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ABSTRACT In the automotive world, each engine has different characteristics and functions, such as engine power,
engine torque, and engine fuel emissions. Therefore, the power meter is used as a tool that can provide information
about the engine characteristics. To ensure optimal braking performance of the dynamometer.is use eddy current
braking dynamometer. his paper provides a comparative analysis between PID control as a classical control
technique and modern control technique in the dynamometer eddy current brakes system. Eddy current brakes is
a modern braking system that requires a control system to support the braking performance. PID control is often
used to be implemented but, in some conditions, it is less optimal. This paper aims to find out that LQR and PID
can support the performance of the Eddy current brakes dynamometer. And also to find out that LQR is better and
optimal than PID controller for braking time response on Eddy current brakes dynamometer. Therefore, it is
necessary to develop a modern and optimal control, such as a full state feedback Linear Quadratic Regulator (LQR).
The expected result of the research is to produce a control design for the Eddy current brakes dynamometer system
using the LQR control method. So that it can be used for the development of the automotive world and is beneficial
for the survival of the communityThe comparison of the braking time responses were simulated using
Matlab/Simulink. The simulation results show that the response of LQR control is better than the PID, with Ts =
2.12 seconds, Tr = 1.18 seconds, and without overshoot. On the other side, PID control, although having Ts = 0.27

seconds and Tr = 0.18 seconds, there is still an overshoot about 0.7%.

INDEX TERMS: Eddy brakes, PID, LQR, Matlab

I. Introduction

The development of the automotive sector, especially in
Indonesia, has experienced a very rapid increase over
the last few decades, especially in the field of automotive
engines. In the automotive world, each engine has
different characteristics and functions, such as engine
power, engine torque, and engine fuel emissions.
Therefore, the power meter is used as a tool that can
provide information about the engine characteristics.
This tool is used to further analyze engine performance.
In general, two types of experiments are carried out to
determine the engine characteristics: constant braking
test and maximum braking test [1]. An eddy current
braking dynamometer is used to ensure optimal braking
performance of the dynamometer.

. The eddy current brakes dynamometer was chosen
because it allows a high rate of load change, has good
braking at high speeds, fast and stable conditions, and
easy to control acceleration. It is ideal for testing motor
performance by comparing an eddy current braking
dynamometer with a highly flexible and inertial
dynamometer [2]. In the eddy current brake
dynamometer system, the current generated by
changes in the magnetic flux on the conductive disc is
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used as a trigger to generate braking force when testing
the motor [3]. To get the optimal performance of the eddy
current braking dynamometer, the parameters of time,
the magnitude of the braking force, and the stability of
the system during braking were analyzed.

To get the characteristics of the braking response
time according to the standard, it is necessary to develop
an optimal control system. The control method that is still
widely used in industry is the classic PID controller.
Some considerations for using this management method
are simple and flexible design and implementation [4].
However, PID control is considered less than optimal in
some situations for controlling applications such as eddy
current braking dynamometers. Several studies related
to the use of PID control generally lead to optimization of
adjustment of control parameters [5]. However, it is also
possible to create an optimal control system using
controllers based on overall state feedback.

In some cases, controllers based on full state
feedback are more sensitive than PID controllers.
According to research conducted [6] using the integral
state feedback control method to investigate the case
control of DC motors. In this study, the implementation
was tested using the Arduino embedded system. The
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test results show that the controller based on full state
feedback responds better than the PID controller
because it takes a shorter time to reach the baseline.
Another related study [7] was conducted to compare the
performance of a PID controller and a Linear Quadratic
Full Feedback (LQR) controller for DC motor position
control. The performance of the LQR controller in this
study is better, especially in terms of settling time and
low overshoot criteria. PID and LQR were also
compared in a tiltrotor controlling case study [8]. This
study also gave positive results for the LQR controller,
seen in the overshoot and response time criteria.
Therefore, to improve the control design in a more
modern direction, the use of an LQR regulator on the
eddy current braking dynamometer system needs to be
tested to achieve optimal response time when braking
[16].

This paper aims to find out that LQR and PID can
support the performance of the Eddy current brakes
dynamometer. And also to find out that LQR is better and
optimal than PID controller for braking time response on
Eddy current brakes dynamometer. This research has
a difference where, making a combination of using a
method that is combined between Linear Quadratic
Regulator (LQR) and Proportional integral derivative
(PID). So, this paper discusses the control design
simulation on the Eddy current brakes dynamometer
system using the LQR control method. The simulation
was built using Matlab software [17]. The Eddy current
brakes system model used is in the form of state space.
Observation of system response with and without
controller using Simulink feature in Matlab. From the
results of the response observations, then an analysis
was carried out on the comparison of the results of the
response between using PID classical control and LQR
optimal control [18]. The expected result of the research
is to produce a control design for the Eddy current
brakes dynamometer system using the LQR control
method. So that it can be used for the development of
the automotive world and is beneficial for the survival of
the community. The novelty of this research is the use of
a combination of the Proportional integral derivative
(PID) method as a method that will make the Brake
Current get a fast response and the Linear Quadratic
Regulator (LQR) is used to get the optimal value of the
Brake Current system.

Il. Materials and Method
A. Material
1) Eddy Current Brakes

The eddy current braking system with braking using
electromechanical components can be said to be a more
modern braking system compared to the mechanical
braking system [9]. The braking system using an eddy
current braking dynamometer provides a more
responsive braking speed in high speed conditions, and
has excellent durability because it does not contain
mechanical parts that require special maintenance.
Control [10]. The structure of the eddy current brake
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model consists of a rotating conductive disk and a coil
that is activated or permanently magnetized to create a
magnetic field in the conductive disk [11]. By design, the
eddy current brake is divided into four sections, as
shown in FIGURE 1, with (1) a drive core and cail, (2) an
airless gap, (3) a metal disc, and (4) an external
information. side. of iron plate.
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FIGURE 1. Schematic drawing of a permanent magnet eddy current disc
brake. [12]
Description:
a) Core and exciting coil
b) Gap without air
c) Iron plate
d) The outer side of the iron plate

The performance system of the eddy current braking
dynamometer is when the iron disc connected to the
motor shaft rotates to receive the braking force input, the
system uses a strain gauge sensor to determine the
amount of braking force [19]. This sensor performs the
function of detecting the magnitude of the braking force,
which is converted into an analog signal and then the
signal becomes a variable to be detected by the
microcontroller. After receiving feedback from the load
cell, the data is processed by the microcontroller to
ensure a stable braking response of the system. Eddy
currents are currents caused by changes in the magnetic
flux in a conductor [1]. Here the conductor is an iron plate
with a diameter of 10 cm which is attached to the engine
shaft (dynamo). According to LenZz's law, eddy currents
create a magnetic field in the opposite direction to the
changing magnetic field that produces it. Therefore, the
eddy current is used as the braking force of the
dynamometer (Fb). This force Fb arises between the
magnetic field vector and the eddy current.
At low speed conditions, the magnetic induction of the
iron plate rotates and the eddy current becomes very
small, so that the magnetic induction is almost
perpendicular to the iron plate, so it can be neglected
[20]. At medium speed conditions, the braking force is
greater than before, so that induction occurs at the BO
pole so that the initial value of magnetic induction is
ignored. The eddy current brake calculation diagram is
shown in FIGURE 2, and several parameters are shown
in TABLE 1. Based on the system simulation, the total
braking force of the eddy current brake is formulated as
equation (1).

+e 2 Routter

F=[7"dz [, do | AFOrdr (1)

Rinner

86


https://ijeeemi.org/

Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics

Multidisciplinary : Rapid Review : Open Access Journal

Vol. 4, No. 2, May 2022, pp.85-93 elSSN: 2656-8624

TABLE 1
Eddy Current Brakes System Design Parameters [1]
Parameter Value

Disc thickness (d) 1cm
The angular velocity (w) 3000 RPM
Disc and pole distance (x) 0.5m

Rotation

Printed Circuit Motor

Current

~Commutator

Printed_—
Wires —
(Current Loop)

_Permanent
—— Magnets

Magnetic Field

FIGURE 2. Eddy Current Brakes Dynamometer 3D Design [10]

Equations (2) and (3) are the result of solving the
equation for the total braking force on Eddy current
brakes. Where F is braking force (N), D is
electromagnetic pole diameter (m), d is disk thickness
(cm), B is magnetic induction (Tesla), c is proportional
factor, w is angular velocity (RPM), x is distance disk and
pole (m) and R is disk radius (m).

F = 0.25-D2dB%cw (2)
4

c=051—-—25 3
[ (1+%>2<%)zl ©

From all the specifications can be found the equation
of the relationship between current (I) and braking force
(F) as in Equation (4). Eddy current brakes
dynamometer system modeling design which is
represented in the form of state space and transfer
function based on the derivation of Equation (2)-(3) to
Equation (5) for state space and transfer function
modeling in Equation (6).

/=2.106 In (F) + 5.288 4)

x(©) = [5)27 TEO[N] 4 [2 wwi y =10 14131x0)  (5)
11.304

Ges) = $2+2.2095+11.304 (6)

B. Method

This study uses a simulation system built using Matlab
software. The Eddy current brakes system model used
is in the form of state space [21]. Observation of system
response with and without controller using Simulink
feature in Matlab. From the results of the response
observations, then an analysis was carried out on the
comparison of the results of the response between using
PID classical control and LQR optimal control [22].
Through modeling using state space and transfer
functions, the response of the braking force system in an
open loop can be analyzed to obtain the transient
characteristics of the initial system response before
designing the control design using PID or LQR [23]. The
open loop model in the form of state space of the Eddy
current brakes dynamometer system represented in the
Simulink block is shown in FIGURE 3. The purpose of
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the analysis of the two types of PID and LQR controllers
is to compare the optimal system response to achieve
the system response criteria.

j > %= Ax+Bu r[:]

y=Cx+Du

Input ECB Output

FIGURE 3. Simulink Block Eddy Current Brakes Open Loop Dynamometer
System
C. Calculation Analysis
After obtaining the characteristics in the open loop
condition, the PID and LQR control designs are carried
out. The control design is carried out based on the
application of literature review theory as the basis for
designing the Eddy current brakes dynamometer
control system in the Matlab/Simulink simulation, the
following is the basic equation used for control design
[24].
1) Proportional Integral Derivative (PID) Control
Integral Differential Proportional Control (PID) is a
type of control commonly used in single-input, single-
output (SISO) systems. The control system compares
the error signal with the input signal (setpoint) using
proportional, integral and derived parameters [13]. PID
control is conventionally divided into two types, namely
dependent on Equation (7) and independent on
Equation (8). If expressed in terms of the transfer
function in the s domain, it becomes in Equation (9)-
(10). where u is the controller output, e is the error
value, Kp is the proportional constant, Ki is the integral
constant, and Kd is the derived constant.

u(t) = K, [e(t) + Tlf e(t)dt + 14 %e(t)] (7)
u(t) = [er(t) +K; [e(t)dt + Ky %e(t)] (8)
u(s) =K, [1 + i + rds] e(s) (9)
u(s) = [Kp + % + de] e(s) (10)

The search for constant parameters Kp, Ki and Kd
for PID controllers is adapted from the Ackermann pole
placement formula in Equation (12) with the
characteristic equation in Equation (11).

IsI = A+ BKq| = (s = p1)(s = p2) ... (s = itz)

=s"+ sV et tay 11)
B

K.,=[0 0 .. 0o 1]| 4B |6(4) (12)
An1p

Where ¢p(A)is p(A)=A+alA+ ... +an-1A+ anl,
and the gain value for full state feedback Ka in Equation
(12) is as shown in Equation (13). With K* to find the
parameters Kp, Ki and Kd are as contained in Equation
(14).

C 0
K.,=|cA CB|K (13)
CA* CAB
K, K,
K = Ki = (1 - KaCB)_l Ki (14)
Ka Ka
87


https://ijeeemi.org/

Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics

Multidisciplinary : Rapid Review : Open Access Journal

Vol. 4, No. 2, May 2022, pp.85-93 elSSN: 2656-8624

FIGURE 4 shows a state space block diagram on
Simulink for controlling the Eddy current brakes
dynamometer system plant using PID control. So it's
necessary to make an augmented system equation as
in Equation (15).

Xq = AgXxg + Baug (15)

da= (5 0) = () = o %= ()

P458.5541

I

Input

X =AnsBy i
RESRS SE

ECB1 Output

——» 847748

Kd

o X =Ax+BU
7| y=Cr+Du

ECB2
FIGURE 4. Simulink Block Eddy Current Brakes Dynamometer System
with PID Control

2) Linear Quadratic Regulator (LQR) Control

Proportional Linear Quadratic Regulator (LQR)
control is an optimization of a system with state space
representation. LQR has the same structure as pile
array with full state feedback, but the difference
between LQR and pole array is how the K matrix is
defined as feedback gain [14]. The control block
diagram for a full-state feedback LQR system in a
dynamometer system with eddy current brakes is
shown in FIGURE 5.
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FIGURE 5. Simulink Block Eddy Cu:':'Eecr'Blzt Brakes Dynamometer System
with LQR Control

Pole placement control has the disadvantage of
finding the gain matrix K used to move the system poles
to the desired pole. These shortcomings are often
overlooked in the systematic effort aspect. The result is
high drive power consumption while trying to stabilize
system response. With LQR control, this problem can
be solved by using the gain matrix K obtained from the
Q and R matrices of the LQR control system concept.
The LQR control system has the ability to optimize the
merit system figure and optimize the gain matrix K by
considering the performance factors and system effort
[15]. The optimal merit score is obtained by minimizing
the value of the merit number in Equation (16).
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J = fooo(xTQx + uTRu)dt (16)

Through Equation (16) there is a symmetric real Q
matrix which is definite positive (or semidefinite
positive) and a symmetric real R matrix which is definite
positive [25]. The Q matrix is used to adjust the
performance of the system so that it is related to the
system state vector, while the Q matrix affects the
steady state error value in the system response, the
greater the Q value, the smaller the steady state error
value. The R matrix is used to modify each input state
in the system to achieve the desired gain, this will affect
the efficiency of the actuator's performance to stabilize
the system. The R matrix will play a role in controlling
each input state in the system in order to regulate the
level of effort efficiency of an actuator. Through the
performance index equation, the K gain value can be
calculated using the equation as shown in Equation
(17). Matrix P is the solution of the Riccati equation
which is represented in Equation (18).

K =RBTP (17)
ATP 4+ PA—PBRBTP+Q =0 (18)

However, the requirements that must be met before
designing the control design using LQR are that the
system must be controllable. That means the input
signal u can control the dynamics of each state vector
variable x. If the input signal u cannot control the
dynamics of each state, it will result in setting the
dynamics of the state using the Q matrix which cannot
control the performance and the R matrix which cannot
regulate the effort of the system. The controllability
properties can be known by using the controllability
matrix CM as shown in Equation (19). If rank n of the
controllability matrix shows the same result as the order
of the system, it can be said that the system is fully
controllable.

Cy=[B AB A%B A"1B] (19)
3) Zero Steady State Error Control Design

The overall feedback design of the LQR produces a
transient response that meets the desired criteria, but
undergoes a steady-state error response. The problem
lies in the difference between the input and output
responses of an infinite time system. The input
response in question is called a closed loop system,
that is, a reference or setpoint. The zero steady-state
error analysis is carried out after the system is known
to have reached stability. This analysis is used to
correct the system error to reach a zero error condition,
which means an error-free state under steady state
conditions. There are several methods of zero steady
state error analysis, namely using a non-feedback
reference input gain using Nbar (N) and or using
integral control (Ke). However, in the discussion of the
design of the LQR Eddy current brakes dynamometer,
this dynamometer uses a steady state error with a gain
reference input of Nbar (N) which will produce a system
response that is zero steady state error when a step
signal is given. So that the control system design
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structure can be described as in FIGURE 5 which is
denoted by gain N. The gain value can be calculated
by Equations (20) and (21), or by Equation (22) as the
control signal equation. Then the gain of N in Equation
(23) can be obtained.

N _[A By '[0

vl =1z ol L] 20)
u=—-Kx+ (N, +KN)r (21)
u=—Kx— Nr (22)
N =N, +KN, (23)

From all theoretical calculations starting from
system modeling, designing the PID control design by
determining the Kp, Ki and Kd parameters adapted
from the Ackerman pole placement equation, then
designing the LQR control by determining the Q matrix
and R matrix to determine the full state feedback gain
K and for achieving a zero steady state error condition
using the gain reference input is done by computing in
Matlab. The computational results are then simulated
for each implementation of PID and LQR control on the
Eddy current brakes system using Simulink.

lll. Results

1) System Testing Without Controller

Testing the system without a controller is carried out by
inputting the system as a 5 Newton (N) step signal,
resulting in a brake time response as shown in FIGURE
6.

Impulse Response

Open loop
08| LaR

Rall angle (rad)
=

0 2 4 5] 8 10 12 14 16 18 20
Time (sec)

FIGURE 6. System Test Results Without Controller (Open Loop)

2) Eigen value and pole-zero map

Seeing the response of an open loop system that is
still experiencing overshoot, eigenvalue search is used
to see the steady-state value of the system modeled as
state space. The results of the calculation of the
eigenvalue system can be obtained using equation (24)
with the results listed in equation (25).

det(Al —4) =0 (24)
_ [—1.0145 + 3.2054i 0
A= [ 0 —1.0145 — 3.20541’1 (25)

3) PID Controller Test Results
The determination of the parameters Kp, Ki and Kd
on the PID controller is set from the position of the
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Ackermann poles with the first step determining the
characteristic equation based on equation (12) the
poles to be determined. PID control requires three
parameters, whereas the system only has two, so an
additional pole is required to expose the dominant pole
placed on the far left. Thus, a final system with three
poles is formed from the new reinforcement system as
shown in equation (15). Then the value of Kp, Ki and
Kd can be searched using the enhancement system.
The value of Ka gain for full state feedback is found
by Equation (13), or by using the "acker" command in
Matlab. After obtaining the value of Ka, it can be
obtained the value of * from Equation (14), through the
value of * the values of Kp, Ki and Kd are obtained.
Through all these calculations, assuming the best pole
location [-1 -5.2 -999] using Matlab calculations
obtained the value of Kp = 459.5541, Ki = 547.3900
and Kd = 88.7448. After obtaining the PID parameter
value, the system response is simulated using Simulink
with a system model in the form of state space as
shown in FIGURE 4 which produces an Eddy current
brakes system response with 5 N braking force input
using PID control as shown in FIGURE 7.

— Tbec=0.1

— Tbe=0.07

— Tbe=0.05

—=—- Nominal response

Time [s]

FIGURE 7. System Test Results with PID Controller

4) LQR Controller Test Results

Testing the response of Eddy current brakes using
Simulink using an example in the form of state space,
for example in Figure five, forming a response when
braking, for example in FIGURE 8.

Speed (RPM)
5

I L L L ! I L 1 L
0 10 20 30 40 50 60 70 80 90 100
Time {Sec)

FIGURE 8. Results of the Second Test using the LQR Controller
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In the second test, modifications were made to the
values of the Q and R matrices as shown in Equation
(26), which then obtained the gain value of K = [2.7815
0.0117]. Furthermore, the gain value Nbar (N) is
obtained at 1.0083

o=fy Y= =

After modification, the response graph is obtained
as shown in FIGURE 9. From the results of the second
test using the LQR controller coupled with the gain
reference input Nbar, it is able to provide a braking
response time that matches the criteria.

1.4 T T T

12bh .................. S ................. 4

e ...............

o
[u:]

speed [ms1]

o
m

o
=

=
ra

tirme [sec)

FIGURE 9. Results of the Second Test using the LQR Controller
5) Comparison of PID and LQR Control System

Responses
TABLE 2 shows that using LQR control can make a
better response when braking Eddy current brakes
than using PID control, this is because using LQR
control has a synchronous transient response output
using the criteria of using a settling time (Ts) value of <
5 seconds & rise time (Tr) < 4 seconds which can still
be said to be reasonable if implemented.

TABLE 2
Comparison of PID and LQR Controller Responses
Criteria PID LQR
Settling time 0.27 s 212s
Rise time 0.18 s 1.18 s
% Overshoot 0.7 0
Steady state error 0 0
Fb (Braking Force) 5N 5N

IV. Discussion

1) System Testing Without Controller

The simulation results in FIGURE 6 show that the
braking force value of 6.85 N exceeds the input value
of 5 N which means it is overtaking and produces a
transient system response with a stabilization time
value of 3.34 seconds, a rise time of 0.394 seconds and
an overshoot of 1. 85 N or 36.9%. The stabilization and
rise time values are good enough, but improvements
are needed to bring the overshoot to the expected
specs.

2) Eigen Value And Pole-Zero Map

When looking for the eigenvalues, it was found that the
pole system was in the negative region (-1.0145-

Journal homepage: https://ijeeemi.org

3.2054i, -1.0145+3.2054i), which means the eddy
current brake system is a stable system. However, in
this system, a control design is needed so that the
overshoot value in the system can be lowered
according to the design criteria. The control design
tested in this study used PID and LQR controls.

3) Pid Controller Test Results

Based on the system response in FIGURE 7, the
settling time (Ts) value is around 0.27 seconds which
is still classified according to the criteria, which is less
than 5 seconds. However, this value is very unrealistic
because the system response in real conditions is not
possible with a time of less than 1 second. Likewise for
the value of rise time (Tr) which is around 0.18
seconds. In addition, after being controlled using PID
control, the overshoot value is still 0.7%. These results
indicate that the use of the PID controller produces a
system response that can achieve stability according to
the criteria, although it has a significant gain increase
with a gain of about 5.7 N in less than 1 second.
Therefore, an experiment was carried out with the LQR
controller as a comparison.

4) LQR Controller Test Results

In testing the system with the LQR controller, it begins
by determining the diagonal matrix Q to adjust the
system performance and the diagonal matrix R to
adjust the system input which will be used to obtain the
gain full state feedback matrix K based on Equation
(17). With the help of Matlab these calculations can be
done using the command "Igr()". However, before
designing the LQR control, it is necessary to check the
controllability of the system using the controllability
matrix as shown in Equation (19). From this check, then
the rank value for the controllability matrix is 2. This
value indicates that all state variables in the Eddy
current brakes system are fully controllable or can be
controlled thoroughly because the rank value of the
matrix is the same as the order of the system.

From the first test, the gain gain value is K =[0.8025
0.3181]. The addition of the reference input gain
calculated based on equations (20), (21), (22), and (23)
obtained a gain value of 1.2251. After obtaining the
reference input gain value to achieve zero steady state
response, then the response test of the Eddy current
brakes system with LQR control using Matlab is carried
out and the results are shown in FIGURE 8. 2.19
seconds is good because it is still below the criteria limit
of 5 seconds and is still in accordance with the
conditions real. From the first experiment, it is
necessary to improve the value of the Q and R Matrix
to be able to increase the response to 5 N and improve
the value of the overshoot percentage to 0%.

After modification, the response graph is obtained
as shown in FIGURE 9. From this response, it can be
seen that after repairing the Q and R Matrix and the
input reference gain N as precompensation, it can be
seen that the system response results can achieve
stability with a braking force value of 5 N without any
overshoot. The value of settling time (Ts) reaches 2.12
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seconds which has met the criteria and the value of rise
time (Tr) is 1.18 seconds which is also still in
accordance with the predetermined criteria. The
addition of Nbar is able to increase the system output
gain, so that it matches the reference value and
achieves a zero steady state error condition. From the
results of the second test using the LQR controller
coupled with the gain reference input Nbar, it is able to
provide a braking time response that matches the
criteria.
5) Comparison Of Pid And Lqgr Control System

Responses
From the results of the system response observations
shown in TABLE 2, the use of LQR control can be said
to be more optimal as a controller in the Eddy current
brakes system because by using full state feedback
LQR is able to regulate performance for the dynamics
of each state vector system using the Q matrix and
regulate the efficiency of actuator performance through
The state vector input system uses an R matrix, so that
it can produce a more optimal system response with a
transient response that matches the criteria.
6) Data Analysis

The Eddy current brakes system using PID control
produces a very fast transient response including the
value of settling time (Ts) = 0.27 seconds and rise time
(Tr) = 0.18 seconds, as well as an overshoot of 0.7%
outside the system criteria. This response can be said to
be less than optimal in the implementation of the Eddy
current brakes system, because it requires a very high
effort in controlling the braking force response with a
very fast time so that it results in wasteful energy
consumption to stabilize the braking force and if
implemented on the hardware side it will not be optimal
because braking response time is too fast. The
weakness in controlling the system using PID control
using Kp, Ki and Kd parameters is that it is not able to
control every desired dynamics of the state variable on
the Eddy current brakes system. In contrast to the full
state feedback LQR control which can be said to be
precise and optimal to be implemented in the Eddy
current brakes system which is able to produce a
response time that is in accordance with the criteria of
settling time (Ts) = 2.12 seconds and rise time (Tr) =
0.18 seconds without any overshoot so that braking time
is given a 2 second pause which can make the energy
consumption of the controller to control Eddy current
brakes more efficient. This is because the LQR control
is able to regulate system performance and regulate the
efficiency of actuator performance on system inputs, and
full state feedback control has a method to eliminate
steady state errors through additional gain reference
inputs that can produce a more optimal system response
with a transient response that matches the criteria.
braking response time. So, the type of LQR control as a
modern control can be an option for consideration in the
development of the classical PID control method which
is still often used in Eddy current brakes systems to
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obtain more optimal braking force performance and
energy efficiency in better braking force control.

Based on the data that has been obtained, the
response of the LQR control system is better than the
PID control. This is because the LQR control is able to
regulate system performance and regulate the efficiency
of actuator performance on system inputs. and LQR
control can eliminate steady state errors so that the
system response is more optimal with a transient
response that is in accordance with the braking time
response criteria. And then, the LQR control system can
be applied to the eddy current brakes dynamometer
system. With the use of the LQR control system, tools
that use the dynamo system can become even more
effective.

This study has a weakness that is it only compares 2
different methods. So it has limitations on the data
obtained only on these 2 methods without testing other
control system methods. Therefore, this research can be
completed again by comparing other control system
methods. So that we get an effective control system
method for the eddy current brakes dynamometer
system.

V. Conclusion
Based on the data that has been obtained, the Eddy
current brakes system using PID control produces a
very fast transient response including the value of
settling time (Ts) = 0.27 seconds and rise time (Tr) =
0.18 seconds, as well as an overshoot of 0.7% outside
the system criteria. And LQR Control is able to produce
a response time in accordance with the criteria of
settling time (Ts) = 2.12 seconds and rise time (Tr) =
0.18 seconds without any overshoot so that the braking
time is given a 2 second pause which can make the
controller energy consumption to control Eddy current
brakes more efficient. LQR control is able to regulate
system performance and regulate the efficiency of
actuator performance on system inputs. And LQR
control can eliminate steady state errors so that the
system response is more optimal with a transient
response that is in accordance with the braking time
response criteria. Thus, the type of LQR control as a
modern control can be an option for consideration in
the development of the classical PID control method
which is still often used in Eddy current brakes systems
to obtain more optimal braking force performance and
energy efficiency in better braking force control.

This study has a weakness that is it only compares
2 different methods. So it has limitations on the data
obtained only on these 2 methods without testing other
control system methods. Therefore, this research can
be completed again by using several modern control
methods to get the best control system results for the
Eddy Current Brakes system.
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