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This invention relates to electron tube manufacturing
and in particular to the aging of electron tubes.

It is common practice in the art, after the parts of a
tube have been assembled and sealed within an air ex-
hausted envelope, to transfer the tubes to an aging rack,
usually in the form of a conveyor having bars with tube
sockets thereon and wherein the tubes inserted in the
sockets are heated by application of abnormally high volt-
ages to the filamentary heater and other electrodes within
the tube. The effect of this heating is to raise the tem-
perature of the parts within the tube to higher than tem-
peratures they would be subjected to in normal use, and,
by controlling the heating, permanent changes are ef-
fected in the geometrical configuration in the electrodes
within the tube. In the particular case of the second or
screen grid, if the grid be elliptical, rectangular or. of
other shape displaying major and minor diameters.with
the minor diameter perpendicular to the active face of

the cathode, the heating of the tube c¢auses a.permanent .

increase in the minor diameter of the grid, with a perma-
nent increase of spacing between the screen grid and con-
trol grid. This increase in spacing reduces the anode cur-
rent that would otherwise flow through the tube and cor-
respondingly changes other characteristics of the tube,
such as trans-conductance and screen grid current. The
reduction in current flow is desirable, since.the tubes,
prior to aging, have widely different characteristics; but,
by aging the tubes, the top level of anode current in all
of them are reduced to a lower level, thereby reducing
the spread above an arbitrarily designated lower level of
current. Thus tubes with more uniform characteristics
than prior to aging, are produced. )

However, the prior art methods and machines lowered

the current levels of all tubes alike, including those’

wherein current levels were initially too low, thereby fail-

ing to obtain tubes with as good uniform characteristics .

as could be obtained by means of the present invention.

It is an object of this invention to provide a system
whereby, while all tubes are subjected to treatment which
may bring about a lowering of the current level in the
tube, the treatment is varied as required for each tube
to bring about a fairly uniform characteristic of current
flow through all of the tubes.

It is a more specific object of the invention to bring
about an expansion of the screen grid of a tube, when
required, to such a degree as to lower the cathode current
to a predetermined value.

-Another object of the invention is to provide a system

Whereby although a group of tubes is treated for lower-~

ing the cathode current therein, the treatment of each
tabe is individually controlled to bring about a substan-
tially_equal cathode current in each of the tubes.

. Other. ob]ects of the invention will become apparent
upon con51deratlon of the following . specification, when
taken, in comunctxon .with the accompanying drawings
in which:

_Fig.1isa dlaorammatlc vertical wew of the aging rack
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employed in the invention, with a conveyor about the

" rack.
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Fig. 2 is a fragmental plan view of one of the bars used
on the conveyor.

Fig. 3 is a fragmentary portion of the underface of the
bar.

Fig. 4 is an end view of the bar.

Fig. 5 is a wiring diagram of the c1tcu1try mvolved in
the invention and

Fig. 6 is a view of a type of tube which may be plugged
into the sockets on the bars. :

Referring to_ the drawings in greater detail, in Fig. 1
there is diagrammatically illustrated a conveyor frame 18,
around which travels a conveyor 11 of two spaced parallel
chains 12 (only one chain being shown) running in the
direction of the arrow and having a vertical ascending
side 13, an upper horizontal run 14, a vertical descend-
ing side 16 and a lower horizontal run 18. These chains
are driven intermittently, for example one step every
twenty five seconds, by a Geneva drive 20 whose drive
shaft 22 may be variably driven, as through a Reeves
transmission, not shown, to-vary the timing of intermit-
tent movement of the conveyor. Spanning the chains are
bars 24, each provided with a number of tube receiving
sockets 26. To simplify the description, but not as limita-
tive of the invention,. specific numbers of parts and a
specific type of tube will be referred to although it will be
obvious that other numbers of parts and other types of
tubes may be selected. For an example, each bar, of
which there may be one hundred and fourteen, is pro-
vided with nine sockets 26, each adapted fo Teceive a
tube, as tube 28, each sccket being prov1ded with seven
contacts 30 to correspond with the pins 32 on the tube.
Each of the ascending and descending sides of .the con-
veyor may accommodate nineteen of the bars and the
lower and horizontal runs may each accommodate thirty
eight bars. The sockets are loaded with tubes to be aged
at the loading station at the right of Fig. 1 at about the
third indexed position of the bar from the bottom run,
and the tubes are removed at the unloading station on
the descending run of the conveyor at about the third bar

-above the bottom run. As a result, in this instance, the
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tubes can be aged through seventy-two indexes of the
conveyor, for about twenty-five seconds at each index .
position. For each of the possible seventy-two aging
positions of the bars there is a row of spring contacts 38
mounted on the frame of the conveyor, each row extend-
ing parallel to a bar and comprised of as many individual .
contacts in a row as there are sockets on the bar multi-
plied by the number of contacts in each socket; since
seven contacts have been selected for each of nine sockets,

‘there will be sixty three fixed contacts .in a row. The_

socket contacts are brought to the lower faces of the,
bars 24 wherein printed circuitry 49, similar for each
socket, leads the contacts to a row of shoes 42 mounted
on the bar to correspond with the lateral spacing of the
fixed spring contacts. The nine wires leading to corre-
sponding shoes on each socket, as for example, the anode
connected shoes, are connected into a bundle 44, each
bundle leading to the terminals of a polarized plug 46.
The plugs from one bar all lead to a plug-in panel 50;
Each panel has seven plug sockets 52 to respectively re-
ceive the pins of the plugs. Each of the contacts of the
plug-in sockets is fed with individually regulated current.
at suitable voltages, so that each contact of the sockets on
the bars can be fed with any desired voltage at any desired
indexed posmon of the bars. This allows for extremP ’
flexibility in aging of the tubes. :
In accordance with applicant’s invention, at one of tha'
indexed positions of the bars, for-example at the ﬁftv
sixth indexed position femoved from the loading position:”
the wires from the spring contacts are differentl y bundled;:



’ - is conducting current while the anodé is not..
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Here the seven wires originating from a -socket are made
into a group, as group 58, and the nine groups of wires
58 from the nine sockets are fed to a relay box .60 within
which are nine relays 62, see Fig: 5; and associated equip-

-ment, as will be described. Each relay comprises. an: 8

clectromagnetic coil :64; a pair; of; fixed. back contacts 66,
68, a pair of fixed front contacts 76, 72, and anm:armature’
carrying_a pair:of tiéd:together movable: arms.76 and 78,
the arm 76 alternatively contacting contacts- 66 and 76:

and the arm 78 alternatlvely contacting -contacts: 68 10

‘and: 72.

A wire 80 connects movable arm 76:with the sprm«7
contact 38 leading- to-the -anodeiof ‘a-tube. A" wire 82
connects movable arm 78 with-a: spring -contact' 38:lead-
ing to the -#1-or-control-grid of the same tube: A wire 84 !

. connects #2’ gridi'oF screen -grid-spring-contact:38 and Te-
lay contact 66.° A wite 86 connects cathode spring contact: -
38-and relay contact 72. The-heater-wires 87, 88 lead
from spring: contacts: 38 to a -variable:transformer 90 sor
as to- féed any :desired-voltage to the heater, and a sup-
pressor grid spring-contact connected wire 92" leads to
one side- of ‘a closed: switch 94 which-switch is. connected -
at its-other side to"the cathode lead 86. The contact

68 is- grounded while: the contact 70 is' open circuited. 25

- The- contact 66- in addition to being connected to- line
84 is- connected - via a load lamp- 96 to a- source 98
of ' D.C. pdtential which | may be varied, at will.  The
. contact 72°is’ connected- via -a léad 100 to the- movable
“.arm-101°of a potenuometer 102, grounded at one end,

“and connected: at its other-end to the cathodé of a
self biased:grid controlled gas filled: tube 104, as a type
2D21,  whose -grid is ground via ‘a resistor 106. By

: ~ varying thé position of“the potentiometer arm 101, the
- voltage Tequired to fire the tube 104 may be.varied at g5

will,  Current to’ the relay. coil. 64 is fed from a D.C.

sotrce, cut off ‘with each index movement of the bars, .
“as by -a"microswitch 197 opened with every index of ‘the
bars, via a-current limiting resistor ‘108 and the anode -

-of: the gasfilled tube, when the tube is fired. ~ The state 4q

of tube 164 may be indicated by a high resistance indi-
cating lamp.as a neon lamp 110 in shunt with the-tube.
104-and its potentlometer 102..

Each: of the nine tubes onthe bar at the fifty-sixth.-
index  position rtegisters with an’ individual - electrode 4
switching circuit; exactly like the one described and.il-

“Iustrated .in Fig. 5. If ‘cathode . current of a tube under -,
‘testis: sufficiently high.to maintain over 2.0-volts. bias.
(in: the case of the 2D21 type tube) over the lower

part of potentiometer 102, the tube 104 will not fire' zq

~and” the.circuit remains.as: shown in the said figure. In -
this. position, the.screen grid of the tube .28’ under test
Also the

- control grid is shorted_to the. cathode. Therefore,.the.

-, current- flow 'through the screen grid is high and the: g5

"~ grid laterals of the.screen grid become, sufficiently. hot
to.expand beyond their elastic.limits.- As the grid wires
expand, they move farther from the control.grid, where-.

~upon the current flow.via. the.screen. grid .and the -poten-
tiometer 102 diminishes.
tive bias-on the grid of ‘the -gas filled tube.decreases.-

- and the. tube. fires and. conducts until the. next index. of

the bar.~ Firing.of the tube 104 will. canse current to -

flow -through. “the. relay -coil - 64. thereby throwing . the:

‘movable arm 76 and.78 against the back fixed.contacts:66:: g5

and, 68 -and the current :flow through;the tube :28-is.di- -
rected via, the ‘anode- and- screen: grxd tied - together . as -
“‘oné unit. - Also-the. control. grid. of - -the . tube-28 *is- con<
“nected. to.the ground, imposing-a. negative -bias-on- the~

grid. of the tube under:-test -via' the lower:-part- 6f po-"70

. tentiometer 162, thereby limiting -anode-ctirrent through
the::tube.- - This - controlled * and: lower: value- current is -

" ‘wellbelow: ‘thes current- value- which: would” cause fur—

ther:’ expansion- of - the* screen: grid” and: therefore no:
- further: permanent deformation of ‘the grid will® occiir: 75

20

_ voltage, the-contacts on-the frame: at one position. of™

When-low enough,. the. nega-. .gg

- .the- sockets, said relay mechanism compnsmg a coil®
sponsive to the magmtude of sald current ﬁow and" “op-. -

P

If a tube initially, with the circuit in the position shown_

in Fig. 5, should exhibit low screen grid current char-
acteristics, the gas filled tube 104 will fire immediately
and no permanent deformation of the screen grid will
take place. Thus each tube 28 on a bar will be indi-
vidually. treated -as the bars are indexed, to bring the
conductivity of the individual tubes down to a_substan-
tially common level.

Although the invention has been ﬂlustrated as apphed
to the deformation of-a screen -grid, it is. obvious: that;
instead, other electrodes may be deformed*to: secure the

results desired. - Also the current detecting means meed "

not necessarily: be: a: gas filled:tube since .contact making
meters and other. than gas. filled- grid controlled tubes

5 can be used as well, as triodes ‘with" A.C. supply to the
- anode.

Nor need the detecting mechanism be confined
to the cathode circuit since it could be placed in any
tube - circuit: - where current ﬂow varries . with electrode
deformation. . - .
What is-claimed’ as new is: : :
1. In a. machine: for -aging electron tubes havmg A

.. cathode, control. grid, screen grid and:anode, the:com-+- -
- binatign. comprising. 4 - conveyor: frame, an: indexible:

conveyor: on-the frame; bars carried. by the conyeyor;.
and tube sockets - for -said tubes on-each: bar, contagcts: :
on: each bar wired to individual: contacts in the: tube:

-sockets; contacts mounted on the conveyor- frame, one:
- for each contact-on the bars at each of a multiplicity:
of . positions . of  the  bars; said: frame mounted: confacts-. -

being. connected. individually - to. individual :.sources- of -
the bars:leading: to relay: mechanism, switching: means:-
forming - part--of - said: ' mechanism. for - normally- estab-

hshmg a current flow from:screen: grid to-cathede: within:

tubes-in the sockets, said relay- mechanism: having:-a: cirs
cuit element:through -which :tube : current : flows: and- re-

sponsive to ‘the magmtude of ‘said current to:switch- the: *
‘current: so -that: it. flows via- the-anode- and screen: grid .
-to the: cathode of:the tube.

2. In a machine for agrng electron  tubes having: 2
cathode; control- grid, screen grid-and anode; the-com--

. bination - comprising- a -conveyor - frame;. an . indexible:

conveyor -on: said frame, bars carried:by- the conveyor::
and tube-sockets for said tubes:on each- bar, confacts-on-

5 each bar wired to individual contacts in:the: tube sockets,

contacts- mounted: on the conveyor=frame‘, onerforveach«-a
contact on the bars at each of a multiplicity -of positions:-

“.of - the- bars; said: fiame mounted: contacts: being: con-.-

nected individually to individual sources- of voltage; the:
contacts. on: the-frame- at- onie- position ‘of the bars-lead-

ing:to reldy mechanism, switching means. forming -part::
of  said- mechanism-for: normally: establishing: a: current-
flow from screen: grid: to- cathode within. tubes- in--the-

sockets; said-relay: mechanism comprising ‘a-coil respon-;

sive to' the magnitude of:said:current ‘flow-and operatrve
upon: an” armature: havingcontacts, said: contacts in-one -
position of:the:-armature connecting:the: screen. grid: to+

- ‘an-idle contact” andin-another position:of -the: armature~-

connecting: the: screen: grid-to -the anode: .

3. In"a machine for aging-electron: tubes: havmg a

cathode; control- grid, screen- grid and- anode, the com-
bination comprising- a conveyor: frame; an: indexible con--

" veyor on:said: frame, bars carried ‘by: the:conveyer: ‘and.-
“tube sockets for said tubes. on.each bar, contacts. on. -
each- bar. wired- o individual - contacts: in; -the tube: sock-

ets, .contacts: mounted - on.. the. conveyor. ‘frame;.one for.-
each -contact: on_the bars at each of a: multlphclty of po

“sitions:-of “the. bars,said .frame: mounted . contacts- being. - -
connected mdrvrdually -to. individual -sources_of. voltage,:. .’
the .contacts_on the:frame. at one. position . .of the. bars}, :
-leading to:rélay. mechamsm, switching means: formmg

part .of: said ‘mechanism for- normally: establishing g
rent flow from screen grid to cathode’ within- tubes
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érative upon an armature having two contacts, one of said
contacts in a first position of the armature connecting the
screen grid to an idle contact and in a second position
of the armature connecting the screen grid to the anode,
the other of said contacts in said first position connect-
ing the contro! grid to the cathode and in said second
position connecting the control grid to a negative volt-
age with respect to the cathode.

4. In a machine for aging electron tubes having a
cathode, control grid, screen grid and anode, the com-
bination comprising a conveyor frame, an indexible
conveyor on said frame, bars carried by the conveyor
and tube sockets for said tubes on each bar, contacts
on each bar wired to individual contacts in the-tube
sockets, contacts mounted on the conveyor frame, one
for each contact on the bars at each of a multiplicity
of positions of the bars, said frame mounted contacts
being connected individually to individual sources of
voltage, the contacts on the frame at one position of the
bars leading to relay mechanism, switching means form-
ing part of said mechanism for normally establishing .a
current flow from screen grid to cathode within tubes
in the sockets, said relay mechanism comprising a coil
in series with a self biasing grid controlled tube having
a resistor in its grid circuit, an armature controlled
by the coil, a contact movable with the armature in a
first position to tie together the screen grid of the tube
being aged and its associated anode and in a second
position to disconnect the two, a second contact movable

- with the armature which in said first position connects

the control grid of the tube being aged directly with
its associated cathode and in the second position inter-
poses at least a portion of the resistor into the said
direct connection.

5. In a machine for aging electron itubes having a
cathode, control grid, screen grid and anode, the combi-
nation comprising a conveyor frame, an indexible con-
veyor on said frame, bars carried by the conveyor and
tube sockets for said tubes on each bar, contacts on
each bar wired to individual contacts in. the tube sockets,
contacts mounted on the conveyor frame, oné for each
contact on the bars at each of a multiplicity of positions
of the bars, said frame mounted contacts being connected
individually to individual sources of voltage, the contacts
on the frame at one position of the bars leading to relay
mechanism, a coil and switching means forming part of
said relay mechanism for normally establishing a current
flow from screen grid to cathode within tubes in the
sockets, said relay mechanism including a source of D.C.
voltage, a relay having a first, idle, front contact and a
second front contact connected to the cathode of the tube,
a third, back contact connected to the source of D.C.
voltage and to the screen grid, a fourth, back contact
connected to ground and an armature having two poles
a first one of which is movable between the first and third
contacts and the second one of which is movable be-
tween the second and fourth contacts, said first pole
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8
being connected to the anode and the second pole to the
control grid, a grid controlled gas filled tube in series with
the coil, means to break the current flow through the
gas filled tube, said gas filled tube having a resistance
in series with the cathode and ground and biasedly con-
nected at a non cathode connected portion of the re-
sistance with its control grid, and a connection between
the resistance intermediate of its length and the second
front contact.

6. In a machine for aging electron tubes having a
cathode, control grid, screen grid and anode, the com-
bination comprising a conveyor frame, an indexible con-
veyor on said frame, bars carried by the conveyor and
tube sockets for said tubes on each bar, contacts on
each bar wired to individual contacts in the tube sockets,
contacts mounted on the conveyor frame, one for each
contact on the bars at each of a multiplicity of positions
of the bars, said frame mounted contacts being con-
nected individually to individual sources of voltage, the
contacts on the frame at one position of the bars leading
to relay mechanism, switching means forming part of
said-mechanism for normally establishing a current flow
from screen grid to cathode within tubes in the sockets,
said relay mechanism comprising a coil responsive to
the magnitude of said current flow and operative upon
an armature having contacts, said contacts in one posi-
tion of the armature connecting the screen grid to an idle
contact and in another position of the armature connect-
ing the screen grid to the anode, said screen grid, in both
positions of the armature, being connected to a source of
potential, - -

7. A system for controllably aging electron tubes hav-
ing a cathode, a control grid, a screen grid and an anode,
said system including a source of D.C. voltage; a relay
having a coil, a first, idle, front contact and a second,
front contact connected to the cathode of the tube, 2
third, back contact connected to the source of D.C. volt-
age and to the screen grid, a fourth, back contact con-
nected to ground and an armature having two poles. a
first one of which is movable between the first and third
contacts and the second one of which is movable between
the second and fourth contacts, said first pole being con-
nected to the anode-and the second pole to the control
grid, a grid controlled gas filled tube in series with the
coil, means to break the current fiow through the gas
filled tube, said gas filled tube having a resistance in
series with the cathode and ground and biasedly con-
nected at a non cathode connected portion of the re-
sistance with its control grid, and a connection between
the resistance intermediate of its length.and the second,
front contact.
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