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REACTIVATION OF TEORIATED TUNGSTEN FILAMENT

THE THORIATED TUMCSTEN FITAMENT - HOW IT OFERATES

The thorliated tungsten filament iz used in the following types
of Cuonningham Radio Tubes: € and CX-299, CX-B20, CX-300A, CX-3014, CX-B71,
CX-310, CX-313 and CX-316B. This filament is not of the coated type, the
thorium content being distrituted throvghout the body of the tungsten wire.
In the f£inal factory process, u uniform layer of stomie thorium is built
up on the surface of the filament, this layer being responsible for the high
emission efficiency of the thoriated filament. Then the tube ia in use
this surface layer of thorium very gradvally eveporates, but Just as rapidly.
fresh thorium is continucusly supplied from the intericr of the filement.
Thig process continues very smoothly maintaining en active surface condition
throughout the life of the tube provided the filament voltage 1s not increas-
ed more then 10% above the rsted value. When subjected to a voltage over -
load. this bzlance between surface evaporation and restoration is upset,
the active thorium surface is destroyed end the filsment emission rap-
idly decreases. TIn operation the tendeney is to further increase the
Pilament voltege, thus further overlosding the tube untll no emission is
obtained, The tube filament is then said to be "paralyzed™ but can be
restored by reactivation.

The ond of normal life of the thoriated tungs ten filament
results from the exhsustion of the thorium content and is indicated by a
sudden decrease in filement emis sion instead of actual fallure or turnoub
of the filament as with other types of filament material.

WEEN TO REACTIVATE

The filament condition of a tube mey be most readily judged
by an emisolon test using the cireuit shown in Pig. 3, Flate 25. The
voltegea specified should not be exceeded. Higher voltages will permanent -
ly damage the vacuum and may even result in a burnout. If the emission is
above the minimum value specified below, the tube is in good condition
and does not need resetivation. If equipment for reading emission is nol
evailable a simple test for the two most widely used tube types ean be
mede on the customary tube test set which measures plate current. This
eireuit is shown in Figure. 1, Plate 25.

For C or CX-299 tubes, set the plate voltege at 45 volts with
the grid comnected to the negative filament, set the filament voltage at
% volts and reed the plate current. Momenterily increase the filamenty
voltage to 3.5 and read the plate current. If the plate eurrent increases
more than .2 milliamperes, the filament is mot fully active and the tube
ray be improved by the reactivatlon process.
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For C or CX¥-301-A tubes, the seme wvalus of Plate yoltage (45)
is used but the plate curren® is resd with the Tilament voltage set at 4
and 6. An ingcremse of more than .2 milliamperes in the plate current
indicates that the tube way be improved by reactiwation.

Filement Grid & Plate Minimum Reactlvation Flasghing
Type No. Voltaps Voltage  IEwigsion _Voltege  TVoltags
C-CX 299 3.5 50 € mamp, 4.0 12
CX 220 3.5 50 16 4,0 12
0X 3014 5.0 50 25 7.0 18
CX 20024 5.0 50 12 7.0 18
CX 371 b.0 60 50 7.0 18
CX 310 6.0 100 100 8.0 -
CX 313 4.0 100 B0 per anods 6.0 —-—
CX 316B 6.0 125 100 2.0 -

If the tube will not return to normal after resctivation
treatment, it is proof that the tube hee either served its normel life
or has been 3o heavily overloaded that the thorium content has been ex -
beusted or the vacuum impaired.

—_—_— e e =

The following methods will generally restore the emission,
that 1s, reactivate, tubes whlch have been overleoeded and slso, at times,
will reactivate, for short additional usage, tubes that have dropped in
emlssion at the end of normel 1ife. The exsct process which gives best re-
sulte depends upon the nature end extent of the overload to which the +tube
has been subjected.

Tubes whieh have been subjected to only a slight overload mey
be reactivated by a very simple process. This consists in burning the
filament, with the plate voltage disconnected, at the voltage listed above
under the heading "Reactivation Voltege". This process speeds up the
"boiling out™ of the thorium from the body of the wire, while at +the
same time the surface evaporation is very slow when plate voltege is not
applied. The length of time required to reactivate a tube by this treat -
ment is one-half to one end one-half hours, depending largely upon the
length of time and the extent to which the tube has been subjected to ex-
cessive voltege. At the end of thirty mimutes burning, test the tube as
explained above. If the emission shows improvement continue the treat-
ment until test shows the tube to be above minimum passing limit.

Tubes which have been badly overloaded may not improve under
this process, and & "flashing" voltage must be used, as outlined below:

First burn the filement for 10 to 20 seconds at the voltage
shown in the table under the heading "Flashing Voltage". Then burn the
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filament under the process described sbove, using the voltage listed as
"Reactivation Volteagae". Reand +the emionion at the end of 30 minutes snd
if not restored, continue to burn the filamsnt up to 2 hours, teking
readings every 30 minutes. If 2 hours' treatment does not restore the
emigsion, or greatly improve 1t, 1t 1s proof the tube camnot be reacti-
vated,

No plate voltage is ever applied during the reactivation.

The applied voltages should alwaye bs controlled by a suit -
able volimeter.

A small percentage of tubee reactivated by the use of flash-
ing volteges may be expected to burn out during treatment.

Rapid reactivation, sometimes within ten minutes, can be ae-
complished by the use of voltages higher tten those reccmmended above,
This process very materielly shortens the tube life and such reactivation
is gerarally not permanent. Furthermors, the ues of higher voltagzes
greatly incresses the percentage of tubes that burn out. Reactiva-
tion by the "while you wait" procesas cannot be recommended.

REACTIVATION EQUIPMENT:

! Alternating current from the lightinz supply 13 most eonve-
nisent and can be stepped down to the proper volitages by a toy or bell
ringing traneformer, sueh sz, 0.E. Type #236093 which is provided with
two volt teps from 4 4o 22 volts. The circuit disgrem is shown in
Plate 26 & 27. As A.0. voltmeters reguire considerable current they
should be left permanently in clrcuit in parallel with the tubes.

T? alternating current is not available D.C. gupplied by
storage batteriss may be used. The flashing voltege may be obtalned
from a storage B baliery of the larger sizes. Only cone tube should be
flaghed at a time cn e B storage battery and the battery muat be left
fully charged, The circult for battery operation is shown in Plates
26 & 27.

FREQUENT REACTIVATION PROOF OF IMPROPER OPERATION

Cunningham Radio Tubss ere designed %o deliver at full ef-
ficlency throughout normal life provided operation iz at rated voltages.
No reactivation is necessary. This is well illustrated by the curve in
Plate 26, showing the mutusl conductancs of a standard CX-201-A tube on
life test at rated voltages. This curve 1la representative of the life
performence of Cunninghem Redio Tubes end shows practieally no change
in performance up to 1500 hours, The test was discontinued at thie
$ime pince 1500 hours is egual to approxzimately two years of serviee
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under average conditions, Such 1life is only obtained from tubes which
are not overloaded or abused. The increased life and satisfaction ob-
tainable when rated voltages are used, together with the saving in
battery current, Justifies the use of & filament voltmeter. This is
especially desirable with multiple tube sets using Types €-299, CX-29%9
and CX-220.

If it is necessary +to rezctivete tubes each month or at
freguent intervals, it is proof that the tubes are being overloeded, and
in such cases usgers of Cunningham Radio Tubes can be assisted to obtaln
satisfactory service by having their attention called to the following:

1. Do not burn the filament at voltages in ex-
cesa of the rated filement terminal voltage., Xeep the file-
ment rheostat set as low as possible, or use a reliable
voltmeter.

2. Do not use high plate voliages unless "C"
batteries are provided. With types C-299, CX-299 and
CX-201A better 1life 1s obtained, and B battery current drain
lessened, when a voltege of 674 volts or less is used in the
plate cireuit in case no C battery is provided.

5. Be carsful when changing batbery connections
to see that battery polarities are not reversed. If the
leads connecting filament heating (A) or grid biesing (C)
battery are reversed, signels and musiec may still be heard,
but they will be faint or dlstorted. ©OSuch a reversed condi-
tlon often causes the operator to turn the filament to a
high setting, thus injuring the tubes without appreciably
improving results. Always check battery connections after

mzking any changes.

4, If an ingensitive tube and a tube in perfect
condition are operated from the seams rheostat, there will be
a tondeney to overload the good tube in order to obtain
operation from the poorer one. The poor tube should bes re-
activated or replaced. Here sgain, the use of a reliable
filament voltmeter will save overloading the tubes.

BE. If a set without filament volimeter is
equipped with & rheostat volume control which cperates by
reducing the filamenbt temperature of one or mere tubes, this
control should alwaye be set to the "Full" or "On™ posliion
when adjusting the filament rheoatat. If not set %to the
"Full" position an increase iIn the filement voltage will in-
ocrease the saudibility of the set at the same time overload-
ing the tubes not controlled by the volume rheostat.
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6. When ueing €-299, CX-299 or CX-220 and &
£4lament voltmeber is nob% available, the operation of the
set may be checked ss followss Comnnect only iwo fresh dry
celle in series for use as the filament heabting () battery.
The rheostabs may now be turned full on, end if the set and
tubes are operating correctly, setisfeebory reception will
be obtained. If results are not satisfactory, check over
batteries, battery connections, antenna connections and
tubes. When the trouble is located, satisfactory reception
will be obtained with the two fresh cells,

GENERAL COMMENT

Many of the standard types of tube rejuvenators use exzcessive
voltege with the frequent result that the tube is permemently dameged o
has its useful 1life shortened. This is especielly true with the 0-299,
CX-299 and CX-220 +tubes. With these tubes, the gecond burnirg voltege

 should not exceed 4.0 volts.

The volteges specified in the table ars the meximum which
ghould be nzed. The uss of o voltmster to set the applied voliages o
%he proper velues iz essential %o obtain proper results.

Tubss which have internmel shorts between elements cannot be
reactivated and it may bs convenient te check for such conditions with a
pair of phones and & dry cell. When the tube is not lighted there should
be an cpen cireuit between the grid and all other elements, between the
plate and all cther elements and a closed circuit thru ths filament.

Tubes in which the vecuum is impaired cennot b2 reactivated.
Thig is ususlly indicated by a filament current reading above rated value.
If considerable air is present in the tube, the filement will not light
up at all unless the filement voltage is raised well above normel, in
which cese the filsment may burn out.

Cunninghem Redic Tubes Type C-11, CX-12, CX-112 and OX-B0O
do not use the thoriabted tungsien filament and cannot be reactivated.



