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 UNITED STATES PATENT OFFICE.

. FRANE W. THOMPSON, OF WEST HAVEN, CONNECTICUT.

_ ' BLECTRIC HEATER.

Application filed April 12,

This invention relates to electric heating,
and more particularly to a method for heat-
ing electro-conductive articles comprising the
passage of electricity therethrough, and to an

5 apparatus v

© In certain m’anufacturin% o
desirable to heat-metal bla

~ shapes, and whether of uniform cross sec-

tional area or of irregular cross-section, to a

10 uniform temperature, or to heat specified por-

erations, it is

" tions of the blanks to certain temperatures,
" 'while other portions are heated to different

* temperatures or are not heated at all, as the
~case may be. o Co
An importanfhobject of this invention is to
provide a method and means for heating elec-
tro-conductive blanks of varying or uniform
cross-section throughout any specified por-
tions to any number of different tempera-
20 tures, by the passage of electricity throug the
 blanks. . : .

In heating short metal bars such as rivets,
it has been the practice, in order to. obtain.
uniform flow of current through the bar and

26 good electrical contact between the bar and
the electrodes, to compress the bar between
two electrodes of opposite polarity, each end
of the bar abutting against an electrode. Al-
though this method of holding a bar to be

30 heated is reasonably satisfactory for short

* thick bars having prepared ends, 1t is of com-
paratively little use with many artitles of.
less strength or having rough or irregular
ends, since the pressure of the electrodes nec-

35 ,essary to establish good electrical contact,
“even with prepared ends, may be so great as
‘to deform such articles and mushroom the
ends abutting the electrodes when a high tem-

15

perature is reached; while it.would be dif- -

a cult, if not impossible, to establish good elec-.

. “trical contact with the irregular-and unpre-
arted(1 ends found on many articles to be
eated.. - - '

Itis anothér abject of this invention to pro- - In e8¢ cts e
. _provxfied two.or more sources of electric power ~

4. vide means for holding any article to be he.
" ed without materially deforming the same &
~ any temperature below its melting point
*" which it may be heated,:- ' " .-
A further object is to:provide holding
00, means which will coptrol the distribution. of
heat throughout any -desired- portion of ‘the
article.
~ encountered in heafing that’J
~article which -contacts with the "electrodes,

8 and itisa particular object of the invention:

for carrying out the new method..

.of various .

_temperature at one rate
. or cooling the article at

For example, difficulties have been’
rtion of an-

1922, Serial No. 551,864.

to provide electrodes whereby the contacting -

portions of the article may be heated to an
approximately uniform temperature or given
‘any desired temperature gradient, or where-
by the heating of such portions may be con-
trolled at will. ' :

ample in forging, it is necessary to heat a
series of articles uniformly to a definite pre-
determined temperature, repeating the proc-
ess over and over with a large number of

1,695,302

‘In numerous industrial processes, for ex- .

substantially identical articles. - Moreover ..

the operator is not always ready to perform
‘the next step upon the article at the instant
when it attains the required temperature, and
good results would not be accomplished if the

heat were merely shut off; since cooling would -
begin at once and the article would not be-

at the proper temperature when the operator
was ready to perform the next step. Again
in heat treating certain articles, it is desir-
“able to heat them at one rate to a given tem-
perature and thereafter either to maintain

'such temperature constant, or to increase or

decrease the temperature at a different rate
until a final desired value is reached, which
temperature may. be maintained constant.
‘A further object of tlie invention is to pro-
vide means for automatically heating an elec-
tro-conductive article, to a predetermined

a final predetermined temperature is reached,
and thereafter maintdining such temperature
substantially constant for any desired period,

‘or for maintaining constant the predeter-

mined temperature to which the article was
heated at first. =~ e

Tt is still another object of the invention
to provide a method of cont'rollintgh electric
cireuits in response to a -change in the resist-

then further heating
a different rate until-

70

(]

ance of an arficle being heated resulting from: .

a change of the temperature of the article.
In accomplishing these objects there may be

‘different. potential,. means for apﬁl'ying
or ‘gource. to-ah article to'be heated, an

f resistance of the article for cutting off a

“source of higher patential and applying &
' source of lower potential.. '

It has been found

“article may be most economically carried out

by the provision of an alternsting. current.
transformer having two, primary’ windmgs,

in-practice that this method of heating an

eans responsive to a-predetermined increase

108
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one comprising a relatively large number of
turns, the other a smaller number of turns,
and a secondar% winding consisting-of a single
open turn to be closed by the article to be

"heated.

In order to apply the current to the article
to be heated without undue losses at the point
of contact, or overheating of the electrode,
and to avold deforming the article to be heat-
ed, each electrode may advantageously com-
prise a clamp having two or more relatively
movable jaws, which may be forced together
to grip a strong portion of the article suffi-
ciently tightly to give good clectrical contact
without tending to mushroom the portion
gripped. Since the article is supported by
two such clamps, it is not therehy subjected
to any force which might tend to deform it,
as would be the case if it were compressed be-
tween electrodes at opposite ends. The use
of clamps gripping the sides of the article
requires specially shaped electrodes of special
composition, since otherwise the difference of
resistance of the current path through the
article being heated between different por-
tions of the electrodes of opposite polarity
would cause an uneven distribution of the
current and of *the heat. The details of a
number of satisfactory electrodes will be
given in the following description.

One embodiment of the invention as ap-
Elied to the heating of metal bars for forging,

as been illustrated in the accompanying
drawings and will be described in detail. but
it is to be understocd that the invention is
applicable to the heating of other articles, that
the new method can be carried out by other
means than those specifically described, and
that the description is merely by way of ex-
ample and not to limit the invention as de-
fined in the appended claims.

In the drawings:

Fig. 1 is a circuit diagram -of one electric
heater for carrying out the invention

Fig. 2 is a plan view with certain parts
broken away of such an electric heater;

Fig. 8 is a front sectional elevation taken
on the line 3—38 of Fig. 2 as scen in the divec-
tion of the arrows, showing certain parts of
the heater and of the operating mechanism
for s circuit changer; -

Fig. 4 is an elevation showing on a larger

scale the circuit changer operating mecha-
nism seen in Fig. 3, together with the right

hand end of a circuit changer operated there- .

by ; part of the operating mechanism appear-
ing in normal. position in solid lines and in
an intermediate position in dotted lines;

Fig. 5 is a view of the elements shown in
Fig. 4 in operated position in solid lines, and
in another intermediate position in dotted
lines; v

Fig. 6 is a plan view of a transformer form-
Ing part of the heater;

1,605,302

Fig. 7 is a front elevation of the trans-
former shown in Fig. 6;

Fig. 8 is a section taken on the line 8—8 of
Fig. 7 as seen in the direction of the aAlToWws;

¥ig. 9 is an elevation showing the front .

of the circuit changer in normal position as
viewed from the lett of Fig. 4y

Fig. 10 is an elevation showing in oper-
ated position certain of the parts shown in
Fig. 9

Fig. 11 is an elevation showing in operated
position the left hand end of the circuit
changer together with a controlling magnet;

Fig. 12 is a section taken on the line 19—19
of Fig. 9 asseen in the direction of the arrows ;

Fig. 13 is a section taken on the line 18—13
of Fig. 2 showing a detail of the heater:

- Fig. 14 is a view on a larger scale and part-
ly in section of the electrode mounting shown
in Fig. 8;

Fig. 15 is a section taken on the line 15—15
of Fig. 16, showing on a still larger scale the
electrode shown in Fig. 14;

Fig. 16 is a sectional plan view of a bar
to be heated abutting an electrode;

Figs. 17, 18, 21 and 22 are views similar to
Fig. 16 showing various modifications of the
electrode;

Fig. 19 is a view similar to Fig. 15 showing
another modification; .

Fig. 20 is a section taken on the line 20—20
of Fig. 19;

Fig. 23 is a plan view of certain portions of
a heater and an article to be heated having a
reduced central portion;

Fig. 24 is a central transverse section taken
on the line 24—24 of Fig. 23;

Fig. 25 is a plan.view of certain portions
of a heater and an article to be heated having
an enlarged central portion, and

Fig. 26 is a transverse section of a dash-
pot to cooperate with a solenoid.

The purpose of the various structures to be
:described will be more readily understood
after a brief consideration of the circuit dia-
gram in Fig. 1. In the diagram, 1 and 2 indi-
cate conductors connected to a suitable source
of alternating current which may be connect-
ed to conductors 3 and 4 by the closure of a
switch 5. At the right of the diagram is

shown a step-down transformer having two.

primary windings, P* consisting of a rela-
tively large number of turns of fine wire, P?
consisting of a relatively small number of
turns of a larger wire and a secondary wind-
ing S consisting of a single open turn which
preferably comprises a heavy bar of negli-
gible resistance as compared with that of the
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primary windings. To vary the number of -

turps of primary winding P?, which may at
any time be included in the circuit, the wind-
ing is tapped at suitable intervals and the
successive taps connected to successive fixed
contacts of a rotary switch 6: Similarly,
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winding P*

the number of turns in prim‘a.ri'1 :
the position

may be varied in accordance wit
of a switch 7. _
In order to control the connection of the

transformer to the source of power, there are

provided a circuit changer 8 and a solenoid
switch 9. The circuit changer in the present
embodiment comprises a cylindrical drum 10
of wood or other suitable insulating material,
carried by a shaft 11 rotatably supported on
standards 12. Drum 10 carries a contact 13,
a contact 14 and a row of contacts 15, each
comprising a strip of copper secured to the
drum, the strips 13, 14 and 15 being arranged
to interconnect pairs of contact springs 16,
17 and 18, respectively. The contacts are
shown in solid lines in their normal or first

operative position, in which spring pairs 18-
*are interconrected by strips 15, while spring

pairs 16 and 17 are open. - When drum 10 is
rotated in the direction of the arrow by op-
erating mechanism to be described, the con-
tacts move to the positions indicated in dotted

lines, first opening springs 18, next closing

springs 17-and a fraction of a second later
closing springs 16.  To hold the drum 10.in
this second operative position against the
force of a spiral spring 19 constantly urging
it into the normal or first operative position,
there is provided a pawl 20 carried by arma-
ture lever 21 of a release magnet 22.

To heat an article of uniform cross-section
such as metal bar A, the electrical and ther-
mal characteristics of which have been de-
termined, the switch 6°is set to include that

‘number of turns of primary. transformer

winding P* which will cause just sufficient
current to flow through the secondary circuit
S to compensate for all heat losses to which
bar A is subject when it reaches its final pre-
determined temperature, so that such tem-
geratulje will be maintained constant when the
bar has been heated and current is flowing
throx:igh winding P*. The switch 5 is then
closed and the bar is positioned so as to com-
plete the secondarg' cirenit S. With the cir-
cuit changer 8 in the normal or first operative
position, current flows through winding-P*

over a citcuit which may be traced from con- .

ductor 1, right-hand side of kwitch 5, con-
ductor 3, conductor 23 through the upper
turns of winding P?, conductor 24, springs
18 closed by left-hand strip.15, conductor 25,

* remaining turns of the tpper half of wind-
ing P, conductor 26, second .pair of springs-
18 and contact 15, conduetor 27, upper portion
of lower half of winding P, conductor 28,

_third pair of springs 18 and contact 15; con-

ductor. 29, remainjni;porﬁoﬂaof: Yower half
of winding P, switch 8; conductor 30, right-

tothe large numberof turns in winding P, in- -
duces a relatively low potential inthe second-.

1,605,303

3

ldry winding, so that a current so weak as to
heat bar A but slowly flows through the sec-

ondary circuit S and bar A in series. When, -

as is usually the case, it is desired to raise the
temperature of the bar rapidly, the winding
P! is disconnected; and winding P2 which
has fewer turns and hence induces a higher
secondary voltage is connected. To effect
the substitution of the transformer windings
the circuit changer 8 is operated in a manner
to be described to rotate drum 10 in the direc-
tion of the arrow, opening contact springs 18
to interrupt the circuit just traced, then clos-
ing springs 17 and a moment thereafter clos-
ing springs 16. When springs 17 ride into
engagement with contact 14, a circuit is com-
pleted for winding P? which may be traced as

70

75

80

follows: Conductor 1, right-hand side.of

switch 5, conductor 3, spring 17 and contact
14, conductor 31, winding P? (upper and low-

er halves in series), switch 7, winding of, soles
noid 9, conductor 4, left-hand side of switeh 5

to conductor 2. ~ .

The heavy flow of current in this eircuit

immediately energizes solenoid 9 to attract
lunger 32, lifting contacts 33 carried there-
y out of engagement with stationary con-

85

90.

tacts 34 upon which they normally rest.

Drum 10 is locked in operated position by the-
‘engagement of pawl 20 with a tooth 35 on

9%

shaft 11, and remains in this position until”

release mzynet 22 is operated over a’circuit
prepared by the closing of springs 16 by con-

“tact 18, but interrupted by the opening of

solenoid contacts 84. The release’ magnet

circuit may be traced from left-hand station-

ary solenoid contact 34, through springs 16
and. contact 13, winding of magnet 22, con-
ductors 3 and 23, through a few turns of pri-

mary winding P* now out of the main electric:
circtit but acting as a low voltage secondary.

winding of the transformer, and thence over

100

conductor 36 to the right-hand . stationary -

contact 34 of solenoid 9. . = . =

This circuit will be completed whenever
the current flowing through primary wind-
ing P*and solenoid 9 is too wealk to offset the

110

action of a compression spring 37 which tends ~
to hold contacts 33 and 34 closed. The cur-

rent flowing' through.p&ip:zr% 'v;indin,‘};liP;c )
sets up a very high

over the circuit just traced
current in the secondary winding S which
passes through  the cold metal bar A and

starts to heat-the same. The rapidity with
.which the bar A is heated depends on the
"voltage impressed: on: the secondary citcuit
which is in turn controlled by the position of
switch 7, so that the temperature of the bar -
may be increased at:any desired rate by . -
A ng " h 6, condt varope_r..desi“gn:}of the transformer and the 7.3
hand springs 18 and contact 15, conduetor 4,
- deft-hand side of switch 5 to conduetor 2.
The current flowing in this circuit; owing .

inclusion of the proper number-of turns of

" winding P2 - Asbar A becomes hot its resist-

1o

ance increases appreciably, thereby increas- -

ing the resistance of the secondary circuit: -
‘of the transformer and hence decreasing the
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current flow in the primary circuit. If the
predetermined temperature to which bar A. is
to be heated lies below or only a little above
the critical point of the material of which
the bar is composed, it is merely necessary to
adjust the tension of solenoid spring 37 and
the vertical position of stationary contacts
34, so that when bar A has reached the pre-
determined temperature the effect of the cur-
rent flowing in the primary ecircuit and

through solenoid 9 will be just overcome by .

spring 87, which thereupon forces plunger
32 downward until movable contacts 33 en-
counter stationary contacts 84. Contacts 33,
being carried by a metal bridge 38, close the
circuit previously traced to operate release-
magnet 22, thereby withdrawing pawl 20
from engagement with tooth 85. Spring 19
imniediately returns drum 10 to its normal
position, indicated in solid lines in Fig. 1,
thereby interrupting the circuit through
transformer winding P2 and completing the
circuit previously traced through winding
P The number of turns included in wind.
ing P* has been arranged by proper position-
ing of switch € to induce the proper voltage
in the secondary ecireuit to cause just suffi-
cient current to flow through bar A to pro-
duce heat equivalent to the losses from the
bar by radiation, convection and conduction,
and thereby tc maintain the temperature of
bar A constant at a predetermined value
which may be below, equal to or above the
temperature at which the solenoid operated
to cut out winding P2, The bar is then slow-
ly cooled, maintained with unchanged tem-
perature or heated. as the case may be, until
the final temperature resinliing from the par-
ticular position of switeh € is reached. When
the operator is ready to use the hot bar, he
removes 1t and substitutes a cold one. The
cireuit changer § is again operated, the new
bar is brought to exactly the predetermined
temperature, the circuit through winding P?
is then automatically interrupted and the bar
retained at or brought to-its final tempera-
ture, and so on for as many bars as are to be
heated. Thus 2 single adjustment of
switches 6 and 7 insures uniform heat treat-
ment of any number of identical articles
which may be heated one after the other.

It frequently occurs that the predetermined
temperature to which it is desired to heat a
bar will bé materially higher than the criti-

- cal point for the metal composing thé bar to

be heated. When this is the case, it would
not ordinarily be possible to operate the
heater in precisely the manner described, since
when the critical point of the bar is reached
the resistance does not increase in propor-
tion to increase in temperature, and very
nearly the minimum value of the current
flowing through winding P? would be at-
tained before the bar reached the predeter-
mined temperature. It is therefore desirable

1,695,302

to introduce a time interval between the at-
taining of approximately the minimum value
of the current through primary winding P2
and the closure of solenoid contacts 33, 34,
during which time interval the bar is heated
beyond its critical point to the predetermined
temperature by the current flowing in the
secondary winding S, which is induced by the
current still flowing in primary winding P2,
To introduce the necessary time interval,
there may be provided a dash pot 39 which
may be regulated in conjunction with com-
pression spring 37 to delay the closure of
contacts 33, 34 for any desired interval after
the bar has reached its critical temperature
and the current in P2 has reached its approx-
imate minimum value. Thus, when the bar
has been heated to its critical point, plunger
32 begins to move out of the solenoid winding
9, but this movement is opposed by dash pot
39 until when contacts 33, 34 finally close, bar
A will have reached the predetermined term-
perature. As before, the closure of the sole-
noid contacts operates the release magnet to
return the circuit changer to normal position,
opening the heating circuit through trans-
former winding P? and ciosing the constant
temperature circuit previously traced through
winding ', 'When the raté at which the bar
is heated is very great, it is frequently un-
necessary to employ a dash pot to provide an
interval between the attaining of the approx-
imate minimum value of the current through
winding P2 and the disconnection of said
winding, since the time inherently required
for operation of the solenoid, release magnet
and circuit changer may be sufficient to allow
heating of the bar A well beyond its critical
point.

Considering now the structure of the heater
as shown in Figs. 2 and 3, there is provided a
table 40 of wood or ather suitable insulating
material at a convenient height from the
ground upon which is set the heater, which
comprises_the transformer having primary
windings P* and P2 and the open secondary
cirenit S, which consists of a heavy copper
bar magnetically linked with the primary
windings of the transformer. Secondary

_turn S is most conveniently built uE from
a

three straight bars 41, 42 and 43, the bars 41
and 43 being supported at either end on
sleeves 44 resting on table 40 and secured
thereto by bolts 45, while bar 42 rests on the
left hand ends of bars 41 and 43 and is held
in close electrical contact therewith by any
suitable means such as cap screws 46 (see
Figs.6and 7). Ifan article to be heated were
merely laid across the right hand ends of
bars 41 and 43, while some current would
flow through the secondary circuit, the con-
tact between the article to be heated and the
copper bars would be very poor, moreover the
heat losses by conduction through the parts
of the article in contact with the bars of the
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secondary circuit would be so great as to al-
most wholly prevent heating of such portions
of the article. Again if, as1s usually the case,
the article to be hea_te& was composed of a
material of higher resistivity than that of the
secondary circuit, the resistance of the por-
tions of the article in contact with the second-
ary bars would be so much higher than that
of the bars themselves, that most-of the cur-
rent would enter the article at the interior
edges of the bars and the small current flow-
ing through those portions of the article con-
tacting with the bars would be insufficient
to heat the article materially. In order there-
fore to establish ﬁood electrical contact, to
control the path taken by the current in enter-
ing the article to be heated, and to control the
heat losses by conduction there are rovided
special electrodes 47 and 48 and special
mountings therefor. In order that the elec-
trodes may be relatively movable to accom-
modate articles of various lengths, the base
for electrode 48 comprises a copper slab 49
which lies flat upon the right end of bar 41
of the secondary winding and is secured
thereto by screws 50 passing through slots
51 and provided with friction washers 52 to

engage the margins of said slots. By loosen- -

ing screws 50 it is therefore possible to ad-
just the position of slab 49 throughout a wide
range, and to clamp it against accidental dis-
placement when properly positioned. v
Owing to the expansion which will take
place in any article to be heated as its tem-

5 perature rises, provision must be made for
‘such linear expansion and the base for elec-

trode 47 is therefore allowed a limited move-
ment relative to its bar 43. The base for elec-
trode 47 consists of a copper slab 53 some-
what narrower than slab 49 to support which
slab there are provided two copper bearing
bars 54, parallel-to each other and to slots 51,
which hars are secured in any desired manner
to the upper surface of bar 43. Slab 53 is

provided with grooves, as shown, to cooper-

ate with the bearing bars 54 and is thus in
good electrical contact with the secondary

_bar 43 while capable of movement transverse

thereto. To give still better electrical con-
tact, slab 53 may be connected to bar 43 by
suitable flexible conductors, not shown. To
further control the movement of base 53 there
are provided at the opposite ends thereof cop-
per angle pieces 55 rigidly secured to bar 43
and having grooves to cooperate with simi-
lar grooves in the ends of base 53 in carrying
balls 56 which limit the movement of base 53
on its bearing bars and ball bearings de-

seribed.  Two brackets 57 (see Fig. 13) are
rigidly seeured to the inner vertical face of

the bar 43 and carry set screws 58 which limit
{he travel of base 53 towards base 49. To
normally hold base 53 in contact with the set
screws, two springs 59 are secured on the out-
er verbical face of bar 43 with their free énds

B

bearing against .the outer face of base 53.
Thus when the article being heated expands
longitudinally, owing to its increasing tem-
peratire, it need not slip in its electrode 47

‘but base 53 will move against the tension of

70

springs 59. The same result may be accom- .

plished by making bar 43 of yielding con-
struction, as by building it up from flexible
sheets of copper. o ‘
‘Since the standards earried by bases 49
and 53 are identical, the description of those

carried by base 53 will also serve as a descrip- -

tion of those on base 49. Cast integrally with
or rigidly secured to base 53 are two copper
standards 60 and 61, through the heads of
which are drilled holes at right angles to the
direction of movement of base 53 and in align-

({3

ment with one another. A rod 62 is slidably -
mounted in the hole through standard 60

while a rod 63 is similarly mounted in stand-
ard 61. To carry the thrust on rod 62, a
screw 64 passes through the end of standard
60 in alignment with rod 62 and bears against
the end thereof. A set screw 65 may further
e provided in the top of the standard (see
Fig. 11).

The mountings for the two parts of elec-

trode 47 heing identical it will be necessary to
describe only the right hand mounting (clear-
ly shown in Fig. 14). I
ball 66 on which a water jacket electrode base
67 is carried by a knuckle joint consisting of
tapered plug 68 which closes the hole through
which the core used in casting water jacket
67 was withdrawn and which plug is shaped
to bear against ball 66. - Plug 68 is held
against the ball, with just sufficient pressure
to ordinarily prevent relative movement, by a
nut 69 which is held in position by a lock nut

70. The two parts of electrode 47 are each
dovetailed into a groove 71 provided in one

face of water jacket 67. Since the knuckle

joint described might not afford entirely sat-

isfactory electrical connection between stand-

ards 60 and 61 and their respective water.

jackets, the standards are conductively united
to the water jackets by copper braid 72 suit-
ably secured to the standards and jackets, re-
spectively, and having sufficient gtiffness to
return the water jackets to their normal op-
posed position when they have been moved
on their knuckle joints, owing to some irregu-
larity in shape of the article to be heated.
Other means than braids 72 may be employed
to straighten out the water jackets, or such
means may be dispensed with entirely, since
the compression of the- eléctrodes against
each bar will of itself move. the jackets until

“the surface of the bar is in intimate contact,

with the electrode faces. To supply a flow

electrodes, rubber or other non-conducting

‘flexible tubing 73 is connected to a suitable
supply of cooling fluid, not shown, and circu-
lation of the water or other cooling fluid such °

Rod 63 terminatesin a .
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as oil is brought about in any desired man-
ner.

The relative movement of the two halves
of electrodes 47 and 48 is controlled in accord-
ance with the position of rods 68 carrying the
right hand halves of the electrodes. Each
rod 63 terminates at its outer end in a rigidly
secured collar 74, which may be integral with
or otherwise fixed to a disc 75. A compres-
sion spring 76, bearing against the right hand
face of standard 61 and the left of collar T4,
constantly urges rod 63 to the right. A dise
7 is separated from disc 75 by three com-
pression springs 78, the combined strength ot
which is considerably greater than that of
spring 76, which they oppose. The faces of
dises 75 and 77 are maintained parallel by an
alignment pin 79 secured at the center of disc
77 and traveling in a cooperating hole in disc

5. “imilar pins, not shown, may also be
hreaded through each of the three springs 78.
iy red at the right hand ends of
{353 2are two standards 80 and 81,
Aating in a pair of ears perfo-
rorm bushings for pins on which are
v mounted cams 82 and 83. The pin

for cam 83 is coextensive with its bushings

while the pin carrying cam 82 comprises a
shaft 34 extending inwardly far enough to
clear base 53. Asseen in Fig. 3, in which it is
shown in operated position, cam 82 is circular
throughout its lower half up to the point of
contact with disc 77 from which point the
radius of curvature of the cam surface gradu-
ally increases until the surface becomes flat
at 85. Cam 83 is of the same shape as cam
82 and the cams are operated by levers 86 and

. 87, the inner ends of which fit snugly into
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recesses provided in the cams to receive them.
Rigidly secured at the outer end of lever 86
1s a ring 88 through which is mounted a han-
dle 89 of suitable insulating material extend-
ing to a semi-circular ring 90 open at its top
and secured to the outer end of lever 87.
Thus when cams 82 and 83 are in their
normal position with levers 86 and 87 rising
vertically and discs 77 resting against flat
portions 85 of the cams, springs 76 will force
collars 74 and rods 63 to their extreme right-
hand position, so that the opposite jaws of
electrodes 47 and 48 will be wide open to re-
ceive the article to be heated, in this case the
bar A.  After a bar has been inserted between
the opposite faces of the electrodes, handle 89
is pushec down from its vertical position to
the horizontal position shown in Fig. 8, dur-
ing which motion cams 82 and 823 first com-
press springs 76, moving rods 63 to the left
until the bar A is tightly gripped between
the jaws of the electrodes and thereafter
springs 78 are compressed until the full
radius of the cams comes in contact with discs
77. - Later when handle 89 is.lifted it raises
lever 86 and unclamps the jaavs of electrode
47, but there being no topto ring 90, handle
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89 in being raised allows lever 87 to remain
In its operated position and electrode 48 con-
tinues to grip the bar A firmly until lever 87
is itself lifted. The rcleasing of cam 82 al-

lows springs 76 and 78, which had been com- 7

pressed by the operation of said cam, to ex-
pand and the friction between the cam face
and dise 77 is so little that once the cam has
started its return movement the expansion of
these springs will cause it to resume its nor-
mal position. The removal of the right-hand
jaw of electrode 47 from contact with bar A
affects in nowise however the contact of said
bar with the face of the left-hand jaw of the
electrode since the bar is still firmly grasped
by electrode 48.  Upon the removal of pres-
sure from the jaws of electrode 47 springs 59
return base 53 to its normal position abutting
set screws 58,

Referring now to the structure of circuit &

changer 8 and its operating mechanism, illus-
trated in detail in IMigs. 4, 5, 9, 10, 11 and
12, there is provided a suitable base 91 whoso
surface is located at a convenient height be-
tween table 40 and the floor. Mounted in the
right-hand front corner of base 91 is a stand-
ard 12. A similar standard 12 is mounted at
the same distance from the right-hand edge
of the basc hut farther back thereon, as clearly

shown in Fig. 9. The upper surface of each
standard 12 is shaped to provide a bearing

surface for a shaft 11 which carries the wood-
en drum 10 of circuit changer 8. Shaft 11 is
retained on its bearings by fastenings 92 suit-
ably secured to standards 12 as by the bolts
and nuts shown. Drum 10 is rigidly secured
for rotation with shaft 11 by collars 93 and
94, located at each end. TLeft-hand collar 94
has a cam surface to provide a tooth 35 to
cooperate with a pawl 20. Behind drum 10 (to
the left in Fig. 11) and at the left end of said
drum is mounted a magnet 22 having an
armature lever 21 pivotally mounted on an
upward extension 95 of left-hand standard
12, armature lever 21 carrying at its front end
the pawl 20 which cooperates with tooth 35
and being normally held in retracted position
by a tension spring 96”.  Thus when drum 10
is operated it moves in an anti-clockwise di-
rection from the position shown in dotted
lines in Fig. 11 to that shown in full lines, and
is held in such operated position by pawl 20.
The rotation of drum 10 in this direction is
limited by the abutment of a pin 96 fixed to
collar 94 against a stop 97 set in base 91.
Upon the energization of magnet 22 and the
consequent attraction of its armature lever 21,
pawl 20 is disengaged from tooth 85 to permit
a spiral spring 19 to rotate drum 10 (in a
clock-wise direction as seen in Fig. 11) until
a pin 98 comes in contact with a spring cush-
ioned stop 99 secured to base 91.

Drum 10 carries the copper contact strips
13, 14 and 15, previously described in con-
nection with Fig. 1, while their cooperating
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_Cuit changer 8 from its normal
which brushes 18 are connected
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contact springs 16, 17 and 18 are secured at
their bases to blocks 100 of suitable insulat-
ing material by binding posts 101. “When
contact strips 13, 14 and 15 are of copper, it

‘may be described to provide carbon strips
(not shown) similarly positioned on drum-

10 and arranged to be engaged by contact
springs connected in parallel with the regular
service springs 16,17 and 18, or to provide
some other conventional arrangement to pre-
vent arcing upon the breaking of the metal
contacts. To cooperate with other drum op-
erating mechanism to be described, a disc 102
is rigidly secured to the right-end of shaft
11 and secured to the outer surface thereof is

“a lever 103. .

As described in connection with the circnits
in Fig. 1, it is desirable that the clamping

of bar A between electrodes 47 and 48 should .

be simultaneous with the operation of the cir-
Eosition, in

y contacts.
15, to its operated position in which said

. .brushes are disconnected and brushes 16 and

30

17 are connected. The downward movement
of handle 89 in clamping bar A causes shaft
84 of cam 82 to rotate. The rotation of shaft

84 is employed through suitable linkage to - )
" return to normal position of cam 82 and the

operate circuit changer 8. As shown, a lever
104 is mounted at the front end of shaft 84
and is caused to rotate therewith by means

such as a set screw 105. As seen in Figs. 2

and 8, the outer end of lever 104 terminates
in two ears 106 between which there fits the

upper perforated end of a link 107 which may
be held in place by a pin 108 passing through -

 cars 106 and link 107. .To insulate the sec-
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ondary circuit S, which is in electrical contact
with lever 104 and thus with the upper end of
link 107, an insulating block 109 is inserted
between the upper and lower portions of link
107. A universal joint 110 connects the lower
end of link 107 to the upper end of a rod 111
which is made rotatable relative to joint 110
by the pin and slot connection shown at 112,
a spiral spring 113 being provided to main-
tain the normal relative position between rod
111 and joint 110. Rod111 is sildably mount-
ed for vertical movement in supports 114 se-
cured to convenient parts of table 40 and
base 91 and carries a roller 115 which nor-

mally rests upon the outer end of circuit’
changer operating lever 103, as seen in Fig, 4.
‘When handle 89 is depressed to clamp the .

bar A between the electrodes, lever 104 forces
link 107 downwardly thereby pushing down
rod 111 with its roller 115 which moves lever
103 down through the position shown -in
dotted lines in Fig. 4 until it reaches the posi-
tion shown in dotted lines in Fig. 5. When
pin 96 abuts against the positive stop 97, lever
108 will not yield further and, as rod 111 has
not yet reached the lowermost extent of its

.travel, the reaction of lever 103 on roller 115
_causes rotation of rod 111 ag

i the action.

 {
of spring 113 until roller 115 rides over the
end of lever 108 as shown in Fig. 10, where-
upon spring 113 rotates the rod and roller
back to its normal position with respect to
joint 110, as shown in solid lines in Fig. 5.
Roller 115 is now below lever 103, so that
upon the operation of release magnet 22 the
roller will not interfere with the return to
normal of drum 10. Rod 111 is retained in
its lowermost position by a catch 116 which
engages a collar 117 rigidly secured to the rod
as by the set screw shown. Catch 116 is
mounted on the upper end of a lever 118 piv-
otally mounted at 119 and normally held in
the position shown in Fig. 5 by a spring 120.

‘Upon the opération of release magnet 22 (see
Fig. 11) spiral spring 19 causes the return to

normal of drum 10 (in an anti-clockwise di-
rection as seen in Figs. 4 and 5). In return-
ing to normal a stud 121, projecting from disc
102, strikes the lower end of lever 118 there-
by moving catch 116 to release collar 117 and
rod 111. The rod is started on its upward
travel by a spring 122 which was compressed
upon the downward movement of rod 111.
Once rod 111 has started its upward move-
ment the cam 82 has begun to turn against disc
77 whereupon springs 76 and 78 complete the

operating mechanism for circuit changer 8,
including rod 111. Just before rod 111
reaches its normal position, pin 98 comes in
contact with cushion stop 99 and compresses
said stop sufficiently to allow roller 115 to
ride from below lever 103 around the outer.
end thereof to its normal position in contact
with the upper face of said lever. 2

In connection with the structure of the cir-
cuit changer 8 and its relation to the electric
heater described, it is to be noted that when
the bar A is first inserted in position to be
heated, circuit changer 8 is in normal posi-
tion and the currents flowing through wind-
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ing Pt with its relatively large mumber of

turns induces a relatively low potential in
the secondary circuit S, so that there is no
appreciable tendency to arcing as bar A is’

- placed in contact with the left-hand station-

ary jaws of electrodes 47 and 48. In de-
pressing handle 89 the drum 10 of the circuit-
changer has rotated far enough to move con-
tacts 15 out of engagement with springs 18,
thereby breaking the circuit for winding P*,
but not far enough to move contact 14 into
engagement with spring 17 at the time when
cams 80 and 82 bring the right-hand movable
iaws of electrodes 47 and 48 into contact with

ar A. Thus there is no current flowing in
either primary winding of the transformer
at the time bar A is clamped between the
jaws of the electrodes and hence no tendency
for arcs to occur at this time. It is only after-
handle 89 has been fully depressed and the
bar is tightly clamped that contact ‘14 on
the circuit changer drum 10 completes the
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cireuit for primary winding P# which there-
by induces a heavy flow of current through
the secondary circuit including the bar to be
heated. Conversely, when the current flow-
ing throngh winding P? has decreased suffi-
lently to allow solenoid 9 to complete the cir-
cuit for release magnet 22, contact 14 on
‘rum 10 will have moved out of engagement
vith spring 17 before cam 82 has been turned
sufficiently to break the contact between the
right-hand movable jaw of electrode 47 and
the bar A and, as there is no current flowing
in either primary winding at the moment
when the right-hand jaw of electrode 47 is
removed from bar A, there is no tendency to
arc at this time. When it is desired to take
bar A out of the heater only the weak current
induced by winding P* will be flowing
through the secondary and lever 87 may be
lifted to open the jaws of electrode 48 with-
out causing any appreciable arcing. If, how-
ever, it 1s desired to avoid any arcing what-
soever at bar A, switch 5 may be opened be-
tore lever 87 is raised to release the bar.

In connection with the provision of a plu-
vality of contacts 15 and cooperating springs
18 on the circuit changer drum, it is to be
noted that these contacts and their cooperat-
Ing springs constitute a break-up switch for
primary transformer winding P! so that
upon the operation of the circuit changer to
close the circuit for winding P2, winding P*
is broken-up into as many electrically sepa-
rate parts as there are provided contacts 15.
The purpose of thus breaking up winding P*
is to avoid the existence of the high potential

difference which would exist between the ter-

minals of winding P?, acting as a step up
sccondary winding owing to its large num-
ber of turns, while current was flowing
through winding P2 Thus-by providing the
required number of contacts 15 and pairs of

springs 18 winding P* may be separated into
clements cach comprising so few tirns that’

the difference of potential between terminals
of each element will not be dangerously high
while current is flowing through transformer
winding P2,

Referring now to the structure of the
transformer as seen in Figs. 2,8, 6, 7 and 8 no
particular structure is required, but a suit-
able transformer may be conveniently made
ip by assembling a laminated iron core 123
Letween four U-shaped cast iron heads 124,
there being provided an upper and a lower
head at each end of the core. Six tic-bolts
125 pass through lugs 126 to hold the core
in assembly, while an upper and a lower chan-
nei iron 127 hold the core against vertical
movement. To reduce magnetic leakage, the
primary and secondary windings preferably
pass around the same leg of the core; second-
ary bars 41 and 43 being supported by sleeves
44, as” has been described, while primary
windipg P? is made up of two- pancalkes
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128 held adjacent tc the secondarr burs by
pins 129 and wedging blocks 130.  The two
upper elements of ‘winding P* may he con-
veniently wound together in a pancake 181
while the two lower elements are wound in
a pancake 132, which pancakes are likewise
held in position adjacent to those comprising
winding P? by pins 129 and blocks i30. It
is to be understood, however, that the inven-
tion is not to be restricted to this particular
transformer since many diffevent structures

~might be used. For example, bars 41 and i3

might extend further to the left than as scen
in I'igs. 6 and 7, and connecting bar 42 might
be removed and electrode mechanism similar
to that shown at the right-hand of Fig. 2
might be supported on such extensions of
bars 41 and 43. With this arrangement two
bars A could be included in tie secondary
circuit simultaneously and the rapidity of
production of heated bars by the electrie
heater thereby doubled. TOTE
than the one set of secondar “howe
might be magnetically linked with the pei-
mary windings by encircling either leg of the
transformer core or more than two articies to
he heated might be connected in series with
a single set of secondary bars if it were de-
sirec to heat simultaneously more than two
bars A. TIn fact the number of identical arti-
cles which may be heated simultaneously is
only limited by mechanical considerations in
designing the transformer.

As has been pointed out there are many
classes of work to be heated with which 1t
would not be satisfactory to employ end-
touch electrodes, that is electrodes which hold
the article by contact with its opposite ends.
For example such electrodes could not be
used where it was desired to heat only certain
portions of an article, or where the article
had irregular ends which would not make
good electrical contact with the electrode, or
where the pressure necessary to give good
electrical contact would be sufficient to bend
the article when hot. In these and other in-
stances it is desirable to provide side-touch
electrodes which contact with the article to
be heated in the manner illustrated by elec-
trodes 47 and 48 and bar A in Figs. 2'and 3.
In order that the electrodes may support the
work as well as conduct electricity to it, each
clectrode preferablf comprises a clamp hav-
ing at least two relatively movable jaws, as
scen at 47, Figs. 3 and 12. To insure good
electrical contact between the jaws of the
electrode and the article to be heated, the sur-
face of each jaw is most desirably shaped to
fit closely against said article. In the pres-
ent case the work to be heated has been illus-
trated as a cylindrical bar A so that the con-
tacting faces of the electrodes are of cylindri-
cal configuration.  If the work were hexag-
onal or some other shape, the electrode con-
tact surface should be hexagonal or of what-
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ever shape necessary to fit the portion of the
work to be held between jaws of the elec-
trodes. ;

In considering the design of side-touch

electrodes it is to be noted that if the elec-

trode 47 consisted solely of -a single metal
block 134 without the various other elements
indicated in Fig. 15, the electrical resistance

- of the path between the surface 133 of the
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electrode, which contacts with the face of
water-jacket 67, through the electrode and
bar A ‘to electrode 48 which contacts with a
lower portion of the bar A, would not be.
uniform. The path of least electrical resist-
ance would extend from water-jacket sur-
face 133 along the lower edge of block 134 and
thence through the shortest extent of bar A
included between electrodes 47 and 48, while
the path of greatest resistance would extend
from surface 133 along the upper edge of
block 134 and through the portion of the bar
A which is in contact with the surface of
blocks 134. The increased resistance of this
second path due to the inclusion of the por-
tion of bar A which is between blocks 134
would be so great that in the assumed case,
in which b_locirla‘i constituted the entire elec-
trode, practically all the current would flow
along the lower edge of the block 134 passing
into bar A at the left-hand lower corner of the
right-hand block as seen in Fig. 16, and only
a negligible amount of - current would pass
through the remaining contact surface be-
tween the work and the electrode. The great

.current density at the lower edge of block

134 would tend to produce an unduly high
temperature along the lower edge of the block
and could easily bring about a welding con-
dition at the meeting point with the work,
while the ve
the end of the bar would be insufficient to
raise its temperature appreciably. When,
therefore, it is desired to heat work not only
between the adjacent ed%es of electrodes of
opposite polarity but also throughout the
portions which contact with the electrode
faces, special means must be provided to
cause the current to flow through the portions
of the work in contact with the electrode and
special attention must be given to the thermal
conductance and :
electrode, so that heat will not be dissipated
through the water-jackets as fast as it is pro-

" duced in the end of the bar being heated.

65

In order to heat the tip of an article such
as bar A to a temperature uniform with that .

of the remainder of the bar which is not in

_contact with the electrode, it is obvious.that
either substantially all the current entering

the bar must pass along that edge of the elec-

trode which is adjacent the tipof the bar and

" further removed from theelectrode of op-

site polarity, or heat must be supplied by
Sonduction from the electrode itel? to tho

small flow of current through

Ehysica ‘dimensions of the

‘mercu

‘tip of the bar, while the resistance o

9

tip of the bar, or both of these conditions must
be brought about. If it were possible to make
a side-touch electrode of negligible thickness
to contact with the extremity of the bar being
heated all the current would no doubt flow
through the entire bar and uniform heating
of the bar would result, but with any conduct-
ing material now known the current density
in the electrode would be so great as to heat
the electrode to a point where it would de-

compose by oxidation or else soften and mush-
room out of shape or melt away so that re-

70
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placement of the electrode would be necessary

each time an article was heated if not more
often. Since this would not be practical a
compromise is struck by providing an elec-
trode with sufficient surface in contact with
the work to carry the heating current without
destruction of the electrode, while the current
density through the tip side of the electrode is
made as high as possible and the current
density through the side of the electrode ad-

jacent the electrode of opposite polarity (the -

lower edge of block 134 1 Fig. 16) -is kept
as low as possible. A large number of differ-

_ent structures for accomplishing this result

have been found, all working however on the
principle that the electrical resistance of the

80.

85

portion of the electrode near the tip of the bar _ -

is to be less than the resistance of the portion~
/98

removed from the tip. : :
One electrode constructed on this principle
is shown. in Fig. 21, and consists of a base

170 of highly conductive material such as cog- :
the

per, having an extension which forms

top strip of the electrode, the base being slot-
ted to receive strips 171,172, 173, and 174 of
identical dimensions, but each composed of
metal or alloy of lower conductivity than the

Erecedin "one. For example strip 171 may

e nickel, 172 nickel and manganese, 173
Monel metal, and 174 manganin. It is some-
times desirable to further vary the resistance
of the different strips by varying their dimen-
sions as shown in Fig. 22. The electrode there
shown comprises a short thick strip 175, and

1 w
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progressively longer and thinner strips 176, -

177, 178, and 179. When the; electrode is

used in heating certain articles these strips-

may be of the same material, while with other
the various &trips’
is also varied. The electrode as just described.
is composed of a plurality of structurally sep--

articles the resistivity of

115

arate conducting elements assembled to form -

' built-up electrode and to ensure intimate:
contact of the mutual contacting surfaces of

the said elements, the
a ‘suitableconducti

amalgam
- Another electrode

latter are coated with

in Figs. 19 and 20, & triangular
ifo‘n_nilgls rthe ed% of ihﬂﬁgeleétrode :idgaqentﬂthe F

3 plate 135

each suc-

ceeding sheet 138, 187, 138 and 139 is made

be made up assean .
3y be made up as seen 18-
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progressively greater by cutting out a small
central portion from sheet 136; and an in-
creasingly larger portion from each of the
remaining sheets 137, 188 and 139, to progres-
sively decrease the cross sectional area of the
conducting path from base surface 133 to bar
A. The increased resistance may also be
brought about by using metals and alloys of
different resistivity for the different sheets,
with solid or cut-out centers as required. As
shown in Fig. 20 an electrode of this type may
be given greater strength without substan-
tially varying its electrical characteristics
by filling the interstices with a suitable re-
fractory cement such as corundum or car-
borundum which also helps to cool the elec-
trode, being a better heat conductor than air.

A still more durable electrode to accom-

shown in Figs. 15, 16, 17 and 18 from a
number of elements comprising sheets or
blocks of different metals held in physical
contact with one another by suitable means
such as pins 140 which are driven through
holes drilled transversely through the assem-
bled elements near the base of the electrode.
The electrode shown in Figs. 15 and 16 is
composed of a block 134 of difficultly oxidiz-
able metal of relatively high electrical resis-
tivity and low. thermal conductivity, and
strips 141, 142, 143, 144, 145 and 146 composed
of metal of negligible electrical resistivity
as compared with that of the block 134. For
example, in an electrode to be used in heating
a bar A of medium carbon steel, the block
134 may advantageously be composed of a
silicon chromium resistance alloy of iron hav-
ing a resistivity of about 115 microhms per
em® while the other elements-of the electrode
may be made of copper which has a resistiv-
ity of only about 1.7 microhms per cm®. As
has been pointed out, if the electrode consist-
ed merely of the iron alloy block 134 and
copper base made up of strips 143, 144 and
145, a relatively dense current would flow
along the lower edge of the block while only
a weak current would flow through the upper
edge, so that the Joulean or I*R heat de-
veloped in the tip of the bar A, which is in
contact with blocks 134, would be much
smaller than that developed farther down the
bar where the total current is flowing. In
order, therefore, to cut down the resistance
along the upper edge of block 134 between
base surface 133 of the electrode and the bar

to be heated, and thereby to cause a more-

dense current to flow through the upper por-
tion of the block, a strip 142 of low resistance
metal is placed in contact with the upper sur-
face of the block, and extends from the plane
of the surface 133 to a point just out of con-
tact with the bar. In practice, the distance
between the ‘bar and the left hand edge of
strip 143 would ordinarily not be less than
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4% of an inch; while its exact distance is
a matter of design in each case and is deter-
mined in accordance with the electrical re-
sistance required at that point. In some cases
it is easier to control the electrical character-
istics of the electrode by adding the further
strip 141 of low resistance metal, but it is
not essential since a single strip 142 may be
designed to bring about ‘the desired dense
flow of current through the upper portion of

‘block 184. The block 134 being of low ther-

mal-conductivity would not under operating
conditions in which a series of bars were
rapidly heated one after the other, have suf-
ficient time to cool off between the removal of
a hot bar and the insertion of a cold one, so
that for cooling purposes it is- desirable to
provide a strip 146 of high thermal-conduc-
tivity in contact with the lower surface of
block 134. Strip 146 also affects the flow of
current through the block 134, and its left-
hand edge is considerably farther removed
from the bar A than is that of strip 142, so
that a less dense current will pass through
the lower portion of the contact surface of
block 134 than passes through the upper por-
tion of said contact surface. To further aid
in the conduction of heat from block 134,
strip 144 of high thermal-conductivity pref-
erably forms a fin fitting snugly into a cen-
tral groove cut along the base of block 134,

‘while for manufacturing reasons strips 143

and 145 of high thermal-conductivity are fit-
ted between strips 142, 144 and 146 to give a
smooth bearing surface 133 which will make
good electrical contact with the face of the
copper water-jacket 67. For ease in chang-
ing the electrodes all the strips are preter-
ably dovetailed to fit against sgbulders 71 of
the previously described groove in the face of
the water-jacket, so that it is merely neces-
sary to slide out one electrode and slide in an-
gther when a change is to be made. When an
electrode is to be used in heating an article
to a high temperature, it is desirable to insert
a thin carbon strip 147 between strip 142 and
the upper surface of block 134 where the cur-
rent density is the greatest, and contacting
with the article being heated, so that a reduc-
ing atmosphere will be produced by the cor-
bon to counteract any tendency to oxidization
at the contact surface between block 134 and
the work A, as shown in Fig. 17. Additional
carbon strips may be inserted between other
sheets of the electrode, or transversely of the
electrode elements and parallel to the bar A,
thereby extending the reducing area.

To further aid in cooling the block 134, it
is desirable under certain working conditions
to enclose the strip 146 and the exposed lower
surface of block 134 with a cement of refrac-
tory miaterial, such as corundum or carborun-
dum as seen at 148, having embedded there-
in a cooper fin 149 and supported at its lower
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edge by a retaining strip 150. The refrac-
tory cement is of such low electrical conduc-
tivity as not to materially influence the elec-
trical characteristics of the electrode, and in-

‘sulates therefrom the copper fin 149 and re-

taining strip 150 but the thermal-conductivi-
ty of such cement is much higher than that of
air so that the resultant cooling is consider-
ably greater than with the structure shown
in Figs. 16 and 17. o

The particular conducting materials to be
employed in constructing electrodes, and the
dimensions of each element of the electrode
are governed in all cases by the electrical and
thermal characteristics of the work to be
heated, sand will differ also in accordance
with the temperature difference which is to
be maintained between the work and the

~water-jacket, and further will" vary ac-.
cording to the temperature gradient which -
is to be produced in the work itself when the:

electrode is not designed to heat the tip of the
work uniformly with the portion between

electrodes of opposite polarity. For ex-

ample, in producing a uniform temperature
in a given time throughout a bar A, it is ob-
vious that no matter what the relative dimen-
sions or resistivities of block 134 and stri

141, 142 and 146 may.: be, the portion of tﬁz
bar below the lower surface of block 134 car-
ries all the current flowing in the work cir-

cuit, while the upper part of the portion of -
the bar gripped between the electrode blocks"

does not carry the whole current, since there
is some current passing from block 134 into
the bar at-all points on the surface of the
block. Hence, it follows that the I*R heat
developed in the tip of the bar will be less per
unit volume than that develo
electrodes 47 and 48. In order to raise the
temperature of the tip uniformly with that
of the remainder of the bar heat must there-
by conduction

from the electrodes. If the IR heat de-

veloped within the electrode were propor-

tionately greater than the heat conducted by

the electrode from the bar to the water-

jacket, a condition of thermal equilibrium

would exist at the contact surface of block

134 and. the temperature of the bar would

not be influenced by its contact. with the elec- . 1 0w
' “mal equilibrium may be maintained at the

trode. - Since it is necessary in the instant
case to supply heat to the tip by conduction,
it follows tfx

electrode must be determinately but propor-
tionately greater than the heat

uction through the !
conditions under which the electrode .is to
be used. The best results have been obtained

by msking the contact block 134 of a resist-
ance -alloy having a resistivity consxderab?
greater than that of the wor to be heated,

'd between. the

at the I’R heat developed in the -

‘which would
acket by con-
“electrode, the exact
* amount being. governed by the particular-

11

but having a far lower tempér-ature coeffi-
cient of resistivity. All the other metal in

the electrode should be of very low electrical.

and thermal resistivity. By employing an
electrode made up of such metals it is pos-
sible to design the electrode so that when a
cold bar is put in the heater and current be-
gins to flow through the work circuit heat
will be supplied by conduction from the elec-
trode to the tip of the bar at a rate sufficient
to equalize the lesser I’R heat developed in

‘the tip of the bar; while as the work and

electrode are heated up by the continued flow
of current, the resistance of the work in-
creases faster than that of the electrode, un-
til at the point when the desired predeter-
mined temperature of the work has been
reached thermal equilibrium will exist at
the contact surface between block 134 and
the work, at which time the I°R loss in the

‘electrode is considerably greater than the

conductance loss between the bar and water-
jacket.

Tt is to be noted that with the mechanical

arrangements of the electric heater pre-
viously described, when the desired temper-
ature has been reached by the work the elec-
trical potential applied to the work cireuit

is decreased so as to.weaken the current flow-
ing through said circuit to a point where no

further increase in temperature occurs in the

‘work, but the current supplied just equalizes

the heat losses by conduction, convection and
radiation from the work. Such weaker cur-
rent would not develop enough heat in the
electrodes to .maintain the thermal equi-
librium existing at the contact surface be-
tween blocks 134 and the work, so that there

would be a tendency to lower the tempera-
‘gure of the tip of the work. In order to pre-

vent such a result the contact area between
the electrode and the work is decreased by
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opening thé jaws of the electrode whereby -

saw of electrode 47, as seen in Figs. 2 and 3,

‘and is out of contact with the right-hand jaw.

By properly choosing the relative dimensions
ofy the two jaws of the electrode, or by using
more than two jaws and removing the proper
number when the lowered potential is ap-
plied to the work cirenit, it follows that ther-
contact surface between blocks 134 which re-
main in contact with the work after the cur-
rent flowing through the work -circuit has
been decreased. S ’
* Electrodes of the type previously described

‘and shown in Figs. 15-22 may also be made

to produce any desired temperature gradient
within the portion of work engaged by the
electrode jaws, a result which is often desir-

able in heat treating portions of certain ar-
ticles where no sharp line of demarcation 1s

, desired' between the treated and untreated

"the tip remains in contact with the left-hand
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portions. Where a temperature gradient is
to be produced over a considerable distance,
an electrode of the type shown in Figs. 19, 20
or 21 may be used, the sheets being spaced
much farther apart than as shown in Fig. 20,
so as to include the entire portion of the work
throughout which the gradient is to exist.
In heating electro-conductive articles of
varying cross-section such as the bars 151
and 159 seen in Figs. 23, 24 and 25, a uniform
temperature would obviously not be pro-
cuced in the article if it were merely inserted
in the heater between electrodes 47 and 48 in
the manner indicated by bar A in Fig. 2.
Since if the only points of contact with the
source of current were said electrodes, the
current passing through any section of the
bar between electrodes 47 and 48 would be

‘uniform and therefore the current density

would be greater in the portion of the arti-
cle having a smaller cross-sectional area than
in the portion having .a larger area, the
smaller portion would therefore heat faster
and in a given time reach a higher tempera-
ture than the larger portion. Special means
must therefore be provided to produce uni-
form heating of an article having varying
cross-section. '

The particular means employed in produc-
ing uniform heat throughout articles of
varying cross-section will differ in accord-
ance with the particular conditions to be met
in any given article, but the underlying prin-
ciple is the same regardless of the configura-
tion of the article in question, namely that
current of approximately uniform density

" should flow through all parts of the article.
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In order to heat a bar having a reduced cen-
tral portion such as bar 151, shown in Figs.
23 and 24, it is merely necessary to provide
suitable means for carrying the excess cur-
rent around the reduced portion. In the
present case there are provided moderately
flexible leaf springs 152 having end pieces
153 of diﬁicultfy oxidizable conducting mate-
rial which abut against the_shoulders 154
formed by the decrease in diameter of the
reduced central portion 155. By properly
proportioning the resistance of the shunt
springs 152, it is obvious that the current
density in the reduced portion 155 may be
maintained substantially equal to that in the
enlarged portions 156. Any convenient
means may be emploved to hold the shunt
springs in position during the heating opera-
tion such for example as the clamp 157 hav-
ing jaws faced with blocks 158 of non-con-

.ducting refractory material, as seen in Fig.

24. The clamp is most desirably located mid-
way of the springs and tightened just suffi-
ciently to insure good electrical contact be-
tween spring tips 153 and shoulders 154.

In the case of an article such as the bar 159
having a central portion 160 of larger diam-

1,605,802

eter than the end portions as indicated in 65

Fig. 25, the current density is most economi-
cally kept uniform by providing auxiliary
elements of the electrodes 47 and 48 of oppo-
site polarity to contact with the opposite

edges 161 and 162 of the enlarged central 70

portion 160. The auxiliary electrode ele-
ments may comprise relatively movable jaws
163 and 164, the jaws 163 being conductively
united with electrode 47 by spring brackets
165 secured to water-jacket bases 67, while 75
jaws 164 are similarly connected to electrode
48 by brackets 166. From the foregoing de-
seription it"is obvious that by constructing
auxiliary jaws 163 and 164 and brackets 165

and 166 of materials of suitable resistivity, -80

and by properly dimensioning such auxiliary
conducting path, it will be possible to estab-
lish a number of parallel circuits between
electrode 47 and electrode 48 and thereby to
maintain approximately equal current den- 85
sity throughout the article 159 being heated.
For example, as shown in Fig. 25, one path
of heating current would extend from elec-
trode 47 through bar 159 to electrode 48,

while a parallel path would exist from elec- 90

trode 47, base 67, bracket 165, jaw 163, shoul-
der 162 of the enlarged portion 160, shoulder
161, jaw 164. bracket 166, base 67 and elec-
trode 48. Under certain operating condi-

tions the auxiliary electrode jaws 163 and 95

164 would most desirably be cooled by some
circulating fluid in which case it is obvious
that suitable means, such as water-jackets,
might easily be provided for this purpose.

While one electric heater embodying a 100

number of types of electrodes and one meth-
od of operating such heater have been de-
scribed with considerable detail, it is to be
understood that the invention contemplates

the provision of heaters of quite different 105

structure and of different operating mecha-
nism. For example, all the functions per-
formed by the circuit changer and its oper-
ating mechanism might be performed by

manually actuated switches, or the same or 110

a different cireuit changer might be operated
by entirely different mechanism. In par-
ticular it is to be noted that solenoid 9 with
its dash-pot 89 which is directly responsive

to current flow in the primary circuit of the 115

transformer may properly be considered as
means for operating the circuit changer when
a predetermined time has elapsed after the
work circuit S has been closed by the in-

clusion of an article A to be heated, and. po- 120

tential has been applied to such circuit by the
completion of the circuit through winding
P? of the transformer. This follows from
a consideration of the fact that a series of

identical bars A will all reach a predeter- 125

mined temperature and therefore cause a
predetermined increase in the resistance of
the work circuit and consequent decresss in
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currerit flow in the primary circuit and
through the solenoid in the same time inter-
val. Such being the case, it will be apparent
that for the particular means previously

~ described (solenoid and dash-pot) to con-

trol the operation of the circuit changer there
might be substituted time control means

* such as clock work or escapement deviqes to
" control the time during which the circuit

10

39
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through primary winding P2 is maintained
closed. e
What I claim is: -
1. An electrode for electric heaters com-
prising a block of conducting material of

5 higher resistivity than that of an article to be

&

heated and having a face shaped to contact
with such article, and a strip of material of

-lower resistivity than that of the block, said

strip overlying and contacting with one side

-of said block but cut away from the face

whereby it is out of contact with the article to
be heated. '

9. In an electric heater, an electrode ¢om-.

prising a clamp having a plurality of jaws

5 adapted to grip the sides of an electro-con-

ductive article to be heated, one of the jaws
being connectible to a source of electric cur-

rent and comprising conducting material ar-

ranged when so connected to cause a current
of high density to flow through one edge of

.the jaw into the article to be heated and cur-

rent of density diminishing in proportion te
the distance from said edge to flow through
the remainder of the surface gripping the
article to be heated.

3. In an electric heater, an electrode com--

prising the combination with a metal block
of relatively high resistivity and a strip of
reducing material such .as carbon arranged
to contact with an article to be_heated, of a

_strip of metal of relatively low resistivity in

contact with- the reducing strip and out of
contact with the article. ‘
4. In an electric heater, in combination, an

5 electrode comprising two relatively movable

jaws adapted to receive an article to be
heated, one of the jaws having a surface
shaped to fit the article to be heated, and a

_universal joint to carry said jaw whereb

0

clamping of the jaws will bring. the shap.

surface into intimate contact with the article

to be heated. o A ‘
5. In an electric heater, in combination, an

electrode comprising two relatively movable-
'jaws having face portions adapted to receive

an article to be heated, 8 mounting compris-

‘ing a universal joint for one of said jaws

_ whereby movement thereof towards the other

o,

srtion into intimate

jaw will bring its face
e to be heated, and

contact with the artic

_ means operable upon movement of said jaw

out of such contact for returing said jaw to
its normal position relative to its mounting.

6. In an electric heater, an electrode com-
prising two jaws adapted to grip an atticle

13
to be heated, a base for each jaw, a mounting
for each base, a joint to permit limited uni-
versal movement between each base and its
mounting, a longitudinally movable member
to carry one of said joints, and means limit-
ing the movement of the joint carrying mem-
ber whereby the locus of the center of move-
ment of the carried joint will be a straight
line intersecting the center of movement of
said other joint. '

7. In an electric heater, an electrode com-
prising a block of conducting material of one
resistivity to contact with an article to be
heated, and a block of material of lower re-
sistivity in contact with the first block and
separated from the artjcle.

8. In an electric heater, a composite elec-
trode comprising a plurality of elements com-

w0

75

80

posed of material of different electrical and -

thermal conductivity, and an additional ele-
ment providing a protecting face for the elec-
trode adapted to contact with an article to be
heated and said protecting face consisting of
a thin strip of difficultly oxidizable electro-
conductive material. '

9. In an electric heater, an electrode com-
prising a plurality of electro-conductive jaws
to grip an article to be heated, means for pass-
ing electric current through the jaws into the
article to heat the same and means operable
upon a predetermined.change in the flow of
current to change the number of jaws in con-
tact with the article. . o

10. In an electric heater, an open work cir-
cuit having terminals, an electrode compris-
ing a plurality of relatively movable jaws se-

cured to terminals of one polarity and adai)t- :
or

ed to grip an article to be heated, means

impressing an electromotive: force upon the
work cireuit, means responsive to a predeter-
mined increase in temperature for discontinu-

83
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105

ing the application of electromotive force,and

means responsive to the operation of said dis-

continuing means for removing certain of

iaid tg(:l;ws rom contact with the article being
ea : ‘

119

11..In anelectric heater, an electrode

adapted to contact ‘with the side of an article
to be heated near the tip of the article and
with & work circuit terminal, said electrode
comprising a path of varying electrical re-
sistance to conduct relatively dense current
through the
the tip of t
mainder of the electrode current of density
diminishing as the distance from such por-

gortion of the electrode adjacent
e article and through the re-_

115

120

‘tion increases, whereby the tip of the article

may be heated to any desired degree relative .

to the remainder of the article. ,
" 12. In electric heating, the combination

~with a conductor whose resistance is a func-

tion of its temperature, the conductor being

“included in an electric circuit associated with
“means for maintaining a potential in the cir-

cuit to cause current to flow through the con-

126
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ductor thereby heating it and changing the
resistance; of devices responsive to the
change of current brought about by a pre-
determined rise in temperature for chang-
ing the potential in the said circuit.

13. In an electric heating apparatus, a-

work circuit including an article to be heated,
means for applying an electric potential to
the circuit whereby a current flows there-
through to heat the article and change the re-
sistance of the work circuit, and means re-
sponsive to a predetermined change of said
resistance for changing the potential applied
to the. circuit.

14, In an electric heating apparatus, a
work circuit including an article to be heat-
ed, means for applying an electric- potential
to the circuit whereby a current flows there-
through to heat the article and change the re-
sistance of the work circuit, and means re-
sponsive to a predetermined change of said
resistance for discontinuing the application
of said potential.

15. In an electric heater, a work circuit in-
cluding an article to be heated, means for ap-
plying an electric potential to the circuit
whereby a current flows therethrough to heat
the article and change the resistance of the
work circuit, and meaus responsive to a pre-
determined change of said resistance for dis-
continuing the apglication of said potential
and applying a different potential to the cir-
cuit.

16. In an electric heater, a work circuit

> adapted to include an electro-conductive

article to be heated, means for applying an

erate a current to heat the article, means op-
erable upon the elapse of a predetermined
time interval from the application of such
electromotive force to discontinue the appli-
cation of such electromotive force and apply
an electromotive force of different value.
17. In an electric heater, in combination, a
work circuit arranged to include an article
to be heated, means for applying an electric
potential to the circuit whereby a current
flows therethrough to heat the article and
thereby change the resistance of the work cir-
cuit, a circuit changer operable to change the
potential applied to the work circuit, means
for operating the circuit-changer, and means
responsive to a predetermined change in the

‘flow of current in the work circuit for actu-

ating said operating means. :

18. In an electric heater, in combination, a
work circuit arranged to include an article to
be heated, means for applying an electric po-
tential to the circuit whereby a current flows
therethrough to heat the article and thereby
change the resistance of the work circuit, a
circuit changer operable to change the po-
tential applied to the work circuit, means for
operating the circuit-changer, means re-

_sponsive to a predetermined change in the
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flow of current in the work circuit for actuat-
ing said operating means, and means for de-
laying for a predetermined time interval the
actuating of said operating means.

19. In an electric heater, an alternating
current transformer. having two primary
windings independently connectible to a
source of alternating current and having a
secondary winding comprising an open work
circuit adapted to be closed by an article to
be heated, a circuit-changer operable to con-
nect either of the primary windings to. the
source of current, a magnet to operate the cir-
cuit changer, a solenoid switch responsive to
current flow in one primary circuit to operate
the magnet, and a dash-pot to retard the op-
eration of the solenoid to introduce a time
interval between the occurrence of the sole-

-noid operating current condition in the pri-

mary circuit and the operation of the circuit
changer. _

20. In an electric heater, an alternating
current transformer comprising a core, one
primary winding comprising a relatiyvely
large number of turns about the core, another
primary winding comprising a relatively
small number of turns about the core, said
primary windings being independently con-
nectible to a source of power, a ‘secondary
winding, and means for breaking up one of
said primary windings into a plurality of
electrically separate elements.

21. In an electric heater, the combination
with a transformer comprisng two electri-

cally separate primary windings and a sec-.

ondary winding inductively coupled with the
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primary windings by a core, of a circuit -

changer operable when in one position to con-
nect one primary winding to a source of
power and to disconnect the other primary
winding from said source, said circuit
changer being operable when in another posi-
tion to connect said other primary winding
to the source of power and to break up the
first primary winding into a plurality of elec-
trically separate elements having terminals,
whereby the difference of potential between
the terminals of each element is made less
than the difference of potential between those
of the winding as a whole would be were it
not broken up. '

22. In an electric heater, an electrode hav-
ing a surface adapted to contact with an arti-

_cle to be heated and said surface being pro-

vided by a plurality of elements constructed
and arranged by selection to control the dis-

184
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tribution of current admitted to said article. -

23. In an electric heater, an electrode
adapted to inter-connect an article to be heat-
ed with a source of electric current and the
electrode comprising a plurality of graded
elements providing paths of different elec-
trical resistance between the source of cur-
rent and the article.

24. In an electric heater, a work circuit, an

13
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electrode adapted to conduct electric current other electrode in contact with the other limit
between one terminal of the work circuit and of the part of the article to be heated, then

-an electro-conductive article to be heated, said connecting the two electrodes to opposite

electrode comprising a plurality of graded poles of a source of electric current supply

"elements providing a graduated electrical re- whereby current flowing through the article

sistance, and means for cooling said elec-- will heat the same to the desired temperature,

_ trode so as to establish and ‘maintain a ther- subsequently by automatic means lowering

10

156
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30

mal equilibrium between said article and said the potential of the current applied to a de-
electrode. . gree sufficient to maintain the temperature

95, In an electric heater, a work circuit, an of the article constantly at a predetermined
electrode adapted to conduct electric current degree, and finally moving one or more of
between one terminal of the work circuit and said multiple contacting elements out of con-
an electro-conductive article to be heated, said tact with the article so as to lessen the heat
electrode comprising a plurality of graded loss by conduction therethrough. .
elements providing a graduated electrical re-  31. The method of heat treating a work

‘sistance, said electrodes being constructed piece employing a work circuit, means for

and arranged to provide gripping jaws for conducting an electromotive force derived
the article to be heated and one of said jaws from the work circuit to establish a current
being retractible under pressure resulting .to heat the work-piece and means operating
from expansion of said article. . automatically upon the elapse of a predeter-
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26. In an electric heater, an electrode car- mined time interval from the application of .

Tying electric current to an article to be heat-. such electromotive force to discontinue such

ed; said electrode comprising a base electri- electromotive force and disconnect the said

" cally connected to a source of electric current first mentioned means so as to reduce the heat

supply, a surface contacting with the article loss from the work-piece by heat conduction
to be heated and a plurality of graded ele- therethrough. |

ments providing graduated resistance for  32. The method of heat treating a work-
electrically connecting said base with said piece employing a work-circuit, means for

contact surface. - . - ‘conducting an electromotive force derived .

27. In an electric heater, a work circuit from the work circuit to establish a current
having open terminals consisting of a pair of to heat the work-piece, and means operating

_ electrodes arranged to be bridged by an arti- automatically upon the elapse of a predeter-
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tiple contacting -elements and placing an- mined time es

cle to be heated, a source of electric energy mined time interval from the application of
connectible to the work circuit, and one of the electromotive force to discontinue said
said electrodes comprising a plurality of work circuit and sequently disconnecting the
graded contact elements providing a plurality first mentioned means to effect release of the
of paths of different resistance to conduct work-piece. ‘
electricity from one of the terminals to the  33. In a system of heat treating metal elec-
article.to be heated. ' _+ trically, a source of electric current supply of
28. In an electric heater, an electrode con- different potentials, means comprising a cir-
nected in a work circuit and contacting with' cuit changer for automatically effecting the
an article to be heated, and said electrode change of the current at a predetermined
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comprising a plurality of graded contact ele- time, and said source of electric current sup-. .

ments of different resistance to vary the cur- ply including an alternating current trans-
rent density at different points of contact be- former having two primary windings of

tween the electrode and the article and there- relatively different ratios independently con-

by control the rate, gradient or degree of tem- nectible to the main source of electric cur-
perature increase of that portion of the article rent supply, a secondary winding constitut-

_1mmediately adjacent the electrode. ing a heating circuit and said windings being
50 -

29. In a system as described means for heat inductively coupled by the core of the trans-
treating a work-piece whereby said work- former. _ _
piece is first subjected to the action of electric - 34, In a system of heat treating metal elec-
current of one potential during a predeter- trically, a source of electro current supply

the work piece and associated means operated a circuit changer for automatically effect-
by said current for disconnecting said current ing the change of the current at a pre-
and substituting another current of a differ- determined time and independently operat-
ent potential. DU S ~ ing means for determinately retarding. the
_30. The method of heatm_g a selective part operation of said cirgnit changer.

“of an electro-conductive article to a required  85.In a system as described for heat treat-
temperature and maintaining that tempera- ing a work-piece of electro-conductive mate-
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‘mined time established by the resistance of of different potentials, means comprising -
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ture constantly which consists in holding the rial, a source of electric current supply, means. -
- article at one limit of the part to be heated comprising a circuit changer for automati-

between the jaws of an electrode having mul- cally controllin%)said current at a predeter-
tablished- by the resistance of




the work-piece and independently operating
means initially controlled by the resistance

- of the work piece for determinately retard-

10

ing the operation of said circuit changer.

36. In a system as described, a source of
electric current supply, means comprising
a circuit changer for automatically control-
ling ¢aid current at a time determinable ac-
cording to the resistivity of the work-piece.

87. In a system as described, a source of
electric current supply, means comprising a

circuit changer for automatically controlling

15
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said current, and means for effecting opera-
tion of said circuit changer at a time deter-
minable according to the resistivity of the
work-piece.

- °38. In a system of heat treating metal elec-
trically, means for treating a work-piece
having an irregular or varying cross section
in the path of the current and said means
comprising a plurality of electrodes of dif-
ferent resistance electrically connected to-
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gether dnd said " work-piece at different
points.

-89. In a system of heat treating metal elec-
trically, means for treating a work-piece
having an irregular or varying cross section
and- said means comprising a plurality of
electrodes electrically connected together by
a conductor or conductors of determined re-
sistance.

40. In an electric heater, & primary circuit
an electrode constituting a gripping jaw for
holding the article to be heated; means for
creating a secondary circuit from said pri-
mary circuit to pass electric current through
said jaw for heating said article; electrical
means operating at a predetermined time to
change the flow of current in said secondary
circuit and mechanical means interlocking
with said electrical means operating in de-
termined sequence to break said primary cir-
cuit and open said jaw.-

FRANK W. THOMPSON.
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