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Unit 1

Electromechanical Energy Conversion Principles

Introduction:

Electrical energy is seldom available naturally and is rarely directly utilized. There are two
conversion takes place-------

a. One form to electrical form
b. Electrical form to original form or any other desired form

The device through which we convert one form to electrical form & back to original form or any
other desired form is studied in EMEC.

Like—Transformers, D.C. Machines, A. C. Machines (Induction and Synchronous)

These devices can be transducers for low energy conversion processing and transporting. A
second category of such devices is meant for producfion of force or torque with limited
mechanical motion like electromagnets, relays, actuator; .

A third category is the continuous energy conversionQgVices like motors or generators which are
used for bulk energy conversion and utilization.

EMEC----------- via---------- Medium of magn@"or electric field. For practical devices magnetic
medium is most suitable.

When we speak of electromechani ’&Lzenergy conversion, however, we mean either the
conversion of electric energy into& nical energy or vice versa.

Electromechanical energy co dion is a reversible process except for the losses in the system.
The term "reversible" im that the energy can be transferred back and forth between the
electrical and the mecham§¥ systems.
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the excitation winding current i, the position of the movable plunger x, and the force acting on
the plunger F with the reference direction chosen in the positive direction of the x axis, as shown
in the diagram. After a time interval dt, we notice that the plunger has moved for a distance dx
under the action of the force F. The mechanical done by the force acting on the plunger during
this time interval is thus

dw, = Fdx

Singly Excited system energy conversion

The amount of electrical energy that has been transferred into the magnetic field and converted
into the mechanical work during this time interval can be calculated by subtracting the power
loss dissipated in the winding resistance from the total power fed into the excitation winding as

dw, = dw, +dw,, =vidt—Ri’dt

Since, O

e= @ \‘Rz
So, Q
dw, =dw, . =eidt — Fdx =idA — Fdx
* &%
we can also write, Q\
e= @ =v—Ri
dt
dw . (A, x dw . (A, x
dw, (A, x) = /( )d/l+ A )dx
' dA dx

the energy stored in a magnetic field can be expressed as
w, (A, x) = j i(A, x)dA.
0

For a magnetically linear (with a constant permeability or a straight line magnetization curve
such that the inductance of the coil is independent of the excitation current) system, the above
expression becomes
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W, (A.x)=—
r(Ax) =37
and the force acring on the plunger is then
e W (A.x) 1| A | dL(x) _ 1.2 dL(x)
A 21| Zx) o 2 e

In the diagram below. it 15 shown that the magnetic energy is equivalent to the area

above the magnetization or A-i curve. Mathematically. if we define the area undemeath the

magnetization curve as the coenergy (which does not exist physically). 1.e.

hA
W, '(i.x) =ik —W,(A.x) i
we canl abt'am | Lwa, x ?/EJ.,T—
dW,'(i.x) = Adi +idA - dW,(A.x) ——]
= Adi + Fdx
W, '{fﬁx}dl aﬂ}‘{f.x)d Wy'ti, x)

= p It Al

Therefore. i
r:?ﬁ} '(1.x) Energy and coenergy
S i
. o, '(i.x)

an = Ew

From the above diagram. the coenergy or the area undemeath the magnetization curve

can be calculated by
H)
W, %)= Il(:‘,x}d:‘
L]

For a magnetically linear system. the above expression becomes

] 1,
w,'(i.x) =i L(x)
and the force acting on the plunger is then
o o ix) 1, dLx)
ok 2
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Doubly Excited Rotating Actuator

The general principle for force and torque calculation discussed above is equally
applicable to multi-excited systems. Consider a doubly excited rotating actuator shown
schematically i the diagram below as an example. The differennial energy and coenergy
functions can be derived as following:

AW, =dW, —dw,,

where dW, = e,i,dt + e,i,dt

o sorng
Electrical ¥ 0T
"y Electrical
source 1 C) Ay gy Tioad 'I“._,‘-_-_L source 2
Stator —] ‘r Rotor 2
1
A doubly excited actuator
d2, 2,
e =—0. e, =——
Yoodr R
and dW = Td6

Hence.
dW,(A.A,.8)=i,dA +i,dA, — Td6
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JdW gk W A, .0
AR AN

A dA, .
ow, (A, A .0
J (2.2 }dg
d0

and
dl‘]"}'[il.iE‘H)Z(f[flﬁ,l +1,A, —II}()L,.AQ,Q)]
= Adi, + L, di, + Td@
*3”’-}'(!,‘.:’2.9]& oW, '(i,.7,.0)

£ 15+ a, di,
oW, '(i,.i,.0)
A R
= de
T o

Therefore. comparing the corresponding differential terms. we obtain

W, (%4.2,.0)
60
W, '(i,.7,.0)
= J0
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