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UNITED STATES

ELIAS E.

PateNnT OFFICE.

RIES, OF BALTIMORE, MARYLAND.

APPARATUS FOR HARDENING AND TEMPERING STEEL AND IRON.

SPECIFICATION forming part of Letters Patent No. 453,162, dated May 26, 1891,
Application filed October 31,1888, Serial No. 289,609, (No model.)

To all whom t¢ may concern:

Be it known that I, EL1as E. RiEs, a citi-
zen of the United States, residing at Balti-
more, in the State of Maryland, have invented
certain new and useful Improvements in Ap-
paratus-for Hardening and Tempering Steel
and Iron, of which the following is a specifi-

- cation.

IC

My invention has reference to apparatus
for hardening and tempering bands, webs,or
rods of steel or iron by the aid of electricity,
the main object being to render the process

. continuous in such manner that the repeated
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manual operations which heretofore had to be
resorted to become unnecessary, The ap-
paratus which Thave devised for this purpose
is so constructed that a web of steel oriron—
which may be asaw-blade, a corset-spring, or
otherlike lamina of steel or iron—is continu-
ously fed between electrical contacts, which
constitute the terminals of an electrical eir-
cuit, so that continuously-progressing sections
of the web are heated to the desired degree
by the passage of electrical currents through
the same. Havingthus attained the desired
temperature, the continuously - progressing
sections are passed, either in part orin whole,
through a cooling medium, whereby the same
are hardened to the desired degree, and the
web is either delivered in this condition as a
finished article of manufacture, or is before
such delivery tempered by conduction of heat
from the portions which did not pass through
the eooling medinm or by passing the same
between the terminals of another charged
electrical circuit.  All this will more fully ap-
pear from the following detailed description,
with reference to the accompanying drawings,
in which several convenient forms of my ap-
paratus are shown; but I desire it to be un-
derstood that I am not limited to the identi-
cal details of construction herein shown and
described, since the same may be variously
changed without departing from the funda-
mental features or from the modus operandi
of my invention.

In the drawings I have shown in Figure 1
a front elevation of an apparatus embodying
my invention foruse in hardening and tem-
pering saws,’ with the electrical generators
and circuits conventionally indicated. Tig.
2 is a plan view of the apparatus, and Fig. 3

an end elevation of the same. Fig. 4 repre-
sents a view of a section on line z z, Fig. 1;
Irig. 5, a view of a section on line z’ o, Fig.
1; Fig. G, a section on line z z of Fig. 4; and
Fig. 7,a detail view of the exchangeable cool-
ing-jaws used in this form of my apparatus:
Fig. 8 is a plan view of another form of my
apparatus in whieh contact-rollers are used
in place of brushes. Tig. 9 is a detail plan
view of a portion of a set of contact-rollers;
Fig. 10, a view, partly in clevation, of a sec-
tion on line y y, Fig. 9; Fig. 11, an elevation,
partly in section, of the cooling-trough em-
ployed in the apparatus shown in Fig. 8; and
Fig. 12, a section on line 2’ 2/, Fig. 11. Tigs.
13 and 14 represent front elevations, partly
in seetion but ‘mainly in diagram, of two
other forms of my apparatus, with the frames
of the machines and the adjusting devices
omitted.

Like numerals of reference indicate like
parts in all the figures of the drawings.

Referring now more particularly to Figs. 1,
2, and 3, the main part of the apparatus is
there shown mounted upon a benech 1, which
at one end is supported by a standard 2 and
at the other end by the frame-work 3 of a
rolling-mill into which the raw material of
the web of steel or iron passes, and is there
formed to the required shape, or the machine

-supported by the frame 3 may be a tooth cut-

ting and setting machine, into which a fin-
ished web of steel or iron is fed and is there
operated upon toconvert thesameinto a saw.
The latter is supposed to be the case in the
apparatus shown in Figs. 1,2, and 3; butsince
the construction of such tooth-cutting and
setting machines is well understood by those
skilled in the art, and since for the purposes
of my invention itis of no censequence what
this construction may be, a description of the
same is deemed unnecessary. Itissufficient
to know that the steel or iron band or web 4
enters the machine at one end in the direc-
tion indicated by an arrow and issues at the

“other end with the saw-teeth cut and set, the

arrangement being such that the teeth 5 are
formed on the upper edge of the blade, as
shown.

At the point where the saw-blade leaves the
cutting and sefting machine 3 there are
mounted upon the bench 1 one or more sets
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of rotary scouring and polishing brushes G,
which act to clean the two faces of the web
from oxides, oil, and other insulating im-
purities, so as to produce clean metallic sur-
faces which furnish good electrical contacts.

Themeans for propelling the web 4 through
the tooth cutting and setting machine and
through the various devices mounted upon
the bench are not shown in the drawings, Figs.
1, 2, and 8; but such means are well known
and will ordinarily consist of feed-rollers suit-
ably mounted and driven, as will hereinafter
appear by reference to other figures of the
drawings. Having passedbetween the scour-
ing-brushes 6 6, the saw-web in its path over
bench 1 passes successively and in the order
named through two sets of electrical contact-
brushes 7 and 8 and through a cooling ap-
paratus 9. The two sets of contact-brushes
are identieal in construction, except that the
set 7 is longer than the set 8, so that the de-
seription of one set 8 will answer for both.

By reference to Figs. 1,4, and 5, it will be
seen that the bench 1 is formed with two par-
allel ledges 10 10, with an open space between
the same, like the bench of an ordinary lathe,
and that the upper and outer faces of these
ledges are covered each with a layer of in-
sulating material 11, which may be hard rub-
ber, vulcanized fiber, soapstone, or other like
material which is not easily injured by heat.
Soapstone, slate, and other refractory min-
erals are preferable; but other substances
may be used with advantage, and if so de-
sired the whole bench may be formed of
marble or slate.

The brush-clamp 12 consists of a casting of
good conducting metal, as copper or brass,
and is formed with a flat bearing-surface 13
on either side of a central lug 14, which pro-
jects down into and through the open space
between ledges 10 10, upon which latter the
clamp 12 rests with its bearing-surfaces 13 13.
The outer edges of the ledges are beveled off,
as shown, and the sides of the clamp are

turned down at 15 15 to conform to the shape’

of the ledges, so that it may move longitudi-
nally upon the same,but cannot be displaced
laterally. The clamp 12 has thus a miter
bearing upon the bench; but it is evident that
this construction may be varied in a great
number of ways without departing from the
fundamental idea of this part of my inven-
tion,which only requires that the brush-clamp
be insulated from the frame-work of the ap-
paratus and be guided longitudinally upon
the bench.

From the upper face of the brush-clamp
extend two brackets 16 16 at equal distances
from the middle line, and to the inner side of
each of these brackets is screwed or otherwise
secured a brush-holder 17, in which the lami-
nated electrical contact-brushes 1S are mount-
ed in any ordinary orimproved manner. The
opposing brushes extend toward each other
until they are very nearly in contact, and as
the saw or other steel or iron web passes be-

tween the same they are bent backward in
the direction of the travel of the web, as shown
in Fig. 2, and thus make intimate contact
with the faces of said web.

Each brush-clamp is provided with one or
more, preferably two,sleeves or binding-posts
19 19, which project downwardly, as shown,
from the lug 14, and in each sleeve is remov-
ably inserted the bared end of an otherwise
insulated conductor 20, which constitutes a
part of an electric circuit charged from a suit-
able source of electricity, as will appear fur-
ther on, so that the two sets of brushes 7 and
8 constitute the terminals of such cireuit,
which terminals are bridged by continuously-
progressing sections of the saw-web, which
are heated by the passage of the current
through the same.

Behind the shorter set 8 of contact-brushes
is mounted upon the bench a casting 12/,
which is similar to the castings of the brush-
clamps 12, except that there are no brackets
for securing brush-holders and no sleeves or
binding-posts for electrical connections. Be-
sides this, the casting 12’ has eut into its up-
per face a V-groove 21, which, however, is
closed at one end by a wall 22, (shown in Fig,
6,) and above the V-groove there are dovetail
guides 23, as shown in Fig. 4.

Seated in the dovetail guides is the base of
the cooling-block 24, as shown, so that it may
be moved longitudinally upon easting 12/,
and a lug 25 at one end of the cooling-block
will be received within the V-grooveif the
cooling-block is sufficiently moved in one di-
rection with relation to casting 12’. An ad-
justing-screw 26, having right and left hand
threads, passes longitudinally under the
bench, and has at oneend a smooth neck bear-
ingin a journal-box 27, while it passes loosely
throughthestandarderleg2of the bench. This
serew 26 is separated into two parts by a piece
of insulating material 27,and the forward part
passes through a nut formed in lug 14 of the
brush-clamp of set 7, while the rear part
passes through similar nuts formed in lugs 14
and 14’ of brush-clamp of set 8 and casting
12/, respectively. Another adjusting-screw
28, which has a smooth neck-bearing 291in the
wall 22 of V-groove 21, worksin a nut formed
in lug 25 of cooling-block 24, but passes
loosely through the end bar of the bench. It
will now be understood that when the right
and left hand screw 26 is turned by the hand-
wheel 30 the distance of the two sets7 8 of
contact-brushes may be adjusted to suit the
requirements of any particular work, while
the cooling-block, mounted upon casting 12/,
will move with the latter and with the set 8
of contact-brushes,so that the distance of the
cooling-block from theset S of contact-brushes
will not be disturbed. If, however, the ad-
justing-serew 28 is turned the cooling-block
will be moved upon casting 127, and its dis-
tance from the set 8 of - contact-brushes may
thus be adjusted.

The construection of the cooling-block and
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its appurtenances will appear from Iigs. 4, 6,
and 7. The block 24 is U-shaped in general
outline, and channels 31, formed in each
branch of the U or fork, communicate with
each other, as indicated in dotted lines in Fig.
4, and to the outlets 32 32 are connected the
pipes or tubes 33 33,through which a cooling
agent is passed into and through the chan-
nels 81, This cooling agent may be of any
desired character, such as a liquid of a very
low temperature or a compressed gas, which
expands within the channels and thereby re-
duces the temperature of the cooling-block
to'any desired degree. Preferably ammonia-
gas or anhydrate of ammonia will be used as
the cooling agent; but the particular agent
used forins no part of my present invention
and is independent of the same. The oppos-
ing inner faces of the U or fork are formed
each with a small recess 34,into which are
sprung the lugs 35 35, formed on the outer
faces of a U-spring 36, which has the general
outline of the inner face of the cooling-block,
8o as to loosely fit against the same when the
lugs 35 85 are sprung into the recesses 84 34,
as shown in Fig. 4.

From the inner faces of the U-spring pro-
ject inwardly the massive cooling-jaws 37 37,
leaving a small space between the same, and
when the article operated upon is a saw with
its teeth set the cooling-jaws are cut away at
the upper ends of their inner faces, as indi-

-cated at 38, to accommodate the teeth of the

saw, while that portion of the blade which ex-
tends directly from the teeth'is grasped be-
tween the jaws by the action of the spring,

- which thus exerts a yielding contact-pressure
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upon the saw-blade. If the teeth of the saw
are not “set,” as is sometimes the case, or if
the object operated upon has no projecting
portions, the cooling-jaws will have smooth
inner faces. Generally speaking, the cooling

Jaws will be shaped to conform to the shape of

theobjectto be hardened and tempered. Soif
that object be a steel wire each jaw willhave
a semicircular notch., If the object be a
quadrangular rod, such as is used for um-
brella-ribs, each jaw will have a notch to con-
form to one-half of the cross-section of such
rib.

The operation of the apparatus so far de-
scribed will now be easily understood. The
object operated upon first passes throughthe
machine 3, where it is formed to the required
shape or is otherwise fitted to be subjected
to the action of the devices mounted upon
the bench 1. As has been stated above, 3
may be a rolling-mill by which ingots of
steel or iron are shaped into a continuous
web, wire, or thin rod, or it may be a ma-
chine by a which a lamina of steel or iron
or a wire or rod previously prepared is
passed to receive its final trim; or it may be
a machine for cutting and setting the teeth
of a saw. The latter is supposed to be the
case in Figs. 1 and 2, and the steel blade is
supposed to emerge from the machine with

saw-teeth cut and set. Whatever the action
of the machine 3 upon the web, wire, or other
object 4 may be, the latter will be more or
less spotted with oxides, oil, or other insulat-
ing impurities, and in order to remove the
same before the article is passed between
the contact-brushes it is first acted upon by
the scouring-rollers 6 6, from which the ar-
ticle proceeds with clean metallic surfaces,
as hereinbefore stated. In its further pro-
gress through the apparatus the web passes
between the two sets of contact-brushes, the
distance of which from each otheris adjusted
by the right and left hand adjusting-screw
26. Thisdistance willdepend upon the thick-
ness of the article to be hardened and tem-
pered, upon the quantity and tension of the
current employed, upon the speed with which
the article is fed through the apparatus,
and upon the degree of hardness which it is
intended to impart to the same. The blade
orother object when made of high-grade steel
should be heated to a cherry-redness when it
issues from between the set 8 of contact-
brushes.. Lower grades of steel should be
heated correspondingly higher,and a very few
turns of the adjusting-screw 26 to the right
and to the left will indicate to the attendant
or operator the required relative positions of
the two sets of brushes. The cooling appa-
ratus 9 is adjusted by screw 28 as close as pos-
sible to the set 8 of contact-brushes, so that
the heated article is transferred suddenly and
without perceptible gradual transition from
between the contact-brushes, where it is heat-
ed, into the chilling-bath, which the cooling
apparatus in fact constitutes. By the ar-
rangement hereinbefore described the cooling
orchilling jaws are maintained under aslowa
temperature as may be desirved, and the heated
article which passes between these jaws, and
with the latter gently pressing against the
facesof thesame,issuddenly chilled and hard-
ened to the extent of contact, while the por-
tions which do not make direct contact with
the jaws 37 37 remain comparatively hot, and
consequently soft. When thearticle operated
upon is a saw-blade, as in the operation rep-
resented in Figs. 1 and 2, such saw-blade
will issue from between the chilling-jaws with
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anarrow strip, including the saw-teeth, quite

coldandexceedingly hard,while theremaining
portion of the blade will be hot and soft, and
as the saw recedes from the cooling apparatus
the heat from this portion will slowly expand
to the teeth and give to the same the required
temper. To personsskilledin theart of hard-
ening and tempering it will be clear that by
means of the devices provided for adjusting
the relative locations of the contact-brushes
and cooling-jaws, by a proper selection of the
latter, by a suitable adoption of temperature
for the cooling apparatus, strength of electric
current, and speed of feed of the article op-
erated upon, it is easy to so arrange the parts
that when the article is delivered beyond the
cooling apparatus it will be hardened and
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tempered to the degree suitable for its par-
ticular use. If for any particular article the
apparatus is suitably adjusted, the heating,
hardening, and tempering will be accom-
plished automatically and continuously and
with great uniformity. Thelatterisa feature
of very great importance, as is well known.
In the apparatus thus far deseribed the
contact-brushes must be made of a very good
conducting metal and as massive as practi-
cable, in order that they may not be percep-
tibly heated directly by the passage of the elec-
tric current and only very little by contact
with the heated article operated upon. Any
suitable source of electricity may . be em-

_ployed; but by preference I employ the cur-
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rents of very low tension and great quantity
furnished by the secondary coil of a trans-
formenr.

In Fig. 1 I have shown in diagram an al-
ternating-current dynamo 39, from which a
main eirenit 40 extends, which cireuit may
be tapped, as shown at 41, for electric-light-
ing.or other purposes. For usein hardening
and tempering the main cireuit is tapped at
points 42 42, from which the branch circuits
43 extend, which include each the fine-wire
primary 44 of an induction-transformer 435
and a suitable current-regulator 46. Thelat-
ter is an ordinary rheostatie coil with a soft-
iron core,whereby the resistance of the branch
and the counter electro-motive force opposing
the current in the main circuit is regulated
by eutting more orless turns of therheostatic
coil in or out of circuit by means of a switch-
arm 47. The terminals of the thick wire sec-
ondary coil of the transformer are connected
with the wires 48 20, which are joined to sets
7 and 8 of contact-brushes, and it will now be
understood how the quantity of current gen-
erated in thesecondary coil of the transformer
can be easily adjusted to suit any particular
case. As stated above, any other suitable
source of electricity may be employed. In-
stead of alternating currents a current of one
direction may be employed, such as is far-
nished by an ordinary dynamo or by a sec-
ondary battery.

In the modified apparatus illustrated by
Tigs. 8, 9, 10, 11, and 12 a web 4, of iron or
steel, which is taken from the roll 48", is
drawn in the direction indicated by an arrow
into the machine 3, and is there operated
upon to be fit to be subjected to the opera-
tions of the heating and chilling devices. The
machine 3 may be of the character deseribed
with reference to IFFigs. 1 and 2, and the web
is supposed to issue from that machine with
clean metallic surfaces.

In place of the sets of brushes, sets 7" and
8’ of the contact-rollers 18" are employed, and
the same are mounted in frames 49 49, which
correspond to the brush-clamps 12 12 in Fig.
1, and to which the electrical connections 20
20 from the terminals of the source of elec-
tricity are attached. These frames are fitted
to dovetail guides upon the bench, which in

453,162

this instance has only a singleledge 10’. One
of each pair of contact-rollers can be adjust-
ably fixed in frame 49 by a serew and nut 50,
the serew passing through a slot 51 in the
frame, and. the other contact-roller of each
pair is mounted upon a square stud 52, guided
in a suitable slot 51’ and forced forward by a
spring 53, so that this roller willautomatically
accommodate itself to the particular article
and will produce a yielding contaet with the
same. The surfaces of the contact-rollers
will be shaped to conform to the cross-section
of the article operated upon, as is indicated
in Fig. 10, where the article is supposed to be
a saw with the teeth set, and where, conse-
quently, the contact rollersarebeveled atone
edge. This bevel 54 is shown in Fig. 10 on
the upper edge of the contact-rollers; but when
the saw is fed between the contacts with the
teeth on the lower edge, as is supposed to be
the case in the apparatusshownin Fig. 8, the
bevels on the rollers will be formed on the
lower edges of the same, as will be readily un-
derstood.

To the rear end of the frame of set 8 are
secured two heavy metal plates 55 55, which
project beyond the frame and are inclined to-
ward each other. Thefreeedges of these plates
are lined.with exchangeable contact-jaws 56.
These jaws are made of such metal as is best
suited for the purpose. If the article operated
upon isof considerable thickness, the contact-
jaws are made of copper or other good con-
ductor; but if the article is thin the contact-
jaws may be made of platinum. As seen in
the drawings, the jaws 56 are curved and they
are gently pressed against each other, but
will vield and separate to admit the web 4 by
reason of the elasticity of the long plates 55 55.
The purpose of the plates 55, with their con-
tact-jaws, istobring thelast point of electrical,
contact of the web 4 with the heating devices
as near as practicable to the chilling device 9’.
This chilling device may be of thesame char-
acter as that shown at 9 in Fig. 1, and in de-
tail in Figs. 4, 6, and 7; but if the web 4 is of
iron which is to be case-hardened the chill-
ing device will take the form of a box 57, Iigs,
11 and 12, whichis provided with acentral slot
58, and is filled with material, such as ferro-
cyanide of potassium, which will act upon the
heated iron article toharden thesame. A pipe
59, communicating with a supply of that ma-
terial and emptying into the box 57, will keep
the latter constantly filled. Thechilling-boxis
made ratherlong, so that the hardened article
when it issues from the same will be cold
enough to be taken up by the roller 60 with-
out requiring additional cooling. Feed-roll-
ers 6162, placed at each end of the bench, are
timed to feed the web or other article con-
tinuously through the apparatus with uni-
form speed. It will be understood that the
adjusting devices for the contact-brushes and
forthe cooling apparatus shown and deseribed
in connection with the apparatus represented
in Fig. 1 will also be used in connection with
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the modified form shown in Fig. 8, although
for the sake of clearness and snnphclty they
have been omitted from the drawings.

In the modified form of apparatus shown
in Kig. 13, a web 4 of steel or iron is taken
from a roll 48" by feed-rollers 61, and is
passed over and under guide- 1ollels 63,
throuzh an alkaline or amd solution 64 111
a t1'0115rh 65 for cleaning the article from ad-
hering spots of fat or rust. From this clean-
ing-trongh 65 the web proceeds to and be-
tween the twosets 7 and Sof contact-brushes,
and from thence into the cooling-tank GG,
over and under guide-rollers 67 G/, and then
between feed- 1ollers 62 to the receiving roll
The cooling-tank in this 1n%tance
is filled with a smtable liguid, such as oil,
which while cooling the article will at the
same time give to the same the required tem-
per, as is well understood by those skilled in
the art.

InFig. 14 the same apparatusisshown, with
the addition of subsidiar y eontact-br ushes 68
68, which constitute the terminals of a branch
487, 48" from the main heating-circuit 48 48.
The tank 66 in this instance contams, ordi-
narily, water of a low temperature, whereby
to the web 4 is imparted a high degree of
hardness, and the current from the bmnch
circuit 48" 48" serves for reheating the web
sufficiently to give the required temper to the
same. . By means of a rheostat 68 placed in
the branch 48’ the amount of current diverted
to the subsidiary eontaet—brushes is easily
1evulated

The dip of the web 4in the tanks 64 and 66
isgreatly exaggerated in Figs.13and 14forthe
salke of clearness of illustration. It will also be
understood that the means for regulating the
positions of the contact-brushes and ehlllmo
devices shown in Figs. 1 and 2 will also be
used in connection Wlth the modification rep-
resented in Figs. 18 and 14; but one of these
sets 7/ may be fixed in po%ltlon, in which
case in place of the right and left hand ad-
justing-serew 26 a sunple threaded screw will
be used.

It will be undelstood that in place of the
scouring-brushes 6 6 shown in Figs. 1 and 2
or in place of the tank with alkahne or acid
solution shown in Figs. 13 and 14, any other
effective cleanser may be employed.

I do not herein claim the method or process
of hardening and tempering which is or may
be practiced by the use of the various appa-
ratus described, since the same forms thesub-
jeet of another application, Serial No. 289,840,
filed November 2, 1888. .

Having now fully described my invention,
I elaim and desive to secure by Letters Pat-
ent— '

1. In an apparatus for hardening and tem-
pering bands, webs, or rods of steel or iron,
the combination of two successive sets of elec-
trieal contacts, constituting the terminalsof a
charged circuit, and a chilling medium ar-
ranged behind the last set of contacts, with
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means for independently adjusting the rela- .

tive distances of the contacts from each other,
and from the chilling medium, and feeding

devices for passing the steel or iron article

uniformly and continuously between the con-

tacts and throngh the cooling medium in un-

interrupted succession, substantially as de-

seribed.

2. In an apparatus for hardening and tem-
pering bands, webs, or rods of steel or iron,a
chilling device consisting of a casting having
a U-shaped recess and communicating chan-
nels formed in the body of the casting, Wif}h
pipes or tubes for passing a cooling-fluid
through the channels, and a U-spring remov-
ably mounted in the recess and provided
with chilling-jaws adapted to receive the
steel or iron article between them, sub%tan-
tlally as described.

3. In an apparatus for hardening and tem-
pering bands or webs of steel or iron,a chill-
ing device consisting of acasting, a U-shaped
recess, and communieating channels formed
in the body of the casting, with pipes or tubes
for passing a cooling-fluid through the chan-
nels, in combination with chilling - jaws
mounted in the recess and shaped to receive
and bear upon one portion of the band or web
continuously passed between them, substan-
tially as desecribed.

In testimony whereof I have signed my
name to this specification in the presence of
two subseribing witnesses.

ELIAS E. RIES.

Witnesses:

LroroOLD RIES,
JNo. T. MADDOX.
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