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Andrew F. Henninger, Jr., and George D.
Henninger, Chicago, Il .

Application October 9, 1939, Serial No. 298,577
(ClL, 176—122)

9 Claims.

The present invention relates to the manufac-
ture of gaseous conduction lamps. It is partic-
ularly directed toward improvements in the
manufacture of such lamps as are described in
our co-pending application, Serial No. 181,361,
filed December 28, 1937, for Light source. This
application in fact contains certain novel fea-
tures in the manufacture of the light source
which were disclosed in the prior application
identified above, and is & continuation in part
of the aforesald application.

It is the principal purpose of this invention to
provide & novel method of making gaseous con-
duction lamps wherein the lamp comprises a
concentrated light source in the form of an elon-
gated tortuous tube within a sealed envelope, the
discharge being from an electrode within the
tube to an electrode outside the tube within the
envelope

It is also a purpose of the invention to pro-~
vide a novel method of forming glass tubing so
that most of the length of the tubing is con-
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centrated abouf a central enlarged section there- -

of, the central section having one end open for
mounting about an electrode.

The invention contemplates also a novel
method of coating the interior surface of tubing
of very small diameter.

It is also a purpose of this invention to pro-
vide a novel method of mounting a unit com-
prising glass tubing concentrated about a cen-
tral section thereof in a glass envelope.

Another purpose of the invention is to provide,
in a gaseous conduction lamp of the character
described, a novel method of placing mercury
within the electrode receiving portion of the tub-
ing.

It is a further purpose of the present inven-
tion to provide a novel method of mounting an
electrode in a piece of glass tubing and at the
same time fixing the glass tubing to the stem
of an envelope which supports the electrodes
and the tubing.

Other objects and advantages of the invention
will appear more fully as the description pro-
ceeds, reference being had to the accompanying
drawings wherein a preferred form of the in-
vention is shown. It is to be understood, how-
ever, that the drawings and description are il-

lustrative only, and are not to be taken as limit- -

ing the invention except insofar as it is limited
by the claims.

In the drawings, Fig. 1 is a sectional view
through a piece of glass tubing which is em-
ployed in making the gaseous conduction lamp;
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Fig. 2 is a side view partly in section, illustrat-
ing the glass tubing after it has been heated and
stretched, with a fluorescent coating thereon;

Fig. 3 is a sectional view showing the glass
tubing inserted in a tubular element and bent
into helical form ahout itself;

Fig. 4 is a view in side elevation of the struc-
ture shown in section in Fig. 3;

Fig. 5 is a fragmentary sectional view illus-
trating the assembly of the glass tubing with a
stem and the necessary electrical leads for the
completed device;

Fig. 6 is a sectional view on the line 6—6 of
Fig. 5 showing the stem and the leads after the
pressing operation;

Fig. 7 is a view in side elevation with a part
of tlée tubing broken away of the unlt shown in
Fig.

Fig. 8 is a sectional view taken on the line

8—8 of Fig. 5;

Fig. 9is a fragmentary view, partly in section
and partly in side elevation, illustrating the step
of inserting mercury in the base of the tube;

Fig. 10 is a sectional view taken at right angles

53 to Fig. 9 with the parts inverted showing their

position when the pressing of the stem is com-
pleted;

Fig. 11 is a view, partly in section and partly .
in side elevation, of the completed lamp;

Fig. 12 is a fragmentary sectional view show-
ing the relative positions of the electrode, the
fluorescent coating and the enlarged end of the
glass tubing when the assembly of the device is
completed and when a small solid electrode is
used;

Fig. 13 is a sectional view similar to Fig. 3 with
the tubular element removed and illustrating a
modified form of construction wherein the sev-
eral turns of glass tubing are welded together;

Fig. 14 is a view similar to Fig. 3 {llustrating
a modified construction wherein the several
turns of tubing are united to each other and to
the central portion of tubing, and

Fig. 15 {s a view similar to Fig. 14 where the
straight central portion of tubing is of the same
diameter as the turns and wherein coating is
provided in that portion of the tubing which
receives the electrode.

Referring now in detail to the drawings, Fig. 1
shows a piece of glass tubing | which is coated
with -a fluorescent material 2. The fluorescent
coating is applied in any of the well-known
fashions. Specifically, this coating comprises a
finely divided fluorescent material such as zinc
orthosilicate, calcium tungstate, magnesium
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tungstate, etc. The coating is applied to the
glass tubing with a suitable binder.

In the manufacture of lamps such as that
shown in Fig. 11, it is necessary in most cases to
reduce the size of the glass tubing to a point
where coating of the interior of the tubing with
a uniform coating becomes exceedingly difficult.
In order to obtain a coating on the small tubing,
we preferably take glass tubing such as that
shown at | with the coating already applied, and
reduce it in diameter in the following manner.
A substantial section 3 at one end of the tubing

10

is held in such a manner as to avoid its stretch-

ing while the remainder of the tubing inter-
mediate its ends, indicated at 4, is heated and
stretched uniformly so as to reduce it to the de-
sired diameter. The end 8§ of the tubing oppo-
site the end 3 will be held in a suitable holder,
and of course this end will not be reduced in di-
ameter like the part 4. The tubing is then cut
off at 8 and 7 so as to provide an elongated piece
of tubing having one end 3 of substantially the
original diameter, the entire tubing having a
coating on the interior thereof. It is found that
the stretching of the tubing with the coating
thereon does not seriously damage the coating
when a proper binder is used.  Moreover, the
coating does not appear to be thinned out suf-
ficiently to damage it. This no doubt is due to
the fact that the glass contracts in diameter
while it is stretching in length.

After the tubing is formed as shown in Fig.
2, the large end 3 is inserted in a tubular form-
ing element 8 which has a round seat 8 in one
end thereof. ‘The free end of the portion 3 is
extended well below the tubular element 8. The
element 8 and the tubing are then heated and
the reduced portion 4 of the tubing is concen-
trated about the element 8 by winding it in
helical form
closely spaced and out of contact with each
other. The central portion 3 of the glass tub-
ing thus has the portion 4 wound about it in
the form of a coil. This concentrates a consid-
erable length of tubing within a very small vol-
ume of space and at the same time provides a
central tubular section of substantial diameter
for mounting purposes.

Referring now to ¥ig. 5 in particular, the fin-
ished unit of ‘glass tubing is shown in the stage
of being assembled with the necessary electrica!
leads for the electrodes and the stem by which
the glass tubing is mounted in a glass envelope.
A glass sleeve 18 having a flaring portion 11 at
one end is utilized to form the stem and to
form the means of mounting the stem in an
envelope. The glass tubing is mounted in a
holder 12 which is secured upon a rotatable
stem (3 by a set screw 14. ‘The helical reduced
- portion 4 of the tubing unit fits closely enough
in the holder 12 to maintain the central portion
3 of the tubing unit in upright position. In ad-
dition, the holder 12 has a shoulder {5 at the
top thereof which shoulder is adapted to re-
ceive two semicircular plates 18 and 171 which
are adapted to fit closely about the portion 3
of the glass tubing. The plates 18 and 17 also
position two electrical leads 18 and 9 which
are subsequently used for electrode mounting.
These leads are, of course, of a suitable metal
that. can be sealed in glass. One example of
such a metal {s that sold under the trade name
‘“Duomet.”

An electrode 20 is set in the open end of the

so that the turns thereof are
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portion 3. This electrode 20 has a glass bead 78
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21 mounted on its lead 22, and the lead is bent,
as shown at 23, just above the glass head.” In
this way, the electrode 20 is centrally supported
within the tubing portion 3. An exhausting
tubing 24 is then supported by any suitable
means, not shown, above the open end of the
tubing portion 3. The parts assembled as de-
scribed and as shown in Fig. 5 may be rotated,
and heat is applied to the sleeve 10 so. as to
heat it up to a point where the glass may be
compressed to complete the stem. The tube {0
is then compressed upon the leads 18 and I8
and upon the upper end of the tubing portion
3. Air pressure is applied to the tube 24 so as
to cause it to blow out at its lower end through
one side of the compressed glass stem. The
resulting assembly appears as shown in Figs.
6 and 7. The glass envelope 25 is then sealed
to the flared end i1 of the tube (0. However,
before this is done two electrodes 26 and 27 are
attached to the leads 18 and 9., These elec-
trodes ‘may have suitable clean-up material
thereon, as indicated at 28. After the assem-
bly is completed, it is only necessary to process
the tube in the usual fashion to put it in work-
able shape.

When ﬂuorescent materials are used within
the tube I, it is necessary to have mercury va-
por in order to obtain the best excitation of
the fluorescent materials: The mere placing of
mercury or mercury vapor in the glass envelope
28 does not appear to be effective. We have
found that if we place the mercury in the en-
larged portion 3 of the concentrated tubing, the
best results are obtained. The spiral portion
4 of the glass tubing makes it difficult to get
mercury into the portion 3 and it is thus neces-
sary to insert the mercury before mounting the
glass tubing to the stem. In Figs. 9 and 10 we
have illustrated a method whereby the mercury
may be applied without difficulty. In these
figures, a known cup-shaped electrode 29.is used
within: the portion 3 of the glass tubing. ‘This
electrode is provided with a hollow portion 30

53 which faces in the opposite direction to the

open end -of the electrode. In assembling the -
tubing, the hollow portion 30 is filled with mer-

cury and the electrode is then seated in the

tube portion 3, as shown in Fig. 9. After the

stem has been compressed, the assembly may be

inverted and the mercury which is illustrated

at 31 in PFig. 9 will take the position shown in

Fig, 10, that is, it will fall out of the hollow

portion 30 and accumulate beneath the elec-

trode 29 and around its lead 22.

- It is found that the mercury does not get hot
enough in sealing to vaporize off. Then in bom-
barding and pumping the tube the mercury is
in the position shown in Fig. 10, that is, it Is rest-
ing on the glass stem, and even though the elec-
trode 28 gets red hot, it will not vaporize all of
the mercury out of the portion 3 of the tube. It
is possible to insert mercury in the base of the
tube portion 3 after it is assembled, but this re-
quires separation of the tube portion 3 from the
tube portion 4, the insertion of the mercury down
past the electrode 29, and subsequent sealing of
the spiral portion 4 to the portion 3.

In Pig. 12 the electrode 20, the tube portion 3
and the stem are shown in section to illustrate
how & part of the tube and the fluorescent ma-
terial are actually embedded in the stem by the
sealing operation. The same action takes place,
of course, whether a point electrode such as is
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shown in Fig. 12 is used, or a cup electrode 29
is used. .

In Figs. 13, 14 and 15 we have illustrated a
modified form of the invention wherein the sev-
eral turns of glass tubing about the central por-
tion are wound so closely that they touch each
other. In Fig. 13 the turns 4’ are shown as fused
together at 32. In making this form of -the in-
vention, the tubular member 8 is used, but the
coils of tubing are wound closely together. The
coils are then heated sufficiently that they fuse
together into one mass of glass with a spiral pas-
sage 33 extending throughout the mass.

It is sometimes desirable to decrease the total
volume of the glass tubing by placing the turns
&’ in direct contact with the central straight por-
tion 3’ of the tubing. Fig. 14 illustrates how this
may be accomplished. In this figure, the turns
4’ are fused together at 32, the same as in Fig.
13, and the turns are also fused to the central
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portion 3’ of the tubing, as indicated at 34. In

order that the tubing may be made in this fash-
ion, a form 3§ is inserted within the central por-
tion 8’ so that its wall will not collapse. The
tubing is then wound about the central portion
and the form is removed after which sufficient
heat is applied to fuse the turns and the central
tubing together. If the tubing has a tendency
to collapse in the fusing, the form 35 may of
course be used to sustain the tubing during the
fusing operation.

The central tubing 3’ may be made of the same
size as the turns 4’, as illustrated in, Fig. 15.
Also, the coating of fluorescent material indi-
cated at T’ may be applied to the tubing in the
same manner as it is applied in the principal
form of the invention. The assembly of the units
shown in Figs. 13, 14 and 15 is of course the same
as the assembly of the main form. It is neces-
sary, however, in the manufacture of these mod-
ications to carefully anneal the glass after it is
fused together in order to avoid cracking.

From the foregoing description -it is believed
that the nature of the present invention will be
readily apparent to those skilled in this art.
Having thus described our invention, what we
claim as new and desire to secure by Letters Pat-
ent is:

1. In the manufacture of gaseous conduction
devices of the character described, a method
which comprises the steps of sealing a length
of glass tubing and an electrode suspended
therein from one end thereof, within a mount-
ing sleeve by collapsing the sleeve by heat and
pressure upon the end of the tubing supporting
sald electrode, supporting a quantity of liquid
mercury within said tubing below said end dur-
ing the collapse of sald sleeve and thereafter in-
verting the gssembly.

2. In the manufacture of gaseous conduction
devices of the character described, a method
* which comprises the steps of sealing a length of
glass tubing and an electrode suspended there-
in from one end thereof, within a mounting
sleeve by collapsing the sleeve by heat and pres-
sure upon the end of the tubing supporting said
electrode, and trapping a quantity of liquid mer-
cury within the tubing around the electrode sup-
port.

3. In the manufacture of gaseous conduction
devices of the character described wherein a pos-
itive column path, comprising a central portion
and a portion concentrated about said central
portion, is provided in a reservoir of gas, the
method of providing said positive column path

3

which comprises, mounting a length of glass
tubing in an elongated tubular support with one
end of the tubing extending into the tubular
support a distance at least substantially equal to
the desired overall length of the positive column
path, heating and bending the projecting length
of tubing into compact form about the tubular
support, removing the tubing from said support
and mounting the tubing within a gas filled en-
velope having electrodes therein by sealing the
aforesaid end of the tubing to the envelope about
one of the electrodes.

4. In the manufacture of gaseous conduction
devices of the character described wherein a
positive column path, comprising a central por-
tion and a portion concentrated about said cen-
tral portion, is provided in a reservoir of gas, the
method of providing said positive column path
which comprises, first heating and stretching a
length of glass tubing so as to provide an elon-
gated section of substantially reduced cross sec-
tion integral with a shorter section of substan-

_ tially the original cross section, mounting the end
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of the tubing having the original cross section in
a tubular support with said end extending into
the tubular support a distance at least substan-
tially equal to the desired overall length of the
positive column path, heating and bending the
projecting length of tubing into compact form
about the tubular support, removing the tubing
from said support and mounting the tubing with-
in a gas filled envelope having electrodes therein
by sealing the aforesaid end of the tubing to the
envelope about one of the electrodes.

5. In the manufacture of gaseous conduction
devices of the character described wherein a
positive column path, comprising a central por-
tion and a portion concentrated about said cen-
tral portion, is provided in a reservoir of gas, the
method of providing said positive column path
which comprises, first applying a fluorescent
coating to the surface of glass tubing, then heat-
ing and stretching a length of the glass tubing
50 as to provide an elongated section of substan-

" tially reduced cross section integral with a

shorter section of substantially the original cross
section, mounting the end of the tubing having
the original cross section in a tubular support
with said end extending into the tubular support
a distance at least substantially equal to the de-

.sired overall length of the positive column path,

heating and bending the projecting length of
tubing into compact form about the tubular sup-
port, removing the tubing from said support and
mounting the tubing within a gas filled envelope
having electrodes therein by sealing the aforesaid
end of the tubing to the envelope about one of
the electrodes.

6. In the manufacture of gaseous conduction
devices of the character described wherein a
positive column path, comprising a central por-
tion and a portion concentrated about said cen-
tral portion, is provided in a reservoir of gas, the
method of providing said positive column path
which comprises, mounting a length of glass
tubing in an elongated tubular support with one
end of the tubing extending into the tubular
support a distance at least substantially equal to
the desired overall length of the positive column
path, heating and bending the projecting length
of tubing into compact form about the tubular
support, removing the tubing from said support
and mounting the tubing within a gas filled en-
velope having electrodes therein by sealing the
aforesaid end of the tubing to the envelope about
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one of the electrodes and sealing liquid mercury
in said end of the tubing.

7. In the manufacture of gaseous conduction
devices of the character described wherein a
positive column path, comprising a central por-
tion and a portion concentrated about said cen-
tral portion, is provided in a reservoir of gas, the
method of providing said positive column path
which comprises mounting a length of glass tub-
ing in an elongated tubular support with one end
of the tubing extending into the tubular support
a distance at least substantially equal to the de-
sired overall length of the positive column path,
heating and bending the projecting length of
tubing into compact form about the tubular sup-
port, and removing the support.

8. In the manufacture of gaseous conduction
devices of the character described wherein a
positive column path, comprising a central por-
tion and a portion concentrated about said cen-
tral portion, is provided in a reservoir of gas, the
method of providing said positive column path
which comprises, first heating and stretching a
length of glass tubing so as to provide an elon-

gated section of substantially reduced cross sec- »;
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tion integral with a shorter section of substan-
tially the original cross section, mounting the end
of the tubing having the original cross section in
& tubular support with said end extending into
the tubular support a distance at least substan-
tially equal to the desired overall length of the
positive column path, heating and bending the
projecting length of tubing into compact form
about the tubular support, and removing the
support.

9. In the manufacture of gaseous conduction
devices of the character described, a method
which comprises the steps of sealing a length of
glass tubing and an electrode suspended therein
from one end thereof, within a mounting sleeve
by collapsing the sleeve by. heat and pressure
upon the end of the tubing supporting said elec-
trode, supporting a quantity of liquid mercury
within said tubing upon the electrode below that
part of the tubing that is within the sleeve dur-
ing the collapse of the sleeve, and thereafter in-
verting the assembly.

ANDREW F. HENNINGER, Jg.
GEORGE D. HENNINGER.



