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This invention relates to gaseous type electric 
discharge devices and more particularly to proc 
esses and apparatus for controlling the admission 
of gases to such devices. 

In certain devices for example the cold cathode 
gaseous discharge tubes, it has been the prac 
tice of filling the gases at prescribed pressures 
through the use of manual type controls. I have 
found that by accurately and automatically con 
trolling the pressure of the inert gas used in the 
filling Operation within predetermined desirable 
limits of pressure, and by accurately controlling 
the duration of the gas filling operation, it is 
possible to fill discharge tubes on the usual auto 
matic exhaust and Sealing machines. As a result 
it is possible to produce great quantities of dis 
charge tubes with a very high degree of uniformity 
existing between the various tubes. 
An object of the present invention is to provide 

an improved method of filling electric discharge 
devices such as cold cathode rectifiers, voltage 
regulators, gas type photocells, gas type triodes, 
with a gas or vapor which is later employed in 
the tube to sustain an ionizing discharge. 
Another object is to provide an automatic 

mechanism for controlling with a high degree of 
accuracy the various factors encountered in the 
filling of the gaseous devices named above. 
A further feature relates to an improved auto 

matic valve whose operation is controlled by a 
three contact manometer which allows gas to 
enter within predetermined limits of pressure. 
Thus the manometer may be adjusted to admit 
gas at a minimum value of 3 m. m. of mercury 
pressure and a maximum value of 5 m. m. of 
mercury pressure, 
A further feature relates to the novel organiza 

tion of an interlocking system of relays which 
are effective in controlling the flow of gas so that 
at no time does the pressure fall below a pre 
determined minimum value or does the pressure 
rise above a predetermined maximum value of 
pressure. 
Other features and advantages not specifically 

enumerated will be apparent after a considera 
tion of the following detailed descriptions and 
the appended claims. 
While the invention will be described herein as 

embodied in One Well-known type of exhaust and 
sealing machine it will be understood that it is 
equally applicable to other forms of exhaust and 
sealing machines. Furthermore, inasmuch as 
automatic exhaust and Sealing machines for 
lamps, radio tubes, and the like are quite well 
known in the art, the drawing is intended to be 

(C, 16-2) 
merely diagrammatic as to details of structure of 
the machine as a whole. Accordingly in the draw ing, 

Fig. 1 is a Schematic diagram of certain parts 
of any well-known form of automatic exhaust 
machine embodying the invention. 

Fig. 2 is a detailed composite schematic dia 
gram of the devices and circuits used in conjunc 
tion with the automatic exhaust machine to effect the gas filling. 

Referring to Fig. 1, there is schematically illus 
trated an automatic exhaust machine such for 
example as illustrated in detail in Patent No. 
996,936. In general, the machine includes a ro 
tatable Spider carrying a series of arcuate hollow 
sectors , 2 and 3 each sector being provided 
with a plurality of ports 4 to receive the tubes to 
be processed. The spider is rotated in a step-by 
step manner in the direction of the arrow by any 
suitable mechanism, for example by the Geneva 
gear 5, which is operated from the main driving 
motor 6, it being understood that the Geneva 
movement has the same number of teeth as the 
number of ports 4. Each of the ports 4 is con 
nected by Suitable piping to the central rotary 
valve designated generally by the numeral the 
rotary valve being provided in the well-known 
manner with a series of ports equal in number to 
the ports 4 so that as each tube is advanced to 
Successive positions the particular processing for 
that position is effected. In the particular ma 
chine illustrated the tubes are indexed to twenty 
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four successive positions which are indicated in 
the drawing by the numerals 1 to 24 inclusive. 
In positions 1, 2, 3 and 4 the ports 4 are either 
opened or closed, depending upon the type of 
tube to be processed. In positions 5 to 10 inclu 
sive the ports are connected through a rotary 
valve 7 with the first exhaust pump. In position 
6 the tube is tested for leaks by any well-known 
mechanism. From positions 6 to 15 there is pro 
vided a Suitable oven for baking out the glass 
and other parts of the tube. In positions 12 to 22 
inclusive the tubes are connected to the final ex 
haust pump and while passing from positions 12 
to 23 the various operations are performed. Suit 
able lighting arrangements are provided in posi 
tions 1 to 4 inclusive and 15 to 23 inclusive which 
may be used for degassing the filaments of types 
having filaments. In the case of cold cathode or 
non-thermionic type tubes this latter feature is 
not necessary. In position 24 the automatic gas 
filling mechanism (Fig. 2) operates to admit the 
inert gas (preferably argon, neon, or helium or 
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suitable mixtures of these gases) at a pressure 65 
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2 
which shall not be less than a predetermined 
minimum value or greater than a predetermined 
maximum value. In positions 15 to 23 the filla 
ment may be lighted and the bombarding coil is 
lowered over the tube to raise the temperature of 
the metal parts to drive out Occluded gases and 
in position 23 the bombarding coil acts to flash 
the getter material within the tube. Position 24 
is the gas filling and tip of position where the 
exhaust tube is sealed off after the gas has en 
tered the tube. For convenience of understand 
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ing, the sequence of operations may be accord 
ing to the following schedule: 

S; Gas filled rectifier types having filaments 

: gene-tube loading pene 3 DO. Lighting positions 
4. do. 
is Manifold 
6 .eak detector 
7 Manifold 8 Do. Exhaust pump 
9 Do, 
O Do. 
1. Do. 

12 Single pump Position in oven 
3 Do, 
4. do. 
15 Do 
6 Do. 

B3: ... - 0. 9 Do. Lighting 
20 do. positions 
21 do. 
22 Do 23 single pump-getterflash coil 
24 Closed-gas filling-tip off 

R; Gas filled cold cathode types (no flaments) 

1 Closed-tube loading 
2 Closed 
3 D0. 
4. D0. 
S. Manifold 
6 Leak detector 
7 Manifold 
8 Do. Exhaust pump 
9 Do. 
10 DO. 

1. do. - 12 Single pump Position in oven 
3 Do. 
14 Do, 
15 Do. 
16 D0. 17 Single pump-bombarding coil 
8 Single pump 
19 Single pump-bombarding coil 

Single pump 
21 Single pump-bombarding coil 
22 Single pump 
23 Single pump getterflash coll 
2 Closed-gas filling-tip of 

The above exhaust schedules may be varied 
considerably in accordance with the various tech 
nics known in the art of radio tube manufacture. 
Other schedules have been found to be equally as 
desirable as the above but the above Schedules are 
the preferable ones. 

Referring to Fig. 2, a detailed description will 
now be given of the apparatus which comes into 
operation as the tube reaches position 24. Port 
number 24 is connected by a piping System pref 
erably of Pyrex glass tubing to the gas supply 
tank 25, containing the desired inert gas, vapor 
or mixture of gas and vapors, whose pressure is 
to be set between a minimum and maximum value 
by the controls to be described. Preferably the 
gas from source 25 is a pure inert gas or gases, 
and the pressure of the supply, tank is controlled 
by conventional pressure regulators. The tank 
25 is connected to the apparatus through the 
intermediary of a rubber tubing 27 which has 
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associated therewith a manually adjustable con 
striction control device or clamp 26, and a similar 
electromagnetically controlled constriction de 
vice 29. These devices are provided with suitable 
piraching jaws which when noved towards each 
other control the effective opening through the 
rubber tubing. By means of the manually ad 
justable device 26, the desired flow of gas is con 
trolled. The electromagnetic valve 29 is provided 
with an operating electromagnet 29a which when 
energized, effects a complete closure of the tubing 
27. A similar electromagnetic valve 28 is asso 
ciated with the rubber tubing 28a which connects 
the apparatus to the vacuum pump (not shown). 
The valve 28 is provided with an electromagnet 
28b which is energized from the electrical supply 
line through the switches 30, 3. 

Associated with the system is an indicating 
mercury manometer comprising a bulb 32 and a 
side arm 33. Three contacts 34, 35, 36 are sealed 
into the manometer and a suitable quantity of 
liquid mercury is provided within the manometer, 
the level of the mercury being normally below the 
contact 35. As the pressure of the gas flowing 
through the System increases it causes a corre 
sponding rise in the mercury in the arm 33 thus 
connecting the contacts 35, 36 successively in cir 
cuit. The manometer is sealed to the glass tub 
ing of the System as indicated, and connected in 
the system is a Suitable Geissler tube 3 having 
the usual electrodes 38, 39, whereby the proper 
flow and composition of the desired gases can be 
visually determined by spectral examination at 
periodical intervals. The glass system also in 
cludes a Suitable liquid air trap 49 whereby 
moisture, oil vapor and mercury vapor, are 
trapped in the Well known manner before the 
gases enter the reservoir 4. 
of sufficient capacity to stabilize the pressure in 
the System whereby the number of relay contacts 
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The reservoir 4 f is 

required is at a minimum. For the purpose of 
controlling the gas Supply valve 29, there are pro 
vided a pair of relays 42, 43, and for the purpose 
of energizing the Geissler tube there is provided a 
high voltage transformer 44, the primary of which 
is connected to the electric supply line through 
the switch 45. 

Before filling the system with a gas, it is com 
pletely evacuated by closing the valve 26 while 
maintaining valve 28 open. When the system has 
been properly exhausted, the valve 26 is opened 
and the gas flows through tube 27, tube 37, trap 
40 and into the reservoir 4. As the pressure in 
the system rises, the mercury in the manometer 
32 rises until a connection through the mercury 
is made between contacts 34 and 36. Under these 
conditions, a circuit is completed from the supply 
line 46 through the Winding of relay 43, con 
ductor 47, contact 36, contact 34 to line con 
ductor 48. Relays 42 and 43 are preferably of the 
110 volt A. C. Operating type. Relay 43 when 
thus energized operates its armatures 49, 50 away 
from the associated back contacts 51, 52 and into 
engagement with the respective front contacts 53, 
54. Armature 49 when it engages contact 53 
connects the neon lamp indicator 55 in the line 
circuit as a visual indication that relay 43 is oper 
ated. The engagement between armature 50 
and contact 54 completes a circuit from line con 
ductor 46 through the winding of relay 42, contact 
54, armature 50, conductor 56, contact 35, contact 
34 to line conductor 48. Relay 42 when thus 
energized moves its armatures 5 and 58 away 
from the associated back contacts 6, 62 into 
engagement with respective front contacts 59, 60. 
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A circuit thereupon is closed frontine conductor 
di through the armature US, contact B, conductor 
8, winding of electromagnet 2a to line con 

ductor 48. Valve 29 thereupon operates to shut 
off the gas supply. The relay 42 when operated 
has a locking circuit completed for itself trace 
able from the line conductor 4B, winding of relay 
42, contact 59, armature 5T, conductors B4, BS, 
contacts 35, 4 to line conductor 48. Relay 42 
therefore remains operated so long as the pressure 
in the system is sufficient to maintain the nercury 
at the level of contact 5. Thus contact 35 con 
trols the minimum pressure of gas in the system 
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and contact 3 controls the maximum pressure of 
gas in the system, it being understood of course 
that these two contacts are so positioned and the 
dimensions of the manometer are such that the 
desired maximum and minimum pressures 
controlled. 
Should the pressure in the systern drop below 

the predetermined minimum, a for example 
when a tube to be filled reaches port 24, the level 
of the mercury in the manometer drops below the 
contact 5. Under these conditions the circuit 
for relay. 8 is broken and the previously de 
scribed locking circuit for relay 42 is also broken 
causing the release of both these relays. The re 
lease of, relay 42 causes the valve 28 to be re 
opened thus admitting gas to the required pres 
sure into the system. Should the pressure in the 
system rise above the predetermined maximum 
the operating circuit for relay 4 is again closed 
as described above thus preventing further entry 
of gas into the system. Relay 42 may also have 
associated therewith through contacts 8 and 2 
a neon lamp indicator it to indicate the cond 
tion of relay 42. Thus an attendant is able to 
determine from the sequence of operations of 
the lamps SS and it whether the control system 
is functioning properly. Preferably a condenser 

is connected across the contacts and B to 
reduce sparking thereat and likewise condensers 
BB, B are provided across the manometer con 

45 
tacts for a similar purpose. 
With the foregoing type of control, it is possible 

to fill lamps, radio tubes and the like, with inert 
gas between accurately predetermined pressure 
thus enabling such devices to be produced in 
large quantities with unifornity between the 
different lamps or tubes, and by employing any 
well known exhaust machine such for example as 
the "Sealex' machine or the like. The process of 
gas-filling, is entirely automatic once the initial 
adjustments have been made as above described 
and enables tubes to be evacuated, gas-filled and 
tipped off at a speed of approximately 300 per 
hour whereas with the Ordinary control methods 
a maximum speed of 50 per hour is obtainable. 
It will be understood of courage that after the 
tube or lamp has been fled with gas as above 
described, the usual exhaust tubulation above is 
sealed-off and the tube is removed from thema 
chine in any well known nanner, it being under 
stood that the above described cycle of operations 
is represented for each tube that is loaded into 

various changes and modificationa may be 

1. 

3 
made herein without departing from the spirit 
and scope of the invention. 
What can is: 
1. In an automatic exhaust machine of the 

character described, the combination of a plat 
form to carry a bulb having a plurality of elec 
trodes, means to index said platform in a step 
by-step motion to a plurality of successive posi 
tions, means effective in one of said positions to 
admit an inert gas into said bulb at a pressure 
between a predetermined upper limit and a pre 
determined lower limit, the last-mentioned means 
including a mercury manometer having an upper 
and a lower contact corresponding respectively to 
said upper and lower limits, a first relay ener 
gized only when the mercury engages said up 
per contact, a second relay initially energized 
only when the first relay is operated and the 
mercury engages said lower contact, a locking 
circuit for said second relay independent of the 
first relay but controlled by said lower contact, 
and a valve for controlling the admission of the 
inert gas into the bulb, said valve being con 
trolled conjointly by said pair of relays. 

2. In an automatic exhaust machine of the 
character described, the combination of a plat 
form to carry a bulb which is to contain a filling 
of an inert gas, means to index said platform in 
a step-by-step motion to a plurality of successive 
positions, means effective in one of said positions 
to admit an inert gas into said bulb at a pressure 
between a predetermined upper limit and a pre 
determined lower limit, the last-mentioned means 
including a mercury manometer having upper 
and lower contacts corresponding respectively to 
said upper and lower limits, and an interme 
diate contact, a first relay energized only when 
the mercury engages said upper contact, a second 
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relay initially energized only when the first relay 
is operated and the mercury engages said lower 
contact, a locking circuit for said second relay 
independent of the first relay but controlled by 
said lower contact and said intermediate con 
tact, and a valve for controlling the admission 
of the inert gas into the bulb, said wave being 
controlled conjointly by said pair of relays. 

3. In an automatic exhaust machine of the 
character described, the combination of a plat 
form to carry a bulb which is to contain a filling 
of an inert gas, means to index said platform in a 
step-by-step motion to a plurality of successive 
positions, means effective in one of said positions 
to admit the inert gas into said bulb at a pres 
sure between a predetermined upper limit and a 
predetermined lowe limit, the last-mentioned 
means including a pressure responsive relay hav 
ing three contacts, two of which correspond re 
spectively to the upper and lower pressure limits, 
a pair of relays operated when a circuit is closed 
through said two contacts, a locking circuit for 
one of said relays controlled conjointly by the 
other relay and the third contact, and a valve for 
controlling the admission of the inert gas into the 
bub, said wave being controlled conjointly by 
said pair of relays. 
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