EXTENDING
TRANSMITTER TUBE

By Robert Artigo

A carefully followed program of filament
voltage management can substantially in-
crease the life expectancy of transmitter
power grid tubes. With today’s rising op-
erating costs, such a program makes
good financial sense.

IN RECENT YEARS station managers have seen a sub-
stantial increase in replacement costs for power grid
tubes. The blame can be placed on higher manufac-
turing costs due to inflation, volatile precious metal
prices, and an uncertain supply of some exotic metals.
The current outlook for the future holds little promise
for a reversal in this trend toward higher prices.

One way to offset higher operating costs is to
prolong tube life. For years station engineers have
used various tricks to get longer operating life, with
greater and lesser degrees of success. Success can be
maximized, however, by understanding the various
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Extending Transmitter Tube Life

factors that affect tube life and implementing a
program of filament voltage management.

A number of factors can aid maximum tube life in
your transmitter. For example, are the maximum
ratings given on the tube manufacturer’s data sheet
being exceeded? Data sheets are available upon re-
quest from most companies. Most tube manufac-
turers have an application engineering department to
assist in evaluating tube performance for a given ap-
plication. Make use of these services!

Headroom

Is the final power tube of the transmitter capable of
delivering power in excess of the desired operating
level? Or is the demand for performance so great that
minimum output power levels can only be met at rated
nominal filament voltage?

Figure 1 can be used as a basic guide to determine if
a given transmitter and tube combination has a good
probability of giving extended life service. Extended
life service is defined as useful operating life beyond
that normally achieved by operating at rated nominal
filament voltage. The amperes/watt ratio is obtained
by dividing average plate current by the product of
filament voltage and filament current. If the amperes/
watt ratio falls in the “‘good™ to “‘excellent’” range,
excess emission is sufficient to permit filament voltage
derating. At a lower filament voltage, the filament
temperature is lowered, thus exiending life. A typical
FM transmitter on the market today may have an
amperes/watt filament ratio of 0.002 to 0.003. This
equipment would be considered an excellent choice to
achieve extended tube life. On the other hand, if the
amperes/walt ratio falls in the *‘poor™” range, it is un-
likely that filament derating is possible due to limited

emission. Note that this guideline should be used for
thoriated tungsten emitters only, and does not apply
to oxide cathode-type tubes.

Instrumentation

Are all tube elements metered in the transmitter?
Elements should be metered for both voltage and
current, and meters should be redlined to define oper-
ation within safe limits. More modern transmitters
may incorporate a microprocessor-controlled circuit
to monitor all pertinent parameters.

In addition, the following controls are necessary if
an effective filament voltage management program is
to be undertaken: power output metering for an FM
transmitter or a distortion level meter for AM
equipment; accurate filament voltage metering (an
iron-vane instrument is preferred over the more
common average responding RMS calibrated type;
the filament voltage measurement must be made at the
tube socket terminals); filament voltage control, ca-
pable of being adjusted to 0.1 V secondary voliage
change; and a filament current meter—desirable but
optional.

A means must be provided to hold filament voltage
constant. If the filament voltage is permitted to vary in
accordance with primary line voltage fluctuation, the
effect on tube life can be devastating. An acceptable
solution is the use of a ferroresonant transformer or
line regulator. This accessory is offered by some trans-
mitter manufacturers as an option and should be seri-
ously considered if a tube life extension program is
planned.

Transmitter housekeeping

Once the transmitter has been place in operation,
tube life is in the hands of the chief engineer. The first
action to prolong tube life falls into the category of
routine maintenance. Most transmitter manufac-
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turers have a rouline maintenance scheduie estab-
lished in the equipment manual. This procedure must
be followed carefully if operating costs are to be held
to a minimum. During routine maintenance it is very
important to look for tube and socket discoloration,
either of which can indicate overheating.

Look for discoloration around the top of the cooler
near the anode core and at the bottom of the tube stem
where the filament contacts are made. Review Figures
2 and 3 for examplzs of a tube operating with inade-
quate cooling. It is possible for discoloration to
appear in the areas mentioned if the transmitter has to
operate in a dirty environment. If this is the case, the
tube should be removed and cleaned with a mild de-
tergent. After cleaning, the tube should be rinsed thor-
oughly to remove any detergent residue and blown dry
with compressed air. If the discoloration remains, this
is an indication that the tube has operated at 1oo high a
temperature. Check inlet and outlet air ducting and
filters for possible air restriction. It may also be nec-
essary to verify that the air blower is large enough to
do the job in the present environment and that it is
operating at rated capacity.

With the tube removed, the socket should be blown
or wiped clean and carefully inspected. Any discolor-
ation in the socket finger stock caused by overheating
could contribute to early tube failure. A finger stock
that loses its temper through prolonged operation at
high temperature will no longer make contact to the
tube elements (Figure 4). A well-maintained socket
will score the tube contacts when the tube is inserted.
If all fingers are not making contact, more currect
flows through fewer contacting fingers, causing addi-
tional overheating and possible burnout (Figure 5).

Filament voltage management

The useful operating life of a thoriated tungsten
emitter can vary widely with filament voltage. Figure 6
describes the relative life expectancy with various fil-
ament voltage levels, Obviously, a well-managed fil-
ament voltage program will result in longer life ex-
pectancy. Improper management, on the other hand,
can be very costly.

For a better understanding of this sensitive aging
mechanism, the filament itself must be understood.
Most filaments in high-power, gridded tubes are a
mixture of tungsten and thoria with a chemical com-

Fig. 2. Improper cooling means short tube iife (left). Discol-
oration of metal around inner filament stem and anode fins
indicates poor cooling or improper operation of tube.
Properfy cooled and operated tube (right) shows no discol-
oration alter many hours of use. in both cases, good sock-
eling is indicated by scoring on circular connector rings.

Fig. 3. Dirty and discolored cooler of amplifier tube at left
indicates combination of discoloration due to heating and
fack of cieaning. Tube has operated too ho! and dust has
collected in ancde louvres.

Fig. 4. Minute scoring in base contaci rings indicates that
socket finger stock has made good, low-resistance contact
to tube elements. Well-maintained socket will score the
tube contacts when tube is inserted. if all fingers do not
make contact, more cuiren! will flow through fewer contact
fingers, causing additional overheating and burning, as
shown in Fig. 5.

Fig. 5. High resistance socket contacts has caused severe
burning of contact area in the base. Overheailed base
caused early demise of tube.
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position of W + THO,. A filament made of this wire
is not a suitable electron emitter for extended life ap-
plications until it is processed. Once the filament is
formed into the desired shape and mounted, it is
heated to approximately 2100°C in the presence of a
hydrocarbon. The resulting thermochemical reaction
forms di-tungsten carbide on the filament’s surface.
Life is proportional to the degree of carburization. If
the filament is overcarburized, however, it will be
brittle and easily broken during handling and trans-
porting. Therefore, only approximately 25% of the
cross-sectional area of the wire is converted to di-
tungsten carbide. Di-tungsten carbide has a higher re-
sistance than tungsten; thus, the reaction can be care-
fully monitored by observing the reduction in filament
current as the carburizing process proceeds.

As the tube is used the filament slowly decarburizes.
At some point in life, all of the di-tungsten carbide
layer is depleted and the reduction of thoria to free

thorium stops. The filament is now decarburized and
is no longer an effective electron emitter.

The key to extending the life of a thoriated tungsten
filament emitter is to control operating temperature.
Emitter temperature is a function of the total RMS
power applied to the filament. Thus, filament voltage
control is temperature control. Temperature varies di-
rectly with voltage. As the emitter temperature rises
the de-carburizing process is accelerated and tube life
shortened. Figure 6 shows that useful tube life can
vary significantly with only a 5% change in filament
voltage. If the filament voltage cannot be regulated to
within + 3%, the filament should always be operated
at the rated nominai volitage. The danger of operating
on the “‘cold’’ temperature side is that the emitter may
be ““poisoned.’" A cold filament acts as a getter; that
is, it attracts contaminants. When a contaminant be-
comes attached to the surface of the emitter, that area
is rendered inactive and loss of emission results. Oper-
ation of the filament at slightly below rated nominal
voltage, however, can extend tube life if done
properly.

FILAMENT VOLTAGE MANAGEMENT (Figure 6)

Filament voltage management allows extended tube life when accompanied by a continuing housekeeping program. When
filament voltage is too high (dashes), power tube looses emission rapidiy and normal operating life is not achieved. When
fllament is operated at rated voitage (black curve) normal tube life is achieved in a majority of cases. With a filament voltage
management program (bullets), extended tube life may be achieved. When the minimum required output power level is
finally reached (right-hand portion of curve), the filament voitage may be raised to rated value, or above, to achieve additional
useful operating life. If filament is run “cool" (stars), extremely short life will result. Note that filament voltage management
program does not take effect until about 200 hours of operating time have passed.

If voltage management program is not undertaken, tube shouid be run at rated filamenl vollage.
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Of great importance to long tube life is the temper-
ature of the elements and the ceramic-to-metal seals.
Element temperature can be held within proper limits
by observing the maximum dissipation ratings listed in
the data sheet. Seal temperature should be limited to
200°C at the lower anode seal under worst-case condi-
tions. As element temperatare rises beyond 200°C, the
release of contaminants locked in the materials used in
tube manufacturing increases rapidly. These contami-
nants cause a rapid depletion of the di-tungsten
carbide layer of the filament.

When a new power tube is installed in a transmitter,
it must be operated at rated nominal filament voltage
for the first 200 hours. This procedure is very im-
portant for two reasons. First, operation at normal
temperature allows the getter to be more effective
during the early period of tube life when contaminants
are more prevalent. This break-in period conditions
the tube for operation at lower filament voltage to
obtain longer filament life. Secondly, during the first
200 hours of operation filament emission increases. It
is necessary for the life extension program to start at
the peak emission point,

A chart recorder or other device should be used to
monitor variations in primary line voltage for several
days of transmitter operation. The history of line
voltage variations during on-air time must be reviewed
prior to derating filament voltage. Plan to establish

the derated voltage during the time period of histori-
cally low line voltage, as this is the worst-case con-
dition. If line variation is greater that + 3%, filament
voltage must be regulated.

Record output power (FM) or distortion level (AM)
with the tube operating at rated nominal filament
voltage. Next, reduce filament voltage in increments
of 0.1 V and record power or distortion levels at each
increment. Allow one minute between each increment
for the filament emission to stabilize,

When a noticeable change occurs in output power
or the distortion level changes, the derating procedure
must stop. Obviously, operation at this point is unwise
since there is no margin for a drop in line voltage. It is
safer to raise the voltage 0.2 V above the critical
voltage at which changes are observed to occur. If this
new filament voltage setting is more than 5% below
the nominal rated level, filament voltage must be
raised to the 95% level. Operation below this point is
unpredictable and life expectancy is uncertain. Fi-
nally, recheck power output or distortion to sce if they
are acceptable at the chosen filament voltage level. Re-
check again after 24 hours to determine if emission is
stable and that the desired performance is maintained.
If performance is not repeatable, the derating pro-
cedure must be repeated.

Continuing the program

The filament voltage should be held at the properly
derated level as long as minimum power or maximum
distortion requirements are met. Filament voltage can

be raised to reestablish minimum requirements as nec-
essary. This procedure will yield results similar to
those shown in the illustration, to achieve as much as
10% to 15% additional life extension. When it be-
comes necessary to increase filament voltage, it is a
good time to order a new tube. Filament voltage can
be increased as long as the increase results in main-
taining minimum level requirements.

When an increase fails to result in meeting a level
requirement, filament emission must be considered in-
adequate and the tube should be replaced. Don't
discard it or sell it for scrap! Put it on the shelf and
save it. It will serve as a good emergency spare and
may come in very handy some day. Also, in AM trans-
mitters, a low-emission RF amplifier tube can be
shifted to modulator use where the peak filament
emission requirement is not as severe.

Start planning for longer tube life now! Review the
following steps you can take:

* Investigate the manufacturer’s ratings on the power
tubes in your present equipment, or the transmitter
you plan to buy.

¢ Check that your transmitter has sufficient
headroom. Is there a margin of safety in tube oper-
ation?

* Look for important instrumentation in the next
transmitter you buy. Are all tube elements monitored
for voltage and current in the transmitter?

¢ Whether your transmitter is new or old, start a fil-
ament life extension program.

Remember that each time you replace a power tube,
the recommended derating procedure must be rerun.
Voltage levels required with one tube do not apply to a
replacement tube.

When purchasing a tube, insist on a new tube that
carries the full, original manufacturer’s warranty.
Only tubes manufactured by the company of origin
have to perform to published data. This is the im-
portant reason that transmitter manufacturers buy
new, warranted tubes from the original manu-
facturer. BM/E

Thanks to William Barkley, William Orr, William Sain, and Bob Tornee, all
of Varian EIMAC, for their help and suggestions in preparing this paper.
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