






















































































































































































































SPEED CONTROL METHOD OF TRACTION MOTORS 
Tapped Field Control 

The second method used in a series motor for the variation in field current is by 
tapped field control.  

N = 60A E / PZØ 

The connection diagram is shown below. 

Here the ampere turns are varied by varying the 

number of field turns. This type of arrangement is used in an electric traction 
system. The speed of the motor is controlled by the variation of the field flux. 

The speed-torque characteristic of a series motor is shown below. 

 
 Rheostatic Control 

In this method, a variable resistance (Rx) is inserted in series with the motor circuit. 

As this resistance is inserted, the voltage drop across this resistance (Ia Rx) occurs. 

This reduces the voltage across the armature. As speed is directly proportional to the 

voltage across the armature, the speed reduces. The arrangement is shown in the 

Fig 1(a). As entire current passes through Rx, there is large power loss. The speed-

armature current characteristics with changes in Rx are shown in the Fig 1(b). 

https://circuitglobe.com/wp-content/uploads/2015/12/speed-control-of-dc-motor-fig-7-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/12/speed-control-of-dc-motor-fig-9-compressor.jpg


 

Series Parallel Control: 

Here two identical motors are coupled together mechanically to a common 
load. Two speeds at constant torque are possible in this method one by 
connecting the motors armatures in series and the other by connecting them 
in parallel as shown in Fig. 7.60. When connected in series, the terminal 
voltage across each motor is V/2 whereas when they are connected in parallel 
it is V. Thus armature control of speed is achieved. 

 

Figure 7.61 (a) and (b) gives the connections for series-parallel speed control 
of two identical series motors. 

https://www.eeeguide.com/wp-content/uploads/2016/01/Series-Parallel-Control.jpg


 

This method is superior to the rheostatic control insofar as efficiency is 
concerned. It is, however, limited to two speed steps. The method is commonly 
employed for speed control of series traction motors. 

Metadyne Control of Traction Motor: 

The metadyne control system is based on constant current system of speed control. In 

resistance control or series- parallel control a great deal of energy is dissipated in the 

starting resistance and jerks are experienced when the controller of the starter moves 

from one position to another position. In metadyne control, current throughout the 

accelerating period remains constant, therefore, uniform tractive effort is developed and 

very smooth control, without causing any wastage of energy in the starting resistance, is 

achieved. 

The essential part of the metadyne control is metadyne converter. The metadyne 

converter is a cross-field machine which behaves like a transformer on direct current. 

The transformation ratio of a metadyne can be varied continuously. It takes power at 

constant voltage and variable current and delivers the same at constant current and 

varying voltage. 

The metadyne converter essentially consists, in its simplest form, of a 2 pole dc 

armature with two pairs of brushes and a four pole field magnet, as shown in Fig. 13.16. 

One pair of the brushes (say A and C) are connected across constant voltage dc supply 

while the other pair (B and D) are connected to the load (normally a dc series motor). 

http://www.eeeonline.org/
https://www.eeeguide.com/wp-content/uploads/2016/01/Series-Parallel-Control-1.jpg


 

For understanding the working of a metadyne converter consider first an ordinary dc 

machine with two poles and two brushes supplied with a current flowing in the direction 

shown in Fig. 13.17(a). It will cause armature current distribution, as illustrated in the 

figure with corresponding cross flux, mainly confined to the poles. 

 

Now consider that metadyne converter (a dc machine with two pairs of brushes and two 

pairs of poles) is running at constant speed and drawing a current I, from the dc supply 

https://www.engineeringenotes.com/wp-content/uploads/2018/02/clip_image026.png
https://www.engineeringenotes.com/wp-content/uploads/2018/02/clip_image028-2.png


main, which flows through the armature conductors via the brushes A and C, as shown 

in Fig. 13.17 (b). An armature reaction flux φ1 , set up in usual way is provided with a 

fairly low reluctance path through the yoke by the four poles, as shown in the figure. Due 

to rotation of armature conductors in this primary flux, and emf E2 = KI1 is set up between 

the brushes B and D. When these brushes B and D are connected to a load, a current 

I2 flows through the load. The load current I2 sets up another flux φ2 known as secondary 

flux, at the right angles to the first, the distribution is shown in Fig. 13.17 (c). This 

secondary flux φ2 causes an emf, E1 = KI0 between brushes A and C opposing the 

applied voltage. As the applied voltage is constant, the resistance drop is negligible so 

the back emf E1 opposing applied voltage and the current I2 producing E1 are also 

constant. 

Since input = E1I1 = KI2I1 = KI2 × E2/K = E2I2 = output, therefore, power required to drive 

the metadyne is very small being equal to the running losses of the machine. 

This simple metadyne converter transforms the constant voltage supply into a constant 

current variable voltage supply to feed the load. The arrangement, therefore, is quite 

suitable for starting dc traction motors. With this arrangement the load current I2 and 

supply voltage V remain constant and as the load increases on account of building of 

back emf in dc traction motor E2 and I1 increases to meet with the increased load. 

The metadyne described above has no winding on the poles and is capable of delivering 

only a single value of constant current but for supplying dc traction motors, after the 

motor has gained speed, the load current I2 has to be reduced to the running value. For 

this purpose the field magnet poles are provided with variator and regulator windings, as 

shown in Fig. 13.18. 

The variator winding sets up a flux in -the same direction as that set up by the load 

current I2. Total flux φ2 required in this axis being constant in order to produce a back 

emf E1 equal to the constant supply voltage, therefore if some of this flux is set up by a 

separate winding, known as variator winding, the load current I2 will decrease and can be 

of a smaller constant value. Similarly the load current can be increased by causing the 

current to flow in the variator winding in the opposite direction. 

If the output current I2 is, say, reduced in this way, the voltage remaining the constant, 

the total output will be reduced but input will remain the same and therefore, the set will 

speed up. In order to keep the speed of the metadyne converter constant, an additional 

winding known as regulator winding is provided. By adjusting the current in the regulator 

winding, the input current can be varied and therefore, input power can be adjusted 

equal to output power, the speed of the converter remaining the same. 

The regulator winding is supplied from a small dc shunt generator mounted on the shaft 

of the metadyne. Any tendency towards a change in speed of the metadyne will cause 

corresponding change in the emf set up by the shunt machine and as it acts in the 



opposite direction of the supply voltage, so corresponding change in the regulator 

winding current will result in. 

The variator winding is supplied excitation from an exciter mounted on the same shaft, 

as shown in Fig. 13.18. 

 

With metadyne converter, regenerative braking can be accomplished very easily by 

reversing the field of the traction motor. This causes the reversal of direction of induced 

emf E2 which in turn will change the direction of current I1. Thus current I1 can be 

supplied back to the supply source. By controlling the magnitude of reversed excitation 

of traction motors supplied by metadyne, the magnitude of regenerative braking can be 

regulated. 

The metadyne is employed whenever control of dc motors is required. The control 

provided by the metadyne is smooth and does not require any switching. Thus 

switchgear and arcing are avoided. In some cases it is cheaper than the Ward Leonard 

system in initial cost. In traction it provides smooth acceleration without skill on the part 

of driver and regenerative braking down to very slow speeds. The savings due to these 

items may easily counterbalance the additional cost of the more complicated equipment 

required and its additional maintenance cost. It is already being employed in the 

underground railway. 

 

https://www.engineeringenotes.com/wp-content/uploads/2018/02/clip_image030-1.png


Regenerative Braking of Induction Motor 

We know the power (input) of an induction motor is given as. 

Pin = 3VIscosφs 

 
Here, φs the phase angle between stator phase voltage V and the stator phase current Is. 

Now, for motoring operation φs < 90o and for braking operation φs > 90o. When the 

speed of the motor is more than the synchronous speed, relative speed between the 

motor conductors and air gap rotating field reverses, as a result the phase angle because 

greater than 90o and the power flow reverse and thus regenerative braking takes place. 

The nature of the speed torque curves are shown in the figure beside. It the source 

frequency is fixed then the regenerative braking of induction motor can only take 

place if the speed of the motor is greater than synchronous speed, but with a variable 

frequency source regenerative braking of induction motor can occur for speeds lower 

than synchronous speed. The main advantage of this kind of braking can be said that 

the generated power is use fully employed and the main disadvantage of this type of 

braking is that for fixed frequency sources, braking cannot happen below synchronous 

speeds. 
 

https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/electrical-conductor/


Regenerative Braking with DC Series Motors: 

The dc series motors cannot be used for regenerative braking in an ordinary way. Since the 

reversal of armature current necessary to produce regeneration would cause a reversal of 

field, therefore, series field connections must be reversed. But even if the field connections 

are reversed at the exact moment, this method would still be useless. Because at the 

instant of reversal, the emf induced in the motor will be small, so current will flow through 

the field in wrong direction, which will reverse the field and cause the motor emf to help the 

supply voltage. This will result in short circuit of supply. Due to these complications this 

method is not used for common industrial purposes. Regenerative braking is, however, 

used with series motors for traction either by modification of windings or by supplying the 

machines with separate excitation. 

 

One method of obtaining regenerative braking with series motors is the French method. If 

there is a single series motor as in case of a trolley buses, tramways, it is provided with a 

main series field winding and auxiliary field windings connected in parallel with the main 

series field winding as shown in Fig. 1.99 (a). 

During regeneration (braking period) the auxiliary field windings are put in series with each 

other and are switched across the supply, as shown in Fig. 1.99 (b). The machine acts as a 

compound generator slightly differentially compounded. Such an arrangement is quite 

stable. 

Any change in line voltage causes a change in excitation which produces a corresponding 

change in the induced emf of the machine so that inherent compensation is provided. For 

example, if the line voltage increases beyond the emf of the generator the increased voltage 



across the generator’s field will send a large exciting current through it causing the emf of 

the generator to rise. The reversal of this will happen when the line voltage decreases. 

If there are several motors, we do not require any auxiliary winding. During normal running 

the motors are connected in parallel with the field winding connected in series with their 

respective armatures, as shown in Fig. 1.100(a). 

 

But during regeneration the motors are connected, as shown in Fig. 1.100 (b), i.e., all 

armatures are connected in parallel and series field windings of all motors but one are 

connected in series and placed across the supply. Suitable resistance is also connected in 

series with the series field windings, as illustrated in the Fig. 1.100 (b). 

 



MAGNETIC BREAKING  

Electromagnetic brakes (also called electro-mechanical brakes or EM brakes) slow or stop 

motion using electromagnetic force to apply mechanical resistance (friction).  
Types of magnetic breaking  

Single face brake 

 

  

A friction-plate brake uses a single plate friction surface to engage the input and output members 

of the clutch. Single face electromagnetic brakes make up approximately 80% of all of the power 

applied brake applications. 

Power off brake 

 

 

Power off brakes stop or hold a load when electrical power is either accidentally lost or 

intentionally disconnected. In the past, some companies have referred to these as "fail safe" 

brakes. These brakes are typically used on or near an electric motor. There are 2 main types of 

holding brakes. The first is spring applied brakes. The second is permanent magnet brakes. 

https://en.m.wikipedia.org/wiki/Electromagnetism
https://en.m.wikipedia.org/wiki/File:A-3_electromagnetic-brake1.png
https://en.m.wikipedia.org/wiki/File:O-2_electromagnetic-power-off-brake1.gif


Spring type - When no electricity is applied to the brake, a spring pushes against a pressure 

plate, squeezing the friction disk between the inner pressure plate and the outer cover plate. This 

frictional clamping force is transferred to the hub, which is mounted to a shaft. 

Permanent magnet type – A permanent magnet holding brake looks very similar to a 

standard power applied electromagnetic brake. Instead of squeezing a friction disk, via springs, it 

uses permanent magnets to attract a single face armature. When the brake is engaged, the 

permanent magnets create magnetic lines of flux, which can in turn attract the armature to the 

brake housing. To disengage the brake, power is applied to the coil which sets up an alternate 

magnetic field that cancels out the magnetic flux of the permanent magnets. 

 

 



Scanned by CamScanner


