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1
It is well known that various alloys may have
their behavior modified by raising them to tem-
peratures at which internal changes occur, and
then cooling again under conditions for obtain-

ing the desired characteristics. Among such heat

treatments are so-called “annealing” operations,
in which an alloy is raised to a temperature at
which all internal strains are relieved and inter-
nal changes in ferrous alloys occur by which the
hardness disappears, and thén a slow cooling is
used so that these desirable characteristics may
be maintained in the article, to permit easy ma-
chining, for example. Another heat treating pro-
cedure is the so-called “hardening” operation by
which a ferrous alloy is heated to obtain a con-
version of carbides from one to another, followed
by a quick cooling past a critical temperature in
order to fix the carbide content in the desired
form for producing the hardness. Another type
of heat treatment involves the so-called temper-
ing operations, in which an excessively brittle
ferrous alloy has its temper drawn to increase the
toughness or resistance to fracture, by heating to
a closely controlled temperature, which is lower
than the temperature utilized for annealing or
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hardening, and followed by a slow or quick cool-

ing: the course of this “temper drawing” usually
being followed by observing the oxidation colors
appearing at a cleaned surface of the article.

Another type of heating is that incident to work- 3n

ing, as where a wire is to be hot-drawn, a skelp
or tape to be hot-rolled to thickness or to have
hot-forming or hot-punching operations per-
formed thereon, etc.

A factor which must be considered and ob-
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served during heat treatment, outside of the pro--"~

duction or control of the desired type and dis-
tribution of carbides in ferrous alloys, is the size
of grains or crystals which are present. Thus, it
has been found that prolonged heating of a fer-
rous alloy to temperatures in excess of 1450° F.
is conducive of the development of large grain
size, whereas shorter periods of heating or of
maintenance at such high temperatures are con-
ducive of maintaining existent small grain sizes.
Since small grain sizes are preferable for many
purposes, it is often desired to keep the grain
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‘size as small as possible, and to avoid having the

material exposed to high temperature conditions
over long periods of time. However, it has been
found difficult in practice to attain this result
because the heating is a time function of the rate
and quantity of heat which is introduced to the
alloy. Thus, when the heat is delivered inte the
body of the alloy by conduction, convection, and
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2 ;
radiation methods from external hot bodies, the
time required is often great enough to cause
serious increase in grain size. When it is sought
to heat a ferrous alloy by induction effects of a
high frequency electric field, the heating occurs
by the resistance of the material to the flow of
eddy currents, and by the conversion to heat of
the energy losses due to hysteresis in the:alloy.
Thus, the more magnetic the material, the great-
er the hysteresis losses, and correspondingly so
much the greater is the heating effect by
hysteresis. However, when ferrous alloys are
heated to a temperature known as the magnetic
eritical temperature, around 1450° F. for spring

“steels, there is a change in the material so that

its magnetic effects are lost. It is sometimes as-
sumed that this is due to the conversion of mag-
netizable carbide into forms which do not have
magnetic dipoles. The effect of this cessation of
magnetic properties is that the hysteresis heat-
ing losses cease, and the material is heated un-
der a continuing high frequency fleld by eddy cur-
rents only. If the cross sectional area of the
material is large enough, the eddy current heat-
ing effects will be large enough to offset the heat
losses of the material by conduction and radia-
tion; and hence for articles of large cross sec-

‘tional area, any desired temperature above the

magnetic critical temperature can be obtained by
the induction heating principles. With thin ar-
ticles, such as spring tapes, it has been suggested
that the inability to heat to the desired high tem-

‘perature (e. g. above magnetic critical for steel

is due to cancelling out of magnetic orientations
of the material by overlapping of the eddy cur-
rent fields within the cross-section.

. When the cross sectional area of the article to

‘be heated is small, the number of lines of mag-
"netic force through the material is less, and hence

the eddy current effects are less. On the other
hand, the ratio of superficial area to volume In-
creases with decrease of area of the similarly

“shaped bodies, so that the heat losses at the sur-

face are relatively increased. .
When it is sought to heat tapes of various
metal alloys, capable of heat treatment, such as

in preparing the springs employed for watches

and clocks, the cross sectional shape and area
do not encourage the flow of induced eddy cur-
rents of such intensity as to permit heating to the
temperatures required for heat treatment to ob-
tain optimum conditions of hardness and resist-
ance to wear, and heretofore the induction heat-
ing of such thin tapes has been limited to tem-
peratures up to the magnetic critical tempera-
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turé of the ferrous alloy or an insufficient tem-~

perature with other glloys. In order to have as-
surance of the desired heat treatment with fer-
rous alloys, the temperature maximum should not
be limited to the magnetic critical; and with
these and other alloys, temperatures up to that
of fusion should be capable of production at close-
ly determined levels, in order to follow a deter-
mined schedule of treatment. On the other
hand, the input of energy, as heating effect,
should be at a maximum rate, well in excess of
heat losses, in order that the length of time at
the higher temperatures shaill be ‘a minimum,
whereby to avoid grain growth.

It has now been found that by employing and
controlling certain inherent characteristics of
induction fields which have conductive “bodies
therein, it is possible to carry the temperature to
any desired level, even to the production of actual
fusing .of the tape; and to accomplish this by
:simple and easily -controlled apparatus.

An illustrative Torm of apparatus, by whiéh
the procedure may be practiced, is illustrated on
the accompanying drawings in which

Jigure 1 .is -2 conventionalized illustration of
the assembly of mechanical apparatus.

‘Figure 2 is & conventionalized showing of the
electrical circuit connections for Figure 1.

PFigure 3 is a detail view, on a larger.scale, of
the furnace structures of Figures 1 and 2.

In these drawings, the apparatus and method
are illustrated with respect to the _heat treat-
ment and quenching of g main spring tape for a
watch. In particular, a so-called “8/0 size” tape
of watch main spring steel will be employed.as-a
‘specific example: this particular tape was 0.6044
in¢h thick and 0.065 inch wide.

A supply reel 10 of such tape delivers its con-
tents through aninput measuring and feeding as-
sembly conventionally shown as rollers ii, and
-over guide rollers 12, with the formation of a de-
Jpending loop or bight 13 in which is supported
‘a weighted roller 14 and serving to regularize the
feeding and tensioning of the tape T as.it moves
through the furnace. From the last guide roller
12, the tape passes over a guide roller {5 which
preferably .is of copper for electrically conductive
relation with the tape. A pressure roll {6 is
pivotally.mounted and energized from a.counter-
weight 17 for maintaining the tape in proper
guided .and conductive relationship -with the
roller 15.

From the roller {5, the tape passes vertically
downward in the illustrated form and enters the
upper end of .a furnace chamber 28 which in the
illustrated .form is provided by a glass tuhing of
temperature-resistant .glass, such as “Pyrex.”
Near the upper end of the furnace tuhe 29, it is
Jprovided with a side hranch 2i through which
may he introduced carbon dioxide or other inert
gas under low pressure. The tube 20 is .sur-
rounded by an induction unit U which is de-
seribed in detail below, and which is supplied with
.high frequency -electric current from the termi-
-nals 23, so that a high frequency induction field
-acts upon the tape T as it moves downwardly «in
the furnace tube 20.

The lower end.of the tube is illustrated as im-
mersed in g quenching bath 25, for example, for
one-half inch. Immediately below the lower-end
of the tube are the guide blocks 26 which press
against the two faces of the ‘tape and maintain
electrical conductive relationship therewith. The
tape T passes.around the lower guide roller 27
within the quenching bath, and thence travels up-
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wardly through a wiper 38 which strips adherent
liquid from the tape, and thence over the cutlet
metering unit conventionalized as the rolls 3i,
and thence over other guide rolls and between
the cleaning brushes 32, and finally the tape is
rewound on a take-up reel 33.

Azthermometer 35 is provided for observing the
temperature in the quenching bath 25, and ap-
propriate means (not shown) may be provided
for maintaining the bath at a desired tempera-
ture. The bath may be of rape seed or other
quenching oil, water, or like material, depending
upon the :selected hardening conditions. The
‘bath:may be supported by a counterweight sys-
tem; -and lowered while threading the tape, or
when & guenching is not desived,

In Figure 2, the electrical supply system to
the terminals 23 of Figure 1 is illustrated as com-
prising a high frequency sscillator 48 which is
.conventionalized as two electron discharge tubes.
The anodes of -these tubes ars connected to the
tank inductance 4! in parallel with the tuning
condenser 42 which is illustrated as a tliree-
:section ~variable condensar with its central or
rotatable plates grounded. It will he under-
istood ‘that when the oscillator is in service, the
output circuit elemenis 44, 42 are funed to
the ‘frequency of the oscillator 48, whereby po-

. tential differences are estdablished in the induc~
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tor 4i.in the usual way. Thus, the resonant com-
‘hination of inductance 41 and capacitance 42 may
be regarded as a primary output circuit. A sec-
ondary -output -circuit is connected to the iriduc-
tor 41 by appropriate adjustable taps and in-

5 cludes-the blocking condenser 43 to prevent direct

current flow, and the variable three=section tun-
:ing condenser 44. The condensers 43; 44 and the
-portion of inductor 4f between the adjustable
taps, are likewise tuned during operation éssen~
tadlly to ‘resonance with the current flowing i
the -oscillator 40. The potential differences ap-
-pearing -across the outer terminals of the con-
-denser 44, whose central movable plates are
.grounded, appears at the terminals 23 and acts
in the furnace induction unit U as aforésdid.

It has-been found that the tape T demonstrates
potential -differences along its length, when cur-
rent flows in the induction unit U. A conduc-
tor 50 leads to an adjustable inductor §{, whose
-other terminal is-connected by conductor 52 with
4 variable .condenser 53. This condenser §3 iu
turn is.connected by.a conductor 54 with the.con~
tact blocks 26. It is preferred to includg a meter
M, such as-a hot-wire ammeter, in this external or
third cireuit-which comprises a series connection
-of the portion of the tape T including that which
is"within the futrnace tube 29, the upper condue-
‘tive contact roll {5, conductor 58 with the meter
M, conductor 51, conductor 52, condenser 53,
conductor 54, and the submsrged lower contact
‘blocks 26 ‘back ‘to the tape T. The effect of po-
‘tential differences along the length of the taps
T, ‘which :are in synchronism with the high fre-
‘quency -current from the oscillator £2 but not
‘necessarily in -phase coincidence, are thus ap-
‘varent across the tunabie elements 54, 53; and
“when -these elements are adjusted into essential
resonance .to the oscillator frequency, the poten-
tial differences lead to the exhibition of high cur-
rent densities in this third circuit.

JIn Figure 3, a preferred form of furnace unit
is ilustrated. The glass furnace tube 20 is sup-
‘ported and guided by the upper and lower heads
'60,-64, ‘which have adjusting screws %2 therein.
These heads in turn are supported on a bracket
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€3 and are held spaced by an outer larger flbre
tube 64. This figure also shows a chamber 68
connected in the gas supply conduit 2f, with a
wire heating coil 871 therein supplied by 60 cycle
alternating current and serving to preheat the
gas before it contacts the tape. Also, the opti-
cal pyrometer 68 is mounted so that the tape T
is observed at a point about one inch above the
oil level. An opaque tube 69 of non-conductive
material is mounted around the lower end of
tube 20, and has a window through which the hot
tape ‘may be viewed under black body condi-
tions.

The tube 20 of heat-resistant glass had in-
ternal and external diameters of 0.68 and 0.78
inch, the wall thickness being 0.05 inch, the
tube was 25 inches long. In operation, the dis-
tance from the upper end of the tube to the line
a—a (Fig. 3) was about 6% inches, and from
line a—a to the upper end of coil 10 was about
81% inches. The tube was immersed for about
& half inch in the oil bath at its lower end.
Surrounding the tube 20 beneath its support, is
the inductor unit U, which is {llustrated in a
preferred form which has a total length of 8
inches and comprises a winding 10 of 23 turns
of No. 6 copper wire to form a coil wound over
the tube 20 for a total length of 8 inches. Im-
mediately at the upper and lower ends of this
coil are provided three turns each of 0.25 inch
outside diameter copper tubing, wound in a coil
of 3 inches outside diameter and length of 1.5
inches. The upper end of the upper large wind-
ing 71 is connected to one supply terminal 23,
while the lower end thereof is connected by con-
ductor 13 with the upper end of the winding 70.
The lower end of the winding 70 is connected
by conductor 14 with the upper end of the lower
copper winding 72, and the lower end of the
winding 12 is connected by the conductor 15 with
the other terminal 23. This arrangement pro-
vides a total inductance of the series-connected
windings 70, 71, 12 so that the condenser 44
can establish a resonant condition to the primary
circuit. The arrangement has been found to pro-
vide an accurate impedance matching. These
conditions exist when the electrical system is
energized in the absence of steel tape T; e. g.
with a copper wire or tape. Pre-adjustments may
be required when the tape is introduced, and also
after the system is in steady moving condition, to
compensate the effect of the tape in changing the
apparent inductance effect reflected by it into the
driving system.

Figure 3 also shows the supporting member 80
for mounting the lower contact blocks 26. One
of these blocks, adjacent the member 80, may be
fixed, and the other block biased for conductive
contact with the tape by the action of the spring
81 carried by the yoke 82.

In assembly, attention should be given to the
grounding of metal parts of the structure, and
adjacent metal. Thus, the feed reel 10, and the
feed drive including rolls i1, 12, are electrically
connected to one another and to rolls 31 and the
take-up reel 33 (the conductors not being shown),
and this reel 33 is connected to the ground. The
primary and secondary circuits are also grounded
through the tuning condensers 42, 44. It was
found that the current demand at the meter N
was reduced 50 to 100 milliamperes with the par-
ticular oscillator when this grounding was com-
pleted: and that standing waves appeared to be
eliminated. ' o

In operation; the liquid level in Figure-3. is
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preferably. at substantially the line b—b, and it
has been found that a desirable heating for
hardening and quenching can be effected when
the tape first begins essentially to increase in
temperature at about the'line a—a of Figure 3.
_In one practice, the vertical distance between
lines a—ea and b—>b was*19 inches. The power
input to the high frequency -generator was 1
kilowatt and the tape T was of 8/0 size and was
moved through the furnace tube 20 at a rate of
60 feet per minute. Upon observation by pyrom-
eter, the tape had a temperature of 1400° F. at
a point 11% inches above the oil surface; 1425°
F. at a point 6 inches-‘above the surface; -and
1450° F. at 1 inch above the surface. The meas-
ured current in the third circuit, at-the meter
M, was 9 amperes. The frequency generated in
the oscillator 40 was about 7% megacycles.
When the third circuit was opened, a tempera-
ture in excess of the magnetic critical could not
be exceeded, and the load conditions on the gen-
erator changed, indicated by a drop in the plate
current. : .

In particular, it was found that when this size
of tape was employed, and the speed reduced to
40 feet per minute, the flow of a current of over
10 amperes as indicated at the meter M would
cause the tape to melt. This current was ob-
tained by adjusting the condenser 53 more closely
to circuit resonance. :

Carbon dioxide gas under low pressure was
admitted through the connection 21. The upper
end of the tube 20 was circular, with an opening
of 0.10 inch; a rectangular opening '0.01 x 0.09
inch has also been employed. It was found that
the gas was carried along with this tape, and
caused to bubble from the lower end of the tube
20 following heating by radiation and conduc-
tion from the tape T. :

It is found that within a few seconds after
starting from room temperature of all parts, the
tape increases in temperature as it travels, until
the desired illustrative top temperature sf 1450°
F. is reached, and thereafter the currents flow-
ing in the several circuits remain essentially con-
stant as long as the speed of the tape remains
constant. The temperature of the glass tube
gradually rises, and reaches a fixed temperature
in about 20 minutes. In a test of the tempera-
ture of the glass furnace tube 28 at the center
of the tube, it was found to be approximately
550° F. by a thermo-junction-pyrometer, but the
leads from this pyrometer passed ‘through the
conductive fleld, so that this reading was prob-
ably too high. :

This same apparatus has been employed suc-
cessfully for the heat treatment of main spring
tapes ranging in size from 0.0035 inch thick by
0.05 inch wide to 0.095 inch thick by 0.22 inch
wide: with speeds of travel of, say, 5 to- 80 feet,
per minute dependent upon the size and shape
of the tape and upon the power available. The
generator has been operated, for such work, with
inputs of 100 to 1500 watts and at frequencies of
4 to 10 megacycles. Obviously, apparatus of dif-
ferent size or power, and opérating at other high
frequencies can be employed.” In particular, it
has been found that the operation can be so con-
ducted that the tape is quickly raised at an es-
sentlally regular rate during its travel between
the lines a—a and b—>b, so that when a quench-
ing is employed by use of a bath 25, this quench-
ing is accomplished while the temperature is still
rising, s0 to speak; and thus the- time during

78 which the tape is subjected to temperatures
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above room temperature is restricted only by the
delivery of a'sufficient quantity of energy into the
tape. for conversion therein to the form of heat.
and turther it is possible to effect the quenching
while the tape is still rising in temperature, 0
to speak. ‘

In making tapes for main springs. of watch
movements, using the normal steels customary
for-the purpose, it has been found feasible to pro-
duce desired conditions aleng szreat lengths of
the material and with essential unifermity. Be-
cause of the close controls which are possible,
it has been found preferable for such main spring
tapes to use a heat treatment which is termi-
nated while undissolved carbide grains are still
present, as this gives a belter wear resistance
than when all of the carbon is in essentially uni-
form solution. ‘Thus, the heating is to a tem-~
perature and for s time short of that at which
the maximum- hardness would be produced by
effecting dissolution of all carbide, followed by
8 quenching. This preferred choice of condition
is feasible with the disclosed procedure, for the
reason that the ferrous alloy is carried quickly
from room temperature to the desired quench-
ing temperature without lag or delay at the tem-
perature corresponding to loss of magnetic prop-
erties. The timé of exposure to heating is faver-
able in that the carbide tends to dissclve more
quickly than grain growth cccurs. ‘The existence
of the small grains of undissolved carbide, as
rvevealed in metallographic sfudies, appear:
limit and greatly restrain grain growth.

It is preferred to employ an upper contact roli-
er 1% of copper or like material, so that this
structure can rotate with essential ireedom. On
the other hand, it is preferred o form the iower
contact elements 26 as pressure blocks or contact
shoes located close below the surface of the

i

quenching bath, when quenching is to be accom- |

plished. These shoes act as guides for smoeoth-
ing out and controlling tape warpage. They may
be of steel or other metal affording adeguate re-
sistance to wear under the conditions of opera-

tion and serving to impart a chill block quench- |,

ing to the tape, in addition to the oil guenching
which is accomplished thereupon. 7Thus, the
surface of the tape is quickly fixed in the desired
condition for optimum wear resistance. In op-

eration, the hot tape vaporizes the oil or other .,

liquid of the quenching bath, immediately upon
contact and is thereby given a primary cooling.
By having the contact shoes 26 close to the sur-
face of the guenching bath, the vapor blankst

is continued around the tape until this hot tape

comes into contact with the shoes, so that a very
good electrical contact is thus established and
maintained.

The frequency of the primary oscﬂlator is ad-
justed to the effective distance between the upper
contact roller 15 and the lower contact blocks
26, so that these points are essentially an elec-
trical half-wave apart. The action of the tuning
condenser 53 and inductance 51 thus contrels
the relativé phase conditions, wherewith the cur-
rent nodes are close to the said contacts, con-
sidering the tape itself as a Lecher wire, so that
essentially no tendency to current arcing is
present, In practice, currents up to 25 amperes
have been passed along a carbon steel ribbon
without burning the contacts or ribbon surface.
Correspondingly, the current loop, or maximum
current. effort at the tape, is at a point of the
tape within the inductive heating field.

By way of demonstration of the effect of the
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flow of current through the external circuit in-
cluding the tuning elements 5{, 53, it may. be
pointed out that when this circuit is open, or is
tuned greatly out of resonance with the current
from the oscillator 40, the tape does not become
incandescent until it has traveled downward for
about one-half of the length of the coil 70 of
the furnace unit U, as compared with its attain-
ing incandescence at the line a—a.

While magnetic or inductive coupling may be
employed between the primary or secondary cir-
cuits and the inductor &8¢ or other component
of the third or external circuit, it has been found
that this is unnecessary, and that a more satis-
factory comtrol can be attained by the deriva-
tion of current flow along the tape as an in-
cident of the magnetic, eurrent and heat effects
therein produced from the furnace induction
windings 78, Ti, 12, with employment of the
tuning elements 51, 53 to adjust this external
circuit to essential resonance and therehy deter-
mine a current fiow as indicated by the meter M,
which brings the tape quickly and with con-
stantly rising temperature to the desired con-
dition of upper critical temperature at the mo-
ment of its contact with the quenching bath.
Thus, if the tape becomes undesirably over-
heated, a slight detuning permits quick correction
for this: while an insufficient heating is cor-
rected by the converse operation of bringing the
external circuit more closely into resonance,

In the illustrative employment above, the
admission of carbon dioxide was set out. This
gas can be employed under such conditions, pro-
vided that it is pure: that is, the commercial
gas should he so pure that it contains less than 1
percent of gaseous impurities, largely hydrogen
and nitrogen, insoluble in KOH, and st most
only traces of water vapor. If the commercial
carbon dioxide gas is suspect, it should be passed
througsh an externally heated tube containing
steel and copper wools, and over caustic alkali,
to decompose and fix the sulphur gases, water
vapor, etc. The rate of feed with the stated
apparatus was varied from 30 to 50 cubic fest,
per minute without essential change in hehavior.
Obviously, rare gases, such as helium, argon, ete.
are not troublesome, can be voluntarily afi(,ed
their cost, however, is not normally justified
in treating carbon steels as stated.

The use of carbon dioxide atmosphere, as com-
pared with air, has an advantage even with rib-
bon materials which are not attacked by alr,

in that less injurious arcing occurs at the lower

contacts upon detuning.
It is obvious that the invention is not limited

:to the specific embodiment llustrated and de-

seribed, hub that it may be employed in many
ways within the scope of the appended claims.
What is claimed is:

1. An apparatus for heat-treatment of long

conductive articles, comprising an induction coil

through which the article may be moved in the
axial direction, means for supplying high fre-
quency current to said coil, and separate circuit
means including at least a part of the article

as a series conductor portion of the cireuit and

including also a device in said circuit means to
tune said separate circuit to the condition of
essential resonance at the freguency of the cur-
rent flowing in said coil.

2. An apparatus for heat treatment of a con-

ductive tape, comprising an induction coil, meaus

for feeding the tapé along the axis of the in-
duction. coil, contacts adjacent each end of the




2,588,227

coil for conductive engagement with the tape,
means of supplying high frequency current to
said coil at a frequency whose half-wave length
is essentially the same as the distance hetween
said contacts, and conductive means connecting
said contacts and including a tuning device for
establishing said contacts essentially at the cur-
rent nodes.

3. A high frequency induction heating unit for
long metal articles comprising a main hollow
coil of conductive material along the axis of
which the article can be passed, and additional
windings of large diameter located around the
ends of the main windings, said coil and wind-
ings being connected in series for establishing
individual magnetic fields all extending in the
same direction along the axis, means for sup-
plying high frequency current to said coil and
windings, means effective for bringing the series-
connected coil and windings into resonance with
the said supplied current in the presence of the
article, contacts located outside said coil and
windings for electrically engaging parts of said
article while other parts of said article are with-

- in the coil and windings, conductive means sepa-
rate from said coil and windings and supplying
means, said separate conductive means being
connected to said contacts whereby a separate
circuit is established including parts of the article
located within the coil and windings, and a
device in said separate conductive means effec-
tive to tune saild separate circuit essentially to
resonance with said supplied current.

4. An apparatus for heat-treatment of long
conductive articles, comprising an induction coil
through which the article may be moved in the
axial direction, means for supplying high fre-
quency current to said coil whereby to induce
a high frequency magnetic field in at least a part
of the length of the article, electrical contact
members to engage with the article and spaced
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essentially an electrical half-wave apart at said
current frequency, and high frequency conduc-
tor means connecting said conductor members
to form an electrical circuit including said part
of the article and including the said conductor
means connected in series with said part, the
electrical constants of said conductor means hav-
ing values at which said circuit is essentially in
the condition of resonance at the frequency of
the current flowing in said coil and with said
contact members at current nodes of said cir-
cuit.
RAY S. NEIDIGH.
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