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Our invention relates to seals for evacuated 
or gas-filled envelopes of the type used for radio 
tubes, lamps or the like, and to methods and 
means for making the seals. 
The final step in sealing the envelope of a 

radio tube and disconnecting it from its exhaust 
pump consists in heating and pinching the ex 
haust tube. The exhaust tube is limited in size 
because, as found in practice, if it is too large the 
wall of the tube may suck in or collapse pre 
maturely and cause an imperfect seal. 
ing to common practice the glass or metal exhaust 
tube must be heated to a fusing or welding tem 
perature and at the instant of seal of a cloud of 
gas is driven from the seal region. After the ex 
haust tube is closed any gas liberated in the en 
velope is permanently trapped and of course can 
not be reKnoved by the pump. 
An object of our invention is an improved ex 

haust tube seal that is vacuun-tight and that will 
not liberate gas from the seal region. 
Another object of our invention is an im 

proved exhaust tube seal which does not limit 
the Size of the exhaust tube. 
A still further and more specific object of our 

invention is improved means and methods of 
Sealing metal exhaust tubes. 
The characteristic features of our invention are 

defined in the appended claims and one embodi 
ment thereof is described in the following speci 
fication and shown in the accompanying drawing 
in which Figure 1 shows an envelope and one 
device for Sealing of a metal exhaust tube en 
velope according to our invention; Figure 2 is a 
view of the Seal region of the exhaust tube after 
sealing; Figure 3 is a side view, taken along line 
3-3 of Figure 1, of one sealing device; Figure 4 
is a side view of the sealed tube of Figure 2, taken 
along line 4-4; and Figure 5 is an enlarged sec 
tional view, taken along line 5-5 of Figure 4, 
of our improved seal. 
The exhaust tube , connected at one end to 

the envelope 2 to be exhausted and at the other 
end to the exhaust pump 3, is of ductile metal 
Such as copper, or brass. After the desired degree 
of vacuum or gas pressure has been obtained in 
the envelope, the exhaust tube is sealed off ad 
jacent the envelope. According to our invention 
two round parallel jaws, of a metal harder than 
the metal of the exhaust tube, are pressed against 
opposite sides of the exhaust tube. The cold side 
walls of the exhaust tube may be collapsed and 
pressed together with comparative ease. Accord 
ing to the characteristic features of our inven 
tion the pressure applied by the rods is then 
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gradually increased until the metal of the exhaust 
tube begins to flow between the rods. A simple 
lever of high mechanical advantage may consist 
of two metal blocks 4 on opposite sides of the 
rods drawn together by two heavy draw bolts 5 
with nuts or stud bolts. The faces of the jaWS 
may conveniently be hardened steel shafts 6, such 
as drill rods, embedded in the blocks. As the 
nuts are tightened the rods proceed toward each 
other, causing the metal in the walls of the ex 
haust tube to flow lengthwise of the tube and 
outwardly from the plane through the rod 
centers. However, the metal in or very near to 
this plane of the jaw centers can flow in neither 
direction and the pressure perpendicular to the 
interfaces of the contacting sealing surfaces is 
limited only by the strength and ruggedness of 
the pressure applying means. Microphotographs 
indicate that as the pressure increases the grains 
of one wall can be forced into interleaved rela 
tion with the grains of the other wall, and that 
the line of demarcation between the two walls 
disappears into the laminae of the cold drawn 
walls. When a cross section of the seal is op 
tically amplified so that the grains can be easily 
seen, it becomes evident that the line of demarca 
tion in the seal region becomes indistinguishable 
from the grain boundaries. The grains, of course, 
in the seal region are considerably elongated com 
pared to the grains in the unworked portions of 
the wall. The wall thickness of the exhaust tube 
and the radius of curvature of the jaws may be 
large or small. The greater the radius of curva 
ture is, the greater is the amount of metal caught 
between the jaws, and of course the greater is 
the pressure necessary to force an actual hermetic 
seal. The minimum radius of curvature of the 
pinching jaws, compared to the wall thickness, 
will of course be determined by the cutting action 
of the jaws and by the coefficient of friction be 
tween the rounded jaws and the tube. The drill 
rods 6, for example, must not be so small that they 
will sever or cut into the exhaust tube before 
welding pressure is applied to the seal region. 
Good results have been obtained in sealing and 

pinching off copper exhaust tubes one-half inch 
in outside diameter and having a wall thickness 
of .050 inch with drill rods one-quarter inch in 
diameter. Commercial machine bolts one-half 
inch in diameter with conventional V-cut threads 
were found sufficiently strong to apply the Weld 
ing and pinch-off pressure for this one-half inch 
copper exhaust tube. 
The particular pressure applying means shown 

in Figures and 3 comprise jaws 4 attached to 



3 
a long handle 7 that is used to hold the jaws 
while the nuts on the draw bolts are turned with 
a wrench. By holding the jaws with the handle 

while the nuts are tightened, the brazed or 
soldered connection of the exhaust tube at the 
envelope may be relieved of twisting or bending 
stresses. A hydraulic press may in Some cases 
be used to advantage in applying the pressure 
to rods 6 necessary to pinch and close the ex 
haust tube. 

It now becomes apparent, with our novel meth 
od of making a hermetic seal by high pressures 
and cold welding, that the principle may be ap 
plied to envelope shells and tubes of various 
shapes. A header plate or cap, for example, may 
be pressed against the flanged end of an exhaust 
tube or against the end of a tubular envelope. 
In this case the pressure applying means would 
consist of a hardened steel ring fitted Over the 
tube or envelope to be closed and laid against its 
flange. The flat side of the header could be 
backed up with either a flat anvil or a second 
annulus of the same size as the first. A hydrau 
lic press could in this case be used to advantage. 
Likewise, two radial flanges or lips of two por 
tions of an envelope shell could be sealed by 
cold welding between two hardened steel rings 
pressed against the outer surfaces of the con 
tacting flanges to cold weld them together. 
Where the size of the seal is large and where it 
may be impractical to apply Sufficient pressure 
for making the entire Seal at One time, the Seal 
may be pressed in sections or may be made by 
rolling the two pieces to be welded between high 
pressure rolls in a manner similar to rolling the 
crimped edge of fruit cans. 
We are not prepared to state just what may be 

the actual condition of the metal in the seal 
region or to state what degree of diffusion there 
may be between the two wall sections at the seal, 
but it is certain that the seal, when made with 
clean inner wall surfaces, is vacuum-tight and is 
mechanically strong. Microscopic examination 
of carefully acid-etched and polished sections 
of the seal, with magnifications as high as 1000 
diameters, shows that the interface does not ex 
tend to the edge of the tipped off tube. Liquid 
hydrostatic pressures increased to the rupture 
point of the tube showed in all cases that the 
metal fractured across and through the Wall in 
ward a considerable distance from the edge of 
the seal, thus indicating that the junction of the 
two walls is mechanically stronger than the Wall 
itself removed from the Seal. 
The improved exhaust tube seal of our inven 

tion is vacuum tight, will not liberate gas from 
the seal region during sealing, may be used on 
metal exhaust tubes of any desired size and is 
easy and inexpensive to make. 
We claim: 
1. The method of exhausting and sealing vacu 

un-tight a highly evacuated envelope having an 
exhaust tube of ductile metal with a copper inner 
Surface which consists in exhausting said envel 
ope through said exhaust tube, pressing the walls 
of Said exhaust tube together between two par 
allel hardened steel jaws having proximate sur 
faces curved on a radius at least great enough 
to avoid cutting said walls to force the walls 
Of the tube into contact and form a flattened 
Seal region between said jaws, to bring the copper 
inner surfaces into contact throughout a seal 
region intermediate the ends of Said exhaust 
tube without evolution of gas from the metal in 
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said seal region and solely by cold welding said 
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walls together without application of heat to said 
walls and solely by applying sufficient pressure 
to said jaws to cause the metal in the walls of 
said exhaust tube in said seal region to flow, and 
increasing the presure perpendicular to the inter 
face of the contacting wall surfaces in the Zone 
of pressure to consolidate the copper surfaces in 
contact in the Seal region into a vacuum tight 
pressure weld consisting of a homogeneous mass 
Of copper which has a greater resistance to rup 
ture by internal hydrostatic pressure in the ex 
haust tube than the walls of Said tube and in 
which the interface and line of demarcation be 
tween the contacting copper surfaces is indis 
tinguishable from the grain boundaries and the 
grains of one surface are interleaved with the 
grains of the other Surface. 

2. The method of sealing vacuum-tight a thin 
Walled copper tube without evolution of gas from 
the metal of said tube during Sealing, which 
comprises cold welding the walls of said tube 
together by flattening said walls between two par 
allel hardened steel jaws having proximate sur 
faces curved on a radius at least great enough 
to avoid cutting said walls to force the walls of 
the tube into contact and form a flattened seal 
region between said jaws, and then increasing 
the pressure between said jaws gradually and 
continuously without the application of heat to 
said seal region until the metal of the tube be 
gins to flow between said jaws and the faces of 
said jaws are substantially together and the pres 
sure perpendicular to the interfaces of the con 
tacting sealing surfaces is sufficient to cause the 
grains of said surfaces to be forced into inter 
leaved relation in the seal regions solely by cold 
pressing and without the application of heat 
until the line of demarcation in the seal region 
is indistinguishable from the grain boundaries 
and the metal in the seal region is a homogeneous 
mass of metal constituting a vacuum-tight pres 
sure weld in which the grains of the metal in the 
weld are interleaved and are considerably elon 
gated compared to the grains in the unworked 
portions of the tube walls. 
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