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The present invention pertains to a novel 
method of heat tempering and hardening metals 
by means of an electrical treatment. The prin 
cipal object of the invention is to provide a 
novel, rapid, effective and economical method for this purpose. 

I have discovered that peculiar phenomena oc 
cur in the metal under treatment when the cur 
rent in the circuit is controlled by two sets of 
condensers, one set limiting the amount of cur 
rent flowing to the work under treatment and 
the other set simultaneously discharging into the 
work. In other words, one set of condensers be 
comes charged and the other set discharges dur 
ing the treatment. The result is a striking 

0. 

change in the hardness of the metal, and the re 
Sult may be controlled both as to hardness and 
brittleness by regulation of the capacities of the 
condenser sets and of the quenching operation, as 
described herein. 
The Work is mounted as a terminal in the cir 

cuit and is engageable by another terminal 
whereby a circuit through the work is completed. 
This circuit contains a primary source of cur 
rent for charging the Sets of Condensers. The 
Set previously described as discharging into the 
work becomes charged when the circuit is opened 
at the terminals, at which time the other set 
discharges at a remote point. 
The theoretical basis of the electrical action 

on the metal has not as yet been determined, but 
it is evident that the work receives the current 
simultaneously from two sources, namely, the 
primary current source and the condenser set 
that discharges into the work. It has been found 
that these two currents are out of phase with 
each other and combine to prolong the applica 
tion of the current to the work at the peak 
voltage, resulting in very rapid and effective 
treatment of the metal. 
As already indicated, the amount of current 

taken by the work directly from the primary 
Source is limited by the condenser set that be 
comes charged during the operation. The ap 
paratus includes, in the circuit, a main Switch 
with contacts adapted, in one position, to dis 
charge the last named set externally of the Work, 
and in another position, to permit the primary 
current source to charge Said Set through the 
work. The remaining condenser Set is SO 
mounted as to be normally charged by the pri 
mary current source and to discharge into the 
work while the main switch contacts are in the 
last described position. 
The apparatus also includes means whereby the 
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last mentioned position of the main Switch con 
tacts causes the work to approach the adjacent 
terminal, or vice versa, through the action of an 
electrically controlled air cylinder or equivalent 
apparatus. Further included in the apparatus is 
an automatically movable quenching tank 
adapted to approach and immerse the Work at 
the desired interval after. current has started 
to flow into the work. The actuating apparatus 
for the immersing tank is preferably electrical 
and controlled by the closing of the circuit 
through the work. The duration of the time de 
lay before immersion is regulated by adjusting 
the distance that the tank must travel to the 
work, or by some equivalent means. 
The invention is fully disclosed by Way of ex 

ample in the following description and in the 
accompanying drawing, in which 

Figure 1 is a sectional view of the mechanical 
parts of the apparatus, showing the wiring dia 
grammatically, and 

Figure 2 is a section on the line 2-2 of 
Figure 1. 

Reference to these views will now be made by 
use of like characters that are employed to desig 
nate corresponding parts throughout. 
The main switch is contained in an enclosure 

in which is suitably mounted an insulating body 
2 for carrying the several contacts of the Switch, 
as will presently be described. The lower end 
of the body is preferably tapered at 3 to carry an 
electrode or terminal 4 adjustably held by a set 
screw 5. Opposite the member 4 is a suitable 
work holder 6 in the form of a vise in which the 
work piece T is secured by turning a tightening 
Screw 8 in the usual manner. 
The insulating body 2 includes a wall or parti 

tion 9 on which the contacts are mounted. One 
of these contacts designated by the numeral to 
is connected through the wall 9 to a main con 
ductor leading to the work holder 6. The jaws 
of the holder are preferably insulated on the 
outside or may consist of insulating material 
with conductors 6' on the inner Surface for en 
gaging the work and to which the conductor if 
is connected, as illustrated in Figure 2. This 
conductor contains the primary current Source 2 
which is more commonly in the nature of an elec 
tric generator. Across the source 2 is connected 
a set of condensers A, and in series therewith is 
a variable resistance 3 for regulating the quan 
tity of current taken by the group A. One side 
of each condenser is connected into the line, and 
the remaining sides are connected respectively 
to terminals of a multiple switch f4. The arm 



2 2,236,816 
4 of the switch is so mounted as to engage one 

or more of the terminals and thus bring a corre 
sponding number of condensers into the circuit. 
Adjacent to the wall 9 is pivotally mounted a 

Switch Operating handle 5 having a cross piece 
f5' lying parallel to the Wall. One end of the 
piece 5' carries a contact f6 adapted to engage 
the contact 0 on pulling the trigger. These 
contacts, however, are normally separated by the 
action of a spring fT bearing on the handle 5. 
A conductor 8 is mounted on the back of the 
piece 5' and is in permanent engagement with 
a spring contact 9 carried by the wall 9, through 
a wear piece 8. The latter is connected through 
the wall to the movable member 20' of a multiple 
switch 20 similar to the Switch 4. The terminals 
of the switch 20 are connected to the condensers 
of a group B, the remaining sides of the con 

2 densers being joined by a conductor 2 to the 
terminal 4 through the binding post 48 and con 
ductor 48". In the conductor 2 is mounted a 
variable resistance 2 for regulating the amount 
of current taken by the group B. By means of 
the switch 20, one or more of the condensers of 
group B may be thrown into the circuit. 

In connection with the groups A and B, only 
one condenser may be provided rather than a set, 
and the regulation obtained by other means. 
Another fixed contact 22 is mounted in the wall 

9 and is joined by a conductor 23 and resistance 
23’ to the conductor 2 at a point between the 
variable resistance 2' and the set B. The con 
tact 22 is normally engaged by another contact 
24 mounted on the piece if 5 and permanently 
engaged by the strip 8. 

It is desirable to automatically bring the work 
in engagement with terminal 4 on pulling the 

switch handle 5 to close the main circuit. AC 
cordingly, there is provided an air cylinder 30 
with a piston 3 slidable therein. The rod 32 of 
the piston is rigidly connected to the clamp 6 to 
move it with the piston. An air line 33 extends 
to the cylinder and is equipped with a valve 34. 
The valve in turn is rigidly connected to the 
moving plunger 35 of a solenoid 36, and the parts 
are so mounted that the valve is opened when the 
Solenoid is energized. The ends of the solenoid 
are joined respectively to the contacts 0 and 6 
by conductors 37. In one of these conductors is 
an independent current Source 38 for energizing 
the solenoid 36. 
The quenching mechanism comprises a solenoid 

40 having a core or plunger 4 carrying a quench 
ing tank 42 directly below the holder 6 and of 
sufficient size to contain it. A portion of the 
plunger 4 consists of insulating material 4 so 
that the plunger will be raised when the solenoid 
is energized. The drop of the tank is cushioned 
by a spring 43 resting on a support 44 and en 
gageable by a disc 45 carried by the plunger. 
One terminal of the solenoid 40 is connected by a 
conductor 46 to the conductor f at a point be 
tween the source 2 and the Work holder 6. The 
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which may be done by an adjustment of the elec 
trode 4 and work at screws 8 and 5. This time 
interval is important in the results obtained and 
may be reduced practically to zero by bringing 
the tank 42 in its rest position very close to the 
work holder or may be prolonged by increasing 
the distance between the work holder and the 
tank in the rest position of the latter. 

In the heat treating operation, the work is 
placed in the holder 6 where it comes into elec 
trical contact with conductor and source 2 as 
previously described. The switch handle 5 is 
then pushed upward to close a circuit through the 
solenoid 36 and its independent source 38. At 
this time, the contacts to and 6 are also brought 
together, completing a circuit from the work 7, 
through the source 2, conductor , contacts to 
and 6, strip f8, contact 9, switch 20, 20', con 
denser group B, variable resistance 2', conductor 
2 to the terminal 4. The source 2 delivers cur 
rent to the terminals 4 and 6 but only to the ex 
tent permitted by the capacity of condenser group 
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B which becomes charged and then obstructs 
further flow of current through the circuit. In 
this manner the set B limits the amount of cur 
rent delivered from the source 2 to the work. 
At the same time, the group A which is normally 
charged by the source 2, also discharges into the 
workinasmuch as it is permanently connected in 
parallel with the closed circuit outlined above. 
When the switch handle 5 is released, the 

spring 7 separates the contacts 0 and 6 to 
break the main circuit and also brings the con 
tacts 22 and 24 together. The previously charged 
group B is thereupon discharged through a closed 
circuit comprising the Switch 20, conductor 23, 
contacts 22 and 24, conducting strip 8 and con 
ductor f 9. The discharging of group B prepares 
it for its function in limiting or measuring the 
flow of current from the source f2 into the work 
by becoming charged when the main circuit is 
again closed by pushing the switch handle 5. 

45 

50 

0 

other terminal is connected by a conductor 47 to 
the conductor 2 by means of a binding post 48. 
An independent current source 49 is provided in 
one of the solenoid conductors, so that the supply 
of current to the solenoid 40 depends on the con 
tacting of member 4 and work piece 7. 
By this means of operation, the quenching tank 

is raised only after the work begins to re 
ceive current. The interval between the com 
mencement of current flow and the actual quenching may be regulated by adjusting the 
distance between the work 7 and the tank 42, 
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On separation of the contacts ?o and 6, the 
valve 34 in line 33 closes, and a spring 38 in cylin 
der 30 causes the piston 3 f to withdraw the work 
7. Separation of the terminals 4 and 7 obviously 
permit condenser group A to charge from source 
2. 
It has already been pointed out that the cur 

rent flowing from source 2 into the work is 
limited by condenser group B. According to the 
present invention, this current is Supplemented 
by the discharge of condenser group A into the 
work. The peculiar hardening of the metal under 
this treatment may be explained on the theory 
that transients or peak voltages of the concurring 
Currents from source 2 and group A are combined 
in a peculiar manner. This phenomenon might 
be further explained by the following consider 
ations. Both condensers are connected to and 
receive their charges from the one battery; but 
at any given time, one condenser set is in a 
charged state and the other in a discharged state. 
When the circuit is closed at the terminals 4 and 
6, the charging of group B (by the source (2) and 
the discharge of group A occur simultaneously, 
thereby producing two currents entering the 
work, one from the source (charging group B) 
and the other from discharging group A. 
A graph of the current which passes into and 

from either condenser shows a high initial volt 
age of very short duration. Inasmuch as the 
effect of the charging current and the discharg 
ing current of the condenser groups, respective 
ly, is more than merely cumulative, it appears 
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that the charging current and the discharging 
current flow to the Work out of phase With each 
other, thereby increasing the duration of maxi 
mum voltage and resulting in a high tempera 
ture in a comparatively short period of time. 

In the event that the terminal 4 welds to the 
Work 7, the terminal may readily be released at 
the set Screw 5 and hammered or ground of the 
work, While another terminal is inserted in the 
tip 3. 
As already indicated, the closing of the circuit 

at the terminals 4 and 6 starts the quenching 
tank 42 in motion. In this connection, it is to 
be noted that the quenching operation although 
automatic, is deferred until the current begins 
to flow into the Work, while the actual time in 
terval preceding the quenching is regulated in 
the manner described above. The nature of the 
heat treatment is controlled by the last named 
regulation and the adjustment of the Switches 
4 and 20. . 
Although a specific embodiment of the inven 

tion has been illustrated and described, it will be 
understood that various alterations in the de 
tails may be made without departing from the 
scope of the invention, as indicated by the ap 
pended claims. 
What I claim is: 
1. In a method of treating a metal body for 

tempering or hardening the same, the steps con 
sisting of heating the metal by applying oppo 
site terminals from a given current Source re 
spectively to 'spaced areas of the metal, simulta 
neously discharging into the metal in the same 
circuit with said source a condenser previously 
charged by said 'Source, and limiting the quan 
tity of current taken from the source by charg 
ing another condenser disposed in the same cir 
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cuit with and between the source and the metal. 

2. In a method of treating a metal body for 
tempering or hardening the same, the steps con 
sisting of heating the metal by applying opposite 
terminals from a given current source respec 
tively to spaced areas of the metal, simultaneous 
ly discharging into the metal in the same cir 
cuit. With said source a condenser previously 
charged by said source, and at the same time 
charging another condenser in the same circuit 
in series with the source and the metal, whereby 
the last named condenser limits the quantity of 
current delivered from the Source to the metal. 

3. In a method of treating a metal body for 
tempering or hardening the same, the steps con 
sisting of heating the metal by applying opposite 
terminals from a given current Source respec 
tively to spaced areas of the metal, simultane 
ously discharging a condenser into the metal Out 
of phase with the Source current and in the same 
circuit with said source, and limiting the quanti 
ty of current taken from the source by charging 
another condenser disposed in the same circuit 
with and between the source and the metal. 

4. In a method of treating a metal body for 
tempering or hardening the same, the steps con 
sisting of heating the metal by applying oppo 
site terminals from a given current source re 
spectively to spaced areas of the metal, simulta 
neously discharging a condenser into the metal 
out of phase with the source current and in the 
same circuit with said source, and at the same 
time charging another condenser in the same cir 
cuit in series with the source and the metal, 
whereby the last named condenser limits the 
quantity of current delivered from the source to 
the metal. 

GLENN. W. WATSON. 

  


