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3 Claims. (C. 219-10), 
This application is a division of my prior ap 

plication, Serial No. 76,796, filed April 28, 1936 
(now Patent No. 2,101,156, granted Dec. 7, 1937). 
The invention described and claimed herein re 

s lates to the art of sealing hollow metallic re 
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ceptacles, and more particularly to a process for 
use in this art. 
Although not limited thereto, the invention has 

been found to have special utility in the manu 
facture of electric switches of the liquid contact 
variety such as are described, for example, in my 
copending application, Serial No. 759,527, filed 
December 28, 1934 (now Patent No. 2,101,092, 
granted Dec. 7, 1937). The switches therein dis 
closed typically comprise a closed vessel consist 
ing of a pair of dished wall members of thin metal 
Separated and insulated from one another by 
an apertured disk of non-conducting material, a 
body of mercury being arranged within the vessel 
to make and break an electrical circuit between 
the wall members. It is generally found desirable 
to provide an operating atmosphere of a reducing 
gas, such as hydrogen, which may be introduced 
into the vessel through a small aperture which 
is thereafter sealed off. N 
In order to assure long life and reliable opera 

tion of such switches, it is essential that the en 
closing receptacle be sealed in such a way as to 
remain entirely gas-tight under all conditions of 
use. Seals of readily fusible materials, such as 
solder, have been found to be unsatisfactory for 
this purpose because of the impossibility of caus 
ing them to unite integrally with the metal of 
the switch. Furthermore, the low melting point 
metals now available are attacked by mercury 
in such a way as to render them unsuitable for 
this use. 
On the other hand, due to the thinness of the 

wall material required by considerations of econ 
omy to be used in Switch manufacture, it has 
heretofore proved impracticable to produce a sat 
isfactory seal by Welding with high melting point 
materials. At low welding currents the mechani 
cal pressure required to secure proper joining of 
the parts is so great as to cause bending of the 
switch receptacle, while at higher currents there 
is a strong tendency to burn the metal and to 
produce a leaky seal. 

It is an object of the present invention to pro 
wide, a method of sealing an aperture in a thin 
metal receptacle by welding a body of difficultly 
fusible metal into the aperture in such a way as 
to avoid burning. of the metal or bending of the 
receptacle wall. To this end one mode of appli 
cation of the invention comprises the steps of po 

'sitioning a slug of difficultly fusible metal in a 
receptacle aperture to be sealed so that a rela 
tively extensive contact area exists between the 
receptacle and the slug, and fusing the slug by 
welding current entering through a very small 
area thereof remote from the receptacle. 
The novel features which believe to be char 

acteristic of my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and the 
method of operation, together with further ob 
jects and advantages thereof, will best be under 

taken in connection with the accompany drawing, 
in which Fig. 1 is a view in partial section of a 
liquid contact switch container of a type to which 
the invention is particularly applicable; Figs. 2, 
3, 4 and 5 illustrate successive steps in the prac 
tice of the invention, and Fig. 6 is a fragmentary 
sectional view showing an alternative mode of ap 
plication of my invention. 
The nature of my invention may best be under 

stood by considering its application to a particul 
lar use such as sealing a liquid contact switch 
receptacle of the type illustrated in Fig. 1. The 
receptacle there shown comprises a pair of dished 
thin metal wall members to and f positioned on 
opposite sides of an insulating barrier 3 which 
has a contact-permitting opening 4 therein. 
The wall members may suitably consist of a 
chrome-iron alloy while the insulating barrier 
may be constituted of a refractory ceramic, for 
example, a mixture of magnesium oxide and 
clay. These parts are hermetically joined by a 
fillet or ring of plastic material such as glass 
which is in continuous contact with the ad 
joining edges of the various elements. 
In the manufacture of such switches it is con 

venient first to complete the switch assembly ex 
scept for the provision in one of the wall mem 
bers of a small aperture 6. This is used in the 
final stages of manufacture to introduce into the 

(designated by the dotted line 7), which is 
needed for contact making operations and to per 
mit the establishment of a desired gas pressure 
inside the switch during the sealing process. In 
accordance with the present invention the aper 
ture f6 is located at the bottom of a depression 
formed by an inwardly bent portion 8 of the 
receptacle wall. As will be pointed out more fully 
in the following this configuration is extremely 
useful in positioning the closure elements em 
ployed in the sealing operation. . 
In order finally to seal the switch receptacle 
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2 
and to render it entirely gas-tight, a procedure 
whose first step is indicated in Fig. 2 is employed. 
AS shown in Fig. 2 a closure element 9 of spher 
cal contour is positioned in the depression formed 
in the wall member 0, so that it coincides with 
the aperture 6. For the purposes of the present 
invention it is preferred to form the closure ele 
ment of a difficulty fusible metal having a melt 
ing point on the Order of that of the switch mate 
rial and capable of being integrally welded to the 
Same. Metals which are particularly suitable for 
this use include steel, chrome-iron alloys and 
nickel, all of which are substantially resistant to 
mercury corrosion. Where steel balls of the type 
commercially available for ball bearings are to be 
enployed, it is advantageous to soften them some 
What by decarbonizing them in hydrogen or in 
a similar reducing atmosphere. 
With the switch parts in the position indicated 

the spherical closure element is necessarily caused 
to come to rest at the proper place as a result 
of the inwardly directed slope of the depressed 
wall portion 8. Consequently, automatic feed 
ing of these elements is entirely practical. It 
will be understood, of course, that each element 
should be of slightly larger diameter than the 
aperture 6 in order to prevent its falling to the 
Switch container. 

In order to weld the closure element into place 
a welding assembly of the type illustrated may 
be employed. This assembly may, for example, 
form a part of the sealing machine described in 
my aforementioned prior application, Serial 
No. 76,796. As shown, a stationary hollow elec 
trode 2 f is placed in contact with the outer sur 
face of the wall member 10, being shaped if de 
sired to correspond with the slope of the de 
pressed wall portion 8. In order to render the 
joint between the electrode and the wall member 
Substantially gas-tight a gasket 22 is provided 
which seats firmly against the surface of the Wall 
member. As a result of this gas-tight connec 
tion a desired condition of gas pressure or vacu 
um may be established within the receptacle be 
fore it is sealed, such pressure being communi 
cated through the hollow electrode 2. In the 
manufacture of switches of the type under con 
sideration the sealing operation will preferably 
take place when the switch receptacle and the 
interior of the electrode are subjected to hydro 
gen at a pressure of the order of from 1 to 2 
atmospheres. In order to permit closure ele 
ments to be fed into place after the desired gas 
pressure is created, a hollow tube 24 is provided 
which passes laterally through the electrode 2 
and the gasket 22. 
Cooperating with the stationary electrode 2 

there is provided a movable electrode 25 arranged 
concentrically within the former. Referring to 
Fig. 3 it will be seen that the lower surface of 
this electrode is flattened and is adapted to con 
tact the closure element 9. It is also contem 
plated that during the welding operation the con 
tact pressure between these two elements shall 
be very slight, being provided, for example, by 
the weight of the movable electrode only or by 
the weight of the electrode assisted by a weak 
compression spring. Under these conditions the 
initial area of contact between the electrode and 
the closure member will be extremely small, 
closely approximating a point contact. On the 
other hand, since the diameter of the sphere 
is but slightly greater than that of the aperture. 

a relatively extensive contact area for the 
passage of Welding current exists between the and the body suficient to initiate fusion of the S. 

welding operation is complete. 

2,141,983 
sphere and the receptacle wall. For this reason, 
when an impulse of high amperage welding cur 
rent is passed serially through the electrode 25, 
the closure element 9, and the receptacle wall . 
portion (whence it returns to the cooperating 
Welding electrode 2), intense heating of the 
closure member is produced at its upper portion 
with a minimum of heating at the portion in 
contact with the receptacle wall. As a result 
local fusion occurs at the top of the sphere caus 
ing the same to develop a mushroom portion 27 
which flows outwardly over the cooler lower por 
tion. This latter remains in a relatively unfused 
Condition but is sufficiently hot to be forced down 
into the aperture 6, becoming integrally united 
with the walls of the same during the last in 
stant that the Welding current is permitted to 
flow. So little welding pressure is required by 
this process that bending of the thin metal of 
the receptacle wall is effectively avoided. 
In Fig. 5 I have illustrated the electrode and 

switch assembly as it appears at the instant the 
At this time the 

aperture 6 is hermetically closed by the fused 
member 9 which now comprises a portion pro 
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jecting into the aperture and an upper enlarge 
ment which overlaps the edges of the aperture 
and is integrally united with the Outer surface of 
the receptacle. 
The foregoing mode of procedure has been 

found to result in a surprisingly small number 
of imperfect seals due to the fact that the metal 
of the closure element has a high melting point 
and by the welding process is integrally united 
with the metal surrounding the aperture. The 
closure is inherently gas-tight and, since the seal 
ing material preferably comprises a metal which 
is not attacked by mercury, gradual corrosion of 
the seal no longer constitutes a limitation on the 
life of the switch. 
while I have described my invention as being 

preferably applied in connection with a spherical 
closure member, it is not necessarily limited 
thereto. In Fig. 6 I have illustrated an alter 
native application in which the closure element 
29 is of essentially rhombic cross-section having 
one apex sealed in the seal-off aperture and 
the other in a relatively small opening 3 pro 
vided for that purpose in the lower face of a weld 
ing electrode 32. It will be understood that due 
to the slight contact existing between the elec 
trode 32 and the slug 2 the initial fusion will be 
substantially localized at the upper part of the 
slug thus causing the desired mushrooming effect 
described in connection with Fig. 4. 

In the appended claims I aim to cover this 
and all other modifications which fall within the 
true spirit and scope of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. The process of sealing an aperture in an 

exposed surface of a thin metal body under cir 
cumstances which prevent applying a reinforc-, 
ing support to the opposite surface of the body, 
which process comprises positioning in said aper 
ture a generally spherical member constituted 
of a metal adapted to be welded integrally to 
the body, the member being of such dimensions 
as to be incapable of passing through the aper 
ture and being in direct contact with the body, 
bringing a welding electrode into substantially 
point contact with the member at a region thereof 
remote from the body, passing an electric cur 
rent serially through the electrode, the member 
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member at its point of contact with the elec 
trode, and continuing such current without the 
application of appreciable electrode pressure to 
cause progressive flow of metal from the region 
of electrode contact into welding relation with 
the exposed surface of the body around the aper 
ture and to produce partial penetration of the 
member into the aperture, thereby completely to 
close the same. 

2. The process of hermetically sealing an aper 
ture in a receptacle constituted of such thin metal 
as to be readily deformable, which process con 
prises positioning in the aperture and in direct 
contact with the metal of the receptacle a gen 
erally spherical member consisting of a metal 
which is adapted to weld integrally, to the metal 
of the receptacle, the member being of such di 
mensions as to be incapable of passing through 
the aperture, bringing a welding electrode into 
light pressure contact with the member at a 
region thereof remote from the receptacle, pass 
ing an electric current serially through the elec 
trode, the member and the receptacle to initiate 
fusion of the member at the region of its con 
tact with the electrode, and continuing such cur 
rent without the application of substantial elec 

3 
trode pressure to cause progressive flow of metal 
from said region into welding relation with the 
outer surface of the receptacle around the aper 
ture thereby to effect complete closure of the 
aperture. 

3. The process of sealing an aperture in a thin 
5 

metal receptacle which comprises providing a de- . 
pression in one face of said receptacle, forming 
a circular aperture at the bottom of the depres 
sion, positioning in said aperture a spherical 
metal member of such dimensions as to seat 
readily therein in contact with the metal of the 
receptacle, bringing an electrode surface into 
light pressure point contact with the member at 
a spot remote from the aperture, passing an elec 
tric current serially through the electrode, the 
member and the wall of the receptacle sufficient 
to initiate fusion of the member at its point of 
contact with the electrode and continuing such 
current without the application of appreciable 
electrode pressure to cause progressive flow of 
metal from the region of electrode contact into 
welding relation with the outer surface of the re 
ceptacle around the aperture and to produce par 
tial penetration of the member into the aperture. 

JOHN H. PAYNE. 
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