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CHAPTER III

LOSSES I MuGNETIC CORE

The.loszes that occur in the material arige from

two cases:—

1. The tendency of material o revain magnsastism
or to oprise a chenge in megnetism, often referred o as

magnetic hysteresis and i% was called "hysteresis loss'.

. 2
2. The I R heating which eppears in the material
as a result of the voltage and cenasquent circulatory
current induced in it by the time veriation cf ilux whica

was called "Eddy current loss?.
1. Hysteresis losa.

Hysteresis 1loss is the result of the tendeocy for
the B, H characteristic of the material to involwve & 100D
when the material is subjected to a cyalic magnetizing
force: The bysteresis less is the eaergy converted into

heet becesuse of the hysteresis phenomenon.

Ceneidering the magnetization of a ripng specimen

of irom by means ¢F A magnetizing wiring a8 showa
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Fig. 2 Connection of equipments for flux memsuring
If the length of magnetic path = 1 cm.
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croas section ares of iron ring
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the magnetvizating miring
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the induced emf at sny instant = e
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where B = flux density
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the power supplied
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The magnetizing force actiag upon the Ting 15

H o= 4T i
_ 3
. 1l H
Wi = ==
4% By,
and the energy supplied = %% H 4B
B

1

la = volume of ring

therefore the snergy supplied per unit volume

2! B2
= H 4R ETER & -
4.9

oe i5 <+ B mex
af is = B max
oc i85 + B.

oa i - Bq
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During the pavt of the cycle ab the energy absorbed

by the come per unit velume 1e

B_max
m, = s H 638
T 47
B
a =l (aree of a b e ¢)
4.9

The part of the cycle bc the energy absorbed by
the core por unlt volume 1s

7, L ares of {c b e}

T uT
The same for cycle ¢ d m and & a wg have

Wy = [ {area of @ £ 5 ©)

Rl

Teted 5] e 3
. = (cren of & T a)

A

The net energy Ty abgorbed by magnetic core per

mit wolume in & cycls ism

H? na __:‘1 -#. EE-_'!- I‘r:ra‘ [U’i:_
(
= areg of a b e d 8} ergs-: er C.C.

Steinmetz Hysteresia law

The empirical law mhich praposedby Bteinmetz is

=

ﬁh = ¥ Bmax



This equstlon gives the hysteresis loss with suffi~
cient accuracy for most practical purposes, provided the

_ Jies between 1,000 and 12,000

maximam flux density Bmax

lines per sq.<¢m.

jfs snergy 1loss in erge per cu.cm.per cycle

k hysteresis coeffieient of the material,

{1

and is copnstant for any given material

The magndtude oif %k varies with the material., Its
value for eanealed sheet stesl lies betwmeen 0.001 to

0,002 and for silicon steel is about 0.00084.

Howadeys for the aufficienl degree ol eccuracy the
formular is given by
Y o
Wolo = 2 Bmax
wWhere n i&8 belween 1.5 to 2.5 depending oo fThe

k¥ipd of materisi.
1 - ' F5a
Fhen log Eh n 1o Bmax+ log n

The straight linoe relstionship between log W, and
lcg Bmax can be obtained by plotiing log Wy as ordinetes
and log Bmax as apscissas. The points showld line in
a straight line having a slop equel. to the exponent n and

baving en intercep? on the webticel axis equal to log qo.



19

2, The 244F current N

The eddy current or Becondary current is the
electric current which circulate with in the mass of the
conducting material when the latter l1as situated in a
varying magnetic fiedd. The conducting material may be
considered ae consisting of 2 large number of closed
conducting paths, each of which behaves like the short
circuit winding of a trzpaformer of which the varying

magnetic field is the working Tlux.

The secondary emf, is induced in these elemental
paths by the varying magnetic field, giving rise to the
eddy current. The figure below shows the induction of
the eddy enmf, with their accampanying currents.

Covamc! g Aateriad

Eddy currgnl

Elewtgulsl zath. "\.Jf*:.—____fl
M
Mhermatiig wW

ﬂ[f&rwa”ng Ha.q'm;gfr'c Flux

Fig. & Induction of eddy current
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When the magnetic flux ina a mediud is changing, an
electric field appears with in the mediuvm &8s a result of
the time variation of the fiux. The line integral of the
electric Iield E taken around any c¢losed path that hounds

the flux iz giwen by the Faraday inductiorn law.

56:&11. - i%fﬂ.n.ds

The average eddy current power Lloss per unilt volume
when the flux density is werying sinusoldally av a frequency

.f isaﬁ'

FTAS = oy - m—

g o= rﬁEfETgnﬁﬁﬂx
2 5p

Uhere ff is the thickness of the individual lamina-
tion . In a maguetic circuit centaining volume ¥ of

laminate ccre matveriel. The average gddy current power

1055 iSn""
2 e 2 ;
W= Vpa = ) I_T? B mex. ¥
or W, = kefEfEBEmax. v
¥Where 'ke = ji?
G

The totel core lesga.

The totel power loss in irom cores subjected to an

slternating magnetixzing force is& the sum of the hysteresis
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and the eddy current loss. If ﬁfe is the total core loss
per unit volume. Therefore )

re = Ept B;ax + kg m

i} fg EE?

The determination of n, kh and ke

Let the total core loss be measured (1) at frequen-
cy £, and flux density B,; {2) at Irequency f, and flux
density B,; (3) at frequency f, and flux density B,. If
the corresponding measured walues of totel core loss are

respectively, P, Py and P,

_ ' 2 .2
By = 3hqr15% + kL5082
Py = ko I,B5 + ke“f§°ﬁg
_ 2 2
P3 bl khoiqu “:‘ keﬂfﬂnBE

which, when aolved as simultameocus eguations, yield the

resulta:

BE (P, -a%F, )
logdieaasniifaniviingy
{PemaP5)B§ ~ d(a-4)B,BS

H
L

T WS T IR Tt I

log (B,/2,)

' P.,=a P§
& £5(1-a)B3
£ oo giﬂ% -
L=
1255 & -1
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