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FTL 3-1/FTL 3-2/FTW 3-1 Industrial Triode Airecooled or Watercooled

The FTL 3-1/FTL 3-2 is « tronsmlttlng
triode the.anode of which is fitted
with a raodiator, and cooling is ob-
tained by forced air. The type FTW
3~1 is watercooled. These tubes are
capable of delivering o max. output
power of 7 kW, Class C, oscillator
at 30 Me/s. As a result of carefuyl
and robust construction they can be
used in o wide field of industrial
applications. The types FTL 3-1 and
FTL 3-2 are distinguished only by
their different rodiators and anode
dissipotions.

BROWN BIVER BRI

FTL 3-2
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" . General Data:

Cothode thoriated tungsten, directly
Filoment voltage . . . . , . . . . .
Filament current . . . . . . . . . .
Mex. filament starting current . . .
Filament cold resistance . . . . ., .
Métual conductance (1 A/3 kV) . . .
Amplification factor . . ., . . . . .
Interelectrode capocitances: Grid to

Grid to

.Mechanicai Data:

Tube cooling o o . . u% . . . ..
Temperature of glass bulb . ., . . .
Mox. diameter . . . . . . .., . .
Overall length . . . . . .. ....
Weight net . .. . . . . . ... ..
Weight gross . . . . . . . . .
Weight of the cooling jacket (K 3) .

MAXIMUM RATINGS:

D.C. anode voltage . . . . . . . . ..

D.C. grid voltage . . . . . . ...
Peak cathode current . . . . . . . .
Anode dissipation . . . . .., ...
Grid dissipation . . ., . . . . . ..
Frequency . . . . . . ... « o oe

* Max. value of 15 A is allowed if the

within + 5 %,

heated

¢ « « o Gppr. 12 v +lg %
. o . . max, 26 A~

¢ o a 100 A

¢« +» .appr., 0,045 Q

.« - + . QPpPT. 13 - mA/N
N 28

anode . 12 pF
cathode 15 pF

Anode to cuthéder

+ . -+ .

0.35 pF

FTL 3~2  FTW 3-1

filaoment voltage

FTL 3-1
forced air water |
max. 160 160 160 °c
102 123 77  mm
max. 200 202 182 mm
appr. 3 4.5 0.5 kg
appr. 6.5 8 2.5 kg
.. 0.5 kg
FTL 3-1 FTL 3-2/FTW 3-1
7 7 kV
=1 -1 . kv
10 10 A *
3.5 5 kW
150 150 W
60 60 _ Me/s

is stabilized



TYPICAL OPERATING CONDITIONS

Class B, A.F. Amplifier and Modulotor

Max. Ratings:

D.C. cnodefvoltage e e e e e e e e

Signal d.c. anode current .

Anode input power with signal

*Anode dissipation . . . . .

- L] L]

Typical Values for 2 Tubes in Push~Pyll:

D.C. onode voltage . . . . . . . . ...
* appr.

D.C. grid voltage .

> . - -

Peak a.f. grid to grid voltage . .
Zero signal d.c. anode current . .
Max. signal d.c. anode current .

Grid current . . . .
Driving power . ., . .

Effective load res;stcnce (A~A) .

Max signal power output

- -

. - -

L] Gppr.
. appr.

-

.

. Class C, Anode Modulated R.F. Power Amplifier

(Carrier conditions per tube for use with a maximum modulation factor

Max. Ratings:

o oo
L] .

C

.C. grid voltage

C. anode current .

D.C. grid current . .
Input power . . . . ..,
¥Anode dissipation ., . . . .,

Typical Operation:

D.C. anode voltage .
D.C. grid voltage . . . . ,
Peak ¢.c. grid voltage . .
D.C. anode current ., . . .
D.C. grid current . . , ,
Driving power . . . . . .
Power output . ., . . .
Frequency . . . . . .

Class C, RF, Power Amplifier

. anode voltage . . . . , .

appr.

« Gppr.

or FM

Max. Ratings:

D.C. onode voltage . . . . .
D.C. grid voltage . . . .

D.C. anode current . .
D.C. grid current . . . .
Anode input power . . .
*Anode dissipation . .

.7

'5

L 0 = N

6
=215
1080

0.3

2.8

0.36

180

4,8

11.5

5.5

-1
1.2
0.4
5.5
2.5(

5
-305
700
1.1
0.2
130
4,3
30

-1
1. 75
0.4
10
3.5

(3%
A
kW
(5) kW
5 4
~180 -145
1050 1040
0.3 0.3
3 3.3
0.44 0.5
210 230
3.6 2.6
10 8.5

kV

kV

A

R’

kW
3.3) kW

4 k
-~330 \
670 '

1.2 A
0.2 A
130 W
3.3 k
30 Me/s

kV
kV

kW
(5) kW
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Typical Operation:

Anode voltege . . . . . . . . .. é 5 4 kv
D.C. grid voltage « . . . . . . . -450 ~425 =395 v
Peak r.f. grid voltage . . . . . 880 875 845 v
Anode current . . . . . . . . .. 1.55 1.75 1.75 A
Grid current . . . . . . . . . . appr. 0.27 0.3 0.26 A
Driving power . . . . . . . . . . appr. 225 240 210 W
Power output . . . . . . . . . . 7 6.3 4.5 kW
Frequency . . . . . .. ... .. % 30 30 60 Me/s
Class C, R.F. Oscillator

(with filtered d.c. anode voltage)

Max. Ratings: =

D.C. anode voltage . . . . . . . 7 kV

D.C. grid voltage . . . . . . . . -1 kY

D.C. anode current . . . . . .. ‘1.75 A

D.C. grid current . . . . . . . . 0.4 A

Anode input power . . . . . . . . 10 kW
*Anode dissipotion . . . . . . . . 3.5(5) kW

Typical Operation: (at full load)

D.C. anode voltage . e e e 6 5. 4 3%
Peak r.f. grid veltage . . . . . 700 660 630 A
D.C. onode current . . . . . . . 1.6 1.6 1.6 A
0.C. grid current . . . . . . . . appr. 0.22 0.22 0.23 A
Grid resistance . . . . . . . ., appr. 1.45 1.2 1 kQ
Grid dissipation . . . ., . . . . 75 76 77 W
Power output . . . . . . . .., . . 6.6 5.4 4 kW
Frequency . . . . . . . . .. .. 30 30 60 Mc/s

Class C, R.F. Qscillator for Industrial Use

with anode voltage from single-~phase full-wave rectifier without filter

Max. Ratings:

Anode voltage . . . ., . . . .. 6.3 kv

D.C. grid voltage . . ... . . .. =1 kV
**Anode current . . . . . . . ., . 1.55 . A
**Grid current . . . . . . . . . . 0.4 A

Anode input power . ., . . . . . . 10 kW
*Anode dissipation . . . . . . . . 3.5(5) kw

* Values in brackets refer to FTL 3-2/FTW 3-1
** Average values

<

* Values in brackets refer to FTL 3-2/FTW 3-1

All other ratings (except for anode dissipation) are valid for
FTW 351, FTL 3-1 and FTL 3-2,



Typical Operation: (gt full lood)

A.C. anode voltage (R.M.S. value)

**Anode voltage , .

**Anode current . .

**Grid current . .
Grid resistance .
Grid dissipation
Power input . . .,
Anode dissipation
Power output .
Frequency . . .

.

- a

.

-

-

*

.

.

L

- -

.

* -

*

b
x

2 x§6

5.4

. 1.4

. appr. 0.2
. appr. 2
80

9.4

2.8

6.7
. 2 30

Class C, R.F, Oscillator for Industrigl Use

self rectification with a.c. anode voltage suPpiy

Max. Retings:

Transformer voltage (R.M.S.)

D.C. grid voltage .

*¥*Anode current .
**Grid current

Anode input power . .

.

- .

.

*Anode dissipation .

Iypical Operation: (at full load)

Transformer voltage (R.M.S.)

*¥Anode current . .

. ¥*Grid current .

Grid resistance .

.

Anode input power .

Grid dissipotion

Anode dissipation .

Power output . ,
Frequency . .

* Values in brackets refer to FTL 3-2

¥* Average values

.

.

.

.

. appr.
. appr.

‘0\'

he.
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JFTH 3-1

Class C, R.F. Oscillator for Industrial Use
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5 2 x 4
4.5 3.6
1.55 1.6
0.2 0.23
L.8 1.5
20 100
8.6 7.1
3.1 3
5.6 4.4
30 60
3%

kV

A

A

kW

kW

5.8 4.6
0.9 0.9
0.15 0.16
1.45 1.3
5.8 4.6
75 75
1.7 1.6
4.2 3
30 60

kY
kV

kQ

kW
kW
kW
Me/s

kV

kQ
kW

kW
kW
Me/s

(Anode voltage from three-phase half-wave rectifier without filter)

Mox. and typical operating conditions are
cillator with filtered d.c. voltage.

Vaeff (transformer) = 0,84 Vaq (d.c. anode voltage).

In pulse operation, used in industry

pation can be increased up to 6 kW an
outputs higher than 8 kW. Data on req

for plastic welding tBe anode dissi-
d the tube is cblg to deliver power

vest.

the seme as for Class C r.f. os—



FORCED_AIRCOOLED TYPES FTL 3-1/FTL 3-2

OPERATING INSTRUCTION

Cooling System. The tube type FTL 3-1/FTL 3-2 must be opercted with its
associated radiator only (Figs. ) and 2). Tt should be mounted exactly
vertically, the radistor:downwards in « cylindrical support. In accor-
dance with the prevailing construction and space conditions, different
oir guide systems can be provided. Fig. 3a and 3b show a well proved

construction (Brown Boveri-6..100179 R2). The tube with its radigtor is

set in a metal cylinder (a) which is supported by three insulators (d).
¢ = flexible insulating air hose, b = cleat.

Figure 4 shows the tube used in a Brown Bover
drical ceramic insulator in which the tube is '
that the heater terminals lie exactly under the relevant hegter connec-
tions D. The tube is locked in the air duct cylinder A by means of q

spring ring B. C = cord of insulating material between fuse holder and
microswiteh. ’

(All dimensions in mm) .
i RF generator. A = cylin-
inserted in such a way

Mounting. After opening of the package the metal frame in which the tube
is suspended should be carefully removed. Then the tube has to be mounted
in the cylindrical support by observing that the tube is held by the radi-
ator () and no by the pins (AB) or the bulb, as is shown in fig. 5. The
¢onnection of the leads to the +vwo heater (A) and two grid pins (B) sheuld
- provided with special clamping spring connectors with cooling vanes
{Brown Boveri HG 405210 R1) to which a flexible strand lead or a flexible
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Fig. 3b

Fig. 3: Air-duct system type 6 - 100179 R 2
Fig. 4: Air-duet cylinder type HG 450241 R 1




metql-strip has to be carefully connected. The installation of all wires
must be made so that they will not be close or touch the glass parts. None
of the terminals should be used to support circuit parts, If the tube is
subjected in service to considerchble vibration it is advisable to support
the mounting by means of a spring suspension.

Cooling. Cooling is accomplished I?L,l : § | | Y 4% [
by passing a stream of clean air wnmH; O] g [ 1 Ew/V N
through the radictor towards the 1o o150 ‘ T VT
filament end., A suitable air fil- 130 Tﬁj%ﬁc T i }
ter is required which has to be 120 ‘ I W

cleaned at intervals. The tempe- 110} i ' i fos— —
rature of the air (Ti) at the en~ 10— -2 d -
trance to the radiator should not 90 ’ A ¢/

exceed 45° C. Therequired air %0 e Y ! e

flow Q (m3/min) and the pressure 70 ' 1% !

p {mm HZO) for vorious cnode disw 60 L A | f
sipations Pa (kW) is shown in Fig. P {‘A/ b

6 (FTL 3-1) and Fig. 7 (FTL 3-2). T )4 T

The curves have been plotted for ¢ 40 L] e ! T
maximum tempergture of 1800 € of O i i}/ ‘ ; I

the ornode radiator. Care should be 20— \P/J»{ : i I

taken that the temperature of the 1% i [ i' . 1
glass bulb means exceeds 1600 ¢ 06T 0T 05 05 TS 1314 16 15 20 2723 i;»(m";min)
otherwise the tube must be cooled BAGwN nove 11eahs
more intensely or the load has to Fig. 6

be reduced. The temperature of the

core should be measured either with 140,

a thermocouple or with temperature- P ' [ FTL 3.2 (o«
sensitive paint as "Tempilac" at (mmH, O l f | ‘ b {é%
the end of the core, away from the 1o P T=‘§C"i | |
incoming air. i | Tu = 1805¢C E , i !

The following temperctures must 100~ x ; : K

never be exceeded: i B ‘ .

Glass bulb . . . . . ., .., 160° ¢ S0, 4 ™
Glass base of the tube . . 160° ¢ ‘ ;y

Radictor core . , . . ., . 180° C 60 , i Q,g

Inlet tempercture of the air 45° c | i YJX/V

Air pressure interlocks which open 40 ‘ —“1

the power transformer primary are - t

desirable for protecting the tube 20 'q‘), i

when the air flow is insufficient N y),>” Y

or ceases. The cooling should be 1 i | A
started before or when the fila- A 4 6 810 Qmimin} 14

ment voltage is switched on. A Fia. 7
thermal fuse holder (HG 550404 Rl 9.

with the fuse type HG 550403 R1) screwed in the tube radiator will protect
the tube against overload. The fuse is over on insulating string fixed to a
tension spring. When the fuse blows off owing to insufficient cooling or
overload this spring will pull the release string and thus o toggle switch
will remove the high voltage from the tube. Before resuming the tube opera-
tion eithe€ the cooling has to be improved or the power has te be reduced.

Red
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WATERCOOLED TYPE FTW 3-1

OPERATING INSTRUCTIONS

Mounting. The FTW 3-1 should be mounted vertically, with its terminals di~
rected upwards; the max. deviation from the vertical being 2 mm/m. If the
tube is subjected in service to considerable vibration, it is advisable to
support the mounting by means of a spring suspension. The tube is equipped
with four terminals (two filament, two grid), each well distinguished by
its lengths; the grid pins "G" are longer than the filament pins "F" (see
figure 1.). Connection to the terminals is best accomplished by Brown Bove-
ri clomping springs with cooling vanes (HG 450210 R1) to which flexible
leads of ample cross section have to be connected carefully so that no me-
chanical stroins be imposed on the glass-to metal seals. AlL connections
to grid ond filoment must not be oxidized, and should be clean and make
good electrical contact. Cleaning of the contacts should only be carried
out with a soft cloth (and industrial sprits) and not with emery-paper.
The installation of all wires and connections must be made so that they

will not be close to or touch the glass parts, to prevent puncturing of the
glass. : - . . R s

FTW 3-1 without and with cooling jacket W 3a New cooling jacket K 3

8to'lm3\ 11 h‘if_

[ R I

e runEninED i

|

= max. 77 ;

2 12 2

T 1= ! ox el

COEAT T i R =

P e8] ey 1] ! T
2 R F . i !
3 \ I 1 1 -
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Yr o N g ~ass Nl g, B
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Fig: 9
1 = Water inlet

0 = Water outlet
BROWN BOVEN ~ 02833 m Dimensions in mm
Fig. 8
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The cooling system. The woter cooling jacket type W 3a used till now for
the tube FTW 3-1 (COmprising 4 demountable parts and having water inlet
and outlet on different sides) has been replaced by the type K 3 (Fig. 9)
of new design. It complies more satisfactorily with the requirements of
the designers of r.f. generators. It can easily be fitted and mounted on

@ wall by means of o hondle at one side. Water inlet and outlet are both
on the some side at the bottom of the jacket, thus facilitating mounting
in r.f. generators. Spanners for the threaded rings are no longer neces-
sary. 2 rubber gasket rings (one for spare) are always delivered with

each jacket, however, they have different dimensions as those necessary
for the jacket type W 3a. ‘ :

To prevent "scaling" of the anode, distilled woter should be used whenever
possible. Scaling hinders the cooling of the anode, and can lead to the
destruction of the tube as a result of overheating. It builds up a hard
yellow spotted layer on the otherwise copper-red anode. Cooling-water with
more than 8 degrees hardness should never be used directly. In many cases
the scale can be rémoved with ¢ 10 % hydrochloric acid ‘solution or with
trisodium phosphate. They should afterwards be rinsed with distilled water.
Tubes having more than severel hundreds of operating hours should be re-
moved from their jackets for cleaning with utmost care, as their filament
becomes all the more brittle as the operating hours increcse. Therefore
the best solution is to use distilled water,

Since the cooling jacket musti be electrically insulated, both the inlet
and outlet for water must be effected through sufficiently long pieces of
rubber tubing or through coils of porcelain or other insuloting material
so that the loss current is kept to a minimum.

Cooling. The quantity of cooling water necessary is dictated by the power
loss of the valve (anode + grid + heating). The quantity of cooling water
required, Q, can be safely taken as about 3.5 litres/min. for a max. anode
dissipation (Pa) of 5 kW. The flow mus+* be great enough in all cases to
ensure that the temperature of the water at the outlet remains below 60° C
(140° F). The cooling water quantity required is lowered, the smaller the
value of Pa and the lower the inlet temperature of the water. This matter
must In any case never exeed 30° C (700 F). The speed and pressure of the
cooling water flow is alse important.

The water cooling system should be interlocked with the power supply, so
that neither filament nor anode voltage can be applied to the tube except
while it is being cooled. The safety device should also shut off the power
supply if during operation the ceoling becomes insufficient.

The tube local must be well ventilated and core should be taken that at
high ambient temperature and full load the max. allowable temperature of
the tube bulb of 160° C is not exceeded. I

At higher frequencies (> 10 Mc/s) or at ambient temperatures higher than
700 € (160° F), measured about 5 ¢m above the tube head, the head should

be cooled by an airstream of 0.3 m3/hin. blown from above to it in a disw
tance of about 0,5 m of the same. ‘



GENERAL OPERATING HINTS FOR AIR~ OR WATERCOOLED TUBES

Filoment circuit: The filament is of thoriated tungsten and of rugged con-
struction, with high emission capacity. Following this; the tube can be
operated with filament voltages varying between + 5 % and - 10 % of the
nominal value of 12 V. The voltage should be checked by a suitable volt-

meter (moving iron instrument with 1 % of accuracy), connected directly
to the filament terminals.

A filament starter should be used to raise the filament voltage gradually
and to limit the high initial ratio of current- through filament when the
cireuit is first closed. A starter may be either system of time delay
relays, cutting resistance out of circuit, ¢ high reactance transformer,

or a simple rheostat, so that the total filament current never exceeds,
even momentarily, a value of 100 A. ’

In intermittent operation it is recommended that the filament voltage be
reduced to about 9 V during frequent standby periods up to two hours; for
longer periods the filament power should be turned off. '

Grid circuit: In R.F. operation the two grid terminals should be connected
in porallel, in the shortest possible way, in order to reduce undesired
inductances and to prevent overheating by ».f. currents. If in A.F. opera-
tion only one grid terminel is used, both terminals must be provided with
cooling vanes connectors (HG 405210 RL). :

Anode circuit: Long tube life can be expected.by providing these safety
devices: . ,
A time deley relay to delay the application of the anode voltage (3 miny-
te) until filoment has reached normal operating temperature.

An over-current relay with 1/10 second operating time should be provided,
to prevent excessive anode current flow and resultant over-heating of the
tube. This relay should be adjusted to open the circuit breakers in the

primary of the rectifier transformer at slightly higher than rated onode
cyrrent,

A protecting anode resistor of about 25 ohms connected in the anode lead

of each tube will damp sudden short circuit peaks during the time required
for the relay and the circuit breaker to act o
When adiustments or tuning of a circuit are made, the anode voltage should

be reduced to approximately one=half of the rated value, to prevent damage
of the tube ond associated apparatus.

A new transmitting tube should be first initially heated for 15 minutes at
rated filament voltage before application of any other voltage and only

then anode voltage should be applied and gradually be brought up to normal
value.
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OPERATION

Class C, Unmodulated R.F. Amplifier: In this class of service the tube may
be supplied with bias by any convenient method. Best results regarding pro-
tection against overlooading are obtained with a combination of grid resis-
tor and rectifier. If the tube is operated ot the maximum rated anode vol-
tage of 6 kV a fixed bias of at least - 200 volts should be used.

For industrial use, as oscillotor e.g. in r.f. industrials generators, with
the unavoidable variable loading, the grid-bias voltage is best produced by
@ grid resistor, which thus alternately varies the voltage with change of
load, within known limits. Grid current and grid r.f. voltage should thus,
at full load, be kept at about half the safe maximum value, so that no in-
crease beyond the moximum allowable grid dissipation can arise at no load.

Parasitic oscillations can be suppressed by means of g resistor-coil com-
bination made up of a non-inductive resistor of about 20 ohms, shunted by
3 turns wound right around the resistor, connected as near as possible to

the grid. In some coses it may be necessary to place such o combination in
the plate lead too.

A remarkable feature of the FTL 3-1/FTL 3-2 is its well designed cothode
which ollows to be operated with greater voltage fluctuotions. Thus the fi-
lament voltage can vary within + 5 % and - 10 % of the nominal value. The
typical opercting ratings are based on a reasonable and sufficient power
reserve preventing thus the anode and grid of the tube to be overloaded.
Emission capacity which has been reduced or lost by thermal overload can
often be restored by heating the tube af nominal filament voltage for about
10 min., or more without applying other voltages. '

Storage: In the interest of timely replacement claims in case of tronsport
damages it is advisable to inspect each tube immediately upon arrival and
test it electrically in the equipment for which it is intended., Storage of
the tube is best done in dry places where no great temperature fluctuations
occur., The tube is with advantage stored in its original packing. For trans-
mitting tubes held in stock it is sufficient +o be put into operation for
about 1 hour only once after the first 6 months of stocking. They should
initially be heated for 15 minutes at rated filoment voltage only. If pos-
sible, during further 15 minutes half of the max, admissible anode voltage
should then be applied to the tube which should then be run at full load
for at least one hour. '

The dimensions of the tube type FTL 3-1 are the same as those of the obso-
lete type ATL 2-1, which therefore can easily be replaced by the FTL 3-1
economizing of 288 W filament power in this case’ The characteristics of
the types FTL 3-1, FTL 3-2, FTW 3-1 are equal.

la = Anode current -
Va = Anode voltage
lg = Grid current
Vg = Grid voltage

lkp

Peck cathode current
')
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