
June 2, 1942. U. C. HEDIN 2,284,899 
METHOD OF MAKING MERCURY SWITCHES 

Filed March 21, 1940 

2 1 1 

3. -177 222 M 

INVENTOR. zzo G.222. * 7a; 42.2 
ATTORNEY. 

  

    

  

  

  



UNITED STATE 

Patented June 2, 1942 

2,284,899 
METHOD OF MIAKING MERCURY SWITCHES 
Uno C. Hedin, Elkhart, Ind., assignor to Bucklen 

2,284,899 

s PATENT OFFICE 
Bear Laboratories, Inc., Elkhart, Ind., a cor 
poration of Indiana 

Application March 21, 1940, serial No. 325,154 
10 Claims. (CI. 29-155.5) 

This invention relates to a method of making 
mercury Switches, and more particularly is con 
cerned with the method of assembling and treat 
ing the parts of a metal envelope Switch, such as 
thie type shown in the patent to Paul S. Bear, 
No. 2,132,921, issued October 11, 1938. 

In the manufacture of switches of this type in 
which hydrogen is employed as the atmosphere 
Within the Switch envelope in which the mercury 
operates, I have found that the iron shell or 
envelope forming the SWitch body contains in 
purities and occluded gases. These gases, as well 
as Water vapor which may be present in con 
nection with the oxides in the iron, render the 
mercury impure after the switch has been oper 
ated for any appreciable period of time, resulting 
in the changing of its operating angle, and in 
Some cases being such as to render the switch in 
accurate in operation, or even entirely inopera 
tive. 
The present invention is directed particularly 

to a switch of the type in which a drawn metal 
shell of cup shape is provided with an open end 
in which is inserted a ceramic or refractory in 
Sert having a bore therethrough, this bore form 
ing a communicating passageway between mer 
cury carried within the metal shell and a body 
of mercury retained in contact with an electrode 
carried by the insert. It is to be understood, of 
course, that the Switch may be of the direct 
metal to mercury contact type in which the 
mercury in the shell is movable through the bore 
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in the insert into and out of contact with a metal electrode or the like. 
I have found that the ceramic inserts which 

are prepared by molding and firing do not come 
out as perfectly cylindrical bodies, but may be of 
slightly eliptical shape. The metal shell, on the 
other hand, when drawn properly, has its open 
end in the form of a true cylinder adapted to 
receive the ceramic. Consequently, the ceramic 
does not fit the interior of the shell in a posi 
tive manner. This is undesirable since mercury 
may run between the outer surface of the ceramic 
and the inner Surface of the end of the shell, 
and in Such case, may contact the rubber seal 
ing means producing a deleterious effect on the 
rubber. 
Another disadvantage found in connection 

With Such Switches is that the iron shell is 
susceptible to the hydrogen gas, and if not 
properly treated, provides an absorptive body 
which tends to absorb the hydrogen within the 
envelope, reducing the internal pressure of the 
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hydrogen and thus reducing its effect upon the 
mercury and impurities within the envelope. 
Another disadvantage, which has been noted 

in connection with the forming of such switches, 
is that the bond formed beneath the tubulation 
by which the Switch is evacuated and filled with 
gas, and the interior surface of the switch is 
Sometimes not perfectly gas tight due to im 
purities in the iron, which prevent a positive 
Weld of the tubulation flange within the end of 
the envelope. 

It is therefore a primary object of the present 
invention to provide a metal envelope mercury 
Switch of this type in which the shell and tubu 
lation parts, as well as the electrodes and ceram 
ics, are first heated to a relatively high tempera 
ture in a hydrogen annealing furnace whereby 
the metal parts are expanded and the oxides and 
Occluded gases are driven off and replaced by the 
hydrogen. This renders the metal surfaces 
bright and clean, and the high temperature 
causes the metal to expand, opening up its pores 
and forming a water vapor from the oxides in 
the iron and the hydrogen case present. The 
impurities are completely burned up and the 
pores of the metal are filled with pure hydrogen 
gas. It is well known to those skilled in the art 
that a perfectly pure iron will not rust, but that 
impurities in the iron form small elements in 
the metal, creating electrolysis effects which 
corrode the metal. The hydrogen annealing 
process cleans the iron in such a high degree that 
even the outside of the envelope is practically 
rust-proof after annealing, and iron lends itself 
leadily to Soldering when the copper leads are 
applied without first being tin plated. 
Another feature of the hydrogen annealing 

process resides in the complete elimination of the 
acid cleaning to which such parts are normally 
Subjected before being put into the annealing 
furnace, providing, of course, that the parts are 
first washed in carbon tetrachloride. . 

Still another feature of the hydrogen anneal 
ing process is that the tubulation tubes and the 
iron envelopes are perfectly cleaned before being 
Welded together, and consequently a perfect 
Welding joint is formed assuring a perfect leak 
proof connection between the tubulation and the 
closed end of the envelope. In this connection, 
Since the annealing process makes the metal 
Softer, the tubulation tubes can be pinched more 
readily after evacuation and hydrogen filling of 
the envelope, and thus form an excellent gas 
proof Seal. 
Another very important advantage obtained 
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by the present invention is that during the an 
nealing processes, the heat produces expansion 
of the metal parts, and inasmuch as the iron 
has a much greater degree of expansion than the 
ceramic, introduction of the ceramics into the 
ends of the iron envelope while they are still hot 
results in shrinkage of the metal about the 
ceramic parts, and if the ceramic is slightly out 
of round, the metal tube shrinks thereabout and. 
takes the shape of the ceramic, forming a very 
satisfactory seal preventing the mercury from 
running down between the ceramic and the iron 
body. At the same time the metal parts are 
being cooled in a chamber in which they are still 
subjected to a hydrogen atmosphere, contraction 
of the metal closes up the pores, trapping hy 
drogen gas therein in place of the impure oc 
cluded gases. 
the parts are placed in the hydrogen annealing 
furnace, they are not again touched by hand 
until after the ceramics have been inserted in the 
ends thereof and the desired shrinkage has been 
obtained to produce the tight fit of the end of 
the envelope about the periphery of the ceramic. 
Other objects and advantages of the present 

invention will appear more fully from the follow 
ing detailed description which, taken in con 
junction with the accompanying drawing, will 
disclose to those skilled in the art the particular 
construction and operation of a preferred form 
of the present invention. 

In the drawing: 
Figure 1 is a diagrammatic view showing the 

shells and tubulation electrodes and ceramics 
disposed within the hydrogen annealing furnace; 

Figure 2 illustrates the manner in which the 
tubulations are secured in the inner ends of the 
shells; 

Figure 3 is an end sectional view through the 
enlarged end of the envelope; 

Figure 4 is a corresponding sectional view of 
the end of the ceramic; , , 

Figure 5 illustrates the manner in which the 
shell shrinks about the periphery of the ceramic; 
and . 

Figure 6 is a transverse sectional view through 
an assembled switch structure embodying the 
present proceSS. 
Considering the drawing in detail, a hydrogen 

annealing furnace is indicated generally at 5 and 
has disposed therein the conventional tray 6 up 
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in place are then returned to the furnace. It is 
apparent that by completely burning up all the 
impurities, the metal parts have been cleaned 
to such a high degree that a perfect welding 
joint is provided and a positive leak-proof seal 
is effected between the tubulation and the en 
velope end. . 
Considering Figure 3, it will be noted that the 

enlarged end 5 of the shell which is joined to 
O 
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It is to be understood that Once 
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on which are mounted the shells , tubulations 8, . 
electrodes 9, and ceramics O. These parts are 
subjected in the furnace to an intense heat in 
the presence of a hydrogen atmosphere being an 
nealed at a temperature of approximately 2000 
F. The iron shells are preferably formed of a 
material identified as SAE-1315, and when sub 
jected to the annealing temperature of 2000' F. 
in a hydrogen atmosphere, the pores of the metal 
are expanded, forcing out the occluded gases and 
the impurities, such as the oxides, and these 
gases are completely burned up and the pores 
filled with pure hydrogen gas. 

After the iron shells and tubulations 8 have 
thus been annealed, and while still hot, they are 
taken from the furnace and the tubulations are 
inserted through the Small end of the envelope 
with the flange portion 2 of the tubulations en 
gaging the internal rounded surface of the ends 
3 of the envelopes. These are then Welded in 

position, as indicated at 4, substantially in the 
manner described in the copending application of 
Paul S. Bear, Serial No. 293,690, filed September 
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7, 1939. The shells with the tubulation welded 75 

the main body portion of the shell by the shoul 
der S is a true cylinder that the ceramics 0, due 
to the fact that they are never perfectly round 
when molded or fired, since they are heated in a 
kiln at approximately 2600°F. when made, may 
be out of round, as indicated by the dotted lines 
6 in Figure 4. As a consequence, after the an 

nealing has been completed and the pores of the 
iron shell filled with hydrogen, the ceramics are 
placed in the ends 5 thereof while still hot and 
the parts are then allowed to cool in a hydrogen 
atmosphere which causes the shell ends 5 to 
shrink down from their original contour, indi 
cated by the dotted lines , to the contour of the 
ceramic, forming a substantially perfect mechan 
ical engagement about the periphery of the 
ceramic such that no gaps or voids are provided 
therebetween which might allow mercury to leak 
therepast. Since the ceramics have relatively 
little or no coefficient of expansion. When heated, 
while the iron has an appreciable expansion upon 
heating, it is apparent that upon shrinking, the 
iron will decrease in size to shrink about the con 
tour of the ceramic. 
At the same time, this cooling produces a clos 

ing of the pores of the metal envelope, trapping 
hydrogen therein in place of impurities and thus 
providing a clean rust-proof iron shell. It is to 
be understood that the ceramic is placed in the 
end of the envelope immediately upon removal 
from the furnace 5. This is preferably accom 
plished mechanically SO that the CeramicS are 
never touched by hand after having once been 
placed in the annealing furnace. After cooling 
in the hydrogen atmosphere to shrink the end 
5 of the envelope about the ceramic, the elec 

trode 9 is placed in the recess 8 of the ceramic 
and is engaged by the resilient sealing gasket 9 
and the compression member 20, which may be 
formed of Bakelite or a ceramic. Suitable axial 
pressure is placed upon the aSSembly and a re 
taining ring 22 engages the compression member 
20 to hold the same under compression while the 
end 2 of the envelope is spun over to lock the 

- parts in sealed position. The particular manner 
of effecting this end seal is disclosed in the co 
pending application of Paul S. Bear, Serial No. 
211,420, filed June 2, 1938. 
The shank 23 of the electrode projects out 

wardly through a cylindrical extension on the 
Compression member, and at its Outer end, is 
threaded to receive the nut 24 by means of which 
a Suitable conductor can be connected to the 
electrode. 

It will be noted that the ceramic 0 is provided 
With a radial shoulder portion 25 at the inner end 
of the cup-shaped electrode head 26, which forms 
an annular groove for retaining a body of mer 
cury 27 in contact with the electrode. A second 
body of mercury 28 is introduced into the en 
velope through the tubulation 8, and upon tilting 
of the envelope, it will be apparent that a circuit 
is made and broken between the envelope 7 and 
the electrode 9 at the sharp cutting edge 29 be 
tween the retained body of mercury 27 and the 
moving body of mercury 28. If desired, a suit 
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able liquid fill may also be incorporated within 
the envelope, this fill comprising a material, such 
as triethanolamine Or the like. 
When the terminal assembly has been locked 

in position by spinning over the end 23 of the 
envelope, the Switch is connected through the 
tubulation 8 to a source of mercury, and the 
mercury comprising the bodies 2 and 28 is in 
troduced into the envelope, the volume of such 
mercury being accurately controlled to determine 
the operating angle of the switch. The interior 
of the Switch is then subjected to a vacuum 
through the tubulation 8, and all gases which 
may have been trapped therein during the end 
assembly are withdrawn. After evacuation, the 
tubulation 8 is connected to a source of hydro 
gen gas under pressure and this gas is intro 
duced into the interior of the envelope under a 
pressure ranging from 3 to 4 atmospheres. While 
still being subjected to the gas under pressure, 
the tubulation 8 is flattened, as indicated at 80, 
to seal of the interior of the envelope, and this 
flattened portion 30 is then welded to form a 
perfect gas tight seal. The pinching of the tubul 
lation to form the portion 30 is facilitated be 
cause the metal has been softened during the 
annealing process. After welding, a portion 30 
is cut as indicated by the line 82, thus complet 
ing the formation of the Switch" 'Preferably, the 
switch is immediately flashed after this opera 
tion to fix its operating characteristics. . 

It will therefore be apparent that the hydro 
gen annealing performs two important functions 
in the process of assembling such a Switch. In 
the first place, it removes all impurities in the 
iron parts of the switch, facilitating welding of 
the tubulation and also trapping hydrogen gas 
within the pores of the metal. Secondly, the 
expansion of the metal during the annealing 
process drives out the occluded gases, and also 
provides for shrinkage at the enlarged end of 
the envelope over the ceramic to seal off any 
possibility of mercury passing between the 
ceramic and the shell and coming into contact 
with the resilient seal. 19. This shrinkage allows 
the end of the envelope to fit around the con 
tour of the ceramic and produce a tight fit there 
between. 
I am aware that various changes may be made 

in certain details of the process as herein de 
scribed, and I therefore do not intend to be lim 
ited except as defined by the scope and spirit of 
the appended claims. 

I claim: 
1. In the process of manufacturing a metal 

envelope mercury switch having a ceramic insert 
in one end thereof and a tubulation in the op 
posite end thereof, the novel steps which com 
prise placing the envelope, insert and tubulation 
individually into a furnace, heating said parts 
in a hydrogen atmosphere to expel Occluded 
gases therefrom and simultaneously expand said 
metal parts to open the pores thereof to hydro 
gen, inserting said ceramic into the end of said 
envelope while hot, and cooling said parts in a 
hydrogen atmosphere to shrink said envelope 
about said insert and simultaneously close said 
envelope pores to trap hydrogen therein. 

2. In the process of manufacturing a metal 
envelope mercury switch of the type having a 
refractory disposed in the open end thereof, the 
novel steps which comprise placing the unassemi 
bled envelope and refractory in a furnace, heat 
ing these parts to a temperature of approxi 
mately 2000 F. in a hydrogen atmosphere to 
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expand the envelope and open its pores for re 
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moval of oxides and occluded gases therefrom, 
inserting the refractory into the open end of 
said envelope while said ports are heated, and 
cooling said parts in a hydrogen atmosphere to 
shrink said envelope about the refractory and 
simultaneously trap hydrogen in the pores of the 
envelope. 

3. The process of claim 2 wherein said last 
named step comprises water cooling of said parts 
to produce rapid Contraction of Said envelope. 

4. In the process of manufacturing a metal 
envelope mercury Switch having a refractory in 
Se?t adapted to be disposed in the open end 
thereof, the novel steps which comprise heating 
said envelope to a temperature sufficient to ex 
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paid the same and open its pores, inserting said 
refractory into the open end thereof while ex 
panded, and rapidly cooling said envelope in a 
hydrogen atmosphere to shrink said end tightly 
about said refractory whereby said envelope end 
assumes a shape closely fitting the external con 
tour of said refractory and to trap hydrogen 
within the pores of the envelope. 

5. In the process of manufacturing a metal 
envelope mercury Switch having an enlarged cy 
lindrical end, the novel steps which comprise 
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heating said envelope in a hydrogen atmosphere 
to expand said end and drive off any gaseous 
impurities and replace them with hydrogen, in 
Serting a generally cylindrical refractory into 
Said end while heated, and then rapidly cooling 
said end to shrink said end closely around the 
external contour of said refractory. 

6. In the process of manufacturing a metal 
envelope mercury Switch having an enlarged 
Open end and a closed end provided with a bore, 
the novel steps which comprise heating said 
envelope in a hydrogen atmosphere to drive out 
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Occluded gases and burn of impurities therein, 
simultaneously heating a flanged tubulation 
adapted to project outwardly through said bore, 
welding the flange of Said tubulation to the in 
ternal defining edge of said bore while said pieces 
are hot, reheating said welded assembly in a 
hydrogen atmosphere, and then rapidly cooling 
Said assembly in a hydrogen atmosphere to trap 
hydrogen in the pores of said envelope. 

7. The process of claim 6 further characterized 
by the steps of heating a retractory in said hy 
drogen atmosphere while reheating said welded 
assembly, and inserting said refractory into the 
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open end of the envelope while hot whereby 
upon said rapid cooling said open end shrinks 
about the refractory to closely embrace the ex 
ternal contour thereof, 

8. A method of manufacturing a cup-shaped 
metal envelope type mercury switch which com 
prises heating Said envelope in a hydrogen at 
mosphere to drive of Occluded gases and fill the 
pores of said envelope with hydrogen, simultane 
ously heating a metallic tubulation, welding said 
tubulation to Said envelope adjacent the closed 
end thereof, reheating the welded assembly in a 
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hydrogen atmosphere, inserting a ceramic bush 
ing in the open end of said envelope while hot, 
and then cooling said assembly to shrink said 
end about said bushing and to trap hydrogen in 
the pores of said envelope. 

9. In the process of manufacturing a metal 
envelope mercury switch having a metallic fill 
ing tubulation connected therewith, the steps 

75 
which comprise placing said envelope and said 
tubulation individually in a furnace and sub-. 
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jecting them to a relatively high heat in a hy 
drogen atmosphere to drive of occluded gases 
and impurities present in the metal parts and 
to open the pores thereof, removing the parts 
from said furnace, welding said tubulation to 
said envelope, reheating the asembly in said hy 
drogen furnace, and quickly cooling said assem 
bly in the presence of hydrogen to trap hydrogen 
in the pores of the metal. 

10. In the process of manufacturing a metal 
envelope mercury switch having an open end, a 
refractory insert adapted to be disposed in the 
open end of said envelope and an evacuating 
and filling tubulation connected to and communi 
cating with the interior of Said envelope, the 
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steps which comprise heating said assembled 
envelope and tubulation in a hydrogen atmos 
phere to a temperature sufficient to drive out 
occluded gases and burn of impurities therein, 
simultaneously heating said refractory, inserting 
said refractory in the open end of said envelope 
while hot, rapidly cooling said assembly to shrink 
the end of said envelope tightly about said re 
fractory, additionally sealing the open end of 
Said envelope, evacuating the contents of said 
envelope and then filling it with hydrogen 
through Said tubulation, and sealing of said 
tubulation before discontinuing the flow of hy 
drogen into said envelope. 

UNO C. HEDIN. 

  


