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7 Claims,

This invention reiates to an improved method
of hardening of steel, and is particularly adapted
to the hardening of steel wire. |

An object of this invention is to simplify and
improve the method of controlling the hardening
of sieel wire by keeping the temperature of the
wire {0 be hardened substantially constant.

Ancther object of this invention is to produce
a steel wire which is tempered extremely uniform
throughoui its entire length, which resulis in o
more uniform product. The hardening of sieel
wire is well known in the arf, there being numer-
ous methiods and precesses. However, there ig

- not known any simple method or svster of which
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applicant is aware, that will produce a wire
which is uniformly teinpered throughout its en-
tire lengtih,

In the hardening process of steel wire aceord-
ing to this invention, the wire is hardened at =
uniforn temperature by a simple method of ac-
curately controlling the temperature of the steel
wire just before it is chilled. The underlying
principle of this invention is an electrical system
comprising electron discharge devices snd as-
soclated inductance coils through which the wire
passes. The wire when passing through the in-
ductance coils acts as a core to vary the induct-
ance, the change of the inductance in the coils
being due to the permeability of the wire chang-
ing with the fuctuations in temperature which is
used to control the fempersture and maintair
it uniform just before quenching in the cooling
bath. The invention makes use of the change in
permeability of the wire at the recalescence tem-
perature tc vary the inductance coil as it Passes
through its center.

The invention will be more clearly understood
vy referring to the accompanying drawing in
which the wire ! to be tempered passes over g
roller 2 inte g primary heating oven 3 and then
shrough the center of 5 reactance coil & where it
is then led into the secondary heating oven 5
irom which the wire passes over a roller § and
into the coocling tank 7 which contains the desired
cooling or quenching liquid 8, such as oil, water,
mercury, orv any other suitable liquid, The wire
passes through the cooling tank and under the
submerged roller §, and then over the roller i
from which if is then wound upon any desired
form of spool.

Referring now in detail to the drawing, the
temperature of the wire to be hardened is raised
and then maintained constant by means of an
elecirical power input 11 which supnlies energy to
the electric heaters 12, 13 and 4.

(Ci. 219—11)

The functions of the three heaters are as fol-
lows: Heater 18 is of large size and considerabie
length, Its purpose is to raise the wire temnera-

‘ture to a point a little below the recalescence
temperature. Its temperature and the temperg-~

ture to which it raises the wire meay be manually
adjusted. Heater §3 is smaller and shorter
than heater 14, and is provided with automati-
cally controlled temperature for holding the wire
just before going through the reactance coil very
accurately at the recalescence temperature.
Heater {2 is designed to raice the wire tempera.-
ture slightly above its normal recalescence tem-
perature than when it passed through the react-
ance coll in order to obtain just the right desired
temperature for quenching. Due to the need of

‘& very accurate control of the ingoing wire tem-

perature, neater 12 may if desired be manually
adjusted by -any suitable resistance means, not
shown. Associated with the heaters are trans-
Iormmers 15 and (8, and a rectifier 17 which is
connected in o bridee-like arrangement. The
output of the secondary of the transformer 45 is
connecied {o the plates.of g pair of electronic dig-
charge tubes or thyratrons {8 and [S which con-
sist of evacuated containers enclosing the cath-
odes, grids, anodes, and an inert gas. A thyratiron
of this construction has such properties that if
tne grid is maintained sufficiently negative, an

anods current will not fow unless a critical value !

of positive potential on the anode electrode is
eZceeded. However, if the anode electrode is pos-
ifively charged bevond the critical point deter-
mined by the grid bias potential, current wili
commence {0 fiow, and having once starteg to
flow, will continue fiowing until the positive no-
:arization or charge is removed from the anode
electrode. As the anode becomes positive on each
alteinate helf cyecle of the applied alternating
current anode voltage the time on the potential
wave at which current staris to flow is determined
by the grid potential. Therefore the total or
average flow of current may be readily con-
trolled by variations in the grid potential. After
once starting the arc the flow or continuation
thereof cannct be affected by the grid. How-
ever, it can be stopped by the removal or reversal
of tiie anode voltage which cecurs once each cycle
oi the impressed slternating current. anode volt-
age. Thus it will be seen that such g type of tube

operates as an intermittent arc discharge device

whose average curreni flow is controlled by its
grid. _ |
Further reference to the operation of a thyra-
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.obtained by referring to an article by A. W, Hull,

appearing on page 390 of the General Electric
Review for July, 1929 (vol. 32, No. 7).

The cathodes of both electron discharge tubes
are heated by the secondary of transformer 22,
and the voltage of the primary is controlled by a
rheostat 23. The input voltage (i supplied to the
reactance controlling coil 4 is applied through the
resistances 20 and 21f.

In the operation of this invention the wire |

which is to be hardened, passes over the roller 2
“into the primary heating oven 8, and is heated by

means of the large heating unit 14. It then passes
through the automatically controlled small heater
13 whose heating current consists of the direct
current or rectified component of current through
the tubes 18 and 19. The heated wire which has
been heated to the recalescence temperature,
then passes through the reactance or heat control
coil 4: the wire so passing acts as the core
for the reactance coil. As the temperature of
the wire changes, the reactance of the inductance
coil 4 increases as the wire temperature drops
below the recalescence temperature and decreases
when the temperature rises above the recales-
cence temperature, The variation in reactance
varies the voltage drop across the reactance coil.
This voltage is rectified by rectifier {7 whioch is
preferably of the oxide type, and used to control
the grid bias potential on the thyratrons {7 and
8.

If the wire passing through the reactance
coill has a temperature slightly below the re-
calescence temperature, it will have a relatively
high magnetic permeability and give the coil
a large reactance. . This increases the voltage
drop across the coil and, through the rectifiers,
drives the thyratron grids positive. This in turn
increases the power applied to heater 13 and
raises the wire temperature.

. If the wire temperature is too high the wire

" loses its magnetic permeability, the coil reactance

diminishes, the thyratron grids become less posi-
tive, and the power input to heater (3 is di-
minished. Thus the temperature of the wire
through the reactance coil is held very accurate-
ly at a point where the magnetic permeability
vanishes and reappears. This is known in the
art as the recalescence temperature.

The fleure shows only one very simple ar-
rangement for practicing my invention. Obvi-
ously many additional features may be added
in accordance with arts well known in the elec-
trical and. metallurgical fields. As examples of
modifications the following may be noted:.—

(a) Electrical regulating devices and measur-
ing instruments may be added to the circuits.

(b) The heating of the wire may be done in
reducing atmospheres, such as hydrogen, for
preventing deterioration or oxidation of the wire
heaters, reactance coil, ete.

(¢) All or a portion of the heating may be
done in atmospheres containing carbon or other
elements for case hardening the wire or for
modifying the properties of the surface in any
other way.

(d) The rollers shown in the cooling tank
may be eliminated or altered to prevent unde-
sirable bending of the wire by arranging the

assembly Vertma.lly instead of horizontally as
shown.

(e) A part or all of the heating may be done
by other means than electricity. For example,
gas heating, electrically controlled by the thyra-
tron current may be used.

2,128,776

(f) The thyratrons may be replaced with high
vacuum tubes, relays, or any other suitable elec-
trical control device.

(g) In some cases the cooling bath may be
such materials as molten lead, tin,
mium, or metal alloys and mixtures. If the
finished product is {o be coated with zinc, for
example, the use of a zinc cooling bath will auto-

matically result in the production of a coating

roughly equivalent to galvanizing or shearard-
izing.

(h) Automatic tensioning, measuring and

“speed control devices may be added to the equip-

ment.

(i) The reactance which is varied by fthe var-
iation in magnetic permeability of the wire
around its recalescence temperature need not
be s coil about the wire, but may be any arrange-
ment in which a portion of the wire forms a

. part of a magnetic circuit interlinking a coil.

() In addition to controlling the heat by
means of the variable reactance coil the speed
with which the wire is drawn through the hard-
ening apparatus may be varied automatically by
automatically varying the power input to the
pulling apparatus as well as _to the heater.

(k) Between the controlléd heater and the
variable reactance there may be a space over
which the wire temperature is dropping. This
permits the wire to be heated considerably above
the recalescence temperature, cooled down to the
recalescence temperature for accurate control,
reheated somewhat above the recalescence tem-
perature and then quenched. This corresponds
to the heat treatment required for desired re-
sults in some steel wire products. |

zin¢, cad-
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While this invention has been described as '

being used for controlling the temperature of
steel wire, it is to be understood that its limi-
tations are to be only those imposed by the
appended claims.

What is claimed is:

1. In a system wherein a steel wire is heated
prior to being hardened, comprising means for
moving said wire, means for heating and con-
trolling the temperature to maintain a constant
value of heat on said wire, said means compris-
ing a first heater, a second heater, and a re-
actance coil, all of which surround said wire,
a source of altermating current connected to
said first heater, means for connecting said al-
ternating current to said reactance coil, means
for obtaining a voltage drop across said react-
ance coil as the wire moves through said coil
in accordance with the permeability of the wire
as influenced by the temperature thereof, a
rectifier having its input coupled to said react-
ance coil to rectify said voltage drop, an elec-
tron discharge device having an anode, grid and

cathode, means for maintaining said cathode in

an electron emitting condition, means for keep-
ing the temperature of said wire at a desired
constant temperature as it passes through said

- second heater, said means comprising a circuit

connection from the output of said rectifier to
the grid circuit of said electron discharge de-
vice, and a circuit connection from the anode
circuit of said electron discharge device to said
second heater whereby the grid bias potential
of said electron discharge device is altered by
variations in the permeability of the steel wire
as it passes through said reactance coil to there-
by control the temperature of said second heater.

2. In a system wherein a steel wire is heated
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moving said wire, means for heating and control-
ling the temperature to maintain a constant
value of heat on said wire, said means compris-

-ing a flrst heater, a second heater, and a react-

ance coil, all of which surround said wire, a

source of alternating current connected to said

first heater, means for connecting said alternat-
Ing current to said reactance coil, means for ob-
taining a voltage drop across sald reactance coil
as the wire moves through sald coil in accord-
ance with the permeability of the wire as in-
fluenced by the temperature thereof, a rectifier
having its input coupled te said reactance coil
to reciify said voltege drop, a pair of electron
discharge devices each having an anode, grid and
cathode, means for maintaining said cathodes in
an electron emitting condition, means for keep-
ing the temperature of sald wire at a desired
constant temperature as it passes through said
second heater, said means comprising a circuit
connection from the output of snid rectifier to
the grid circuit of said eleciron discharge de-
vices, and s circuit connecticn from the snods
circult of szid electron discharge devices to sald
second heater whereby the grid bias votential of
said cleciron discharge devices is sliered by
variations in the permeability of the steel wire
2s 1t passes through sald reactance coil to thereby
control the temperature of said second heater.

3. In & system wherein a steel wire is heated
prior o being hardened comprising means fop

moving seid wire, means for heating and con-

troliing the temperature t0 mainizin 8 constant
value of neat on said wire, szid means compris-
ing a frst heater, & second heater, and o react-
ance coll, &l of which surround said wire, 2
source ©of alternating current connected to said
firsy hegier, means for connecting sald alternat-
ing currens Lo sald reactance coll, means for ob-
vaining a voltage drop across said reactance cgil
as the wire moves through sald coil in accordance
with the permeability of the wire as influenced
by the itemperature thereof, a rectifier having its
inpus coupled to said reactance coil by 2 trans-

Ioriner {0 rectify seid veoltage drow, an electron

discharge device having an anode, grid and cath-
ode, means for maintaining said cathode in an

eleciron emitting condition, means for keeping

the temperature of said wire at 2 desired constant
temperatire as it passes through said second
heater, said means comprising o cireuit connee-
tion from the ocutput of said rectifier to the grid
circuit of said eleciron discharge device, and &
circuit connection from the anaode circuit of said
eleciron discharge device to said second heaier
whereby the grid bias potential of said electron
dischaerge device is altered by varistions in the
permeability of the steel wire as it passes through
sald reactance coil to thereby contro! the tem-
perature of said second heater.

4. In a system wherein a steel wire is heated
prior tc being hardened comprising means for
moving said wire, means for heating and con-
trolling the temperature 0 maintain a constant
value of heat on said wire, said means compris-
ing a first heater, a second heater, and a react-
ance coil, all of which surrcund said wire, a
source of ailfernating current connected to said
first heater, means for connecting said alternat-
ing current to said reactance coil, means for

obtaining a voltage drop across said reactance

coil as the wire moves through said coil in ac-
cordance with the permeability of the wire as in-
fluenced by the temperature thereof, a rectifier
comprising a plurality of rectifier units being

- primary and secondary heating gvens, said pri-
‘mary heating over having contained therein

S

connected in a bridge-like arrangement, said rec-
tifier having its input coupled to said reactance

- coll by a transformer to rectify said voltage drop,

an electron discharge device having an anode,
grid and cathode, means for maintaining said
cathode in an electron emitting condition, means
for keeping the temperature of sald wire at a de-
sired constant temperature as it passes through
sald second heater, said means comprising s
circuit connection from the output of said rec- 10
tifier to the grid circuit of said electron discharge |
device, and a circuit connection from the anode
circuit of said electron discharge device to said
second heater whereby the grid biss potential
of said electron discharge device is altered by 15
variations in the permeability of the steel wire

as 1t passes through said reactance coil to there-

by control the temperature of said second heater.

9. In a system wherein a steel wire is heated
prior to being hardened comprising means for 20
moving said wire, means for heating and control-
ling the temperature to maintain g constant
value of heat on soid wire, said means eompris-
ing a first heater, a8 second heater, and a react-
ance coll, all of which surround said wire, g
source of allernating current connected to said
first heater, means for connecting said alternat-
ing current to sald reactance coil, means for ob-
veining g voltage .drop across said reactance ¢oil
as the wire moves through said coil in accord-
ance wivih the permeability of the wire as in-
fluenced by the tempersture thereof, a restifier
having its input coupled to said reactance coil -
t0 reciifly said voltage drop, an electron dis-
charge device having an anode, grid and cath- 35
ode, means for maintaining said cathode in an
electron emitting condition, means for keeping
the temperature of said wire ai o desired con-
stant temperature as it Dasses through saig
second heater, said means comprising o circuwit
cennecuvion from the output of said rectifier io
the grid circuit of said electron discharge devize,
& circuil connection from the anode ecircuit of
sald electron discharge device to said second
heater whereby the grid bias potential of said
electron discharge device is altered by variations
in the permeability of the steel wire ag it passes
through said reactance coil to thereby control
the temperature of said second heater, and g
third heater surrounding said wire, said third
heater being connected to said alternating cur-
rent to slightly raise the temperature of said
wire to a desired constant value prior to guench-
ing, | |

6. In a system wherein a steel wire is heated .
prior to being hardened comprising means for
moving sa2id wire, means for heating and con-
trolling the temperature {o mmaintain a constant
value of heat on said wire, said means comprising
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2 irst heating coil of considerable length and

a second heating coil shorter in length than said
first heating coil, a2 reactance coil located be-
tween said primary and secondary heating ovens, gs
all of said coils surrounding said wire, a8 source
of alternating current connected to said first
heating coil, means for connecting said alter-
nating current to said reactance coil, means for
obtaining a voltage drop across said reactance it
coil as the wire moves through said coil in ac- = -
cordance with the permeability of the wire as in-

fluenced by the temperature thereof, a rectifier

“having its input coupled to said reactance coil

to rectify said voltage drop, an electron dis- 75
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charge device having an sncde, grid and cathode,
means for maintaining said cathode in &n elec-
tron emitting condition, means for keeping the
temperature of seid wire at a desired constant
temperature as it passes through said second
heating coil, said means comprising & circuit
connection from the output of said rectifier to
the grid circuit of said electron discharge device,
a circuit connection from the anode circuls of
said electron discharge device to said hesating
coil whereby the grid bias potential of said elec-
tron discharge device is altered by variations in
the permeability of the steel wire as it passes
through said reactance coil to thereby control
the temperature of said second hesating coil, and
o, third heating coil surrounding said wire and
located in said secondery oven, sald third heat-
ing coil connected to the galternating current to
slichtly raise the temperature of the wire to &
desired constant value prior to quenching.

7. In g system wherein steel strip material
of substantially continuous length is heated prior
to being hardened comprising means for moving
said strip, means for hesaiing and controlling
the temperature to maintain 2 constant value
of the heat on said strip, said means comprising
a first heater, a second heater, and a reactance

3. 198,776

coil, all -of ;é#hich siarround said strip, & sotrce
of alternating current connected to said first

" hester, measns for connecting sald salternating

current to sald reactance coil, means for obtain-
ing a voltage drop across said reactance coil as
the strinp moves through saild cocil In accordance
with the permeability of the strip as influenced
by the temperature thereof, a rectifier having

its input coupled to said reactance coil to rectify
said voltage drop, an elecircn discharge device
having an anode, grid and cathode, means for

- maintaining said cathode in an electron emitting

condition, means for keeping the ftemperature
of seld striv at a desired constent temperature
as it passes through said second neater, sald
means comprising a circuit connecztion from the
output of said rectifier to the grid circuit of said
electron discharge device, and & circuit connec-
tion irom the anode circuit of said electron dis-
charge device to said second heater whereby
the erid bias of said electron discharge device
is altered by variations in the permeability of
said steel strip as it passes through said react-
ance coil to thereby control the temperature of
said second neater.

CLARENCE W. HANSELL.
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