
Received: 19 October 2023 | Revised: 17 November 2023 | Accepted: 25 November 2023
DOI: 10.37917/ijeee.20.2.18 Vol. 20 | Issue 2 | December 2024

Open Access

Iraqi Journal for Electrical and Electronic Engineering
Original Article

Analysis of Permanent Magnet Material Influence on
Eddy Current Braking Efficiency

Ahmed M. Salman*, Jamal A.-K. Mohammed, Farag M. Mohammed
Department of Electromechanical Engineering, University of Technology, Baghdad, Iraq

Correspondance
*Ahmed M. Salman
Department of Electromechanical Engineering,
University of Technology, Baghdad, Iraq
Email: eme.20.10@grad.uotechnology.edu.iq

Abstract
Traditional friction brakes can generate problems such as high braking temperature and pressure, cracking, and wear,
leading to braking failure and user damage. Eddy current brake systems (contactless magnetic brakes) are one method
used in motion applications. They are wear-free, less temperature-sensitive, quick, easy, and less susceptible to wheel
lock, resulting in less brake failure due to the absence of physical contact between the magnet and disc. Important factors
that can affect the performance of the braking system are the type of materials manufactured for the permanent magnets.
This paper examines the performance of the permanent magnetic eddy current braking (PMECB) system. Different
kinds of permanent magnets are proposed in this system to create eddy currents, which provide braking for the braking
system is simulated using FEA software to demonstrate the efficiency of braking in terms of force production, energy
dissipation, and overall performance findings demonstrated that permanent magnets consisting of neodymium, iron, and
boron consistently provided the maximum braking effectiveness. The lowest efficiency is found in ferrite, which has the
second-lowest efficiency behind samarium cobalt. This is because ferrite has a weaker magnetic field. Because of this,
the PMECBS based on NdFeB magnets has higher power dissipation values, particularly at higher speeds.
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I. INTRODUCTION

The safety of motorized vehicles heavily relies on brakes,
which are responsible for reducing or stopping the vehicle’s
speed when needed. However, traditional friction brakes
can cause issues such as excessive temperature and pressure,
cracking, and wearing out, resulting in brake failure and harm
to the user. Alternative braking technologies are in high de-
mand to improve braking performance. One such technol-
ogy is Electromechanical brakes (EMB), which offers quick-
response braking, efficient fuel consumption, environmental
sustainability, simple maintenance, and enhanced safety de-
sign [1–3]. Additionally, Eddy’s current braking systems use
electromagnetic induction for precise and effective braking,
potentially improving energy efficiency, reducing wear on
brake components, and enhancing safety in various applica-

tions [4]. In Fig. 1, the concept consists of a powerful magnet
and a rotating metal plate. As the magnetic flux changes due
to the rotation, eddy currents are generated on the wheel [5].
These currents move toward the wheel’s rotation and create
a force that opposes the rotation, causing a decrease in the
wheel’s speed. ECs are generated by Lenz’s law, and electro-
magnetic induction is used to identify the direction of induced
current [6]. The resulting current dissipates the kinetic energy
of the wheel, converting it into heat and eventually bringing
it to a halt. With permanent magnet eddy current braking
(PMECB) systems, permanent magnets generate eddy cur-
rents in a conductive braking material, eliminating the need
for a power source [7]. PMECB systems are more reliable
and require less maintenance than conventional friction-based
braking systems [8]. In [9], the electromagnetic theory be-
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Fig. 1. Illustrates the operational principle of the PMECB

hind PMECB is explored, including the equations determining
braking force and design details. The impact of various perma-
nent magnet configurations, magnet strengths, and brake plate
designs on braking performance and efficiency was investi-
gated in a study [10]. [11] to study and forecast the behavior
of PMECB systems. The many benefits of PMECB systems
make them desirable for various applications, as stated by
researchers’ study [12]. Researchers explored new ways to
optimize deceleration profiles through hybrid braking systems
that combine PMECB with other technologies [13].
This paper examines a model of an eddy current braking sys-
tem using FEM. This modeling study aims to demonstrate
the effectiveness of PMECB in producing braking force, dis-
sipating energy, and enhancing overall braking performance.
The findings from this study will be used to support further
research in this area.

II. FORMULAS FOR THE PMECB SYSTEM IN
MATHEMATICS

The PMECB system’s mathematical formulations are derived
from electromagnetic principles and Maxwell’s equations [14],
providing information on braking forces and energy dissipa-
tion. According to Faraday’s law, a changing magnetic field
passing through a conductor creates an electromotive force
(EMF) in a closed loop

EMF =−dΦ

dt
(1)

where EMF is the induced voltage, (dΦ) is the magnetic flux
linked with the material, and (dt) is the period. The braking
force (F) produced by the interplay of induced eddy currents
and the magnetic field can be estimated as follows [15]

B = µH (2)

J = α ·EME (3)

F=J×B (4)

The symbol (J) represents eddy current density, while (σ) is
used to denote the electrical conductivity of the material. By
using the material’s permeability (µ) and magnetic field inte
nsity (H) to calculate the magnetic flux density (B).

The power dissipated in the eddy current braking system
is a crucial parameter [16].

Pin = (Ieddy)
2R (5)

The power output of the braking system represents the energy
absorbed to slow down a moving object.

Pout = T ·ω (6)

The symbol (T) represents braking torque, while (ω) refers to
rotational speed. The efficiency of the eddy current braking
system is the ratio of output power to input power, which can
be calculated using a specific equation [17]:

η =
Pout
pin

(7)

III. DESIGN CONSIDERATIONS AND
SIMULATION

Choosing the right permanent magnet type is crucial for creat-
ing an efficient PMECB system. The magnets used directly
affect the strength of the magnetic field, which in turn im-
pacts the braking force produced by the system. Proper selec-
tion of magnet materials is essential when designing efficient
PMECB systems. Neodymium Iron Boron, Samarium Cobalt,
and Ferrite (Ceramic) are commonly used magnet materials
for PMECB applications [18]. The arrangement of permanent
magnets in the PMECB system is crucial in determining the
distribution of magnetic fields and the effectiveness of the
braking force. The magnet must be positioned correctly to
distribute force evenly and optimize energy conversion. Sim-
ulation software like FEA tools allows designers to develop
virtual models of efficient and reliable PMECB systems us-
ing critical simulation and optimization methods [19]. These
models demonstrate the interaction between magnets, con-
ductors, and magnetic fields, displaying information on force
distribution and eddy current effects. Table I displays the
design aspects of PMECB. Numerical simulations can predict
braking system behavior and analyze the effects of conductive
materials. Simulation and analysis of the braking system are
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TABLE I.
GEOMETRY DESIGN OF THE PMECB

Parameter Value Unit
Conductivity of Copper disk 58.0×106 S/m

Copper density 2.7×103 kg/m3
Disc brake thickness 8 mm
Disc brake diameter 200 mm

Length of air gap 0.8 mm
Relative permeability of copper 0.99904

Resistivity of Brake Disc [p] 100E−9 ghm.m
Mass disc 2.21 kg

Speed range 0−1500 rpm

critical phases, as shown by the Solid Works EMS flowchart
in Fig. 2. Fig. 3 shows PMECB components. Fig. 4 il-
lustrates the use of SolidWorks in simulating the model for
this research. The simulation software incorporates conduc-
tive materials and measures key parameters such as electrical
conductivity, permeability, and intensity. As illustrated in
Fig. 4, the FE analysis discretizes the permanent magnetic
material into tiny elements, allowing numerical assessment
of the integral based on the force intensity and magnetic field
distribution at each element. For real-world applications, this
technique gives a more precise and practical answer. To begin
PMECB production, the electromagnetism specialist was em-
ployed for 3D analysis and optimization. Table II shows the
electrical conductivity of recommended materials [20].

IV. RESULTS AND DISCUSSION

The study provided valuable insights into how ferromagnetic
permanent magnetic materials impact the performance of ON
(ECB) systems. Numerical simulations were conducted using
several ferromagnetic PM materials as braking components to
evaluate key performance parameters such as braking force,
efficiency, and thermal behavior. The graph in Fig. 5 illus-
trates the braking force values for each material as a func-
tion of rotational speed. This sentence compares different
magnetic materials to understand how their properties affect
braking performance. The strength of eddy currents is directly
proportional to the rate of change of magnetic flux and the
Conductivity of the conductor. This leads to a more signifi-

TABLE II.
THE MATERIALS’ ELECTRICAL CONDUCTIVITY

Material Conductivity (S / m)
Neodymium Iron Boron 6.3×106

Samarium Cobalt 1.2×106

Ferrite(Ceramic) Magnet 1.0×103

Fig. 2. Flowchart of the PMECB design

Fig. 3. Schematic diagram of the PMECB components

cant interaction between the eddy currents and the permanent
magnetic field, which results in stronger braking forces. As
the speed of the conductor increases, the force applied to
the brakes also increases. Higher conductance materials gen-
erate stronger eddy current interactions, leading to greater
braking forces. Conversely, lower conductivity materials pro-
duce weaker eddy currents and exhibit lower braking forces.
Neodymium iron boron magnets are distinguished from other
permanent magnets by their superior electrical conductivity.
Neodymium Iron Boron magnets can produce stronger brak-
ing forces than other materials due to their higher magnetic
flux density [21]. Samarium Cobalt magnets offer high mag-
netic fields and thermal stability, while Ferrite magnets can
be a cost-effective alternative with lower braking forces for
certain applications.

Fig. 6 shows. The braking power generated in an eddy
current braking system involving different PM materials at
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various rotational speeds is influenced by the interaction be-
tween the magnetic field induced by the permanent magnets
and the conductive materials in the brake disc. The actual
values for brake disc power depend on the magnets’ character-
istics, the braking system design, and operational conditions.
Neodymium Iron Boron (NdFeB) is the strongest magnetic
material, producing high power at any speed. Due to its high
magnetic characteristics, it induces greater eddy currents in
the conductive brake disc. Samarium Cobalt generates less
power than Neodymium Iron Boron but more than Ferrite (Ce-
ramic) due to its slightly lower magnetic strength. Ceramic
magnets have a weaker magnetic strength when compared
to Neodymium Iron Boron and Samarium Cobalt because
the magnetic field of this magnet interacts weakly with con-
ductive brake discs, which generates less power. The study
shows a direct relationship between the magnetic properties
of PM materials and their power output in eddy current brake
systems.

Fig. 7 illustrates how the efficiency of braking varies at
different rotational speeds for the three magnet materials. The
braking efficiency decreases as power losses increase due to
the dissipation of input power within the braking system. As
power losses increase, less input power generates braking
force. Neodymium magnets display lower power loss at low
speeds due to their high coercivity and remanence. However,
the increase in rotational speed may cause moderate power
dissipation due to eddy current losses.

Higher electrical resistivity materials like samarium cobalt
may result in higher eddy current losses in the conductor. En-
ergy may be wasted as heat instead of being converted ade-
quately to braking force, resulting in reduced efficiency. High
temperatures can cause demagnetization or reduce braking
efficiency in magnets with temperature sensitivity.

Fig. 8 illustrates how permanent magnets and magnetic
flux density affect the eddy currents induced in the brake

Fig. 4. 3D CAD diagram of the PMECB components

Fig. 5. Braking power disc with rotational speed for several
types of PM materials

connector by a variable magnetic field. The strength of the
braking force is directly related to the magnetic flux density.
Higher eddy currents result in stronger magnetic flux densities
and, therefore stronger braking forces.

Fig. 9 examines the term ”mesh,” which describes the in-
terplay between the magnetic field and conductor components
in a PMECB setup. The mesh arrangement plays a crucial role
in the braking force, efficiency, and overall performance of a
system. An adequately designed mesh ensures that force is
distributed evenly and energy is converted effectively, making
it a vital component in the optimization and design of the
PMECB system. There are 177393 elements and 36105 nodes
in the arrangement.

V. CONCLUSIONS

The exciting advancement in braking technology known as
the PMECB system combines the principles of eddy currents

Fig. 6. Braking power disc with rotational speed for several
types of PM materials
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Fig. 7. The braking efficiency with rotational speed for
several types of PM materials

Fig. 8. The distribution of magnetic flux in the rotating disc

with permanent magnets to offer a unique, innovative, and
dependable solution for a variety of industrial applications.
The current study reached some conclusions, which are as
follows:

With their high electrical conductivity, Neodymium Iron
Boron magnets exhibit higher eddy current interactions and
greater braking forces, setting them apart from other perma-
nent magnet kinds.

Neodymium Iron Boron magnets create stronger braking
forces, Samarium Cobalt balances high fields and thermal
stability, and Ferrite magnets offer lower braking forces but
are cost-effective.

From investigation, the braking efficiency decreases with
increasing rotational speed, particularly in higher electrical
resistivity materials like Samarium Cobalt. This leads to
severe eddy current losses, resulting in heat loss and decreased
efficiency.

From another side, higher magnetic materials like Neodymium

Fig. 9. Mesh process of the PMECB system

Iron Boron and Samarium Cobalt generate stronger magnetic
fields, causing larger eddy currents and increased power dissi-
pation, compared to weaker materials like Ferrite magnets.
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