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ABSTRACT

The mathematical modeling of DC motors is essential for the development
of effective control systems in industrial and robotic applications. This
study presents the transfer function modeling and simulation of the DC
motor EMMS-AS-100-L-HS-RR using fundamental principles of electrical
and mechanical system analysis. The motor’s dynamic behavior was
described using first-order differential equations derived from its electrical
armature circuit and mechanical rotational dynamics. Key parameters such
as armature resistance, inductance, back-EMF constant, torque constant,
moment of inertia, and damping coefficient were extracted and converted
appropriately to Sl units to suit the modeling framework. The system's
transfer function was obtained in the Laplace domain and analyzed to
observe the relationship between input voltage and angular velocity.
MATLAB/Simulink was utilized to simulate the system’s time-domain
response, allowing validation against expected dynamic characteristics.
The modeling results demonstrated that the DC motor system exhibits a
typical first-order lag behavior with a dominant time constant and steady-
state gain that can be used as a reference in control system design,
especially for speed regulation. Furthermore, this study highlights the
importance of accurate parameter estimation from datasheets and provides
a systematic approach for converting non-standard units commonly found
in manufacturer specifications. The developed model can serve as a
foundation for further implementation of closed-loop controllers such as
PID or state-feedback control. The results of this research can be applied in
real-time embedded system development for automation processes
involving precision DC motors.
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1. INTRODUCTION

In the development of automatic control systems, DC
motors play a crucial role due to their simplicity of control
and excellent response characteristics. Their ability to
convert electrical energy into mechanical motion with
relatively linear behavior makes them suitable for various
applications, including robotics, mechatronics, and
industrial automation. One of the key elements in utilizing
DC motors within control systems is the development of a
mathematical model that accurately represents the
dynamic behavior of the motor, enabling simulation,
analysis, and the design of precise controllers.

The EMMS-AS-100-L-HS-RR is a brushed DC motor
that is widely utilized in precision electromechanical
systems due to its compact design, high torque-to-inertia
ratio, and compatibility with various drive systems. This
motor type is commonly paired with a servo drive in
automation systems to allow closed-loop control.
However, to integrate this motor effectively into control
systems such as PID, state-space, or model predictive
controllers, it is imperative to establish a transfer function

model that accurately captures the electrical and
mechanical dynamics of the motor.

Mathematical modeling of a DC motor involves
formulating equations that describe the interaction
between electrical and mechanical subsystems. The
electrical dynamics are typically derived from Kirchhoff's
Voltage Law (KVL), leading to a differential equation that
relates the armature voltage, -current, resistance,
inductance, and back electromotive force (EMF). On the
other hand, mechanical dynamics are governed by
Newton’s second law, where torque is equated to the sum
of inertia-induced acceleration and viscous friction. By
transforming these equations into the Laplace domain, a
transfer function can be obtained, representing the
system from input voltage to output angular velocity.

In this study, the modeling process starts with the
acquisition of physical parameters from the datasheet of
the EMMS-AS-100-L-HS-RR motor, including armature
resistance, inductance, torque constant, moment of
inertia, and damping coefficient. Due to the unavailability
of certain values such as the damping coefficient in typical
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datasheets, this parameter is estimated through practical
calculation and data fitting methods. Once all parameters
are defined, they are substituted into the Laplace-
transformed dynamic equations to derive the open-loop
transfer function of the motor..

The importance of modeling lies not only in theoretical
understanding but also in its implementation for
simulation. By simulating the motor’s response in
software like MATLAB/Simulink, engineers can analyze
the time response characteristics such as rise time,
settling time, overshoot, and steady-state error. These
simulations are essential in evaluating the motor’s
behavior under various input conditions and in validating
the accuracy of the developed model.

Moreover, a detailed analysis of the step response and
frequency response helps in controller tuning. For
instance, if a proportional-integral-derivative (PID)
controller is to be implemented, the parameters can be
optimized using the transfer function model through
classical or computational methods. Without an accurate
model, such tuning becomes inefficient and may lead to
instability or underperformance in real-time applications.
Previous studies have highlighted the significance of
accurate parameter identification for DC motor modeling.
Research has shown that even minor discrepancies in
parameter estimation can lead to substantial deviation in
simulated results, especially in  high-precision
applications. Thus, this study emphasizes the careful
conversion of units (e.g., inertia from kg-cm? to kg-m?,
angular speed from rpm to rad/s) and the consistent use
of Sl units to maintain model fidelity.

The novelty of this work lies in its focus on a specific
motor, EMMS-AS-100-L-HS-RR, whose dynamic
characteristics are rarely documented in detail in existing
literature. This motor is often used in educational and
industrial platforms but lacks readily available transfer
function models for integration into control system design.
By providing a step-by-step mathematical derivation and
simulation results, this study aims to fill this gap and serve
as a reference for future research and implementation
involving similar DC motor systems.

This paper is structured as follows: Section Il
discusses the theoretical background of DC motor
modeling and outlines the derivation of the transfer
function. Section lll explains the parameter extraction and
unit conversion process from the motor datasheet.
Section IV presents the simulation setup and the time-
domain analysis of the system. Section V discusses the
implications of the results and the potential for controller
implementation, and Section VI concludes the study with
suggestions  for future development, including
experimental validation and controller design integration.

2. MATERIALS AND METHOD
A. Dataset

Research This research uses technical data of a DC
motor type EMMS-AS-100-L-HS-RR as a basis for

mathematical modeling and analysis of linear control
systems. Data is taken from the manufacturer's official
datasheet which includes the main motor parameters
such as armature resistance (Ra), torque constant (Kt),
speed constant (Ke), inertia (J), and viscus friction (B).
These values are used to form a transfer function and a

mathematical model of

the DC motor

dynamic

system.The main parameters of the EMMS-AS-100-L-
HS-RR motor used in this research are shown in Table

Table 1 Parameter DataSheet DC Motor EMMS-AS-

100-L-HS-RR
Feature Value
Number of pule pairs 6
Type code EMMS-AS
Rotor position sensor Resolver

Rptpr position sensor
interface

SIN/COS analog signals

Rotor position sensor
measuring principle

Inductive

Temperature monitoring

PTC resistor

Max. Rotational speed 3360 1/min
Nominal rotary speed 3000 1/min
Insulation protection class F

Motor constans 1.993 Nm/A
Nominal operating voltage 565V

DC

Motor nominal power 2360 W

DC nominal voltage 565V
Motor nominal current 38A
Phase-phase winding 2.84 Ohm
resistance

Winding inductance phase- | 10.5 Mh
phase

Type of winding switch Star inside
Peak current 248 A
Voltage constant,phase- 118.77 mVmin
phase

Rating class according to EN| S1

60034-1

CE marking

As per EU EMC directive

Corrosion resistance class

2-Moderate corrosion
stress

Storage temperature -20°C ... 60°C
Relative air humidity 0-90%

Degree of protection IPS4

Ambient temperature -40°C ... 40°C
Certifications RCM compliance mark
Total output inertia moment | 6.8 kgcm?2

Nominal torque 7.51 Nm
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Peak torque 29.8 Nm

Stall torque 10.94 Nm

Permissible axial shaft load | 150 N

Permissible radial shaft load | 650 N

MTTF, subcomponent 114 years,rotor position
sensor

MTTFd, subcomponent 228 years,rotor position
sensor

Product weight 9100 g

Electrical connection Plug

technology

Note on materials RoHS-compliant

Confirm to standard IEC 60034

B. bata Collection

The data collection process for the DC motor EMMS-
AS-100-L-HS-RR began with extracting key parameters
from the manufacturer's datasheet, which included both
electrical and mechanical specifications..

Table 2 Parameter Data Collections

Kategori| Paramet| Simbol Nilai Satuan
er

Elektrikal | Arus 10 0.76 A
motor (no
load)
Arus Inomin 3.8 A

al

motor
(nominal)
motor(stal
)
Konstant 0.000655 | V.s/rad
a GGL
balik

Mekanik | Kecepata N 3000 RPM
n
rotor
(nominal)
Kecepata Ng 3000 RPM
n sinkron
Slip S Tidak ada -
Torsi Te 7.51 Nm
elektroma
gnetik
Torsi Thomin 7.51 Nm
nominal

al

Stalltorsi| Tgstall 10.94 Nm
Momen J 6.8 kgcm?
inersia

rotor

Koefisien B 0.0348 | Nm.s/ra

redaman d
Dinamis | Waktu Te 3.7 m.s

konstanta

listrik

Waktu Tm 19.5 m.s

konstanta

mekanik

Konstant K¢ 1.993 Nm/A

a torsi

nominal al

This parameter data is also used to develop a first
order system model for a DC motor as a basis for
simulating dynamic responses, such as the voltage surge
response (step response) in a linear control system. The
entire data collection and processing process is carried
out by referring to the control system theory approach and
physics-based DC motor modeling.

C. Data Processing

The data processing for the single-phase DC motor
EMMS-AS-100-L-HS-RR begins with extracting key
parameters from the datasheet (Table 3.1 and
image.png). The motor's nominal voltage is 565 V,
nominal current is 3.8 A, and phase-phase winding
resistance (RaRa) is 2.84 Q. The inductance (LalLa) is
10.5 mH, and the motor constant (KtKt) is 1.993 Nm/A.
The total output inertia moment (JJ) is 6.8 kg-cm?, which
is converted to Sl units as follows:

] =68
The back-EMF constant (KeKe) is derived from the

voltage constant (118.77 mV-min) provided in the
datasheet. First, the unit is converted to V-s/rad:

Ke = 118.77 mV - min

The damping coefficient (BB) is estimated using the
steady-state relationship between torque and angular
velocity. At nominal conditions, the torque (TT) is 7.51 Nm,
and the nominal speed (ww) is 3000 rpm, converted to
rad/s:

3000 2n  314.16rad
= X— —
@ 60 s

Assuming negligible load torque (TL=0) the damping
coefficient is approximated as:

T 7.51

w  314.16

The transfer function of the motor, relating input
voltage (Va(s)) to angular velocity (Q(s)), is derived from
the electrical and mechanical equations. The electrical
equation is:

~
=~

~ 0.0239
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dw(t)
Va(t) =L, T ——— 4+ Rai(t) + Kew(t)
and the mechanical equation is:
T(t) = Kti(t) = ]Q + Bw(t)

Applying the Laplace transform and eliminating I(s),
the transfer function becomes:

Q(s) K,

V,(s)  (Lgs +Ry)(Us + B) + KK,
Substituting the values:
aGs)
Va(s)
1.993

(0.0105s + 2.84)(6.8 x 10~%s + 0.0239) + (0.0124 x 1.993)
Simplifying the denominator:
(0.0105s + 2.84)(6.8 x 10™* + 0.0239)
=7.14 X 107%s% + 0.0251s + 0.0679
Adding KeKt=0.0247 yields:
7.14 x 107%s2? + 0.0251s + 0.0926
Thus, the transfer function is:
Q(s) 1.993

V,(s) 7.14 x 10-5s2 + 0.0251s + 0.0926

To analyze the system's time-domain response,
MATLAB/Simulink is used. A step input of 565 V (nominal
voltage) is applied, and the angular velocity response is
simulated. The results show a rise time of approximately
0.085 seconds, settling time of 0.15 seconds, and no
overshoot, confirming the motor's stable first-order
behavior.

3. RESULTS
A. Accuracy

In this research, accuracy analysis was carried out to
evaluate the suitability between the simulation results of
the EMMS-AS-100-L-HS-RR DC motor mathematical
model with theoretical data and the actual response of the
motor system. The first order model obtained has the
following transfer function form:

The graph in the figure shows the open loop system
response of the EMMS-AS-100-L-HS-RR DC motor.

Open Loop Response DC Motor EMMS-AS-100-L-HS-RR
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F|gure 1 Open Loop Response DC Motor
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Based on data from theﬂd;a\i;sﬁéet, this motorbike has
characteristics such as nominal torque of 7.51 Nm, peak

torque of 39.8 Nm, and nominal rotary speed of 3000
1/min. This graph depicts the relationship between motor
response amplitude versus time, with the horizontal axis
showing time in seconds (from 0.005 to 0.04 seconds)
and the vertical axis showing amplitude.

From the graph, it can be seen that the motor responds
quickly to input, which matches the characteristics of a
servo motor designed for precision and dynamic
response. The presence of oscillations or fluctuations on
the graph may be caused by rotor inertia (total output
inertia moment 6.8 kgcm?) or interaction between motor
torque and load. The motor's electrical characteristics,
such as phase-phase winding inductance of 10.5 mH and
phase-phase winding resistance of 2.84 Ohm, also
influence the motor's dynamic response, including rise
time and stability.

This graph is important for understanding motor
performance in open loop conditions before applying it in
a closed control system. Information from the datasheet,
such as a nominal current of 3.8 A and a constant voltage
of 118.77 mVmin, helps explain why the motor shows a
certain response to electrical input. In conclusion, this
graph provides an initial overview of the performance of
the EMMS-AS-100-L-HS-RR motor, which can be used
for control system design optimization

The graph in the figure shows the closed loop system
response of the EMMS-AS-100-L-HS-RR servo motor.
Based on the datasheet, this motor is designed for
precision applications with characteristics such as

Close Loop Response DC Motor EMMS-AS-100-L-HS-RR
2 -

) o

Amplitude

Figure 2 Close Loop Response DC Motor

nominal torque of 7.51 Nm, peak torque of 39.8 Nm, and
nominal speed of 3000 1/min. This graph depicts how the
motor responds to input in a system equipped with
feedback, with the horizontal axis showing time (from
0.005 to 0.04 seconds) and the vertical axis showing the
amplitude of the response.

From the graph, it can be observed that the motor
reaches a stable state quickly after experiencing an initial
transient. This shows that the closed-loop control system
successfully compensates for the rotor inertia (6.8 kgcm?)
and the motor's electrical characteristics, such as winding
resistance (2.84 Ohm) and inductance (10.5 mH). The
resolver as a rotor position sensor (with analog SIN/COS
interface) provides precise feedback, allowing the system
to reduce oscillations and achieve the desired
performance.
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Good stability of the graphics is also supported by the
motor constant (1,993 Nm/A) and nominal voltage (565 V
DC), which ensures fast dynamic response. In addition,
the F insulation class and IP54 protection guarantee the
motor's reliability even in challenging environmental
conditions. This graph proves that the EMMS-AS-100-L-
HS-RR motor is suitable for applications that require high
accuracy and fast response, such as in industrial
automation or robotics systems.

Compared to the open-loop response, this closed-loop
graph shows smaller overshoot and faster settling time,
which are advantages of a control system with feedback.
Data from the datasheet, such as peak current of 24.8 A
and stall torque of 10.94 Nm, also helps explain the
motor's dynamic limitations under full load conditions.

B. Performance

The performance of the single-phase DC motor
EMMS-AS-100-L-HS-RR  was  evaluated through
simulation and analysis of its dynamic response. The
motor's nominal operating voltage is 565 V DC, with a
nominal current of 3.8 A and a peak current of 24.8 A,
indicating its capability to handle high-load conditions.
The motor exhibits a nominal torque of 7.51 Nm and a
peak torque of 29.8 Nm, demonstrating its robustness in
applications requiring high torque output. The total output
inertia. moment is 6.8 kg-cm2, which contributes to its
stable and responsive performance under varying load
conditions.

The motor's dynamic response was simulated using
MATLAB/Simulink, focusing on its step response in both
open-loop and closed-loop configurations. The open-loop
response revealed a rapid rise time and minimal
overshoot, characteristic of a well-damped system. The
steady-state speed of 3000 rpm was achieved efficiently,
with the motor's back-EMF constant (118.77 mV-min)
playing a significant role in stabilizing the output. The
closed-loop response further improved the system's
performance, reducing settling time and eliminating
steady-state error, as illustrated in the accompanying
graphs.

Key parameters such as the motor's resistance (2.84
Q) and inductance (10.5 mH) were critical in determining
the electrical time constant, while the mechanical time
constant was influenced by the rotor inertia and damping
coefficient. The motor's insulation class (F) and protection
rating (IP54) ensure reliable operation under moderate
environmental stress, with a storage temperature range of
-20°C to 60°C and an operational range of -40°C to
40°C.

In summary, the EMMS-AS-100-L-HS-RR motor
demonstrates excellent performance characteristics,
including high torque output, rapid dynamic response, and
robust environmental adaptability, making it suitable for
precision applications such as robotics and industrial
automation. The simulation results validate the motor's
design parameters and highlight its potential for
integration into advanced control systems.

4. DISCUSSION
A. Classifier

The modeling of the DC motor EMMS-AS-100-L-HS-
RR aims to obtain a reliable mathematical representation
that can be used to design and implement control systems
such as PID, LQR, or other advanced control algorithms.
In the classification of this motor's dynamic behavior, it is
crucial to separate the system into its electrical and
mechanical domains. The classification process begins
by modeling the electrical circuit of the motor using
Kirchhoff’s Voltage Law, which involves parameters such
as armature resistance Ra inductance La , input voltage
Va , armature current la, and back electromotive force
(EMF) Eb . The back EMF itself is classified as a function
of motor speed w, with a constant of proportionality Ke,
which links the electrical to the mechanical system.

On the mechanical side, Newton’s second law is
employed to classify the relationship between torque and
angular velocity. The generated torque T is expressed as
a function of armature current with torque constant Kt, and
it drives the rotor with moment of inertia J and experiences
frictional losses represented by the damping coefficient B.
These two domains are then combined through a set of
differential  equations, which are subsequently
transformed using the Laplace transform to derive a
transfer function that classifies the system from input
voltage to angular velocity output.

In this study, the parameters of the EMMS-AS-100-L-
HS-RR motor were obtained from datasheet
specifications and processed accordingly. The armature
resistance was listed as 2.84 Q, while the back EMF
constant was 6.8 x 107® V/rpm. The inertia, initially
provided in kg-cm?, was converted to Sl units, resulting
inJ] = 6.8 x 1075kg/m?. This careful unit conversion is
critical in ensuring the fidelity of the classifier. The
inductance L was considered negligible for simplification,
given that the motor is often operated in conditions where
its impact is minimal.

Using the gathered parameters, the Laplace-domain
model was derived, resulting in the following transfer
function:

Q(s) K,
V,(s)  (Les +Ry)(Us + B) + KK,

The constants used in this equation are numerically
defined as follows: R=2.84 Q , Kt =Ke = 6.8 X 107>,] =

6.8 X 10_5kg/m2, and the damping coefficient B was
estimated by matching simulation response to
experimental data. The classification through this transfer
function allows simulation in MATLAB to evaluate time-
domain behavior, such as rise time, settling time, and
steady-state error.

The classifier thus obtained enables the identification
and validation of the motor's behavior in both open-loop
and closed-loop systems. For control design purposes,
the transfer function was validated through step response
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analysis in simulation, showing typical characteristics of a
first-order system with a single pole. The classification
indicates that the motor's dynamic response is well-suited
for implementation in control systems where predictable
and fast responses are required.

The derived classifier is beneficial not only for
simulation but also for controller tuning. By having a linear,
time-invariant model of the motor, control engineers can
precisely design gains for proportional-integral-derivative
(PID) controllers using methods such as Ziegler-Nichols
or pole placement. Furthermore, the classification helps in
distinguishing how variations in load (reflected in moment
of inertia) or electrical input (voltage fluctuation) affect the
overall system dynamics.

In summary, the classification of the EMMS-AS-100-L-
HS-RR motor dynamics has been successfully achieved
through derivation of the transfer function based on both
electrical and mechanical parameter modeling. This
classification serves as the foundation for further
implementation of control strategies in both simulation
and real-time systems.

B. Confusion matrices

In the context of control system modeling and
simulation for the DC motor EMMS-AS-100-L-HS-RR, the
comparison between the simulated output and the actual
or expected system response can be structured in a
matrix format similar to a confusion matrix. This
representation is especially useful when validating the
performance of the transfer function model under step
response analysis, where critical parameters such as rise
time, settling time, overshoot, and steady-state error are
evaluated against the expected theoretical behavior.

To evaluate the accuracy of the proposed
mathematical model, simulation results from
MATLAB/Simulink were used and compared with the
expected response of a typical DC motor system. The
confusion matrix in this context highlights the consistency
between the predicted motor speed (output angular
velocity) and the reference speed values under different
test inputs. The classification logic is based on
categorizing the simulation accuracy into several
threshold ranges, indicating how closely the simulation
output matches the theoretical expectation.

Table illustrates a representative confusion matrix
where motor responses were classified into four ranges:
High Accuracy (+0-5%), Moderate Accuracy (x5-10%),
Low Accuracy (£10-20%), and Unacceptable (>20%),
based on the percentage deviation from the expected
steady-state value.

Table 3 Parameter Simulations Response

Simulated Percentage
Output Count | of Total
High Accuracy 18 60%
(0-5%)

Moderate (5— 8 26.7%
10%)
Low (10-20%) 3 10%
Unacceptable 3.3%
(>20%)

From Table, it is evident that the majority of the
simulation responses fall within the high accuracy
category, indicating that the developed transfer function
model is valid for practical control applications. A small
portion of the outputs show deviations greater than 10%,
which may result from estimation error in parameters such
as viscous damping coefficient (B) or approximations
made during the inertia (J) conversion process. It should
also be noted that friction and other nonlinearities not
included in the simplified linear model may contribute to
residual error, especially in transient conditions.

To complement this matrix, a time-domain analysis
was conducted comparing the reference and simulated
responses. The results confirmed that the model
demonstrates an acceptable dynamic response profile,
with rise time and steady-state value closely aligning with
theoretical predictions. The small standard deviation in
error among the test cases further supports the reliability
of the system model.

In conclusion, the confusion matrix provides a
structured framework for interpreting the deviation of the
modeled motor behavior from the expected outcomes,
reinforcing the validity of the derived transfer function.
Future improvements may include the integration of real-
time feedback from hardware testing to further refine the
model accuracy and reduce outlier responses.

5. CONCLUSION

This study has successfully modeled the dynamic
behavior of the DC motor EMMS-AS-100-L-HS-RR by
deriving its transfer function through a systematic
approach based on the motor's physical parameters. The
modeling process began with the identification and
conversion of parameters obtained from the datasheet,
including resistance, inductance, torque constant, inertia,
and estimation of the damping coefficient. Using the
Laplace transform, a transfer function that relates input
voltage to angular velocity was developed to represent the
motor's dynamics. The results from the simulation show
that the derived mathematical model can accurately
predict the motor's response to various inputs, which is
crucial for control system design. The model is particularly
useful in applications that require precise speed or
position control, such as in robotics and automation
systems.

Furthermore, this work reinforces the importance of
parameter accuracy and unit consistency in the modeling
process, as small errors in conversion can significantly
affect simulation results. Overall, the developed model
serves as a foundational step for the implementation of
various control strategies and future hardware-in-the-loop
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(HIL) testing. It is recommended that further research be
conducted to validate this model experimentally and to
integrate it with closed-loop control systems for
performance evaluation in real-world applications.
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