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392 Principles ot Eleclrical Enr_.u'neerip,_Ji
o Total AT required = H; % [
= 850 % 0.942 = 8007 AT
Magnetising current, = 800.7/500 = L6 A
{ify With alr-gap of 1 nom
Flux density in air-gap. 8, =1 Wivm? (same as in steel)!
Magnetising force required, *H, = === —-———I——__T = 7.96 % 10° AT/m
' . e Admx 1l
AT required for aiv gap = H >l = (1.90 % 10°) % (1 % 107) = 796 AT
Total AT required = §00.7 + 796 = 1596.7 AT
Magnetising cwrent, [ = 1596:7/500 = 3.19 A |
!
10-12.  Magnetie Uystevesis
¢ When a magnetic miaterial is subjecied to a cycle of magnetisation (i.e. it is magnetised firy
'ﬂhb in one divection and then in the other), it is found that miagnetic flux density B in the materig

e

.\t;y
2

[ NI
w2

§B= Moty
Cf: 2y A

Fig,

lags behind the applied magnetising force 1. This phenomenon is

The phenonenon of lagging of magnetic flnx density (B) behind
in a magnetic material subjected to cycles of magnetisation is knawn as PEmagnetic hysteresk,

known as hysteresis.

the mugnetising force (H)

e

H / -
4 / # B
= ,
o
D.RD.T—P /N 7
v v ‘
A L T

=il

(i
Fig. 10.20

i sioresis Loop, Consider

() When current in the solenoid is zero, H
is increased (by increasing solenoid

; 2 o L
W do not use B-H curve to find AT for air gap. [t is because . for air (in fucl for all nmi-ma.gucnc.t
maierials) is censtant. being equal to L, and AT can be caleulated directly.

Hysterssis is derived from the Greek word fiystereiin meuning 1o lag behind. L

an ummagnetised iron bar AB wound with N turns as shown in’
10.20 (7). The magnetising force H (= NIT) produced by this solencid can be changed by varying
the cureent throngh the cojl. We shall see that when the iton pieceis subjectedtot onzcycle of Iagnetisation
the rezultent B-H curve traces a loop abedefa called hysteresis loop [See Fig. 10.20 (i 18

= (0 and hence & in the iron is zero. As H
current), the magnetic flux density (5) also b
increases until the point of maximum magnetic flux density (+ B, ) is reached. The

.

(i)

¥

p—

® log behavely

If we start with unmagnetised ivon,piece, then magnctise it in one direction

and then in the other directiod

and Tinally demogentise it (e, ebtain the original condition we started with), the pisce is said
_oue cyele of magu:e:iq:q_un. Compare with one eyele of allernating cunent of voliage.
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material is saturated and beyond this point, the magnetic flux density will not increase
regardless of any increase in current or magnetising force, Note that B-II curve of

iron follows the path en.

If now H is eradually reduced (by reducing solenond

flux density B does not decrease along oa but follo

magnelising force 1 is zero bt magnetic Hux density in the material has a finite value

+ B, (= ol called residual flux density, In other words, I Tags behind 71, The greater
Lam (i.e. ordinate o) retained by the iron piece.

Ied vetentivity of the material.

current), it is found that magnetic
ws the path ab, At point b, the

—
—r
=
—

the lag, the greater is the residual magne
The power of retaining residoal magnetism is cal
(iif) To demagnelise the iron piece (i.e. 1o remove the residual magnetism ob), the magnetising
force H is reversed by reversing the current throvgh the coil. When I is pradually
increased in the reverse direction, the B-1 curve follows the puth be so that when /=
oe, the residual magnetism is zero, The value of H (= oc) wequired-to wipe out residual
magnetism is known as ceercive fovee (M )
(iv) 1f H is further increased in the negative direction, the material apain saturates (point d)
in the negative direction. Reducing M 1o zero and then increasing it in the positive
direction completes the curve defa. Thus when an iron piece is subjected to one cycle
the B-H curve fraces a closed loop abedefa called hysteresis loop.
B-# curve of iron for one cycle of magnetisation) that
¢ simulianeoisly.
tevesi¢ loop is traced. If a magnetic material is
. 50 loops will be formed every

ol magnetisation.
Itis clear from the hysteresis loop (Le.
'lags behind H. The (wo never attain zero valu

Nate. For one cycle of magnetisation, one hys
cated within a coil through which alternating cuirent (30 Nz) ows

xond. -
—
[ 0-13. Hysteresis Loss
“When a magnetic material is subjected 10 2 eycle of magnetisation (ie. it is magnetised first
rone direction ad then in the other), an energy loss takes place due to the #molecular friction
the material. That is, the domains (or molecular magnets) of the maierial resist being turned
it in one direction and then the other. Energy is thus expended in the material in overcoming
is opposition. This loss is in the form of heat and is called hysteresis losy. Hysteresis loss is

wen by Stefnmetz formula as :
Hysteresis power loss, Py = 1 Bmlf fV watts
Maximum flux density in the material

m T —

hem ’ BI.‘I(.'I’ =
L f = Frequency of magnetic reversals
Er' : V = Volume of wnaterial in m
f. 1) = Steinmetz hysteresis coefficient ' T

" In order to reduce (his loss, magnetic cireuits should be made of such materials which have
y ™ value of Steinmetz hysteresis coefficient e.g. silicon steel.
o 0-14. TImportance of Ifysteresis Loop

The shape and size of the hysteresis loop ##]arpely depends upon the nature of the material,

a particular application often depends upon the shape and

e choice of @ magnetic material for
s are discussed below by way of illustration

ic
r 2 of the hysteresis Joop. A few casc

——
The oppesition offered by the magnetic donwing (or malecular magnets) to the lurning cffect of magnetising

!E‘“ } force is sometimes referred to as the molecular fiiction.
| f * Jralso dependsupon (i) the paium value of flux density established and (77) the initial magnetic state of
|

the material.
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