
2,317,305 

Filed July 5, 194l 

April 20, 1943. K. scHWARTZwALDER ET AL 

??—?—? 
??|-???%? ---- ??-------------- 

  

  

  

  



Patented Apr. 20, 1943 

2,317,305 
INSULA TOER SEAL 

Karl Schwartzwalder and Robert W. Smith, 
Flint, Mich, assignors to General Motors Cor 
poration, Detroit, Mich, a corporation of Dela 
ware wM 

2,317,305 

UNITED STATES PATENT OFFICE 

Application July 5, 1941, serial No. 401.222 
4 Claims. (CI. 123-169) 

Our invention has to do with providing a pres 
sure tight Seal between a ceramic body and metal. 
More particularly, it has to do with sealing elec 
trodes in spark plug insulators. 

In the Spark plug industry today, it is proposed 
to make plugs in which a glass seal between the 
insulator and Center wire or electrode provides 
a pressure tight connection by virtue of a bond 
which the glass forms with both the electrode and 
the insulator. For best results, it has been found 
that the metal of the electrode should have a low 
coefficient of expansion, and that the coefficient 
of expansion of the glass should be as close as 
possible to that of the metal. Low coefficient of 
expansion metals, with which a glass seal may 
readily be made to bond, are usually quite expen 
sive. In our invention we have made it possible 
to retain the advantages of a metal which bonds 
readily with a glass seal and a less expensive 
metal having satisfactory properties as an elec 
trode. We do this by making the center wire or 
electrode in two or more pieces, in which the 
metal which readily bonds with glass is joined to 
the metal electrode. Only so much of the former 
is used as may be necessary to insure a fluid tight 
Seal. 

It is an object of our invention to provide a seal 
between metal and a ceramic body which is 
strong, gas tight and permanent. This seal is 
made by the use of glass as the sealing element. 
More specifically, it is the principal object of 

our invention to effect a seal between a spark 
plug insulator and its electrode by the use of 
glass in such a manner that the glass reacts with 
and bonds to both the metal and the ceramic body 
or insulator. This object is achieved without im 
pairment of the operating efficiency of the plug. 

Figure 1 of the drawing shows an insulator with 
the electrode and sealing material in place in the 
insulator before heat and pressure have been ap 
plied to complete the Seal. 

Figure 2 shows the completely assembled spark 
lug. 
? Referring to the drawing in detail, ?o indicates 
a spark plug insulator made of any Suitable 
ceramic material. Thus the insulator may be 
of the porcelain type long in common use or the 
more recently developed sintered oxide or modi 
fied sintered oxide type. The insulator is pro 
vided with a counterbore or pocket 2 which 
may be threaded if desired. A hole or longi 
tudinal bore i 3 in the lower part of the insula 
tor receives the center wire or electrode 4. 
Electrode 4 may be provided with a head or 
flange 6 which rests against the shoulder formed 
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at the juncture of longitudinal bore 3 and 
counterbore 2. The upper portion or terminal 
f8 of the center wire may be a screw which has 
a slightly Smaller diameter than the counter 
bore of the insulator. Screw 8 is provided with 
a bore or recess 20 to receive a conductor or pilot 
wire 22. Wire 22 should be of a material which 
has a low coefficient of thermal expansion such 
aS molybdenum, tungsten, invar and the like. 
Pilot 22 is joined to electrode 4, as by welding, 
at the top of head 6 of the electrode. Electrode 
d4 is preferably made of a suitable heat resisting 
alloy fmaterial, such as a nickel alloy. Terminal 
f8 may be any good electrical conductor; we 
have found steel to be a satisfactory material. 
A cylindrical pellet 23 of the cementing or 

Sealing material fits over pilot wire 22. Pellet 
23 is preferably a hard glass, such as a boro 
silicate glass; a satisfactory glass which is com 
mercially available is that known as Pyrex. This 
glass unites with both the insulator and the 
metal pilot wire during the sealing operation. A 
Second pellet 24 is provided to secure terminal 
8 in the insulator. Pellet 24 preferably consists 

of glass having a greater plasticity than glass 
pellet 23. A lead borosilicate glass combined 
with graphite or a metal has been found satis 
factory for pellet 24. This glass may have the 
composition 50% B2O3-20% PbO-30%. SiO2. We 
may provide a filler of powdered copper or 
Ticonderoga graphite. If pellet 24 is made from 
a mixture of glass and graphite we have found 
a Satisfactory proportion to be 70% glass, 30%, 
graphite. If it is a mixture of metal and glass, 
We have found 50% metal, 50 % glass to be satis 
factory. The glass is crushed to pass a 150 mesh 
Screen, and is mixed thoroughly with the filler 
and a Suitable binder such as hydrogenated cot 
ton Seed oil, commercially known as Dritex. This 
mixture may be formed into cylindrical pellets 
under pressure. Glass seals of this type are de 
Scribed in Patent 2,106,578 to Karl Schwartz 
Walder et al., issued January 25, 1938, Patent 
2,071,571 to Hector Rabezzana et al., issued 
February 23, 1937, and patent application Serial 
No. 343,808 of Karl Schwartzwalder et al., filed July 3, 1940. 
The assembly shown in Figure 1 is next heated 

to a temperature of 1650 F. or higher to make 
the glass plastic. Pressure is then applied to 
Screw 8 to force it into the desired position, 
shown in Figure 2. This pressure causes pellet 
23 to flow and react with insulator O and pilot 
Wire 22. The condition of pellet 23 after flowing 
under pressure is indicated at 23a in Figure 2. 
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Sealing material 24 is likewise caused to flow 
between screw 8 and the insulator, as shown at 
24a of Figure 2. After the assembly has cooled, 
a compression or vacuum tight seal exists between 
electrode 4 and insulator f0, and the whole 
structure is held rigidly together so that no coma 
pression leakage occurs even after the most se 
Were Sage, 
We claim: . 
1. Aceramic body having a passageway there 

through, a recessed terminal in Said passageway, 
a conductor in the passageway and in contact 
vith the terminal through its recesses, said con 
ductor having a low coefficient of thermal ex 
pansion, a fluid-tight seal of hard glass bonded 
to the conductor and the ceramic body, and a 
glass seal of greater plasticity than the first glass 
seal between the insulator and the terminal. 

2. A ceramic body with an opening there 
through, an enlargement in said Opening defining 
a shoulder, an electrode in the opening having 
a relatively high coefficient of thermal expansion, 
a fange on the electrode abutting on the shoul 
der, a wire having a low coefficient of thermal 
expansion joined to the electrode, a recessed ter 
minal in the enlargement having contact in its 
recess with the wire, a fluid-tight seal of hard 
glass bonded to the wire and the Ceramic body, 
and a second Sea between the terminal and 
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ceramic body, said second seal includings glass 
having greater plasticity than the first glass 
seal. 

3. In a sparkplug, an insulator having an open 
ing therethrough, a terminal in said opening, an 
elongated recess in said terminal, a wire in said 
opening and in contact with the terminal at the 
inner end of said recess, a fluid tight seal having 
a bonded connection to the wire and the insulator, 
and a second seal between the insulator and the 
terminal. 

4. In a spark plug, a ceramic insulator having 
an opening therethrough, a terminal in said open 
ing, an electrode in said opening having a rela 
tively high coefficient of thermal expansion, a 
conductor having a low coefficient of thermal 
expansion joined at one of its ends to said 
electrode and having its other end in electrical 
conducting relationship with the terminal, a fluid 
tight seal of hard glass bonded to the conductor 
and to the ceramic insulator, said hard glass 
having substantially the same coefficient of ther 
mal expansion as said conductor, and a second 
seal between the insulator and the terminal, said 
second seal including glass having a greater plas 
ticity than the hard glass seal. 

KARSCHWARTZWALDER. 
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