RCA Transmitting Tube
Operating Considerations

The following operating considerations for
RCA transmitting tubesare intended for use with
the data sheets on individual tube types given
in the Handbook. Operating considerations
unique to a particular tube type are not in-
cluded in this presentation but are covered by
the Handbook data sheets for the given type.

RATINGS

Refer to the General Section of the Hand-
book for a detailed discussion on Rating Systems
and Tube Ratings.

CLEANING

As with other high-voltage equipment, it is
essential that external parts of power tubes
be kept free from accumulated dirt and moisture
tominimize surface leakage and the possibility
of arc-over.

Some tube configurations contain re-entrant
areas at the edge of the insulator seals.
Particular care should be taken to prevent
foreignmatter fromcoming in contact with these
areas. Unless adequately protected by filtered
air, these areas collect dirt rapidly as a
result of electrostatic forces and the nature
of the air circulation around the tube.

The external parts of the tube should peri-
odically be wiped free of dirt. A recommended
procedure for cleaning ceramic-metal tubes is
as follows:

1. BRemove silicone grease or similar material
by use of acetone, or equivalent.

Caution: Do not allowsilicone grease or
similar materials to remain on any rf
contact surfaces. Severe burning of the
contact surfacesof cylindrical-terminal
types will occur if the contact fingers
do not mate firmly with clean metal
contact surfaces.
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2. Clean rf contact surfaces with a very

fine grade of silicon carbide abrasive
pad, or equivalent.
Caution: Do not permit the cleaning pad
to come in contact with the ceramic
surfaces. Rub gently to prevent removal
of plating.

COOLING CONSIDERATIONS

Tube life can always be extended by maintaining
envelope temperatures substantially below the
max imum temperature ratings.

The user is cautioned that typical cooling
characteristics in the published data are
offered only as a guide, and that maximum
envelope temperatures in the intended operation
are the final rating criteria.

Temperature measurements of the tube enve-
lope must be made to insure operation within
maximum ratings. For glass-bulb types, the
bulb "hot-spot" must be located with the tube
operating in its intended application. A
simple technique for locating the "hot-spot”
in low-power, receiving-type tubes is toapply
a low-temperature-melting paint, such as
Tempilaq@, to the entire bulb surface; the
point at which this material first begins- to
melt is the hottest point on the bulb. For
most power tubes, however, this technique 1is
not satisfactory because of radiation effects.
Therefore, it is recommended that a thermo-
couple be moved over the envelope to locate
the hottest point on the bulb. (Although the
individual thermocouple readings are not
precise, the relative readings are sufficient.)
Spots of various higher temperature Tempilagq
paints may then be applied only tothe hottest
area; the lowest Tempilaq paint whichwill not
melt must be at or below the maximum temperature
rating. See Ref. 1. In general, the hottest
point of a ring terminal is at the seal or
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junction of the terminal and its adjacent
glass or ceramic insulator. For some tube -
types the temperature measurement points are
specified on the Dimensional Outline 1in the
published data.

All types of heat transfer=—radiation,
convection, conduction, and combinations
thereof——are employed in the various cooling
techniques: natural, forced-air, liquid, and
conduction cooling.

Natural Cooling=~This method is generally used
for glass-bulb types having plate dissipation
ratings up to about 300 watts.

Temperature should be measured at the
hottest point on the bulb using techniques
previously discussed.

Adequate free space around the tube is
required for all natural cooled types. Avoid
reflective heat surfaces such as tube shields.
These and other design considerations affecting
natural methods of cooling are described in

Ref.2.

Forced-Air Cooling—

Glass-Bulb-Types—Forced-air cooling may
be applied to glass-bulb types to enhance the
convection cooling and reduce bulb temperature.
In some glass-bulb types, ratings are given for
both natural and forced-air cooling. (The
ratings with forced-air cooling reflect the
higher permitted value of dissipation.) In
general, any natural-cooled type may require
some forced-air cooling if operation is near
the maximum ratings or if limited space is
available around the tube. The final decision
can be made only after temperature measure-
ments are made to insure operation below the
maximum temperature rating.

Radiator Types—~The external plate con-
struction lends itself to compactness, higher
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frequency operation, increased power capability
and intense-cooling techniques. Because th:
plate 1s part of the envelope, transfer of
heat by radiation from the plate to the enve-
lope is eliminated. The simplest intense-
cooling technique 1s forced-air. All RCA
forced-air-cooled, external-plate types contain
integral radiators, which are brazed, pressed,
or otherwise secured to the plate to insure

intimate thermal contact.

Most of the heat within an electron tube
is generated at the plate; additional heat
generated from the other electrodes migrates
to the plate. Precaution, however, must be
taken to insure that none of the other termi-
nals exceed their maximum rated temperature
value. It may be necessary to direct some
forced air across these terminals.

In general, there are two basic types of
radiators: the stacked-disc type of finned
radiator for TRANSVERSE FORCED-AIR COOLING,
and the radial-fin type of radiator for AXIAL
FORCED-AIR COOLING.

Transverse Cooling=~Air flow is directed
across the radiator fromanorifice in a plane
normal to the major axis of the tube and at
the center of the radiator. More efficient
cooling may be accomplished by providing a
cowling to direct and confine the air. Pressure
drop across the radiator itself is normally
insignificant. Typical cooling characteristics
for transverse cooling, such as shown in Fig.1,
are given in the published data. The following
steps illustrate the use of the chart:

1. Estimate probable Plate Dissipation from
electrical conditions, locate as point
"A" on the abscissa axis (80 watts in
example), and erect a perpendicular line
"ac".

2. Determine temperature rise by subtracting
estimated incoming-alr temperature
(assume 36°C in example) from estimated
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tube operating temperature (assume 200°C
in example), locate the determined value
(200°C-36°C=164°C in example) as point
"B" on the ordinate axis, and construct
horizontal line "bc".

Determine air flow by interpolating the
air flow curves at the intersection of
lines "ac"™ and "bc", point "C" (16 cfm
in example).

al Cooling—Air flowis directed through

the radiator by suitable ducts. Air flow may

be in

either direction unless otherwise

specified. Typical cooling characteristics
for axial cooling, such as shown in Fig.2, are

given
steps

1.

in the published data. The following
illustrate the use of the chart:

Select a tube operating temperature as
discussed in this section, locate as
point "A" on the abscissa (assume 200°C
in example), erect perpendicular line
"ab", extend this ‘line until it crosses
the estimated plate dissipation curve
(240 watts in example) for temperature
(solid line), and designate as point "B".

Determine air flow by constructing a
horizontal line "bc" from point "B" to
the ordinate axis and designate point "C"
(3.5 c¢cfm in example).

Determine the pressure drop across the
radiator for the air flow in (2), locate
point "D" on line "bc" at the estimated
plate dissipation curve (240 watts in
example) for pressure drop (dashed line),
construct a perpendicular line "de" to
the abscissa axis, designate as point
"E", and read pressure drop (0.24 inch
of water in the example).

See Ref. 3 for detailed information on the
blower requirements for forced-air-cooled tubes.

RADIO CORPORATION OF AMERICA @

Electronic Components and Devices Harrison, N. J.



RCA Transmitting Tube
Operating Considerations

AR FLOW DIRECTED THROUGH RADIATOR
INCOMING AIR TEMPERATURE — 24° C
7
1
Al
Y
© \
Al
1
) 13
5| I
X \
o y
2 /i
= e
>4
AL v,
& 4 A
- i !
wF \Z
& £CrtbeHiD BAS
Q A <
] n o
>
o ": o,
| * &
= N N X%
S } )
e AL B ab A
z S8 A\
a < AN A
REzsdy S
(1T o LY
(7]
FTT 1 W N
Tt S N %
] ‘E"V""'w" dc N
LH < (Y &
.}—_il N
[ @
E A
T L
0 50 100 150 200 250 300 350 400

RADIATOR CORE TEMPERATURE—"C (SOLID LINE}

[o] Q. 0.2 0.3 0.4 0.5
PRESSURE DROP—INCHES OF WATER (DASHED LINE)
92CM~-12523

FIG.2 - EXAMPLE OF TYPICAL COOLING CHARACTERISTICS

m RADIO CORPORATION OF AMERICA  TRaNS. TUBE OPR.

Electronic Components and Devices Harrison, N. J. CONS. 4. 2-65



RCA Transmitting Tube
Operating Considerations

Liquid Cooling—~The liquid-coolingsystem con-
sists, in general, of a source of cooling
liquid, a feed-pipe system which carries the
liquid to the water jacket surrounding, and
provision for interlocking with the power
supplies the liquid flow through the cooling
courses. A more sophisticated system would
also contain a liquid regeneration loop, flow
regulators, and gages. For more detailed
information on liquid-cooling systems, see
Refs. 4 and 5.

Proper functioning of the coolant system
is of the utmost importance. Even a momentary
failure of the liquid flow may damage the tube.
Without coolant the heat of the filament or
heater alone may be sufficient to cause serious
harm to some tube types. It is necessary,
therefore, to provide a method of preventing
tube operation 1in case the coolant supply
should fail. A suitable method is the use of
coolant-flow interlocks which open the power
supplies when the flow is insufficient or
ceases. If there is an interruption of the
power supplies, it is then necessary to return
the filament or heater voltage to zero and to
restart in the normal manner described in the
published data. The coolant flow must start
before application of any voltage and continue
for several seconds after removal of all
voltages.

The absolute minimum coolant flow required
through the system is given in the published
data. Under no circumstances should the
temperature of the coolant at any outlet ever
exceed the maximum value given in the published
data.

When the coolant fluid is water and the
tube is used in equipment under conditions such
that the ambient temperature is below 0°C,
precautions should be taken to prevent the
water from freezing in the system.

Electronic Components and Devices Harrison, N. J.
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Use of Water as Coolant—For availability
and ease in handling, water is recommended as
the coolant wherever possible. It is of
utmost importance to maintain a high quality
of water in the cooling system. Contamination
in the water will hasten scale formation,
corrosion, and excessive electrolysis; any one
of these conditions can greatly reduce tube
life.

Use of Liquids other than Water as Coolant-
When ambient temperatures fall below 0°C, it
is possible to use coolants such as ethylene-
glycol-water solution and FC75b. Neither of
these two coolants is as effective a coolant
as water, therefore, the plate dissipationand
flow data must be modified from that given for
water. A more extensivediscussion of ethylene-
glycol-water solution and FC75 as coolants is
given in Ref.4. For information on the use of
any coolant for which ratings are not given in
the data, contact your RCA field representative
or the nearest District Sales Office. A coolant
such as o0il will require a special plating on
the metal of the tube envelope, such asnickel
and rhodiumto protect the metal surfaces from
chemical attack.

Conduction Cooling—The conduction-cooling
system consists, in general, of a constant
temperature device (heat sink) and suitable
heat-flow path (coupling) between the heat
sink and tube. Primary consideration of the
system should be given to the design of a heat-
flow path (coupling device) with high thermal
conductivity,

Heat Sink——The heat sink should be designed
to act as a constant-temperature device to pre-
vent any increase in temperature by dissipating
the heat beyond the equipment compartment. Heat
sinks can take the form of solids or liquids.
In most applications such a heat sink is
available in the form of equipment chassis,
plate line, or output cavity.

@ RADIO CORPORATION OF AMERICA  TRANS. TUBE OPR.

Electronic Components and Devices Harrison, N. J. CONS. 5, 2-65



RCA Transmitting Tube
Operating Considerations

Coupling—There are numerous insulating
materials available to serve as the heat-
coupling device, such as beryllium oxide
(beryllia)®, high-aluminum oxide (high-alumina),
mica, and other insulating bodies. Since the
thermal conductivity of these insulators varies
considerably, the choice of insulator will
depend primarily on the plate dissipation in
the given application. For a detailed dis-
cussion on conduction cooling, see Ref. 6.

In hf operation the inductive element of
the plate circuit is usually arelatively long
coil, which does not provide a good thermal
path from plate to chassis. Larger shunt
capacity can be tolerated, however, and heat
can be conducted through a portion of it to
the chassis. In uhf operation the permissible
shunt capacity of the plate circuit is limited,
but the inductive element is short and can
usually be made with sufficient cross-sectional
area to form an excellent thermal path. In
vhf operation a careful compromise of the above
is required to obtain adequate rf performance
and reasonable cooling.

PRECAUTIONS

The voltages at which power tubes are oper-
ated are extremely dangerous. Protection cir-
cuits must be provided whichwill protect oper-
ation and maintenance personnel, protect the
tube in theevent of abnormal circuitoper-
ation, and protect the tube circuits in the
event of abnormal tube operation. Power tubes
require mechanical protective devices such as
interlocks, relays, and circuit breakers.
Circuit breakers alone may not provide adequate
protection in certain high-power-tube circuits
when the power-supply filter, modulator, or
pulse-forming network stores considerable
energy. Additional protection may be provided
by the use of high-speed electronic circuits
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or electronic "crow-bars" to bypass the fault
current until mechanical circuit breakers are
opened.

Great care should be taken during the adjust-
ment of circuits. The tube and its associated
apparatus, especially all parts which may be
at high potential above ground, should be
housed in a protective enclosure. The pro-
tective housing should be designed with inter-
locks so that personnel cannot possibly come
in contact with any high-potential point in
the electrical system. The interlock devices
should function to break the primary circuit
of the high-voltage supplies and discharge
high-voltage capacitors when any gate or door
on the protective housing is opened, and
should prevent the closing of this primary
circuit until the door 1s again locked.

ELECTRICAL CONSIDERATIONS

Cathode=—~RCA transmitting tubes use a wide
variety of cathodes. All utilize thermionic
emission and should be operated at a constant
temperature.

Refer to the General Section of the Hand-
book for a detailed discussion on TYPES OF
CATHODES AND THEIR USE.

Filament or Heater—~The rated filament or
heater voltage should be applied for the heat-
ing time specified in the published data to
allow the cathode to reach normal operating
temperature before voltages are applied to
other electrodes.

The life of the cathode can be conserved by
adjusting to the lowest filament or heater
supply voltage that will give the desired
performance. In general, the filament or
heater voltage values given in the published
data include the maximum value and the typical
value. Exceeding the maximum value will damage
or severely shorten the life of the cathode.
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The filament or heater voltage should be
adjusted to the typical value initially, then
reduced to provide satisfactory tube per-
formance; any further reduction will show some
degradation.

Good regulation of the filament or heater
voltage about the value found above is, in
general, economically advantageous from the
view~-point of tube life. When the rated value
is shown with a percentage value in the published
data, the percentage value indicates the
tolerable momentary fluctuations from the
rated value. For longer life, especially at
higher operating frequencies, these fluctuations
should be reduced by improved power supply
regulation.

The cathode may be subjected to back bom-
bardment as the frequency is increased with
resultant increase in temperature. In pulse
types back bombardment normally need not be
considered when the duty factor is small. How-
ever, higher duty factors increase the possi-
bility of this effect. 1In any event, the
filament or heater supply voltage should be
reduced as described above.

Standby Operation=During standby periods,
the tube may be operated atdecreased filament
or heater voltage to conserve life. It is
recommended that the filament or heater voltage
be reduced to no less than 80 per cent of
normal during standby periods of up to 2 hours.
For longer periods, the filament or heater
voltage should be turned off.

Filament Overvoltage Pulse Circuits—In
certain battery-operated equipment, such as
emergency-type, remote-area, or mobile applica-
tions, it 1s of utmost importance to conserve
battery power. Quick-heating RCA power tubes
provide useful power outputs within about one
second froma cold start. This fast "warm-up”
feature eliminates the need for standby filament
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power, resulting 1in significant conservation
of battery power.

In general, "warm-ups" of about one second
are adequate in equipment where the microphone
switch actuating the transmitter power relay
1s located in the cradle of the handset, such
as a conventional telephone, or similar wall-
type installation. However, when the switch
is the push-button type located on the hand-
set, faster "warm-ups” are demanded. Extremely
fast "warm-ups” of less than 200 milliseconds
are possible for such "push-to-talk" microphone
switches by the use of a suitably designed
filament overvoltage pulse circuit or "hot-
shot®™ circuit,

The diagram shown in Fig.3 depicts the fila-
ment-voltage waveform during a transmission
using a "hot-shot™ circuit. An overvoltage
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Ef] is applied for time t]. A transfer switch
then reduces the filament voltage to the rated
value, Efg, for the remainder of transmission
time t2. During standby time t3, the filament
voltage is zero.

FILAMENT VOLTAGE

The block diagram shown in Fig.4 depicts the
basic requirements of a "hot-shot" circuit in
conjunction with the communication equipment.
The auxiliary circuit must provide a low-
impedance filament overvoltage source, arated
filament voltage source, an accurately timed
means of switching these sources, and a
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protective circuit to prevent possible damage
to the tube filament fromrepeated applications
of overvoltage with insufficient time for the
filament to cool between transmissions. Both
filament voltages are obtained from the
transmitter power supply. Power is supplied
simultaneously to the transmitter and timer

TRANSMITTER

_@ POWER SWITCH
FOWER | main POWER !
SWITCH /
S/ TIMER
4
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RECEIVER | |PROTECTIVE
TRANSMITTER g, | | CIRCUIT
POWERRELAY 1Efiy
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E f2—RATED FILAMENT VOLTAGE 9205-12401

FIG.4 - BASIC RECEIVER-TRANSMITTER WITH AUXiLIARY
"HOT-SHOT" CIRCUIT

by the "push-to-talk"™ microphone switch. The
transfer switch, which is initially connected
to the filament overvoltage source, is switched
by the timer to the rated filament voltage
source in the required time (pulse duration)
after application of power to the transmitter.

Before a "hot-shot" circuit can be designed
for a quick-heating tube, it is necessary to
establish maximum ratings for the peak voltage
(on the order of 2 to 3 times the rated filament
voltage) and duration of the filament over-
voltage pulse for the desired heating time.
Filament overvoltage pulse ratings are given
in the published data on quick-heating tube

types.
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Any "hot-shot™ circuit design must provide
protection against the application of the
filament overvoltage pulse to a hot filament.

It is recommended that a dummy filament,
simulating the resistance of the specific tube
type, be used in the initial testingor checking
of a "hot-shot" circuit design. Otherwise, any
fault—especially an excessive pulse duration
can cause catastrophic failure of the tube.

Plate Voltage Supply—Power-amplifier tubes
usually obtain plate voltage from rectifiers
provided with suitable filter circuits, although
batteries or local dc generators are sometimes
used, especially in portable and mobile
equipment.

A time-delay relay should be provided in
the plate-supply circuit to delay application
of plate voltage until the filament or heater
has reached normal operating temperature.

An interlocking relay system should be
provided toprevent application of plate voltage
prior to the application of sufficient bias
voltage and/or rf drive to grid No.1l; otherwise,
with insufficient bias, the resultant high
plate current may cause excessive plate dissi-
"pation with consequent damage to the tube.
RF-load shorts or other causes of high output
VSWR may also cause high dissipations, ex-
cessive voltage gradients, or insulator flash-
overs. The VSWR should be monitored and the
detected signal used to actuate the interlock
system to remove the plate voltage in less than
10 milliseconds after the fault occurs.

In beam power tubes with closely spaced
electrodes, extremely high-voltage gradients
occur even with moderate tube operating
voltages. Consequently, momentary fault
currents may cause catastrophic failure unless
protection is provided. A series impedance in
the plate lead is recommended. A resultant
plate impedance, which will provide a plate-
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