Lecture : DC machines
1) Model of shunt DC machine
Fig. 1 presents the general scheme of DC shunt (parallel) connected machine. The excitation flux φ created by winding of stator is independent on the machine armature current i(t). For simplicity we assume it as constant. The rotating armature (rotor) produces a back (electro-motive force) EMF, which opposes the armature voltage and reduces the armature current. 
[image: Fig7_16]
Fig. 1 The general scheme of shunt DC machine

If the load of the motor is increased, the armature rotation slows and back EMF is reduced, since back EMF is proportional to speed. The advantage of this type machine is easy way of speed regulation by changing the supply voltage (see figure below). 
[image: ]
Due to these self-regulating speed capabilities, DC shunt motors are ideal for applications where precise speed control is required. However, that they cannot produce high starting torque, so the load at startup must be small.

Omitting the voltage drop of the brushes (usually below Δu<=2V) we can formulate the electric equation of machine in the form

							(1)
where e(t) is a electromotive force described by 

								(2)

Ce is constant and  is an angular speed. The electromagnetic torque Me(t) developed by machine is described by  

								(7.3)
Where Cm is constant. The mechanical speed is described now by the equation

							(4)
J is an inertia moment. Combining both equations together we get system of 2 linear equations

							(5)
Introducing two time constants
· Electromechanical

 	 
· Electromagnetic 

. 
We get final description in the form 

	(6)
Assuming output variables as the current (Me is proportional to it) and the speed we get output equations in matrix form

					(7)
This is the normal state space description, typical for linear system.
Fig. 2 presents the Simulink model of it, assuming the excitation vector composed of voltage u and loading torque Mm (so called active model of loading).

[image: ]
Fig. 2 Simulink model of DC parallel machine 

2. Experiments of DC shunt machine
Power of machine P=22kW, 
Voltage supply Un=440V
Nominal current In=56,2A
Nominal speed n=1500 rot/min 
Inertia moment J=2.7kgm2
Resistance of armature Rt=0.465Ω, 
Electromagnetic time constant Tt=0.033s.  
From these parameters and the model of machine we get
En=Un-RtIn=413.87V. 

Nominal speed in rad/sec , 


Coefficient   and  

Coefficient . 

Electromechanical time constant   

Nominal torque . 
From these values of parameters we get


         

Fig.3 shows the current (prąd) and speed (prędkość) of machine at Mm=0, Mm=Mn and Mm=2Mn.
[image: fig7_18]
Fig. 3 The transient of current (Prąd) and speed (Prędkość) of shunt machine in starting mode at different loading conditions

Fig.4 presents the current and speed at changing values of supply voltage at constant load.
[image: fig7_19]
Fig. 4 The transient of current and speed of shunt machine in starting mode at different voltage supply and constant loading conditions

Fig. 5 shows the transient current and speed of machine in reversing the polarity of voltage supply.
[image: fig7_20]
Fig. 5 Transient current and speed of shunt machine in reversing the polarity of voltage supply and different load.

Fig. 6 shows the cumulated changes of speed of machine at different load conditions
[image: fig7_21]
Fig. 7 Cumulated changes of speed of machine at different load conditions Mm

3. Model of series DC machine
The excitation coil is connected in series with the armature in series DC machine (Fig. 8) 
[image: ]
Fig. 8 Scheme of series connection of exciting coil in series DC machine

In this motor, field as well as armature windings, are coupled in series by each other. Accordingly the armature and field current I are equivalent. When voltage is applied, current flows from power supply terminals through the series winding and armature winding. The main advantage of this motor is vast starting torque. The disadvantages of this motor:
· The motor speed regulation is fairly poor. When the load speed increases then the machine speed will decrease. Its speed load characteristic is nonlinear as shown below
[image: ]
· When the speed is increased, then the DC series motor’s torque will be decreased sharply.
· This motor always needs the load before running the motor, since the speed in steady state is inversely proportional to the torque. So these motors are not suitable for where the motor’s load is totally removed.
Dynamic model of this machine will be built similarly to the model of shunt machine. However, to reduce the saturation of exciting coil we should consider also additional resistor Rd and inductor Ld to reduce the value of starting current (they are turned off after achieving nominal operating point of machine. Assuming Rt and Lt as the resistance and inductance of armature, respectively we get the electrical equation of machine in the form

 
where


Mechanical Newton equation of the rotating machine is of the form


Where Mm is the loading torque, Me – electromagnetic torque of the machine, J – inertia moment and Ωm – mechanical speed (in radian per second). The electromagnetic torque is described by 


In this machine flux is dependent on the current. This relation may be presented in the form


For typical machine of 23kW these values are as folows:  a=10.23AWb-1, b=2.4AWb-3. Now we get


Supplying these equations into machine equations we get finally state space description in normal form



This is nonlinear differential equations of second order. State variables are: Ωm and flux . Solving it we can get all needed variables: speed, electromagnetic torque, current etc.
Fig 9 presents typical transient responses of this machine in starting mode at different loading conditions.
[image: ]
Fig. 9 Typical transient of current (Prąd), torque Me (Moment), Flux (strumień) and speed (Prędkość) of series motor in starting mode at different load Mm.
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