D. S. GUSTIN ET AL 2,369,563

METHOD AND APPARATUS FOR FILLING ENVELOPES

Feb. 13, 1945.

Filed Sept. 10, 1943
29

7z

(Z <770

\\ =

s

DRIVEN BY ELECTR/IC

ATOTORE. .

GAS Surmeyy

Fluorsscenr 708

(i

=

INVENTORS
D.S. GosSTIN
L. NIULLAN -

BWWM \

ATTORNEY

TIAIE OF UM PING. —e

v TANIKC .
IV LIPS

‘| PUANSE T S



Patented Feb. 13, 1945

2,369,563

UNITED STATES PATENT OFFICE

U 2,369;568
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5 Claims.

- The present invention relates to & method of
arid-apparatus for filling & sealed container, such
ag an 1ncandescent or discharge lamp as well as
other electric' enérgy translation devices, Wlth %

gaseous ‘medium at a- definite preselected pressure:

ang-in its more specrﬁc application- it relgates to a
novelﬁpump for controlling the prec1se pressure at
whmh it is desired to-fill the device:

P Tt fs- well known in ‘the art of electric emergy
translation devices'to fill the device with ‘a gase+

ous medium for various purposes Por eXample
it/ is ‘customary to fill the' envelope of afy ifican-
descent Tamp with' an inert ‘gas to reduce vapbn-
zgtion of the filatient. Although such & méedium

is-sometimes used in other devices as radio-tubes:

and discliarge lamps for the safme purpose, a gas=
eous medium is more generally employed i these

Tatter devices for imparting thereto desired OpETr=:

ating characteristics: In many discharge tubes
and. lamps their operatmn is' dependent not only
upon the gaseous medium: with which they are
fifled’ but more sxgmﬁcantly the pressure of the

nmiedium since: the Tatter often determines the

voltage -at which they’ operate and the current
ﬂow therethrough,

‘For this reason it is imperative that the pres-
§ure’ of the- gaseous ‘medivin’ be’ substantially
‘exnet. However, in°the prior art this has been's;
troublesome problem resulting in many devices
being rejected in the process of manufacture
because of theit faﬂure to-meéet fixed standards
of* voltage and current due to' variation id the gas’
pressure: “To- obviate tms, rather elaborate ‘and’
expenswe equipment’ ‘Has * hieretofore been re-

quired, in- order -to assure ﬁlhng of the devwe'
with the gaseous’ meﬁinm at'a desned preselected

acburate pressure.

. Iis-accordingly -an- objéct of the present invens'
tion to' provide a method of filling a sealed ‘coti--

tainet with a gaseous’ medmm at & preclse pre-
; selected pressure: :

- Another object of the present invention i the
provision 6f anr ‘apparatus for filling & sealed con=
tainer with 'a gaseous med1um at a precise pre-
delected ‘pressure.

. Another object of thé: present iffvention is the

prov1s1on of ‘amwapparatus of relatively simple and
economicsl construdtion for filling a sealed con-

taiher with a gaseous’ medlum at a precise pre-'

seIected pressure:

' A further object'of the present invention is the:

prov1s1on of ‘a- pump for controlling: the precise

- pressure of the, gaseous Mmediom with which the

eIectric eniergy, translgtion device is filled. .
= Still ‘turther-objects of the present’ ‘nvetition

10

Will become ‘obvious ‘to those skilled i the art'by

reference to the aceotiipafiying drawing' whérein:
F1gure 1-i§ more of Tess of & schematic illustra~

tion of the: apparatis of the present invention and

" showing the most essentlal parts-in croSs-sectmn

and
Figure 2 is a graphic iltustiation showmg the
relationship of gas pressure to time of pumpmg
Referrmg ‘now ‘to the drawmg in ‘detall, the
apparatus as showt in Fig, 1 18 connected to: a;
discharge lamp 5, such as what is néw' -
the art as a fluorescent Tamip, whith 1§ to be

_ exhausted and filled: with: a gaseous mediumi as
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argon, neon, or the like, to facilitate starting of &

discharge therein, and. since the starting voltage
is dépendent on tha pressuie of the gds, the Tatter
must be sabstantially exact.

The exhaust: stem 6 of the I@mp § is connected
by a.tube Ttoasthree~way valve, shoWwi generally
at:8. Inwhatis indicated asthe first position-of
the'valve 8 a substantially U-shaped port 9 estab=
lishesi communication between. the tube T and @
tubie 10: leading. to & vacuum punip 12 for the:
purpose of evacuating the lamp-5. Aftér com=
plete éxhaust of the latter the valve 8.is turned-to
position 2 which. thus shifts the port 9 so:that
eommunicadtion. is established. between 4: ttibe: 43,
constituting & branch:of the tube T leading to the
Igmp 5, and: & tube 14 exteniding. through-a gas
pressure regulator f5:toa souree of supply such:as
a tank or cylinder 16. The valves 11 areé régu~
lated so that the lamp §. is filled with gas from
the cylinder 16 to a pressure slightly in excess of
that finally desired for the lamp which pressure
will be indicated by the gavge 18,

Next the valve 8 is:rotated toits third position
so that the port 9 will establish communication.
between another- tube {9, also constituting a
branch of tube T leading to the lamp 5, and a
further tube 20 leading to & Hump 22.-. Althotigh
this pump-may be of tHe-rotary or pisteii type It
is showh ‘as. coriprising o cylinder 28 provided
with' 8 detachable head 24 through which a piston:
rod 25 extends to-a piston 26 within the cylinder
23, the pistori Fod being reciprocated by-an electric
imotor ¢not shown) .- The opposite closed end:of
the cylinder 23 is prov1ded with o spring’ pressedx
inlet valve 27 aligninig- with the tubg 20 and g
simfilar type outlet valve 28 which exhatists to: the
dtmosphere.

Thie-closed ‘ehd of the cylinder 23 is provided
with an extension forming 2 compressmn chamis
ber 29 containihg a piston 30 which is adjlistable
within‘the chanibei 29’ By means of ‘& contiol krich
3% and’ threaded shaft 33 for-the purpose of alter=




ing at will the capacity of the compression cham-
ber 29 and hence the volume of the gas therein.
Although the compression chamber 29 is shown
as an integral part of the pump 22 it may be
separate therefrom but connected with the pump
by a conduit when desired so that a standard
pump may be utilized. On the:other hand the
capacity of the cylinder 23 is fixed at some defi-
nite figure of say 1000 c. c.

Whenever it is desired to fill a lamp at a given:

‘pressure the lamp, as above mentioned, is filled
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at a pressure in excess of that required. The .
pump 22 is then operated to pump the gas into

the cylinder 23 after which the volume is: de-
creased by compression with some of the gas be-
ing exhausted to the atmosphere through the

outlet valve 28, while the remainder is trapped

and compressed within the compression chamber
29. When the volume of the compressed gas
within the compression chamber 29 is finally such
that when expanded to the whole volume of the
cylinder 23 it is at the same pressure as that
within the lamp ¥, equilibrium is established and
no further reduction in gas pressure can result.
-This may be better appreciated from the fol-
lowing formula:
. PaVa=PpVe
wherein o
Pa=Pressure in compression chamber 28 .
VA_Volume of compression chamber 28
Pr=Pressure in cylinder 23
Ve=Volume of cylinder 23

- When equilibrium is established for a given
condition then:

. (760 mm.) (1 c. ¢)=(76 mm.) (1000 c. c.)

due to the fact that the capacity of cylinder 23
is fixed and hence the volume of the expanded gas
is about 1000 c. ¢., while the pressure in the com-
pression chamber 29 is fixed at atmospheric pres-
sure of 760 mm, thus establishing a definite ratio
between the pressure and volume of the gas in the
cylinder 23 and the pressure and volume of the
gas in the compression chamber 29. )

-Assuming it is desired to fill the lamp 5 at a -

pressure of 4 mm, the lamp is first filled from the
tank 16 at a pressure of say 6 mm.. In order to
ascertain the required volume for the compres-
sion chamber 23 when a pressure of 4 mm. is
desired in the lamp § the above formulg is then
applied as follows:

Vax'760 mm.=4 mm. X 1000 c. c.:
which gives
(4)(1000 c. c.)

Va=""755

or
T Va=5.26 c. c. ‘

. Having thus determined the required capacity
or .volume for the compression chamber 29, the
control knob 32 is then rotated so as to move the
piston within the chamber 29 until this desired
capacity or volume of 5.26 c. c. is obtained. To
facilitate such adjustment the threads on the
shaft 33 may have a definite pitch-and number
per inch corresponding to a desned .capacity or
volume in cubic centimeters within the chamber
29 and a suitable gauge or other indicia provided
on the shaft 33 will reveal at a glance the volume
within .the chamber at any position.of the shaft
33..
During the suctlon or intake stroke of the pis-
ton 26 gas from the lamp 5 (at 6 mm. pressure)
is. drawn into the cylinder 23 and upon the com-
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~ the tank, i. e.,
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pression stroke inlet valve 27 ecloses and outlet
valve 28 opens exhausting the gas from the cyl-
inder 23 to the atmosphere except for the volume
compressed in the chamber 29. Continued recip-
rocation of the piston thus withdraws gas from
the lamp § and exhausts it to the atmosphere un-
til the volume of gas (approximately 5.26 c. ¢.)
compressed within the chamber 29, when expand-
ed to whole volume of the cylinder 23, equals the

Ppressure desired in the lamp or 4 mm. pressure,

af which time equilibrium is established since the
pressure in the lamp 5 is equal to the pressure of
the expanded gas within the cylinder 23 and
continued operation of the pump 22 will have no

-effect on further reduction of gas pressure. The

Tamp 5 is then-sealed-off in the customary man-

‘ner such as by applying fires 34 to the exhaust
- stem 6 after which the lamp is ready for basing

and complete fabrication.

-This may be appreciated by reference to the
graph of PFig. 2 wherein the ordinate represents
gas pressure and the abscissa time of pumping.
‘The curve A indicates the pressure of the gas in
initial filling of the lamp at a
pressure in excess of that desired, and the line
B indicates the preselected desired pressure in
the lamp. After a few minutes of pumping the

. pressure is decreased from that of the initial
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filling to that desired and, as shown, continued
pumping has no further effect on the final lamp
pressure, as previously mentioned.

"It thus becomes obvious to those skilled in the
art that a method of and apparatus for exhaust-

‘ing and filling the envelope of an electric energy

translation device with a gas at a precise prese-
lected pressure is herein provided. Moreover,
this is accomplished primarily by utilizing a pump
provided with an adjustable compression cham-
ber so that the area of the chamber can be reg-
ulated to preselect the volume of the gas trapped
therein. When such gas is expanded to the whole
volume of the adjacent connecting cylinder it wilj
finally be pumped to a pressure equal to that pre-
selected for the envelope of the device.

Although one specific embodiment of the pres-

" ent invention has been shown and described it is
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to be understood that still further modifications

.thereof may be made without departing from:

the spirit and scope of the appended claims.

We claim:

1. The method of filling the envelope of an
electric energy translation device with a gas at
a preselected definite pressure comprising filling
the envelope with gas from a source of supply and
at a pressure in excess of the desired preselected
pressure, pumping the gas from the envelope into
a normally closed chamber of definite capacity,
compressing a preselected volume of the pumped
gas within the chamber while exhausting the re-
mainder until the pressure of such preselected
volume when expanded to the definite fixed vol-
ume of the chamber equals the pressure desired
in the envelope, and sealing-off the envelope.

2. The method of filling the envelope of an
electric energy translation device with gas at a
preselected definite pressure comprising filling
the envelope with gas-from a source of supply and
at a pressure in excess of the desired preselected
pressure, pumping the gas from the envelope into
a normally closed chamber of definite volumetric

' ‘capacity, - cyclically compressing a preselected

vglume of the pumped gas within the chamber
while  exhausting the remainder and expanding
such volume to the definite fixed volume of the
chamber until equilibrium is establisheq between
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the pressure of the expanded fixed volume and
the pressure in the envelope, and sealing-off the
envelope. ‘ B

3. An apparatus for filling the envelope of an
electric energy translation device with a gas at
a definite. preselected pressure comprising a
source of gas supply connected to said envelope
for filling the latter with gas at a pressure in ex-
cess of that desired, means for pumping gas from
said envelope into a normally closed chamber of
definite volumetric capacity to decrease the pres-
sure in said envelope, and means for compressing
a preselected volume of said gas within said
chamber while exhausting the remainder during
pumping of said envelope which compressed vol-
ume when expanded to the definite fixed volume'
of said chamber finally establishes a.pressure
equilibrium with the preselected pressure desired
in said envelope after which said first mentioned
means becomes automatically ineffective to fur-
ther decrease the gas pressure in said envelope.

‘4. An apparatus-for filling the envelope of an
electric energy translation device with a gas at
a definite preselected pressure comprising a gas
supply connected to said envelope for “filling the
latter with gas at a pressure in excess of that de-
sired, and means connected to said envelope for
reducing the initial filling pressure within said
envelope to that preselected .including. a pump
provided with a eylinder having a predetermined
fixed volume and operable to decrease the pres-
sure in sald envelope, & compression chamber
‘communicating with the -cylinder of said pump
for compressing & preselected volume of said gas
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while exhausting the remainder during pumping:
which compressed volume when expanded to the
whole volume of the cylinder of said pump finally
establishes a pressure in equilibrium with the de-
sired preselected pressure in said envelope there-
by rendering said pump ineffective to cause a fur-
ther decrease in the pressure within said envelope.

5. An apparatus for filling the envelope of an
electric energy translation device with a gas at
a definite preselected pressure comprising a gas
supply connected to said envelope for filling the
latter with gas at a pressure in excess of that
desired, and means connected to said énvelope.
for decreasing the initial filling pressure within’
said envelope to-that preselected .including a
pump provided with a cylinder having a prede-
termined fixed volume and an intake valve for

" decreasing the pressure in said envelope, an out-
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let valve for said pump to exhaust said gas to
the atmosphere, a compression chamber commu-
nicating with the cylinder of said pump for com-
pressing a preselected volume of gas during ex-
haustion thereof to the atmosphere, and said
pump being operable to expand the preselected
volume of gas to the whole volume of its cylinder

-until the pressure of the expanded volume estab-

lishes equilibrium with the pressure in said en-.
velope rendering said pump thereafter ineffective
to further reduce the pressure in said envelope
and thus fixing the pressure in said envelope at
that desired. : o
DANIEL S. GUSTIN.
DANIEL MULLAN.




