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INTRODUCTION TG FERROHAGHETIC MﬂTEﬁIﬂL

Tn eletrical engineering field,.gne of the most
important material is the ferromagnetic+. Aimost of the

material,

electric equipments =are composed .0f. forromagoetic
material. If this maserial in dynemo~electrie machinery
power and audiec-frequency tronsiormers aad bundreds of
pther electro megnetic deviczs lost their properties,
these devices no longer funchion properly. 1t 1s very
hard t4 immagime how with out these meterials, the new
designs can »2 mede witialn a reascnable range of space
and cost. Ia deeigring we always desirs the sybstance
which permita e large flux density for a specified mag-
netizing forco or wihich mekaspossible the constrainy of
fluz te definits desired paths is bound to be of imesti-
meble value to the designen. These properties are found
in certain forme of ivonm end its eliioye with silicom,
cobolt; tungsten, ndickel aluminium which are celled ferro-
magnetic material. Emsy tv magnetize these substances
when used for the cores cf epparalus, ke possible flumx
densities which are hundrads or even thousands of time
greater than could be cenveniently satablished with a

practical coil with oubt the ferromegnetic core,



Fogineering utilization »f electrical devices con-
taining ferrcmagnetic material necessitates quantitative
description of circuit paremetere representing the elecirmic
circuit bekeawier of these dsvices., Tn the presence cf
ferromagnetic materiais, ar electric ciwcuit element has
g resistence paremeter which depend rnct only upon the
megnatiude of the current im the c¢ircult but also upon the
way in which it varies. The inductence parameter is nofk
cnly nuniinear but Dot even single valusd functicn of the
current. The major portion of this chapter is devoted to
discussicn of the properties of ferromegmeltic materials

of chief ipterest to electrical engineer.

Ferromagnetic substences are the materisls which
have positive magnetic suscephilbilities and therefore, are
attracted by the magnets, that is they tend to move inte

the densest parts of magnehic field.

The magnetic end electric properties of magnetic
meterials used la practical engineering work depend upgn

the uses for which they erxe required as follows:i-

Electromagnet : High permeasbility low remansnce
small ccersive force and high resistivity. A high per-=
mesbility is desired ao that the maximum swmount of magnetic
flux may be obtained for a given current strength:; a low

remanence permits the shortering of the air gaps and the



lengthening the cores without sticky of armatures; & smaell

coersive force permite the wse of feeble alterrating cur-~

rents end reduces the hysteresis loss, which high resis--

tivity reducecs the secondary current loss. .. S¢ that the

ferromagnetic materials are cherscterized by one »T more

of the following-attributee:
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be

d.

Ee

They can be magnetized much more easier than
other materials. This characterietic is
indicated by & large relative permeability*ﬁ%ﬁp
when A4 1s permeability and Ad, 15 permea-

bility of free dpece.

They have a high maximumintzipsi¢ flux denaity

B nex.

They ere magnetized with widely different
degregs o0f each 7or differen® value of mag-

netizing force.

They bhate jn them the same flux different when
we equally increas¢ and decrease In magnetizing
force. Tnis artribute indicétea that the relg-
ticnships expreszing the flug density and the
permeability A< as function of magnetizing
force are nonlirear and multivalued.

They have a good retentivity, that is they

retain magnetization when ths magnetizing



)

force is removed.

f« They tend to 2ppoude & reverdal of magnetiza-

tion efter once being magnetized.

The material trat ewvailable, iron is the most
extensive uwage, IG5 permesbility is large and its cost
ver wnit weight is+%§ast of ell the ferromagnetic materiain
available. Incnmmgﬂgzailj'its production is in pure forn,
it is used frequently in the structure of numerous
machines snd alsc a5 the bése element for practically all
of The ferromagnetic alloys. Probably the alloy produced
in the largest quantity is thap compcéed of essentially
pure iron and between 7 and 4 per cent of silicon depend-
ing upon the purpeose of which the materisl is required.
Yhea this alloy is giver a particulaxr heat treatment, a
material. is obteined which, compared with iron, hes better
magnebic properties at low wvalue of magnetizing force and
larger resistivity. Both of these properties are desira-
ble. By sxperiment the eilicon conteal increasesthe
core loss decreaaeéﬁiﬁh~in the preceeding range. The
production of this allioy is relied inte sheets and strip,
principally its thickness is between 0.014 and 0.025 inch,
and annealed. The sheet form is convenlent for punching
into meny shapes used im the construction of electro-

magneilc appsratus.



From the stand poimt of low core loss, silicon
gheet gtesl is the best material now awelleble for the
cores of selternebing curreni, eieﬁtr@magnets, or fer
quick=acting electromsgnets ip general. High silicon
steel (about 3.5 per cent silicen) is brittle, but
suitable for the cores of static trensiormers. Low
silicon steel (up to 1 per cent silicom) is the silicon

steel commonly used.

The silicon sheet steels ere produced in many
grades which ere koown amoung steel menulactures and

¥
electrical designers by certain descriptive names.

Field grade. B8heets contain ebout cne~fourth of 1 per
cent silicon and hetve & registivity of about 156
microlm=centimeter, This grade Ls used for smalil

low-priced motor.

arimature grade. Sheets contain ebout one half of 9 per
cent silicon and heve a resistivity of apprexi-
mately 19 mierchm-centimeters. This grade is
relatively soft so %hat it is eesy to punch Lo
the deairéd; form. It i8 used in small motor and
generator field poies, armatures, and other
devices ia which high flux densities are required

but corejosses are not great importance.
“From "magnetis circuits and transformers" by EE.Staff M.I,T



Electrical grade. BSheets coptain about 1 per cent of

silicon mnd the resietivity is ebout 26 microhme-
centimeters, and widaly used in cuqfrcial motors
and genergbora of amall and moderafé slze Bud
medivm efflciencies end in traosformers, relays,
and. other devices designed f{op intermittent

operabtion.

YWotor grade. Sheetzcontelin gbout 2.5 per cent of silicon

Dynamo

end its resistivity is ebout 42 microhm-centimeters,
end used in medium size motors and generators of
good efficienciles, Im control apperatus, and in

inexpensive radio trensiormer.

grade. Bbeetn conbein epproximately 3.5 per cent
gilicon and heve & resisbivity adout 50 microhm-
centimeters. Thisz grede ile uged in high efficiency
motors end genevayors smell porer distribution

traneformer and redin transformer.

Transformer gradsa. Theve ave several transformer grades

available, the pricipal ones being désignated 72
{Radio C) 65 (Redin B), 58 (Redio 4) and 52. The
nﬁmbers‘are the coxre losses @f 2S-gauge sheets in
hundredth of wetts per pourd av &0 cps. The silicen
content increases n3 the Losses decrease, Thesea

sheets ongeused primarily fer power and radio



trensformers and for large high-efficiency alter-

netors, moter snd SyNChIToNOGS CODAENSOrd.
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