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SUMMARY

In tnis inveztigation. the maintenance problem of dInduction
furnaces which ueuvally facea the foundry men has Dbeen examined,
vaing on condition maintenance. This 1s for lining, and alz2o to know
when to take a8 dacision to change the lining of furnace. This can be
reached by continous meaguring of furnace resigstivity. In other
words, the power should be atopped when the resletivity of the
furnace reaches a certain predatermined value, other wise failure of
the lining occurs and everd explosion isa liable to take place.

1. ITHTRODUCTION

Electric furnac¢es are used mainly for heating and melting of
metallic materisal in general.

Electrie furnaces can be divided by the method of convergion
of eslaectrlie eneriy to heat into the following groubs -
Resigtance furnaces, induction furnaces, electyric ar¢e furnaces,
electrolytic-neating furnaces, electron-heating furnaces. lasgerxr
furnaces and plasma furnaceg {1,2).

Induction heating has found very wide -appilcation in melting
ferrous and non-ferrous metrls, case harding of parta and heating of
blankg before fergling -and stamping (3,4).

Induction furnaceg are devided into two types | i} Channel-
type furnace-in which an inductor with a "cleosed magnetic clercult,
core, 1= placed inside & narrow coneentric annular channel laild of
refractory material. The channel iep fllled with molten metal to
form a closed electrically conductiving. 11) Crucible-type furnace,
without core, in which the metal belng heated, £11ls a caramlce
cruclble placed inside a multiturn cylinderical lnductor. In the
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cruecible type furnace wheéen lumps of metal are ¢harged into <the
crucible and The coli la energized an electric current is 1induced in
tThe matal whieh rapidly heats and melt the chargsa. The electro-
magnetlic waveeg falling from the <¢oil onteg the surface of metal cause
electrodynamic Forcep which exMert a pressBure on the molten metal and
makea the latter teoe cilrculate (5,6},

Maintenance is an important problem in this fileld, and 1t

must be achieved with studies to aveld any stopages or damages in
the furnace. Here applic¢asblie studiesg have been made- to use the "on
condltion 'maintenance - for- medium Ffrequency induction furnaces,
corelass type',

2. PROBLEMS ARTSTHC DURIMHG. THE MELTIHNG. PROCESSES..
Different problems may face the foundary men using induction
furnaces. Theae problems may be due to metallurgical, mechanilical,

or aven eleéctrical causes.

Preventive malintenance may not De gsufficient to epolve all

thease problems. Melting oftenly tskes Dlace at. high themperatures
regquiring high frguencies and very efficient water c¢ooling circuits.
Cne of these problems is the refractory ltining. The sBelection ©f the
sultable refractoriles still cannot elimenate all the lining problems,
therefore., many octher precautlons and meapuresa ghould be Taken in
consideration such as @

A,

.

3.

The lining should be as thin as possible, a thin lining would
prevent closlng of magnetic flux through the charge which might
inerease the melting time and the consumption of refractories.

Lining ahould nave a2 low tharmal conductivity coefficlient. except
for rara cases. Thermal conductivity coeffilicient depends on the
nature and porosity of a material and on The temperature Bince
conductivity of refractories increases with temperature. The Jow
conductivity of lining wfll hinder short circulting with tempera-
ture. The low conductivity of linding will hinder shert circuiting.
It should have hlgh preferactoriness.

It should withetand the ercding action of =sBlage.

It'as mechanical Btrength sahold posees a higher value in order %o
withgtand impact of falling charge placesg and mechanical wear 1In
furnace., The load pressure onto lining in ocpersting furnacesg may

pe from 3¢ to 80 H/cm?.

The lining ie usually sublected to very esevere condition its thin
walls are subjected to nhigh thermal strepges owlng teo large tTem-
perature differences, the inner surface of The cyucible may nave
a Temperature of 1600°c. whllie the temperature of the cutexr BuT -
gace whieh contacte Tthe water—-cooled c¢coll ie only 200 To SOCOC.
Sharp volume chargas are tThe maln cause of cracking of lining
inturn failure.

The lining should posseg a pufficlently high thermal shock
reglatance,

THE OPERATION OF A MEDIUM INDUCTION FURNACE

It waa noticed AQuring melting Qifferent metal that the lining

1ife deapends largely on the chemicel <composltion of the molten
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metal. In the case Of pteel containing hizh manganese., nickel titan-

ium and aluminum contents melting should carrised ocut in furnaces., If
& high-manganegse gteel 15 smelted in acid lining deteriorates Quick-
1y due to the formation of the low melting peint manganese silicates.
Wnile in the case of aluminum and titanium they reduce silicon from
the lining ans pase it to steel or cast iron. and consequently. the

thicknees of lining is reduced. Life of lining becomes longer 1in-
furnaceg operating continously., i.e., by reducing thermal astresszes.
If however., intermlttent operation is necessary, then the furnace

should be cooled down snd heated up as glowly as possible. This ¢an
e achleved by sealing the furnace top during coollng and retarding
the heat-up slightly on the subsegquent heating.

The bulld-up sBlag at the dead reglon (mlddle of c¢rucible) is
very harmfull and decreasses the lining life. because 1t resists the
magnetic flield and prevents the expansion and contraction of the
lining in this region.

Long periods of holding molten metal of full capaclty should
alpo be avoided since this can result in premature wear and reduces
the lining life.

The shape and the sl1ze ¢f the <¢ruclble has consiliderable influ-
ence on the life of the lining, the taper may axtent To gdifferent
helght ana the amount of Taper my vary repultling in ailfferent lifes
of the crucible, see fig.l while straight cylindrical tyvpes, aee
fig. 2, are rarely used. Also, larger crucibles have phorter lifes
than smaller oneg, they Aare more subject teo 2palling and c¢racking.
In & relatively short time of eservice the thickness of the 1ining
changes. Furthermore not only does the thickness change, put also
the inside bhape 1B sublect to alteration during the life time of
one lining. Furnace may change the origimal shapes snhowen in figs.
1l ang 2 t& that shown in fig. 3.

4. MAINTENANCE OF CRUCIBLE

Many studies (7.8) have pbeen made on the maintenance of <the
lining and 1t's llfe, where maintenance c¢en be either preventive or
on conditional. the first one depends on the time as a basgse of
maintenance and the second one depends on the rermenant monitoring
ag a base of mailntenance.

Permenant monitoring 1s & necessary and i1mportant point to
prevent any dangexr, 1t indicates the condition ©of the Furnace and
the degree of it'a deterioration.

AB BOOR a8 the metal penetrates the lining it wil}) reach the
coil (1500 volt), an alarm can atop the furnace automatically and
clreuit breaker take a posilition of "trip'" sasna the furnace atops. But
if the tubed coll falled by molten metal the water mixes wilth molten
metal and exploslon took place due To contast with the electric coll
{1800 volt).
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5. EXPERIMENTAL WORK

The experiments of the present work nave been caprried out on a
careless tyDe induction furnace 1n the foundry plant of Mlsr Company
for Textlle Zl-Mehalla El-Kobra.

The foundry is upsed To melt dilifferent metals and the experl-
mentes were carried ocut Ffor periods reached to 252 operating hours at
0X power (540 KW/ hr.,) and 20X power {120 KW/ /hr.).

The individual reading of the resilsativity wers taken st periods
aof 6§ to 8 cperating hours, which cover the shift perjod in the
foundry. The experiments were contlinued £1311 the Ffailure point of
the refrsctory lining.

6. RESULTS AND DISCUSSION OF RESULT DATA

Statistical analvsis of resglstivity at power 20% (120 KW/ /hr.)
nas been carried out To obtaln the upper limlt of the resistivity(R).

Average registivity (R) = —— = 1.32 ohm.

Standard Deviationa = = D.1%1 ohm

It was found that the average resistivity 1p 1.32 ohm with a 8Btan-
dard deviation of ©.19)1 onm. The data are plotted in filig.(4) between
the resistivity and the operating iime in hours.

It 12 evident from the plot that variation of resigtivity bet-
ween 9 and 3130 operating hours is small, and a Jumg occeurs Iin the
resistivity at 148 working hours and continue till the end of <the
praocess, i.e. till the failure of thse lining at 162 working hours.

The resistivity at the faillure point is about 1.75 chm. Accord-
ingly care should be taken withrespect to the furnace when the re-
sistivity resches 1.62 ohm.

From the statistical analwywsis an egqguation 1in the form of:
Maximum Resistivity = Average Resistivity +~ 2.2 x S ohm. where 3 1p
the standard deviation,

With respect 0 the caee of operating conditlione at power Q0%
({540 KW snhr.} for 180,243 and 207 working houre for different melting
sperations.

It was found thet TtThe repistivity tends to lncrease gtesdily
with time, and reaches a value ranging between 2.6 and 2.62 chm at
which faliure ooccurs eee fige. 5,6 and 7. At thisg polnt irrespective
of the operating time, a decision has to be taken for relinlng
before any fallure That may occur to avold the damage and the danger
That may proceead, This iB for the safety of the gyB8tam and the
working personnel.
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7. CONCLUSIONW

1. Preventive maintenance only ia not sufficlent to be usged in con-
ducticon furnaces.

2. The resistivity of the coll tenda to inc¢rease with operating time.

3. Wnen the average resilativity of the coill reaches 1.6 ohm and 2.6
ohm for power 20X and power $0X respectlvely the lining should pe
replaced, i1rreaspective L7 the operating time of the Ffurnace.
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Figure | l) Induction lFurnace
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