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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 fl.C., the 

power required for such purpose has to be converted into D.C. This it 

done most reliably and most efficiently with the aid o f electronic-

tube rectifiers. 

In this Bulletin details are given o f a range o f recd f ying tubes specially 

developed to meet the highest requirements. These rectifying tubes 

have 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 o f tube rectifiers, together with a number o f practical examples 

and circuit diagrams. fl selection chart see p. 67~ greatly facilitates 

the choice o f the circuits and types o f tubes suitable f or a given design. 

In addition to the range o f tubes described in this Bulletin, a com plete 

range o f thyratrons is available, e.g., f ~r 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 

o f ignitrons for the construction o f high-power rectifiers and for 

resistance welding. Full particulars o f 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 amixture 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-
coated types, as these have not only a lower heating 

power consumptiop for the same emission current, 

but also a longer life with relatively high emission 

currents. 

Wlxen 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 Ro *) . When the anode 

voltage is gradually increased, the currentivoltage 

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, 

r Ro a 
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Fig.l. a Basic circuit diagram of, a rectifier. 

b Voltage diagram. c Current diagram. 

the anode voltage then being equal to the ignition 
voltage V;s,,. At this instant an arc is formed and 
the voltage across the tube drops to the arc voltage 

Vary• The current through the tube during the 
positive half cycles of anode voltage depends on 

the values of the A.C. supply voltage vt„ the voltage 
across the tube Varc and the load resistor Ro. 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 gas-filled tube under ionized caidition. 

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 T~;,,,- p, 

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 cbatin~. 

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 theimal 

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 a~°e 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 

possible to increase the peak inverse voltage rating 

of the tubes considerably. 

The wires connecting the electrodes to 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 achrome-iron seal. The form-

er technique is used for smaller tubes, the latter 

being applied in the construction of larger tubes. 

In both eases the glass and the material 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 10 000 hours of reliable service if used 
under proper conditions without exceeding the 
ratings given in the tube data. Definite figures 
for their life cannot bed 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 efficienev 
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 

loo
'~" loo + T~f ~- T~a,.~' 

  (1) 
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where lE'„ _= D.C, output power, 

[I'1 =filament power and 
Wary =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 t o p. In most 
practical circuits this current approximately equals 
the D.C. output current l o, so that the filament 
power can be represented by: 

~~=k~1o,  (2) 

where k~ is a proportionality factor. 
The arc losses are then given by the product of 

VRT~ and l o, the arc voltage being practically con-

100 
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Fig. 3. a The efficiency no of the 1849 tube as a, function of 

the D.C. output voltage V, at constant D.C. output 

current. 

6 The efficiency +)9 0[ the 1849 tube as a function of 
the D.C. output current I, at constant p.C. output 
voltage. 

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

or 

Vo t o
'~" `— Vo Ia -~ kl t o + VB~~ Io ' 

Va
(3) 

For the tubes listed in this Bulletin the factor 

kl is approx. 2 to 6 W~A, and Var y is 7-15 V. 
According to eq. (3) the efficiency lies between: 

vo Vo 
Vo -f- 21 

and 
Va -I- 9' 

(4) 

and thus increases with increasing output voltage. 

For 25 V D.C. output, for example, the efficiency 

lies between 54 Jo 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 

decreasing output current there is only a slight 

decrease in efficiency. Owin; to the ark losses being 
constant in the case of fig. 3a, the efficiency de-
creases more rapidly with decreasing output volt-
s ge. 

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 withiti 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 operatiot 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 x-30° C and -i-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, acalibrated thermometer or some temper-
ature-sensitive indicator as Tempilaq. 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 3/t, the max. tube diameter. 

4) Closed cabinets should have ventilation aper-

tures at the bottom 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. 

6  



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 tts before designing or installing the rec-
tifier. 

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

6) To avoid 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 loge 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.e. 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 i.s stvitchPd 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.a is mentioned for every 
tube-type. it may be obtained by two hand-operated 
switches controlling reap. 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 3 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 tune after transport or 
after prolonged periods o f 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 acurrent-limiting resistor, to an aux-
iliary D.C. source delivering some 40 V, 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 10 kit, 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 
Ia 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 l ap 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 
(ia) may be averaged is 10 seconds. 

The maximum peak inverse anode voltage V;n,. n 
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 moat simply by ap-

plying at least the minimum required total resist-

ance (Rt ) in the anode circuit. This resistance 

can be calculated as follows: 
Rc = RS ~- n2R9 ~- Ra, 

in which Rt is the total resistance; R8 the resist-

ance of the transformer secondary (one half in 

the case of a full-wave rectifier) ; n the transfor-

mer ratio; RP the resistance of the primary wind-

ing and Ra the value of the resistor connected in 

series with the anode. 

When the value of Ra is thus so chosen that Rt

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 

Rd 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 b.y 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~j~ of the nominal load. 

8 

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.m.a. current per secondary phase, 
Z = E/I =impedance of phase load, 

then: EZ w C =about 1-2 °/oo of the transform-
er power divided by the number of secondary 
phases, and 

R 
— 2 ~ / L VC . 

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

3-6 
and R (in ohms) = 14 Z =10 Z. 

Z 
These values for (; and R are not very critical 
and valid for a mains frequency of SO-60 c/s. 

3) Voltage surges caused by the load or switching 

manipulations can be suppressed by the uee of 

Voltage) Dependent) Resistance) 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. 

(:IRCUITS 

There is little uniformity and considerable con-
fusion in the denomination of rectifying circuits, 

the circuit of fig. 30, for example being deliberately 

called asingle-phase centre-tap, asingle-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 shunt 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 

aeries with the primary of the mains transformer. 

The application 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 

Rt in each anode circuit is equal or higher than 

the minimum protective resistance Rt 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 Ra 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 where Vtr ti/2 sin ~, t— Vb — V,~n, 

a.nd the tube wi114hen become conducting (point 
tl of fig. lOb). The rectifying tube will obviousl}' 
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: 

Vtr ~/2 > Vb -~ V igo ~  (5) 

*) See W. van Doorn, Power Rectifiers with Gas•filled 
Rectifying Valves, Electr. Appl. Bull. X, p. 167 and p. 190, 
J.949 {Noe. 7 and 8). 
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BASIC CIRCUIT DIAGRAMS FOR BATTERY CHARGERS 

Figs Circuits Figs Circuits 
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Yign having a value ranging between about 10 and 
50 V, depending upon the type of tube. 

The ratio between V~r ~/2 and Vb -f- V;gn is 
generally expressed by the mains fluctuation safety 
factor: 

_  Vlr V2 
 (6) kg 

Vb max + Yign > 1 ~ 

giving for the transformer secondary voltage per 
phase: 

Vb max ~' Vt gn . 
kz  

(7)
Vtr =  

~/2 

Vt, is usually so chosen that k2 will be from 
1.15 for a large number of cells to 1.2 for a small 

number of cells. In other words, Vt, ~/2 exceeds 
Vb max + Vign by 15 to 20°/0. This margin is re-
quired to ensure satisfactory operation of the rec-
tifier under the most unfavourable conditions of 

snas 

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 kz con-
siderably influences the charging characteristic of 
the rectifier. In fact, the higher the value selected 
for Vtr, 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 Vary in the tube. Var y may be regarded 
as constant (see fig. lOb), its value being between 
about 7 and 30 V, depending upon the type of tube. 

As the transformer secondary voltage further 
increases, the voltage difference between 

Vt, ~/2 sin ~, t and Vb -~ Vary gives rise to a charging 
current, which must be limited by a suitable device, 
so as to provide the required charging current and 
not to exceed the maximum permissible anode 
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 tz, when Vtr ~/2 sin w t 
has dropped to Vt, ~/2 sin ~, t2 — Vb -~ Yarn. 

Between tl and tz the instantaneous value of the 

current will be 

La = 
V t,. ~/ 2 sin w t — (Vb -i- Yara ) 

Re 

By introducing R representing the D.C.IA.C. 
voltage ratio: 

Vb + Varc 

Vtr 1/2 —R,

eq. (8) becomes: 

l8 ) 

(9) 

V~ r ~/2 (sin ~ t— f3) 
 (10) to .—  

R 

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

B — ~/ 1— (32 — /3arc cos (3,  (11) 

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

Ytr 1~2 B 
In 

— R t 

and the total secondary circuit resistance as: 

R~ — 0.45 Ia'•B 

(12) 

(13) 

The relation between B and /3 (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 Rrr ie included in R t, the value of 
the required additional anode resistor Rn will be: 

B 
Q4 

Q3 

of 

2 a4 06 as p 

as o~ ,o as 
586 ~ 

l~'ig.11. Graph showing the factor B as a function of the 
D.C.~A.C. voltage ratio j3 for tl:e case of a resistor 
used as current limiter. 



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

R¢ ~ 0.9Rt  (15) 

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: 

I¢ rms = J I¢,  

in which f is called the form factor 
This factor depends only on ~3, the relation 

between the two being shown graphically in fig. 12. 
The peak factor fP expresses the ratio between 

the peak value of the anode current and .its mean 
value, so that: 

(16) 

I¢P — JP~¢  (17 ) 

In fig. 12, fP is also plotted as a function of (3. 

T 

G 

5 

4 

3 

fA

2 

1 

f 

~S 06 07 ~i 0.8 
58153 

Fig. 12. Graph showing the form factor f and the peak factor 
fp as a function of the D.C.~A.C. voltage ratio ,Q 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 
Io through the battery 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 

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 battery 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 

i 
e~  --~ ~•, 

lea 

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 

he 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 vL across the 

choke L will be equal to Vtr ~/2sina,t—(Yb + Va,.r ), 
similar to that across a resistor incorporated in the 

anode circuit. 

The instantaneous value of the current is now 

determined by: 

L 
dt 

—V tr ~/2sinwt—(Vb+ Var~), ...(18) 

if the resistance of the choke is disregarded. 

Eq. (18) may be integrated and set equal to 

zero, thus giving the value of t2 when i¢ has become 

Vb+~irc 

~L~ 

t 
S 

crr~e 
Fig. 14. Voltage- and current diagrams corresponding to the 

circuit of fig. 13. 
a The transformer secondary voltage v,.. 
b The voltage drop vL across the choke L. 
c T1=e anode current ia. 
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zero. The interval t2 — t1, expressed in degrees, is 

plotted in fig. 15 as a function of (3. 

The mean value of the anode current I a can now 

be calculated according to the method described 

above, giving: 

ja 
_ Vtr ~ 2 Brr ~ 

~r~,L 
(19) 

in which B" again depends on ,(i, the. dependency 

however being different from that of B expressed 

in eq. (12). A curve for B" as a function of ,(3 is 

plotted in fig. 16. 

360°

to-t~ 

300 

240° 

1B0°

Sao 

60°

I 

00 
Qa 04 0.6 0 8 7.0 

57977 

Fig. 15. Graph showing the interval tz — t~ as a function 
of the D.C./A.C. voltage ratio /3 for the case of a 
secondary choke used _as current limiter. 

Also for this circuit the form factor f" and the 

peak factor fp' can be determined, but since the 

incorporation of chokes in the anode circuits is 

as 

2. 

a.4 

Q8 

0. 

oa o4 os oa ,o ~o 
SF869 

Fig.16. Graph showing the factor B" for rectifiers with a 
secondary choke, B' for rectifiers with a primary 
choke and B far 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 ml coils being re-

quired even if the secondary number of phases is 

twice .that of the primary number of phases Onl : 
m2 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-phasejtwo-phase 
transformer is used, as shown in fig. 17. 

As long as the interval t~ — tz during which 
current is supplied is less than 180°, thus if 

R > 0.54 (see fig.15), nothing particular will hap-

pen. At the instant tl current will start to flow to 
the left-hand anode of fig. 17, this instant being 
determined by the condition that Vtr ~/2 sin ~,tl — 

Yv + Vare (see fig. 14), the ignition voltage V;€„ 

67J79 

F'ig.17. Basic circuit of a two-phase half-wave rectifier with 
primary choice for use as battery charger. 

being assumed equal to Vb +Varc• This gives 
tt —arc sin ~3, where tl is expressed in degrees, and 

Vb + Vary 
The instant t2, i.e. the instant at R— 

Vtr y:2 
which is 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 t3 — t4
(not indicated), where t3 - ti  + 180° and t4 — 
tZ + 180°. 

Sutmnarizing, current will ;flow in the primary 

during the interval t1—t2, then from t~ to t3 the 

current will be zero; whilst current will flow in the 

reversed direction during the interval t3 — t,. 
For /3 — 0.54, thus if tz -- tl — 180°, the instants 
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t2 and t3 will coincide and currentless intervals 
will not occur. 

For ~ < 0.54, however, the interval t2 — ti 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 ,l3 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 vl', fig. 18a), the voltage across the choke. 
v~ being the difference between the mains voltage 

v„ and vi , as shown in fig. 18b. 

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 vL across the choke L. 
c The primary current' i,. 

For each value of R a given position of tl and tz, 

and consequently a given mean value of the anode 
current I Q, 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: 

1 V1 ~2 B'  (20) Id --• 
µ ~r~,L 

The factor B', which for ,l3 < 0.54 differs from 
the factor B" of eq. (19), but for (3 ~ 0.54 coincides 
with it, is also plotted in fig. 16 as a function of /3. 

The factor a is almost proportional to Yb (ef. 

eq. (9) ), Var y usually being small as compared with 

Vb, whilst the D.C. output current per anode I Q 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). Aa long as t2 — t7 < l80° (/3 > 0.54), the 
curves B' and B" (and also B) are almost identical, 

but in the case of Q < 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. 

B' 
a4 

a3 

Qa 

of 
~\ 

~3 p oe 
spa ~o 

Fig.19. Graph showing the factor B' as a function of the 
D.C./A.C. voltage ratio /3 for the case of a primary 
choke used as current limiter. 

as a~ 

Also in the case of m2 > 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 /3 is 

6 

S 06 ~~ a oe 
salsa 

Fig. 20. Grap}~ showing the factors f' and f„' as a function of 
the D.C./A.C. voltage ratio R 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 fp as a function of (3, 
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 pritnary choke by a strayloss 
transformer. 
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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 arf inductor 

in the primary circuit. 

If the rectifier is used for the normal purpose 

for which it has been designed, /3 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 i13, 

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 hb. 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 given in 

table L 

Table I 

Battery 
E.M.F. per cell (V ) 

minimum average maximum 

Pb 

NiFe 
CdNi 

2.0 

1.2 
1.2 

2.2 

1,4 
1.4 

2.7 

1.85 
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 

the core and housing may produce troublesome 
hum. 

The primary current is determined by the follow-

ing formulae: 

a) If m2 — 2, 4, or 6: 

I 1=1.07µI2 ti~2  (21) 

(the factor ~/2 appears in (21) on account of the 

even number of phases). 

b) If m2 — 1 or 3: 

1i =1.07µ1a ~/f2-1,  (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)~ = m l Vl I~ ,   (23) 

and 

(vA)z=mzvcrl 2. .  (24) 

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

(vA>1 + (vA>2 
2 (VA) r ~— (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 
kq 

generally be used, whilst core type transformers are 
15 

usually preferred for outputs exceeding 800 VA. f 

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 aingle-

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 losees may result and 

wct wcL 
~a; 

5~ 

69381 

75 

m~_1 
----m~=3 

. ~ 

i~ 
~~ 

~ 

i 

~ ~ r yf ww b 
--(~N~t.NNt 

Fig. 21. Approximate weight of the transformer core w~~ and 
of the choke core w.;L as a funetion_of the apparent 
power (VA) a and (VA)n respectively. 
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The core losses can be calculated by multiplying 
the weight of the core (in kg) by the specific iron 
]oss of the transformer sheet used. At a flux density 
of 1 Wb~mz (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 
O.S 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 10 Jo of 
the mains voltage. The ratio of the transformer 
should therefore be: 

_ Vtr _  Vtr Vb +' Varc 
 (26) 

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

Vl, ` Vb + Yara ` V tr R U 2 
*) ~ (27) 

µ µ 

or, from (26) 

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

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

a~ 
70173 

m~.3 
m2_3 

a2 

s 

Qj k 
s77a7 

Fig. 23. Fig. 24 
Fig. 23. Arrangement of power transformer and primary choke 

ms = 2). The points a are connected to the anodes of 
their cathodes. 

Fig. 24. The same as in fig. 23, but for athree-phase half-wave 
Fig. 25. The same as in fig. 23, but for afour-phase half-wave 
Fig. 26. The same as in fig. 23, but fora six-phase half-wave 

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

Since the choke is connected in aeries with the 

5~8?3 

Fig. 22. Proportions of the primary choke. 
b=1 to 1.5 a; c=2.5 to 3.0 a; d=1.5 to 2.0 a. 

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

vL Il 
(VA)L—  

2 
.mr. (30) 

Although Vt, and h are by no means purely 
sinusoidal, the value of (VA)~ 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 

os °4 at a2 a3 a4 d5 a6 
67784 67785 

Fig. 25. Fig. 26. 
I. for atwo-phase half-wave rectifying circuit (m: — 1 and 
the rectifying tubes, and the point k via the battery to 

rectifying circuit (m~ — 3 and m: = 3). 
rectifying circuit (m, = 3 and m: = 4). 
rectifying circuit (m, = 3 and ma = 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 tite 

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 moat 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 ratings are not 
exceeded, the peak value of the anode current IQ v 
can be evaluated from eq. (17). It should moreover 
be ascertained that the maximum peak inverse 
voltage V;,,v „ of the tube is not exceeded. This 
value depends on the circuit used and on the trans-

former secondary voltage per phase Vt,.. With most 

rectifying tubes the ratio between the maximum 
peak inverse voltage V;Av v and Vtr 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 6 A; 
supply voltage 220 V, 50 cis (single phase). 

Example 2 deals with a charger (with primary 
choke) for SO cadmium-nickel cells at a current of 
50 A; supply voltage 2 X 380 V, 50 c~s. 

Vp 

t 
+ sr~n~ 

Fig. 27. Basic circuit of the rectifier diicussed in example I. 

Rxample I 

Design of a charger for 4 motorcar lead batteries 
(6 V each) at a current of 6 A; supply voltage 

220 V, 50 cjs (single phase). 

Each 6 V battery consists of 3 cells, so that the 
rectifier has to be designed for nz -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 II 

Quan- 

titres 
Derived from 

Values of Vb~ 
Unit 

2.0` V 1 2.2 V 2.7 V 

nb target value 12 

Vb~ table I 2.0 2.2 2.7 V 

V~ nb X Vb~ 24 26.4 32.4 V 
k2 assumed value 1.18 -

V;s„ tube data 17 V 

Vt, eq. (7) 41 V 

(3 eq. (9) 0.55 0.60 0.69 -
B fig. 11 0.300 0.245 0.170 -
f fig. 12 2.0 -
f p fig. 12 4.9 5.3 6.1 -
l o see note '~) 7.35 6 4.15 A 
Ia 102 3 A 

la rms eq. (16) 6 A 

Ian eq• (17) 18 15.9 12.6 A 
h eq. (21) 1.69 A 

(VA) t eq. (25} 432 VA 

a rt fig. 21 j~) 7.5 kg 
µ Vt,~Yt 41220 -
R t eq. (13) 1.5 ~t 

RQ eq. (15) 1.35 n 

~2a Ia rms2 X RQ 48.5 ~' 

From table II it may be seen that the voltage 

applied to the tube, V tr - 41 V, and the peak 

anode current, Id n -15.9 A, are well below the 
given maximum permissible values, which are 
45 V and 18 A respectively. 

To compute the power consumption and efficien-

cy, the iron losses of the transformer must first be 

calculated. Witlt a specific iron loss of 2.5 W~kg 

;) The total A.C. output curre~tt to at different battery 
voltages Va is determined by the ratio of B at the voltage 
per cell considered to B at V,~ = 2.2 V, multiplied by 
to -6A. 

0.17 
Hence: I, (2.7) = 0.245 X 6 - 4.15 A, etc. 

t) A shell-type transformer is used. 



(dynamo sheet) at a flux density of 1 Wb~m2, 
the iron losses will be wit X 2.5 = 19 W. Hence: 

Iron losses 

Filament power Vf X I~ 

19 W 

= 16 W 

Arc losses 2 Vary X l a = 54 W 

Copper losses of transformer 
(estimated) — 10 W 

Losses in anode resistors 2 X WRQ — 97 W 

Total — 196 W 

Output Vb X l a = 158 W 

Input = 354 W 

The total efficiency of the rectifier is: 

'1; — 
i  
n ut 

X 100 = 
354 

X 100 = 44.8 P/o, 
P 

and the power factor: 

input 354  _ 
cos g~ = V„ I i  220 X 1.69 — 0.95 . 

Example 2 

Design of a charger (with primary choke) for 
5U cadmium-nickel cells at a current of 50 A; 
supply voltage 3 X 380 V, 50 c~s. 

This charger may be based on the principle of 
either two-phase rectification or four-phase rectifi-
ratiott (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-
f ice. 

The choice will depend upon the coat 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 III 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 Wlkg 
(dynamo sheet) for the core of the choke and a 

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

flux density of 1 Wb~m2, the total iron losses be-
come wit X 1.7 + w~L X 2.5 — 210 W. Hence: 

Total iron losses = 210 W 

Filament power 2Vf X I~ — 120 W 

Copper losses of filament trans-
former (estimated) = 12 W 

Arc losses 4Var ~ X Ia — 500 W 

Copper losses of transformer 
(estimated = 165 W 

Copper losses of choke (estimated) — 62 W 

Total — 1069 W 

Output Vb X Io — 3500 W 

Input — 4569 W 

The efficiency of the rectifier is: 

_ output 
X 100 = 

3500 
X 100 — 76.5/0, 

'~' 
~  

input 4569 

and the power factor: 

cos g~ = 
3V„ I1 

~ 
3 X 220 X 11.5 ~— 0.6. 

input 4569 

i8  



Table lil 

Quan- 

tities 
Derived from 

Values of Vb~ 
Unit 

1.2 V 1.4 V 1.85 V 

nb target value 50 

Vb~ table I 1.2 1.4 1.85 V 

Vb /tb X Vbc 60 70 92.5 V 
k2 assumed value 1.15 -
Viga tube data 28 V 

Vtr eq. (7) 98 V 

t3 eq. (9) 0.51 0.58 0.74 -
B' fig. 19 0.38 0.275 0.10 -
f' fig. 20 . 1.85 -

f p fig. 20 3.5 3.8 5.15 -
l a see note *') 69 50 ig.2 A 
I¢ I¢~4 12.5 A 

1¢ rms eq. (16) 23.2 A 

I¢v eq• (17) 60.2 47.5 23.4 A 
h eq. (21) 11.5 A 

(VA) t eq. (25) 8185 VA 

wr y fig. 21 ~') 84 kg 

µ VtrlV~n $) 0.33 -
Vi eq. (28) 164 V 
V~ eq. (29) 143 V 
(VA) L eq. (30) 2480 VA 
w~~ fig. 21 27 kg 

*) The total D.C. output current I o a't different battery 
voltages Vb is determined by the ratio of B' at the voltage 
per cell considered, to B' at Vag = 1.4 V, multiplied by 
10-50 A. 

0.38 
Hence: Io (1,2) = 0.275 X 50 69 A, etc. 

i) The weight of the transformer core depends on its 
construction. There are actually two ways for designing a 
3-phasel4-phase system. According to one method, the system 
comprises two separate single-phaseltwo-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-phaseltwo-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-ghase transformer, 
the apparent power of which is 1.5 times the calculated value 
of (AV) r according to eq. (25). For (VA) r G 10 kVA, 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-phaselfour-
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," S, _ 
1 V3. The values of the voltages across S,' ~- Si' (= V,b) 
and S, (= V,n) are: 

V,b = 0.9 Vo V 3 - 342 V, 
and 

V,n = 0.5 V,e V 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 LOUR-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 S3, the 
two rectifying tubes type 1048 operate either sepa-
rately, in parallel or in aeries. 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 -I- 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 RZ of 6 S2, 50 W in 
series with the fixed resistor Rl of 1.5 S2, 25 W. 
With switch S3 iu the positions 2 and 3, terminal 

+ B is disconnected. 

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

The r.m.s. value. of the primary current is then: 

Ix - 1050 
jl (A), 

where Vl denotes the supply voltage of the mains. 

The anode resistors R¢ should have a value of 
1.5 i?, 50 W. The fuses in the primary should be 
rated for twice ,the primary current h. 

The switch SZ serves for switching on the anode 

supply transformer one to two minutes after 

switch Sl 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 Vs across the coil S,, the 
coils S,' and S," being traversed by the sum of two currents. 

Therefore: 
Vtr 

~` - Vm ' 
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1: 18Pb 6A 
2: 18P6 12A 
3 : 36Pb 6A 

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

18P6 1-3A 



INDUSTRIAL RECTIFIERS 

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- 
titular 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 
220 V, such as for feeding electromagnetic 
chucks, electromagnetic separators, electro mag-
nets, small D.C. motors, etc.; 

b) rectifiers with a D.C. output voltage of 220 V 
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. 

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. 2 kW, 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 
commonly 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 4 Jo. 

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-
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$ASIC CIRCUIT DIAGRAMS FOR INDUSTRIAL RECTIFIERS 
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Figs 

34 

Circuits 
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Fi s g Circuits 
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Anode current 
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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 

flowing continuously to each half of the coil. 
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 aeries anode impedances must be employed 
as substitutes for the transformer impedance. 

For a given D.C. output voltage Vo and disregard-
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ing all losses, the r.m.s. value of the transformer 

secondary voltage Vtr under no load can be ex-

pressed as: 

Vtr=y Vo  (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: 

Vtr 
~ y lYo + Varc)  ~ 

0.95 
(32) 

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

For the bridge circuits of figs 31, 33 and 35 this 

becomes: 

'Y lVo  + 2 Yarc) Vtr `—  
0.95 ' 

 (33) 

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

The r.ms. anode voltage V¢ rms Lender no load 
depends on the transformer secondary voltage Vt,. 
and is given by: 

V a rms — S V tr e 

or, according to eq. (31) 

V¢ rms = y s Vo .  

(34) 

(35) 

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

For practical circuits eq. (35) becomes, according 
to eq. (32): 

V¢ rms = 
y S (Vo + Varc) 

y 0.95 
(36) 

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

TT 

V¢ rms ~ 
y S (V¢ ~ 2Y arc) 

 (37) 
0.95 

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

Vb = V".
Y 

In practical circuits, thus taking into account 

 (38) 

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

V„ 
2 (Varc + Ia RB), ... (39) V o = 

Y 

assuming that acurrent-limiting resistor Ra 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¢: 

I¢ =TI o .  

For the factor r, depending on the circuit 

ployed, see table IV. 
The peak anode current I¢ P is given by: 

I ¢ P— f P I¢ ~ 

the factor fP being given in table IV. 

For designing the transformer and calculating 

the efficiency of the rectifier, it is necessary to 

know the r.ms. value of the anode current. This 

value can be expressed as: 

I¢ rms = f Ia ~  l 4'2') 

in which f is the form factor. Values of f for the 

various circuits are given in table. IV. 

With a back-e.m.f., Vb, in the output circuit, 

as occurs for example when the rectifier feeds a 

D.C. motor, the form factor depends on the D.C.I 

A.C. voltage ratio ,13. This factor R can be derived 

with the aid of the expressions given in table IV, 

whilst the peak- and form factors fn and f respec-
tively are given in fig. 40 as functions of f3. 

(40) 

em-

15 

10 

f,~ 5

3 

a 

1 
45 ~ 4~ 48 ~ —y 

Fig. 40. Graph showing the form factor f and the peak 
factor fP as a function of the D.C./A.C. voltage ratio 
/3, for the case where aback-e.m.f. is present in the 
output circuit of the rectifier. 
Curve 1: For the circuits of figs 30, 31, 32 and 38. 
Curve 2: For the circuits of figs 33, 37 and 39. 
Curve 3: For the circuits of figs 34 and 35. 
Curve 4: For the circuit of fig. 36. 
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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 Q p respectively, can be evaluated 
from eqs (40) and (41). It should, moreover, be 

ascertained that the maximum peak inverse anode 

voltage V;nv p of the tube is not exceeded. This 

value depends on the transformer secondary volt-

age Vtr  and the circuit used. When disregarding 
all losses, the relation is given by: 

Vinv p=Q Vtr  (43) 

The factor o is given in table IV. In practical 

circuits it becomes, according to eq. (32) 

V,n
"p— 0.95 

'Y O (V o + Varc) 

or, for bridge circuits, according to eq. (33) 

y ~ (Vo + 2Varc) 
Vin"n= 0.95 

EXAMPLES 

(44) 

(45) 

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 110 V, 3 A, as for example a mag-

netic chuck, a lifting magnet or a magnetic separa-

tor; supply voltage 220 V, 50 c~s (single phase). 

Example 2 deals with a rectifier for feeding a 

magnetic separator of 65 V, 25 A; supply voltage 

220 V, 50 cis (single phase). 
Example 3 deals with a rectifier for feeding a 

D.C. mains of 220 V, 150 A; supply voltage 
3 X 220 V, 50 cue. 

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

Example 1 
Design of a rectifier for feeding an electro mag-

net of 110 V, 3 A; supply voltage 220 V, 50 c/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 

Vo target value 110 V 

Varc tube data 12 V 

y table IV l.11 —

S table IV 1 —

6 table IV 2.83 —

r table IV 0.5 —
fp table IV 3.14 —
f table IV 1.57 —

Vtr eq. (32) 143 V 

µ Vtr/V: 143/220 —
Va rms eq. (36) 143 V 

Vinv p eq. (44) 405 V 

to target value 3 A 

I Q eq. (40) 1.5 A 

I Q p eq. (41) 4.7 A 
I Q rms eq. (42) 2.37 A 

h eq. (21) 2.36 A 

(YA) t eq. (25) 600 VA 

wit 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 1088 of 2.5 Wlkg 

(dynamo sheet) for the transformer core and a 
flux density of 1 Wblmz, the iron loss will be 

u~,. t X 2.5 _ — 27.5 W. Hence: 

Iron losses 

Filament power 

Arc losses 

Copper losses of 

Total 
Output 

Input 

V~ X I~ 

2Var~ X l a

transformer 
(estimated) — 25 W 

— 27.5 W 

— 15 W 

— 36 W 

— 103.5 W 
Vo X t o — 330 W 

— 433.5 W 

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

X 100 =  
330 

X 100 — 76%, 
~~ input 433.5 

and the power factor: 

input 433.5 ° 
cos q~ .— 

V„ I l 220 X 2.36 
0'83 ~°' 

Example 2 

Design of a rectifier for feeding a magnetic 
separator of 65 V, 25 A; supply voltage 220 V, 
50 c~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 

have 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 Wikg (dynamo 

sheet) for the transformer core and a flux density 
of 1 Wbjm~, the total iron losses become wnz X 2.5 
— 70 W. Hence: 

Iron losses — 70 W 
Filament power V~ XIS — 60 W 
Arc. losses 2Va,.~ X I a — 250 W 

Copper losses of transformer 

(estimated) — 95 W 

Total 
Output 

Input 

Table VI 

Va Xl a
— 475 W 

— 1625 W 

2100 W 

Quantities Derived from Values Unit 

Va target value 65 V 

Vary tube data 10 V 
y table IV 1.11 
S table IV 1 —

a table IV 2.83 —

T table IV 0.5 --
fp table IV 3.14 —

f table IV 1.57 —

Vtr eq. (32) 88 V 

µ Vtr jV~ 88j220 — 

Va rms eq. (36) 88 V 

Vinv p eq. (44) 250 V 
t o target value 25 A 
l a eq. (40) 12.5 A 
l ap eq. (41) 39 A 

la rms eq. (42) 19.6 A 

I l eq. (21) 12 A 

(VA) t eq. (25) 3045 VA 

wit fig. 21 28 kg 

output 
X 100 — 

1625 
X 100 — 77 Jo, 

')' input 2100 

and the power factor: 

input _  2100 _ 
cos g~ = 

V„ Il 
— 

220 X 12 
— 0.79. 

Example 3 

Design of a rectifier for feeding a D.C. mains of 
220 V, 150 A; supply voltage 3 X 220 V, 5U cjs. 

For this power range asix-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 front Values Unit 

Va target value V 

VBr~ tube data 12 V 
y table IV 0.86 —
S table IV 1 
6 table IV 2.83 —
r table IV 0.17 —
f„ table IV 3.14 —

f table IV 1.76 —

Vtr eq. (32) 210 V 
µ VtrjV~ 210j'220 — 

Va rms eq. (36) 210 V 
V;nr p eq. (44) 595 V 
Io target value 150 A 

I a eq. (40) 25 A 
l ap eq. (41) 79 A 

la rms eq. (42) 44 A 

Il eq.(21) 63 A 

(VA) t eq. (25) 48250 VA 

wit fig. 21 *) 300 kg 

VL 0.42 Vtr -~) 88 V 
1~ I o!2 75 A 
(VA) L V~ I~;'2 $) 3300 VA 

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

f) 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 330013 — 1100 VA, because the frequency of the current 
is three times the mains frequency. 
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With a specific iron loss of 1.3 Wjkg (transformer Table VIII 

sheet) for the transformer core and a flux density 

of 1.1 Wbjm2, the total iron losses 

woe X 1.3 X 1.12 —470 W. Hence: 

Iron losses 

Filament power 6V~ X I~ 

become 

— 470 W 

— 805 W 

Losses of filament transformer 

(estimated) — 70 W 

Arc losses 6 Vare X I¢

Copper losses of transformer 
(estimated ) 

Losses in auxiliary equipment 
(estimated) 

Total 

Output 

Input 

Y¢ X I°

1800 W 

600 W 

100 W 

— 3845 W 

— 33000 W 

— 36845 W 

The total efficiency of the rectifier is thus: 

~ro — output 
X 100 — 

33000 
X 100 — 90jo, 

input — 36845 

and the power factor: 

input 36845 
cos g~ — 

3I1 Y„ ,/ 3 3X63X127X~/3 
— 0.89. 

Example 4 

Design of a rectifier for feeding a D.C. motor 

of 440 V, 25 h.p.; supply voltage 3 X 380 V, 50 cj's. 

According to European continental standards, 
1 h.p. — 736 W, and assuming that the D.C. motor 
has an efficiency of 0.85, the output current I° is 
given by: 

_  25 X 736 
50 A. 

I° 
_ 

0.85 X440 — 

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 WJkg (transformer 

sheet) for the transformer core, and a flux density 
of 1.1 Wbjm2, the iron loss will become woe X 

1.3 X 1.12 = 280 W. Hence: 

Quantities Derived from Values Unit 

V° target value 440 V 

Yarc tube data 10 V 

y table IV 0.43 —
S table IV 0.86 - —

a table IV 2.45 -- 
table IV 0.33 

fn fig. 40 4 —
j fig. 40 1.84 —
µ Ye,JYI 210J380 —

R table IV ") 0.82 —

Ve, eq. (32) 210 V 

Y¢ rms eq. (36) 183 V 
V;,,,, n eq. (44) 515 V 
I¢ target value 50 A 

I¢ eq. (40) 16.6 A 
I¢ n eq. (41) 66.7 A 
I¢ rms eq. (42) 30.7 A 
h eq. (21) •j~) 24.8 A 
(VA) ~ eq. (25) 28000 VA 
wee fig. 21 180 kg 

Iron losses 

Filament power 6V~ X I~ 
Losses of filament transformer 

(estimated ) 
Arc losses 6Var~ X I¢
Copper losses of transformer 

(estimated ) 
Losses in auxiliary equipment 

(estimated ) 

Total 

Output 

Input 

V° X I°

— 280 W 

— 325 W 

140 W 
1200 W 

400 W 

100 W 

— 2445 W 

— 22000 W 

— 24445 W 

The total efficiency of the rectifier is: 

~ry — output 
X 100 _ 

22000 
X 100 — 90~n, 

input 24445 

and the power factor: 

input 24445 
cos q' — 3I1 Y„ ~ 3 3X24.6X220X~/3 

— 0.87. 

~) The back-e.m.f. voltage Ya = 440 —IoR. Assuming the 
voltage drop in the armature, IoR is 10^Jo, Yn becomes 400 V. 

f) Since each secondary winding is connected to two tubes, 
the r.m.s. value of the secondary current per phase, I:, is 
equal to V2 times the r.m.s. current per tube I, gym.. 
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INDUSTRIAL RECTIFIERS WITHOUT POWER 

TRANSFORMER 

A large proportion of the coat 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 stitable 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. 

w 

I 

I 

~  I

— + Mesa 
Fig. 41. Circuit of a transformerless rectifier, the D.C. circuit 

of which is completed via the mains. 

Fig. 41 shows the moat sitnple circuit of a trans-
formerless rectifier. Each rectifying tube is simply 
connected between one phase (U, V or W) and the 
neutral wire (0) 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 coat 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 abridge-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 
tubes must be used. Tltese 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. 

71Q59 

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 

t o = mla ,  (46) 

where m denotes the number of phases (i.e. two or 

three respectively in the circuit of fig. 42) and l a

is the D.C. value of the anode current of the tubes 

used. 

OUTPUT VOLTAGE 

The output voltage Vo of the rectifier is given by 

the expression: 

Va — 1 Ym -2(Y gr~ ~+' Yz) = 1  Y„~-2Var~ —2Yz, 
Y Y 

in which ley is a factor which depends on the num-



ber of phases, V„ti is the r.m.s. value of the mains 

voltage, Vary is the arc voltage of the rectifying 

tubes and V~ is the voltage drop across the imped-

ance Z a incorporated in the anode circuit of each 

tube. In practice, 2VZ should be approximately 7% 

of the output voltage, which gives: 

1.07 Va — 1 V„L — 2 Vary •  (47 ) 
Y 

1n two-phase bridge circuits, y — l.11, which 

gives: 

or: 

1.07 Vol — 
1 

1.11 
V,,, — 2 i' ar~, 

Vol = 0.93 (0.9 Vm — 2 Vary) (47a) 

Since the arc voltage of the tubes of the 1170 

series is approx. 12 V, a rectifier with atwo-phase 

bridge circuit (fully drawn lines in fig. 42) will 

supply a direct voltage V a of approx. 296 V when 

connected to A.C. mains whith a voltage Vm of 
380 V, and a direct voltage Va of approx. 161 V 

when connected to A.C. mains with a voltage V,a 

of 220 V. 
In a three-phase bridge circuit, y — 0.43 ~/3 — 

0.74; hence, from eq. (47) 

1.07 Vas = 0.74 
V,a — 2 Ve,_~ , 

which gives: 

Vas=0.93 (1.35 V„ti -2 Vary) .  (47b) 

In the three-phase bridge circuit an output volt-

age of approx. 464 V is thus obtained when the 
mains voltage between lines is 380 V. 

ANODE IMPEDANCE 

An impedance. Za 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 

XL provided by the power transformer in conven-

tional circuits and of the rated mZnimum anode 

resistance R.~ (quoted on the data sheet of the 
tube concerned). The required inductance XL 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 Rt. 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. 
Za is obviously equal to the dissipative and reac-

tive components added in quadrature, i.e.: 

or 

Za = URt2 + Viz , 

As mentioned above, 2 VZ should be approxi-
mately 0.07 Ya, hence 

YZ = 0.035 Yo .  (49) 

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

Yy ,~ l ap ' Za e 

where l ap denotes the peak value of the anode 
current. And since lap .' ~' I a, in the circuit of fig. 42: 

From eqs (49) and (50): 

Za = 0.035 Vo 
(51) 

In designing the rectifier, the value of Rt 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 XL according-
ly may also be harmful to the tubes and, moreover, 
reduce the efficiency of the rectifier. 

R~ being given, the value of VL can thus be cal-
culated from eqs. (48) and (51), Expressed in µH: 

8 4 

L=—•XL~—•XL,  
v, ~ 

when the mains frequency is 50 c~s. 

The dimensions of the coil can be 
from the following formula: 

L `- 440 d + 10001' 

n2 d2

(52) 

calculated 

 (53) 

which holds to a sufficient approximation for 
single-layer coils, of which 1 ~ 0.4 d. In this for-

mula (see fig. 43) 

nbco 

Fig. 43. Dimensions of the air-core coil. 
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h — indnctance in µH, 

ra —number of turns of the winding, 

d —diameter of the coil in mm from centre to 

centre of the winding, 

Z ~ length of the coil in mm. 

For the sake of simplicity, l will be taken to be 

equal to d, so that eq. (53) becomes: 

Moreover, 

n2 l2 
1 2 ) 

L — 1440 1 — 1440 
n l .  (53a 

l—d—knd~,,,  (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: 

or 

L-
1440 

n3 
d`° — 1 n3 d~u, ...(53b) 

1300 

,3 
n — V 1300• dL .  (53c) 

The crass section of the wire in mm2 is given by: 

farms Qcn = i~„ 
(55) 

where farms 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~mm2 for such coils. 

Since, with round conductors, Q~„ — 1/q, a d~u2, 

eq. (55) may be rewritten: 

2 — farms 
¢ '~ c u ~ I,;, 

or, at i~~ ~ 5 A~mm2: 

dcu 
= , /4' farms / 

V — 0.5  V farms 
'~ tcu 

... (56) 

The value of farms can be calculated from the 
expression 

la 
farms = f ' ~  —~ 

m 
(57) 

where f is the form factor depending on the circuit 

and the type of load. The values off are quoted 

in the table below for various cases. 

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 

4 R = 0.6 
Resistive 

R 
= 0.7 

load with 

1.41 
1.56 

1.00 
1.01 

back e.m.f. at ~ Q — 0.8 1.72 1.43 
1 /3-0.9 2.05 1.18 

Reactive load abt. 1.00 1.00 

The value of ~ is given by the formula 

Ea + 2 Vary 
Q

~ 0.5 ~/2 farms ~ 

in which Ea is the back e.m.f. and varme 

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 o£ the copper wire d~,,, the number 
of turns n anal the length Z (~ diameter d) of the 

air-core coil are thus given by eqs (56), (53c) and 

(54) respectively. 

(58) 

is the 

Example 

A rectifier for driving small D.C. motors is re-
quired to supply a direct current l a of 75 A at a 

direct voltage of approximately 440 V, a ihree-

phase mains with a voltage of 380 V, 50 c~s between 

lines being available. 

According to eq. (46), the anode current l a per 

tube is 75j3 — 25 A. Six 11"r 7 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 sates- 
factory. 

The required value of Za can be calculated from 

eq. (51), i.e.: 

Za — 0.035 465 — 0.22 S2. 

Since R~ — 0.1 S2, from eq. (48) 

XL — x/0.222 — 0.12 — 0.19 S2, 

whence, from eq. (52), at 50 c~s: 

8 

L -
314

0.19-600µH. 

The r.m.s. value of the anode current is given by 
eq. (57). Assuming (3 to be 0.7, this gives: 
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Iarms = lAl 
U3 

.^  44 A. 

Hence, from eq. (56): 

d~~, — 0,5 x/44 „ 3.3 mm, 

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

n = 
r/ 

1300 
600 = 62 turns, 
3,3 

whilst from eq. (54) 

1=d=1.1 X 62 X 3.3=225 mm. 

The dissipative resistance of this coil is obviously 
given by: 

l~„
R~,~ = Q~u • /~—, 

`,[cu 

where the specific resistance of copper ~~„ _ 

0.0178 SZ~m~mm2, 

the length of the wire Z~„ _ ~ n d 10-a — 44 m, 
the cross section of the wire Q~„ — ~r~4 d~„z — 
8.6 mm2. Hence: 

R~„ = 0.0178 
8 

66 = 0.092 St. 

'the required value of Rg = 0.1 S?, so that it is 

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

REC'TIFIER5 WITH AUTO-TRANSFORMERS 

To obtain an output voltage Va 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. 

Iarms 

~~~i 
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 440 V at 45 A, the 

available mains voltage between lines being 400 V, 
50 cjs. 

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„ti can be 

calculated from eq. (47b), which gives: 

440-0.93 (1.35 Vm -2 X ZO), 

whence V,,, = 368 V. 
The secondary phase voltage V2 is therefore 

368j ~/3 = 222 V, whilst the primary phase voltage 

Vl is 400!y3 = 230 V. 

According to eq. (S7 ), at ,(3 = 0.8, the r.ms. value 

of the anode current is: 

45 
Iarms — 1.03 

~3 
= 27 A, 

which gives for the primary line current: 

I1=  Vl 
'Iarms l~2 = 230 

27 y'2 = 35 A. 

The apparent power of the auto-transformer is 

therefore: 

(VA)~a,.e = (VA), -_ (i'A)z — 3 X 35 (230-212) 

— 1.9 kVA, 

whereas with a normal mains transformer the ap-

parent power would have been: 

( i'A)'~orP — 3 X 230 X 35 = 24 kVA, 

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

The required value of Za is calculated from 

eq. (51) 

Iarms = 0.035 - X40  = 0.34 St. 

Since Rt = 0.2 S2, from eq. (48) 

XL = x/0.342 — 0.2z — 0.26 S2, 

whence, from eq. (52), at 50 c~s: 

s 

L 314 ~ 0.26 — 830 µH. 

Since the r.m.s. value of the anode current is 
27 A, according to eq. (56) 

del, = 0.5 x/27 ~ 3 tram , 
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so that from eq. (53c) : of 12 V. Assuming V~ to be 12 V, this gives for 

the apparent power of the balancing inductor: 
,3 

n ~ V 1300 83 0 = 7l turns, 

whilst from eq. (54): 

1—d-1.1 X 71 X 3-235 mm. 

The dissipative resistance of this coil is given by: 

Z°° —0.0178. 72 -0.1352. Reu = Dcu 
Q~ ~~ 

To obtain the required value of Rt — 02 52, it is 

therefore necessary to connect an additional resistor 
of 0.2 — 0.13 — 0.07 S2 in series with each choke. 

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 Lbal 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 rectif~~ing tubes connected in parallel via 
balancing inductor L6,1. 

(VA) bal —12 Iarms (59) 

For conventional Si-steel, the cross-sectional area 

of the core can he taken to be: 

Q-12 ~/(VA)b„, =4.15 /Iarms (cmL) , ...(60) 

whilst the required number of turns n per volt is: 

n  _  108 
V~ 4.44 Q v Bmax ' 

which, for Vr, —12 V, v — 50 c; s and B,,,ar — 

12 000 gauss, gives per half winding: 

n— 
108__ •  (61) 

~/larms 

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 Iarms• 
Instead of doubling the number of tubes of the 

circuit of fig. 42 and connecting the rectifying tubes 

two by two in parallel via asingle-phase balancing 
inductor (fig. 45), the output terminals of two 

U 
V 

l✓ 

R~ 

 ~saobaam 

i t 
a — + 

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

The design calculations should be carried out 
on the same lines as shown in the previous sections, 
and in particular in calculating Za 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 Lba, and the volt-

age drop, are practically zero. 
The balancing inductor must be so designed that 

V,, is approximately 3~/0 of V,,,, with a minimum 

Rz

71663 

identical rectifiers, R1 and Rz, may be intercon-

nected, to obtain the required current, but then a 

three-phase balancing inductor must be connected 

hetweetx 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-
lel, via athree-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. 
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The voltage drop Vi (see fig. 46) across each 
half winding should be about 6% of the voltage 
ism 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 380 V is smaller than 12 V, VL
should be 12 V, so that, according to eq. (15), the 
cross-sectional area of the core should be: 

Q -4.15 V farms=32 Cm'- . 

The number of turns per half winding is given 
by eq. (61): 

_  108

n ~larma 

—14. 

The specific current density should be less than 
2.5 Ajmm2 for inductors with iron core, so that the 

cross section of the wire should be at least 60,2.5 
— 24 mmz; rectangular wire of, for example, 
6.2 mm X 4.4 mm — 27.3 mm2 may he used for this 

purpose. 

125 

t~ 
•• 
 ~i 
• 
•• 
.•• 9 

25 25 .--.-.-• 
150 

25 25 ~-..f. ~ 65 ~ 

~~~~ 
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-

dacated 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. atube 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 acurrent-
limitine device as previously described, as also a 
control device, so as to be able to adjust the image 
brightness 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, 
rectifying 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 

power transformer. Simplified circuit diagrams for 
each method are given in figs 4$, 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 Rl and R2. These resistors also 
serve to balance the output currents l og  and Io27
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 100% 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 
Rl and RZ respectively. 

When remote control of the output currents is 
required, use can be made of a servo-motor in com-
bination with acurrent-limiting device or a trans-
ductor. 
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BASIC CIRCUIT DI ACRAMS FOR CINE'",IA RECTIFIERS 

Circuits ~ Circuits 
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A very attractive solution in this respect is 

provided by the application of grid-controlled gas-
filled rectifying tubes, called thyratrons, for ex-

ample type PL 15U. 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 
thyratrone 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 380 V, 50 c,ls. 

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 
street) for the transformer core and a flux density 
of 1.2 Wb~m2, the iron losses will be wit X 1.3 X 1.22
— 112 W. 

Iron losses 

Filament power 

Arc losses 

Copper losses of 

Total 

Output 

Input 

2Vf Xl f

4'Yarc X l a

transformer 
(estimated) — 140 W 

112 W 

116 W 

450 W 

818 ~' 

Va X l a — 3150 W 

— 3968 W 

The total efficiency of the rectifier is thus: 

_ output 
X 100 — 

3150 
X 100 — 79~Jc, 

'~' — input — 3968 

and the power factor: 

cos 
_input 3968 = 0.80. 

~' — 3Vn It — 

Table X 

3X220X7.5 

Quantities Derived from Values Unit 

Va target value 70 V 

Varc tube data 10 V 

y table IV 0.79 —

8 table IV 1 
o table IV 2.83 —

r table IV 0.25 —
fP table IV 4.44 —
f table IV 2.01 —
µ Vt,~V,,, *) 66,297 —
Vtr eq. (32) 66 V 

Yarns eq. (36) 66 V 

YinvP eq. (44) 187 V 
la target value 45 A 

Ia eq. (40) 11.25 A 
IaP eq. (41) 50 A 
l a rms eq. (42) 22.6 A 
h eq. (21) 7.5 A 
(VA) c eq. (25) 5375 VA 
wit fig. 21 -x) 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 fur the design are given. 
With a specific iron loss of 1.3 Wlkg (trans-

former sheet) for the transformer core and a flux 
density of 1.2 Wbjm2, the iron losses will be 
wit X 1.3 X 1.22 — 83 W. Hence: 

~') See note ~ on p. 19. 
T) See note f on p. 19. 
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Iron losses — 83 W 

Filament power 3V f X l f — 125 W 

Arc losses 6Varc X I¢ — 450 W 

Copper losses of transformer 
(estimated) — 125 W 

Total 

Output 

Input 

— 783 W 

Vo X t o — 3150 W 

— 3933 W 

The total efficiency of the rectifier is: 

_ output 
X 100 ~ 

3150 
X 100 — 80°J 

~` input 3933 °' 

and the power factor: 

cos 
_  input 3933  — 0.9. 

~ 3I3 V„~/3 3X3.8X220X~/3 

*) The evaluation of this equation is rather complicated 
and is not taken up in this Bulletin. 

f) The size of the interphase transformer is determined 
by 34513 = 115 VA, because the frequency of the current is 
three times the mains . frequency. 

Table ~'I 

Quantities Derived from Values Unit 

V¢ target value 70 V 

Y arc tube data 10 V 
y table IV 0.86 —
S `table IV 1 --
o table IV 2.83 —
T table IV 0.17 
f p table IV 3.14 —
f table IV 1.76 —
µ Vt,IVl 731380 —
t'tr ep. (32) 73 V 
V¢rme eq. (36) 73 V 
V;n~ ~, 
to

eq. (44) 
target value 

206 
45 

V 
A 

I¢ eq. (40) 7.5 A 
I¢ n eq. (41) 23.5 A 
/¢ rme eq. (42) 13.2 A 
Il eq. (21) 3.8 A 
(VA) t eq. (25) 5020 VA 
wet fig. 21 44 kg 
VL 0.42 Ytr *) 31 V 
IL Io12 22.5 A 
(VA)~ VL ILl2 ~) 345 VA 
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WELDING RECTIFIERS 

GENERAL 

Arc welding is the joining or welding together 
of pieces of metal by means of an electric arc used 
fcr 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 fou'hdation, so that 

it can easily be transported. A atepless control of 
the output current intensity is possible. As there 
are iio moving parts and no inertia in the adjust-
ment of tl~e 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 tubc 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 

°.° 
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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 

FILAMF,NT DATA 

Heating direct by A.C. 
Filament voltage Vr 1.9 V 

Filament current I ~ 3.0 A 

Heating-up time Th min. 15 sec# 1 

TYPICAL CHARACTERISTICS 

Fig. 55. The rectifying tube type 328. Arc voltage 
Ignition voltage 

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER 

Transformer voltage V CT 

Battery   discharged 

varc 

Vign

2 X 28 

nom. 

7V 

16V 

Vrma 
charged 

Battery voltage V,, 11 13 16 V 

D.C. output current Io 1.5 1.3 1.0 A 
Peak anode current lap 3 A 
Total anode resistance  Rt 6.5 St 

LIMITING VALUES (absolute maxima) 

Peak inverse voltage 

D.C. output current (per anode) 

Peak anode current . 

Ambient temperature  

Anode resistance 

a 

F'ig. 5G. 

Vinv p 

IQ

lap 

Iamb 

Rt

max. 90 V 
max. 0.65 A 
max. 4 A 

—55 to -#-75 °C 
min. 3 SZ 

m

/

ax i

\

~ 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(see fig. 56) 

Mounting position vertical, base down 
Base A•type 

F 
c Socket 40465 

a' Net weight 35 g 
Shipping weight (50 tubes) 2500 g 

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

67G0J 

to 0 sec. 
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RECTIFYING TUBE TYPE 367 

Fig. Si. The rectifying tube type 36.. 

The 367 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 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 

Heating direct by A.C. 

Filament voltage Vf 1.9 V 

Filament current I f 8 A 

Heating-up time Th min. 30 sect` ) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER 

Varc 

V gBn 

9V 

16v 

Transformer voltage Vtr 2 X 45 Vrms 

Battery   discharged nom. charged 
Battery voltage Vb 22 26 32 V 
D.C. output current Io 7.2 6 4 A 
Peak anode current I QP 15 A 
Anode resistance   Rt 1.9 S2 

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 g 
Shipping weight (25 tubes) 3500 g 

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

Vsn~ P 
I Q

IaP 
Iamb 

Rt

f f 

0 0 
3 2 

04 10

a 

Fig. 58. 

max. 140 V 

max. 3 A 

max. 18 A 
—55 to -}-75 °C 
min. 1 SZ 

6740) 
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RECTIFYING TUBE TYFE 1010 

The 1010 is a directly heated, gas-filled, double-
anode rectifying tube intended for uae 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 V~ 1.9 V 
Filament current I~ 3.5 A 
Heating-up time Th min. 15 secs) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Varc 

Vign 

9V 
16V 

Fig.~9. The rectif}ink tuLe qpc 1010. 

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 

a 

Vtr 

Vb

to

lap 
Rt

2 X 60 Vrms 
discharged nom. charged 

36 44 54 V 

1.7 1.2 0.7 A 
3.2 A 

10 ~ 

Fig. 60. 

a~ 

Vinv p 

Ia

lap 

tamp 

Rt

max. 185 V 
max. 0.65 A 
max. 4 A 
—55 to x-75 °C 
min. 10 S2 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(see fig. 60) 

Mounting position vertical, base down 

Base A-type 

Socket 40465 

Net weight 50 g 
Shipping weight 80 g 

*) 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 1039 

69637 

Fig. 61. The re;tifying 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 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~ 1.9 V 
Filament current I~ 20 A 
Heating-up time Th min 1-2 min 

TYPICAL CHARACTERISTICS 

Arc voltage 

Ignition voltage 

TYPICAL OPF,RATING CONDITIONS AS BATTERY CHARGER 

Transformer voltage 
Battery  
Battery voltage 
D.C. output current  
Peak anode current  

Anode resistance  

LIM17'ING VALUES (absolute maxima) 

Varc 

~ign 

9V 

16V 

V r- 2 X 60 Vrma 
discharged nom. charged 

Vb 36 44 54 V 

Io 19 13.5 8 A 

lap 37 A 

Rt 0.85 S2 

Peak inverse voltage V;,,~ v max. 185 V 
D.C. output current (per anode)  l a max. 7.5 A 
Peak anode current  IQp max. 45 A 

Temperature of mercury vapour  tH9 30-80 °C 
Anode resistance Rt min. 0.75 S2 

max 94 

Fig. 62. 

a 

v 
b 
N 

E 

f f '` s?~os ~ 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(see fig. 62) 

Mounting position vertical, base down 
Base Goliath 
Socket 65909BGf Ol 
Net weight 340 g 
Shipping weight 1100 g 
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RECTIFYING TUBE TYPE 1048 
The 1048 is a directly heated, gas-filled, double-

auode 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 V1 1.9 V 

Filament current I1 7 A 
Heating-up time Th min. 30 sec*) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Varc 

Vi n

9V 
16V 

Fig. h3. The rectii}~ing tube t>pe 1048, 

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 

x 
f 

3 20

04 io 
9 ai 

Fig. 64. 

vt, 2 X 60 Vrma 
discharged nom. charged 

Vb 36 44 54 V 

Ia 7.7 5.5 3.2 A 
Iap 15 A 
Rt 2.1 12 

max 81 

Vinv p 

IQ

Iap 
Iamb 

Rt

max 185 V 
max. 3 A 
max. 18 A 
—55 to -I--75 °C 
min. 1.7512 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(see fig. 64) 

\ / ~ Mounting position vertical, base down 
Base W-type 

ayco~ 

Socket 40221 
l,'et 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 

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 

Heating direct by A.C. 

Filament voltage V~ 1.9 V 
Filament current I~ 28.5 A 
Heating-up time T,, min. 120 sec"} 

TYPICAL CHARACTERISTICS 

Fig. Ga. the rectifying [uLe type 1049. 

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER 

Transformer voltage 
Battery  
Battery voltage 
D.C. output current 
Peak anode current 

Total anode resistance 

Arc voltage 
Ignition voltage 

Varc 

V;g„ 
9V 

16V 

Vtr 2 X 60 Vrme
discharged nom. charged 

Vb 36 44 54 V 
I~ 32 22 13 A 
lap 60 A 

R t 0.5 SZ 

LIMITING VALUES (absolute maxima) 

Peak inverse voltage 

D.C. output current (per anode)  

Peak anode current  

Temperature of mercury vapour 
Anode resistance 

Fig. 66. 

67606 

Vinv p 
Ia

lap 

tH9 

Rt

max. 185 V 
max. 12.5 A 
max. 75 A 

30-80 °C 
min. 0.3 St 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(eee fig. 66) 

Mounting position 
Net weight 
Shipping weight 

vertical, base down 
520 g 
2400 g 

*) The given value is the recommended minimum heating 
time. If urgently wanted, this value may be decreased 
to 60 sec. 
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RECTIFYING TUBE TYPE 1069K 

The 1069K is a directly heated, mercury vapour 

and inert gas-filled, double-anode rectifying tube 

for uae 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. 

Cf 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 

ur 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 f 3.25 V 

Filament current 1~ 70 A 

Heatin;-ul► time Th min. 120 secs) 

TYPICAL OPERATING CONDITIONS 

Circuit Fig. 53 Fig. 54 
Transformer voltage Vt, 55 55 V 

Output voltage Vo 50 55 V 

Output voltage l a 120 180 A 

LIMITING VALUES (absolute maxima) 

Peak inverse voltage V;nv p 

D.C. output current 

(per anode) I ¢
Peak anode current I Qp 
Temperature of 

mercury vapour tHg
Anode resistance R t

max. 170 V 

max. 30 A j') ~) 
max. 200 A 

30 — 75 °C 
min. 0.12 S2 

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

t) Maximum average time 15 sec. 
$) With forced cooling. 

Fig. hr. The rectifying tube type 1069h. 

TYPICAL CHARACTERISTICS 

Arc voltage Vary 10 V 
Ignition voltage V;gn 16 V 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

a a~ 

Mounting position 

Net weight 
Shipping weight 

Fig. 68. 

vertical, base down 

1000 g 

3200 g 
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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~ 1.9 V 
Filament current I~ 3.5 A 
Heating-up time Th min. 15 sec*) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Varc 

V;~n
9V 

16 V 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 

Vt, 60 Vrme 

discharged nom. charged 
Vb 36 44 54 V 
l 0 2 1.4 j~) 0.85 A 
IQ~ 3.8 A 
R; 8 SZ 

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. 

t) If a barreter is used, I, may under nominal conditions 
be increased to 2 A. 

Vinv D 

Io

IaP 
lamb 

Rt

Fig. 70. 

max. 185 V 
max. 0.85 A 
max. 5 A 
—55 to -1-75 °C 
min. 41Z 

sxor 
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RECTIFYING TUBE TYPE 1119 

Fig. 71. Thr 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 arc 

represented 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 

Heating 

Filament voltage 

Filament current 
Heating-up time 

direct 
of 
I, 

T,, 

TYPICAL CHARACTERISTICS 

Arc voltage Varc 

Ignition voltage V;~n

TYPICAL OPERATING CONDITIONS AS BATTERY CHARGER 

Transformer voltage 
Battery 
Battery voltage 
D.C. output current 
Peak anode current 

Anode resistance 

by A.C. 

1.9 V 
5.8 A 

min. 30 sec*) 

9V 

16V 

V rT 46 Vrms 

discharged nom. charged 
Vb 22 26 32 V 

to 3.6 3.0 2.1 A 

IQ p 7.5 A 

Rt 3.75 S2 

LIMITING VALUES (absolute maxima) 

Peak inverse voltage 

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

Ambient temperature  
Anode resistance 

scan 
Fig. 72. 

V i nv p 

to

la p 

lamb 

Rt

max. 140 V 
max. 1.5 A 
max. 9 A 
—55 to +75 °C 
min. 1.8 R 

BASE CONNECTIONS AND DIMENSIONS 

(in mm) 

(see fig. 68) 

Mounting position 
Base 
Socket 
Net weight 
Shipping weight (SO tubes) 

vertical, base down 
A-type 
40465 

75 g 

5200 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 
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 685 V 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, ah, 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 

Filament voltage 

Filament current 

Heating-up time 

direct by A.C. 

►'f 1.9V 
I~ 13 A 
Th min. 1 min* ) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Yarc 

vien 

12 V 

22V-~) 

1173 

Fig. 7a. The rectifying tube type 11.3. 

BASE CONNECTIONS AND DIMENSIONS 

(in mm) 

(see fig. 72) 

Mounting position 

Base 

Socket 

Net weight 
Shipping weight 

3x4m 

~a ~-

Fig. 74. 

vertical, base down 

special 3-pin 

1287 

165 g 

390 g 

maz 62 

*) The given value is the recommended minimum heating 
time. If urgently wanted, this value may be decreased to 
45 sec. 
t) In order to obtain the low ignition voltage of 22 V, 

an auxiliary D.C. supply unit delivering at least 40 V, 10 mA 
should be connected to the auxiliary ignition electrode an, 
via a current•limiting resistor. 
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TYPICAL OPERATION CONDITIONS AS INDUSTRIAL RECTIFIER 

Cirenit Transformer Output D.C. output 
voltage V r. 
(V~mJ 

voltage V, 
(V) 

current I, 
(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  V;,,~ n max. fi85 850 V 
D.C. output current  Id max. 4 4 A *) 

Peak anode current Ian max. 24 20 A 

Surge current  Is,,,.ge max. 240 200 A j') 

Temperature of mercury vapour tH~ 30 80 30-75 °C 

Ambient temperature  Iamb 10-50 10 5 °C 

Anode resistance  Rt min. 0.75 0.75 S2 

*) Maximum averaging time (T,e) is 5 sec. 
1') Maximum duration 0.1 sec. 

RECTIFYING TUBE TYPE 1174 

Fig. 75. The rectifying tube type 1174. 

cially designed for industrial applications in the 

voltage range up to 540 V. It will withstand a peak 
inverse voltage of 685 V, or of 850 V, 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, ah, 
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 

The 1174 is a directly heated mercury-vapour and to a lower level, a filter with choke input should 
inert gas-filled, single-anode rectifying tube spe- 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. Eaclt 

TECHNICAL DATA 

FILAMENT DATA 

Heating 
Filament voltage 
Filament current 
Heating-up time 

direct 
Vf 
If
T j, 

by A.C. 
1.9 V 
12 A 

min. 1 min*) 

BASE CONNECTIONS AND DIMENSIONS 

(in mm) 

.(see fig. 74) 

Mounting position 

Base 
Socket 

Net weight 

Shipping weight 

vertical, base down 
special 3-pin 

1285 

285 g 

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 aeries with this tube is 85. 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

TYPICAL OPERATION CONDITIONS AS INDUSTRIAL RECTIFIER 

Circuit Transformer 
voltage Ye, 
(Vrm.D 

Output 
voltage Yo 
(V) 

D.C. output 
current to 
(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 

varc 

V;gn

67in 

LIMITING VALUES (absolute maxima) 

Peak inverse voltage  V;n~ p max. 685 850 V 
D.C. output current I¢ max. 6 6 A $) 
Peak anode current IQ p max. 36 30 A 
Surge current laurge max. 360 300 A § ) 
Temperature of mercury vapour tHa 30-80 30-75 °C 
Ambient temperature  10-50 10-45 °C 
Anode resistance  R c min. 0.5 0.5 S2 

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

f) In order to obtain the low ignition voltage of 22 V, 
an auxiliary D.C. supply unit delivering at least 40 V, 10 mA 

D.C. should be connected to the auxiliary ignition ..anode a,,, 
via acurrent-limiting resistor. 

$) Maximum averaging time (T,r) is 5 sec. 
§) Maximum duration 0.1 sec. 
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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 speak inverse voltage of 685 V or 850 V, 

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, ah, 
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 wliich 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. F.ach 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 aeries with this tube is 85. 

TECHNICAL DATA 

FILAMENT DATA 

Heating 
Filament voltage 
Filament current 
Heating-up time 

direct by A.C. 
Vf 1.9V 
I~ 28 A 
Th min. 2 min*) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Varc 

V, gn 

12 V 

22V$) 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 
(see fig. 78) 

Fig. 78. 

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

f) In order to obtain the low ignition voltage of 22 V, 
an auxiliary D.C. supply unit delivering at least 40 V, l0 mA 
D.C. should be connected to the auxiliary ignition electrode 
an, via acurrent-limiting resistor. 
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TYPICAL OPERATION CONDITIONS AS 
INDUSTRIAL RECTIFIER 

Circuit Transformer Output D.C. output 
voltage V ~, voltage V, current I, 
(Vrm.) (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 

Mounting position 

Net weight 
Shipping weight 

vertical, base down 
600 g 

1190 g 

LIMITING VALUES (absolute maxima) 

Yeak inverse voltage Vinv p max. 685 850 V 
Output current Ia max. 15 15 A *) 

Peak anode current la v max. 90 75 A 

Surge current  Isarge max. 900 750 A j') 

Temperature of mercury vapour  tHg 30 80 30-75 °C 

Ambient temperature t.~mb 10-50 10-45 °C 

Anode resistance Rt min. 0.2 0.2 S2 

*) Maximum averaging time (Tav) is 15 sec. 
t) Maximum duration 0.1 sec. 

RECTIFYING TUBE TYPE 1177 

Fig. "r 9. The rectifying tube type 1177. 

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 685 V or 
of 850 V, 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-

striction 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, ah, 

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 
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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 
tinder `Battery Chargers", and the circuit diagrams 

cammonly used are shown in figs 4 to 9. Each tube 

TECHNICAL DATA 

FILAMENT DATA 

Heating 
Filament voltage 
Filament current 
Heating-up time 

V1
I~ 
Th

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

j'ar~ 
V; gn 

direct by A.C. 
1.9 V 
60 A 

min. 2 min * ) 

12V 
28 V ~) 

TYPICAL OPERATION CONDITIONS AS 
INDUSTRIAL RECTIFIER 

Circuit Transformer 
voltage Y,r 
(Vrma) 

Output 
voltage Vo
(V) 

D.C. output 
current to 
(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 
tune. If urgently wanted, this value may be decreased to 
60 sec. 

t) In order to obtain the low ignition voltage of 28 V, 
an auxiliary supply unit delivering at least 40 V, 10 mA 
D.C. should be connected to the auxiliary anode ar„ 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 the t 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 

Fig. 80. 

vertical, base down 
1060 g 
2720 g 

~max128_ ~ 

V;a~ n max. 685 850 V 

IQ max. 25 25 A $) 
Ian max. 150 135 A 

Isurge max. 1500 1250 A §) 

tHK 30-80 30-75 °C 
Iamb 10-50 10--45 °C 
R t min. 01 0.1 SZ 
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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 470 V, 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 10 kSt, 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 115 V (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. 

Fig. 81. The rectifying tube type 1710. 

TECHNICAL DATA 
BASE CONNECTIONS AND DIMENSIONS 

FILAMENT DATA (in mm) 
Heating direct by A.C. (see fig. 82) 
Filament voltage V f 1.9 V 
Filament current I f 7 A Mounting position vertical, base down 

Heating-up time Th min. 30 sec*) Base W-type 
Socket 40221 

TYPICAL CHARACTERISTICS Net weight 170 g 

Arc voltage 
Ignition voltage 

Varc 

vign 
10 V Shipping weight (10 tubes) 3300 g 

22 V 

"`) The value given is the recommended minimum heating 
time. If urgently wanted, this value may be decreased to 
15 sec. Fig. 82. 
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TYPICAL OPERATING CONDITIONS 

Circuit  
Transformer voltage 

Output voltage  

Output current  

LIMITING T'ALUES (absolute maxima) 

Peak inverse voltage 

Output current (per anode) 

Peak anode current  

Temperature of mercury vapour 

Anode resistance 

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

Fig. 30 

YtT 
Yo

to

r  inv p 

I~ 

Ia p 

tHg 

Rt

RECTIFYING TUBE TYPE 1'725A 

Fig. 83. The rectifying tube type 1125 A. 

TECHNICAL DATA 

FILAMENT DATA 

2 X 150 Vrms 

110 V 

3A 

max. 470 V 
max. 1.5 A ~) 
max. 9 A 

3o sa °c 
min. 2.5 S2 

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 kS2, 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 115 V .(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 

Heating direct by A.C. Arc voltage 

Filament voltage ~ f 19 V Ignition voltage 

Filament current I f 3.5 A 

Heating-up time Th min. 15 secs` ) 

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

Varc 
V;gn

10V 

22 V 
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TYPICAL OPERATING CONDITIONS LINIITIIVG VALUES (absolute maxima) 

Circuit Fig. 30 Peak inverse voltage V; a~ p max. 470 V 

Transformer voltage Vtr 2 X 150 V,.,,,, Output current 1 per 

Output voltage Vo 110 V anode) I„ max. 0.65 A °`) 
Output current to 1.3 A Peak anode current 

Ambient temperature 

Anode resistance 

I„ „ 
t~i~ 

Rt

max. 4 A 
—55 to -1- 75 ° 
min. 5 Sl 

BASE CONNECTIONS AND DIMENSIONS 

(in mm) 

(see fig. 84) 

Mounting position 
Base 
Socket 

Net weight 
Shipping weight (25 tubes) 

vertical, base down 
A-type 
40465 

?5 g 

5500 g 

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

a 

f s 

0 

~o oq 

2~ 

t 

a~ 

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, ah, 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 "Indnstrial Rectifiers". The circuit diagrams are Fig. 85. The rectifying tube type 1838. 
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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 he 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 Pb-cells which can be charged 

in series with this tube is 40. 

TECHNICAL DATA 

FILAMENT DATA 

Heating 

Filament voltage 

Filament current 
Heating-up time 

Vf

I~ 

T,~ 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Varc 

Vign 

direct by A.C. 

1.9 V 

21.5 A 
2 min # ) 

T YPICAI, OPERATING CONDITIONS 

10 V 

22 V j~') 

Circuit Transformer 
(vr~,a> 

voltage Ve, 

Output 
(v> 

voltage Va 

Output 
(A) 

current to 

Fig. 30 115 85 15 
Fig. 34 115 120 30 
Fig. 36 105 120 45 
Fig. 37 115 110 45 

EASE CONNECTIONS AND DIIVIENSIONS 

(in mm) 

(see fig. 86) 

Mounting position 

Base 

Socket 

l~Tet weight 

Shipping weight 

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 ~~~anted, this value may be decreased to 
60 sec. 

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

~) Maximum average time (Ta„) is 5 sec. 
Maximum duration is 0.1 sec. 

Fig. 86. 

V~t,~p 
Ia

Idn 
Ieurge 

txg 

Rt

vertical, base down 

special 3-pin 

1285 

500 g 

1400 g 

67UL 

max 360 V 
max 7.5 A $) 
max 45 A 
max 375A §) 
max 30-80 °C 
min 0.25 SZ 
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RECTIFYING TUBE TYPE 184 

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, ai„ 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 whiclt this tube should he 
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 

attd 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 
Filament voltage 
Filament current 
Heating-up time 

direct by A.C. 
V~ 1.9 V 
I~ 29 A 
Th min. 2 min *) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

1'&1'C 
V, s„ 

10 V 
22v~> 

Fig. Hr. The rectifying tube type 1849. 

TYPICAL OPERATING CONDITIONS 

Circuit Transformer 
voltage V„ 

(V.mR) 

Output 
voltage V~ 
(V) 

D.C. output 
current I„ 
(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 

Output current (per 

anode) 

Peak anode current 

Surge current 
Temperature of mercury 
vapour 

Anode resistance 

V;,,,- p  max. 360 V 

Ia max. 12.5 A $) 

l a p max. 75 A 

IBaTg~ max. 625 A § ) 

tHg 
Rt

max. 30-80 °C 
min. 0.2 Sl 

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

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

$) Maximum average time (Tao) is 15 sec. 
§) Maximum duration is 0.1 sec. 
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BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(eee fig. 88) 

Mounting position 

Net weight 

Shipping weight 

vertical, base down 

600 g 

2400 g 

ff 

ah h14 ~ 

Fig. 88. 

RECTIFYING TUBE TYPE 185' 

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, ay„ which should be connected to an 

auxiliary D.C. source, as for example the Auxiliary 

Ignition Unit type 1289, a description of which is 

liven 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 practical circuits. 
(see fig. 90) 

Circuit diagrams for the tree of the 1859 tube in 

battery chargers are represented in figs 8 and 9. Mounting poaition vertical, base down 

The maximum number of Pb-cells which can be Net weight 1650 g 

charged in series with this tube is 40. Shipping weight 3800 g 

TECHNICAL DATA 

FILAMENT DATA 

Heating direct by A.C. 

Filament voltage Vt 1.9 V 

Filament current I f 60 A 
Heating-up time Ty, 2 min *) 

TYPICAL CHARACTERISTICS 

Arc voltage 
Ignition voltage 

Varc 

V;gn

TYPICAL OPERATING CONDITIONS 

12 V 

28V -~) 

(:ircuit Transformer Output Output 
voltage Ve, voltage Vo current le 
(Vrma) (V) (A) 

Fig. 30 115 85 SO 
Fig. 34 115 120 100 

Fig. 36 105 120 150 
Fig. 37 115 110 150 Fig. 90. 

S74l6 

LIMITING VALUES (absolute maxima) 

Peak inverse voltage V;n,. n max 360 V 

Output current (per anode) I d max 25 A $) 

Peak anode current   I¢p max 150 A 

Surge .current Isurge max 1250A §) 

'Temperature of mercury vapour tH~ max 30-80 °C 
Anode resistance R~ min 0.112 

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

f) In order to obtain the low ignition voltage of 28 V, 
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 EQUIYIVIENT 

AUXILIARY IGNITION UNIT TYPE 1289 ah, being connected to the positive terminals and 
the cathodes to the negative terminal. 

In order to facilitate the ignition of the 1173, The primary of the built-in transformer can be 

1174, 1176, 1177, 1838, 1849 and 1859 tubes, they connected with its 2 V tap to the filament supply 

have been provided with an auxiliary ignition voltage of one tube. A basic circuit diagram is given 

electrode. This electrode should be connected, via. in fig. 92 for a tltree-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 

Fig. 91. Circuit diagram of the Auxiliary Ignition Unit ignition electrode. Instead of 1 + 3, only one 
type 1289. 

Sl 

R~ 

Y 25?2 

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, Sl, and a 

simple RC filter. The unit is suitable for one, two 

or three tubes, the auxiliary ignition electrodes, 

VO~ Y3+0 

r 

L J 

O 

s~saa 
Fig. 92. Basic circuit diagrau~ for a three-phase half-wave 

rectifying circuit using the Auxiliary Ignition Unit 
type 1289. 

Fig. 93. Basic circuit diagram for a three-phase full wave 
rectifying circuit wing 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. 10 mA. 
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 atwo-

pltase full-wave and afour-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 

110 

~o 

.2_' 
E 
is T 8a 

60 

67573 

80 85 90• 95 100 105 
—+Heating currrrt (m~ 

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. 

Fig. 95. Two-phase half-wave rectifying circuit using the 
bimetal relay type 4152. 

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 

atnbient 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 switch Sl the filament transformer is 

switched on, whilst also current starts to flow 

through the coil Rel of the switch Sz, 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 Sz. The time interval can be adjusted to the 
correct value by choosing a suitable value for the 

resistor R. As soon as switch SZ is closed, the bi-

metal relay is short-circuited and the coil Rel 

remains energized via a contact on SZ. 

TECHNICAL DATA 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(see fig. 96) 

Mounting position 

Base 

Socket 

ff,SS 

f,S 
3 

1O ~ 04 i. C. 

\ 2~ 

S 

Fig. 96. 

vertical, base down 

A-type 

40465 

TYPICAL CHARACTERISTICS 

Heating current 
Resistance of heating element 
Timing at 92 mA 

92mA±13 Jo 

340-372 St 

X60-100 sec 
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Operating 

voltage 

blax, value of 

switching-on 

current 

Max. value of 

switching-off 

current 

220 V D.C. 

220 V A.C. 

380 V A.C. 

1.5 A 

1.5 A 

0.7 A 

250 mA 

250 mA 

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 

Working range 

BARRETTER TYPE 340 

1.1 A 

10-30 V 

BASE CONNECTIONS AND DIMENSIONS 
(in mm) 

(see fig. 98) 

1Vlounting position any 

Base Edison 

Socket E3 000 22 

TYPICAL CHARACTERISTICS 

Stabilized current 
Working range 

X1,14 

I(A) 1 ,1 

~~ 

ioa 

67576 

Fig. 97. 

5.9 A 

3-10 V 

Fig. 98. 

6~s~7 

Fig. 99. Current/voltage characteristic of the 329 tube. 

7 

I(~ 
js 

5 

675]D 

4 

3 4 5 6 ~ 8 9 rnb 
—• V 

Fig. 100. Current/voltage characteristic of the 340 tube. 
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GLOSSARY OF SYMBOLS USED IN THIS BULLETIN 

Symbol 
Voltages 

v„ instantaneous value of mains voltage (per 

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

instantaneous value of transformer primary 

voltage under load (per phase) 

r.m.s. value of transformer primary voltage 

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

under load (per phase) 

instantaneous value of transformer second-

ary voltage (per phase) 

r.m.s. value of transformer secondary volt-

age (per phase) 
vo instantaneous value of output voltage (per 

rectifier) 

D.C. output voltage (per rectifier) 

peak value of output voltage (per rectifier) 

nominal battery voltage; back e.m.f. 

maximum battery voltage 

voltage per battery cell 

instantaneous value of voltage drop across 

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

V1gn ignition voltage 

arc voltage 

r.ms. value of anode voltage at no load 

Vinv p peak inverse anode voltage 
V~ r.m.s. value of filament voltage 

Currents 

it instantaneous value of transformer primary 

current (per phase) 

r.m.s. value of transformer primary cur-

rent (per phase) 

I z r.ms. value of transformer secondary cur-

rent (per phase) 

io instantaneous value of output current (per 

rectifier) 

D.C. output current (per rectifier) 

peak value of output current (per recti-

fier) 

instantaneous value of anode current; 

D.C. anode current 

r.m.s. value of anode current 
peak value of anode current 

r.m.s. value of filament current 

V„ 

vl 

Vi 

Vl

v ET 

V tT 

Vo

Vo p 

Vb

Vb maz 

Vbc 

vL

Varc 

Va rma 

Il

Io

Ia P

is 

Ia

Ia rma 

lap 
If

Definition 

Rt

Ra

Za
Za. 

Ro

Powers 

~o 

lV~ 

arc 

(VA)1 

(VA)2 

Symbol Definition 
Impedances 

R t, equivalent resistance of transformer sec-

ondary (per phase) 
total secondary circuit resistance (per 

phase) 

additional anode resistance 

total anode impedance 

additional anode impedance 

load resistance 

D.C. output power (per rectifier) 

filament power 
arC losses 

apparent power in primary windings of 
transformer 

apparent power in secondary windings of 

transformer 

(VA) t apparent power for the transformer 
(VA)L apparent power loss in choke 
WRa power loss in additional anode resistor 

Miscellaneous 

ml

m2

µ 
kl

k2

R 
Y 

S 

T 
nb 

f 
fv 
B 

we t 

wcL 

~„ 

~/ i 

Th

T av 

t 
v 

number of primary phases 
number of secondary phases 
voltage ratio of transformer (VtT~Vl) 
proportionality factor 

mains fluctuation safety factor 

D.C./A.C. voltage ratio 
V tr~V o 

Va rms/Vtr 

Vinv p'VtT 

la'Io 
number of battery cells connected in series; 
form factor 

peak factor: 

~/ 1— /3~ — R arc cos R (see p. 11) 
weight of transformer core 
weight of choke core 
efficiency of the tube 
efficiency of the installation 
pre-heating time of filament 
averaging time 
time 

frequency 
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