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I- Aim of the manipulation:
General study of a direct current machine for both generator and motor modes of operation.

II- Equipment used:

 DC voltage sources.

 Rheostats.

 Measuring instruments (voltmeters, ammeters, multimeters).

 Separately excited generators.

 Separately excited motors.

III- Theoretical reminder:

1. Description :

Figure1

It consists of 2 main parts:

 The fixed part : Stator or inductor
 The moving part: Rotor or armature

1: Machine frame. It supports the fixed parts (poles). It closes the magnetic circuit (dotted field line).

2: Main poles (laminated). The field is generated by the magnetising coils * field circuit (Iex) or by
permanent ferrite magnets. Ln is the neutral line where the magnetic field is cancelled and then
reversed.

3: Laminated poles. They make it possible to increase the field area.

4: Laminated rotor.
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5: Notches. These contain the conductors that are the seat of the induced e.m.f when this part rotates in
the field: induced circuit.

6: The commutator (copper blades insulated with mica), located at the end of the rotor and mounted on
the same shaft.

7: Brushes: These are fixed to the frame by means of the brush holder. They are made of carbon and
rub against the commutator. They are located on the axis of the main poles.

8: The air gap.

Figure2: Direct current machine symbol

2. Principle and reversibility of the DC machine

2.1. A reminder of electromagnetism:

-Lenz's Law: An induced e.m.f. is created in a conductor subjected to a flux variation (here a conductor moving
in the field e=-d/dt ou <e>= t. The direction of this e.m.f. is given by the rule of the 3 fingers of the left
hand.

-Laplace force: An electromagnetic force is created on a conductor carrying a current and placed in a magnetic
field: the direction of this force is given by the rule of the 3 fingers of the right hand:
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2.2. Operating principle and reversibility:
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Figure 3

Rotation creates an induced e.m.f which supplies a current. This current creates electromagnetic forces
and a resistive torque.

The polarity of the DC machine (generator) is reversed:

- The direction of rotation
- The exciting current Iex (F and B).

M

Induit Inducteurarmature inductor
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Figure 4

The power supply creates a current which generates electromagnetic forces and a motor torque.
Rotation occurs and induced e.m.f is created.

Pe = EI Pm= T

The direction of rotation of the DC machine (motor) is reversed by inversion:

- The field current Iex.

-The supply voltage.

3. Role of the collector
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Figure 5

4. Basic characteristics of the DC machine
a. Induced electromotive force E:

E=
2
N t =

n
N

/.
..

12
2  = N.n. =

2
..N = K. . E= K. . general relationship

If the flux  is constant (constant excitation current (Iex) or permanent magnet), the e.m.f is proportional

to the speed n E = k.n E/E'=n/n'.

b. Power (Pe) and electromagnetic torque (Te) :

Electrical power is converted into mechanical
power and vice versa. This is electromagnetic
power: Pe=E.I=Te.

It rectifies the e.m.f at the terminals of a winding
to obtain an always positive e.m.f.

Te = Pe/ = E.I/= K..I.

Te in Nm ,

Pe in W ,  in rad/s



TP N°5 : Direct current machines

4
Person in charge of practical work: Dr ROUABHI.R

c. Mode of operation:

Figure 6

Practical part:

1. Separately excited no-load generator:

 Variation of the electromotive force e.m.f. with excitation:

E(Iex). =cte=1500rpm

Figure 7

Iex(A) 0

UV=E(V)
Iex
UV=E(V)
Iex

The armature is no-load Uv = E
-The field winding, the excitation circuit, behaves as a resistor and Vex=(Rh+rex)Iex
1) Make the circuit shown in figure 7.
2) Complete the following table.

GDrive Motor

A

Iex
variable

V

A1

A2

E1

E2

A1

A2

F2

F1

A1A2F1F2

Mode : Spied control

Constant speed

Variable
supply

Generator U= Ea-Ra.Ia Motor Ea+Ra.Ia
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4) Interpret the curve E= f(Iex) and conclude.
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……….……………………..……………………
……………………………………………………
……………………………………………………
……………………………………………………
………………………………………………….…
……………………………………………………
……..

3) Plot the curve E= f(Iex) in Figure 8.

Figure 8

2. Separately excited no-load motor:
 Variation of the rotation speed n (rpm) with the supply voltage U(V):

Figure 9
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1) Carry out the assembly as shown in figure 9. Iex = 0.16A = cte

2) Complete the table above

5) determine the value of the remanent electromotive force.
……………………………………………………………………………………………………………
………………………………………………………………………………….Er =………………V.

M
Frein

A

Iex constant

V

A
1

A
2

E1

E
2

A1

A2

F2

F
1

A
1

AF1F
2

Mode : Uncontrolled

Alimentation
constant

Alimentation
Variable

Tension
variable
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4) Interpret this graph and find the expression for
the function f.
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
…………………………….……………………..……
………………………………………………………
………………………………………………………
………………………………………………………

3) Plot the curve n= f(U) in Figure 10..

Figure 10

Conclusion :
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
………………………………… ....................................................................................................................................
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
………………………………………………………………………………………………….………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………….


