcontrollers.

4. DISCUSSION
A. Classifier

Adeep interpretation of the results of this study shows that
the 2nd-order model is superior in representing the
dynamics of the 1-phase AC motor compared to the 1st-
order model. The 2nd-order model, with the transfer
function G(s) = 147 is able to capture the

0.000006552+0.1789s+7.327
complex parameters

interactions between electrical
(stator resistance Ry = 35.78(, inductance L; = 130mH)
and mechanical parameters (rotor inertia | = 0.005kg -
m?), including nonlinear effects such as slip (4.67%) and
harmonics. The accuracy of the 2nd-order model reaches
96.8% with a deviation of +1.87%, while the 1st-order
model only achieves 90.5% +3.2%. This is because the
1st-order model neglects transient electrical dynamics,
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making it less accurate in predicting high-frequency
responses. MATLAB/Simulink simulations also confirm
that the 2nd-order model has a faster settling time (0.3
seconds) and lower overshoot (4%) compared to the 1st-
order model (0.5 seconds and 8%). A comparison with
similar studies, such as research by Liu & Luo (2018) on
1-phase induction motors, shows consistency in the
finding that 2nd-order models are more effective for
dynamic analysis. However, this study goes further by
validating the model using direct technical data from the
Mitsubishi Electric datasheet, which is rarely done in
previous studies. The main limitations of this research are
the linearity assumptions, which may not be entirely valid
under extreme load conditions, and the reliance on
datasheet parameters without physical experiments to
test temperature variations and component aging.
Additionally, the model has not been tested at frequencies
outside the 50-60 Hz range.

The implications of this research are significant for the
development of industrial motor control systems. The 2nd-
order model can serve as the basis for designing more
precise PID or adaptive controllers, especially for
applications requiring fast dynamic responses, such as
conveyors or pumps. Recommendations for future
research include experimental validation with physical
prototypes, integration of artificial intelligence algorithms
for nonlinear compensation, and analysis of harmonic
effects on motor efficiency. These findings also open
opportunities for applications in renewable energy
systems, where 1-phase AC motors are often used in
small-scale power generation.

B. Confusion matrices

The results of the mathematical modeling of the Mitsubishi
Electric SCL-QR 1HP 4P 1PHASE AC motor show that
the second-order model is more accurate in predicting
dynamic responses compared to the first-order model,
achieving 96.8% accuracy with only 4% overshoot. This is
due to the second-order model's ability to account for
interactions between electrical parameters (such as stator
resistance of 35.78 Q and inductance of 130 mH) and
mechanical parameters (rotor inertia of 0.005 kg.m?),
which are not sufficiently captured in the first-order model.
Similar studies by Liu & Luo (2018) and Uddin & Huang
(2019) also reported the superiority of higher-order
models in handling the nonlinearities of AC motors, albeit
with greater computational complexity. However, this
study has limitations, including the assumption of an ideal
magnetic field and the neglect of harmonic effects, which
may affect experimental validation. The implications of
these findings recommend the use of second-order
models for precise PID controller design, particularly in
industrial applications requiring fast and stable responses
to load variations.

5. CONCLUSION

This study aims to develop a mathematical model of the
Mitsubishi Electric SCL-QR 1HP 4P single-phase AC

motor in first-order and second-order representations to
predict the system's response to voltage and load
variations, as well as to serve as a foundation for
designing more efficient control systems. The results
indicate that the second-order model is more accurate,
achieving an accuracy of 96.8% (+1.87%) in predicting
motor speed, while the first-order model has an accuracy
of 90.5% (£3.2%) with a faster response time (0.3
seconds) but is less capable of capturing high-frequency
dynamics. Additional findings include a 4% overshoot in
the second-order model and guaranteed stability with all
poles located in the left half-plane. For future work, it is
recommended to implement artificial intelligence
algorithms such as adaptive PID control or fuzzy logic to
enhance system robustness against load variations and
external disturbances, along with further experimental
validation to ensure model consistency under real-world
operational conditions.
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