BTW ]fi[)zz BTS ]fi[)zz

Super-Power Triode

The high power transmitting triode designed for an anode
dissipation of 220 kW, is available in two sundry types
depending on the cooling system:

1. BTW 150-2 water cooled,

H. BTo 150-2 vapour cooled.

The tube is suitable for use in transmitters as well as
in industrial generators up to frequencies of JO Mc/s.

General electrical Data:
Cathode thoriutod tungsten, directly heated

Filament voltage . .......cccoueeen-. -, 20 v+ %
Filament current . . . . . . ieeaanana appr. 570 A
Filament, cold resistance ........... .. 0,004 a
Mutual conductance (16 A/6 KV) oo appr. 175 *AIV
Amplification factor . . . . . ... ...... e e appr. *5
Interelectrode capaC|tanceS' ‘Grid to anode 2000 ?! pP
Grid to cathode 450 pP
Anode to cathode 5 pP
Mechanical Data: BTW 150-2  BTS 150-2
Tube cooling . Water Vapour
Temperature of glass ‘bulb max . 160 160 °C
Max. diameter of the bulb 510 J10 am
Overall length _........ 756 762 mm
Weight net 41 96 kg
Weight gross . . . . . . appr. 16J 215 kg

MAXIMUM RATINGS

D.C. anode voltage (Ve) . 18 kv
D.C. grid voltage (V*J . - 1.5 kv
Peek cathode current®(lkp) 500 A
Anode dissipation (Pa) = 220 kw
Grid dissipation (Pg) . 7 kw
Frequency (F) . . . . . . JO Mc/s

"The Typical Operating Conditions”™ listed on pages 2/3 are only
examples for average operating conditions. If a tube has to be
operated under conditions different from those listed, even
with higher values of certain parameters, the relevant operating
data will be given on request.
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TYPICAL OPERATING CONDITIONS

mm-mmECE£Sa=====SSBBK=3KBS===
A-p- AnpLiLiGE~a9d-YMadulatoy

Max, Ratings:
D.C. anode voltage......... 15 kv
Signal d.c. anode current. . . . . 42 A
Anode input power withsignal. .- 630 kV
Anode dissipation 220 kv
Typical Values for 2 Tubes in Push-Pull;
D.C. anode voltage . . . . . . . 15 12,3 10 kv
D.C. grid voltage ............ -appr.-550 -280 220 V
Peak a.c. grid voltage (G-G) . . a iyb3 1860 1740 V
Signal d.c. anode current. . ,, . 85 83 83 A
Zero signal d.c. anodeecurrent , - 5 5 5 A
D.C. grid current . . ........ 1? 17.3 18 A
Driving power = . _..._._....... 15 14.5 14 KW
Effective load resistance (anode

to anode) . . . . . . . . 420 340 260 n
Power output 880 720 355 kW
Class"Cj R-Pr; Poyer. Amplifigr, Anode; Modulated
Max. Ratings:
D.C. anode voltage e« _._.......... 13  kV (f-20 MHz)
D.C. grid voltage ... . ... ....... 1.3 *V/
D.C. anode current LI IR I A 42 A
D.C. grid current . ... ... ....... 12 A
Anode input power .............. . 600 kw
Anode dissipation . . . ® e e e e e 130 kV
Grid resistance (tube not conducting) 1 k¥l
Typical Operating Carrier Conditions;
(for use with a max. modulation factor 1.0)
D.C. anode voltage = . 15 12.5 10 kv
D.C. grid voltage = <« -1130 -1090 -1030 V
Peak a.c. grid voltage 1950 1870 1020 V
D.C. anode current . . - 36 36 36 A
D.C. grid current 9.6 9.8A
Frequency = = = = , , 20 30 30 MHz
Grounded Cathode:
Driving power . . . . .appr. 17 17 16, 3kw
Power output . .*_ .. 433 353 275 kW
Grounded Grid:
Driving power , . . .appr.- 79 77 75 KV
Power output < « = . 500 413 350 k*

Peak value for a modulation factor of 1.0

Transferred power included
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low

Max* Hating3:

D.C. anode voltage

D.C. grid voltage

D.C. anode current

D.C. grid current

Anode input power

Anode dissipation v

Grid resistance (tube not conducting)

Typical Operation:

D.G. anode voltage = -
D.C. grid voltage . =

BTW150-2. BTS150-2

18 KV (F-20MHZz)

-1.5 kv
4> A
12 A
670 kW
220 kw
1 kn
18 15

12,5 kv
-775 -750 =700 \

Peak ac. grid voltage 1460 1520 1410 v
D.C. anode current , , 25 41,5 1.5 A
D.G. grid current = 8 S 2
Frequency 20 10 80™*Sh.
Grounded Cathode: "
Lo 14
Driving power * e m . , , , e _ e = .11 14,5
Power OUTPUT oo i e e e e e 500 485 400 kW
Grounded Grid:
- kw
Driving power appr. 55 69
Power outfUt 5*5 540 kW
Peak value Tor a modulation factor of 1.0
Transferred tower included
SI3H.tF. .Bi?t.S3Si}iiSS5.£»._111SSSSnfi.VSS

(D.C. anode voltage filtered)
Max, Rating!.:

D.C. anode voltage . . . . . . . . .
D.G. grid voltage . . . . . . . . . .
D.C, anode current . .. ... ... aeeona-.
D.C. grid current . . . . . . . . . .
Anode input power . . . .
Anode dissipation ....... ... ... ... ..
Grid resistance (tube not conducting)

Typical Operation (at full losd)

Anode voltage . . . « ® ® o =
Peak a.c. Grid voltage . . ..
D.C. anode current _.._..__......
D.C. grid current........... -
Grid dissipation ... . . ..
Grid resistance...........
Power output

Frequency . .

The operating data for unfiltered d.c.

18  kV (F-20 MHz)

1,5 kv
45 A
12 A
650 KW
220 KW
1 k.n
18 15 1275 $V
1460 1520 1470
41.5 *1*5
s 158 Wia

* 5 6,9 0.9

v 77
appr. 97 75 B

*90 47% 5%8 MHz

voltage obtained that

Eultiphase rectifier systeas. can be taken as the s#re as

already given'" for "a"class
utilizing filtered d.c, voltage.

amplifier and osciliavo*

‘Operating conditions for higher power out;utg”on gauesc’
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INSTALLATION

Mounting: The power trlode should be mounted vertically, the
EeateFterminals (?) directed upwards: the deviation from the
vertical boing not more than 2 mm/m. provision should bo made to
prevent subjecting the tube to appreciable vibration. The
heater pins of the tube should be provided with connectors,
having cooling vanes such as Brown Bovori HG "*02572 R1 (fig. 1)
*0 which a flexible stranded lead or a flexible metal strip

has to be carefully connected. These connections, as well as the
similar ones to the concentric grid terminal, should be of
ample cross-section to prevent exessive heat production at high
frequencies. All connections to grid and cathode must not be
oxidised, should be clean and make good electrical® contact.
Otherwise, even with very small contact resistances, high
voltage drops will occur with the relatively large currents
involved. The heater pins and the ring are silverplatod to pro-
vide Tfirst class electrical contact. Previous to making the
connections, these terminals should be polished, but only with
a soft cloth (but never with emery-paper). If necessary
cleaning of the contacts may be carried out by means of
industrial spirits on the cold tube. No mechanical strains
should be imposed on the seals of the pins and the gridring.
The installations of all wires and connections must be made

so that they are flexible and will not be slose to, or touch,
the bulb. This precaution is necessary to avoid puncture of the
class from corrona discharge.

1c The™Water~Cooling”Systen_cf_the™BTVmlL K2

The BTW 150-2 (Ffig. 1) must be operated only with the water
cooling Jacket type w 150a (fig. 2) in which the tube should
be mounted with its anode pointing downwards.

The lower tubular connection on the Jacket (1) serves as the
cooling-water inlet and the upper lateral one as the outlet
(0). By the appropriate shaping of the cooler, the cooling-
water is made to circulate from the bottom to the top of

the anode, thus keeping the latter uniformly cool. To prevent
"scaling” of the anode, distilled water 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 cop-
per-red anode. Cooling-water with more than 8 degrees hardness
should never be used directly. [In many cases the scale can be
removed with a 10 = hydrochloric acid solution or with trisodium
phosphate. They should afterward be rinsed with distilled
water. Special care should be taken with older tubes os their
filaments may have become britlle. The Sest seitiodi 18,
however, to use only distilled or deionized water.

Calcareous water should be cleaned by incorporating a water
cleaner.
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1 BTW 150-2
(without water jacket)

5 Water-cooling curve::
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Pig.2 BTW 150-2
mounted iIn its water-cooling
jacket W 150a

Pig. 4 Connection of the
filament circuit
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The cooling jacket oust be insulated, both the inlet and the
outlet by a feed pipe systea which carries the water through
tubing chokes of insulating naterial so that the loss current
is kept to a mininun. No electric field should influence this
choke* For more detailed infornation see Brown Boveri Electron
Tube Handbook, chapter 2.

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

220 litr-is/ain. The flow must be great enough in all cases

to ensure that the temperature of the water at the outlet
remains below 60 °C (140 °P). The cooling water quantity re-
quired is lowered, the snaller the value of Pa and the lower
the inlet temperature of the water. This latter must in any
case never exceed JO -°C (70 °P). The speed of the cooling water
flow is also important. The necessary flow Q (litres/min.) and
the pressure loss «$can be taken from the cooling-curves fig,3*

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
~Re“cooling becomes insufficient. In as far as possible, each
tube should be provided with the following devices:

1. A thermal fuse which upon actuation can also operate the
aforesaid safety device.

2. (Temperature-sensitive resistance devices for the remote
indication of temperatures.)

3. A relay-operated flow-meter (differential manometer
according to the Venturi system).

Such &meter, which must depend on inlet and outlet pressures,
ogerates it an obstruction occurs in the cooling water circuit.
The tube local must be well ventilated, since the tenpcnoture of
the tubes increases to undesirable values at high ambient
temperatures.

To keep the before indicated tube temperature*, within their
limits in addition to the water cooling the following air cooling
methods have to be applied:

a) By blowing a stream of cooling air (of about Q m 0.5 m™/min
and p~r90 mm H20) through both inlets (11) to the cooling"
air ring bolted to the cooling jaeket (fig.-2.) The air
leaves the ring through on annular series of small inner
openings and the resultant air blast effectively cools the
glass bulb and the grid ring.

b) By means of an air-stream which is blown at a rate of about__
g - 2.5 mVmin and p*»9G H20 through on airguide HR 20C977 R1
(fig. 5) the tube the tube header.

—ij -
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c) If necessary the grid metal-to glass seal has to be cooled
too by means of an cooling-air ring.
The cooling air should be cleaned from impurities by Ffilters.

The following maximum allowable temperatures should never be

exceeded:
Glass-to metal seals:

of the gridring an theanode ........... 150°c

of the cathode terminals. . . . . . . 180°C
Glass bulb .. . ... 1fa0°C
(R g KoL o K11 150°c
Cooling water inlet ... ... . ... .. ... ..... b0O°C

The temperatures should be measured by means of a thermocouple
and galvanometer or thermistor sensors.

2¢ 1&».Y*mr.SssiiB8.8Kit5=8.155.858.158:S

The distinguishing feature of the vapour-cooled tube BTS 170-2
is its large copper anode radiator of special shape, allowing
operation at more than twice the maximum anode dissipation

of the conventinal water cooling (fig. t©). Cooling of the

tube is effected by allowing water to evaporate under the in-
fluence of the heat generated at the exteiTial anode. The water
is in a closed circuit, which normally doea not require any
pump or ratating mechanism. The quantity and consumption of
the cooling medium is extremely small. Tho circulation of the
water, and thus the dissipation of the heat automatically

adapts itself to the amount of heat which has to be dissipated.
For this reason and on account of the high heat transfer coef-
ficient, a higher Pa max. can be allowed than with other cooling
svsterns, wimple safety devices arc quite sufficient. Further
indications see Brown Boveri Electron Tube Handbook, chapter 2.

Additional air cooling of the header and the grid ring is
necessary and has to be carried out in the same way and with
the same data indicated for the water cooling; also the air-
guide (fig. 5) has to be provided.
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Pig- 6 Vapour cooled tube
type bvii i

Pig. b Air guide Por Cooling

of the tube header HI*F
1 - air inlet, 0 * Air outlet
P e KilarK-nl pins, @= i»rid

Pig. ? Boiler CG 150a
Legend see page 9

FJ*;.

3 irii.cip.le of -
Uit: vapour cooling
ayutefc. (Legend
see jai.u 9)



BISISU-2

following explanation of the parls belonging to it:

ring HR 405 142 Pl
cylinder head screw HR 100 364 p5
ring HR 300 357 PI
ring HR 40 899 PI

HR 404 901 PI

SQ =0 Q0O TQ
[V BV |

spiral gasket
gsket HR 404 881 PI
- pressure ring HR 300 235 PI
B insulating tubing for vapour
outlet HR 404 941 PI
i m connection nut HR 405 304 Pl
k ® clamping rin? i ] HR 405 304 P2
1 m ar.ti electrolytic-connection HR 404 889 R1
D a gasket HR 404 892 PI
n a gasket HR 404 94 pJ|
0 a pressure ring HR 404 gg95 PI
p ® nut HR 404 896 Il
q insulating glass tubing
(below) HR 404 895 PI
r ® pressure sleeve HR 404 gg5 PI
a m air cooling ring HR 20U 985 R1

Iw m Cooling water inlet
Op - Vapour outlet
IL = Air inlet

In Fig. 8 complete vapour cooling “‘system is illustrated. Be-
longing to*the ‘systems®are the following parts:

1 = Frown Uoveri vapour-cooled tube type BTS 150-2
2 - Boiler type 150a (Fig-7) or simplified system SGK 150a
(Fig. 9)

J% m Insulating glass tubing, vapour outlet
Jb m Insulating glass turbing, water entrance

4 m Equalizing pipe, with min. inclination of 5 cm/m

5 m Water connensor (heat exchanger)

P> < Secondary hot-water circuit of the heat exchanger outlet

(for space heating)

- Inlet

- Condensate return pipe

» Additional condenser for cooling by air (radiator with a fan)
only where necessary

10 » Water-level monitoring tank, should be nounted near by the

tru.’jsmittlng tubes with tvo levels (fig* 10)
11 = Overflow with siphon 8
12 >» Water level required, hold constant ("P" see also fig.6)
15 - To protection unit (which acta as soon as "12" chauges)
= Water reservoir
15 » Air outlet
16 ™ Water diain cock
17 « Connection for a further cooling system
18 * Check valve remote controlled

o, ~N



Pig. 11
Lifting apparatus for
BTS 150-2

9
Boiler with integral
condenser SGK I™)a
(Simplified system) Ik
Mode of operation of the Water-
level Honitorinr. Tank fgy

water level narked T Huronl* is the

water level which must be held con-

stant during oj”eration. %he level

to which the tube anode has to be

covered with water differs Iron

type to tyne. It is narked by the

letter *P“ in the dimensional out- Pig. 10

line of each tube type. If the le- R _
vel has fallen to PQinl the Water-level monitoring
electric circuit is interrupted tank

between electrodes Ko.” and as

a result a signal is produced in

the protection unit by the contact

Si 1* Should the level drop down

to nark P&jn2 the current is inter- -

rupfccd between electrodes Mo.5 and contact Si 2 01 the protec-
tion unit immediately disonnects the ;*>wer sup«ly to the tube.
An increase of the water level la only allowed up to nark
NPmikx«, The overflow with siphon (2) prevents this mark from
being exceeded | » equalizing pipe, 3 - condensed water inlet.

- 10 -
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HI»(
VIDARY

General Indications

Pi lament Circuit. The filament is of thoriated tungsten and the
heater voltage should be adjusted to the nominal value o<

20 V + 5* at full load. At very snail load only, the fila-
ment voltage nay be reduced by up to - *», but only to such
an exteiit that the peak cathode current is. lower than I”X) A.
Underheating of a thoriated tungsten cathode is very dangerous
and could render it inoperative. Overheating should be avoided
in the interest of maintaining long livo. A suitable precision
voltmeter (moving-magnet instrument with min, 1 5 of accuray
or better) should be connected directly across the filament
terminals to check the- voltage."Moving-coil instruments with
rectifiers are not recommar.iled. The filament circuit has to

be connected to the 4 filament-pins (1-4) as indicated in

fig. 4.

Thg initial_filaraent surge current is harmful to the tube and
suitable means”sliouTd therefore be provided to limit this
Sur,,e current. The filament voltage should also be increased
gradually to nominal value when starting operating. This may
be done in 2-2 steps with a tapped transformer, with damping
resistors or a high-inductance transformer.

The grid and anode circuit-return should always be connected
to the central tap of the filament transformer if a.c. heating
is employed.

In inters.ltlent operation it is recommended to leave the fila-
ment voltage In operation at nominal value during standby
periods up to 20 minutes and at the reduced value of 16 V
during standbys up to 12U minutes. The filament may be switched
off aux-ing breaks of more than 2 hours. When resuming operation*
the ab”ve instruction for starting operation should be observed.

In ke, operation all 4 filament leads should each be shunted
with a non-inductive capacitor of 200-1000 pP, so that all
the filament wires have equal r.f. load.

Grid Circuit; The grid terminal designed as a broad circular
flange®™ is favourable for operating conditions prevailing at
high radio frequencies and in grounded grid circuits. 8 holes
are provided on the circumference of the grid flange to which
the connecting flexible metal strips should be screwed on.

The connections must ensure a good contact and oust not exert
any mechanical strain on the flange"and its glass-to-metal
seals, in r.f. operation, all of the 8 holes of the grid flange
should be connected so that the r.f. currents are evenly
distributed over the whole ares of the grid ring.

I strong unilateral magnetic fields occur in vicinity of

the tube there is a risk of uneven distribution of the r.f.
current on the circumference of the flange, despite symmetri-
cal grid connection. In those cases only by means of an
appropriate designed grid circuit an even distribution of
the r.f. current can be restored.

11
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When a new tube is Ffirst taken into operation the temperature
shoulcPBe measured exactly around the whole circumference
of the flange.

A means of over voltage protection such as an accurately
adjusted spark gap Between grlcTand earth is always be re-
commended in the ~rid circuit of large tubes.

Anode Circuit: The anode voltage should be applied about
T-1lo0”2"rnTnutes after the filament has reached its rated vol-
tage and operating temperature. The delay for the anode
voltage is beat introduced with a time-lag relay.

An over-current relay with 50 ms seconds operating time or
altemu lively u qulck-octim; fuBe should be provided as pro-
tection against over-load. The Hnode voltage is only allowed
to be switched on after a damping period of ninin. 0.1 sec.

A protecting resistor of 25 ohms should be connected in the
anode circuit of"the "tube. This resistor will damp sudden
short-circuit peaks which could occur in the period during
which the over-current relay takes to perate.

Efficient protection against faults in the r.f. section of
the transmitter stages is afforded by high voltage recti-
fiers utilizing grid controlled HV rectifier tubes (thyra-
trons) t-.g. TQ 81, tq 91, wfilck"allow to control continuously
the d.c. supply voltage and protect the transmitting tubes

by rapid interruj tion in case of short sircuits and back-
fires.

Each adjustment and tuning of a transmitter should onV be
carried out at reduced anode voltage, e.g. by connecting an
appropriate anode resistor in the anode lead which is. after-
wards short-circuited.

It is recommended to check periodically the temperature on
the anode-to glass seal which should never exceed

A new tube should be initially heated for 20 minutes at rated
TTlament voltage before applying any other voltage und only
then the anode voltage should be applied and gradually brought
up to nominal value. Transmitting tubes held in stock should
he put in operation in the above manner during the first

months and remain in operation at, full load for at least one
hour .

Core should be taken with tubes having reached more than 1000
operating hours as their filament becomes brittle with in-
creasing operating hours. Therefore the tube should not be
subjected to shocks during handling and storage.

The high weight of the tube (BTW 150-2 = 41 kg, BTS 150-2 - 9b kg)
imposes the necessity to heave up and transport the same by

means of a Ilftlng apparatus as shown in Fig.

tgge HR 100 2%"nT“Tor“5T0”150-2 and type HR 200 854 R1 for

12
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Operation

Class B, AP Amplifier and Modulator. The negative grid
voltage aay be either produced by a battery or by a
rectifier of ?ood voltage stability; potentiometers to
adjust the voltage for each tube separately should be
provided. Ho high resistance grid voltage sources should
be employed. The values of d.c. grid voltage given in the
data are to be considered as approximative.

Class Ct Anode Modulated RP Amplifier. The modulating
voltage in class C amplifiers Is imposed on the output
and applied to the anode in series to the DC anode vol-
tage.

Battery, rectifier,.grid resistor or cathode resistor or
a combination of them nay be employed to produce the nega-
tive grid voltage which is not particularly critical in
this service. The most recommended Beans is a combination
of grid resistor and rectifier, since it offers the best
protection against overloads and is simple to provide.

Class C, Unmodulated RP Amplifier. In this class of ser-
vice of either the grounded-filament or the grounded-grid
type, the tube may be supplied with bias by any convenient
method. Best results regarding protection against over-
loading are obtained with a combination of grid resistor
and rectifier. At the maximum rated anode voltage of

10 kV a fixed bias of at least —550 volts should be used.

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

Parasitic oscillations can be suppressed by means of a non-
Inauctlve resistor of _50-50 ohms connected as near as
possible to the grid. Higher anode voltages with the resul-
tant possibility of small anode currents are preferable in
order to obtain a long tube life. .

Storage. In the interest of timely replacement claims in
case of transport 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
Ffluctuations occur. The tube is stored with advantage in its
original packing.

Maximum Ratings. Each of the "Maximum Ratings'" included all
the abbreviated values indicated with "max.",gives the
limiting value which cannot be exceeded without seriously
affectingtube life. For additional hints see Brown Boveri
Electron Tube Handbook. N



