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SPARE GAP, APPARATUS THEREFOR, AND 
PRODUCT THEREOF 

Alexander C. Wall and Herbert E. Oles, Buffalo, 
N. Y., assignors to P. R. Mallory & Co., Inc., 
Indianapolis, indi, a corporation of Delaware 

Application November 17, 1949, Serial No. 127,934 

The present invention relates to Spark gaps of 
the type used in high frequency ignition Systems 
for converting currents of relatively low fre 
quency into high frequency oscillations, to a novel 
method of making such spark gaps, and to an 
apparatus for carrying such method in practice. 

In the co-pending application of A. C. Wall, 
Serial No. 549,278 filed on August 12, 1944. In OW 
Patent No. 2,459,855, for Ignition System and 
Apparatus, there is disclosed a novel ignition SyS, 
tem for internal combustion engine including a 
source of low frequency electrical energy, aii 
oscillating circuit including a Spark gap and a 
condenser to convert the electrical energy to a 
high frequency current at relatively low Voltage, 
and a transformer to convert the resulting low 
voltage high frequency energy to a relatively high 
voltage output for supply to a Spark gap con 
prising a pair of spaced electrodes between which 
a discharge may take place. A constructional 
form of such a spark gap is disclosed in U. S. 
Patent 2,384,786 issued to Alexander C. Wall On 
August 1, 1944. The present application, more 
over, is a division of co-pending application Serial 
No. 582,136 now Patent No. 2,491,631. 

It is an object of the present invention to in 
prove ignition systems of the described general 
character and more particularly to provide an 
improved spark gap structure therefoir. 

It is another object of the invention to provide 
means for making spark gaps Wherein a pair of 
contact-bearing end plates are directly fixed and 
hermetically sealed together by means of an in 
sulative Spacer tube. 

It is a further object of the invention to provide 
a simple, reliable and Satisfactory method of 
assemblying a Spark gap from its components 
whereby the desired exact spacing, concentricity 
and parallelism of the contact electrodes is posi 
tively assured, 

It is also within the contemplation of the in 
vention to provide an apparatus for making Spark 
gaps of the described type which is adapted to 
carry the method of the invention into practice. 
The invention also contemplates a machine for 

making Spark gaps which is Simple in character 
and construction, and reliable in Operation, and 
which permits the manufacture of Spark gapS On 
a quantity production Scale at a low coSt. 
Other and further objects and advantages of 

the invention Will become apparent from the foll 
lowing description, taken in conjunction. With 
the accompanying dra WingS; in Which 

Fig. 1 is a side elevational view of a machine 
for making Spark gaps and embodying the prin 
ciples of the present invention; 

Fig. 2 is a fragmentary longitudinal sectional 
view of the gap-making machine, having parts in 
elevation, and drawn to a slightly larger Scale; 

Fig. 3 is a similar fragmentary sectional view 
showing the machine With the spark gap contact 
holders and the spacer tube fully assembled; 
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Fig. 4 is a horizontal sectional view taken. On 

line 4-A of Fig. 3; and 
Fig. 5 is a longitudinal sectional view of the 

finished Spark gap, the Size of the Said Spark gap 
being greatly exaggerated for reasons of clarity. 
The construction of the Spark gap enbodying 

the invention will be best understood by referring 
to Fig. 5. In this figure, reference numeral to 
denotes an end plate formed of Sheet metal in 
a generally circular shape and provided With an 
inWardly extending annular depression or recess 

. The terminal region of end plate O is pro 
vided With a generally U-shaped flange 2 open 
ing in a direction opposite to that of recess . 
In the center portion of the end plate there is 
forined a protub8rance or dimple 3 With an 
aperture i4 in the center thereof. In the finished 
form of the Spark gap, the said aperture is closed 
by means of a glass bead 5 which is directly 
Sealed to dimple 3 by means of a glass to metal 
Seal. 
To the inner face of end plate there is se 

Cured a cup-shaped contact, holder plate 6 for 
example by having its flange welded thereto 
at 8. The flat center surface of contact holder 
plate 6 is likewise provided with an aperture 9 
and has a contact 20 Seated thereon and secured 
thereto by means of welding or brazing. End 
plate G and preferably also contact holder 6 
are made of a metal which is adapted to be 
directly Sealed to glass. Thus, end plates of 
chrome iron Will readily seal to conventional soft 
Oi Sodium glass, while plates made of a low-ex 
pansion iron-base alloy containing 28-30% nickel, 
15-18% cobalt and fractional percentages of man 
ganese are easily Sealed to conventional hard 
glass. Contact 20 may be made of any suitable 
metal, refractory metals, such as tungsten, being 
preferred. It Will be noted that end plate 0, 
and contact holder plate 6 define a closed space 
therebetween, a small aperture 2 a being pro 
Vided in the circumferential portion of the con 
tact holder plate in order to establish communi 
cation between Said Space and the space sur 
rounding contact 20. 
End plate it, contact holder 6 and contact 

2) constitute a contact assembly 2, which is 
Spacedly mounted with another contact assembly 
of identical character, with the contacts 2 con 
centric, parallel and closely spaced from each 
other. This Spacing is assured by means of a 
Spacer tube 22 of insulating material such as 
glass, having its ends seated in terminal flanges 
2 of the respective end plates and directly sealed 

thereto, as this is indicated at 23, to provide a 
hernetically Sealed spark gap construction. 

It has been found that a spark gap of the de 
sired construction provides excellent results and 
Will perform satisfactorily for very long periods 
of time. It has been also discovered, however, 
that the accurate concentricity, parallelism and 
Spacing of contacts 20 is critically important for 
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obtaining these results. The method and ma 
chine to be described hereinafter make it poSSible 
to obtain this critically important accuracy of 
construction and spacing on a quantity produc 
tion scale, without the use of highly skilled labor, 
and at a low cost. 

Referring now more particularly to FigS. l. 
to 4 of the drawing, the machine of the inven 
tion comprises a frame 30 which may be mounted 
on a suitable support or may be directly bolted 
or clamped to a work bench. A pair of na 
chine ways 3 are secured to frame 30 and ex 
tend in the vertical direction. In these WayS 
there is slidably arranged a sliding head 32 
which may be displaced in the vertical direction 
and may be clamped in any one of its adjusted 
positions by means of a locking ScreW 33 and 
wrench 34. Sliding head 32 carries a lead ScreW 
35 capable of rotation by means of a hand wheel 
35, thus providing for a small controlled nove 
ment of member 36d having a threaded portion 
37 cooperating with the lead screw. Member 
36a is provided with an internally threaded 
socket 38 adapted to receive and to hold a COr 
respondingly threaded extension of an upper 
chuck 39. Chuck 39 comprises a downwardly 
extending cylindrical sleeve 4G with longitudinal 
slots 4f therein defining three jaws G2 which aire 
externally urged by their resilient character and 
are adapted to engage annular depression 
of contact end plate it). 

Support, 33 also carries a base plate 43 ar 
ranged in horizontal direction and having an 
aperture 44 therein. This base plate is made 
of a ferromagnetic material, such as i:'Oh Oi" 
steel. Upon the apertured portion of the gase 
plate rests a permanent magnet S of an an 
nular shape which is securely held by the mag 
netic attraction between the said magnet and 
the base plate. Within magnet 45 there is 
mounted a lower chuck 5 having a construc 
tion closely similar to that of upper chuck 3 
and having a plurality of longitudinal SlotS is 
defining a plurality of gripping inenbel's or jaws 
48 therein. Lower chuck AS is secured to mag 
net 45 by means of an interposed body or mass 
49 of a suitable filler material, such as a low 
melting point alloy composed of 50% bismuth, 
27% lead, 13% tin and i0% cadrinium. It will 
be noted that the lower chuck may be adjusted 
in the horizontal position by simply sliding it 
in any direction and will be fixed in any one of 
Such positions by magnet 45. 
The machine also includes high frequency 

heating means for applying heat to any desired 5; 
portion of the Spark gap assembly. These heat 
ing means are shown in the drawing in the forn 
of a conductor loop 5 which may surround a 
portion of the Spark gap assembly and is insul 
latedly supported in a sliding head 51. Head 
5 may be vertically displaced in Ways 3 and 
may be fixed in its adjusted position by lock 
bolt 52 and Wrench 53. s 

It has been found desirable to provide indi 
Cator means to indicate the relative position 
of the upper chuck with respect to the lower 
chuck. Ol' the relative spacing of the contact 
aSSemblies Carried by Such chucks. A convenie;nt 
form of Such indicator means is shown in the 
drawing and comprises a horizontal arm 54 
clamped to the upper chuck holding member 36 a. 
and carrying a down Wardly extending indicator 
rod 55. It Will be noted that the position of 
arm 54 on element 360 and the effective length 
of rod 55 may be adjusted and fixed by means 
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4. 
of Set Screws 56 and 57, respectively. The lower 
end of indicator rod 55 is adapted to engage 
actuating button 58 of dial indicator 59, which 
is likewise supported on base plate 43. In view 
of the fact that this dial indicator is of con 
Ventional construction and is well known to 
those skilled in the art, no detailed description 
thereof will be necessary. 
From the foregoing description the operation 

of the apparatus and the method of the inven 
tion will be readily understood. Referring to 
Figs. 1 to 3, an upper contact assembly 2 com 
prising an end plate 10, a contact holding mem 
ber 6, a contact 20 and a short-length of glass 
tube 60 sealed to the end plate, is placed in the 
upper chuck by slightly compressing the upper 
chuck jaws and releasing them when the con 
tact assembly is in place. The gripping sur 
faces of the jaws will engage the side walls of 
depression in the end plate and will securely 
hold the assembly. This operation places the 
upper contact face in a roughly horizontal di 
rection, and is carried out when sliding head 
32 is at the limit of its upward travel. The lower 

5 contact assembly 2/ of identical construction is 
Similarly placed in the lower chuck and gas tube 
6i is placed over the end of the glass tube 62 
of the lower conduct assembly. It will be noted 
that tube 62 is directly sealed to the end plate 
of the lower assembly and is considerably longer 
than the corresponding glass tube 60 so that it 
extends through opening 44 in base plate 43. 
8iding head locking wrench 34 is now released 
and 32 dropped until the contacts are approxi 
mately three-fourths of an inch apart. This 
distance is not critical and in general will be 
determined by the dimensions of the spark gap 
to be made. The sliding head is then locked to 
the base. 
By rotating the lead screw hand wheel 36, the 

contacts 20 are now brought to a short distance, 
Such as to sa of an inch from one another. This 
is desirable in Order to facilitate observation of 
the relative position of the two contacts and their 
alignment into approximately concentric posi 
tion. The lower chuck 46 is now slid around on 
the lower base 43 made of magnetic metal, until 
the two contacts are approximately concentric. 
The magnetic attraction between permanent 
magnet 45 and base plate 43 will positively main 
tain this horizontal adjustment of the lower 
Chuck. The upper chuck 40 is now compressed, 
Which permits the upper contact to fall and 
rest on the lower contact in such a position that 
the two contact faces are in surface engagement 
and obviously parallel. At this time the upper 
chuck is released and this once more rigidly at 
taches the upper contact to the machine, with 
the upper contact face exactly parallel to the 
lower contact face (Fig. 2). During this opera 
tion it may be necessary to lower the upper 
Chuck by means of the rotating lead screw 35 
after the contact has been released until it is 
in Such a position that the chuck jaws will again 
engage With receSS provided for them in the 
contact assembly. The upper contact is now 
raised a short distance, such as approximately 
.015 inches and, if necessary, the lower chuck, 
which carries the lower contact assembly, is ad 
justed So that once more the contacts are con 
centric. This may be desirable to correct any 
accidental changes in the alignment of the con 
tacts that may have been caused as a result of 
the upper contact assembly being released from 
and being reengaged by the chuck jaws, 
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By means of the rotating lead screw, the upper 
contact is now moved in the upward direction 
for a distance sufficient for insertion of the glass 
spacer tube 22 between the upper and lower con 
tact assemblies, such as approximately one inch. 
Glass spacer tube 22 is placed in recess 2 pro 
vided for it on the iower contact aSSenably. The 
upper contact assembly is now brought down 
until its receSS 2 just touches the upper edge of 
spacer tube 22 (Fig. 3). A valve (not shown) is 
now opened to permit a flow of hydrogen through 
the gas tube 6. The gaS passing through glass 
tube 62 obviously will fill the space between the 
two contacts and will escape around the upper 
end of the glass Spacer tube and through the 
gas escape holes 2 i? provided in the upper Con 
tact assembly and contact tube 60. 
The induction heater coil 5 is now displaced 

by loosening wrench 53 until the coil is positioned 
slightly below the lower contact and the high 
frequency heater is turned on. The lower Con 
tact assembly is brought up to glass Sealing tem 
perature at which point the upper contact as 
sembly is moved downward by means of the ro 
tating lead screw, pushing the glass Spacer tube 
into recess 2 of the lower contact end plate and 
producing a glass Seal of the Spacer tube to Said 
plate at 23. It will be noted that the hydrogen 
Will now be burning. 
Upon completion of the lower Seal, induction 

heater coil 50 is moved upward to a position 
slightly above the upper contact and is fixed in 
Such position. The upper contact aSSembly in 
cluding its end plate, Will Soon rise to glass Seal 
ing temperature. When Such temperature has 
been obtained, the upper contact assembly is 
moved in the downward direction by means of 
the rotating lead screw and is caused to Seal to 
the glass. With the heat still on, the upper con 
tact is brought down farther until it is in face to 
face engagement with the lower contact. At this 
time the upper contact should be in Surface en 
gagement, parallel and concentric with the lower 
contact. 
At this point in the operation, the reading On 

the dial indicator 59 is noted. The induction 
heater is now turned off and, by means of the 
rotating lead Screw, the upper contact is moved 
in the upward direction to the predetermined 
Spacing and is stopped. When the desired Spacing 
is read on the dial indicator. The upper chuck 
is now held manually in that position until the 
glass and metal in the upper chuck have cooled 
below the flow point of the glass. The upper 
Chuck is now released by compressing the chuck 
fingers and the chuck is withdrawn from the 
Spark gap in the upward direction by means of 
the rotating lead Screw. 
The sliding head lock 34 is now released and 

the sliding head moved upward to the limit of 
its travel. At this point in the operation, We have 
an upper and a lower contact assembly Sealed 
together by means of the glass Spacer tube. The 
contact faces are Spaced to the predetermined 
distance. They are exactly parallel and concen 
tric and are permanently fixed in Such a position 
as a result of the preceding operations. A Stream 
of hydrogen is also passing through glass tube 
62 and is burning at the upper end of the glass 
tube 60, which is sealed to the upper contact end 
plate. 
An auxiliary torch (not shown) is now played 

On upper glass tube 60 and at the time the glass 
is about to close on itself, the gas valve is turned 
off. Continued heating on the said glass tube 
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6 
produces a seal at that point. The lower chuck 
is released and the Spark gap structure removed 
from the chuck. It is now ready for the final 
processing which may include a Suitable pre 
sparking treatment, filling the inner space of the 
spark gap with a Substantially inert gaseous at 
mosphere, etc. Finally, glass tube 62 is cut off 
close to the lower end plate and its remaining 
portion sealed resulting in glass head 5 of the 
finished spark gap structure illustrated in Fig. 5. 
While the present invention, as to its objects 

and advantages, has been disclosed in connection 
with a preferred embodiment thereof, variations 
and modifications may be resorted to by those 
skilled in the art without departing from the 
principles of the invention. All of these varia 
tions and modifications are considered to be 
within the true Spirit and Scope of the present 
invention, as disclosed in the foregoing descrip 
tion and defined by the appended claims. 
What is claimed is: 
1. A Spark gap structure comprising in com 

bination a pair of metal end plates bearing con 
tact electrodes, and a spacer tube of fusible di 
electric material, Said tube having its terminal 
regions directly fused to corresponding regions of 
Said plates to maintain said electrodes in pre 
determined Spaced relation and to constitute 
therefor a hermetically sealed enclosure. 

2. A Spark gap Structure comprising in com 
bination a pair of circular metal end plates hav 
ing a circumferential flange, a circular contact 
electrode mounted on each of Said plates, a spacer 
tube of fusible vitreous dielectric material having 
its terminal regions conforming to said flanges 
of the plates, and a fused seal directly bonding 
Said regions of the tube to the flanges of the plate 
to fix the electrodes in closely parallel-spaced 
concentric relation and to constitute therefor a 
hermetically Sealed enclosure. s 

3. A Spark gap Structure comprising in com 
bination a pair of circular end plates formed of 
sheet metal and having an annular circumferen 
tial flange, a cup-shaped contact holder member 
mounted on each of Said end plates, a circular 
contact electrode on each of said holders, a glass 
Spacer tube having its terminal regions secured 
to the flanges of said plates by means of a direct 
glass to metal hermetic Seal to fix the said elec 
trodes in closely parallel-spaced concentric rela 
tion and to constitute therefor a hermetically 
Sealed enclosure, and an externally exposed an 
nular depression in each of said end plates 
adapted to be engaged by a gripping mechanism. 

4. A Spark gap structure comprising in com 
bination, a pair of metal plates, a pair of contact 
electrodes, means affixing an individual contact 
of Said contact pair to an individual plate of said 
metal plates, and a tubular insulative spacing 
member having its ends fused to said plates for 
predeterminedly maintaining said electrodes in 
a definite spaced relationship. 
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