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2. Theéelectromechanical energy conversion
2.1 Theprimitive machine
Before addressing the study of electrical machih&sconvenient to introduce the study of the

basic principles of electromechanical energy cosiver
The starting point for understanding this theorthis primitive machine:

M,R

Figure 2-1: the primitive machine

It is a device consisting of:

* a straight conductor of length""mass M" and resistanceR" free to move in horizontal
direction

» a uniform magnetic field B perpendicular to trenductor rails plane (in thieigure 2-1it is
directed into the page).

It follows that, if the conductor moves at a linegeed V', an electromotive force is induced
across an elemendl™ of the conductor.
dE =vx B [dl
which, integrated over the length,"in the case ofigure 2-1becomes:
E =Blv
If it is carrying a currentl”, the elementd!" is subjected to a force:
dF =dlxB0O
which, integrated over the length,"in the case ofigure 2-1becomes:
F =Bll
If the conductor moves and, at the same time, otrseflowing, the electric power transmitted
equals the mechanical power:
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Consider, then, the evolution of the following pberenon (the conductor is free to move):
« initial status: conductor stands still and norent is flowing
* avoltage V is applied, so an initial currentinsgo flow: I, =V /R

* it generates an electromagnetic force on thewctod: F, = B0

« the conductor accelerates, and this generateslaned electromotive forcéE = Blv
. . V-E
* in every instants you have, then, that the cuilbecomesi = R
» equilibrium is reached when the current vanisires therefore wheW = E
If braking forces go into action, then the balamceeached wherfF, =F, and therefore the
presence of a current is required. In particular:
V-E Blv, -Blv _ B??

F. =BIl =Bl =Bl v, - V)
R R R
j— Ff
V=V, — BZ|2
R

where V" is always less than the no load spegd

What was said for the primitive linear machine ramavalid for a rotating machine, making the
appropriate substitutions:

» instead of th@&l product, the flux linkag# has to be considered

« the electromagnetic fordg becomes electromagnetic torgie

» the linear speedbecomes angular spe€d

« the inertia force becomes inertia torque

» the braking force becomes braking torque.

The fundamental relationships then become:

E=Q¥ T, =% EI =TQ
We can thus obtain, in a similar way, the valuethefoperating speed:
e at no load (without braking torque)

Q =

0

€<

e ataload (with braking torque)
Q=Q, - 12_‘
W2/R

2.1.1 Thetorque/speed curve

The locus of the operation points (at steady sw@itéhe electric machine is called torque/speed

curve. The remarkable points are:

* the intersection with the torque axis (zero speedtandstill), which represents the start
torque.

« the intersection with the speed axis (zero torgue load), which provides no load speed.

The intersection of this curve with the torque/spearve of the mechanical load identifies the

operating point.

This operating point may be stable or unstable.



It will be stable if an increase of speed is a deficy of torque so the machine slows down;
conversely, a decrease of speed must be matched fyrplus of torque so the machine
accelerates.

Knowledge of the mechanical behavior of the load fsindamental starting point for the drive

design and for the choice of the machine to be.used

By studying the behavior of the mechanical load) gan in fact identify the needs in terms of
torque, starting from the time profile of the regui speed. You may also obtain the points of
maximum acceleration and deceleration, that areptiets of maximum torque for the electric

machine.

2.1.2 Reluctancetorque and excitation torque

In this section we want to highlight the differ@aintributions to the origin of electro-mechanical
action.

Basically there are two different cases:

» torque resulting from the magnetic structurehaf tircuit, that is caused by anisotropy

» resulting from the interaction between two magneoils.

Consider the first case, referring to Figure 2-Bere you can highlight a magnetic structure
made by a fixed part on which is mounted a winding a rotating part.

IO

5
v i

Figure 2-2: reluctance torque in a primitive maehin

From the electrical point of view, the system canrépresented by a one-port, as a series of a
variable inductance with a resistance. Thus we have
V=Ri +E(Li) =Ri +Lﬂ+i$
dt d dt
Multiplying both sides by the current”,’ we obtain the equation, expression of the energy
balance:
vi = Ri® +iLﬂ+i2$
dt dt
Recalling that the instantaneous power absorbedhbymagnetic field can be obtained by
differentiating the energy expression, it results:
p,u :d_Wzi(iLizj: L|ﬂ+£|2$
2 d 2 dt



Comparing this expression with the energy balarid@e circuit, we find that the total electric
power inlet (on the left of the equation) is dividato three contributions:
» power dissipated in the resistance

P, = R®
» power related to the magnetic field
di o 1.,dL
=L+ it —
d 2 dt
* mechanical power
p —Eizi
"2 dt

If we consider that the inductance in the refereiname varies with periodic sinusoidal pattern,
you can highlight an expression for the anisotrtmpgue:
1,d._1,d.d6d_1.,dL

I___ - =
P2 % "2 daat 2 do
T:ﬁzl dL

Q 2 do

Now, suppose to change the old structure so asctade a new winding on the rotating part as

in Figure 2-3.
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Figure 2-3: reluctance and excitation torque imimjive machine

The equations describing this structure are thatmtual inductor with variable parameters.
You can then write:

d

=Riy+ (L) + (L)

d d, .

V, =Ry +— dt (Lzlz) dt (Lmll)

and developing the derivatives:
di, dL di, . dL

+L—t+i,—r+L, —2+i,—
= Rl d dt  ? dt

: di dL di, . dL
v, =Rji, +L,—%+ +L,—=+i, —"
2 2'2 2 dt mdt 1 dt




If, therefore, similar to what we saw before, wetrast the contributions related to the
mechanical power, it is obtained:
1.,d, 1. . d.,

—+

for theprimary windings =i S, —
p y g 5 g 2T

o 1.,dL, 1.. dL
for thesecondarwindings =i,” —2 +=i.i, —=
W 9 2 g TRy

In a similar way as before, we can highlight thkofeing contributions to the torque:
1.,d, 1. ,d, .. d,
m=—Sh ot ot
2 d0 2° do do
where the first two terms are similar to the pregiderms of anisotropy and the last torque is
called excitation torque:
.. do
T, =ij,—=

2.1.3 Motor nameplate and rated values

In order to be able to identify the characteristi€s machine it is necessary to see the nameplate
that is located on the frame. This nameplate isah ID card that allows us to trace the basic
features of the machine with regard to the appboapoint of view. The values reported on the
plate depend on the type of machine, but they bie ta provide the information for a proper
connection and use.

As we shall see later, however, the data are refulifr determining the appropriate design of
the control, given that certain parameters mustob&ined experimentally and are rarely
supplied by the manufacturer.

The basic parameters set are called rated datalantify an operation point of the machine, at
which the engine can work indefinitely in time wotit thermal problems (apart from obviously
the wear).

2.1.3.1 Nomenclaturenotesfor rotating machinery

e dtator part of the machine which remains stationary duaperation
e rotor part of the machine which is in rotary motion dgroperation
* inductor winding winding that creates the main magnetic field

* induced winding winding immersed in the field created by the induc



