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Patented Sept. 4, 1928.

Application filed April 25, 1924.. ‘Serial No. =709,0455_

The present invention relates to the utili-
zation of alternating -current of relatively
high frequency for electric heating. It is
the object of my invention to extend the range
of usefulness of this form of heating. '

. Heating by high frequency electric induc-
tion is now being used advantageously espe-
cially when the 1naccessibility. or shape of the
work to be heated renders impracticable in-
ductive heating which involves interlinkage
with a magnetic core of iron, as is the case
when currents of commercial frequencies are
employed. Heretofore, high frequency cur-
purposes have been gen-
crated by apparatus containing resonant or
oscillating cireunits and the frequencies: em-
ployed have been of the order of one hundred
kilocycles or higher. The generation of th ese
very high frequencies has involved the use
of spark discharge gaps or vacuum tubes.
Vacuum tubes are relatively fragile and
subject to deterioration with continued use.
Dynamo electric machines on the other hand
are rugged and capable of continued use with
ittle depreciation. For relatively . large

Ppower outputs vacuum tube outfits occupy

far more space
chines. -

In accordance with my invention the ad-
vantages of the rugeedness. dependability
and compactness of a mechanically operated
source of power arve secured for high fre-
quernicy heating devices. T

The accompanying drawines 1Hlustrate an
embodiment of my invention. Fig. 1 is a
somewhat diagrammatic representation of a
complete heating outfit ; Figs. 2 and 3 respec-
tively are longitudinal and cross sections
talen vertically through a dynamo which is
suited for the purposes of my invention and
Fig. 4 15 a view lustratineg a detail of the
dynamo structure. -

Fig. 1 shows a dynamo electrical machine
1 combined in operative relation with 2 high
frequency primary inducing coil 2, within
which is arranged a refractory crucible 3
containing a charge 4 of materials to he heat-
¢d. This crucible may be supported upon the
dvnamo electric machine by pedestals 5. 6.
The crucible 3 may consist of conducting ma-
terial, as for example carbon or tungsten.
Between the crucible 3 and the coj] © a Te-

than dynamo electric ma-

heat Josses.
f ele(_:trical machine ‘1
scribed in connection with Figs. 2, 8 and 4.

‘scribed in my prior Patent No
July 22, 1890. <A

-tions of a hollow condnctor such as

fractory Insulating layer 7 ig provided. A
refractory, non-conducting cover 8 reduces
Uhe construction of the dynamo
will be more fully de-

In: general the dynamo s of the type de-
432,655 of
| dynamo of this constrye.
tion is shown in Fig. I'surrounded by a jacket
J, through ‘which water or other cooling fluid
may be circulated. Preferably the same cool-

1ng fluid is also circulated through the pri-

mary winding 2 which consists of convoly.
flattened

as shown.

helix' jg connected by eonduit 10, 11 and lé

[

In series with

_ a radiator 13 to the water
jacket 9 '

of the dynamo.

cock 157,
- The ‘clqsed

: _ The closed
Svstem of course can be replaced by separate

supply pipes for the cooling water and an
overflow or discharge pipe for the warmed
water. | -

The conduit 10 also serves as one of the
electrical conductors, for sake of convenience.
the circuit being completed by the conductors
16 and 17. A variable condenser 18 and =
}'arm.ble_inductanr:e 19 preferably is included
In the circuit. The variable inductance 19

: G _ current of hoth
helices is in the same direction the reactance

IS & maximum and when the inner coil ;s re-
versed 1n position so that its turns have cur-
rent-1n the opposite direction to the current
in the outer coil. the reactance is of minimum
The condenser 18 need not be of un-
usual high capacity, as it is used for regulat-
INg purposes. -

The dynamo is excited by a shunt wound
generator 20, the field coils 21 of which are
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connected in series with the variable resist-
ance 22. The exciter circult 23, 237 15 con-
nected to the field terminals 24, 247.
Juctor 25 completes the field cipeuit.. 1f de-
cired the exciter 20 may be reculated to over
oxcite the cenerator 1 so as to assist the con-

denser 18 to  secuie thie desired 1;'i;§li poWer
factor. The dynamo'l may b driven by tiur-

bine, motor or any suitable sort of power -
which will give 1t a periodicity suitable to
the furnace desived which ordinarily wild- be-
¢ithin the range of 10 to 20 kilocycles, al-
though-for some-purposes the frequency may
be somewhat below or above thisrange. .. -
The type of dynamo outiined in Fig. 1
shows the greater detail in Figs. 2 and 3 ahd
is particularly adap ted to be made the nieans
for génei‘ﬁt-'iﬁg_, efficiently high frequency cut-
rents, particularly of-such frequencies as-are
suitable for the operation of high frequency
induction furnaces. ‘The revolving structure
08 preferably is given many poles,-for :ex-
ample about 100 or more. The stationary
structure 29 has its conductors 30 plated 1n
<lots which are double- the nurhbér of the
poles, that 1s 200 or more, the cleararice being
made as small as possible between these two
tructures. 'The-armature conductors 30 ‘are
connected in series,: 1’ multiple, in pultiple
ceries groups or other desired relation’ de-
voltage required .1n: accord-

ance with the well understood practice.

A part of the revolving middle polar por-
{ion 28 is represented 1n cross section’ 1h-K1g.

9 with the polar notches partly ,expo'se&.
M. 4-shows an elentent - of the lamirited

polar iron portion 4l and the supportang
plate outside thereoi ndicated -at-32-  This
plate 32 1s nrade of high resistance ntetal,
«u-h as chrome- steel, nichrome or the hike
and forms aflange 35 which extends outward
to the educ of the revolving part-and-1s not
Lroken or tootlied but complete in - odthine.
This construction prevents extreme air agitas
Gon-and reduces the noise. The plate 32'may
be replaced by a more massive plate of high-
ly conducting material, such as copper, 1
whieh cace shight variations of the magnetic
ficid nearby ave <moothed out without being
o cause of much loss of enerey. The re-
volving structure is surrounded by the arma-
(upe laminations 34, ‘lhese laminations are
mounted on the 1nner periphery of the cas-
ing 35 which is closed except for openings for
he terminals 36 which ave sealed therein as
ndicuted by insulating bushings 37.- Thus
the machine becomes a relatively notseless,
<olf-contained, nigh frequency: dynamo of
good cfficiency capable oi producing curtrent
of such frequencies as-are required for the
operation ofrfurnaces of the type shown for
¢xample, in Northrup Patent No. 1;286,399.

Acon- .1 Il , " CC
ing-'thé c§imbindtion ¢f rdyharhé-électric ma-

.il].g:n'T

1,683,146

and desire to sccure
United States 1s:
appardtus’ colpris-

What I claim as new
by Letters Patent of the
I An electric heating

chine capable of delivering alternating cur-
rent of a periodicity of about ten.to.twenty

. J.A]:f.. — l.\.!-- L Foem N .J:,;l.;.-.‘.-:.l..w....i. ol A M s ol
kitoeyeleS™ pef €ecqnd, a primary in ucing
b A s 4. ko cediendr -tl---

winding connected: £o

- =
by

said source and CON-
gtuyﬁc!:_ed-._;tqupnqig electromagnetic interlink-
age with a load to be heated without inter-
linkage with a magnetic core, a variable re-
- otance connected 1n the electric circult n
deries withr said dynamo-electric machin€ and
s‘aidjwiinding,mnd:comm(ﬁncooling‘fmeané;‘fm'
said dynamo-électric macliine-and said wind-
9. An electric heatiig: apyparatus’ compiis-
ink the combination-of-a dyndmd-electric ma-
chine capable’of .delivering: dlternating cur-
renit of a’ periodicity of at lefist- - gbout- ten
kilotycles per second, an’ air coré transfarmer
winding —operatively
whereby energy from-said: machine may be
duced in a-load to be heated;a variable Te-
actance connected: 1 the -eledtiic circutt 1
series ‘with said dynamoselecti'ic:ma'c}iineﬂ and
<nid-winding,-and-commoricooling means for
said dynamo-electric machine:andssaid- wind-
il)g.f . . . Do - |

3. “Am electric heating apparatus-comp I1S-
ing - tlte’ cofbinatioh -oF o dynamdo’ électric
machine which-is-capable of-ddlivérihg alter-
nating current:at’ a periodicity of about ten
to twenty- Jilocycles  per secorid;>a* jacket
therefor wherein a‘cooling fluid may be-cir-
culated; a-primary’ inddemg ¢oil comprising
hollow: donductors; ¢on duits’commecting sdid
indueing’ coil to said - jacket: to permit-the
- tercirculation of a coolilig-flutd, a-Tadiator
ncluded in series with said conduits, electric
donductors electrically connective - said 1n-
ducing coil to <aid’ machine; :ant’a: variable
condenser included in said connections.

4 An induction furnace heating system
comprising a dynamo-electric’ machine, 2
heating coil free from interlinkage of trans-
foriner iron, electrical connéctions between
said dynamo-electric machine and said coil,
and a variablé condenser included in said con-
hections in series with said coil and said
{I}fﬂamo-eleftridnmchine. | |

5 An induction furnace heating system
comprising a- dynamo-electric machine, a
heating coil free from interlinkage of trans-
former iron, electrical connections between
saicd d}fmimo-e]ectric machine and‘said coil,
o ‘variable condenser included in said connec-
tioris, and a variable imductance included 1n
said ‘connections. | o -

In witness whereof, 1 have hereunto set my
hand this twenty first day ot April, 1924.

ELIHUG THOMSON:
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