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The eddy current brakes are operated at various speeds when the vehicle is braking. In order to increase the eddy current loss, drum 

is composed of iron with conductivity. As a result, the eddy current brake exhibits a skin effect and an armature reaction phenomenon, 

and the skin depth and the air-gap flux density vary depending on the braking speed. In this paper, the eddy current loss equation of the 

eddy current brake with a copper coating inside the drum is newly presented and compared with the finite element analysis(FEA) results. 

Also, the change of the speed-torque curve according to the conductivity value of drum and inner coating material are shown. Finally, a 

prototype experiment was conducted to compare and verify the characteristic curve of the eddy current brake obtained from the newly 

derived equations. 

 
Index Terms— Eddy currents, eddy currents brake, eddy current loss, braking torque, conductivity, magnetic materials. 

 

I. INTRODUCTION 

HESE DAY, many countries are using eddy current brakes as 

auxiliary braking devices for commercial vehicles and 

railway vehicles. [1]-[4]  This is a non-contact type brake, 

which is easy to maintain due to no wear, and has the advantage 

that the response speed is fast. The eddy current brake has a 

winding type [1],[2] and a permanent magnet type [3],[4] 

depending on the structure of the magnetic field source. This 

paper is designed as the winding type eddy current brake which 

can easily control the magnetic field of the windings and have 

no demagnetization problem due to high temperature and 

armature reaction. 

  The eddy current brakes are made of the non-laminated iron to 

generate large eddy currents in the drum. As a result, skin effect 

and armature reaction are shown. However, there are few papers 

that analyze the skin effect and armature reaction phenomenon 

of the eddy current brake. In addition, the paper that obtains the 

output power by calculation considering the skin effect and 

armature reaction is composed of one layer of the drum part. [5] 

In this paper, a new braking torque equation is obtained in a 

structure with a copper coating inside the drum to improve the 

braking force. Through this equation, the change of the speed-

torque curve according to the conductivity variation of the drum 

was predicted and compared with the FEA result. In addition, 

the output characteristics according to the coating material and 

thickness were analyzed. Finally, the prototype’s experimental 

results were compared with the induced equation results. 

II.  THE EDDY CURRENT BRAKE MODEL 

Fig. 1 shows the eddy current brake model presented in this 

paper.  Drum is composed of the non-laminated iron to provide 

eddy current generation and flux path. 

Since the eddy current brakes operate at various speeds when 

the vehicle is braking, a skin effect occurs. In the cylindrical 

rotor structure, the skin depth is as follows. 
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where σ is conductivity, ω is angular speed, μ is 

permeability. 

Also, the current density of the eddy current brake is as 

follows. 
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where r is the distance from the center of the rotor to an 

arbitrary position and Rdrum is the radius of the drum. The air-

gap magnetic flux density is expressed as follows. [5] 
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where B0 is the air-gap flux density at zero speed and Rm is 

the magnetic Reynolds number. 

Therefore, as the speed of the eddy current brake increases, 

the skin depth, current density, and air-gap flux density decrease. 

III. CALCULATION OF THE EDDY CURRENT LOSS AND TORQUE 

The eddy current loss of the eddy current brakes is all used 

as braking forces. Therefore, the braking performance can be 

predicted by calculating the eddy current loss occurring in the 

drum and coating. 

The eddy current loss is as follows. 

 
2

e
V

J
P dV


    (4) 

The total eddy current loss is the sum of the eddy current 

losses generated in the drum and coating. When the distance of 

T 

 
Fig. 1. The eddy current brake model. 



the drum and the coating are specified as shown in Fig. 2 and 

the conductivity of the drum and the coating material is 

designated as σ1 and σ2, the eddy current loss equation is 

derived as follows. 
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The output torque equation can be obtained by dividing 

equation (5) by angular speed as follows. 
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Fig. 3 compares the speed-torque curve obtained through the 

derived equation with the speed-torque curve obtained through 

FEA. This figure shows that there is some error between the 

equation and FEA results, but it is almost the same. 

In addition, the speed-torque curve according to the 

conductivity value of the drum is shown in Fig. 4. That is, as 

the conductivity of the drum decreases, the speed at which the 

maximum torque is generated increases. 

IV. EXPERIMENT 

The prototype was fabricated and tested to verify the torque 

equations obtained from the calculations and FEA results.  

Fig. 5 shows that there is some error between the actual 

experimental results and the calculated equation results. This is 

due to the fact that the initial temperature of the drum is slightly 

different at each speed in the experiment. 

V.  CONCLUSION 

In this paper, a new torque equation has been obtained in 

consideration of the skin depth and current density in the drum 

shape with 2-layer structures. In order to verify the torque 

equation, it is compared with the actual FEA results, and 

confirmed the change of the speed - torque curve when the 

material of the drum changed. Also, the torque equation was 

verified through a prototype experiment. In the future, full 

paper will be additionally discussed about the phenomenon of 

changing the material and thickness of the coating. 
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Fig. 2. The rotor structure of the eddy current brake. 

 

 
Fig. 3. The speed-torque curve of the eddy current brake by induced equation 
and FEA. 

 

 
Fig. 4. The speed-torque curve of the eddy current brake according to con-

ductivity change of drum. 

 
(a)                                                   (b) 

Fig. 5. (a) Prototype of the eddy current brake, (b) Experimental result of the 

eddy current brake. 


