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PREFACE

It is well-known that for charging batteries and, in many cases, for
feeding arc lamps, welding and various other industrial apparatus,
direct current is required. Since, however, most mains are A.C., the
power required for such purpose has to be converted into D.C. This is
done most reliably and most efficiently with the aid of electronic-
tube rectifiers.

In this Bulletin details are given of a range of rectifying tubes specially
developed to meet the highest requirements. These rectifying tubes
bave a high efficiency and give reliable service for many years. In
their design particular attention has been paid to a strong mechanical
construction, so that the tubes can withstand severe shocks, such as may
occur in industrial plant. Furthermore, calculations are given for the
design of tube rectifiers, together with a number of practical examples
and circuit diagrams. A selection chart (see p. 67) greatly facilitates
the choice of the circuits and types of tubes suitable for a given design.
In addition to the range of tubes described in this Bulletin, a complete
range of thyratrons is available, e.g., for use in rectifiers with variable
or stabilized D.C. output voltage, for D.C. motor speed control,
ignitron firing, electronic relays and timers. There is also a range
of ignitrons for the construction of high-power rectifiers and for
resistance welding. Full particulars of both these ranges will gladly

be given on request.
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INDUSTRIAL RECTIFYING TUBES

INTRODUCTION

Rectifying tubes are used to convert alternating
current into direct current and can be divided into
high-vacuum and gas-filled types.

In industrial applications gas-filled rectifying
tubes have several advantages over high-vacuum
types because of their very low internal resistance
resulting in a high current capacity and efficiency.
This efficiency is within a wide range practically
independent of the load, so that a considerable
saving in power consumption is obtained when the
installation is in operation under a partial load
for an appreciable time, compared with the case
when, instead of tubes, motor generators are used.
Moreover, for low-voltage installations, such as bat-
tery chargers, a tube rectifier requires no foun-
dations for mounting, no moving parts, no auxiliary
starting gear etc., nor is any skill needed to operate
it, factors which may well outweigh the disadvan-
tage of filament power consumption and arc losses.

In this Bulletin the operation, the construction
and the application of hot-cathode gas-filled recti-
fying tubes in battery chargers, power rectifiers,
cinema rectifiers and D.C. arc welders are discussed.
Data are given for a range of rectifying tubes
suitable for these applications.

PRINCIPLE OF OPERATION

A hot-cathode gas-filled rectifying tube is a diode
tube containing inert gas, mercury vapour or some-
times a mixture of both.

Formerly, tungsten cathodes were used, but soon
they were superseded by thoriated tungsten catho-
des. The latter in turn were superseded by oxide-
ceated types, as these have not only a lower heating
power consumption for the same emission current,
but also a longer life with relatively high emission
currents.

When a sufficiently high A.C. voltage is applied
between the anode and cathode, an arc is formed
and the tube becomes conductive, but only during
the positive half cycle. This makes the tube suitable
for use as a rectifier.

Fig. 1 shows the voltages and current of the tube
when an A.C. voltage is applied to the anode, the

tube being loaded by a resistor R, *). When the anode
voltage is gradually increased, the current/voltage
characteristic is at first similar to that in a vacuum
diode, and only a very small current will flow.
However, the electrons finally acquire sufficient
energy to ionize the gas atoms through collision,
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Fig.1. a Basic circuit diagram of a rectifier.
b Voltage diagram. ¢ Current diagram.

the anode voltage then being equal to the ignition
voltage Vi.,. At this instant an arc is formed and
the voltage across the tube drops to the arc voltage
Vare. The current through the tube during the
positive half cycles of anode voltage depends on
the values of the A.C. supply voltage v;,, the voltage
across the tube V,,. and the load resistor R,. It is
not limited by the negative space charge, as is nor-
mally the case in high-vacuum tubes, since this
charge is neutralized by the positive ions flowing
to the cathode. For this reason and because of the
application of an oxide-coated cathode, a high out-
put current can be obtained with only a small
voltage drop across the tube.

The potential distribution in the tube under
ionized condition can be represented by the curve
of fig. 2. Practically all the potential drop occurs
in the region immediately adjacent to the cathode.
The remaining space is taken up by the so-called
“plasma”, a region in which positive ions are
practically in equilibrium with the negatively
charged electrons drifting to the anode.

*) Glossary of symbols on page 66.
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Fig. 2. Potential distribution between anode and cathode in
a gasfilled tube under ionized condition.

CONSTRUCTION

The envelopes of the tubes described in this
Bulletin consist of a glass bulb, which has proved
to be able to withstand severe shocks such as may
occur in industrial equipment. In general, the geo-
metry of the tube is so chosen that the ignition and
arc voltages are low, and the maximum permissible
negative voltage which may be applied to the
anode, i.e. the peak inverse anode voltage V.,
is as high as required for the purpose for which
the tube is intended.

The cathode is of the oxide-coated, directly heated
type. It consists of a coil of tungsten wire over
which a nickel wire of much smaller diameter is
wound, the latter serving to carry the oxide coating.
In some tubes the nickel wire is also spiralized in
order to increase the effective surface. The cathode
has the form of a helix, giving a high thermal
efficiency. The electric field in the tube adapts
itself more or less automatically to the cathode
surface, so that the electrons can leave it along lines
of force considerably deviating from those existing
before the ionization of the gas. As a result, the
interior part of the helix also emits electrons, and
a high emission current per watt of filament power
is obtained.

In most tubes the cathode is screened, so that
the risk of arcing back to the cathode is consider-
ably reduced and the life of the cathode is extend-
ed. When tubes with two anodes are used, an ad-
ditional screen, placed between the anodes, reduces
the possibility of an arc being formed between the
anodes. The positive ions always tend to flow to
that point in the tube which has the most negative
potential, thus, in the case of double-anode tubes, to
the momentarily non-conducting anode. If they

strike this anode with sufficient energy to pro-
duce secondary emission, an arc discharge between
the anodes may occur. Since the ions are present
in the discharge path, they are prevented from
flowing to the negative anode by both screens.

The anodes are usually made of graphite, and the
construction is such that heat is dissipated quickly.
The work function of graphite is higher than that
of all metals, whilst this material has, moreover,
the advantage that mercury does not adhere to it.
Owing to these favourable properties it has been
pessible to increase the peak inverse voltage rating
of the tubes considerably.

The wires connecting the electrodes io the ter-
minals are led through the glass either by making
use of a pinch construction, such as used in incan-
descent lamps, or via a chrome-iron seal. The form-
er technique is used for smaller tubes, the latter
being applied in the construction of larger tubes.
In both cases the glass and the maierial used for
the wires have so been chosen that they have equal
coefficients of expansion, so that neither the glass
will crack nor leakage will occur at any operating
temperature.

TUBE LIFE

Experience has shown that the average life of
the tubes of the range described in this Bulletin
exceeds 10000 hours of reliable service if used
under proper conditions without exceeding the
ratings given in the tube data. Definite figures
for their life cannot be‘ quoted, as it depends on
a large number of factors, such as the number of
times the tube is switched on and off, and on sever-
al other factors mainly decided by the user, for ex-
ample, the design of the circuit, the ambient tem-
perature, the constancy of the supply voltages, etc.

In practical operation five or six years of service
are not unusual.

EFFICIENCY

Distinction must be made between the efficiency
of the complete rectifying installation and that of
the tubes. The efficiency of the installation is de-
fined as the D.C. output power divided by the A.C.
input power, thus taking into account the tube and
transformer losses, A.C. ripple losses and losses in
resistors or chokes belonging to the input circuit.

The efficiency of the tube itself is given by the
equation:

W,
Ny = o g, o gy o o e




where W, == D.C. output power,
Iy = filament power and
W are = arc losses.

In the first instance the required filament power
is proportional to the maximum value of the cur-
rent to be drawn from the cathode I, ,. In most
practical circuits this current approximately equals
the D.C. output current I,, so that the filament
power can be represented by:

where k, is a proportionality factor.
The arc losses are then given by the product of
Vare and I,, the arc voltage being practically con-
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Fig. 3. a The efficiency 7, of the 1849 tube as a function of
the D.C. output voltage ¥, at constant D.C. output
current.

b The efficiency 7. of the 1849 tube as a function of
the D.C. output current I, at constant D.C. output
voltage.

stant. According to eq. (1) the tube efficiency thus
becomes:

. V,1,
"= T ¥ kI, F Ve lo'

or
V.
PET T bt Ve

For the tubes listed in this Bulletin the factor
k, is approx. 2 to 6 W/A, and V. is 7—15 V.
According to eq. (3) the efficiency lies between:

and thus increases with increasing output voltage.
For 25V D.C. output, for example, the efficiency
lies between 54% and 73%, whilst with 220 V D.C.
output voltage, the efficiency is 91% to 96%.

Fig. 3a shows the efficiency of the rectifying
tube type 1849 as a function of the output voltage
with constant output current. Fig. 3b gives the
efficiency as a function of the output current with
constant output voltage. It may be seen that with

6

decreasing output current there is only a slight
decrease in efficiency. Owing to the arc losses being
constant in the case of fig. 3a, the efficiency de-
creases more rapidly with decreasing output volt-
age.

INSTALLATION

For the correct starting and operating of rectify-
ing tubes filled with rare gas or a mixture of rare
gas and mercury, the temperature of the gas c.q.
the mercury should be within certain limits.

Tubes filled with rare gas may be started when
the tube is placed in surroundings having a temper-
ature of minimum —55° C and maximum +75° C.
In that case the tube will start easily and the tem-
perature during normal operation will stay within
safe limits provided adequate natural cooling is
ensured (see below).

Tubes filled with rare gas and mercury may be
started when the temperature of the mercury is
between 0° C and +80° C. During operation the
temperature of the condensed mercury must remain
between +30° C and +80° C, preferably at about
+60° C. These temperatures should be measured at
the coldest spot of the tube which generally is the
exhaust pip or the auxiliary anode connection, both
at the bottom of the tube, using a small thermo-
couple, a calibrated thermometer or some temper-
ature-sensitive indicator as Tempilag. Once the
tube is started, adequate natural cooling will as a
rule be sufficient to keep the temperature of the
mercury within safe limits unless otherwise speci-
fied (e.g. type 1069 K).

In order to ensure sufficient cooling the following

rules must be observed when designing a cabinet:

1) All tubes must be mounted vertically with their
base or filament strips down.

2) The clearance between the tube envelope and
the cabinet wall or parts of the circuit should
be at least equal to half the max. tube diameter.

3) When two or more tubes are placed in the same
enclosure the distance between them should be
at least equal to 34 the max. tube diameter.

4) Closed cabinets should have ventilation aper-

tures at the hottom and the top of the cabinet
to ensure natural convection in a stream from
the bottom upwards.
When wire-mesh or perforated steel is used for
the cabinet walls, care should be taken to pro-
tect the tubes from extraneous draughts as these
may very easily cause condensation of the mer-
cury at a wrong place.




When the air contains aggressive gases, vapours,
dust or moisture drops, these have free access
to the tube and may influence its life un-
favourably. It is advisable in these cases to con-
sult us before designing or installing the rec-
tifier.

5) When forced air cooling is used this should
support the natural convection, i.e. it should
blow from the bottom upwards.

6) To aveoid local overheating all tube connections
should have clean surfaces, free of dirt or oxide.
Cathode strips should fit the fixing bolts with-
out mechanical stress and should be bolted
down firmly. When the anode connections are
made with knurled nuts and cable lugs the nuts
should be tightened securely using a screw
driver or a pair of pliers. Anode leads should
be of sufficient cross-section as the r.m.s. value
of the anode current in rectifier circuits may be
2.5 times the average D.C. value.

Tubes should not be subjected to severe shocks
or vibration. In general if accelerations higher than
0.5 g are to be expected the tubes should be mount-
ed on some shock-absorbing device and the anode
leads should be made of flexible wire.

When the tube is switched on in normal oper-
ation sufficient time should elapse between the
switching on of the filament and that of the anode
tension to allow the filament to reach its full elec-
tron-emitting temperature. The minimum prescrib-
ed heating-up time T, is mentioned for every
tube-type. Tt may be obtained by two hand-operated
switches controlling resp. the filament voltage and
the anode-voltage or automatically by the use of
some time-delay relay in the anode circuit. For this
purpose a bimetal relay type 4152 is available, data
of which are given on page 64.

Generally two values are given for T, The
longer one is the recommended value, the shorter
one may be used when this should be absolutely
necessary. An exception to this rule are the small
gasfilled tubes 328, 367, 1010 and 1019. These may
be started without previous pre-heating of the fila-
ment provided the tube is used for 8 hours after
it has been switched on. If the operating times are
shorter the life-expectancy drops with higher
switching frequency.

When a tube containing mercury vapour is
switched on for the first time after transport or
after prolonged periods of non-activity, the tube
must be pre-heated for five minutes before ap-
plying anode-voltage so that all mercury is re-
moved from the electrodes.

For obtaining optimum life of tubes with di-
rectly heated cathodes, the use of a centre tapped
filament transformer is to be recommended. In the
case of three phase supply, a phase difference be-
tween 60° and 120° can be obtained by connecting
the filament supply transformers and those for the
anode supply between different phases.

The 1173, 1174, 1176, 1177, 1838, 1849 and 1859
tubes are provided with an auxiliary ignition elec-
trode.This electrode should have a positive poten-
tial with respect to the cathode and must be con-
nected, via a current-limiting resistor, to an aux-
iliary D.C. source delivering some 40V, 10 mA
power. For this purpose the Auxiliary Ignition
Unit type 1289, a description of which is given on
p. 63, can be used.

The tubes 1710 and 1725 A are provided with
a screen electrode, which must be connected to
the cathode via a resistor of 10kQ, 0.5 W.

RATINGS

The maximum ratings of the tubes are on an
absolute maximum basis. When the tube is oper-
ated above its limiting values, then its life and satis-
factory performance may be impaired. *) There-
fore, in order not to exceed these absolute ratings,
the equipment designer must determine an average
design value for each rating sufficiently below the
absolute value, to ensure that the latter will never
be exceeded under any normal supply-voltage
fluctuation, load variation or production spread
in the equipment itself.

The maximum permissible D.C. output current
I, must not be exceeded, as otherwise the tube
will be damaged by overheating. This current is
the highest average output current, as read on a
D.C. meter, that may continuously flow through
the tube.

The peak anode current I,, represents the
highest current allowed to flow in the anode cir-
cuit. Unless otherwise indicated in the tube data,
the maximum time over which the anode current
(i,) may be averaged is 10 seconds.

"The maximum peak inverse anode voltage Vi, ,
is the highest instantaneous negative voltage that
may be applied to the anode. This rating should
never be exceeded, so as to avoid arcing back or
flashover in the tube.

It is advisable to check the actual peak values
of currents and voltages with the aid of an oscillo-

*) An exception is made with tubes for battery chargers,
where the D.C. output current rating may be exceeded with
25% when a discharged battery is taken under charge.




scope, as there may exist differences between the
practical and the theoretically calculated values.

Measures must be taken to limit the surge cur-
rent, which is the peak-value of the current surge
that may be caused by a short circuit or by arc-
back of the tubes, below the maximum permissible
value. This can be obtained most simply by ap-
plying at least the minimum [required total resist-
ance (R;) in the anode circuit. This resistance
can be calculated as follows:

R;=R; + n’R, + Ry,
in which R; is the total resistance; R, the resist-
ance of the transformer secondary (one half in
the case of a full-wave rectifier); n the transfor-
mer ratio; R, the resistance of the primary wind-
ing and R, the value of the resistor connected in
series with the anode.

When the value of R, is thus so chosen that R,
has at least the minimum value given in the tube
ratings, the chance on arc-back is practically re-
duced to zero.

In some cases, however, the additional resistor

R, dissipates too much power, especially in those:

cases where the r.m.s. value of the anode current
is high, for instance in poly-phase circuits with a
back E.M.F. load. It will be clear that from an
economical point of view another system of cur-
rent limiting must be found. This can be obtained
by increasing the self-inductance in the anode cir-
cuit by means of a series choke, or by using a
transformer with purposely increased spreading
flux.

In battery chargers, however, it is always advis-
able to connect a resistor in series with the anodes,
because a possible arc-back in the tube is main-
tained in the form of a D.C. arc fed by the battery
under charge. The tubes can further be protected
by a circuit breaker or a fuse in the D.C. output
circuit, cutting out when an arc-back leads to back
feeding by the battery.

Apart from the necessity of incorporating in the
circuit the necessary elements to keep the current
within the published limits, it is advisable to pro-
vide for a damping of voltage-surges caused by
oscillations or switching manipulations. The fol-
lowing provisions have in practice proved their

value.

1) It is advisable to incorporate in all rectifiers
for voltages of 120 V and higher a resistor par-
allel to the load. The value of this resistor
should be so calculated that it consumes about
0.5—1%; of the nominal load.

2) When measure 1) should be insufficient the
incorporation of an RC element, consisting of a
capacitor and a resistor in series, this series ar-
rangement being connected in parallel to every
secondary winding of the transformer, is advis-
able, as it suppresses oscillations in the trans-
former. The following rules for the calculation
are given:

If E —voltage per secondary phase,

C = capacity per secondary phase,

L = total leak induction per secondary phase

of the transformer,

R — damping resistor,

I =r.ms. current per secondary phase,

Z — E/I — impedance of phase load,
then: E? » C — about 1—2 9/, of the transform-
er power divided by the number of secondary

phases, and R :2V£ .
Cc

Roughly speaking it can be said that C (in uF)

-6
3Z and R (in ohms) — 14Z +—10Z.

These values for C and R are not very critical
and valid for a mains frequency of 50—60 c/s.
3) Voltage surges caused by the load or switching
manipulations can be suppressed by the use of
V(oltage) D(ependent) R(esistance) resistors
connected in parallel to the load.
As these are used for a different reason from
the use of the measures 1) and 2) a combination

is very well possible.

4) Anode-fuses are advisable in any case but cer-
tainly in the case of rectifiers for output vol-
tages of more than 220 V.

When operation of a battery charger must be
stopped, it is recommended first to operate the
D.C. switch and subsequently the mains switch.
When the latter would be opened first, high volt-
age surges in the transformer secondary might
occur, resulting in arcing back of the tubes.

CIRCUITS

There is little uniformity and considerable con-
fusion in the denomination of rectifying circuits,
the circuit of fig. 30, for example being deliberately
called a single-phase centre-tap, a single-phase full-
wave or a two-phase half-wave rectifier.

In this Bulletin the last-mentioned denomination
is used for indicating the number of (secondary)
phases to be rectified, adding whether only half a
wave or the full wave (bridge circuits) of each
cycle and of each phase is rectified.




BATTERY CHARGERS

GENERAL

The D.C. current required for battery charging
can be obtained with rectifying equipment using
rectifying tubes, barrier-layer rectifiers or rotary
converters.

The demand for rectifying tubes is still increas-
ing considerably, because they are specially suit-
able for use in battery chargers. They are light in
weight, compact in size and have an efficiency
which can never be reached by rotary converters.
Moreover they have the advantage that replace-
ment of a defective tube only takes a few minutes.

Since the battery itself has little resistance, the
D.C. current with which the battery is charged
must be limited to the value given in the tube
data, and for this purpose a resistor, choke or
transformer with magnetic ishunt can be used.
Limiting resistors are employed in case of small
chargers, providing a cheap but not economical
solution owing to their high power consumption.
For bigger chargers use is made of inductors in
series with the primary of the mains transformer.
The applicétion of a magnetic shunt on the mains
transformer becomes very attractive for battery
chargers when these are produced in large series.
Mains voltage fluctuations and battery voltage
variations during the charging period must also
be taken into account when designing a current
limiting device (see eq. 6).

Care should be taken that the total resistance
R, in each anode circuit is equal or higher than
the minimum protectivéresistance R, given in the
tube data, in order to prevent damage of the tube
in case of backfire or faulty operation of the
equipment.

Tube types 328, 367, 1010, 1048, 1110 and 1119
are primarily intended to be used in trickle charg-
ers and small battery chargers for about 20 lead
cells, and having a maximum output current of
6 A per tube.

Types 1039, 1049, 1710, 1725 A, 1173, 1174, 1176,
1177, 1838, 1849 and 1859 can be used in larger
units for charging more than 20 lead cells and
having output currents up to 50 A per tube.

The tubes of the lower current range are designed
for use in private garages and other places where
the use of a larger charger is not justified. Tubes
of the second range are used in battery chargers in
large public, municipal and army garages, motor-
car and electric car charging stations, telephone
exchanges and in emergency lighting installations.

CIRCUIT DIAGRAMS

Tubes of the smaller types are normally used in
battery chargers fed from single-phase supply,
whilst the other tubes are employed in chargers
designed for single and three-phase supply.

The circuit diagrams commonly used are given
in figs 4 to 9, where R, and L are current-limiting
resistors or chokes respectively.

DESIGN CONSIDERATIONS *)
CIRCUITS

The basic circuit of a single-phase, half-wave
rectifier is given in fig. 10a. As the voltage supplied
by the transformer increases sinusoidally, a point
will be reached w}llere Vo V2sinot—Vy= Vigns
and the tube will \then become conducting (point
t; of fig. 10b). The rectifying tube will obviously
ignite only if the peak value of the transformer
secondary voltage exceeds the battery voltage plus
the ignition voltage of the tube, i.e. when:

Vir V2> Vo 4 Vigns coveeeann (5)

*) See W. van Doorn, Power Rectifiers with Gasfilled
Rectifying Valves, Electr. Appl. Bull. X, p. 167 and p. 190,
1949 (Nos. 7 and 8).




BASIC CIRCUIT DIAGRAMS FOR BATTERY CHARGERS
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Vien having a value ranging between about 10 and
50V, depending upon the type of tube.

The ratio between V; V2 and Vi + Vi is
generally expressed by the mains fluctuation safety
factor:

Vtr \/f

k2= Vb max + Vign

- R (6)

giving for the transformer secondary voltage per
phase:

v, = met Vi (1)

V2

Vi, is usually so chosen that k, will be from

1.15 for a large number of cells to 1.2 for a small

number of cells. In other words, V;, V2 exceeds

Vymax T Vign by 15 to 20%. This margin is re-

quired to ensure satisfactory operation of the rec-

tifier under the most unfavourable conditions of

r
o w1 flr
t 10 \/_t"
b 67378

Fig.10. Basic circuit of a single-phase half-wave .rectifier
for use as battery charger.
a Circuit diagram.
b Voltage diagram. The period of conduction is
cross hatched.

mains voltage fluctuations. The choice of k, con-
siderably influences the charging characteristic of
the rectifier. In fact, the higher the value selected
for V;,, the more stable will be the operation of the
rectifier. The stability, however, will be at the ex-
pense either of the power factor or of the efficiency
of the rectifier and will render the transformer
more expensive.

Once the tube is ignited, current starts to flow
and charging commences. This current produces a
voltage drop V... in the tube. V,,. may be regarded
as constant (see fig. 10b), its value being between
about 7 and 30 V, depending upon the type of tube.

As the transformer secondary voltage further
the difference
VirV2sinotand Vy + Vare gives rise to a charging
current, which must be limited by a suitable device,
8o as to provide the required charging current and
not to exceed the maximum permissible anode

increases, voltage between

current.

Resistor as current-limiting device

The current-limiting device will first be as-

sumed to be a resistor, in which case the current
will cease to flow at point t,, when V;, V2sinet
has dropped to ¥V, V2sinwt,=Vy + Vare

Between ¢, and ¢, the instantaneous value of the
current will be:

. Vtr \/§ sin ot — (Vb -+ Vnrc)
Ig—=- R
t
By introducing B representing the D.C./A.C.
voltage ratio:
Vb + Varc
Vtr \/E

Sy SR (9)

eq. (8) becomes:

. _Vt, V2 (sinwt—B)
lg—= R,

For the sake of simplicity V,, is assumed to be
equal to V.., so that after integration of eq. (10)
and by using the abbreviation:

B—\/1—pB*—pBarccosf, ......... (11)

the D.C. anode current can be expressed as:

Iy=———— ., 12
a ar Rt ( )

and the total secondary circuit resistance as:
R, =045 I;"B ..................... (13)

The relation between B and B (eq. (11)) is
shown in the graph of fig. 11, the most important
part of this graph being given on a larger scale
occupying the entire width of this diagram.

Since the equivalent resistance of the trans-
former secondary R;, is included in R;, the value of
the required additional anode resistor R, will be:

B
04 8
N
a3 - 05| \,
\\‘ E
N
02 N Gazaraeos 7
\‘\
N
af e
%5 a6 07 7 08
57867

Fig.11. Graph showing the factor B as a function of the
D.C./A.C. voltage ratio 8 for the case of a resistor
used as current limiter.
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Ra:Rt ‘_Rjr

In practice, R;,is usually from 7 to 10% of R,,
so that eq. (14) can be written:

The r.m.s. value of the current, by which the
heating losses in dissipative resistances and the ap-
parent power of the transformer are determined,
is given by:

Ia rms :f Ia,

in which f is called the form factor.
This factor depends only on f, the relation
between the two being shown graphically in fig. 12.
The peak factor f, expresses the ratio between
the peak value of the anode current and its mean
value, so that:

&5 06 07 708
58153

Fig.12. Graph showing the form factor f and the peak factor
fo as a function of the D.C./A.C. voltage ratio 8 for
the case of a resistor used as current limiter.

If the battery charger has several secondary
phases, the different circuits have only the battery
in common, and since this is assumed to have a
constant voltage independent of the charging cur-
rent, the separate phase currents will not influence
each other. In that case the total charging current
I, through the baitery will thus be equal to the
sum of the secondary currents.

Fundamentally, it is also possible to connect
directly in series with the battery one common
resistor limiting the currents of the different phases
in succession. By doing so, the advantage of the
separate resistors safeguarding the rectifier against

12

internal short circuits would, however, be sacri-
ficed; hence such a circuit is not to be recom-
mended, and we shall refrain from dealing with
it here.

Inductor as current-limiting device

In fairly large batiery chargers the loss of power
in the current-limiting resistors would assume such
high values that this solution would no longer be
justified. In that case preference will be given to an
inductor.

In agreement with what has been stated in the

Va

Fig.13. Basic circuit of a single-phase half-wave rectifier
with secondary choke for use as battery charger.

previous section, the effect of the inductor can best
be explained by means of the diagram for single-
phase half-wave rectification.

The basic circuit is given in fig. 13. During the
interval of conduction, the voltage v, across the
choke L will be equal to ¥, \/2sinot—(Vy + Vare),
similar to that across a resistor incorporated in the
anode circuit.

The instantaneous value of the current is now
determined by:

di,

g

=V V2sinwt— (Vi + Vare),...(18)
if the resistance of the choke is disregarded.

Eq. (18) may be integrated and set equal to
zero, thus giving the value of t, when i, has become

Wr
Vo] )
% \tz\/? -

7N\
b
\\ T
VA

to
67378

Fig. 14. Voltage- and current diagrams corresponding to the
circuit of fig. 13.
a The transformer secondary voltage v,.
b The voltage drop v. across the choke L.
¢ Tke anode current i,.




zero. The interval ¢, — t,, expressed in degrees, is
plotted in fig. 15 as a function of 8.

The mean value of the anode current I, can now
be calculated according to the method described
above, giving:

_Vuv2

== %"

in which B” again depends on 8, the dependency
however being different from that of B expressed
in eq. (12). A curve for B” as a function of B is
plotted in fig. 16.

360"\ ,
to-t;
300° \

AN

2407

—
180 \\
1207 AN

™
60 \\
; |

0 02 04 06 08 p

1.
57977
Fig.15. Graph showing the interval t.—¢, as a function

of the D.C./A.C. voltage ratio B for the case of a
secondary choke used as current limiter.

Also for this circuit the form factor f” and the
peak factor f,” can be determined, but since the
incorporation of chokes in the anode circuits is

3.2,
2.8 \
a4
20|
Bll
6] !
! N
12 \\
08 \\B\ \\
B’ —

o ~\
o | | ~

0 02 04 06

08 @ 10
57869

Fig.16. Graph showing the factor B"” for rectifiers with a
secondary choke, B’ for rectifiers with a primary
choke and B for rectifiers with anode resistor as
current-limiting device, as a function of the D.C./A.C.
voltage ratio 3.

only a purely theoretical example, this has not been
done here.

The circuit of fig. 13 has but little practical
value because the D.C. output current considerably
reduces the self-inductance of the choke. A pri-
mary choke is therefore preferred, which offers the
additional advantage of only m; coils being re-
quired even if the secondary number of phases is
twice that of the primary number of phases (m;:
m. being for instance 1:2 or 3:6).

At first sight the only result of shifting the
inductor from the secondary to the primary side
is that the reflected value of the impedance must
be taken into account at the secondary side. If,
however, the mains do not happen to be connected
to a star point, the connection of the choke in the
primary will result in the primary current, corres-
ponding to the current of two secondary phases,
flowing through one and the same choke. This will
already be the case if a single-phase two-phase
transformer is used, as shown in fig. 17.

As long as the interval ¢, — ¢, during which
current is supplied is less than 180°, thus if
B > 0.54 (see fig.15), nothing particular will hap-
pen. At the instant 7, current will start to flow to
the left-hand anode of fig. 17, this instant being
determined by the condition that V;, V2 sin o, —
Vy + Vae (see fig. 14), the ignition voliage V.,

Vh it |

67379

Fig.17. Basie circuit of a two-phase half-wave rectifier with
primary choke for use as battery charger.

being assumed equal to ¥y + V.. This gives
t; — arc sin 3, where t; is expressed in degrees, and
Vb + Varc

B:W\/Tz

which i, becomes zero, can now be derived from
fig. 15. This also applies for the next half cycle for
the right-hand anode during the interval ¢; — ¢,
(not indicated), where z,—1¢, + 180° and t,—
., + 180°.

Summarizing, current will flow in the primary
during the interval #, —t,, then from ¢, to t; the

. The instant t,, i.e. the instant at

current will be zero, whilst current will flow in the
reversed direction during the interval t; —t,.
For B = 0.54, thus if t, — t; — 180°, the instants
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t. and t; will coincide and currentless intervals
will not occur.

For B < 0.54, however, the interval t, — t, is not
longer given by the curve of fig. 15. The current in
the bottom- and top phase (see fig. 17) will flow
during an interval of 180°, even if 8 becomes lower
than 0.54.

Fig. 18 gives the voltages and currents trans-
formed to the primary, corresponding to the circuit
of fig. 17. The primary voltage has a rectangular
form (see v/, fig. 18a), the voltage across the choke
v, being the difference between the mains voltage
v, and v/, as shown in fig. 18b.

Yn
W+ v’
Z 3/ ¥
t, \'fz _t’
/14
< ;
\ / b
N/ T
\\ h\_,/
\ |
\
. ﬂ
c
\ T. =
67380

Fig.18. Voltage- and current diagrams corresponding to the
circuit of fig. 17.
a The mains voltage v, and the transformer primary
voltage under load v,'.
b The voltage drop v, across the choke L.
¢ The primary current i,

For each value of B a given position of ¢, and ¢,
and consequently a given mean value of the anode
current I,, will be found, which can now again be
calculated from eq. (18). This calculation will
not be worked out in detail here, but the mean
value of the current per anode can be represented

by:

The factor B’, which for B < 0.54 differs from
the factor B” of eq. (19), but for B > 0.54 coincides
with it, is also plotted in fig. 16 as a function of B.

The factor B is almost proportional to V; (cf.
eq. (9)), Varc usually being small as compared with
V3, whilst the D.C. output current per anode I, is
linearly dependent on the factor B, B’ or B”, as the
case may be, so that the curves given in fig. 16
represent the charging characteristic of the rectifier
(charging current as a function of the battery
voltage). As long as t; — t; < 180° (8 > 0.54), the
curves B’ and B” (and also B) are almost identical,
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but in the case of B < 0.54 the advantage of curve
B’ (applying to a primary choke *), namely that
the short-circuit current is relatively low, can be
clearly seen from the graph.

8'

04,
\\ -
N
03 - N
a3z
a1 \\
-
4
E] 06 07 g 08
57870

Fig.19. Graph showing the factor B’ as a function of the
D.C./A.C. voltage ratio B for the case of a primary
choke used as current limiter. '

Also in the case of m, > 2, current will not flow
longer than 180° in either phase and, although the
theoretical considerations are somewhat different,
for common practice the calculations may also be
based on the factor B’ evaluated above, provided a
primary choke be used.

In fig. 19 the value of B’ as a function of S is

6
5 // ==
4 =%
|t
J 4/
/’

-] f’
1

5 06 07 A 08

58154

Fig. 20. Graph showing the factors f and f,” as a function of
the D.C./A.C. voltage ratio B for the case of a
primary choke used as current limiter.

given again on a larger scale for practical use; the
corresponding factors f* and f,” as a function of B,
also applying to circuits with a primary choke, are
given in fig. 20.

*) A somewhat different solution, which, however, leads
to very similar results, consists in replacing both the normal
supply transformer and the primary choke by a strayloss
transformer.




Summarizing, the constants B, f and f, written
without a prime apply to rectifiers with a resistor
incorporated in each anode circuit, those with a
single prime applying to rectifiers with an inductor
in the primary circuit.

If the rectifier is used for the normal purpose
for which it has been designed, B will seldom
reach very low values, and there will be little dif-
ference between the quantities B and B’. Only in
special cases will it be desired to take advantage
of the flat part of the curve B’ at small values of 8,
but this will necessitate the use of a particularly
large transformer and choke.

COMPONENTS

In the design calculation for the various com-
ponents it is first of all necessary to ascertain the
value of V. This depends on the type of battery
used, on its condition and, finally, on the number
of cells to be charged. The E.M.F. per cell for lead
batteries, for nickel-iron batteries and for cad-
mium-nickel batteries respectively is
table 1.

given in

Table 1
E.M.F. per cell (V)
Battery — -
minimum | average [maximum
Pb 2.0 2.2 2.7
NiFe 1.2 14 1.85
CdNi 1.2 14 1.85

Mains transformer

The type of transformer to be used mainly de-
pends upon the power output required. For outputs
up to 600 or 800 VA shell type transformers will
generally be used, whilst core type transformers are
usually preferred for outputs exceeding 800 VA.

Shell type transformers are normally provided
for single-phase supply only; the coils comprising
the primary and secondary windings are both
placed on the centre core, the secondary winding
having a centre tap in the case of two-phase recti-
fication.

Core type transformers, when designed for single-
phase supply and two-phase rectification, should
have their primary split and distributed over both
legs of the core, the two parts of the primary being
connected in parallel, whilst each leg carries one
secondary coil. If this precaution is not taken, un-
duly high inductive voltage losses may result and

WetsWel ———my=3 /
I ]y

the core and housing may produce troublesome
hum.

The primary current is determined by the follow-
ing formulae:
a) If my,=2, 4, or 6:

I,=1.07pl, /2

(the factor /2 appears in (21) on account of the
even number of phases).

b) If m,—1 or 3:
L=10Tul, VF—1, ..c.c...... (22)

the magnetizing current being roughly taken into
account by the factor 1.07 appearing in the above
equations.

The secondary windings of the transformer do
not carry current continuously but intermittently,
so that the apparent powers in the primary and
the secondary windings will be unequal and must
be evaluated separately:

(VA)1=m1 V111,
and

(VA)o=moVie Ly e (24)

The iron core must therefore be calculated for
an apparent power:

(VA)tzﬂ#/A—)z. ............... (25)

The approximate weight of the core as a function
of the apparent power is given in fig. 21, from
which the dimensions of the core can be estimated.

175, 67381
kg /
150 —— 7

125 Y

100! /
. e
-
50 /
A ~
25] /,,’/
OC 5 0 5 20 kVA
— (VA M),

Fig.2]. Approximate weight of the transformer core w.: and
of the choke core w.. as a function of the apparent
power (FVA): and (VA). respectively.
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The core losses can be calculated by multiplying
the weight of the core (in kg) by the specific iron
loss of the transformer sheet used. At a flux density
of 1 Wh/m? (10 000 gauss) the specific iron losses
will range between 1,3 and 1.7 W/kg for trans-
former sheet and between 2.5 and 3.0 W/kg for
dynamo sheet, both of standard thickness (0.35 to
0.5 mm).

Primary choke

The voltage drop across the primary choke
caused by the no-load magnetizing current of the
transformer may be assumed to amount to 109 of
the mains voltage. The ratio of the transformer

should therefore be:
Vb + Varc

Vtr Vtr
s o I e DT BT 26
Py, T 09V, T 09v, B2 28}

According to fig. 18a, during the period of con-
duction of the rectifying tubes the transformer
primary voltage under load will be:

yr Vot Vae ViBV2Z, (27)
7 p
or, from (26):
L =09V, BV2*) o, (28)

Eq. (28) is thus the expression for the primary
transformer voltage under load.

*) These formulae hold with sufficient approximation for
most cases occurring in practice.

ani 5
I I
L
m,=7 m1=3
my=2 mp=3

ay k a; a az a3 k
70123 67383

Fig. 23. Fig. 24

The r.m.s. voltage across the choke may be cal-
culated from the general formula:

VI/ =4V",2 e V]_’z D (29)

Since the choke is connected in series with the

57873

Fig. 22. Proportions of the primary choke.

b—=1tol5a; c¢c—=25t03.0a; d=15 to 2.0a.

primary of the transformer, the current through
the choke will be equal to I,. The apparent power
of the choke is:

Although ¥V, and I, are by no means purely
sinusoidal, the value of (VA4), given by eq. (30)

-may be used as a good approximation for esti-

mating the weight of the core by means of the graph
given in fig. 21 and calculating the dimensions of

%} v»V3
Vh Sl 5

a az k

g5 ag
67265

a3 a,

a3 ag
67384

a az

Fig. 25. Fig. 26.

Fig.23. Arrangement of power transformer and primary choke L for a two-phase half-wave rectifying circuit (m, —1 and
m; = 2). The points a are connected to the anodes of the rectifying tubes, and the point k via the battery to

their cathodes.

Fig. 24. The same as in fig. 23, but for a three-phase half-wave rectifying circuit (m; — 3 and m. = 3).
Fig.25. The same as in fig. 23, but for a four-phase half-wave rectifying circuit (m; — 3 and m. — 4).
Fig.26. The same as in fig. 23, but for a six-phase half-wave rectifying circuit (m, — 3 and m. — 6).
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the choke. The core of the choke should preferably
be given the proportions indicated in fig. 22.
The output current of the rectifier may be set to
the correct value by adjusting the air gap of the
choke.
Finally, various methods for connecting the

primary choke to the transformers are shown in
figs 23, 24, 25 and 26.

Rectifying tubes

Once the choice of the circuit has been decided
upon, the rectifying tubes most suitable for the
purpose must be selected. To facilitate the choice,
use can be made of the table on page 67.

To check that the maximum tube 1atings are not
exceeded, the peak value of the anode current I, ,
can be evaluated from eq. (17). It should moreover
be ascertained that the maximum peak inverse
voltage Vi, , of the tube is not exceeded. This
value depends on the circuit used and on the trans-
former secondary voltage per phase V¢, With most
rectifying tubes the ratio between the maximum
peak inverse voltage Vi, , and V4, is such that it

will suffice to calculate the latter value from
eq. (7).

EXAMPLES

To illustrate the methods of calculation given in
the previous section, the following examples have
been worked out in detail.

Example 1 deals with a charger for 4 motorcar
lead batteries (6 V each) at a current of 6A;
supply voltage 220V, 50 ¢/s (single phase).

Example 2 deals with a charger (with primary
cheoke) for 50 cadmium-nickel cells at a current of

50 A; supply voltage 2 X 380V, 50 cfs.

1)

|
!
|
|
ke
=
[--!.
+

Fig. 27. Basic circuit of the rectifier discussed in example 1.

Example 1

Design of a charger for 4 motorcar lead batteries
(6'V each) at a current of 6 A; supply voltage
220V, 50 ¢s (single phase).

Each 6V battery consists of 3 cells, so that the
rectifier has to be designed for n, =12 lead cells.
According to table XII (see p. 67), one 367 tube
in a two-phase half-wave rectifying circuit will
suffice. The basic circuit is given in fig. 27,

In table II all values for the design are given.

Table 11
Ql.li'lll- Derived from S P Unit
tities 20V| 22V |27V
ny target value 12 —
Vie table T 2.0 221 29|V
Vy ny X Ve 24 264 324|V
k- assumed value 1.18 -
Vien tube data 17 \Y%
Vi eq. (7) 41|V
B eq. (9) 0.55| 0.60] 0.69|—
B fig. 11 0.300| 0.245(0.170| —
f fig. 12 2.0 —
i, fig. 12 49| 53| 61|—
1, see note *) 7.35 61 415 A
I, Ls/2 3 A
I, s |eq. (16) 6 A
Lis eq. (17) 18] 159| 12.6( A
‘A eq. (21) 1.69 A
(VA); leq. (25) 432 VA
W fig. 21 1) 75 kg
M Vtr/‘{Vl 41,‘"220 —_
R, eq. (13) 1.5 Q
R, eq. (15) 1.35 Q
Wrid orms® X Ra 48.5 W
From table IT it may be seen that the voltage

applied to the tube, V;, =41V, and the peak
anode current, I,, =159 A, are well below the
given maximum permissible values, which are
45V and 18 A respectively.

To compute the power consumption and efficien-
cy, the iron losses of the transformer must first be
calculated. With a specific iron loss of 2.5 Wkg

*) The total D.C. output current I, at different battery
voltages V, is determined by the ratio of B at the voltage
per cell considered to B at Vi, =22V, multiplied by
I,—=6A.

0.17
Hence: I, (2.7) = 0245 X 6 =4.15A, etc.

i) A shell-type transformer is used.
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(dynamo sheet) at a flux density of 1 Wbh/m?,
the iron losses will be w,; X 2.5 —=19 W. Hence:

Iron losses = 19 W
Filament power V; X I; = 16 W
Arc losses 2V, X I, = 54 W
Copper losses of transformer

(estimated) — 10 W
Losses in anode resistors 2 X Wy, = 97T W
Total = 196 W
Output ¥V, X I, = 158 W
Tnput — 354 W

The total efficiency of the rectifier is:

X 100 = ;ii X 100 = 44.8%,

input 5

output
L T———

and the power factor:

input 354

V.l 220 X 1.69 D93,

COSq):

Example 2

Design of a charger (with primary choke) for
50 cadmium-nickel cells at a current of 50 A;
supply voltage 3 X 380V, 50 c/s.

This charger may be based on the principle of
either two-phase rectification or four-phase rectifi-
cation (see table XII on p. 67).

In the first case one 1859 tube may be used,
whilst in the second case two 1849 tubes will suf-
fice.

The choice will depend upon the cost of the
transformer plus tubes. This example will be
worked out for the four-phase circuit with two
1849 tubes, the diagram of which is given in fig. 28.

Table IIT gives all values for the design.

With a specific iron loss of 1.7 W/kg (trans-
former sheet) for the transformer core and 2.5 W/kg
(dynamo sheet) for the core of the choke and a

18

1
1

i)

St L
St
s’ll

00
00
[

1849 1849

73

o

Fig. 28. Basic circuit of the rectifier discussed in example 2,

flux density of 1 Wb/m?, the total iron losses be-
come wet X 1.7 + wep X 2.5 =210 W. Hence:

Total iron losses = 210 W
Filament power 2V; X I; = 120 W
Copper losses of filament trans-
former (estimated) — 12 W
Arc losses 4V, X I, = 500 W
Copper losses of transformer
(estimated — 165 W
Copper losses of choke (estimated) — 62 W
Total =1069 W
Output ¥, X I, — 3500 W
Input — 4569 W

The efficiency of the rectifier is:

3500
~ 4569

ni = 22U 100

input

X 100 = 76.5%,

and the power factor:
input 4569
CO8 ¢ ==~

3,1, — 3 X220 X 115 — %




Table 111
Ql,u}n- Derived from Values of Vi Unit
tities 12V | 14V 185V
ny target value 50
Ve table I 1.2 14| 185| V
Vb ny X Vbc 60 70 925 V
k. assumed value 1.15 —-
Vign |tube data 28 A%
Vir eq. (7) 98| V
B eq. (9) 0.51 0.58] 0.74| —
B’ fig. 19 0.38] 0.275]| 0.10| —
f fig. 20 1.85 —
' fig. 20 3.5 3.8] 515 —
I, see note *) 69 501 18.2] A
I |Lja 12.5 A
Iims |eq. (16) 23.2 A
I, eq. (17) 60.2| 475] 234| A
I, eq. (21) 11.5 A
(FA): |eq. (25) 8185 VA
Wet fig. 21 1) 84 kg
PR I 0.33 .
| 28% eq. (28) 164 VvV
V. eq. (29) 143 A%
(VA)L |eq. (30) 2480 VA
Wer, fig. 21 27 kg

*) The total D.C. output current I, at different battery
voltages V', is determined by the ratio of B’ at the voltage
per cell considered, to B’ at V,. — 14V, multiplied by
I, =50 A.

Hence: I, (1,2) = 0275 X 50 =69 A, etc.

7) The weight of the transformer core depends on its
construction. There are actually two ways for designing a
3-phase/4-phase system. According to one method, the system
comprises two separate single~phase/two-phase Scott-con-
nected transformers, whilst with the other method one
transformer with a 3-legged core is used, the outer legs
of which each carry the coils for a single-phase/two-phase
system, as shown in fig. 28. In the latter case the centre
leg, which must have a width V2 times that of the outer
legs, contains no winding, and the magnetic flux in the
centre leg will be V2 times that of the outer legs. The
weight will be about equal to that of a 3-phase transformer,
the apparent power of which is 1.5 times the calculated value
of (AV): according to eq. (25). For (FA): < 10kVA, this
method will generally prove to be less expensive than that
where two separate transformers are used.

%) For calculating the primary voltage of the transformer,
it must be taken into account that in a three-phase/four-
phase transformer there are two unequal primary windings,
viz. S; and (S’ + S.”), the latter consisting of two identical
halves. The ratio of these windings is S/ — S/ : § =
1 : V3. The values of the voltages across S’ + S, (= V)
and S; (= Vu) are:

Vi =09V, V3=342V,
and

Vlh =05 Vlb \/3—_—_ 297 V.

In the case of a Scott-connected transformer (m; — 3,
m: = 4) the calculation of the transformer ratio will pref-

CIRCUIT OF A FOUR-IN-ONE BATTERY
CHARGER

A practical circuit for a battery charger, par-
ticularly suitable for use in garages, is given in
fig. 29.

According to the position of the switch S, the
two rectifying tubes type 1048 operate either sepa-
rately, in parallel or in series. It can be used for
the following purposes:

Position 1 — charging of 6 batteries of 3 lead cells
in series (18 Pb) at 6 amperes (ter-
minals — and + A), and at the same
time 6 batteries of 3 lead cells in
series (18 Pb) at 1 to 3 amperes (ter-
minals — and + B) ;

Position 2 — charging of 6 batteries of 3 lead cells
in series at 12 amperes (terminals —

and + A);

Position 3 — charging of 12 batteries of 3 lead cells
in series at 6 amperes (terminals—

and + A);

Terminal + B is specially intended for recon-
ditioning batteries which suffer from sulphating.
The charging current can then be adjusted by
means of the variable resistor R, of 6 Q, 50 W in
series with the fixed resistor R; of 1.5Q, 25W.
With switch S; in the positions 2 and 3, terminal
+ B is disconnected.

The secondaries of the anode supply trans-
formers should be designed for a voltage of
2X 56V at a current of 6.3 A (r.m.s. values).
The r.m.s. value of the primary current is then:

11 = lg—f(‘) (A),
where V', denotes the supply voltage of the mains.

The anode resistors R, should have a value of
159, 50 W. The fuses in the primary should be
rated for twice the primary current I,.

The switch S serves for switching on the anode
supply transformer one to two minutes after
switch S; has been closed, so as to give the rectifying
tubes time to heat up. Alternatively, a time delay
circuit, employing for example a thermo relay
type 4152 in combination with a contactor, can

be used.

erably be based on the voltage Vi across the coil S, the
coils S, and S,” being traversed by the sum of two currents.
Therefore:
Vi

b=
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Fig. 29. Circuit diagram of the four-in-one battery charger.
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INDUSTRIAL

GENERAL

In times when D.C. distribution systems were
generally used, no need was felt for rectification,
but since A.C. supply systems were .introduced,
conversion to D.C. became very essential for par-
ticular purposes.

The demand for rectifying tubes is still increas-
ing, because they are considered to be specially
suitable for this purpose. Moreover, as already
stated on p. 9, they offer several advantages when
compared with rotary converters and barrier-layer
rectifiers.

According to their D.C. output voltage, rectifiers
for industrial purposes may be classified into two
groups, viz.

a) rectifiers with a D.C. output voltage lower than
220V, such as for feeding electromagnetic
chucks, electromagnetic separators, electro mag-
nets, small D.C. motors, ete.;

b) rectifiers with a D.C. output voltage of 220V
or higher, such as for feeding D.C. mains,
electro magnets, D.C. motors, power station
auxiliaries, etc.

The rectifying tubes types 328, 367, 1010, 1039,
1048, 1049, 1110, 1119, 1710, 1725A, 1838, 1849 and
1859 are suitable for use in the rectifiers mentioned
under a).

In the rectifiers mentioned under b) the recti-
fying tubes type 1173, 1174, 1176 and 1177 can
be used.

CIRCUIT DIAGRAMS

The diagrams given in figs 30 to 39 cover all the
basic circuits ordinarily encountered in industrial
applications. When double-anode rectifying tubes
are used, each pair of tubes represented in the
diagrams has to be replaced by one tube having
two anodes. This is not possible in the circuits of
figs 31, 33, 35, 38 and 39, since there each rectifying

section must have a separate cathode.

RECTIFIERS

Table IV (see p. 26) gives the voltage and cur-
rent ratios for the circuits of figs 30 to 39, assuming
zero transformer resistance and leakage inductance,
zero tube resistance and a resistive load.

DESIGN CONSIDERATIONS
CIRCUITS

The choice of the circuit depends on the output
power required and the limits set upon the value
of the ripple voltage. The ripple can, of course,
be reduced to a lower level by introducing a filter,
but as this is a rather expensive solution, it may be
of advantage to use a polyphase circuit as repre-
sented in figs 32 to 37.

The circuit of fig. 30 is commonly used for D.C.
output powers below approx. 2kW, provided no
special requirements are set as regards the ripple
voltage. It is used for feeding electromagnetic
devices and for small D.C. motors, but in the latter
case an additional choke, connected in series with
the output, may be necessary.

The bridge circuit of fig. 31 gives a greater D.C.
power output in proportion to the transformer
kVA rating than the circuit of fig. 30, but it has
the disadvantage of requiring a filament trans-
former having three well insulated windings in-
stead of a single winding.

The three-phase half-wave circuit of fig. 32 is
ccmmonly used for an output power range of 2 to
10 kW when the ripple is of less importance. If
this circuit is used to feed a D.C. motor, an ad-
ditional filter with choke input may be necessary.

The bridge circuit of fig. 33 gives twice the
output voltage of the circuit of fig. 32. The ripple
is very low, amounting to only 49.

The four-phase rectifying circuits of figs 34 and
35 have a low ripple voltage (9.5%), but in most
practical cases, the required D.C. output current is
more easily obtained with circuits giving six-phase
rectification.

Figs 36 and 37 represent the circuits giving six-

21




BASIC CIRCUIT DIAGRAMS FOR INDUSTRIAL RECTIFIERS
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phase rectification. These circuits are used when
high output currents are required or when the
ripple voltage has to be strictly limited without
using an .additional filter. The circuit of fig. 37
renders it possible to use a smaller power trans-
former than in the case the circuit of fig. 36 is
employed. However, it requires an interphase trans-
former having sufficient inductance to keep current
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flowing continuously to each half of the ceil.

In certain cases the mains transformer can be
dispensed with, and commercially very attractive
transformerless rectifiers are obtained, examples
of which are given in figs 38 and 39. In these
circuits series anode impedances must be employed
as substitutes for the transformer impedance.

For a given D.C. output voltage ¥, and disregard-




ing all losses, the r.m.s. value of the transformer
secondary voltage V;, under no load can be ex-
pressed as:

Virm=y Voo oo (31)

The factor y depends on the circuit used and is
given in table IV on p. 26.

In practical circuits, however, the tube losses
must be taken into account, whilst the transformer
gives a certain voltage regulation (5% for large and

7% for small transformers).

The transformer secondary voltage is then
given by:
R )
Vi == 0.95 5 5 s e e (32)

for the circuits of figs 30, 32, 34, 36 and 37.

For the bridge circuits of figs 31, 33 and 35 this
becomes:
b (V, + 2Varc)

Vir= 0.95 ’

due to the fact that in these circuits two tubes are
operating in series. The factor 0.95 applies for a
5% voltage regulation of the power transformer.
For small transformers this factor will be 0.93.

The r.un.s. anode voltage V, ,,,s under no load
depends on the transformer secondary voliage V',
and is given by:

Vowims==0 Fprs uermoenms nne e (34)
or, according to eq. (31):
| P v [ R ——— (35)

The factor 8§ depends on the circuit used and is
given in table IV.

For practical circuits eq. (35) becomes, according
to eq. (32):
¥ (Vo + Vare)

Va rms — 9y
0.95

or, in the case of bridge circuits being used, ac-
cording to eq. (33):

P 8 (Vn + 2Varc)
0.95

Va rms — o AT HEEEE (37)

For the circuits of figs 38 and 39, the mains
voltage V', is given, and the D.C. output voltage V,,
when ignoring all losses, becomes:

Pors 22,

Y

........................ (38)

In practical circuits, thus taking into account

all losses, the D.C. output voltage is given by:

1%
Vvo:_"—2 (.Varc + Io Ra)’
Y

...(39)

assuming that a current-limiting resistor R, is in-
serted in each anode circuit.

From the D.C. output current I,, determined by
the designer, it is possible to calculate the D.C.
anode current I,:

. (40)

For the factor 7, depending on the circuit em-
ployed, see table IV.

The peak anode current I, , is given by:

the factor f, being given in table IV.

For designing the transformer and calculating
the efficiency of the rectifier, it is necessary to
know the r.m.s. value of the anode current. This

value can be expressed as:
T 1 (42)

in which f is the form factor. Values of f for the
various circuits are given in table IV.

With a back-em.f., V3, in the output circuit,
as occurs for example when the rectifier feeds a
D.C. motor, the form factor depends on the D.C./
A.C. voltage ratio B. This facter 3 can be derived
with the aid of the expressions given in table IV,
whilst the peak- and form factors f, and f respec-
tively are given in fig. 40 as functions of (.

15 67419
10 — LA
1 | AT
= — m——— g/ ]
£ =
T J | B
e~ i “
| 7
9 —— P
3
4 1
P INE TR e _
= i A m—r
2
1
05 a6 g7 08 Y a9

Fig.40. Graph showing the form factor f and the peak
factor f, as a function of the D.C./A.C. voltage ratio
B, for the case where a back-e.m.f. is present in the
output circuit of the rectifier.

For the circuits of figs 30, 31, 32 and 38.
For the circuits of figs 33, 37 and 39.
For the circuits of figs 34 and 35.

For the circuit of fig. 36.

Curve 1:
Curve 2:
Curve 3:
Curve 4:
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COMPONENTS

Mains transformer

The design of the mains transformer has already
been described on p. 15 under “Battery Chargers”.

Rectifying tubes

The rectifying tubes most suitable for the pur-
pose can be selected with the aid of the table XII
p. 67.

To check that the maximum tube ratings are not
exceeded, the average and peak values of the anode
current, I, and I,, respectively, can be evaluated
from eqs (40) and (41). It should, moreover, be
ascertained that the maximum peak inverse anode
voltage Vinv, of the tube is not exceeded. This
value depends on the transformer secondary volt-
age V¢, and the circuit used. When disregarding
all losses, the relation is given by:

W b=t Wi sessmemnsesnins (43)

The factor o is given in table IV. In practical
circuits it becomes, according to eq. (32):

yo (Vo + Vare)

Vlnv p— 0.95 9 b seeevee g e (44)
or, for bridge circuits, according to eq. (33):
- _yo (Ve t+ 2Va)
Vxnv p— _“0‘——.95 o ciesssassscsss (45)
EXAMPLES

To illustrate the method of calculation of in-
dustrial rectifiers, the following examples have been
worked out in detail.

Example 1 deals with a rectifier for feeding an
electro magnet of 110V, 3 A, as for example a mag-
netic chuck, a lifting magnet or a magnetic separa-
tor; supply voltage 220V, 50 ¢/s (single phase).

Example 2 deals with a rectifier for feeding a
magnetic separator of 65V, 25A; supply voltage
220V, 50 ¢/s (single phase).

Example 3 deals with a rectifier for feeding a
D.C. mains of 220V, 150A;
3 X 220V, 50 c/s.

Example 4 deals with a rectifier for feeding a
D.C. motor of 440V, 25h.p.; supply voltage
3 X 380V, 50c/s.

supply voltage

Example 1

Design of a rectifier for feeding an electro mag-
net of 110V, 3 A; supply voltage 220V, 50c¢/s
(single phase).

According to table XII (p. 67), one 1710 tube
will suffice. The basic circuit diagram is given in
fig. 30, but since the 1710 is of the double-anode
type, the two tubes represented in the diagram
have to be replaced by one tube type 1710.

In table V all values for the design are given.

Table V
Quantities | Derived from | Values Unit
P target value 110 A%
Vare tube data 12 A%
Y table IV 1.11 —
8 table IV 1 -
o table IV 2.83 -
T table IV 0.5 —
ta table IV 3.14 —
f table IV 1.57 —
Vir eq. (32) 143 Vv
m ViV 143/220 =
| eq. (36) 143 A%
Ve eq. (44) 405 vV
I, target value 3 A
I, eq. (40) 1.5 A
Iis eq. (41) 4.7 A
) [ eq. (42) 2.37 A
I, eq. (21) 2.36 A
(VA): | eq.(25) 600 VA
Wey fig. 21%) 11 kg

To compute the power consumption and efficien-
cy, the iron losses of the transformer must first be
calculated. With a specific iron loss of 2.5 W/kg
(dynamo sheet) for the transformer core and a
flux density of 1 Wh/m? the iron loss will be
wer X 2.5=27.5W. Hence:

Iron losses = 2715 W
Filament power Vi X I = 15 W
Arc losses 2Wiia X Iy = 36 W
Copper losses of transformer

(estimated) = 25 W
Total = 103.5 W
Output Vi X1 = 330 W
Input = 4335 W

*) A shell-type transformer is used.
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The total efficiency of the rectifier is:

- 3 — 769
ni = T 100 = 4335 X 100 = 76%,
and the power factor:
input 433.5
= — = 0.83%.
CRP=Y, L T 220X 236 i
Example 2

Design of a rectifier for feeding a magnetic
separator of 65V, 25A; supply voltage 220V,
50 ¢/s (single phase).

According to table XII (p. 67), one 1849 tube
will suffice. The basic circuit diagram is given in
fig. 30, but, since the 1849 is of the double-anode
type, the two tubes represented in the diagram
bave to be replaced by one tube type 1849.

In table VI all values for the design are given.

With a specific iron loss of 2.5 W/kg (dynamo
sheet) for the transformer core and a flux density
of 1 Wh/m?, the total iron losses become w.; X 2.5
= 70 W. Hence:

Iron losses = 0 W
Filament power V; XI, = 60 W
Arc. losses 2Vare X 1, = 250 W
Copper losses of transformer
(estimated) — 95 W
Total = 475 W
Output VX1, = 1625 W
Input = 2100 W
Table VI
Quantities | Derived from | Values Unit
48 target value 65 v
Vare tube data 10 vV
" table IV 1.11 —
8 table IV 1 —
o table IV 2.83 —
T table IV 0.5 -
1o table IV 3.14 —
f table IV 1.57 —_
Vir eq. (32) 88 v
w VilVs 88/220 -
Va rms €q. (36) 88 VvV
Viws | eq. (44) 250 v
I, target value 25 A
I, eq. (40) 12.5 A
T eq. (41) 39 A
y p— eq. (42) 19.6 A
I eq. (21) 12 A
(VA): eq. (25) 3045 VA
Wt fig. 21 28 kg

28

The total efficiency of the rectifier is:

output 1625
— = 2222 % 100 = 77%,
L . | Tt %
and the power factor:
__input 2100
oS =y L =g K1z
Example 3

Design of a rectifier for feeding a D.C. mains of
220V, 150 A; supply voliage 3 X 220V, 50 c/s.

For this power range a six-phase rectifying cir-
cuit with interphase transformer is chosen. Ac-
cording to table XII (see p. 67), six 1177 tubes
will suffice. The basic circuit diagram is represent-
ed in fig. 37.

In table VII all values for the design are given.

Table VII

Quantities | Derived from | Values Unit
Vo target value \Y
Vare tube data 12 Vv
y table IV 0.86 -
8 table IV 1 —
o table IV 2.83 —
T table IV 0.17 -
iy table IV 3.14 e
f table IV 1.76 —
Vir eq. (32) 210 vV
o VirlVa 210/220 —
Va rms eq. (36) 210 A%
Finy s eq. (44) 595 vV
I, target value 150 A
I eq. (40) 25 A
- eq. (41) 79 A
Ia rms eq. (42) 44 A
I eq. (21) 63 A
(VA); eq. (25) 48250 VA
Wey fig. 21 %) 300 kg
V. 042V, %) 88 v
I, 12 75 A
(VA), Vi IL2%) 3300 VA

*) An air-cooled transformer is used. The weight of the
core has been calculated by extrapolation.

1) The evaluation of this equation which is valid for six-
phase rectifiers with interphase transformer is rather com-
plicated and is not given in this Bulletin.

%) The size of the interphase transformer is determined
by 3300/3 — 1100 VA, because the frequency of the current
is three times the mains frequency.




With a specific iron loss of 1.3 W kg (transformer
sheet) for the transformer core and a flux density
of 1.1 Wh/m?, the total iron losses become

wer X 1.3 X 1.12 =470 W. Hence:

Iron losses 470 W
Filament power 6V, X I; 805 W
Losses of filament transformer

(estimated) — 70 W
Arc losses 6V are X I, = 1800 W
Copper losses of transformer

(estimated) = 600 W
Losses in auxiliary equipment

(estimated) = 100 W
Total = 3845 W
Output Vo X1, — 33000 W
Input — 36845 W

The total efficiency of the rectifier is thus:

output 33000 )
= = ——— X 100 =909,
gt = e i
and the power factor:
COs @ =— mpn —= = i = 0.89.
3LV, V3 3 X 63 X127 X V3
Example 4

Design of a rectifier for feeding a D.C. motor
of 440V, 25 h.p.; supply voltage 3 X 380V, 50 ¢/s.
According to European continental standards,
1 h.p. =736 W, and assuming that the D.C. motor
has an efficiency of 0.5, the output current I, is
given by:
25 X 136

10: —0.85 >< 4@: 50 A.

For this D.C. voltage range the three-phase full-
wave bridge circuit of fig. 33 is suitable. According
to table XII, p. 67, six 1176 tubes will suffice.

In table VIII all values for the design are given.

With a specific iron loss of 1.3 W kg (transformer
sheet) for the transformer core, and a flux density
of 1.1 Wb/m?, the iron loss will become w. X
1.3 X 1.1>=280 W. Hence:

Table VIII
Quantities | Derived from | Values Unit
Vo target value 440 VvV
Vss tube data 10 A%
¥ table IV 0.43 -
b} table IV 0.86 -—
o table IV 2.45 -
T table IV 0.33 -
o fig. 40 4 —
i fig. 40 1.84 =
9 VelVs 210/380 -
B table IV ¥) 0.82 —
Vir eq. (32) 210 vV
Vi cms eq. (36) 183 Vv
Viovo eq. (44) 515 A
I, target value 50 A
I, eq. (40) 16.6 A
I, eq. (41) 66.7 A
I; s eq. (42) 30.7 A
I, eq. (21) ) 24.8 A
(VA), eq. (25) 28000 VA
Wey fig. 21 180 kg
Iron losses = 280 W
Filament power oV, X1, = 325W
Losses of filament transformer
(estimated) = 40 W
Arc losses 6V avs X I = 1200 W
Copper losses of transformer
(estimated) = 400 W
Losses in auxiliary equipment
(estimated) = 100 W
Total = 2445 W
Output Vi X I = 22000 W
Input = 24445 W

The total efficiency of the rectifier is:

__output 22000 s
T input = s~ T =0,
and the power factor:
input 24445

COos ¢ —

- =— —— LR
3LV, V3 3 X 24.6 X 220 X /3

*) The back-e.m.f. voltage V), — 440 —I,R. Assuming the
voltage drop in the armature, I,R is 107, V', becomes 400 V.

) Since each secondary winding is connected to two tubes,
the r.m.s. value of the secondary current per phase, I, is
cqual to V2 times the r.m.s. current per tube I; rms.
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INDUSTRIAL RECTIFIERS WITHOUT POWER
TRANSFORMER

A large proportion of the cost of rectifier equip-
ment is formed by the power transformer, so that
considerable saving may be obtained by omitting
this component or replacing it by a comparatively
small and inexpensive auto-transformer. This is per-
missible in certain cases, provided suitable imped-
ances are connected in series with the rectifying
tubes. The entire rectifier thus becomes extremely
simple, compact and inexpensive, but, as shown
below, the direct output voltage is determined by
the mains voltage and cannot be varied to any
appreciable extent, which greatly limits the ap-
plicability of these rectifiers.

0 u v
ir ~

S
____—__%?%:—_____%

)‘r B

Fig.41. Circuit of a transformerless rectifier, the D.C. circuit
of which is completed via the mains.

71658

Fig. 41 shows the most simple circuit of a trans-
formerless rectifier. Each rectifying tube is simply
connectéd between one phase (U, ¥ or W) and the
neutral wire (O) of the A.C. mains via the load, a
suitable impedance Z, being connected in series
with each tube.

This type of rectifier cannot, however, be used
in many cases owing to the fact that the D.C. cir-
cuit is completed via the mains, in other words the
return lead of the D.C. circuit is connected to the
neutral point of the A.C. mains. This may conflict
with the regulations imposed by the electricity
supply authorities who often prohibit the use of
the neutral wire for carrying the total direct cur-
rent.

If the premises in which the rectifier is to be
used are connected to the mains via a supply trans-
former, this objection does not hold, but then this
transformer must be able to supply the power re-
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quired, which increases the cosi of the installation.

In view of these greatly differing conditions, the
design of this simple type of rectifier will not be
discussed in detail.

The above-mentioned difficulties can be avoided
by using a bridge circuit (see fig. 42) in which the
D.C. circuit is confined to the rectifier, and then
no direct current flows through the neutral wire.

Since in a bridge circuit the filaments of the
tubes are not all at the same potential, single-anode
iubes must be used. These must, moreover, have a
fairly high maximum permissible anode voltage,
as they are connected directly to the mains. Tubes
of the 1170 series which comply with these require-
ments, are recommended for this purpose.

v n

8 | 2 —

? mi——
2+
71659

Fig. 42. Bridge circuit of a transformerless rectifier, the D.C.
circuit of which is connected to the rectifier.

OUTPUT CURRENT

The output current in the bridge circuit of fig. 42

is obviously equal to

where m denotes the number of phases (i.e. two or
three respectively in the circuit of fig. 42) and I,
is the D.C. value of the anode current of the tubes

used.

OUTPUT VOLTAGE

The output voltage ¥, of the rectifier is given by
the expression:

Vo 2Vp—2(Vare + Vi) = 2 Vi — 2W e — 2V
b Y

in which 1/y is a factor which depends on the num-




ber of phases, V,, is the r.m.s. value of the mains
voltage, V.. is the arc voltage of the rectifying
tubes and ¥V, is the voltage drop across the imped-
ance Z, incorporated in the anode circuit of each
tube. In practice, 2V, should be approximately 7%
of the output voltage, which gives:

107V, — iy, — oV, ... (47)
d

In two-phase bridge circuits, y =1.11, which
gives:

dl
== . Iz
107V, = i1l Vi —2Vares
or:
Vor=0.93 (09V,,—2Varc) « ...... (47a)

Since the arc voltage of the tubes of the 1170
series is approx. 12V, a rectifier with a two-phase
bridge circuit (fully drawn lines in fig. 42) will
supply a direct voltage ¥, of approx. 296 V when
connected to A.C. mains whith a voltage V,, of
380V, and a direct voltage ¥, of approx. 161V
when connected to A.C. mains with a voltage V,,
of 220V.

In a three-phase bridge circuit, y =043 /3 =
0.74; hence, from eq. (47):

1

1.07 Vo3 pm— (m

Vm —— 2 Varc L)

which gives:

Vs =093 (135 Vi —2 Vage) o wn s (47b)

In the three-phase bridge circuit an output volt-
age of approx. 464V is thus obtained when the
mains voltage between lines is 380 V.

ANODE IMPEDANCE

An impedance Z, must be included in each anode
circuit to safeguard the tubes against possible over-
loading and to damp transients. This impedance
must perform the functions of both the inductance
X, provided by the power transformer in conven-
tional circuits and of the rated minimum anode
resistance R, (quoted on the data sheet of the
tube concerned). The required inductance X, is
obtained by including a coil in the anode circuit,
whilst in case of need a dissipative resistance is
added to make up the prescribed value of R,. The
coil should preferably be air-wound to ensure
adequate cooling, and must not contain a core, since

this would be saturated by the D.C. component of
the current flowing through the circuit.

Z, is obviously equal to the dissipative and reac-
tive components added in quadrature, i.e.:

Z,=VR>+V.?,
or
Xo=VZ:—R>. ...cc....... (48)

As mentioned above, 2V, should be approxi-
mately 0.07 V,, hence:

Va=0035V ;. sswvsemmns (49)

The anode current may very roughly be taken
to have square-wave form, so that:

szlap'Za,

where I,, denotes the peak value of the anode
current. And since I, = I,, in the circuit of fig. 42:

| = [T/ A ——— (50)
From eqs (49) and (50):

Z,—=0.035 ? ............... (51)
In designing the rectifier, the value of R, should
preferably be made equal to the rated value. A
lower value may be detrimental to the life of the
tubes. Increasing R, and decreasing X, according-
ly may also be harmful to the tubes and, moreover,
reduce the efficiency of the rectifier.
R, being given, the value of V', can thus be cal-
culated from eqs. (48) and (51). Expressed in uH:
6 4
=£'XL=-]£—'XL, ......... (52)
o T
when the mains frequency is 50 cfs.
The dimensions of the coil can be calculated
from the following formula:

I— n?d>
= 0d T 10007°

which holds to a sufficient approximation for
single-layer coils, of which 1 > 0.4d. In this for-
mula (see fig. 43):

n

—pooocococood

Q

0000000000

1

- 71660

Fig.43. Dimensions of the air-core coil.
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L — inductance in pH,
n = number of turns of the winding,
d — diameter of the coil in mm from centre to

centre of the winding,

= length of the coil in mm.

For the sake of simplicity, I will be taken to be
equal to d, so that eq. (53) becomes:

n2 2 1

P PN O S U 2
= 14201 = 1420" s wisans (53a)

Moreover,

l=d=kndcu, ............... (54)

where k is the space factor which may be taken
to be 1.1, and d., is the wire diameter in mm.
This gives:

) 1

Ry~ - e B
L = 755 ™" dew =357 deu» ---(53b)
or
S
n=V1300-dfu. ............ (53¢)

The cross section of the wire in mm? is given by:

where I,,,,, is the r.m.s. value of the anode current
and i., is the permissible current density of copper
wire, which may be up to 5 A/mm? for such coils.
Since, with round conductors, Q., = Y = d..%

eq. (55) may be rewritten:

or, at i, = 5 A/mm?:

4 1yrms o
dsz lome _ o5 T, ...(56)
T leu
The value of I,ms can be calculated from the
expression:

s
Vm’
where f is the form factor depending on the circuit

and the type of load. The values of f are quoted
in the table below for various cases.

Iarms :f :
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Table IX Values of the form factor f.

Number of phases m 2 3
Resistive load
without back e.m.f. 1.11 1.00
. B=06| 141 1.00

?fietl.vfh S B=07| 156 1.01
b°“ . " g e ? B =108 1.72 1.03

ackemt 2 p=09 2.05 1.18
Reactive load abt. 1.00 1.00
The value of B is given by the formula

Byt 2V ave
B=——— (58)

=05 V2 Vorms
in which E, is the back e.m.f. and Ve is the

r.m.s. value of the anode voltage, i.e. half the r.m.s.
voltage between lines in the circuit of fig. 42.

The diameter of the copper wire d.,, the number
of turns n and the length I (= diameter d) of the
air-core coil are thus given by eqs (56), (53¢) and
(54) respectively.

Example

A rectifier for driving small D.C. motors is re-
quired to supply a direct current I, of 75 A at a
direct voltage of approximately 440V, a three-
phase mains with a voltage of 380 V, 50 c/s between
lines being available.

According to eq. (46), the anode current I, per
tube is 75/3 = 25 A. Six 1177 tubes should be used
in a three-phase bridge circuit.

It will be assumed in the first instance that the
output voltage of 464 V given by eq. (47b) is satis-
factory.

The required value of Z, can be calculated from
eq. (51), i.e.:

464

Z,=—0.035 s = 0.22 Q.

Since R, =0.1Q, from eq. (48):
X, = 10.222 —0.12=0.19 Q,

whence, from eq. (52), at 50 cfs:

108
L = 377019 =600 uH.
The r.m.s. value of the anode current is given by

eq. (57). Assuming B to be 0.7, this gives:




Lome — 1O - — 44 A
V3

Hence, from eq. (56):
d., = 0.5 /44 =~ 3.3 mm,

so that, according to eq. (53c):

5
ne— V 1300 30;) = 62 turns,

whilst from eq. (54):
l—d—=—1.1 X 62 X 3.3 — 225 mm.

The dissipative resistance of this coil is obviously
given by: '
. lcu

cu =— Ocu )
cu

where the specific resistance of copper p., =
0.0178 Q/m/mm?,

the length of the wire l;y,—=7nd 103 =44 m,

the cross section of the wire Q. ,==7/4dd.*=
8.6 mm?2. Hence:

R

R.,=0.0178 a4

5= 0.092 Q.

The required value of R, = 0.1 Q, so that it is
not necessary to connect an additional resistor in
series with each coil. If the output voltage of 464V
is slightly too high for the purpose in view, it may
be reduced to, say, 440 V by adding additional
resistors, so that Z, is increased accordingly. This
will, however, be at the expense of the efficiency.

RECTIFIERS WITH AUTO-TRANSFORMERS

To obtain an output voltage ¥V, which differs
appreciably from the value given by eq. (47), the
rectifier may be connected to the mains via an
auto-transformer (see fig.44). The dimensions of
such a transformer are very much smaller than
those of a conventional double-wound mains trans-
former, as is illustrated by the following example.

Tarms
Va o
I,
v L 000000000 Vin
Vi
Vv——/UOJbW'OW—-
—
. 71661

Fig. 44. Auto-transformer for connection between the mains
and the rectifier.

Example

A rectifier for feeding a D.C. motor is required
to supply a direct voltage of 440V at 45 A, the
available mains voltage between lines being 400V,
50 ¢fs.

According to eq. (46) the anode current per tube
should be 45/3 =15 A. Six 1176 tubes can be used.

The required alternating line voltage V', can be
calculated from eq. (47b), which gives:

440 —=0.93 (1.35V,, — 2 X 10),
whence V,, — 368 V.

The secondary phase voltage V. is therefore
368/1/3 =212V, whilst the primary phase voltage
V, is 400/v/3 =230 V.

According to eq. (57), at 8 = 0.8, the r.m.s. value
of the anode current is:

Tosis == 103 :4-5: =2TA,
V3

which gives for the primary line current:

Ve
Vs

i Iarms \/é: % 27 \/2 = 35 A.

b= 230

The apparent power of the auto-transformer is
therefore:

(VA)core = (VA), == (VA), = 3 X 35 (230—212)
=1.9kVA,

whereas with a normal mains transformer the ap-
parent power would have been:

(VA) core =3 X 230 X 35 =24 kVA,

i.e. 12 times that of the auto-transformer.

The required value of Z, is calculated from
eq. (51):

440
Irms = 0.035 ¥ 0.34 Q.

Since R, = 0.2 Q, from eq. (48):
X, — 034> —0.22=0.26 Q,
whence, from eq. (52), at 50 c/s:

108

Since the r.m.s. value of the anode current is

27 A, according to eq. (56):

dey —0.5v27T ~3mm,
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so that from eq. (53c¢):
PO
n— l/ 1300 BTBO =171 turns,

whilst from eq. (54):
l=d=11X171X3=235mm.

The dissipative resistance of this coil is given by:

R(‘u = Ocu % LCLI = 0.0178 . 52

ch 77
To obtain the required value of R;,—0.2 Q, it is
therefore necessary to connect an additional resistor
of 0.2—0.13 =0.07 Q in series with each choke.

=0,13'@,

RECTIFIERS FOR LARGER OUTPUTS

When a larger output is required than that ob-
tainable with a set of 1177 rectifying tubes, it is
possible to replace each tube in the circuit of fig. 42
by two tubes connected in parallel. It is then neces-
sary to connect a balancing inductor L, with
centre tap between the tube anodes (see fig. 45),
to ensure simultaneous operation of the two tubes
and to balance their anode currents,

+
71662

Fig.45. The rectifying tubes connected in parallel via a
balancing inductor Lyai.

The design calculations should be carried out
on the same lines as shown in the previous sections,
and in particular in calculating Z, the effect of the
balancing inductor should be disregarded, since
owing to the opposed direction of the currents
flowing through the two halves of the winding
during normal operation, the resulting flux, and
therefore also the inductance of L, and the volt-
age drop, are practically zero.

The balancing inductor must be so designed that
V., is approximately 3% of V,, with a minimum

%

of 12 V. Assuming ¥V, to be 12V, this gives for
the apparent power of the balancing inductor:

ANy = T3 g o secescmncsn (59)

For conventional Si-steel, the cross-sectional area

of the core can be taken to be:
Q=12V(VA)p, =415 VIims (em?), ...(60)

whilst the required number of turns n per volt is:

L.
V. 444QvBuu’
which, for ¥, =12V, v=250¢s and B,..=—
12 000 gauss, gives per half winding:
108
Ny s R s ‘ 61)
-\/Ial'lﬂs

It is necessary to connect a fuse in series with
the anode of each rectifying tube. The rated fusing
current should preferably be such that the fuse
blows as soon as possible at twice the normal anode
current I ps.

Instead of doubling the number of tubes of the
circuit of fig. 42 and connecting the rectifying tubes
two by two in parallel via a single-phase balancing
inductor (fig. 45), the output terminals of two

Y Vin

W

R R]
1 e B2

[ ]

é 1

— + 71663

Fig. 46. Two rectifiers R, and R: connected in parallel via a
three-phase balancing inductor.

identical rectifiers, R, and R.,, may be intercon-
nected, to obtain the required current, but then a
three-phase balancing inductor must be connected
between the mains and the input terminals of the
rectifiers as indicated in fig. 46.

In this way it is also possible to connect in paral-
iel, via a three-phase balancing inductor, two recti-
fiers equipped with a double set of rectifying tubes
and single-phase balancing inductors, the output
current thus being quadrupled.




The voltage drop V.’ (see fig.46) across each
half winding should be about 6% of the voltage
V. between lines. For the calculation of this three-
phase balancing inductor, reference is made to the
above formulae.

Example

What are the data of the balancing inductor re-
quired for connecting two 1177 rectifying tubes in
parallel if the voltage between lines is 380 V and
the r.m.s. value of the anode current is 60 A?

Since 3% of 380V is smaller than 12V, V,
should be 12V, so that, according to eq. (15), the
cross-sectional area of the core should be:

Q — 415 \/IMI: 32 (:l'n2 .
The number of turns per half winding is given
by eq. (61):
108

= =14
ML =

The specific current density should be less than
2.5 A/mm? for inductors with iron core, so that the
cross section of the wire should be at least 60/2.5
=24 mm?; rectangular wire of, for example,
6.2 mm X 4.4 mm — 27.3 mm? may be used for this

purpose.

&
=l /1 [N S R S
-?H»-ol !
:H H:
125 et :
1 1
iHHe  HH | b
325 a o
!
25125 25|25 65
150 -
71664

Fig.47. Dimensions of the balancing inductor and arrange-
ment of the winding consisting of 2 X 14 turns.

The core may thus be given the dimensions in-
dicated in fig. 47, the winding consisting of three
layers of wire of 9 turns each, arranged as drawn
in this figure.
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CINEMA RECTIFIERS

GENERAL

For obtaining a steady light output from the
arc lamp of a cinema projector, D.C. supply is
required, which consequently involves the use of
rectifying or converting equipment. Tube rectifiers,
rotary converters and selenium rectifiers may be
used, but as the first-mentioned rectifiers have
several advantages over the other two types, most
cinema projectors are provided with a tube recti-
fier. The noiseless operation of these rectifiers
renders their use more attractive than that of
rotary converters, whilst their efficiency is also
considerably higher. Compared with selenium rec-
tifiers. a tube rectifier is lighter in weight, occupies
less space, is easier to replace, whilst no voltage
compensation for ageing is needed.

Four- and six-phase rectifying circuits are gener-
ally used. the D.C. output current then having but
a small ripple, so that no additional filters are
required to smooth the current through the arc
lamp.

The rectifiers must be provided with a current-
limiting device as previously described, as also a
control device, so as to be able to adjust the image
brighiness on the projection screen. This can be
effected by controlling the current through the
arc lamp. and for this purpose a variable resistor,
a variable choke or a transformer with a variable
magnetic shunt may be used, either of which serve
at the same time as current-limiting device.

The 1838, 1849 and 1859 tubes are primarily
intended to be used in cinema rectifiers and are
designed for 15, 25 and 50 A D.C. output current

respectively.

CIRCUIT DIAGRAMS

If the rectifier has to feed only one projector,
rectifyving circuits are used with either a variable
resistor in series with the output, a variable mag-
netic shunt in the core of the power transformer,
or a variable inductance in the primary of the
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power transformer. Simplified circuit diagrams for
each method are given in figs 48, 49 and 50.

The so-called twin rectifiers are used when two
arc lamps have to be operated simultaneously for
about five minutes, as will be the case, for example,
during each change-over period. A basic circuit
diagram is represented in fig. 51. The output cur-
rents are independently adjustable by means of the
variable resistors R; and R,. These resistors also
serve to balance the output currents I,; and I,
when the arc lamps are operated simultaneously
for a short interval. Replacement of these resistors
by a primary choke or a transductor for controlling
the output currents is not possible in this circuit.
The transformer kVA rating is usually calculated
for one arc lamp, provided it can withstand every
30 minutes an overload of 1009 during about
5 minutes.

As the use of variable resistors in the output
circuit results in a considerable loss of power, it
is advantageous to build two separate rectifiers,
the output currents of which are controlled by a
variable choke, a transductor or a transformer with
a magnetic shunt. Either of these two rectifiers can
feed either of the two arc lamps, whilst during the
change-over period both arc lamps will operate
simultaneously without overloading the trans-
former. It is also possible to use one power trans-
former in combination with three double-anode
rectifying tubes. The basic circuit of such a twin
rectifier is given in fig. 52. With this circuit two arc
lamps can be fed in turn, or simultaneously, during
a short interval, for example when changing over
one projector to the other. One part of the rectifier
may also serve as reserve. The direct current for
each arc lamp can be adjusted separately with the
corresponding transductor by varying the resistors
R, and R, respectively.

When remote control of the output currents is
required, use can be made of a servo-motor in com-
bination with a current-limiting device or a trans-

ductor.




BASIC CIRCUIT DIAGRAMS FOR CINEMA RECTIFIERS
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A very attractive solution in this respect is
provided by the application of grid-conirolled gas-
filled rectifying tubes, called thyratrons, for ex-
ample type PL 150. This electronic control has the
advantage of operating practically without losses,
thus ensuring a high total efficiency of the instal-
lation at all loads. Because the application of
thyratrons falls outside the scope of this Bulletin,
the description of such a circuit has not been
taken up.

DESIGN CONSIDERATIONS

For the design of a cinema rectifier, use can be
made of the formulae given in the previous sec-
tions.

EXAMPLES

Below an example is given dealing with a recti-
fier for feeding an arc lamp at 70 V, 45 A; supply
voltage 3 X 380V, 50 c/s.

On account of the required low ripple voltage,
a four- or six-phase rectifying circuit should be
used. According to table XII p. 67, two 1849 tubes
or three 1883 tubes respectively will suffice.

For comparison, the calculations are given for
both rectifiers.

1) Four-phase half-wave rectifying circuit
with two 1849 tubes

The basic circuit diagram is represented in fig.
48, whilst all values for the design are listed in
table X.

With a specific iron loss of 1.3 W kg (transformer
sheet) for the transformer core and a flux density
of 1.2 Wh/m?, the iron losses will be w,; X 1.3 X 1.22
=112W,

Iron losses = 112 W
Filament power 2V XI; = 116 W
Arc losses 4V oo X1, = 450 W
Copper losses of transformer

(estimated) — 140 W
Total — 818 W
Output Vo X1, = 3150 W
Input = 3968 W

The total efficiency of the rectifier is thus:

3150
P — C

output
input

i =
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and the power factor:

input 3968

=3y T, —3X 20X 75 o
Table X
Quantities | Derived from | Values Unit

Vo target value 70 v
Vare tube data 10 v
Y table IV 0.79 -
b) table IV 1 —
¢ table IV 2.83 -
T table IV 0.25 -
fo table IV 4.44 —
f table IV 2.01 —
B VerlVin *) 66/297 —
Vir eq. (32) 66 v
Vams | eq. (36) 66 v
View | eq. (44) 187 v
7 target value 45 A
y eq. (40) 11.25 A
Loy eq. (41) 50 A
Lasmm eq. (42) 22.6 A
I, eq. (21) 7.5 A

(VA): |eq. (25) 3375 VA
Wet fig. 21 %) 60 kg

2) Six-phase half-wave rectifying circuit with
interphase transformer using three 1838
tubes

The basic circuit diagram is given in fig. 37, but
since the 1838 is of the double anode type, each
pair of tubes represented in the diagram has to be
replaced by one 1838 tube. Control of the output
current can be obtained by means of a resistor, a
magnetic shunt in the transformer or a primary
choke, examples of which are given in figs 48, 49
and 50.

In table XI all values for the design are given.

With a specific iron loss of 1.3 W/kg (trans-
former sheet) for the transformer core and a flux
density of 1.2 Wh/m?2, the iron losses will be
wer X 1.3 X 1.22 =83 W. Hence:

*) See note I on p. 19.
7) See note T on p. 19.




Iron losses — 83 W Table XI

Filament power WfXIf = 125 W Quantities | Derived from | Values Unit
Arc losses Ve X I, —= 450 W v, target value 70 \4
Copper losses of transformer - tube data 10 v
(estimated) — 125 W ¥ table IV 0.86 —
P 8 table IV 1 -
Total = 183 W I table IV 2.83 —
table IV 0.17 —
v - p
Output o X1, 3150 W i cilile IV 314 o
- 3033 W f table IV 1.76 -
" ViV, 73/380 —
- e Vir ep. (32) 73 v
The total efficiency of the rectifier is: V. eq. (36) 73 v
output 3150 Vs o eq. (44) 206 v
i =m=—— X100=—= X100 = )
7) input ¢ 3933 80% I, target value 45 A
I, eq. (40) 75 A
and the power factor: I, eq. (41) 9235 A
cos input 3933 - ; S—- eq. t;lf; lg-z i
gD: —_— — = V.7, 1 eq. 5
3LV,v3 32X 38 X220 X
Fa v v (VA4), | eq. (25) 5020 VA
Wet fig. 21 44 kg
*) The evaluation of this equation is rather complicated Vi 042 Vi %) 31 Vv
and is not taken up in this Bulletin. 1 1.2 22.5 A
t) The size of the interphase transformer is determined - ? ’
by 345/3 =115 VA, because the frequency of the current is (VA)L ViIu2t) 345 VA
three times the mains frequency.




WELDING RECTIFIERS

GENERAL

Arc welding is the joining or welding together
of pieces of metal by means of an electric arc used
for melting the material of a welding rod into a
pool of metal.

The electric power for the arc may be A.C. or
D.C., but the D.C. system has the advantage of
giving a steadier arc, resulting in a more constant
heating of the material. For current values higher
than 500 A, the D.C. system cannot be used, owing
to the blowing of the arc caused by the magnetic
deflection of the lines of current in the arc.

The D.C. power for welding can be supplied by
a rotary converter, a selenium rectifier or a tube
rectifier. D.C. arc welders equipped with rectifying
tubes have several advantages, as may be seen from
the following. The equipment is compact in size,
has a light weight and needs no foundation, so that
it can easily be transported. A stepless control of
the output current intensity is possible. As there
are no moving parts and no inertia in the adjust-
ment of the current intensity, a smooth flowing of
the current is ensured, thereby avoiding any sput-
tering, extinguishing of the arc or risk of sticking.
The installation operates without noise, can be
used in all climates, at all temperatures, and needs
no special maintenance.

Another advantage of D.C. arc welders compared
with A.C. welders is that the former are commonly
connected to a three-phase power supply system,
all phases then being equally loaded. The power
factor of these welders is about 0.7, whereas, in the
case of A.C. sets, it amounts to about 0.4, if no
power factor capacitors are used.

The 1069K tube has been specially designed for
D.C. arc welding rectifiers and has an output
current of 60 A.

CIRCUIT DIAGRAMS

Figs 53 and 54 represent two basic circuit dia-
grams of a D.C. arc welder using 1069K tubes. In
the circuit of fig. 53, a variable primary choke L
is used to control the output current, whereas in
fig. 54 a saturable core reactor SR is employed for
this purpose. A magnetic shunt in the power trans-
former may also be used in these two circuits for
controlling the output current.

It should be noted that, when high output cur-
rents are required, the tubes must be cooled by
forced air, the maximum permissible output cur-
rent per tube being in that case 60 A.

BASIC CIRCUIT DIAGRAMS FOR WELDING RECTIFIERS

FOUR-PHASE HALF-WAVE

80 Circuit =D Circuit
€ =

L Vr
53 54

SIX-PHASE HALF-WAVE
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RECTIFYING TUBE TYPE 328

Fig.55. The rectifying tube type 328.

The 328 is a directly heated, gas-filled, double-
anode rectifying tube intended for use in trickle
chargers and small battery chargers, and has been
designed for an output current of 1.3 A.

The conditions under which this tube should be
operated are described on p. 9 under “Battery
Chargers”, and the commonly used circuit diagrams
are represented in figs 4 to 7.

The maximum number of Pb-cells which can be
charged in series with this tube is 6.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage Vi 19V
Filament current I, 3.0A
Heating-up time T min. 15 sec®)
TYPICAL CHARACTERISTICS

Arc voltage ¥ ass v
Ignition voltage Vien 16V

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage
Battery .

Battery voltage

D.C. output current
Peak anode current
Total anode resistance .

LIMITING VALUES (absolute maxima)

Peak inverse voltage

D.C. output current (per anode)
Peak anode current .

Ambient temperature

Anode resistance

max 33

/
a a f ;N
3 EIRS
) EE
al fo o4 |a’

Fof J UUU___:

Fig. 56.

67402

V. 2 X 28 Vims
discharged nom. charged
Vi 11 13 16 V
I, 1.5 1.3 10 A
iy 3 A
R; 6.5 Q
| — max. 90V
I max. 0.65 A
Lo max. 4 A
Lamp —55 to +75°C
Rt min. 3Q
BASE CONNECTIONS AND DIMENSIONS
(in mm)
(see fig. 56)
Mounting position vertical, base down
Base A-type
Socket 40465
Net weight 35 ¢
Shipping weight (50 tubes) 2500 ¢

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased
to 0 sec.
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RECTIFYING TUBE TYPE 367

Fig.57. The rectilying tube type 367.

The 367 is a directly heated, gas-filled, double-
anode Yectifying tube intended for use in trickle
chargers and small battery chargers, and has been
designed for a maximum D.C. output current of
6 A.

The conditions under which this tube should be
used are given on p. 9 under “Battery Chargers”,
and the commonly used circuit diagrams are re-
presented in figs 4 to 7.

The maximum number of Pb-cells which can be
charged in series with this tube is 12.

TECHNICAL DATA
FILAMENT DATA

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage
Battery .

Battery voltage
D.C. output current
Peak anode current
Anode resistance

LIMITING VALUES (absolute maxima)

Peak inverse voltage ;
D.C. output current (per anode)
Peak anode current .

Ambient temperature

Anode resistance

BASE CONNECTIONS AND DIMENSIONS
(in mm)
(see fig. 58)

Mounting position vertical, base down

Base W-type
Socket 40221
Net weight 90 ¢
Shipping weight (25 tubes) 3500 ¢

*) The given value is the recommended minimum heating
time. If wurgenily wanted, this value may be decreased
to 0 sec.
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Heating direct by A.C.
Filament voltage Vi 19V
Filament current I, 8A
Heating-up time T, min. 30 sec®)
TYPICAL CHARACTERISTICS
Arc voltage Vare 9V
Ignition voltage Vien 16V
Vir 2 X 45 Vs
discharged nom. charged
Ve 22 26 32 V
I, 7.2 6 4 A
I, 15 A
R; 1.9 Q
Viavp max. 140V
I max. 3A
I, max. 18A
Lamp —55 to +75 OC
Rt min. 1 Q
max 81
‘6
a a 3 N
. s
j
1
FoF
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RECTIFYING TUBE TYPE 1010

The 1010 is a directly heated, gas-filled, double-
anode rectifying tube intended for use in trickle
chargers and small battery chargers, and has been
designed for a maximum D.C. output current of
1.3 A.

The conditions under which this tube should be
used are given on p. 9 under “Battery Chargers”,
and the commonly used circuit diagrams are re-
presented in figs 4 to 7.

The maximum number of Pb-cells which can be
charged in series with this tube is 20.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.

Filament voltage Vi 19V

Filament current I 3.5A

Heating-up time T min. 15 sec®)

TYPICAL CHARACTERISTICS

Arc vo]tage Vare 9V Fig.59. The rectifying tube type 1010.
Ignition voltage Vien 16V

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage . . . . . . . . Vir 2 X 60 Vims
Batterys = : = @« w & % & w @ discharged nom. charged
Battery voltage . . . . . . . . . Vs 36 44 54V
D.C. output current . . . . . . . . I, 1.7 1.2 0.7 A
Peak anode current . . . . . . . . I, 3.2 A
Total anode resistance . . . . . . . R, 10 Q

LIMITING VALUES (absolute maxima)

Peak inverse voltage g B ®m O® & ® @ O§ ®m w5 | [ - max. 185V
D.C. output current (per anode) . . . . . . . . . L; max. 0.65 A
Peak anode current . . . . . . . . . . . . Iy, max. 4A
Ambient temperature . . . . . . . . . . . . Lamy —55 to +75°C
Anode resistance ¢ W o® ® B ® ® W & & @m & @ R; min. 10Q
max37 BASE CONNECTIONS AND DIMENSIONS
‘ /\ (in mm)
(see fig. 60)
a @l S Mounting positicn vertical, base down
3 Eg Base A-type
A § Socket 40465
e op Net weight 50 g
2 Shipping weight 80 ¢
.ot 7 Il

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased
Fig. 60. to 0 sec.

67404
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RECTIFYING TUBE TYPE 1039

Fig. 61. The rectifying tube type 1039.

The 1039 is a directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
intended for use in large battery chargers, and has
been designed for a maximum D.C. output current
of 15 A.

The conditions under which this tube should be
used are given on p. 9 under “Battery Chargers”,
and the commonly used circuit diagrams are re-
presented in figs 4 to 9.

The maximum number of Ph-cells which can be
charged in series with this tube is 20.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage V; 19V
Filament current I; 20 A
Heating-up time T, min 1—2 min

TYPICAL CHARACTERISTICS

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage

Battery . .

Battery voltage

D.C. output current

Peak anode current

Anode resistance . . . . .

LIMITING VALUES (absolute maxima)

Peak inverse voltage .
D.C. output current (per anode)
Peak anode current
Temperature of mercury vapour .
Anode resistance

max 94
d ca
M6
Fig. 62.
S
N
a a’ 3
E
f
£.
f f : 67405
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Arc voltage Ves 9V
Ignition voltage Vign 16V
Vi 2 X 60 Vs
discharged nom. charged
Vs 36 44 4 VvV
I, 19 13.5 8 A
y o 37 A
R; 0.85 Q
Fiuvip max. 185V
F, max. 75A
y max. 45 A
tuy 30—380 °C
R; min. 0.75 Q

BASE CONNECTIONS AND DIMENSIONS

(in mm)

(see fig. 62)

Mounting position vertical, base down

Base Goliath
Socket 65909BG /01
Net weight 340 ¢
Shipping weight 1100 ¢




RECTIFYING TUBE TYPE 1048

The 1048 is a directly heated, gas-filled, double-
anode rectifying tube intended for use in trickle
chargers and small battery chargers, and has been
designed for a maximum D.C. output current of
6 A.

The conditions under which the 1048 should be
operated are described on p. 9 under “Battery
Chargers”, and the commonly used circuit diagrams
are represented in figs 4 to 7.

The maximum number of Pb-cells which can be
charged in series with this tube is 20.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage V; 19V
Filament current I, TA
Heating-up time Ty min. 30 sec*)
TYPICAL CHARACTERISTICS

Arc voltage V are 9V
Ignition voltage Vien 16V

Fig. 63. The rectifying tube type 1048.

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage
Battery .

Battery voltage

D.C. oufput current
Peak anode current
Total anode resistance .

LIMITING VALUES (absolute maxima)

Peak inverse voltage ;
D.C. output current (per anode)
Peak anode current , .
Ambient temperature

Anode resistance

max 81

/

max 156

67403

Vir 2 X 60 Vims
discharged nom. charged

Vs 36 44 54V

I, [eri 5.5 32 A

k. 15 A

R; 2.1 Q
Viaes max 185V
I max. 3A
J max. 18 A
tamb —55 to +75°C
R; min. 1.75Q

BASE CONNECTIONS AND DIMENSIONS

(in mm)

(see fig. 64)

Mounting position vertical, base down
Base W-type
Socket 40221
Net weight 90 g
Shipping weight (50 tubes) 7500 g

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased
to 15 sec.
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RECTIFYING TUBE TYPE 1049

Fig. 65. The rectifying tube type 1049.

The 1049 is a directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
intended for use in large battery chargers, and has
been designed for a maximum D.C. output current
of 25 A,

The conditions under which this tube should be
used are given on p. 9 under “Battery Chargers”,
and the commonly used circuit diagrams are re-
presented in figs 4 to 9.

The maximum number of Pb-cells which can be
charged in series with this tube is 20.

TECHNICAL DATA
FILAMENT DATA

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage
Battery . .
Battery voltage

D.C. output current
Peak anode current
Total anode resistance .

LIMITING VALUES (absolute maxima)

Peak inverse voltage .
D.C. output current (per anode)
Peak anode current .
Temperature of mercury vapour .
Anode resistance

max 101
Fig. 66. a al | Ms :
. 145 , g
a a’ §
-
'

67406

Heating direct by A.C.
Filament voltage V; 19V
Filament current I, 28.5 A
Heating-up time T min. 120 sec*)
TYPICAL CHARACTERISTICS
Arc voltage Vs 9V
Ignition voltage Vien 16V
Vi 2 X 60 Vime
discharged nom. charged
Vs 36 44 54 V
I, 32 22 13 A
I, 60 A
R; 0.5 Q
Viavp max. 185V
I, max. 125 A
Lz max. 75 A
thg 30—80 °C
R; min. 0.3 Q

BASE CONNECTIONS AND DIMENSIONS

(in mm)
(see fig. 66)
vertical, base down

520 g
2400 g

Mounting position
Net weight
Shipping weight

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased
to 60 sec.




RECTIFYING TUBE TYPE 1069K

The 1069K is a directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
for use in welding equipment. With this tube a
maximum D.C. output current of 60 A can be ob-
tained, provided the tube is sufficiently cooled by
forced air.

“If the tube is used in transportable equipment,
care must be taken to mount it in such a way that
the envelope will not be damaged due to vibrations
or shocks. For these applications the tube must
also be supported at the top end; for this purpose
the 1069K has been provided with a metal ring,
which can serve, for example, for resilient mount-
ing with the aid of a spring connected to the
chassis.

The conditions under which this tube should be
used arc described on p. 40, and -the commonly
used circuit diagrams are represented in figs 53
and 54. The maximum values of the D.C. welding
currents of these circuits are 120 and 180 A re-
spectively.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage V; 3.25V
Filament current I; 70 A
Heating-up time Ty min. 120 sec¥)

TYPICAL OPERATING CONDITIONS

Circuit Fig. 53 Fig. 54
Transformer voltage . . Vy, 55 55 V
Output voltage . . . V, 50 55V
Output voltage . . . I, 120 180 A
LIMITING VALUES (absolute maxima)
Peak inverse voltage Viovp max. 170V
D.C. output current

(per anode) L max. 30A+%) %)
Peak anode current y max. 200 A
Temperature of

mercury vapour tyg 30—175°C
Anode resistance R; min. 0.12Q

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased
to 60 sec.

1) Maximum average time 15 sec.

+) With forced cooling.

Fig. 67. The rectifying tube type 1069K.

TYPICAL CHARACTERISTICS

Arc voltage Vare 10V
Ignition voltage Vien 16V

BASE CONNECTIONS AND DIMENSIONS

(in mm)
'2_5.1 max 114

aga’ M8§—‘“7
S
' M
PN (_,45 Sl
125 |

7. i

g B
f f 10; f 09 r.’57407

Fig. 68.

vertical, base down
1000 g
3200 ¢

Mounting position
Net weight
Shipping weight
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RECTIFYING TUBE TYPE 1110

The 1110 is a directly heated, gas-filled, double-
anode rectifying tube intended for use in trickle
chargers and small battery chargers, and has been
designed for a D.C. output current of 2 A.

The conditions under which this tube should be
operated are given on p. 9 under “Battery Char-
gers”, and the circuit diagrams commonly used are
represented in figs 4 to 7.

The maximum number of Pb-cells which can be
charged in series with this tube is 20.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage V, 19V
Filament current I; 3.5A
Heating-up time T), min. 15 sec®)

TYPICAL CHARACTERISTICS

Arc voltage Vo 9V
Ignition voltage Vign 16V

Fig. 69. The rectifying tube type 1110.

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage
Battery .

Battery voltage

D.C. output current
Peak anode current
Total anode resistance .

LIMITING VALUES (absolute maxima)

Peak inverse voltage ;
D.C. output current (per anode)
Peak anode current .

Ambient temperature

Anode resistance

BASE CONNECTIONS AND DIMENSIONS
(in mm)
(see fig. 70)

Mounting position vertical, base down
Base A-type
Socket 40465
Net weight 55 g
Shipping weight (100 tubes) 7100 g

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased
to 0 sec.

1) If a barreter is used, I, may under nominal conditions
be increased to 2 A.
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Vtr 60
discharged nom.
| 43 36 44
I, 2 14 %)
dap 3.8
Rt 8
Vs o max
T max
! max.
Tamb —55
R; min.
a a f
T
g N
a|l of 40 |a'
8
r r
Fig. 70.

Vrms
charged
54

0.85

SIS

185V

0.85 A

5A
to +75°C
4Q

max 39

max 113
max 131

|




RECTIFYING TUBE TYPE 1119

Fig. 71. The rectifying tube type 1119.

The 1119 is a directly heated, gasfilled, double
anode rectifying tube intended for use in trickle
chargers and small battery chargers. It has been
designed for a maximum D.C. output current of 3 A.

The conditions under which this tube should be
used are described on p. 9 under “Battery Char-
gers”, and the commonly used circuit diagrams are
represented in figs 4 to 7.

The maximum number of Ph-cells which can be
charged in series with this tube is 12.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage vV 19V
Filament current I, 5.8A
Heating-up time T min. 30 sec®)
TYPICAL CHARACTERISTICS

Arc voltage Vire . 9V
Ignition voltage Vien 16V

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER

Transformer voltage

Battery ;
Battery voltage

D.C. output current

Peak anode current

Anode resistance

LIMITING VALUES (absolute maxima)

Peak inverse voltage

D.C. output current (per anode)

Peak anode current .

Ambient temperature

Anode resistance

10

0‘-; ~h

04 |a’

Fig. 72.

max 142

Al

67400

Vir 46 A\
discharged nom. charged

Vs 22 26 32V

I; 3.6 3.0 21 A

I 7.5 A

R; 375 Q
¥ urn max. 140V
1z, max. 15A
L; s max. 9A
tamb —55 to +75°C
R¢ min. 1.8 Q

BASE CONNECTIONS AND DIMENSIONS

(in mm)

(see fig. 68)

Mounting position vertical, base down

Base A-type
Socket 40465
Net weight 75 g
Shipping weight (50 tubes) 5200 ¢

*) The given value is the recommended minimum heating

time. If urgently wanted, this value may be decreased
to 15 sec. :
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RECTIFYING TUBE TYPE 1173

The 1173 is a directly heated, mercury vapour
and inert gas-filled, single-anode rectifying tube
specially designed for industrial applications in the
voltage range up to 540 V D.C. The permissible
inverse peak anode voltage is 685V or 850 V. The
tube is capable of delivering a D.C. output current
of 4 A. It has a long life and is very suitable for
use in equipment where quick starting and stability
of operation are essential.

The tube is provided with an auxiliary ignition
electrode, a;, which should be connected to an
auxiliary D.C. source, as for example the Auxiliary
Ignition Unit type 1289, a description of which is
given on p. 63.

The maximum values of the D.C. voltages and
currents obtainable with the 1173 used as industrial
rectifier in the circuits of figs 30 to 39 are given
below. When it is required to reduce the value of
the ripple to a lower level, a filter with choke
input should be used. The figures stated in the
data have been obtained from practical circuits
and thus take into account all losses occurring in
the circuit used.

Contrary to the rectifying tubes previously men-
tioned in the technical data, there are two columns
of limiting values. The maximum permissible peak
inverse voltage depends upon the peak anode cur-
rent and upon the temperature of the mercury
vapour.

The conditions under which the tube should
operate when employed in a battery charger are
described on p. 9 under “Battery Chargers”, and the
circuit diagrams commonly used are represented
in figs 4 to 9. In these circuits each tube must
be replaced by two 1173 tubes, these being of the
single-anode type. The maximum number of Pb-
cells which can be charged in series with this tube

is 85.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage Vf 19V
Filament current I, 13 A
Heating-up time T, min. 1 min*)
TYPICAL CHARACTERISTICS

Arc voltage Ve 12V
Ignition voltage Vien 22V 1)
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Fig. 73. The rectifying tube type 1173.

BASE CONNECTIONS AND DIMENSIONS

(in mm)
(see fig. 72)

Mounting position vertical, base down

Base special 3-pin
Socket 1287
Net weight 165 ¢
Shipping weight 390 ¢

max 62

___ max189

3xi4¢

Fig. 74.

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
45 sec.

i) In order to obtain the low ignition voltage of 22V,
an auxiliary D.C. supply unit delivering at least 40 V, 10 mA
should be connected to the auxiliary ignition electrode as,
via a current-limiting resistor.




TYPICAL OPERATION CONDITIONS AS INDUSTRIAL RECTIFIER

Circuit Transformer Output D.C. output
voltage Vi, voltage V, current I,
(Viems) V) (A)
Fig. 30 275 230 8
Fig. 31 540 440 8
Fig. 32 220 240 12
Fig. 33 210 440 12
Fig. 34 205 240 16
Fig. 36 200 240 24
Fig. 37 220 240 24

LIMITING VALUES (absolute maxima)

Peak inverse voltage . . . . . . . .
D.C. output current . . . . . . . .
Peak anode current . . . . . . .
Surge current . . . . . .

Temperature of mercury vapour .

Ambient temperature . . . . .

Anode resistance . . . . . . . . .

*) Maximum averaging time (7T,.) is 5 sec.
1) Maximum duration 0.1 sec.

Vigss max. 685 850 V
I, max. 4 4 A*)
/e max. 24 20 A
Lsiizes max. 240 200 A t)
thg 30—380 30—75 °C
tamb 10—50 10—45 °C
R; min. 0.75 0.75 Q

RECTIFYING TUBE TYPE 1174

Fig.75. The rectifying tube type 1174.

The 1174 is a directly heated mercury-vapour and
inert gas-filled, single-anode rectifying tube spe-

cially designed for industrial applications in the
voltage range up to 540 V. It will withstand a peak
inverse voltage of 685V, or of 850V, depending
upon the peak anode current, and deliver a D.C.
output current of 6 A.

The tube gives years of reliable service thanks
to its rigid construction and special design. It can
be used advantageously in equipment where quick
starting and stability are important factors.

To facilitate the ignition of the tube, it has been
provided with an auxiliary ignition electrode, aj,
which should be connected to an auxiliary D.C.
source, as for example the Auxiliary Ignition Unit
type 1289, a description of which is given on p. 63.

The 1174 can be used in industrial rectifiers
feeding, for example, small D.C. motors or electro-
magnets, in battery chargers and similar equip-
ment. Table XII shows the maximum values of the
D.C. output voltages and currents which can be
obtained with the 1174 when used as industrial
rectifier. The fundamental circuit diagrams are re-
presented in figs 30 to 39. In the table, allowance is
made for all losses which may occur in the circuit
used. If it is required to reduce the ripple voltage
to a lower level, a filter with choke input should
be employed.
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The conditions under which the tube should
operate as battery charger are described on p. 9
under “Battery Chargers”, and the circuit diagrams
commonly used are represented in figs 4 to 9. Each

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage Vf 19V
Filament current I; 12 A
Heating-up time Ty min. 1min*)

BASE CONNECTIONS AND DIMENSIONS
(in mm)

(see fig. 74)

Mounting position vertical, base down

Base special 3-pin
Socket 1285
Net weight 285 ¢
Shipping weight 665 g

tube figuring in these circuits must be replaced by
two 1174 tubes, since the latter are of the single-
anode type. The maximum number of Pb-cells
which can be charged in series with this tube is 85.

TYPICAL CHARACTERISTICS

TYPICAL OPERATION CONDITIONS AS INDUSTRIAL RECTIFIER

Circuit Transformer Output D.C. output
voltage V., voltage V, current I,
(Vems) (V) (A)
Fig. 30 275 230 12
Fig. 31 540 440 12
Fig. 32 220 240 18
Fig. 33 210 440 18
Fig. 34 205 240 24
Fig. 36 200 240 36
Fig. 37 220 240 36

LIMITING VALUES (absolute maxima)

Peak inverse voltage

D.C. output current

Peak anode current

Surge current

Temperature of mercury vapour
Ambient temperature

Anode resistance

Arc voltage Ve 12V
Ignition voltage Y ien 22V $)
. Mmax77
a
M
]
s
E
S
g 3
67411
Vv o max. 685 850 V
1. max. 6 6 AT
7 - max. 36 30 A
Iguree max. 360 300 A§)
Lye 30—80 30—175 °C
10—50 10—45 °C
R; min. 0.5 0.5 Q

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
45 sec.

1) In order to obtain the low ignition voltage of 22V,
an auxiliary D.C. supply unit delivering at least 40 V, 10 mA
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D.C. should be connected to the auxiliary ignition anode ax,
via a current-limiting resistor.

+) Maximum averaging time (7,,) is 5 sec.

§) Maximum duration 0.1 sec.




RECTIFYING TUBE TYPE 1176

Fig. 77. The rectifying tube type 1176.

The 1176 is a directly heated, mercury-vapour
and inert gas-filled, single-anode rectifying tube
specially designed for industrial applications in the
voltage range up o 540 V D.C. It is capable of with-
standing a peak inverse voltage of 685V or 850V,
depending upon the peak anode current, and deliv-
ering a D.C. output current of 15 A.

The tube has a long life, due to its rigid con-
struction and special design. It can be used to
advantage in cases where quick starting and sta-
bility are required.

The 1176 is designed for application in industrial
rectifiers such as are used for feeding D.C. mains
and D.C. motors for battery chargers and similar
equipment.

To facilitate the ignition of the tube, it has been
provided with an auxiliary ignition electrode, as,
which should be connected to an auxiliary D.C.
source, as for example the Auxiliary Ignition Unit
type 1289, a description of which is given on p. 63.

Table XII shows the maximum values of the D.C.
output voltage and currents which can be obtained
with the 1176 when used as industrial rectifier. The
fundamental circuit diagrams are represented in
figs 30 to 39. In the table, allowance is made for

all losses which may occur in the circuit used. If it
is required to reduce the ripple voltage to a lower
level, a filter with choke input should be employed.

The conditions under which the tube should
operate as battery charger are described on p. 9
under “Battery Chargers”, and the circuit diagrams
commonly used are shown in figs 4 to 9. Each tube
represented in these circuits must be replaced by
two 1176 tubes since the latter are of the single-
anode type. The maximum number of Pb-cells
which can be charged in series with this tube is 85.

TECHNICAL DATA

FILAMENT DATA

Heating direct by A.C.

I'ilament voltage v 19V
Filament current I; 28 A
Heating-up time T min. 2 min*)

TYPICAL CHARACTERISTICS

Arc voltage Vare

Vign

12V
22V )

Ignition voltage

BASE CONNECTIONS AND DIMENSIONS
(in mm)

(see fig. 78)

fomax92
a
M8
kS,
5 e
125 — g
4 f
CHu ]

67412
Fig. 78.

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
60 sec.

1) In order to obtain the low ignition voltage of 22V,
an auxiliary D.C. supply unit delivering at least 40 V, 10 mA
D.C. should be connected to the auxiliary ignition electrode
an, via a current-limiting resistor.

53




TYPICAL OPERATION CONDITIONS AS
INDUSTRIAL RECTIFIER

Circuit Transformer Output D.C. output
voltage Vr voltage V, current I,
(Vems) V) (A)
Fig. 30 275 230 30
Fig. 31 540 440 30
Fig. 32 220 240 45
Fig. 33 210 440 45
Fig. 34 205 240 60
Fig. 36 200 240 90
Fig. 37 220 240 90

LIMITING VALUES (absolute maxima)

Peak inverse voltage

Output current

Peak anode current

Surge current

Temperature of mercury vapour
Ambient temperature

Anode resistance

*) Maximum averaging time (T,,) is 15 sec.
1) Maximum duration 0.1 sec.

Mounting position vertical, base down

Net weight 600 g
Shipping weight 1190 ¢
Viav p max. 685 850 V
I, max. 15 15 A %)

max. 90 75 A
Y —— max. 900 750 A §)
tug 30—80 30—75 °C
tamb 10—50 10—45 °C
R, min. 0.2 02 Q

RECTIFYING TUBE TYPE 1177

Fig. 79. The rectifying tube type 1177.
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The 1177 is a directly heated, mercury vapour
and inert gas-filled, single-anode rectifying tube
specially designed for industrial applications in
the voltage range up to 540 V D.C. It is capable of
withstanding a peak inverse voltage of 685V or
of 850V, depending upon the peak anode current,
and delivering a D.C. output current of 25 A.

The tube has a long life, thanks to its rigid con-
struction and special design. It lends itself well for
meeting the requirements of quick starting and
stability.

To facilitate the ignition of the tube, it has been
provided with an auxiliary ignition electrode, aj,
which should be connected to an auxiliary D.C.
source, as for example the Auxiliary Ignition Unit
type 1289, a description of which is given on p. 63.

The 1177 is designed for applications in indus-
trial rectifiers such as are used for feeding D.C.
mains and D.C. motors, in battery chargers and
similar equipment.

Table XII (see p. 67) shows the maximum values
of the D.C. output voltages and currents which can
be obtained with the 1177 as power rectifier. In




this table allowance is made for all losses which
may occur in the circuit used. The fundamental
circuit diagrams are represented in figs 30 to 39.
The conditions under which the tube should
operate as battery charger are described on p. 9
under “Battery Chargers”, and the circuit diagrams
commonly used are shown in figs 4 to 9. Each tube

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage Vi 19V
Filament current I, 60 A
Heating-up time T» min. 2 min ¥)

TYPICAL CHARACTERISTICS

Varc
Vign

12V
28V +4)

Arc voltage
Ignition voltage

TYPICAL OPERATION CONDITIONS AS
INDUSTRIAL RECTIFIER

Circuit Transformer Output D.C. output
voltage V¢, voltage V, current I,
(Vrms) (V) (A)
Fig. 30 275 230 50
Fig. 31 540 440 50
Fig. 32 220 240 75
Fig. 33 210 440 75
Fig. 34 205 240 100
Fig. 36 200 240 150
Fig. 37 220 240 150

LIMITING VALUES (absolute maxima)

Peak inverse voltage

Output current

Peak anode current

Surge current

Ambient temperature
Temperature of mercury vapour
Anode resistance

*) The given value is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
60 sec.

1) In order to obtain the low ignition voltage of 28V,
an auxiliary supply unit delivering at least 40V, 10 mA
D.C. should be connected to the auxiliary anode as, via a
current-limiting resistor. )

+) Maximum averaging time (T.,) 15 sec.

§) Max. duration is 0.1 sec.

represented in these circuits must be replaced by
two 1177 tubes, since the latter are of the single-
anode type. The maximum number of Pb-cells
which can be charged in series is 85, and the
maximum D.C. output current that can be delivered
to the battery is 25 A per tube.

BASE CONNECTIONS AND DIMENSIONS
(in mm)

(see fig. 80)
Mounting position
Net weight
Shipping weight

vertical, base down
1060 g
2720 ¢

. max128

a ST
M8

Vv max. 685 850 V
L max. 25 25 A %)
Ly max. 150 135 A
j — max. 1500 1250 A §)
[5° 8 30—380 30—175 °C
Lamp 10—50 1045 °C
R, min. 0.1 01 @
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RECTIFYING TUBE TYPE 1710

The 1710 is a directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
specially designed for use in rectifiers feeding mag-
netic chucks and separators. The permissible peak
inverse anode voltage is 470V, and the tube is
capable of delivering a D.C. output current of 3 A.
The special design combined with a rigid con-
struction ensures years of reliable service.

The tube is provided with an internal screen, s,
which must be connected to the cathode via a
resistor of 10kQ, 0.5 W.

The conditions under which the 1710 should be
used in the above-mentioned applications are des-
cribed on p. 21, and the commonly used circuit
diagram is represented in fig. 30. The maximum
D.C. output voltage that can be obtained with this
circuit amounts to 115V (see table on p. 67).

Battery chargers can also be equipped with the
1710, but then under the conditions described on
p. 9. The commonly used circuit diagrams are
represented in figs 4 to 7. The maximum number
of Pb-cells that can be charged in series is 60, and
the maximum D.C. output current that can be
delivered to the battery is 3 A per tube.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage Vi 19V
Filament current I; 7TA
Heating-up time Ty min. 30 sec¥)
TYPICAL CHARACTERISTICS

Arc voltage Ve 10V
Ignition voltage Vsen 22V

*) The value given is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
15 sec.
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Fig. 81. The rectifying tube type 1710.

BASE CONNECTIONS AND DIMENSIONS
(in mm)
(see fig. 82)

Mounting position vertical, base down

Base W-type
Socket 40221
Net weight 170 ¢
Shipping weight (10 tubes) 3300 ¢

max 191
max 205

-
70125




TYPICAL OPERATING CONDITIONS

Circuit ;
Transformer voltage
Output voltage
Output current

LIMITING VALUES (absolute maxima)

Peak inverse voltage

Output current (per anode)
Peak anode current .
Temperature of mercury vapour
Anode resistance

*) Maximum averaging time (T..) is 5 sec.

Fig. 30

Vs 2 X 150 Vs
V, 110V

I, 3A
Viav o max. 470V
L max. 15A7%)
I, max. 9A
2% 30—80 °C
R; min. 2.5Q

RECTIFYING TUBE TYPE 1725A

Fig. 83. The rectifying tube type 1725 A.

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage v

Filament current I;

Heating-up time T,  min.

*) The value given is the recommended minimum heating
time. If urgently wanted, this value may be decreased to

600 sec.

The 1725 A is a directly heated, gas-filled, double-
anode rectifying tube intended for use in rectifiers
feeding magnetic chucks and separators. It is de-
signed for a maximum D.C. output current of 1.3 A
and is capable of withstanding a maximum peak
inverse anode voltage of 470 V.

The tube is provided with an internal screen, s,
which must be connected to the cathode via a
resistor of 10 kQ, 0.5 W.

The conditions under which this tube should be
used are described on p. 21, and the commonly used
circuit diagram is represented in fig. 30. The
maximum D.C. output voltage which can be ob-
tained with this circuit amounts to 115V (see
table on p. 67).

In battery chargers the 1725 A should be used
under the conditions given on p. 9 under “Battery
Chargers”. The circuit diagrams are represented in
figs 4 to 7; the maximum number of Pb-cells that
can be charged in series with this tube is 60.

TYPICAL CHARACTERISTICS

Arc voltage Vase 10V
Ignition voltage Vien 22V
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TYPICAL OPERATING CONDITIONS

Circuit Fig. 30

Transformer voltage Vi 2 X150 Vo,
Output voltage V, 110 V
Output current I, 1.3 A

BASE CONNECTIONS AND DIMENSIONS

(in mm)

(see fig. 34)

Mounting position vertical, base down

Base A-type
Socket 40465
Net weight 75 g

5500 g

Shipping weight (25 tubes)

*) Maximum averaging time (T,.) is 5 sec.

LIMITING VALUES (absolute

Peak inverse voltage

Output current (per
anode)

Peak anode current

Ambient temperature

Anode resistance

maxima)

max. 470V
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Fig. 84.

RECTIFYING TUBE TYPE 1838

The 1838 is a directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
specially designed for use in cinema rectifiers. It
is also suitable for application in rectifiers such
as are used for bookkeeping machines and in bat-
tery chargers.

The special design together with a rigid con-
struction give the tube years of reliable service.
The maximum permissible peak inverse voltage is
360 V, and the tube is capable of delivering a D.C.
output current of 15 A.

The tube is provided with an auxiliary ignition
electrode, a;, which should be connected to an
auxiliary D.C. source, as for example the Auxiliary
Ignition Unit type 1289, a description of which is
given on p. 61.

The conditions under which this tube should be
used in cinema rectifiers are described on p. 35,
and the commonly used circuit diagrams are re-
presented in figs 48 to 52.

In industrial applications the 1838 should be
used under the conditions mentioned on p. 20 un-
der “Industrial Rectifiers”. The circuit diagrams are
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Fig. 85. The rectifying tube type 1838.




shown in figs 30, 34, 36 and 37, but since the 1838
is of the double-anode type, each pair of tubes
represented in these circuits must be replaced by
one 1838 tube. The maximum D.C. output voltages
and currents obtainable are given in the table on
p. 67, the figures being derived from practical
circuits.

Circuit diagrams for the use of the 1838 in bat-
tery chargers are represented in figs 8 and 9. The
maximum number of Ph-cells which can be charged
in series with this tube is 40.

TECHNICAL DATA

FILAMENT DATA

Heating direct by A.C.
Filament voltage V; 19V
Filament current I, 21.5A
Heating-up time T, 2min ¥)

TYPICAL CHARACTERISTICS

Arc voltage Vs 10V
Ignition voltage Vetein 22V +¥)
TYPICAL OPERATING CONDITIONS
Circuit Transformer Output Output
(Vems) (V) (A)
voltage V', voltage V, current I,
Fig. 30 115 85 15
Fig. 34 115 120 30
Fig. 36 105 120 45
Fig. 37 115 110 45

LIMITING VALUES (absolute maxima)

Peak inverse voltage

Output current (per anode)
Peak anode current .

Surge current

Temperature of mercury vapour
Anode resistance

*) The value given is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
60 sec.

T) In order to obtain the low ignition voltage of 22V,
an auxiliaty supply unit delivering min. 40 V, 10 mA D.C.
should be connected to the ignition electrode ax, via a
current-limiting resistor.

%) Maximum average time (T..) is 5 sec.

§) Maximum duration is 0.1 sec.

BASE CONNECTIONS AND DIMENSIONS

(in mm)
(see fig. 86)

Mounting position vertical, hase down

Base special 3-pin
Socket 1285
Net weight 500 g
Shipping weight 1400 ¢

Vinv D max 360V

I, max 75A %)
y £ max 45A
(S max 375A %)
tyg max 30—80°C
R, min 0.25Q
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RECTIFYING TUBE

The 1849 is directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
specially designed for use in cinema rectifiers. It is
also suitable for application in rectifiers such as
are used for bookkeeping machines and for feeding
D.C. mains, and in battery chargers.

The special design combined with a rigid con-
struction ensure a long life. The maximum D.C.
output current per tube is 25 A, and the maximum
permissible peak inverse voltage amounts to 360 V.

The tube is provided with an auxiliary ignition
electrode, a;,, which should be connected to an
auxiliary D.C. source, as for example the Auxiliary
Ignition Unit type 1289, a description of wich is
given on p. 63.

The conditions under which this tube should be
used in cinema rectifiers are described on p. 36,
and the commonly used circuit diagrams are re-
presented in figs 48 to 52.

The maximum values of the D.C. output currents
obtainable when using the 1849 tube can be read
form the table on p. 67.

In industrial applications, the 1849 should be
used under the conditions described on p. 21 under
“Industrial Rectifiers”. The circuit diagrams are
given in figs 30, 34, 36 and 37, but since the 1849
is of the double-anode type, each pair of tubes
represented in these circuits must be replaced by
one 1849 tube. The maximum D.C. output voltages
and currents obtainable are given in the table on
p. 67, the figures being derived from practical
circuits.

Circuit diagrams for the use of the 1849 in bat-
tery chargers are represented in figs 8 and 9. The
maximum number of Pb-cells which can be charged
in series with this tube is 40.

TECHNICAL DATA

FILAMENT DATA

Heating direct by A.C.
Filament voltage 4 19V
Filament current I, 29 A
Heating-up time T, min.  2min %)
TYPICAL CHARACTERISTICS

Arc voltage Ve 10V
Ignition voltage Fisn 22V 1)

60

TYPE 1849

Fig.87. The rectifying tube type 1849.

TYPICAL OPERATING CONDITIONS

Circuit Transformer Output D.C. output
voltage V4, voltage V, current I,
(Vems) (V) (A)
Fig. 30 115 85 25
Fig. 34 115 120 50
Fig. 36 105 120 75
Fig. 37 115 110 75

LIMITING VALUES (absolute maxima)

Peak inverse voltage Visv o max. 360V
Output current (per

anode) I, max. 12.5A %)
Peak anode current I,, max. 75A
Surge current I.ze max. 625 A §)
Temperature of mercury

vapour ty. max. 30—80 °C
Anode resistance R; min. 0.2Q

*) The value given is the recommended minimum heating
time. If urgently wanted, this value may be decreased to
60 sec.

+) In order to obtain the low ignition voltage of 22V,
an auxiliary supply unit delivering min. 40 V, 10 mA D.C.
should be connected to the ignition electrode ax, via a
current-limiting resistor.

+) Maximum average time (T..) is 15 sec.

§) Maximum duration is 0.1 sec.




BASE CONNECTIONS AND DIMENSIONS
(in mm)
(see fig. 88)

vertical, base down
600 ¢
2400 ¢

Mounting position
Net weight
Shipping weight

max294

23

#

-
67415

RECTIFYING TUBE TYPE 1859

Fig. 89. The rectifying tube 1859.

The 1859 is a directly heated, mercury vapour
and inert gas-filled, double-anode rectifying tube
for use in cinema rectifiers. It is also suitable for
application in rectifiers, such as are used for book-
keeping machines, for feeding D.C. mains and in
battery chargers.

The special design and rigid construction give the
tube a long life. The maximum D.C. output cur-
rent per tube is 50 A, the maximum permissible
peak inverse voltage amounting to 360 V.

The tube is provided with an auxiliary ignition
electrode, a;, which should be connected to an
auxiliary D.C. source, as for example the Auxiliary
Ignition Unit type 1289, a description of which is
given on p. 63.

The conditions under which this tube should be
used in cinema rectifiers are described on p. 36, and
the commonly used circuit diagrams are represent-
ed in figs 48 to 52. The maximum values of the D.C.
output currents obtainable when using the 1859
tube can be read from the table on p. 67.

In industrial applications, the 1859 should be
used under the conditions given on p. 20 under
“Industrial Rectifiers”. The circuit diagrams are
shown in figs 30, 34, 36 and 37, but since the 1859
is of the double-anode type, each pair of tubes re-
presented in these circuits must be replaced by one
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1859 tube. The maximum D.C. output voltages and BASE CONNECTIONS AND DIMENSIONS
currents obtainable are given in the table on p. 67, (in mm)

the figures being derived from practica_l circuit.s. (s g, 90)
Circuit diagrams for the use of the 1859 tube in

battery chargers are represented in figs 8 and 9. Mounting position vertical, hase down
The maximum number of Pb-cells which can be Net weight 1650 ¢
charged in series with this tube is 40. Shipping weight 3800 g

TECHNICAL DATA
FILAMENT DATA

Heating direct by A.C.
Filament voltage Vi 19V
Filament current I; 60 A max143
Heating-up time T 2 min *) 'Eﬁga’ | Mg
S -
TYPICAL CHARACTERISTICS (
Arc voltage Faze 12V
Ignition voltage Vien 28V 1) ©
<
TYPICAL OPERATING CONDITIONS E
Circuit Transformer Output Output
voltage V., voltage V, current [,

(Vims) (V) (A)
Fig. 30 115 85 50
Fig. 34 115 120 100 NS
Fig. 36 105 120 150 . 3aR:
Fig. 37 115 110 150 Fig. 90.
LIMITING VALUES (absolute maxima)
Peak inverse voltage 5 B B & @ © & @ om wm w e Fisv o max 360V
Output current (per anode) e I, max 25A %)
Peak anode curremt . . . . . . . . . . . . . Lis max 150 A
Surge current ! J— max 1250 A §)
Temperature of mercury vapour . . . . . . . . . tug max  30—80 °C
Anode resistance G W w e owm W o B m O ® B & R; min 0.1¢Q

*) The value given is the recommended minimum heating
time. If urgently wanted, this value may be decreased to’
60 sec.

1) In order to obtain the low ignition voltage of 28V,
an auxiliary supply unit delivering min. 40 V, 10 mA D.C.
should be connected to the ignition electrode ax, via a
current-limiting resistor

+) Maximum average time (T,.) is 20 sec.

§) Maximum duration is 0.1 sec.
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AUXILIARY EQUIPMENT

AUXILIARY IGNITION UNIT TYPE 1289

In order to facilitate the ignition of the 1173,
1174, 1176, 1177, 1838, 1849 and 1859 tubes, they
have been provided with an auxiliary ignition
electrode. This electrode should be connected, via

_L ‘W%vw—o+
3V I AT
sv| oy 5

s1 ¥ 2522

Fig.91. Circuit diagram of the Auxiliary Ignition Unit

type 1289.

a current-limiting resistor, to an auxiliary D.C.
source delivering about 40 V, 10 mA power. For
this purpose use can be made of the Auxiliary
Ignition Unit type 1289, the circuit diagram of
which is given in fig. 91.

It contains a small metal rectifier, SI, and a
simple RC filter. The unit is suitable for one, two
or three tubes, the auxiliary ignition electrodes,
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Fig. 92. Basic circuit diagramm for a three-phase half-wave
rectifying circuit using the Auxiliary Ignition Unit
type 1289.

ay, being connected to the positive terminals and
the cathodes to the negative terminal.

The primary of the built-in transformer can be
connected with its 2V tap to the filament supply
voltage of one tube. A basic circuit diagram is given
in fig. 92 for a three-phase half-wave rectifying
circuit, using three tubes with auxiliary ignition
electrodes.

According to this method, a three-phase full-
wave (bridge) circuit would require 1 + 3 ignition
units. It has, however, proved possible to simplify
such a circuit considerably by using the D.C. out-
put voltage of the rectifier for feeding the auxiliary
ignition electrode. Instead of 1+ 3, only one
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Fig.93. Basic circuit diagram for a three-phase full-wave
rectifying circuit using the Auxiliary Ignition Unit
type 1289.

ignition unit and three resistors for limiting the
current to the auxiliary ignition electrodes are then
required. The circuit diagram is represented in
fig. 93. The resistors R must have such a value that
the mean value of the current flowing to the
auxiliary ignition electrodes is approx. 10mA.
Temporarily, the instantaneous value of the voltage
supplied to the auxiliary ignition electrodes will
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become slightly negative, but this is not ob-
jectionable.
A similar circuit can be worked out for a two-

phase full-wave and a four-phase full-wave circuit.

BIMETAL RELAY TYPE 4152

When starting up a rectifier equipped with gas-
filled rectifying tubes, it is necessary to heat the
filament before applying anode voltage, the time

120, 67523
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Fig. 94. Graph showing the timing in seconds as a function
o fthe current through the heating element of the
bimetal relay type 4152.

required being given in the tube data. In order to
obtain the required time delay, use can be made
of separate switches. It is, however, of advantage
to use for time delays up to 2 minutes the bimetal
relay type 4152 for this purpose, so that the time
delay is obtained automatically and the rectifier
can be swiched on by only one switch.
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Fig.95. Two-phase half-wave rectifying circuit
bimetal relay type 4152.

using the
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It should be noted that the contacts of the bi-
metal relay are not designed for continuous load.
In fig. 94 the timing, which is independent of the
ambient temperature, is given as a function of the

current through the heating element.

CIRCUIT DIAGRAMS

In fig. 95 an example is given of a rectifier using
the bimetal relay type 4152.
With

switched on, whilst also current starts to flow

switch S, the filament transformer is
through the coil Rel of the switch S,, the resistor
R and the heating element of the bimetal relay.
After a certain interval of time, the bimetal relay
will close, thereby short-circuiting the resistor R
and the beating element, so that the current
through Rel will reach such a value as to close
switch S.. The time interval can be adjusted to the
correct value by choosing a suitable value for the
resistor R. As soon as switch S, is closed, the bi-
metal relay is short-circuited and the coil Rel
remains energized via a contact on S..

- TECHNICAL DATA

BASE CONNECTIONS AND DIMENSIONS

(in mm)
(see fig. 96)

Mounting position vertical, base down

Base A-type
Socket 40465
T
8¢
£S «
3 £
f IJ%T 04 lic
: 4
: JUR
& fs 5 s ax 35, 67525

Fig. 96.

TYPICAL CHARACTERISTICS

Heating current 92 mA + 13%
340—372 Q

60 — 100 sec

Resistance of heating element
Timing at 92 mA




Operating Max. value of | Max. value of
voltage switching-on switching-off
current current
220V D.C. 15A 250 mA
220V A.C. 15A 250 mA
380V A.C. 0.7A 75 mA
BARRETTERS

Barretters can be used when the output current
of a rectifier has to be kept constant within certain
limits, independently of mains voltage fluctuations
or variations in the load.

They are used, for example, in battery chargers,
in order to compensate the decrease of the battery
current resulting from the rise in battery volt-
age during the charging, and the influence of mains
voltage fluctuations on the output current. Also
when the number of battery cells is varied between
given limits, the current will be kept practically
constant.

Below, data are given for the barretters types 329
and 340, which can be used in combination with
the rectifying tubes listed in this Bulletin, the
r.m.s. current values being stabilized at 1.1 and
5.9 A respectively. For higher values of the output
current of the rectifier, it is possible to connect
two or more barretters of the same type in parallel.

BARRETTER TYPE 329
BASE CONNECTIONS AND DIMENSIONS

(in mm)

(see fig. 97)

Mounting position any
Base H-type
Socket 40465
TYPICAL CHARACTERISTICS

Stabilized current 11 A
Working range 10—30V
BARRETTER TYPE 340

BASE CONNECTIONS AND DIMENSIONS

(in mm)

(see fig. 98)

Mounting position any
Base Edison
Socket E3 000 22

TYPICAL CHARACTERISTICS

59 A
3—10V

Stabilized current
Working range

max53

max 34

max 156

~5
max 101
max 119
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Fig. 97. Fig. 98.
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Fig. 99. Current/voltage characteristic of the 329 tube.
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Fig. 100. Current/voltage characteristic of the 340 tube.
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GLOSSARY OF SYMBOLS USED IN THIS BULLETIN

Symbol Definition

Voltages

Un instantaneous value of mains voltage (per
phase)

Va r.m.s. value of mains voltage (per phase);

vy instantaneous value of transformer primary
voltage under load (per phase)

vy r.m.s. value of transformer primary voltage
(per phase)

V. r.m.s. value of transformer primary voltage
under load (per phase)

Vir instantaneous value of transformer second-
ary voltage (per phase)

Vir r.m.s. value of transformer secondary volt-
age (per phase)

v, instantaneous value of output voltage (per
rectifier)

V, D.C. output voltage (per rectifier)

Voo peak value of output voltage (per rectifier)

Vs nominal battery voltage; back e.m.f.

Vi max maximum battery voltage

Ve voltage per battery cell

vy, instantaneous value of voltage drop across
a choke
r.m.s. value of voltage drop across a choke;

Vien ignition voltage

Vs are voltage

Virms r.ms. value of anode voltage at no load

Viwp peak inverse anode voltage

V; r.m.s. value of filament voltage

Currents

i instantaneous value of transformer primary
current (per phase)

I, rom.s. value of transformer primary cur-
rent (per phase)

I, r.m.s. value of transformer secondary cur-
rent (per phase)

To instantaneous value of output current (per
rectifier)

I, D.C. output current (per rectifier)

Ly peak value of output current (per recti-
fier)

iy instantaneous value of anode current;

I, D.C. anode current

I, ms r.m.s. value of anode current

I.; peak value of anode current

I, ram.s. value of filament current

Symbol Definition

Impedances

R,, equivalent resistance of transformer sec-
ondary (per phase)

R, total secondary circuit resistance (per
phase)

R, additional anode resistance

Z, total anode impedance

Z; additional anode impedance

R, load resistance

Powers

w, D.C. output power (per rectifier)

W filament power

W s arc losses

(VA), apparent power in primary windings of
transformer

(VA), apparent power in secondary windings of
transformer

(VA); apparent power for the transformer

(VA), apparent power loss in choke

W ra power loss in additional anode resistor
Miscellaneous

my number of primary phases

m; number of secondary phases

I voltage ratio of transformer (V,,/V;)
ke proportionality factor

k, mains fluctuation safety factor

B D.C./A.C. voltage ratio

Y Vfr,r’Vo

8 Varms/Vir

o Viny- o/Vir

T I/,

ng number of battery cells connected in series;
3 form factor

fr peak factor:

B V1—pB*— B arc cos B (see p. 11)
Wey weight of transformer core

Wer, weight of choke core

M0 efficiency of the tube

7 efficiency of the installation

Ty pre-heating time of filament

Tin averaging time

t time

v frequency
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