1,852,214

E. F. NORTHRUP
INDUCTOR TYPE FURNACE

April 5, 1932.

1928

17,

Filed Nov.

NN @ c c

7y

S

_J

=
=
i

(AT
G

>
27,
AT

~:ﬁ9
‘7
W%

/

N a3 //
R R RN

,4zac:,www%mwmw= i

%%m

il

,z

AN ////z/%//// /n//z// NN A

NN,

A4
!

Q
SNNNEN

/
24
2
”
/z

/l/
NNV

AANIMNNNNNTEINNNNN _ﬁm

R AT A AR

NN, ///

Lz

2
zZZ

NN \

A

INITN

TRRAAR

NN

A
1]

NN /////u

/7,

_ 1
1 '

A
t

I DS T

T

—_—1

|

|
/2 S
5 | .

|

|

|

-

_

|
l
t

—— ——- ___._I___
e

T
WA 44

’ /7
-
1

;oavuar
Ep/lM%
N

_Lremperiion By T NorZis 2o,

- Aorrey:

!



Patented Apr. 5, 1932

~ UNITED STATES

1,852,214

PATENT OFFICE

EDWIN FITCH NORTHRUP, OF PRINCETON, NEW JERSEY, ASSIGNOR TO AJAX ELECTRO-
- THERMIC CORPORATION, OF AJAX PARK, NEW JERSEY, A CORPORATION OF NEW-

JERSEY '

INDUCTOR TYPE FURNACE

Application filed November 17, 1925. Serial No. 320,178,

My invention relates to electric furnaces
‘and particularly to' means by which stray
field is eliminated from about a furnace.

One of the main purposes of my invention

s comprises utilizing a stray field eliminator as

a stiffening or protecting frame or casing for

the furnace. o
. A further purpose consists in utiliz‘ililig non-
_ - magnetic steel for the frame or for stiffening

an
- W ota coreless electric induction furnace..
: A further purpose lies in” surrounding a
coreless-type inductor furnace by .a coil capa-
ble of supporting and stiffening the furnace.

. A further purpose is to pass an electric cur-
rent through a heavy coil adapted to form a
framework for the furnace, thus preventing
stray induction beyond the frame coil.

Further purposes will appear in the speci-
go fication and in the claims. = .

My invention relates both to the methods
or processes involved and to mechanism by
which these methods may be carried out.

I have preferred to illustrate my invention
by a few forms only, selecting forms which
are practical, efficient and reliable, and ‘which
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at the same time well illustrate the principles

of my invention. _
-Figures 1, 3, 4, 5 and 6 are central vertical
sections showing several different forms in
which my invention may appear. '
Figure 2 is a top plan view of Figure 1.
In the drawings similar numerals indicate
like parts. - o
T illustrate in Figure 1 an electric furnace
having a conventional- holder for molten
metal 1n crucible 10 and an inductor 11 sur-
rounding the crucible and of c¢onventional
form. conventional source of alternating
current electrical energy is shown at 12 with
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_conventional power factor correction at 18.

The source of energy may be high orlow fre-
quency or intermediate frequency, as there

are different advantages for all of these fre-

quencies, making the employment of one de-
sirable in one case and of quite a different
frequency in another case. -
In Figure 1, the inductor coil is surrounded
by a compensating current-carrying coil 14
' whose purpose is two-fold in that it is in-

supporting members in the construction

tended to prevent straying of lines of mag-.
netic force beyond the limits of this coil and

- Is intended at the same time to serve as a cas-

ing for the furnace. It is designed to be
strong and stiff for the purpose of supplying
strengthening and stiffening functions so
that the furnace will require no other frame
structure or considerably less such structure
thag would be the case where no such coil be
used. : :

The current through the coil 14 must be,
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.and is opposite in direction to that carried by

the inductor coil, for reasons hereinafter
given. -

In order that the theory of stray field elimi-
nation by the combined. casing ‘and coil 14
may be understood, I have shown return lines
of magnetic force 15 and 16 set up by the in-
ductor 11 and tending, normally, to pass re-
spectively outside and inside the position of
the coil 14, and likewise have shown lines 17
and 18 of magnetic flux set up inside and out-
side the coil 14 by the electric currént pass-
ing through the coil 14. - . -

If the coil 14 be short-circuited, the cur-
rent set up in it as a secondary would be op-
posite in direction to that of its primary. - -
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"This determines the direction of current to

be passed through it either directly or by
induction. ‘ " C

- The magnetic flux set up by the coil 14 in-
side of the coil, typified by line 17 will assist -
the return 16 of flux from the inductor coil
and the magnetic return flux 18 outside of
coil 14 caused by the current.through coil 14,
will be opposed in direction to the return
magnetic flux from the inductor represented
by magnetic flux line 15. As will be seen,
the two coils are connected in series, the con-
nection from the lower right-hand end of the
inductor being made to the lower left-hand
end of the stray field eliminator coil 14 so as
to provide for this reverse direction of cur- -
rent passing through the eliminator coil as
compared with that passing through the in-
ductor. o ' .-

Because there would otherwise be -inter-
ference with the pouring function of the fur-
nace, the inductor coil and the. compensator
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“coil are not extended upwardly beyond the e
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top of the crucible. As there is no such ob-
jection to downward extension of the field
eliminator coil and some little downward ex-
tension is desirable to negative the magnetic
flux at the lower end of the inductor, the
eliminator coil has been extended slightly
below the crucible and slightly below the
end of the inductor coil 11.

My stray field eliminator coil 14 may be
made of aluminum or, for greater strength,
of non-magnetic steel alloy.

As my combined stray field eliminator and
supporting frame coil may be designed for
an ampere-turn strength suited to eliminate
stray field outside of any selected position
(radius) at which the coil 14 is to be placed,
magnetic material such as ordinary steel can
be used outside the coil if desired. My fur-
nace may be completely stiffened and sup-
ported without the need of any additional
outside frame structure. However, where
the support of the furnace from a bail, for
example, makes it desirable to use any addi-
tional frame member such as the U-shaped
bar 19, it can be constructed from steel.
Where there is no magnetic material about
the location of the furnace near enough for
the stray field from the furnace to be objec-
tionable, the stray field may be wholly or
partially ignored and the effect of uncom-
pensated stray field may be avoided within
the furnace by the use of non-magnetic
steel for the entire frame structure.

The form shown in Figure 3 corresponds
with that shown in Figure 1 generally, but
with several differences. The crucible 10’ is
here of shallow form and the effective
length of the crucible has been increased, for
the purpose of making it possible to use to
the best advantage a Iong inductor coil, by
the interposition of laminated magnetic ma-
terial 20 below the shallow crucible and
within the inductor.

The coil 14 should be non-magnetic. " Be-
causc of the additional strength to be se-
oired it will usuglly be desirable to make it
of non nagnetic sfeel. Any outside addi-
tional ~tructure may be of magnetic or of
non-magnetic steel.

The coil 14 is here short circuited to form
an additional secondary for the inductor
coil. Where this coil is short circuited it is
desirable that it be given many turns in
order that the current may be kept down.
The ampere-turns must of course be de-
signed to provide the required magnetic flux
to eliminate the stray field or approach this
elimination as closely as may be planned.
The direction of current flow induced in the
coil as a secondary will, of course, be reverse
to that of the inductor as is required to pro-
duce the flux sought. In the form of Figure
1 this reverse induction will, of course, be
present and will assist in the passage of cur-
rent through the coil. :
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If the coil 14 be merely short-circuited its
current will lag and will not be directly op-
posite to that through the inductor. This
lag will be greater if coil 14 be but little
larger in diameter than the inductor coil
than if it be much larger than the inductor
coil. Where this lag is objectionable it
may be avoided by inserting a condenser 13’
in series with coil 14. The best results will
be attained if the condenser tune or ap-
proximately tune this circuit.

In Figure 4 the structure is similar to that
seen in Figure 1, with the difference, however,
that the inductor is here shown as an edge-

wise-wound hollow inductor 11”, and the com-

bined frame and stray field eliminator coil 14
forms a secondary and is short-circuited
through condenser 13’ as in Figure 3. The
yoke outside may be of magnetic steel if the
field be sufficiently eliminated but can be of
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non-magnetic steel or other metal if the de- -

%igger has chosen to but partly eliminate the
eld.

In Figure 5 I show an inductor of edge-
wise-wound solid strip 112 with a non-mag-
netic steel frame about it comprising a plu-
rality of vertical strips 14’ which are con-
nected circumferentially by bands 21 for me-
chanical strength or stray-field elimination,
or for hoth. ~These bands are preferably-also

of non-magnetic steel and may be made con- -

tinuous circumferentially to provide for in-
duced current flow for stray-field elimination,
or if it be the intention to disregard stray
field elimination wholly, may be interrupted
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electrically at different parts of the circum- -~

ference and in that event insulated from the
vertical strips 14",

Where any yoke, or other additional frame
work such as 19 in Figures 3 and 4 is used, it
may be made of non-magnetic steel.

The cross-section of the bands 21 may be
cut down to reduce the induced current in
these bands so that the ampere turns will not
exceed those desired for compensation.

In the form shown in Figure 6 the frame
work is shown in the form of a cylinder 14*
completely surounding the inductor coil to
form a cylindrical compensating coil of a sin-
gle turn 142 which at the same time forms an
effective frame member for the furnace.

For compensating purpose it is immaterial
whether the cylinder 14? have a bottom 22 or
not, but for frame purposes some bottom
structure, even if not a complete closed bot-
tom is desirable.
5. The structure in Figure 6 is more likely
to be used without the bail 19 than some other
desirable forms because in this figure the com-
pensating frame work itself supports the fur-
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This is true also in Figure ~

125

nace very thoroughly from tre bottom reduc-

ing the advantage of any additional frame
structure. ‘

The eylindrical wall 14%, and, where a bot-

tom structure is used, the bottom 22 are pref-
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~ erably made of non-magnetic steel. There

are various non-magnetic ferrous alloys avail-

_able, referred to generally as non-magnetic
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steel. One example of this has a composi-
tion of chromium 18 parts, nickel 8 parts, iron
74 parts.

It will be evident that my use of non-mag-
netic steel in the frame of the furnace wholly
overcomes the need of stray field elimination
in so far as the effect upon the individual
furnace is concerned ; so that any stray field
compensation may be considered with respect

to conditions outside the furnace and not

necessarily with respect to those inside the
furnace, permitting great freedom of furnace
construction and greatly altering the view re-
garding the elimination of stray-field. How-

~ ever, it will be further evident that I have

provided effective frame stray field elimina-
tion which makes it possible to take care of
the stray field or to disregard it in its effect
upon the individual furnace in which the field
is generated and to eliminate or reduce it to a
point where it can be disregarded in so far
as it affects other mechanism outside of the
furnace..

The need of rigid and very strong sup-
porting frame construction in coreless in-
ductor type furnaces of large capacity may

" therefore be met, so far as the individual fur-

nace is concerned, by either of two construc-
tions, one eliminating the stray field and the

Obviously the non-magnetic frame con-
structicn makes it possible for me to effect
any. comproinise desired between complete

stray field elimination on the one hand which

will protect external apparatus as well as
furnace structure and the absence of such
stray field elimination on the other; using
such field elimination as may be desired to
suit the furnace for use in proximity to other
apparatus and permissibly building the
frame of the furnace free from stray mag-
netic field interference independently of the
extent of field elimination.

In view of my invention and disclosure

variations and modifications to ‘meet indi-
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vidual whim or particular need will doubtless
becomeé evident to others skilled in the art, to
obtain all or part of the benefits of my inven.
tion without copying the structure shown
and I, therefore, claim all such in so far as
they fall within the reasonable spirit and
scope of my invention. '

Having thus described my invention, what
I claim as new and desire to secure by Letters
Patent is: :

1. In a'stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-

_ round the charge and a rigid ¢ombined coil
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and frame member of non-magnétic material,
the coil surrounding the inductor and provid-
ing a path for electric current for stray field
elimination purposes. o :

2. In a stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge and a rigid combined coil
and frame member, the coil surrounding the
inductor and providing a path for electric
current for stray field elimination purposes.

3. In a stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge and a multi-turn rigid
combined coil and frame member of non-
magnetic steel, the coil surrounding the in-
ductor and providing a path for electric
current for stray field elimination purposes.

4. In a stray field eliminator for induction
furnace, a furnace, an inductor coil surround-
ing the furnace, a secondary coil surrounding
the inductor coil carrying current reverse in
direction from the inductor coil current direc-
tion and comprising part of the stiffening
frame structure of the furnace. '

5. In a stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge and a multi-turn rigid com-
bined eliminator coil and frame member in
series with and surrounding the inductor and
carrying current opposite in direction to the
inductor current. : U

6. In a stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge and a multi-turn rigid com-
bined eliminator coil and frame member in
series with the inductor and carrying current
opposite in direction to the inductor current.

7. In a stray-field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge and a rigid spiral combined
frame member and coil surrounding the in-
ductor, adapted to have a current induced in
it opposite in direction to the inductor cur-
rent and condenser power factor correction in
series with the coil. A o

8. In a stray-field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge, a combined field eliminator
coil and frame member carrying current re-
versed in direction from that of the inductor
and a furnace supporting frame member out-
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side of the field eliminator coil and shielded

by it.

y9. In a stray-field-reducing furnace con-
struction, a furnace inductor adapted to sur-
round the charge, a non-magnetic steel shield
surrounding the inductor, adapted to carry
current in & direction opposite to the inductor
current to at least partially eliminate the
stray field, and forming a frame member
for the furnace and non-magnetic frame ma-
terial additional to the shield.

10. In a stray-field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge, the inductor extending well
below the lower part of the intended charge,
magnetic material filling the space from the
lower end of the charge to approximately the
lower end of the inductor and a combined field
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eliminator and frame member surrounding
the inductor and carrying current in a direc-
tion opposite to that within the inductor.

11, In a stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge,the inductor extending well
below the lower part of the intended charge,
magnetic material filling the space from the
lower end of the charge to approximately the
lower end of the inductor, a combined field
eliminator and frame member surrounding
the inductor and carrying current in a direc-
tion opposite to that within the inductor and
additional frame construction outside of the
combined field eliminator and the frame mem-
ber and protected by it.

12. In a stray-field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge, a crucible within the induc-
tor and a cylindrical field eliminator member
substantially enclosing the inductor and
crucible and adapted to receive by induction
current opposite in direction to that through
the inductor and to eliminate the stray field
about the inductor. "

13. In a stray field furnace eliminator con-
struction, a furnace inductor adapted to sur-
round the charge, a crucible within the in-
ductor and a single turn field eliminator mem-
ber about and substantially as high as the
inductor and adapted to receive by induction
current opposite 1n direction to that through
the inductor and to eliminate the stray field
about the inductor.

EDWIN FITCH NORTHRUP. -



