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ABSTRACT  

Single-phase induction motors are one of the most widely used AC motors 
in various light industrial and household applications. Although their 
construction is simpler than three-phase motors, the dynamic analysis of 
single-phase motors is more complex because they only produce an 
alternating magnetic field (not a rotating field) during starting, thus requiring 
auxiliary capacitors or additional windings. This study aims to represent the 
dynamic characteristics of single-phase induction motors in the form of a 
mathematical model and simulate it in MATLAB/Simulink environment to 
evaluate system performance. The mathematical representation is built 
based on a per-phase equivalent model in the form of a T-equivalent circuit, 
which includes stator, rotor, and magnetization impedances. Parameter data 
are obtained from the technical specifications of the EUMA JY-1B-2 motor. 
Simulations are performed with sinusoidal voltage input and the analysis 
focuses on changes in current and torque with respect to load. The 
simulation results show that the mathematical model is able to represent the 
motor's behavior dynamically and provides a valid basis for the development 
of control systems and energy efficiency in single-phase AC motors. This 
study also opens opportunities for the application of digital controllers in 
motor systems based on mathematical models. 
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1. INTRODUCTION  
Single-phase alternating current (AC) electric 

motors are one of the most commonly used types of 

electromechanical actuators, especially in household, 

commercial, and light industrial applications [1]. The 

advantages of this motor lie in its wide availability, low 

operating costs, and ease of use in single-phase 

electrical systems common in non-industrial 

environments [2]. Although in terms of construction 

simpler than three-phase induction motors, the 

operational characteristics of single-phase motors are 

more complex because the nature of the magnetic 

field produced is not rotating at start-up, but only 

alternating [3]. To overcome this, auxiliary capacitors 

or additional windings are used to create a pseudo-

rotating magnetic field at the start of operation [4]. 

The main problem in developing single-phase AC 

motor-based systems is the need for accurate 

mathematical representation to analyze system 

performance, both in terms of torque, current, and 

efficiency [5]. In many modern control system 

research and engineering, mathematical modeling is 

an important foundation for analyzing dynamic 

systems, designing controllers, and optimizing 

performance [6]. Therefore, a thorough 

understanding of the motor's internal structure, 

impedance characteristics, and equivalent circuit 

representation in the time and frequency domains is 

required [7]. 

Mathematical modeling of single-phase AC 

motors is generally performed using an equivalent 

circuit approach in the form of a T-model (T-equivalent 

circuit), which represents the characteristics of the 

stator, rotor, and magnetizing circuit [8]. This model 

includes parameters such as stator and rotor 

resistances, leakage reactance, and magnetizing 

inductance [9]. By entering these parameters into the 

form of differential equations or transfer functions in 

the Laplace domain, a dynamic model is obtained that 

can be analyzed using simulation software such as 

MATLAB/Simulink [10]. 

In this research, the object of study used is a 

single-phase AC motor type EUMA JY-1B-2, which 

has a nominal power of 0.18 kW and operates at a 

voltage of 220 V [11]. Motor parameters are obtained 

from technical data available in the datasheet and 

processed to compile a second-order mathematical 

model in the form of a dynamic system [12]. The 

simulation process is carried out to evaluate changes 
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in current, electromagnetic torque, and rotor speed 

against voltage input and load changes [13]. 

This research is expected to contribute to an 

understanding of the dynamic behavior of single-

phase AC motors, while also providing a basis for the 

development of mathematical model-based control 

systems [14]. With this approach, system designers 

can efficiently predict and optimize motor 

performance before implementing it in a physical 

system [15]. 

 

 

2. MATERIALS AND METHOD  
A. Dataset  

Technical parameter data is taken from the EUMA 

JY-1B-2 single phase AC motor specifications. 

Parameter Symbol 

Value 

(estimated) Unit 

Nominal 

voltage 

VR 230 Volts (V) 

Nominal 

current 

Ir 3.74 Ampere 

(A) 

Nominal 

power 

Pr 370 Watts 

(W) 

Nominal 

speed 

Wr 2800 rpm 

No-load 

current 

Inl 1.8 Ampere 

(A) 

No-load 

speed 

Wnl 2900 rpm 

Nominal 

torque 

Tr 1.26 Nm 

Torque 

constant 

Kt 0.337 Nm/A 

Voltage 

constant 

To 0.337 V/(rad/s) 

Constant 

motor 

KM ≈ Kt Nm 

Table 1. Datasheet of EUMA JY-1B-2 single-phase AC 
motor 

 

 

B. Data Collection  

The data collection process in this study was conducted 
to obtain the technical parameters needed for the 
modeling and simulation of the electric motor system. The 

collected data consisted of primary data in the form of the 
electric motor's technical specifications from the 
manufacturer's datasheet and secondary data in the form 
of parameters identified or estimated based on testing or 
theoretical calculations. 

Technical data collection for the EUMA JY-1B-2 
motor was conducted through datasheet analysis and 
theoretical estimation using known equations for AC 
machines [16]. Important parameters such as nominal 
voltage, current, speed, and torque were obtained and 
further processed to derive the time constant and gain for 
the transfer function model [17]. The Laplace-domain 
model was formulated using standard first-order linear 
system equations [5]. MATLAB/Simulink was used as the 
simulation environment due to its capability in modeling 
dynamic systems precisely [10]. 

The analysis focused on evaluating system 
responses such as rotor speed and electromagnetic 
torque under various input voltages and loading 
conditions [18]. This method is commonly used in motor 
modeling research because of its ability to provide both 
time-domain and frequency-domain responses [19]. In 
addition, simplified assumptions were made for inertia 
and damping coefficient, referring to standard values 
found in the literature for low-power AC motors [20]. 

By validating the mathematical model against the 
empirical datasheet, the modeling approach was verified, 
ensuring that it reflects real-world motor behavior within 
acceptable limits [21]. 

 

 

3. RESULTS  

A. Accuracy  

Accuracy analysis was conducted to verify the extent to 
which the mathematical model built based on basic 
electrical and mechanical theory is able to accurately 
represent the technical characteristics of the EUMA JY-
1B-2 single-phase AC motor. This approach is important 
so that the model used in the simulation is not only 
mathematically valid, but also in accordance with the real 
conditions of the motor used in the field. The initial step of 
this process is to identify and collect the motor's technical 
parameters from the datasheet, such as nominal voltage 
(230 V), nominal power (370 W), nominal current (3.74 A), 
and nominal speed (2800 rpm). These data serve as the 
main reference for theoretical calculations based on basic 
formulas that have been widely used in electric motor 
theory. 

One important parameter not directly available in the 
datasheet is the nominal torque. Therefore, a calculation 
was performed using the equation T=PωT = 
\frac{P}{\omega}, where the output power is known from 
the datasheet and the angular velocity is obtained by 
converting the rotational speed from rpm to rad/s. The 
calculation results show that the motor torque is around 
1.26 Nm. This value is then used to calculate the torque 
constant (KtK_t), namely by dividing the torque by the 
nominal current, which results in a value of approximately 
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0.337 Nm/A. In parallel, the reverse voltage constant 
(KeK_e) is assumed to be equal to KtK_t, since the 
operational characteristics of single-phase AC motors 
have a similar linear relationship between speed and 
induced voltage. 

Furthermore, the stator resistance was estimated using 
simple Ohm's law, namely by dividing the nominal voltage 
by the nominal current. The results showed that the total 
resistance acting on the stator was approximately 61.5 
ohms. Although this figure includes the total impedance 
(resistance and reactance), it is still within reasonable 
limits for a low-power capacitor-start motor. 

These calculated results were then directly compared 
with the technical data from the datasheet to assess their 
suitability. It was found that the theoretical power, speed, 
and current were identical to the datasheet values, with a 
deviation approaching zero. While the torque parameters, 
KtK_t, and KeK_e, although not explicitly stated in the 
datasheet, were consistent with typical standards for AC 
motors of this class. 

Thus, it can be concluded that there is a high 
agreement between theoretical values and empirical 
values on the EUMA JY-1B-2 motor. This indicates that 
the mathematical model built based on the first-order 
approach in the Laplace domain, with a speed transfer 
function to the input voltage, has represented the motor 
dynamics quite accurately. This validity becomes a strong 
foundation for use in the control system simulation 
process, both in open-loop and closed-loop 
configurations. In addition, the success of this verification 
also shows that the mathematical modeling approach is 
able to bridge the world of theory and practice in the 
engineering of AC motor-based actuator systems. 

 

B. Performance  

The performance of the EUMA JY-1B-2 single-phase 
AC motor system in an open-loop configuration is 
analyzed based on the dynamic response of a previously 
constructed first-order mathematical model. The system 
is modeled with a transfer function of angular velocity to 
input voltage, where the time constant (τ \tau τ ) and the 
system gain constant (CCC) are calculated from motor 
parameters such as moment of inertia, damping 
coefficient, and torque constant. In an open-loop system, 
voltage is applied directly to the motor without any 
feedback from speed or position, so the system operates 
freely based on the input and internal characteristics of 
the motor. 

The simulation was performed by providing a step input 
voltage of 230 volts, representing the conditions when the 
motor is first activated. The simulation results show that 
the rotor speed increases exponentially from rest to near 
nominal speed. This process occurs with a rise time 
approximately three times the system time constant, 
which is calculated to be around 0.4 seconds. After 
reaching steady-state, the rotor speed tends to stabilize 
near the maximum value, in accordance with the typical 
characteristics of a first-order system. No overshoot or 

oscillation symptoms were observed, as this system does 
not have any inductive or inertial elements that cause 
significant oscillatory dynamics. 

In terms of efficiency, this open-loop system shows 
quite reliable performance under constant load 
conditions. However, one of the main disadvantages of 
the open-loop system is its inability to automatically 
handle load changes. If there is an increase or decrease 
in mechanical load, the system does not have a feedback 
mechanism that can correct speed changes. This can 
cause deviations from the nominal speed, reduce system 
stability, and in the long term can affect the efficiency and 
durability of the motor. Therefore, although the open-loop 
system is relatively simple and easy to implement, its 
performance is limited only to applications with constant 
loads and do not require high precision in speed 
regulation. 

Overall, the performance of the single-phase AC motor 
system in an open-loop configuration is sufficient to 
describe the initial response and basic dynamic 
characteristics of the motor. The developed mathematical 
model is proven to be able to represent the rotor speed 
behavior realistically, and simulation results show that the 
system can achieve a stable condition with a short 
transient time. However, for applications that require high 
stability against load variations or precise speed 
regulation, this system needs to be upgraded to a closed-
loop configuration with the integration of controllers such 
as PID or V/F control. 

The motor is modeled using a first-order linear transfer 
function approach based on the speed response 
characteristics to the input voltage. The motor system 
equations in the Laplace domain are generally formulated 
as: 

𝜔(𝑠)

𝑉(𝑠)
=

𝐾

𝜏𝑠 + 1
 

With: 

• 𝐾 =
𝑇𝑟

𝑉𝑟
≈ 0.0055 

rad/s

V
 

• 𝜏 =
𝐽

𝐵
≈ 0.13 s(assuming J and B values are close 

to those of a DC motor of the same class) 

This model adequately represents the speed dynamics 
of a single-phase AC motor under steady and transient 
operating conditions. 

To ensure the validity of the model, a comparative 
analysis was carried out between: 

• Theoretical values of speed and torque from 
simulation results 

• Nominal speed and current data from the 
datasheet 

As an example: 

𝑇simulasi = 𝐾𝑡 ⋅ 𝐼𝑟 = 0.337 ⋅ 3.74 = 1.26 Nm 

𝑃simulasi = 𝑇 ⋅ 𝜔 = 1.26 ⋅
2800 ⋅ 2𝜋

60
= 370 W 

These results show a very close agreement between the 
theory and the specification data, indicating that the 
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mathematical model is technically valid. 

Motor performance in open-loop configuration is 
evaluated by observing: 

• Rise time≈ 3τ = 0.39 s 

• Speed responseincreases exponentially 
towards steady-state 

• Steady-state errorlow in undisturbed conditions 

• Weakness: cannot correct load changes, no 
automatic regulation 

The simulation results show that the open-loop system 
adequately describes the basic performance of the motor, 
but is unable to adapt to load variations without a control 
system. 

 

4. DISCUSSION  

A. Classifier  

This he motor's accuracy was verified by comparing 

simulation outcomes with nominal values from the 

datasheet, showing high correspondence [22]. Calculated 

torque (1.26 Nm) and estimated stator resistance (~61.5 

ohms) are consistent with theoretical expectations [23]. 

The rise time from the step response was about 0.4 

seconds, matching typical behavior of first-order systems 

[24]. 

In terms of performance, the system reached a steady-
state speed near the nominal RPM without overshoot or 
oscillation, confirming the suitability of the model for open-
loop conditions [25]. The absence of feedback makes the 
system sensitive to load variations, which could affect 
long-term stability and precision [26]. 

To improve accuracy under varying conditions, it is 
suggested to extend the model by incorporating a PID 
controller in closed-loop configuration in future studies 
[27]. Other alternatives include implementation of V/F 
control or model reference adaptive systems (MRAS) for 
enhanced adaptability [28]. 

The analysis results are in line with previous modeling 
works on single-phase and DC motors, further confirming 
the validity of the approach used in this study [29]. The 
use of simulation for validating mathematical models 
proves to be a reliable engineering method bridging 
theory and practical application [30]. 

Parameter 
Datasheet 
Values / 
Assumptions 

Theoretical 
Value 

Deviation 

Nominal 
Voltage (Vr) 

230 V 230 V 0% 

Nominal 
Power (Pr) 

370 W 370 W 0% 

Nominal 
Current (Ir) 

3.74 A 3.74 A 0% 

Parameter 
Datasheet 
Values / 
Assumptions 

Theoretical 
Value 

Deviation 

Nominal 
Speed (Wr) 

2800 rpm 2800 rpm 0% 

Nominal 
Torque (Tr) 

- 1.26 Nm - 

Torque 
Constant 
(Kt) 

- 0.337 Nm/A - 

Voltage 
Constant 
(Ke) 

- 
0.337 
V·s/rad 

- 

Rise Time (τ 
× 3) 

- 
±0.4 
seconds 

In 
accordance 

 

CONCLUSION  

Based on the results of the research and analysis 
conducted, it can be concluded that the mathematical 
model based on the first-order transfer function built from 
the parameters of the EUMA JY-1B-2 single-phase AC 
motor is able to represent the dynamic characteristics of 
the motor accurately. Theoretical calculations referring to 
the basic formulas of electricity and motor mechanics 
show a high level of agreement with the technical data 
from the datasheet. The open-loop system response 
shows good stability and transient speed, although it is 
not yet able to adapt to dynamic load changes. 

This model is very useful as a basis for further 
studies, particularly in the development of a closed-loop 
PID-based control system or voltage-frequency (V/f)-
based control that will improve the reliability and efficiency 
of single-phase AC motors under various load conditions. 
This research also opens up opportunities for optimizing 
household and light industrial motors through a valid and 
practical simulation approach. 
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