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Abstract — The working principle of the electric retarder is based on the creation of eddy currents within a metal disc rotating between two electromagnets, which set up a force opposing the rotation of the disc. If the electromagnet isn’t energized, the rotation of the disc is free and accelerates uniformly under the action of the weight to which its shaft is connected. When the electromagnet is energized, the rotation of the disc is retarded and the energy absorbed appears as heating of the disc. 

· The coil generates a magnetic field which acts against the field of the permanent magnet.
· To stop rotation emf should be zero.
· Opposing force of permanent magnet would be enough to stop the rotation.
·  The flow of current will release the brake.
I. Introduction 
As the rapid development of modern automotive technology, the safety of vehicle driving is moreurgent requirements than the vehicle dynamics and comfort. Auxiliary braking device for vehiclecan consume parts of motion energy before main brake system works, and improve the safetyperformance of vehicles effectively. At present, auxiliary braking device includes eddy currentretarder, hydraulic retarder and permanent magnet retarder. Permanent Magnet Retarder (PMR) is a new type of auxiliary braking device in recent years, and has more advantagesthan other devices, such as energy-saving and environmental protection.

II. At 1990s, Japanese successfully developed a new type of auxiliary braking device (PMR)whichproduces magnetic source using permanent magnet. PMR is a revolutionary technologywhich has light weight, simple structure and easy-install. Domestic and foreign scholars have in-depth studied from the structure to the theory, but these PMR structures have the disadvantages ofsmall braking torque and high price. Traditional PMR is made by the stator, rotor and permanentmagnet. The rotor cuts the stator magnetic field lines generatedby permanent magnet, so the rotor produces eddy current. The interaction between eddy currentand the stator magnetic field prevents the rotor from rotation. A large number of heat generatededdy current within the rotor. The heat spread into the atmosphere by forced convection air-cooling.

The same to eddy current retarder, PMR braking torque will occur hot recession at 5minute. Braking torque will be decreased by 50% or more in severe, and thus PMR has not been a large-scale promotion.In order to overcome the above-mentioned shortcomings of the traditional PMR, water-coolingPMR is designed which has a good cooling effect. The paper designs a kind of water-cooling PMR.   Its rotor is permanent magnet, and water-cooling heat conduction replaces air-coolingforced convection. The heats disperse through the engine cooling system generated by braking.Since the engine is idle state when retarder works generally, heat load of the system will not begreatly aggravated.

.

2.Research Article
In this various types of eddy current damping mechanisms and the future of eddy currents with some potential uses have been seen when a non-magnetic conductive material experiences a time-varying magnetic field, eddy current continuous change in flux that induces an electromotive force (e.m.f.), allowing the induced currents to regenerate and in turn produce a repulsive force that is proportional to the velocity of the conductive metal. Baz, A. (2000), Since the currents are dissipated, energy is being removing from the system, thus allowing the magnet and conductor to function like a viscous damper .One of the most useful properties of an eddy current damper is that it forms a means of removing energy from the system without ever contacting the structure. This means that unlike other methods of damping, such as constrained layer damping, the dynamic response and material properties are unaffected by its addition into the system.

III.  Furthermore, many applications require a damping system that will not degrade in performance over time. This is not the case for other viscous dampers; for instance, many dampers require a viscous liquid which may leak over time. These two points are just a few of the many advantages offered by eddy current damping systems. The most widely researched and well-developed area of eddy current damping systems falls in the category of magnetic braking. While the research in this area will be thoroughly discussed, the literature is very dense and every paper cannot be reviewed. The work in magnetic braking will be presented first, followed by studies into eddy current damping of rotating machinery, and finally a wide range of research using eddy currents for dynamic systems will be presented. 

The concept of using eddy currents for damping purposes has been known for a considerable time, with manuscripts dating to the late 1800s. Therefore, the history of the eddy current damper will not be presented and only work from the past few decades will be revilements are generated in the conductor. Cadwell, L. H., (1996)

This time-varying magnetic field can be induced either by movement of the conductor in the field or by changing the strength or position of the source of the magnetic field. Once the eddy currents are generated, they circulate in such a way that they induce a magnetic field with opposite polarity as the applied field, causing a repulsive force. However, due to the electrical resistance of the conducting material, the induced currents will dissipate into heat at the rate of I2R and the force will disappear. 

In the case of a dynamic system, the conductive metal is continuously moving in the magnetic field and experiences a continuous change in flux that induces an electromotive force(e.m.f.), allowing the induced currents to regenerate and in turn produce a repulsive force that is proportional to the velocity of the conductive metal. Cadwell, L. H., (1996) Since the currents are dissipated, energy is being removing from the system, thus allowing the magnet and conductor to function like a viscous damper .One of the most useful properties of an eddy current damper is that it forms a means of removing energy from the system without ever contacting the structure. This means that unlike other methods of damping, such as constrained layer damping, the dynamic response and material properties are unaffected by its addition into the system. There are two basics types of Eddy current brake as follows:- Cunningham, R. E., (1986)

(a) Circular eddy current brake.

(b) Linear eddy current brake.
2.1 Circular eddy current brake

Electromagnetic brakes are similar to electrical motors; non-ferromagnetic metal discs (rotors) are connected to a rotating coil, and a magnetic field between the rotor and the coil creates a resistance used to generate electricity or heat. When electromagnets are used, control of the braking action is made possible by varying the strength of the magnetic field. A braking force is possible when electric current is passed through the electromagnets. The movement of the metal through the magnetic field of the electromagnets creates eddy currents in the discs. These eddy currents generate an opposing magnetic field, which then resists the rotation of the discs, providing braking force. The net result is to convert the motion of the rotors into heat in the rotors. Japanese Shinkansen trains had employed circular eddy current brake system on trailer cars since 100 Series Shinkansen. However, N700 Series Shinkansen

2.2 Linear eddy current brake
The principle of the linear eddy current brake has been described by the French physicist Focault, hence in French the eddy current brake is called the "frein a courante de Foucault”. The linear eddy current brake consists of a magnetic yoke with electrical coils positioned along the rail, which are being magnetized alternating as south and north magnetic poles. This magnet does not touch the rail, as with the magnetic brake, but is held at a constant small distance from the rail (approximately seven millimeters). It does not move along the rail, exerting only a vertical pull on the rail. When the magnet is moved along the rail, it generates a non-stationary magnetic field in the head of the rail, which then generates electrical tension (Faraday's induction law), and causes eddy currents. These disturb the magnetic field in such a way that the magnetic force is diverted to the opposite of the direction of the movement thus creating a horizontal force component, 

3. Mechanics

The braking system’s goal is to slow a moving body.What is the advantage of a braking system that relies on electric current? Why not continue to implement the friction-based braking systems installed on the vast majority of automobiles since their commercialization in the early 1900s? The answer is simple: progress calls. 

The Ford Model T’s “wheel brake and reverse band were actuated via different hand levers” and today’s consumer vehicles primarily implement disc brakes made of cast iron steel.Friction based-systems have been the industry standard since the beginning of consumer vehicles. The problems that come with friction brakes – such as brake squeal, thermal energy waste, and disc cracking – can be considerably reduced by switching to eddy current brakes. ECB take what hastraditionally been a mechanical process and transform it into an electromagnetic process. Mechanizing an electrical process to fit the needs of a system is the path taken by eddy current brake systems.

3.1 Structure
As the name implies, eddy current brake systems manipulate eddy currents and electromagnetism in order to stop a moving element passing through a magnetic field. Inthis case, the moving element will primarily be wheels stopping or slowing. The brake system is made up of opposing coils on either side of the disc wheel. When a current is applied to the coils, a strong electromagnetic field is created and a charge is induced in the disc wheel. 

Due to the motion of the disc wheel and the presence of an induced charge, eddy currents are produced that provide the stopping force that leads to the vehicle slowing down. There is no mechanical interaction between the braking element and the rotating element since the only forces are those from induced magnetic fields. This key piece of information is what sets apart ECB as unique from other systems: the braking element never has to touch the rotating element. The stopping force afforded to the vehicle is then spawned entirely from a magnetic force induced by an electric charge.

4.1 Eddy currents brakes (magnetic brakes)

To slow vehicles down, we can use eddy current brakes (magnetic brakes). Eddy current brakes are relatively new technologies that are beginning to gain popularity due to their high degree of safety. Rather than slowing a train via friction, which can often be affected by various elements such as rain, eddy current brakes rely completely on certain magnetic properties and resistance. The linear eddy current brake consists of an electromagnet, which is fixed on a train (vehicle). This electromagnet is held at a definite small distance from the rail (approximately 7 millimetres). When electric current is passed through the electromagnet and the electromagnet is moved along the rail, eddy currents are generated in the rail. These eddy currents generate an opposing magnetic field, providing braking force. The first train in commercial circulation to use such a braking is the ICE 3.
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Schematic diagram demonstrating the effect of the imaginary eddy currents.




                                        The eddy current brake does not have any mechanical contact with the rail, and thus no wear and tear of it, and creates no noise. Because the braking force is directly proportional to the speed, the eddy current brake itself can never completely stop a train. It is then often necessary to bring the train to a complete stop with an additional set of fin brakes (friction brakes) or "kicker wheels" which are simple rubber tires that make contact with the train and effectively park it.

Theory

The subject of magnetic braking is rarely discussed in introductory physics texts. To calculatethe magnetic drag force on a moving metal object is generally difficult and implies solvingMaxwell's equations in time-dependent situation. This may be one of the reasons why the Phenomenon of magnetic braking, although conceptually simple to understand, has notattracted the attention of textbooks authors. A simple approximate treatment is howeverpossible in some special cases. In our seminar we will try to explain magnetic braking withthe understandable (simple) theory. Reports in literature have made the theory behind thisphenomenon easily accessible. First we will be interested in the braking of a rectangular sheetmoving linearly through the magnet.

Magnetic braking of a rectangular sheet moving linearly through the magnet

A good source for explaining why this braking happens we find. We assume that thespeed of the sheet is sufficiently small that the magnetic field generated by the inducedcurrent is negligible in comparison with the applied magnetic field. Under this condition juststated, the magnetic drag force is seen to arise from mutual coupling between the inducedcurrent and the applied magnetic field.When the metal plate enters the magnetic field, a Lorentz forces.

4.2. Braking Torque

Braking torque is the interaction result of eddy currents and magnetic inside the stator. Its intensity depends on stator resistance ratio and eddy current density. When electromagnetic is solved in PMR, the eddy current losses per unit volume in stator.
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The term “EDDY”Focault Bae J. S.(2004) found that when magnetic flux linked with a metallic conductor changes, inducedcurrents are set up in the conductor in the form of closed loops. These currents look like eddies or whirl pools and likewise are known as eddy currents. They are also known as Focault’s Current.
Formation of Eddy current

When a time-varying magnetic flux passes through a conductive material, eddy currents are generated in the conductor. These eddy currents circulate inside the conductor generating a magnetic field of opposite polarity as the applied magnetic field. Bae J. S.(2004) The interaction of the two magnetic fields causes a force that resists the change in magnetic flux. However, due to the internal resistance of the conductive material, the eddy currents will be dissipated into heat and the force will die out.

 As the eddy currents are dissipated, energy is removed from the system, thus producing a damping effect. There are several different methods of inducing a time-varying magnetic field, and from each method arises the potential for a different type of damping system. Therefore, the research into eddy current and magnetic damping mechanisms has led to a diverse range of dampers. 

5. EDDY CURRENT BRAKING
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Eddy currents are flow in a circular path. They get their name from “eddies” that are formed when a liquid or gas flows in a circular path around obstacles when conditions are right. In order to generate eddy currents for an inspection a “probe” is used. Inside the probe is a length of electrical conductor which is formed into a coil.

 Alternating current is allowed to flow in the coil at a frequency chosen by the technician for the type of test involved. A dynamic expanding and collapsing magnetic field forms in and around the coil as the alternating current flows through the coil. When an electrically conductive material is placed in the coil’s dynamic magnetic field electromagnetic, induction will occur and eddy currents will be induced in the material. Eddy currents flowing in the material will generate their own “secondary” magnetic field which will oppose the coil’s “primary” magnetic field acc. To the Lenz’s rule.

6. WORKING PRINCIPLE

The working principle of the electric retarder is based on the creation of eddy currents within a metal disc rotating between two electromagnets, which set up a force opposing the rotation of the disc. If the electromagnet isn’t energized, the rotation of the disc is free and accelerates uniformly under the action of the weight to which its shaft is connected. When the electromagnet is energized, the rotation of the disc is retarded and the energy absorbed appears as heating of the disc. 

· The coil generates a magnetic field which acts against the field of the permanent magnet.
· To stop rotation emf should be zero.
· Opposing force of permanent magnet would be enough to stop the rotation.
·  The flow of current will release the brake.
If the current exciting the electromagnet is varied by a rheostat, the braking torque varies in direct proportion to the value of the current. It was the Frenchman Raoul Sarazinwho made the first vehicle application of eddy current brakes. The development of this invention began when the French company Telma associated with Raoul Sarazin, developed and marketed several generations of electric brakes based on the functioning principles described above. A typical retarder consists of stator and rotor.

· With no friction, heat would be minimized, there is nothing to burn up or be sheared off to make dust or shorten the life and no contact to make noise.

· But there is a need to take care of eddy currents.

                          The stator holds induction coils, energized separately in groups of four. The coils are made up of varnished aluminum wire mounded in epoxy resin. The stator assembly is 9supported resiliently through anti-vibration mountings on the chassis frame of the vehicle. The rotor is made up of two discs, which provide the braking force when subject to the electromagnetic influence when the coils are excited. Careful design of the fins, which are integral to the disc, permit independent cooling of the arrangement.
8. ELECTRIC CONTROL SYSTEM

The energization of the retarder is operated by a hand control mounted on the steering column of the vehicle. This control has five positions the first is ‘off’, and the four remaining positions increase the braking power in sequence. This hand-cont.ol system can be replaced by an automatic type that can operate mechanically through the brake pedal. In this case, the contacts are switched on successively over the slack movement of the brake pedal. The use of an automatic control must be coupled with a cut-off system operating at very low vehicle speed in order to prevent energization of the retarder while the vehicle is stationary with the driver maintaining pressure on the brake pedal.

 Both the manual control and the automatic control activate four solenoid contractors in the relay box, which in turn close the four groups of coil. Circuits within the electric brake at either 24 volts or 12 volts, as appropriate.

7. FUTURE SCOPES

The assortment of papers that have been reviewed in this paper shows that use of eddy current dampers has seen a number of diverse applications. However, many of the applications are not directed towards the commercial market and are developed to suit a niche field. The eddy current damper does have numerous advantages over other damping systems. For instance, due to the non-contact nature of the damper it does not change the dynamics of the structure or cause mass loading and added stiffness, as many other damping mechanisms do. Additionally, because the damper does not contact the structure, there is no need for a viscous fluid, seals, or the periodic maintenance needed by many other damping and braking systems. Furthermore, eddy current damping systems are easy to install, and the damping force can easily be controlled through adjustment of the position or strength of the magnets. The question left unanswered is, where will eddy current damping mechanisms be in the future? There are several locations that are particularly well suited for eddy current dampers, but perhaps the most promising is in space. 

The advantages listed above provide a combination of attributes that are not available in other damping mechanisms. When a device is placed into orbit, the system must function for its entire lifespan without requiring any type of maintenance. This can place limitations on the type of damper used, leaving few systems left. Perhaps the two damping systems that require the least amount of maintenance after their placement are eddy current dampers and constrained layer damping. The drawback of constrained layer damping is that it modifies the system’s structural properties, while the drawback of the eddy current damper is that it typically requires a second structure to support the magnets. However, the extremely cold temperatures that are present in space actually improve the damping performance of the eddy current damper, due to the decrease in resistivity of the conductor. The opposite is the case for constrained layer damping treatments, because the extreme cold can cause stiffening of the viscoelastic material and the vacuum pressure could cause outgassing if not properly.

9. Conclusions

With all the advantages of electromagnetic brakes over friction brakes, they have been widely used on heavy vehicles where the ‘brake fading’ problem is serious. The same concept is being developed for application on lighter vehicles. A Halbach magnetized mover was applied to a high-speed eddy current braking system. Based on analytical 2-D field solutions considering dynamic end effect, the magnetic field, eddy current distribution, and forces according to the secondary relative permeability and conductivity were presented. It was observed that the air-gap flux density has a non-uniform distribution for the high speed. Comparisons between numerical simulations and experimental data were also presented.

In our seminar we look at the magnetic drag force and the magnetic lift force on moving magnets. Understanding of both forces is now days very important for practical uses, especially to design magnetically levitated (maglev) vehicles for high-speed ground transportation.
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