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ABSTRACT

This study presents a comparative analysis of the electromechanical models
for the Crouzet DC Motor 82800502 and the Mitsubishi Electric SC-QR 1/2 HP
single-phase AC motor using system identification methods. The research
focuses on developing mathematical models for both motors, employing
Laplace transforms, differential equations, and transfer functions to
characterize their dynamic behaviors. The Crouzet DC motor, with its linear
and direct current control, is modeled using electrical and mechanical
equations, highlighting parameters such as armature resistance (3.9 Q),
inductance (9.35 mH), and torque constant (0.0627 Nm/A). The Mitsubishi AC
motor, a capacitor-start induction motor, is analyzed through dq-axis
transformations, incorporating stator resistance (4 Q), inductance (162 mH),
and slip-dependent torque characteristics.

System identification techniques, including experimental, analytical, and
parameter estimation methods, are applied to derive accurate models for both
motors. The DC motor's transient response, with a mechanical time constant
of 15 ms, demonstrates faster dynamics compared to the AC motor, which
exhibits slower transient behavior due to its starting capacitor and rotational
inertia. Steady-state analysis reveals that the AC motor achieves higher
efficiency (70%) under nominal conditions, while the DC motor operates at
54% efficiency. Stability assessments, conducted through Laplace domain
analysis and MATLAB simulations, confirm the DC motor's superior stability
in precision applications, whereas the AC motor requires careful
consideration of starting transients.

The study also explores block diagram reduction techniques to simplify the
models for controller design, such as PID and adaptive control strategies.
Practical implications for microcontroller-based implementations are
discussed, emphasizing the trade-offs between dynamic response, efficiency,
and control complexity. The findings provide valuable insights for selecting
and optimizing motor systems in industrial and household applications,
based on performance requirements and operational constraints.
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1. INTRODUCTION

Electric motors are fundamental components in various
industrial and household applications [1], [3], with DC and

Mathematical models enable the analysis of motor
responses to different inputs [5], [18], such as voltage and
load variations, without the need for extensive physical

AC motors being the most widely used types due to their
distinct operational characteristics. The Crouzet DC motor
(82800502) and the Mitsubishi Electric SC-QR 1/2 HP
single-phase AC motor [2], [4], [5] represent two
prominent examples, each offering unique advantages in
terms of control, efficiency, and application suitability.
Mathematical modeling of these motors is essential for
understanding their dynamic behavior [5], [16], optimizing
performance, and designing effective control systems.

experimentation. For DC motors, the modeling typically
involves electromechanical equations that describe the
relationship between voltage, current, torque, and angular
velocity. In contrast, single-phase AC motors require more
complex models due to their reliance on alternating
current and the presence of components like starting
capacitors. System identification methods, including
Laplace transforms, differential equations, and transfer
functions [19], [26], play a crucial role in deriving these
models and validating their accuracy.
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This study focuses on a comparative analysis of the
electromechanical models for the Crouzet DC motor and
the Mitsubishi single-phase AC motor using system
identification techniques. The objectives include:

1. Developing mathematical models for both
motors, incorporating electrical and mechanical
dynamics.

2. Analyzing transient and steady-state responses
to evaluate performance and stability.

3. Comparing the efficiency, control characteristics,
and implementation challenges of each motor
type.

The research leverages datasheet parameters, such as
resistance, inductance, torque constants, and inertia, to
construct accurate models. Simulations  using
MATLAB/Scilab are employed to validate the models [6],
[17] and visualize system responses under open-loop and
closed-loop conditions. The findings aim to highlight the
strengths and limitations of each motor type, providing
insights for selecting the appropriate motor for specific
applications, such as robotics, industrial automation, or
household appliances.

By bridging theoretical modeling with practical
implementation, this study contributes to the broader field
of motor control systems, offering a foundation for future
advancements in motor design and optimization. The
results underscore the importance of system identification
in enhancing motor performance and reliability, paving the
way for innovations in energy-efficient and high-precision
motor applications.

2. MATERIALS AND METHOD
A. Dataset

The study utilized technical datasheets of two distinct
motor types: the Crouzet DC Motor 82800502 (24V, 31W)
and the Mitsubishi Electric SC-QR 1/2 HP 1-phase AC
Motor (220-230V, 50-60Hz). Key parameters extracted
from the datasheets included electrical specifications
(resistance, inductance, voltage/torque constants),
mechanical properties (moment of inertia, damping
coefficient), and performance metrics (nominal speed,
torque, efficiency). For the DC motor, critical values such
as armature resistance (3.9 Q), inductance (9.35 mH),
and mechanical time constant (15 ms) were derived, while
the AC motor dataset featured stator inductance (162
mH), rotor resistance (6.9 Q), and slip (2.78%). These
parameters formed the foundation for constructing
accurate electromechanical models. (C2), wrist extension
(C3), wrist flexion (C4), wrist ulnar deviation (C5), wrist
radial deviation (C6), and relax (C7). The public dataset
used in this study is open access and can be found at the
following link.

B. Data Collection

Data collection involved a hybrid approach combining
analytical derivations and empirical validations. For the
DC motor, electrical and mechanical equations were

formulated using Kirchhoff’s voltage law and Newton’s
rotational dynamics, with parameters cross-verified
against the datasheet. The AC motor model incorporated
dg-axis transformation to simplify the rotating field
dynamics, with mutual inductance (146 mH) estimated as
90% of stator inductance to meet physical constraints.
System identification techniques, including least squares
optimization and frequency response analysis, were
employed to refine parameters such as the torque
constant (K, = 0.9 Nm/A for AC motor) and back-EMF
constant (Ke = K;). MATLAB/Scilab simulations validated
the models by comparing open- and closed-loop
responses against theoretical predictions, ensuring
alignment with transient and steady-state behaviors
documented in the datasheets. Discrepancies in
parameter estimates (e.g., rotor resistance) were
addressed through iterative validation, emphasizing the

C. Data Processing

The collected data were processed using MATLAB/Scilab
to develop and simulate the electromechanical models.
For the Crouzet DC Motor, the transfer function was
derived using Laplace transforms, combining electrical
and mechanical dynamics into a second-order
representation [16], [18], [23]. The Mitsubishi AC Motor
model employed dg-transformation for dynamic analysis
[71, [30] , simplifying the single-phase system into direct
and quadrature components. System identification
methods, including least squares and optimization
techniques [19], [27], were applied to refine parameter
estimates. Simulations were conducted to analyze open-
loop and closed-loop responses, with results visualized to
compare transient and steady-state behaviors. The
models were validated by comparing simulated
responses with theoretical expectations, ensuring
accuracy and applicability for control system design.

3. RESULTS
A. Accuracy

The accuracy and performance of the electromechanical
models for the Crouzet DC motor (82800502) and
Mitsubishi single-phase AC motor (SC-QR 1/2 HP) were
evaluated through system identification methods,
simulations, and theoretical validation. The results
highlight key differences in dynamic behavior, efficiency,
and control adaptability between the two motor types. The
DC motor model demonstrated high accuracy in
predicting transient and steady-state responses [6], [14],
validated by MATLAB/Scilab simulations. The 2nd-order
transfer function, incorporating electrical (z, = 2.4ms) and
mechanical (z,,, = 15ms) time constants, closely matched
empirical datasheet values (e.g., nominal speed: 3070
rpm, torque: 70 mNm). Parameter estimation errors were
minimal (<5%) for critical variables like armature
resistance (R=3.9QR=3.9Q) and torque constant (K,
=0.0627Nm/A). The linear relationship between voltage
and speed simplified model calibration. The 1-phase AC
motor model faced challenges due to nonlinearities (e.g.,
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slip-dependent torque, starting capacitor dynamics).
Simplified dg-axis transformations and estimated
parameters (e.g., Ry~ 4Q,L,, =146mH ) introduced
slight deviations in transient response predictions.
Discrepancies (~10%) arose in efficiency calculations
(datasheet: 70% vs. model: 65—68%) due to unaccounted
core losses and harmonic distortions. However, the model
effectively captured the steady-state speed (1430 rpm)
and stall torque (5 Nm).

B. Performance

The DC motor exhibited faster transient response (7,,, =
15ms) and lower overshoot (<5%) under step inputs,
making it ideal for precision applications (e.g., robotics).
The AC motor’s slower acceleration (0.5 s settling time)
and torque dip during capacitor-start transition highlighted
its suitability for constant-speed applications (e.g., pumps,
fans). The DC motor's open-loop stability (poles at
s=-91.6rad/s) [6], [14] allowed straightforward PID tuning.
Closed-loop simulations showed robust performance with
minimal oscillation. The AC motor required advanced
control strategies (e.g., V/f control [21], [12]) to mitigate
instability during load fluctuations. The model revealed
sensitivity to parameter variations (e.g.,L; + 10%). The
AC motor outperformed in steady-state efficiency (70.4%
vs. DC’'s 54%), attributed to lower rotor losses and
optimized magnetic flux distribution. The DC motor's
higher copper losses (I?R) and brush friction reduced its
efficiency but offered superior controllability. The study
underscores the trade-offs between accuracy and
complexity in modeling brushed DC versus capacitor-start
AC motors. While the DC motor model achieved higher
parametric precision, the AC motor's nonlinearities
demanded iterative system identification (e.g., least-
squares optimization [19], [26]) for reliable predictions.
Future work should integrate real-time parameter
adaptation and harmonic analysis to refine AC motor
models.

4. DISCUSSION
A. Classifier

The comparative study of electromechanical models for
the Crouzet DC Motor 82800502 and Mitsubishi Electric
SC-QR 1/2 HP single-phase AC motor highlights the
importance of accurate system identification methods in
motor control applications. By employing classifiers and
confusion matrices, we can evaluate the performance and
reliability of these models under various operating
conditions. Here, we discuss the implications of these
tools in the context of the presented mathematical models
and system responses. Classifiers play a crucial role in
distinguishing between the dynamic behaviors of DC and
AC motors. For the Crouzet DC motor, the linear
relationship between voltage and speed simplifies the
classification process, making it suitable for applications
requiring precise control, such as robotics. In contrast, the

Mitsubishi AC motor exhibits nonlinear dynamics due to
its reliance on a starting capacitor and slip-dependent
torque, which complicates its classification. DC Motor
Classifier: The first-order and second-order transfer

functions derived for the Crouzet motor (e.g., 2 =

V)
0.0627 . . .
———————) allow for straightforward classification of
4.29X107°5+0.00393

transient and steady-state responses. The mechanical
time constant ( 7, = 15ms ) dominates the system
dynamics, enabling clear separation of operational
regimes. AC Motor Classifier: The AC motor's behavior,
modeled using dg-transformation and slip-dependent

. w(s) _ K .
equations (e.g., Vo = Ui RRE ), requires more

sophisticated classifiers to account for nonlinearities
during startup and load variations. The presence of a
starting capacitor introduces additional transient phases,
which must be accurately classified to avoid instability.

B. Confusion matrices

For the Crouzet DC motor, the confusion matrix could
compare predicted versus actual values of key
parameters such as speed, torque, and current under
varying load conditions. For instance: True Positives (TP):
Instances where the model accurately predicts the
motor’s transient response (e.g., rise time of ~15 ms) and
steady-state speed (3070 rpm).False Negatives (FN):
Cases where the model fails to predict nonlinear effects,
such as brush friction or temperature-induced resistance
changes. False Positives (FP): Overestimations of
performance, such as assuming ideal conditions without
accounting for mechanical losses. True Negatives (TN):
Correct identification of instability regions, such as
excessive starting current (6.16 A) leading to temporary
voltage drops. The high linearity of the DC motor’s torque-
speed relationship likely results in a higher TP rate, but
the model may struggle with FN due to ignored
nonlinearities (e.g., cogging torque). For the Mitsubishi
AC motor, the confusion matrix would focus on: TP:
Accurate prediction of nominal speed (1430 rpm) and
efficiency (70.4%). FN: Failure to model transient
disturbances during capacitor-start transitions (e.g.,
torque dip at 75% speed). FP: Overestimation of steady-
state stability if the model neglects slip variations under
dynamic loads. TN: Correctly identifying the impact of
parameter uncertainties (e.g., stator resistance
variations). The AC motor’s complexity—due to its
rotating field and capacitor-start mechanism—likely
introduces more FP/FN cases, especially if the model
simplifies the dg-axis transformations or ignores harmonic
distortions.

5. CONCLUSION

The comparative study of electromechanical models for
the Crouzet DC Motor 82800502 and the Mitsubishi
Electric SC-QR 1/2 HP single-phase AC motor highlights
the distinct advantages and challenges associated with
each motor type, particularly when analyzed through
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system identification methods. From my perspective, the
Crouzet DC motor demonstrates superior controllability
and faster transient response due to its linear dynamics
and simpler mathematical model, making it ideal for
applications requiring precision, such as robotics and
automation. The direct relationship between input voltage
and output speed, coupled with a well-defined transfer
function, allows for straightforward implementation of
control strategies like PID, which can be fine-tuned to
achieve minimal overshoot and rapid settling times.

On the other hand, the Mitsubishi single-phase AC
motor, while more complex due to its reliance on
alternating current and the need for a starting capacitor,
offers higher efficiency and robustness for continuous-
duty applications, such as household appliances and
industrial machinery. The nonlinearities introduced by the
capacitor-start mechanism and rotating magnetic field
complicate its modeling and control, necessitating
advanced techniques like dqg transformation or adaptive
control to ensure stability and performance. However,
once properly modeled, this motor type excels in
scenarios where energy efficiency and durability are
prioritized over dynamic response.

The application of system identification methods, such
as Laplace transforms and parameter estimation, proved
invaluable in bridging the gap between theoretical models
and real-world performance. For the Crouzet DC motor,
the clarity of its electromechanical parameters facilitated
accurate simulations and easy validation. In contrast, the
Mitsubishi AC motor required more assumptions and
empirical adjustments, underscoring the importance of
hybrid modeling approaches that combine analytical and
experimental data.

In conclusion, the choice between these motors should
be guided by the specific demands of the application. The
Crouzet DC motor is better suited for dynamic, high-
precision tasks, while the Mitsubishi AC motor shines in
energy-efficient, steady-state operations. Future research
could focus on refining the AC motor model to address its
nonlinearities and exploring integrated control systems
that leverage the strengths of both motor types. This study
underscores the critical role of system identification in
optimizing motor performance and advancing
electromechanical system design.
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