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76 all whom it may concern : .

" Be it known that I, Wirram G. Hous-
KEEPER, a citizen of the United States, re-
siding - at Philadelphia, in the county of
Philadelphia, State of Pennsylvania, have
invented certain new and useful Improve-
ments in Combined Metal and Glass Struc-
tures and Methods of

which the following is a
and exact description. ,

This invention relates to structures which,
though required to be -gas-tight, comprise
a glass element and a second element con.
nected thereto but of such character that it
cannot readily be directly joined to the glass
of the first element to form a reliable her-
metic seal, :

For exampls, in the assembling of tubing
for connecting a vacuum pump with a vessel
to be exhausted, it frequently becomes de-
sirable to form an air-tight union between

full, clear, concise,

pump tubing of hard glass and a tube of.

softer glass connected to or forming a part
of the vesse! to be exhausted and whose
thermal coefficient of expansion differs con-
siderably from that of the pump tubing.
Since one of the tubes will contract more
than the other upon cooling, it is diffieult
to weld them directly together so as to form
a gas-tight joint, .

Again, although in view of the expense
of platinum leading-in conductors for vaecu-
um_ tubes and the like, it is desirable to
replace such conductors with conductors of
cheaper metal, such as copper, it is difficult,
in view of the different coefficients of expan-
sion of copper and glass, to hermetically
seal a copper conductor into the wall of the
glass container, especially if the conductor
is of considerable diameter. v

It is therefore an object of this invention
to

members of different coefficients of expan-
sion, one or both of which members are of
glass. This is accomplished in the present
case by welding the glass to a sheet metal
member and thus forming a combined glass
and metal structure to the metal element of
which the other glass or metal member may
be hermetically sealed. - \

In the accompanying drawings, Figure 1
illustrates the invention as applied to a foint
between two glass tubes; Fig. 2 shows a

Forming Same, of

-is sufficiently
hesion between the copper and glass to main-

provide for hermetically uniting two

'mddiﬁcation of Fig. 1; Figs. 8, 4 and 5

illustrate different modifications of the in-
vention as applied to sealing a conductor
into a glass container; Fig. 6 illustrates the
invention as embodied in a joint between 2

glass tube and a meta] tube; Figs. 7 and 8§ -

illustrate modifications in which a glass tube
Is welded to the edge of an opening in a
sheet metal member; Fig. 9 shows a glass
member hermetically joined to a metal con-
tainer; and Fig. 10 illustrates the applica-
tion of the invention to a vacuum tube.

In the arrangement shown in Fig, 1, the
two glass tubes 12 and 14 are welded to
the opposite sides of an annular disk 16 of
thin sheet copper or other metal. Although
copper has a higher therma] coeficient of
expansion than glass, and the disk 16, there-
fore, in cooling from
ture would normally contract to a greater
extent than the glass tubes, the disk, by
reason of its thinness and the low elastic
limit of the material of which it is formed,
stretched by the force of ad-

tain the contacting surfaces of the copper
and glass in the same relative positions at
normal temperature as at the welding tem-
perature. It is, therefore, possible by se-
lecting a digk. of proper dimensions and
material to unite glass tubes of different co-
efficients of expansion to opposite sides of
the disk Although the elasticity of the
glass tubes is insufficient to permit the for-
mation of a permanent direct weld between
them, the interposed sheet metal accommo-
dates itself to both of the masses of glass
and adheres permanently to each. In form-
ing such a joint, it is preferable that both
glass tubes.be welded to the disk simulta-
neously in order that the strains in the disk
may be at all times as evenly distributed as
possible. .

Such a construction is particularly adapt-
ed for use in connecting a vacuum pump
or the like to a container to be exhausted
when the glass of the vacuum pump tubing
is of a character substantially different from
that of the container. -

Although as a rule the disk 16 will pref-
erably be of copper, other metals such - as
iron, brass, etc., may be used. The most ad-
vantageous thickness of the disk 16 will
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depend upon “its diameter, the metal of
which it is formed, the kind of glass in
the tubes 12 and 14, and the diameter and
thickness of each tube. :

In the modification shown in Fig. 2, the
intermediate sheet metal member comprises
two disks 18, one disk being welded to each
tube 12 and 14 and the two disks being
gecured together as by soldering; this per-
mits the ready separation of the two tubes
for reunion with each other or with other

“tubes.

Ag is apparent, the disks in either of the
above forms may be used as terminals for
external conductors. '

The arrangement illustrated in Fig. 3
comprises a sheet metal disk 20 which has
its outer edge formed into a gradually ta-
pering knife edge 22, around which is weld-
od the glass wall of the container 26. Al-

- though the metal and glass contract to a

different extent in cooling from the welding

. temperature, the edge of the disk is so thin
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that the slight strains set up transversely
of the disk are not sufficient to overcome the
adhesion between the sides of the disk and
the glass. Since the main portion of the

disk may be of relatively considerable thick-

ness and therefore stiffness, it may serve as
the support of a leading-in conductor of
substantial cross section, and the conductor
28, though of such a character as not to be
readily sealed directly into the glass walls
of the container, may be introduced into the
container through the disk 20 to which it is
hermetically sealed by means of silver solder
or the like 30. _

Fig. 4 illustrates a modification of the ar-
rangement shown in Fig. 8 in which the
glass of the container 32 does not extend

~over the edge of the disk 34, as the latter

is not reduced in thickmess; but in order
that the metal disk shall be similarly ten-
sioned on both sides a ring of glass 86 is
welded on to one side of the disk at the same
time that the member 32 is welded to the
other side. The disk 34 may be slightly
dished as at 38 to permit it to adjust itself
under varying temperatures. The disk
shown in Fig. 8 may be similarly dished
Fig. 5 illustrates a modification of such an

“arrangement in which the disk is formed

into circumferential corrugations 40 to per-
mit its expansion and contraction independ-
ently of the container 26. Such an arrange-
ment also permits a slight longitudinal ad-
justment of the conductor 28.

Fig. 10 illustrates the employment of an
arrangement similar to those illustrated in
Figs. 8, 4 and 5, in connection with a
vacuum tube.: A glass eylinder 42, is pro-
vided with a nipple 44 for connection to an
exhaust pump or the like, and has a disk
46 welded to each end thereof, an annular
mass of glass 48 being welded to the outer

11,203,441

side of each disk to balance ‘the strains

therein. A conductor 50 passes through and
" is soldered to each disk. .

- In Fig. 6 the end of the metal tube 52 is
provided with a flange 54 having its outer
edge tapered to a knife edge to- which the

- glass tube 56 is welded as described in con-
nection with Fig. 3; the flange may also be
secured to the glass, as shown in Fig. 4 or

" Fig. 5. ‘ : L

"The modifications illustrated in Figs. 7
and 8 comprise a glass tube 38 having its
end welded to the inner periphery of an
annular disk 60; the disk edge may be
tapered to a knife edge 62, as shown in Fig.

75
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7, with the glass welded around it, or, the -

glass tube end may be welded to one side of
the disk and a separate ring of glass 84
welded on the other side, as in Fig. 8.
These arrangements find application where
it is desirable to connect a glass tube to the
end of a cylinder of larger diameter.

In the arrangement shown in Fig. 9 the

85

annular metal disk 66 has masses of glass -

68 and 70 welded to the respective sides
thereof, but not extended to the outer pe-

20

_riphery of the disk. A copper wire or other .

conductor 72 is sealed in the outer end of
the mass of glass 68, and passes through the
opening at the center of the disk and out
through the outer end of the. mass of
glass 70. . '

In the figure the outer edge of the disk
66 is soldered or otherwise hermetically
united to the top of a metal container 74,
and by this means an insulated conductor
is brought out of a metal gas-tight chamber.
This embodiment of the invention is useful
in connection with the testing of dry cells,
the container 74 being the zine electrode cas-
ing of the cell.

What is claimed is:

1. A combined inetal and glass structure
comprising a sheet metal member provided
with a flat surface and a glass tube welded
directly to said flat surface. .

9. A combined metal and glass sttucture
comprising a sheet metal member provided
with a flat surface and a glass tube having
one end welded directly to said flat surface
in abutting relation thereto. '

3. In combination with a glass tube, a
metal disk of substantially the same diame-
ter as said tube, and having its edge welded
to said tube. ‘

4. A combined metal and glass structure
comprising a sheet metal disk provided with
a sharpened edge and glass welded to the
sides of said disk at said sharpened edge.

5. A combined metal and glass structure
comprising a sheet metal disk provided with
a sharpened edge and glass welded to the
sides of said disk and around said sharp-
ened edge. . ,

6. A combined metal and glass structure
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comprising an annular sheet metal disk and
a glass tube welded directly to the side of
said disk at one of the circular edges
thereof.

7. A tubular member comprising two
glass sections and an intermediate metal
section comprising a disk to the opposite
sides of which the two glass sections are
welded.

8. A tubular member comprising two
glass sections having different coeflicients
of expansion, and an intermediate metal
section comprising a disk to the opposite
sides of which the glass sections are welded.

9. A tubular member comprising two
glass sections and an intermediate annular
section, to the opposite sides of which, ad-
jacent to its periphery, the glass sections
are welded.

10. In combination a tubular glass mem-
ber, a metal disk having a sharpened edge

8

portion welded to said glass member, and
a conductor extending from said disk.

11. In combination a tubular glass mem-

ber, a metal disk having its edge welded
into_said tubular member, and a leading-in
conductor carried by said disk.

12. The method of uniting two glass sec-
tions having different coefficients of expan-
sion which consists in welding said glass
sections to the opposite sides of an inter-
mediate metal section.

13. The method of uniting two glass sec-
tions having different coefficients of expan-
sion, which consists in simultaneously weld-
ing said glass sections to the opposite sides
of an intermediate metal disk.

In witness whereof, I hereunto subscribe
111y7name this 29th day of December A. D.
1917.

WILLIAM G. HOUSKEEPER.
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