IGNITRONS GENERAL OPERATIONAL
RECOMMENDATIONS

DEFINITIONS

Maximum average current

The rated maximum average anode current of an ignitron is based on full eyele
conduction, regardless of whether phase control is used or not, I is the arith-
metic mean current over a period not greater than the rated maximum averaging
time,

Surge current

The figure given on each data sheet for maximum anede surge current is for fault
protection only and is intended as a guide to equipment designers. It indicates the
maximum value of current, resulting from a sudden overload or short circuit,
which the ignitron will pass for a period not exceeding the time specified.

Demand current

The maximum demand current is the r.m.s. current conducted by a pair of
ignitrons in inverse parallel, during a single cycle at mains frequency. For
ratings purposes full cycle conduction must be assumed,

Demand kVA

Thedemand kVA is given by the product of demand r.m,s, current and the actual
r.m,s, voltage applied to the ignitrons,

Arc voltage drop

This is the instantaneous potential difference between the anode and cathode during
normal conduction.

Duty factor

The duty factor is the percentage ratio of conducting time to total time during a
period not greater than the maximum averaging time, Thus a 100% duty factor
specifies continucus conduction,

Maximum averaging time

A maximum averaging time is quoted for each supply voltage. This is the longest
period of time during which it is permissible to compute the maximum average
current.

Maximum conduction peried

This is the maximum period within the maximum averaging time during which
maximum demand may be conducted.
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IGNITOR CIRCUIT REQUIREMENTS

To ignite an ignitron, a current pulse of short duration and preferably fast rise
time must flow through the ignitor. Ignition has a certain energy requirement
which,according to the ignitor characteristic, is a function of current, voltage
and time. To ensure satisfactory ignition the total ignitor circuit must beable to
deliver the required peak current within 100us from the minimuimn specified veltage
measured on the ignitor. If the load impedance, the series resistor or the losses
across the switching device donot satisfy these requirements, the ignitor may not
fire and may even become seriously damaged. Under no circumstances must the
ignitor voltage be allowed to fall more negative than -5V withrespect tothe cathode
as this will cause destruction of the ignitor.

Two systems of excitation are in common use:-

Anode excitation

This form of excitation is primarily used for resistance welding applications,
The ignitor is fired from the anode circuit via a current limiting resistor, two
fuses, a diode and 2 thyristor,

The "Min, peak ignitor voltage for ignition', must not be interpreted as the in-
stantaneous value of mains voltage at the instant of ignition, but as the voltage
measured between the ignitor lead-in and cathode. The values of the resistors in
the ignition circuit and the level of supply veltage should be chosen so that the
prescribed value of voltage is applied to the ignitor,

Recommended values of R are given in the data sheets, Deviations from these
recommended values may impair the performance of the tube.

To ensure a short and reproducible delay hetween the firing of the ignitor and
anode take-over, the rate of rise of ignition current must be sufficiently high.
The rate of rise of current is mainly determined by the reactance of the load and
at high load reactances it may be too small for proper ignition. In such circum-
stances separate excitation can be successfully used.
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Separate excitation

Separate excitation enables the ignitor to be fired independently of anode circuit
conditions. By this means it is possible to centrol a.c, circuits of lower voltages
than is possible with anode exc¢itation. Itis also possible to control inductive loads,
where the low power factor would preclude satisfactory anode excitation. Separate
excitation is also necessary when ignitrons are used as rectifiers. In practice a
capacitor is discharged into the ignitor via a thyristor and an inductor as in the
diagram,

It is inadvisable to operate separate excitation in the absence of anode supply
voltage.

¥ Indicates identical phuse

Note:

In each circuit two fuses are recommended; F| safeguards the ignition cireuit;
Fy is connecied directly in series with the ignitor, protecting it against shorting
between the main anode and ignition circuits or earth fauits.

The ignitor must be connected to its control cireuit by a screened lead which
affords protection against r.f, fields.

The thyristor or combination of thyristor and voltage regulator diode may be
replaced by a thyratron,

AUXILIARY ANODE CIRCUIT

When a rectifier feeds a load which generates a back e, m.f., the availahle voltage
between the main anode and cathode will often be insufficient tu ensure takeover
of the arc discharge when the tube is fired, Moreover, if the ighitron anode
current is too small, the main discharge may cease prematurely,
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For this reason iznitrons designed for use in rectifying equipment are provided
with an auxiliary anode which maintains the are discharge during the period when
the main anode voltage falls below the minimum value necessary for continued
conduction of the tube. The auxiliary anode should be connected to a low voltage
a.c. source 5o that auxiliary anode current flows throughout tube conduction.

MAIN CIRCUIT

When the main discharge of an ignitronis interrupted voltage transients are pro-
duced in the transformer primary due to its self-inductance, which may puncture
the insulation of the transformer,

Inresistance welding circuits the transients may be reduced by a damping resistor
mounted across the transformer primary terminals., The values of the current
drawn by this resistor are determined by the duty factor of the machine.

In rectifier circuits damping is obtained bya series R.C. circuit shunted across
the transformer primary.

Cathode or anode breakers are usually required in addition tothe supply switches,
particularly when a back e.m.f. is present.

RATINGS FOR RESISTANCE WELDING

In all cases these ratings are based on full cycle conduction of each half-cycle.
No uprating is permissible when phase-shift control of conduction is used.

Demand kVA

The maximum demand kVA which may be obtained from a pair of ignitrons,con-
nected in inverse parallel, is shown plotted against maximum average current
per tube. It will be seen that max, kVA demand is constant up to the maximum
average current per tube value, after which it diminishes td a point where it
intersects the maximum average current ordinate, at the absolute maximum
average current value,

Demand current

The maximum demand current varies with the supply voliage being used, and is
plotted for voltages of 25¢, 440 and 500V against duty factor. Since 100% duty
factor is actually the maximum averaging time, this is shown for each value of
supply voltage, The maximum demand current refers to two tubes connected in
inverse parallel,

RATINGS FOR FREQUENCY CHANGING DUTY

These ratings are given showing the relationship between maximum peak anode
current per tube where the tube is suitable for this application. Curves are given
for several anode voltages.
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RATINGS FOR RECTIFIER DUTY

A curve is given showing the relationship between maximum peak anode current
and maximum average current per tube and for several peak inverse voltages,

COOLING

The ¢ooling water must satisfy the following requirements as regards the content
of solids and soluble chemicals:

1. pH 7to 9

2. Max, concentration of chlorides 15mg/1
Max. concentration of nitrates 25mg/1
Max. concentration of sulphates 25mg/1
Max. concentration of insoluble solids 25mg/1

3. Max. total hardness: 10 German degrees, 18 French degrees,
13.5 English degrees, 10.5 U.3. degrees.

4. Min, specific resistance 20008cm.

In most cases tap-water will satisfy these requirements. If the water lecally
available is unsuitable a system of cooling employing a heat exchanger with
sufficient suitable water in circulation can alternatively be used.

The temperature of the cooling water should be at least 10°C,

The water-hoses must be of electrically insulating material and should be con-
nected to the ignitrons so that the water enters the water jacket at the bottom
and leaves it at the top. Up to 3 tubes may be cooled in series. The hoses should
have alength of at least 50¢m in order toensure that the electrical resistance of
the internal water column is sufficiently high. They should be fixed by means of
clamps to the hose nipples, care being taken that no leakage can occur, The
water must be allowed to flow freely from the last tube into a funnel, which
enables the water flow to be easily checked and prevents the water pressure in
the jackets from becoming excessive. The water pressure in the tube jackets
should never exceed 3.5atm {50 pounds/square inch).

The water jackets of ignitrons are normally connected to the mains and thus have
mains potential to earth, When thermostatic switches are used they must there-
fore be capable of withstanding this operating voltage. Should the thermostat not
be rated for mains voltages an isolating step-down transformer can be used to
protect it from damage.

The tubes should not beput into operation until all air isremoved from the cooling
system and filling completed. This is indicated by water flowing from the outlet
pipe on the last tube.
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The cooling system should be installed so that the water jackets are not emptied
by thewater flowing or syphoning away, As an aid to ensuring that the tubes have
been correctly installed auseful test is to momentarily close the stop valve after
filling and check that after a brief interval the outflow of water ceases, A con-
tinuous flow of water when the stop valve is closed is evidence of faulty install-
ation and may result in the tubes veing completely drained when the equipment is
finally shut down. When recommencing operations, unless an interval is allowed
for refilling, this may endanger the tubes.

Important note

In the ignitren data, ratings are given for the required waterflow as a function of
the average tube current and water inlet temperature. It is often more econom-
ical to use continuous water cooling according to the reduced cooling ratings
rather than a water saving thermostat and solenoid valve, This enables a more
constant tube temperature to he obtained which, moreover, improves the life
expectancy of the tube,

IGNITRON PROTECTION

Caremust betaken to ensure that the prescribed temperature lmits of ignitrons
are never exceeded. When the tubes are cooled with tap water the temperature
of which remains within the rated limits, it is generally sufficient to ensure that
an adequate guantity of water flows through the jacket. To prevent the temperature
of the tubes becoming excessive in the event of a failure of the water supply,
e.g. stopped-up or defective hoses, insufficient pressure of the water mains,
accidentally closed main cock ete. a protective thermeostat should be used. If the
temperature limit set by the protective thermostat is exceeded, either the ignition
circuits of the ignitrons are interrupted or the main circuit breaker is tripped
by means of a relay. The protective thermostat, which should he mounted on the
last tube of a series, should not actuate its relay under normal operating conditions,

In three phase welding service using 6 tubes it is recommended that not more
than 3 tubes are connected hydraulically in series for cooling purposes. When
ignitrons are used for heavy power switching at a high duty factor the internal
tube temperature rises very rapidly. Under such conditions it is advisable for
the cooling water to circulate through the jackets as soon as the master switch
is closed.

Note,

When ignitrons are used as rectifiers with the cathode not at earth potential, an
electrolytic erosion target connected to the metal envelope may be used to aveid
corrosion of tube parts.

SWITCHING

Before firing and during operation the anode and lead-in insulator should always
be ata higher temperature than the cooling water . If necessary, a suitableheating
device can be used to maintain the required temperature difference.
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Care must be taken not to touch live parts, such as the water jackets which are
at full line voltage. Some ignitron types have a plastic-coated water jacket which
canwithstand voltages up to 3kv, With this type water condensation on the jacket
is kept toa minimum under conditions of high humidity and low cooling water
temperature, The uncoated tube parts are at full line voltage.

To prevent mercury from re-condensing on the anode and the anode insulator
when the installation is switched off, the cooling water should be allowed to flow
through the tubes sothat all internal partsare evenly cooled down; this normally
takes from 15 to 30 minutes.

Incompletely cooled tubes must always be kept with the anode connection uppermost.

Mercury may also condense on the anode insulater as a result of cold air draught
in the vieinity of the tube, It is then necessary either to prevent the occurence of
the air flow or to ensure thar the anode and anode insulator are not cooled down
to a temperature below that of the cooling water.

SPARE IGNITRONS

In order to have some tubes available in a ready-for-use condition it is advisable
to piace an adequate number of tubes with the anodes uppermost under a lighted
incandescent lamp, The heat produced by the lamp is sufficient to.remove any
mercury deposits on the anode insulator.

MECHANICAL REQUIREMENTS

All ignitrons should be supported by the cathode connection, vertically to within
+39 with the anode uppermost. The bolts used should be of mild steelto ensure
that the current passes mainly through the corntact surfaces and not through the
bolt.

The ignitron should not be subjected to strong r.f. or magnetic fields.

Ignitrons should always be transported or handled in an upright position since
otherwise particles of mercury could be trapped onor adjacent to the anode, and
when put into service this could cause the tube to arc back, Should anignitron be
changed from & vertical position fo the horizontal or anode down position, there
is the possibility that the mercury will flow rapidly into the anede insulator, and
damage it,

INSTALLATION

When an ignitron is installed, or if the tube has not been in a vertical position,
itis recommended that the anode of the tuhe is gently heated for 30 minutes using
a 250W infra-red lamp. During this period cooling water should flow.

The anode lead should be clamped sothat noundue strainis imposed cn the anode
insulator. The equipment should be as free from vibration as possible since
turhulence of the mercury cathode could cause unreliable operation.
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THYRATRONS DEFINITIONS

Valve heating time

The time required for a valve to attain minimum operating tem-
perature with normal voltage applied to the heating element. For
a mercury vapour valve this time is generally much longer than that
required to bring the cathode to the normal operating temperature.

Anode voltage drop

The potential difference between anode and cathode or midpoint
of the filament during the time when the valve is conducting.

Critical grid voltage
The instantaneous value of grid voltage at which anode current
commences to flow.

Control characteristic

The relationship between the critical grid voltage and the anode
voltage, This is usually depicted graphically,

Positive current

Conventional current flowing into the valve through the electrode
named.

Critical grid current

The instantaneous value of grid current immediately before
anode current commences to flow.

Commutation factor

The product of rate of decay of anode current {A/us) immediately
prior to current extinction, and the initial rate of rise of the inverse
anode voltage (V/us) immediately following extinction of current.

Recovery time (Deionisation time)

The time between the cessation of anode current and the instant
when the grid regains control.

(.
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DEFINITIONS THYRATRONS

lonisation time

The time required for the anode current to rise to 90 per cent
of its rated peak value, the time being measured from the instant
of application of critical grid voltage (see also Anode Delay Time).

Maximum averaging time

The longest period of time over which it is permissible to compute
the maximum average value of the characteristic under consideration.

Anode delay time

The interval between the time when the rising portion of the
grid pulse would reach 269, of its full amplitude if it were unloaded
and the instant when anode conduction takes place.

Jitter
The maximum variation of anode delay time from pulse to pulse.

Condensed mercury temperature

The temperature of the external surface of that part of the valve
envelope at which the mercury is seen to condense during normal
operation of the valve.
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THYRATRONS GENERAL OPERATIONAL
RECOMMENDATIONS

The following recommendations should be interpreted in

conjunction with British Standard Code of Practice No

CP1005: Parts 1 and 2: 1954, ‘The Use of Electronic Valves’,
upon which these notes have, in part, been based.

LIMITING VALUES

The operating limits quoted on data sheets for individual valves
should on no account be exceeded. Two methods of specifying
limiting values are used, the ‘absolute’ and ‘design centre’ systems,
and these should be interpreted as follows:

Absolute Ratings

The equipment designer must ensure that these ratings are never
exceeded and in arriving at the actual valve operating conditions
variations caused by mains fluctuations, compenent tolerances and
switching surges must be taken into account.

Design Centre Ratings

With a set of nominal valves inserted in an equipment connected
to the highest permitted nominal supply voltage within a given
tapping range, and in which all components have their nominal value,
the valve operating conditions may at no time exceed the published
maximum design centre value. The phrase ‘at no time’ in the above
paragraph means that increases in the valve working conditions, due
to operating changes in equipment (e.g. switching, etc.), should be
taken into account by the equipment designer. Mains voltage
variations (of up to 4-6%) are allowed for in the valve ratings,
provided goed practice is followed in the design of the equipment.

FILAMENT OR HEATER SUPPLY

Unless otherwise stated the filament or heater voltage of a
thyratron should be set within 4-2-5% of the nominal value. Tem-
porary mains fluctuations up to 6% are permissible. To ensure
maximum life from a directly heated valve the filament supply should
be 90" 430" out of phase with the anode supply unless otherwise
specified. Measurement of the filament or heater voltage should be
made at the valve pins.
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VALVE TEMPERATURE LIMITATIONS

The ratings published for Mullard mercury vapour thyratrons
apply only when they are operated within the limits stated for the
temperature of the condensed mercury.

With the filament or heater voltage applied, the time required
to reach the minimum permissible condensed mercury temperature
is a function of the ambient temperature and can be determined
from the heating and cooling characteristic. Thus a direct measure-
ment of the condensed mercury temperature, although desirable,
is not essential. ldeally, no cathode current should be drawn until
the filament or heater supply has been on for this time, but in
practice little damage Is done if the current is drawn when the
condensed mercury temperature is within 5 or 10°C of the minimum
permissible value (see individual data sheets). Thus with normal
usage, where the valve is started only two or three times per day,
an adequate life can still be obtained with a reduced heating time.
The ambient conditions, however, must be such that the minimum
permissible condensed mercury temperature is eventually reached
and the filament or heater voltage must be within the specified
tolerances. In any case the heating time must not be less than the
specified minimum cathode heating time.

It is necessary to provide adequate ventilation around the valve
so that the maximum ambient or condensed mercury temperature
is never exceeded for any condition of loading. This avoids the danger
of arc-back. Whenever it may be necessary to check the condensed
mercury temperature of thyratrons the following procedure is
recommended. A temperature indicator of low thermal capacity,
such as a fine-wire thermocouple, should be attached to the valve at
the mercury condensation point by the minimum amount of
adhesive. Care should be taken to ensure that other conditions of
operation, such as load current, ambient temperature of the air
outside the equipment, and the ventilation remain unchanged during
the measurement.

With inert-gas thyratrons ambient temperature limitations are
given and in general it is only necessary to employ the minimum
cathode heating time before switching on.

CURRENT RATINGS

For each rating of maximum average current, a maximum averaging
time is quoted. This is to ensure that current greater than the
maximum permissible average value is not drawn for such a length
of time as would give rise to an excessive temperature within the

(R
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valve. For periods less than the maximum averaging time it is
permissible to draw average currents greater than the maximum
rated value provided that the product of this current and time does
not exceed the product of the maximum rated average current and
the maximum averaging time. When more than cne value of peak
current is quoted depending upon the frequency of operation, this
must be taken into consideration,

SHORT CIRCUIT PROTECTION

The figure given on each data sheet for maximum surge (fault
protection) cathode current is intended as a guide to equipment
designers. It indicates the maximum value of current, resulting from
a sudden overload or short circuit, which the thyratron will pass
for a period not exceeding 0-1 second without resulting in its
immediate destruction. Several overloads of this nature, will,
however, appreciably reduce the life of the valve. When thyratrons
are used as grid-controlled rectifiers it is advisable to include a fuse
of suitable rating in the anode circuit of each valve.

POWER SUPPLY FREQUENCY LIMITATIONS

In general, when thyratrons are operated at frequencies below
25¢:s, a lower maximum peak cathode current is applicable. This is
necessary to ensure that cathode fatigue does not result, The
maximum frequency at which a thyratron will operate satisfactorily
is dependent upon the recovery time and therefore upon the
conditions of operation. At higher frequencies the valve will fail to
operate due to arc-back and loss of grid control. When operation at
high frequencies is desired the commutation factor should be kept
as low as possible in order to ensure satisfactory life.

EFFECTS OF POSITIVE ION CURRENT

When a thyratron is conducting, a positive ion current of magni-
tude proportional to the cathode current is generated. This current
will, in general, flow to that electrode which is at the most negative
potential during conduction. In order to prevent damage toc the valve
it is necessary to ensure that the voltage of this electrode is more
positive than -10V during this phase. This precaution will prevent
an increase in electrode emission due to excessive electrode dissi-
pation, sputtering of electrode material, changes in the control
characteristics caused by shift in contact potential and, in the case

()
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of inert gas-filled valves, a rapid gas clean-up. In circuits where the
control grid is held negative during anode conduction, a suitable
choice of resistor in series with the grid will maintain an effective
grid bias more positive than —10V. The minimum value of the
resistor may be determined from the grid ion current characteristic.
If the instantaneous value of anode current is low then the restriction
on grid bias does not apply. In general, the grid should be more
positive than 10V for all values of anode current greater than
10 per cent of the rated maximum average current. In circuits where
the anode potential changes from a positive to a negative value and
the control-grid is at a positive potential, thereby drawing cathode
current, a small positive ion current flows to the anode. In such a
case the inclusion of a high value of anode resistor is precluded by
circuit requirements, as the anode will usually reach a high negative
potential. It is essential to limit the magnitude of the positive ion
current by severely restricting the current flowing from cathode to
grid. This may be effected by using the maximum permitted series
grid resistor and/or alternatively, keeping the positive grid voltage
swing as low as possible.

In those circuits where the anode potential changes very rapidly
from a positive to a high negative value, such as with inductive loads
fed from polyphase supplies, there will be residual positive ions
within the valve which will be drawn towards the anode with
considerable energy. In the case of an inert gas-filled valve this will
result in excessive gas clean-up and it is therefore necessary to
observe the limitations imposed by the appropriate commutation
factor.

PARALLEL OPERATION OF THYRATRONS

Thyratrons cannot normally be operated directly in parallel. An
alternative arrangement must be adopted if a higher current output
is required. Information on suitable methods will be supplied on
request,

USE OF CONTROL CHARACTERISTICS

In most cases the control characteristic given on the data sheets is
shown by upper and lower boundary curves within which all valves
may be expected to remain during life. The control characteristic
of a particular valve may move within these boundaries although,
as a rule, these limits should be considered as extreme cases. This
should be taken into consideration when designing grid excitation
circuits for thyratrons.
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SCREENING AND R.F. FILTER CIRCUITS

{a} In order to prevent spurious ionisation of the gas or mercury
vapour {and consequent flash-over) due to strong r.f. fields, it may
be necessary to enclose the thyratrons in a separate screening box.
For the same reason r.f. filters should be used to prevent high fre-
quency current circulating in the thyratron circuits via the wiring.

{b) High frequency disturbances, usually due to osciflation in the
transformer windings and associated wiring, are often produced
by gaseous valves, and may cause interference in apparatus situated
near the thyratron unit. Small r.f. chokes or resistors in the anode
leads will generally reduce the interference, and screening as recom-
mended in paragraph (g) above may also be adopted, with r.f. filters
in all leads emerging from the screen.

INSTALLATION

Mercury vapour thyratrons should always be mounted vertically
with the cathode connections at the lower end. When a mercury
vapour thyratron is first installed, and before it is put into service,
it should be run for at least half an hour at its normal heater or
filament voltage but without any other electrode voltages applied
in order to vaporise any mercury which may have been deposited
upon the electrode assembly during transit. This precaution should
also be taken before putting into service a mercury vapour valve
which has been out of use for any considerable time.

The mounting requirements for inert gas thyratrons are less
stringent and are specified for each valve.
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ADDITIONAL NOTES FOR HYDROGEN THYRATRONS

HEATER AND REPLENISHER VOLTAGES

The heater and replenisher voltages should be maintained within
the rated limits, to avoid abnormal hydrogen or gas pressure. This
might cause premature failure of cathode emission, gas clean-up,
excessive anode dissipation or continuous conduction.

CURRENT RATINGS

For each rating of maximum average current a maximum averaging
time is quoted. This is to ensure that an anode current greater than
the maximum average value is not drawn for such a length of time
as would give rise to excessive temperature within the valve. The
maximum peak anode current is determined by the safe cathode
emission, whereas the average current is limited by its heating
effects.

SHORT CIRCUIT PROTECTION

Failure of the thyratron to regain control at the end of a current
pulse may occur at the first or second attempt of instantaneous
starting or as a result of an adverse mismatch occurring between the
pulse forming network and load impedance; for example this may
occur when a magnetron fails to oscillate. In the event of such a failure
the thyratron mean current will rise considerably and a circuit
breaker or fuse which will act within 0-1s with 2009, current over-
load should be incorporated to avoid the destruction of the
thyratron,

RATINGS INTER-RELATION PRODUCT

A limitation placed on the product of peak anode voltage, peak
anode current and pulse repetition frequency which is designed to
avoid excessive power dissipation in the valve.

COMMUTATION

When the thyratron is conducting, the number of positive ions
generated is proportional to the cathode current. After the cessation
of anode conduction several microseconds elapse before the number
of positive ions has substantially diminished.

If the anode develops a high negative potential immediately after
the current pulse, these ions will bombard the anode and this may
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result in excessive anode dissipation and gas clean-up. A special
inverse voltage rating, applicable for a period of 25us after each
current pulse, is therefore specified for each valve type.

RECOVERY TIME

A delay must be allowed between the cessation of the current
pulse and the re-application of anode voltage. This will ensure that
the concentration of ions has decayed to a level which will not cause
spurious anode firing. The recovery time may be minimised by
providing a low impedance d.c. path from grid to cathode (e.g. the
secondary coil of & suitable pulse transformer) or by applying a
negative bias to the grid. The necessary delay between the cessation
of anode current and the rise of anode voltage may, in many applica-
tions, be produced by allowing the anode voltage to swing negative
after the current pulse. A minimum overswing of 57, of the peak
forward voltage is normally specified. (The danger of an excessive
overswing has already been mentioned under Commutation.)

The rapid rise of anode voltage is delayed further if the pulse-
forming network is charged through an inductor rather than through
a resistor.

GRID EXCITATION CIRCUIT

Hydrogen thyratrons are usually designed with positive firing
characteristics so that a negative bias is not essential. Normally a
grid current of several milliamperes must be drawn before anode
conduction is initiated. A steeply rising grid voltage derived from a
source of low impedance should ensure a small and steady anode delay
time. A maximum rise time and source impedance are specified on
individual data sheets.

INSTALLATION

Hydrogen thyratrons may be mounted in any position and, if
desired, the valve may be clamped, preferably on the base. If the
clamp is applied to the envelope it should have a low thermal
inertia and should not be applied above the point specified on the
individual data sheet. The anode lead should be arranged se that it
is not close to the glass envelope and the valve should be screened
from r.f. fields.

An air blast may be used to cool the anode lead if necessary but
it must not be directed upon the glass envelope of the valve.

Hydrogen thyratrons may emit harmful X-radiation and should
be suitably screened to protect personnel,
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SHIELD GRID CST1-6000

This data should be read in conjupttion with
“Operating Notes on Mercury Yapo igrs"’

OPERATING CONDITIONS

Heater Voltage
Current

50 v
10.5 A approx.
Vertical, base down

<

Mounting position

CHARACTERISTICS

Valve voltage drop
Deionisation time
Control (measured at ambient temperature 3
and with shield grid connected to cathode
Anode voltage 100 0 1,000 ¥
Critical grid voltage - ~7 -1 Y approx.

10-20 v
1,000  uS approx.

LIMITING YALUES

Max. peak forward anode voltage, 1,000 v
Max. peak inverse anode ; ,000 v
elow 25 ¢fs 2 A

’ 125 ¢/s and ve 25 A

én aged over 30 fecands 6 A

Z? i.0 A

. 0.25 A

1.0 A

0.25 A

5 minutes

LT o0 °C

NOTE . —
Dotted Ui

b tes ™ Load circuit
The diagram shgws the reebm-
mended method. of~egnnecting
the CST1-6000, théeanrections
to the special base cap Being as ( j 9
— AN

viewed from Ge 7
The shield g N y be con-

nected tothe cathode, preferably S sran . gCathede retum - Leod
through ent [thiting resis- l

tance of net.m than 10,000 == Shietd rid tios

ohms, i be given a = [if requirad)

positiye™ or neégative bias as
shown-Sueh.a bias will alter
the control-characteristic of the
valve.

ISSUE 1 = CSTI-6000 2521



CST1-6000 e

fa— 124 mm ]
max .

Length of egd ——| ————F a
146 mm max .

=]

e 272 mm max.

- {4

Length of leads E——
159 mm maox.

Cathode”
7 return N

3 Fixing holes 5. 1mm

q \*—dio_spoced | 20° gport
on79-5mm P.C.D.

ISSUE 1 & CSTI-6000 2522
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TETRODE THYRATRON

Tetrode, mercury vapour thyratron with

negdtive control characteristic.

CST2-12

LIMITING VALUES (absclute ratings, not design centre}

It is important that these limits are never exceede

such variations
as mains fluctuations, component tolerances ang switching surges must
be taken into consideration in arriving at ual~Aalve operating

conditions.
Max. peak anode voltage
Inverse 2.0 k¥
Forward 2.0 kv
Max. cathode current
Peak (25 c/s and above) 75 A
Peak (below 25 cfs) 25 A
Average (Max, averaging time 30/5ec 125 A
Max. average positive control-grid curr node
voltage more positive than 10V (averaging time
30 secs.) 250 mA
Max, peak positive control-grid cuer ing the
time that the anode voltage is ive than
-1V 1.0 A

Max.

Max.

Max

average positive shield-g¥i for anode
voltage more positive thal
time 30 secs.)
peak positive shield-g
time that the anode

Ambient temperatur
*For an ambient te reybelow 155
advisable befor

, shield-grid resistor 1
Heater voltagge limits k;@—/ 0 48t0 5.2 v
*Min. cathode heating tj - 5 mins
litaits 0to 40 °C
ﬁib

CHARACTERISTICS

e applying the anode voltdge:
Electrical % /%

Heater voltage

Heater currént at-5.0 V
Deionisation time rox.)

MMAX

THQ@\
Mounting._ppsition

{

Ancde vo
**Critical grid ¥oftage’ V,=50V
Vo =100V
2= 500V
’\ Vy=2.0kV

CFOINg

(averagi ]
7 500 mA
nt during ¢the
itive than =10 2.0 A
0

k {2

of 15 minutes is

5.0
20
1,000
10 to 20
20
-1.0
7.5
-28

<< <H P <

Convection

Vertical, base down

**Measured at ambient temperature 20°C and with shield grid connected
to cathode.

)

ISSUE 2

[Mullard]
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CST2-12 TETRODE THYRATRON

Tetrode, mercury vapour thyratron with
negative controf characteristic.

126 mm ___)
max.

Length of i¢ad a
14 6§ mm max.

fo——————— 314 mm max.

Length of [eads
159 mm  mox.

3 fixing holes 5-lmm.dia
spaced 120° apart ona

'. 95-265mm. P.C.D.

ISSUE 2 N CST2-12  654-2
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TRIODE THYRATRON

CTi0-12

This data should be read in conjungtion with
“Operating Notes on Thyratrghy”’

OPERATING CONDITIONS

Heater Yoltage 5.0 v
Current (ap . 20 A
Mounting position Vertical, base down
CHARACTERISTICS
Valve voltage drop 10 to 24 v
Deionisation time {(approx.) 100 us
Control (measured at ambient temperdturg 20° C)
Ancde voltage 500 ) 2,000 10 kv
Critical grid voltage O -2.5 -7V approx.
LIMITING VALUES
Max. peak forward anode ag 10 k¥
Max. peak inverse amtage 10 kv
. [ below /g:s 25 A
Max. instantaneous 0o H\[r/ynti 25 ¢/s 3\"\@ bve 75 A
Max. mean anode gufrent—averaged ovex 30 s‘eeq@ 2.5 A
Max, instantaneg@us grid current 1.0 A
Min. cathode héati : . 15 minutes
Working arm temperature n\ 10 to 40 °C

The diagram sho%om-
mended method of coniiecting

the CTI0-12 ofhections

arld
chrcuit

NOTE .—
Dotted ilne indlcates

e return

permanent connection
Inside the thyratron

A.C.Supply
tor cothode

ISSUE 1 N, CT10.12 65441
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CT I 0_ I 2 TRIODE THYRATRON

Length of lead

134 mm max. _ B
T

- 390mm max.

Length of [eads _.JAN%
I59 mm max.

Cathode
return

3 Fixing holes 51 mm
dia. spoced 120°opart
on 95:25mm P.CD.

(L

(O
1SSUE 1 Sa? CT10-12 6542
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TRIODE THYRATRON XG I 2500
Triode mercury vapour thyratron with negative -

control characteristic. Primarily desigried for
motor control and other industrial applications.

This data should be read in conjunction with DEFINITIONS AND
OPERATIONAL RECOMMENDATIONS—THYRATRONS, preceding
this section of the handbook.

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating conditions.

Max. peak anode voltage

*Inverse 1.5 1.0 k¥
Forward 1.0 1.0 k¥
*Condensed mercury temperature limits 40 1o 75 40080 C
Max. cathode current

Peak {25 ¢/s and above) 15 A
Peak {below 25¢/s) 5.0 A
Peak (ignitor firing service) 40 A
Average {max. averaging time 15s) 2.5 A
Average {ignitor firing service) 1.0 A
Surge (fault protection max. duration 0.1s) 200 A

Max. negative control-grid voltage
Before conduction 500 \
During conduction 10 v

Max. average positive control-grid current for anode
voltage more positive than -10¥ (averaging
time, 155) 250 mA

Max., peak positive control-grid current during the
time that the anode voltage is more positive than
-10V 1.0 A

Max. peak positive control-grid current during the
time that the anode voltage is more negative than
-1ov 100 mA

Max. control-grid resistor 100 kQ
{Recommended min. control-grid resistor 10k{})

Heater voltage limits 4.5 t0 5.5 v

Min. valve heating time
{See heating and coocling characteristics on pages
2 and 6}

Max. power supply frequency 150 cfs

*Max. condensed mercury temperature rating for intermediate anode
voltages may be determined by linear interpolation.

ISSUE 5 \v’/ XGt-2500 10574



XG I 2500 TRIODE THYRATRON
- Triode mercury vapour thyratron with negative

control characteristic. Primarily designed for
mator control and other industrial applications.

()

CHARACTERISTICS
Electrical
Heater voltage 5.0 v
Heater current at 5.0V
Average 4.5 A
Maximum 4.8 A
Anode to control-grid capacitance 4.0 pF
Contreol-grid to cathode capacitance 8.0 pF
Recovery (deionisation) time approx, 1,000 us -
lonisation time (approx.) 10 @S \ '
Anode voltage drop 16 ¥
Critical grid current at ¥, = 1.0 kV <20 nh
Mechanical
Type of cocling Convection

Equilibrium condensed mercury temperature

rise above ambient

Ac full load (approx.} 42 °C
At no load (approx.) 33 °C
Mounting positicn Vertical, base down
Max. net weight 6.0 oz. :
170 g ( '
HEATING.UP TIME <«

The preferred minimum value of the valve heating-up time can be obtained
from the heating and cooling curve on page 6. This shows how the con-
densed mercury temperature rises above the ambient temperature from
the instant of switching on the heater supply.

Under normal conditions, however, cathode current may be drawn when
the condensed mercury temperature is within approximately 7°C of the
minimum quoted value. {See appropriate section of 'General Operational
Recommendations—Thyratrons'.) The total heating-up time under this
duty can be obtained from the curve on page 7.

Minimum cathode heating time 50 rmin ( '
[
ISSUE 5 %m XG1-250¢  1057-2
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TRIODE THYRATRON

Triode mercury vopour thyratron with negative
control characteristic. Primarily designed for
motor control and other industrial applications.

XG1-2500

Control characteristic (see page 4)

The shaded area between the curves indicates the spread in characteristics

due to:

() Initial differences between indiv

idual valves.

(b) Variations in characteristics during life.

{c) Variations in characteristics due

(d) The effects of circuit loading.

to changes in heater voltage.

The effects of different values of series grid resistor have been ignored.

0

a
hk
9
o O
9 1
°© 0
hk h
b h

Medium 4-pin
bose with bayonet caten

(A
Mullard

76
mm mMax
B [
F9
£
S 3
£ IE
—E
€
[
To__ v

SSUE § Ny

XG1-2500 1257-3



TRIODE THYRATRON

XG I -2 500 Triode mercury vapour thyratron with negative

control characteristic. Primarily designed for
motor control and other industrial applications.

Va *GI~2500 3288
v
1000
v

8Q0
600
400
200
o

vo(¥) -8 -6 -4 -2 o

CONTROL CHARACTERISTIC
{See note on page 3)
(Y
ISSUE & E@ XGA1-2500 12574
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TRIODE THYRATRON XG I 2
Triode mercury vapour thyratron with negative - 500

control choracteristic. Primarily designed for
motor control and other industrial applications,

q{)

N ‘ XG1-2500 {2280
(maA) 4 ; |
HENS [ 1 ; F
| L _ T by o]
1 ; - —
S |
-
o v
P }7 INNEEE
=] —
Iq=03A A :
‘ ) Pl /]
| u AT
i / ]
_so { ol Hi
|| roa Al
! 1]
I il
TN
Filll
]
/
-100+— 204 . = 1
A
400
, d
o |
| | 284 / 1
A -
4
-150 — E
HEYYY =
!
|
-200 i
vglv} -0 -5 [<] g

GRID ION CURRENT CHARACTERISTIC

ISSUE § S XG1-2500 1057-5



XG | 2500 TRIODE THYRATRON
- Triode mercury vapour thyratron with negative

control characteristic. Primarily designed for
moter control and other industrial applications.

o 1. T
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HEATING AND COOLING CHARACTERISTIC. EXCESS TEMPERATURE
OVER AMBIENT PLOTTED AGAINST TIME
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TRIODE THYRATRON XG I 2500
Triode mercury vapour thyratron with negative -

control characteristic. Primarily designed for
motor control and other industrial applications.

Heating
up time
[min)

XGI=25C0 3288

20

el

1
/_* s\v\

e

o 1o 20 Vambient ©°C)

TOTAL HEATING-UP TIME PLOTTED AGAINST AMBIENT TEMPERATURE

ISSUE 5 gy XG1-2500 1257-7
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TRIODE THYRATRON XGZ I 2
Triode mercury vapour thyratron with -

negative/positive  control characteristics.

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS,
preceding this section of the handbook.

LIMITING YALUES (abselute ratings, not design centre)

It is important that these limits are never exceeded and such variations as

mains fluctuations, component tolerances and switching surges must be

taken into account in arriving at the actual valve operating conditions.
Continuous duty

Max, peak anode voltage

Inverse 2.5 kY
Forward 1.5 kY
Max, cathode current
Peak 80 100 *160 A
Average 125 10 *20 A
TR.M.S. 30 30 *50.

{At max. averaging time) 13 15 (1 cycle) s
Surge (fault protection

max. duration 0.1s) 1500 1500 1500 A
Condensed mercury

temperature limits 35 to 75 I5to?5 4010 75 °C

Recommended condensed mercury temperature 60°C during operation.

Max. negative grid voltage

Before conduction -300 v

During conduction =10 Y
Max. average positive grid current

{Anode voltage more positive than =10V) 250 mA
Max. peak positive grid current

{Anode voltage more positive than —10V) 1.0 A
Max, peak positive grid current

{Anode voltage more negative than —10V) 100 mA
Max. grid resistor 50 k(2

(Recommended value) 10 k2

*Permissible overfoad for max. duration of 3s once in any 5min operating
period.

fUnder delayed firing conditions,

ISSUE 2 L\v/ XG2-12 125641



XGZ I 2 TRIODE THYRATRON
- . .
Triode mercury vapour thyratron with

negative/positive control characteristics.

Additional data for a.c. and welder operation (two valves in inverse
parallel, firing over complete cycle)

Max, peak anode voltage

Forward 750 v

Inverse 750 Y
Duty cycle 10 50 100 o
Max. cathede current

Peak {per valve) 156 78 39 A

Average (per valve) 5.0 12.5 12.5 A

R.M.S. {total) 110 55 7.5 A
Max. averaging time 5.0 5.0 15 5
Condensed mercury temperature range 40 1o 80 °C

HEATING UP TIME

The preferred minimum value of the total valve heating up time can be
obtained from the heating and cooling curve on page 5. This shows how the
condensed mercury temperature rises above the ambient temperature
from the instant of switching on the heater supply.

Under normal conditions, however, cathode current may be drawn when
the condensed mercury temperature is approximately within 7°C of the
minimum quoted value {See page 6 and also appropriate section of ‘General
operational recommendations—thyratrons’).

During long shut down periods, i.e. overnight, the heater supply may be
lowered to 60 to 80% of normal instead of being switched off, This greatly
reduces the minimum delay required after restoring the heater supply to
normal. The total heating up time under this duty can be obtained from
the curve on page 6.

Minimum cathode heating time 5.0 min
()
ISSUE 2 P XG2:12  1256-2
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TRIODE THYRATRON XG2 Iz
Tricde mercury vapour thyratron with -

negativefpositive control characteristics.

CHARACTERISTICS

Electrical
Heater voltage 5.0 v
Heater current at 5.0V '

Average 14 A

Deionisation time {approx.} 1000 s
lonisation time (approx.} 10 s
Anode voltage drop 10 v
Max, operating frequency 150 /s
Anode-to-grid capacitance 15 pF
Grid-to-cathode capacitance 60 pF

Mechanical
Type of cooling Convection
Max. net weight ;g I;E
Mounting position Vertical, base down.

The valve should only be secured by the heater lugs and the

anode connector should be flexible.

1020

a—|

145 mm
125 mm

h | hk

J/

1Tmm

hk h

The hk terminal is marked with a red dot.

334 mm
max.

13 mm

("
[Mullard|
P

ISSUE 2

XG111 1256-3



XGZ I 2 TRIODE THYRATRON
- Triede mercury vapour thyratron with

negative/positive control characteristics.

XG2-12 2218

N (

v

Rg=OKD)

1800

1400

1200

000

00

400

400

200

| [o)
vg (v} -20 -0 5] +10)

CONTROL CHARACTERISTIC
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TRIODE THYRATRON

Triode mercury vapour thyratron with

negative/positive control characteristics.

XG2-12
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XG2-12

TRICDE THYRATRON

Triode mercury vapour thyratron with

negative/positive control characteristics.

Heating

IZ‘

up time ; : *62- 3432
(min)
1
| ]
———— Vh=60 to BO%
25
AY \
2 \ \
Nz TTINE
e Ty
15 ‘%‘ \ %
3 \; %
2. b
AY
1o
A
\ A\
5 i
AY
]
o 10 20 30 Tam (°C)

TOTAL HEATING UP TIME PLOTTED AGAINST AMBIENT TEMPERATURE
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TRIODE THYRATRON XGZ 25
Triode mercury vapour thyratron with -

negative/positive control characteristics.

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS,
preceding this section of the handbook.

LIMITING VALWUES (absolute ratings, not design centre}

It is important that these limits are never exceeded and such variations as
mains fluctuations, component tolerances and switching surges must be
taken into account in arriving at the actual valve operating conditions.

Continuous duty
Max. peak anode voltage

Inverse 25 kY
Farward 1.5 eV
Max, cathode current
Peak 160 200 *300 A
Average 25 20 *40 A
TR.M.S. 60 60 *100 A
(At max. averaging time} 15 15 {1 cycle) s
Surge (fault protection
max. duration 0.1s} 2500 2500 2500 A
Condensed mercury
temperature limits 35 te 75 35075 40 to 75 “C

Recommended condensed mercury temperature 60°C during cperation,

Max. negative grid voltage

Before conduction -300 v

During conduction -10 v
Max. average positive grid current

{Anode voltage more positive than -10V) 250 mA
Max. peak pesitive grid current

(Anode voltage more positive than —10V) 1.0 A
Max, peak positive grid current

(Ancde voltage more negative than -10V) 100 mA
Max. grid resistor 20 kQ

(Recommended value) 10 kil

*Permissible overload for max. duration of 35 once in any 5min operating
peried.

tUnder delayed firing conditions.

ISSUE 2 \v/ XG2-25 115641



XG2-25 TRIODE THYRATRON

Triode mercury vapour thyratron with
negative/positive control characteristics.

Additional data for a.c. and welder operation (two valves in inverse
parallel, firing over complete cycle)

Max. peak anode voltage

Forward 750 Y

Inverse 750 v
Duty cycle 10 50 100 %
Max. cathode current

Peak (per valve) 285 156 78 A

Average {per valve) 9.0 25 25 A

R.M.5. (total) 200 110 55 A
Max. averaging time 5.0 50 15 s
Condensed mercury temperature range 40 to 80 C

HEATING UP TIME “—

The preferred minimum value of the total valve heating up time can be
obtained from the heating and cooling curve on page 5. This shows how
the condensed mercury temperature rises above ambient temperature
from the instant of switching on the heater supply.

Under normal conditions however, cathode current may be drawn when
the condensed mercury temperature is approximately within 7°C of the

minimum quoted value. (See page 6 and also appropriate section of ‘General
operational recommendations—thyratrons’).

During fong shut down periods, i.e. overnight, the heater supply may be
lowered to 60 to 80°%, of normal instead of being switched off. This greatly
reduces the minimum delay required after restoring the heater supply to

nermal. The total heating up time under this duty can be obtained from
the curve on page 6.

Minimum cathode heating time 10 min

IGNITION CONDITIONS

A positive grid current of at least 3mA is needed to ensure reliable firing.

If a sinusoidal control grid voltage is used it should have a minimum value
of 60V; s,

ISSUE 2 Bﬂ‘\inﬁ.'ﬂ XG2-25 1256-2
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TRIODE THYRATRON

Triode mercury vapour thyratron with
negative/positive control characteristics.

XG2-25

CHARACTERISTICS

Electrical

Heater voltage
Heater current at 5.0V
Average
Maximum
Deionisation time (approx.)
lonisation time {approx.)
Anode voltage drop
Max. operating frequency
Anode-to-grid capacitance
Grid-to-cathode capacitance

Mechanical
Type of cooling
Max. net weight
Mounting position

5.0 \'4
25 A
27.5 A

1000 s
10 us
10 v

150 cs
15 pF
&0 pF
convection
1.6 kg
35 Ib

Vertical, base down

The valve should only be secured by the heater lugs and the anode

connector should be flexible.

hk h

127 mm
= max.
aQ—=
£
E ]
o
w
o E
-+
)/h'h
Hmm v [
Tmm

The h,k terminal is marked with a red dot.

{SSUE 2 \v/
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XG2 25 TRIODE THYRATRON
- . .
Triode mercury vapour thyratron with

negativefpositive control characteristic.

()

- [ | " XG2-25 —L l } 220 (v\:"}
i 11
Ry=10k0 ‘
| 0
} :
1400
1400 :
()
1200
17
1000
800
wl L)
400
200
Wl Varan !
| [ 0
¥q V) -20 -0 4 +0 +20 +30 +49)
CONTROL CHARACTERISTIC (
(7
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TRIODE THYRATRON XG2 25
Triede mercury vapour thyratron with -

negative/positive control characteristic,
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XG2 25 TRIODE THYRATRON
- . :
Triode mercury vapour thyratron with

negative/positive control characteristic.
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TRIODE THYRATRON XG2 6400
. -
6.4 amp triede mercury vapour thyratron

with  negative control  charocteristic.
Designed for industrial power control appli-
cations.

()

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS — THYRATRONS,
which precede this section of the handbook.

LIMITING VALUES (absolute ratings, not design centre)

it is important that these limits are never exceeded and such
variations as mains fluctuations, component tolerances and switching
surges must be taken into consideration in arriving at actual valve
operating conditions.

Max. peak anode voltage

Inverse 2.5 k¥
Forward 2.5 kY
Max. cathode current
Peak {25¢/s and above) 40 A
Average (Max. averaging time 15s) 6.4 A
' ) Surge {Fault protection max. duration 0.1s) 400 A
Max. negative grid voltage
Before conduction 1.0 k¥
During conduction 10 v
Max. average positive grid current for anode voltage
more positive than =10V (averaging time 15s) 250 mA
Max. peak positive grid current during the time
that the anode voltage is more positive than —10V 1.0 A
Max peak positive grid current during the time that
the anode voitage is more negative than -10V 15 mA
Grid resistor
Maximum 100 k(2
Recommended minimum 10 kQ
Condensed mercury temperature [imits 351080 C
CHARACTERISTICS
‘ Y Electrical
Heater voltage 5.0 v
Heater current at 5.0V
Average 10 A
Maximum 1.5 A
Anode-to-grid capacitance < 0.1 pF
Grid-to-cathode capacitance 15 pF
Recovery time (approx.) 1000 us
lonisation time {(approx.) 10 us
Anode voltage drop 16 A
Critical grid current at V, = 2.5kV <20 uA
Mechanical
Type of cooling Convection
Mounting position Vertical, base down
. 400 g
Max. net weight lr{ 14 oz
. ) . 1150 g
‘ ) Woeight of thyratron in packing 1 2 9oz
) . . . S 125%x 625x 625 in_
Dimensions of packing 1317.5%158.8 x 1588 mm™
)
[Mullard]

APRIL 1981 (1) \v‘/ Page D1



XG2-6400 TRIODE THYRATRON

HEATING-UP TIME

The minimum value of the total valve heating-up time can be obtained
from the heating and cooling curve on page C3. This shows how the
condensed mercury temperature rises above ambient temperature from
the instant of switching on the heater supply,

Under normal conditions, however, cathode current may be drawn when
the condensed mercury temperature is approximately within 7°C of the
minimum quoted value. See appropriate section ‘General operational
recommendations — thyratrons'.

During long shut down periods e.g. overnight, the heater supply may be
reduced to 60 to 809, of normal instead of being switched off, This greatly
reduces the minimum delay required after restoring the heater supply
te normal. The total heating-up time under this duty can be obtained
from the curve on page CA.

Minimum cathode heating time 5 min
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TRIODE THYRATRON XG2'6400
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TRIODE THYRATRON
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TRIODE THYRATRON
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TRIODE THYRATRON

Triode mercury vapour thyratron with negative XG 5 -500

control characteristic. Primarily designed for
industrial control applications.

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS

preceding this section of the handbook.

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating conditions,

Max. peak anode voltage
Inverse
Forward

Max. cathode current
Peak {25¢/s and above)
Peak (below 25c/s)
Average (max,. averaging time 15s)
Surge (fault protection max. duration 0.1s)

Max. negative control-grid voltage
Before conduction
During conduction

Max. average positive control-grid current for anode
voltage more positive than 10V (averaging time 155}

Max. peak positive control-grid current during the
time that the anode voltage is more positive than —10V

Max. peak positive control-grid current during the time
that the anode voltage is more negative than -10V

Max. controi-grid resistor
(Recommended min. control-grid resistor 10k}

Filament voltage limits
Max. power supply frequency

Condensed mercury temperature limits

5.0
5

2.0
1.0
500

500
10

50

250

50
100

2.251t0 2.7

150

51070

4
k¥

mA

mA

mA
k€2

ISSUE 5 \v/
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XG5 500 TRIODE THYRATRON
- Triode mercury vapour thyratron with negative

control characteristic. Primarily designed for
industrial control applications.

CHARACTERISTICS
Electrical
Filament voltage 2.5 Y
Filament current at 2.5V
Average 5.0 A
Maximum 54 A
Anode to control-grid capacitance 4.0 pF
Control-grid to cathode capacitance 8.0 pF
Recovery (deionisation) time (approx.) 1,000 us
lonisation time (approx.) 10 us
Anode voltage drop 16 Y
Critical grid current at ¥, = 2.5kV <20 nA
Mechanical
Type of cooling Convection

HEATING

Equilibrium condensed mercury temperature
rise above ambient

At full load (approx.) 28 °C

At no load (approx.) 20 °C

Mounting position Vertical, base down

. 4.0 oz

Max. net weight 114 g
UP TIME

The preferred minimum value of the total valve heating up time
can be obtained from the heating and cooling curve on page 6.
This shows how the condensed mercury temperature rises above
the ambient temperature from the instant of switching on the
filament supply.

Under normal conditions, however, cathode current may be drawn
when the condensed mercury temperature is approximately within
7°C of the minimum quoted value. (See page 7 and also appropriate
section of ‘General operational recommendations—thyratrons’).

Minimum cathode heating time 5.0s

ISSUE 5
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TRIODE THYRATRON XGS 500
Triode mercury vapour thyratron with negative -

control characteristic. Primarily designed for
industrial control applications.

CONTROL CHARACTERISTIC (see page 4)

The shaded area between the curves indicates the spread in characteristics
due to:

(@) Initial differences between individual valves.
{b) Variations in characteristics during life.
{c) Variations in characteristics due to changes in heater voltage.

(d) The effects of circuit loading,

The effects of different values of series grid resistor have been ignored.

max
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f
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3397 base with bayonet catch H U_

¢
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XGS 500 TRIODE THYRATRON
- Triode mercury vapour thyratron with negative

control characteristic. Primarily designed for
industrial control applications.
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TRIODE THYRATRON XGS 500
Triode mercury vapour thyratron with negative -

control characteristic. Primarily designed for
industrial control applications.
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sz 500 TRIODE THYRATRON
- Triode mercury vapour thyratron with negative

control characteristic. Primarily designed for
industrial control applications.
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TRIODE THYRATRON XGS 50
Triode mercury vapour thyratron with negative - 0

control characteristic. Primarily designed for
industrial control applications.

Heating XG5-500 3287
up time

{min)

o o 20 Tambient (oc)

TOTAL HEATING UP TIME PLOTTED AGAINST AMBIENT TEMPERATURE
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THYRATRON XG I 5' I 0

QUICK REFERENCE DATA (maximum values)
Mercury-vapour triode for high voltage power control applications

Peak anode voltage 15 kV
Cathode current
Peak 45 A
Average 10 A

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS - THYRATRONS,
which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN
The values given state the range over which the tube will operate. No
allowance has been made in the data for supply voltage and component

variations.
Anode
Maximum peak anode voltage
Forward 15 kY
Inverse 15 k¥
Anode voltage drop (approx.) 12 v
Grid
Maximum peak positive grid voltage 600 A
Maximum grid resistor 20 k(2
Cathode
Heater voltage 5.0 v
Maximum heater current at 5.0V 20 A
Minimum cathode heating time 10 min

(see note 1 and curve onpage C2}
Maximum cathode current

Average (max. averaging time = 10s) 10 A
Peak 45 A
Surge (fault protection, max. duration = 0.1s) 600 A
lonisation and recovery time
Nominal ionisaticn time 10 us
Nominal recovery time 1 ms
Temperature
Equilibrium condensed mercury temperature rise
above ambient
At full load 30 °C
At no load 27 °C

OCTOBER 1962 S Page D1



XG I 5- I 0 THYRATRON

Mechanical
Type of cooling convection
Mounting position vertical, base down
Net weight (approx.) 2 b 1:'2 l;g
Weight of valve in carton (approx.) {B Ib 2‘76 :i

Nominal dimensions of carton

310 x 310 x620 mm
12.2x 12.2x 244 in

FULL LOAD OPERATING CONDITIONS AS RECTIFIER (for a P.LV.
of 15kV and ik{pk) of 45A)

These figures are based upon the absolute maximum ratings of the valve
and no account has been taken of mains variations or transformer, valve
and choke losses. In practice, due consideration must be given to these

factors.
No. of Full load Applied
Circuit valves d.c. output a.c. volts
(k) (&) (kVr.ms.)
Single phase
full-wave 2 4.8 20 5.3
(per valve)
Single phase
bridge 4 9.6 20 10.6
{total)
Three phase
half-wave 3 6.2 30 5.3*
7.2 6.1)
(per phase}
Three phase
full-wave [ 14.4 30 6.1
(per phase)

*These figures take into account the increase in peak inverse voltage which
occurs if the power supply is lightly ioaded. For operation with a constant
load the voltages may be increased to the value shown in brackets.

OCTOBER 1942 R Page D2



THYRATRON

XG15-10

ABSOLUTE MAXIMUM RATINGS

It is important that these limits are never exceeded and such variations as
mains fluctuations, component tolerances and switching surges must be
taken into account in arriving at the actual valve operating conditions.

Maximum operating frequency

Anode
Maximum peak ancde voltage
Forward 10
inverse 10

Condensed mercury temperature limits 25 to 65

Grid
Maximum peak positive grid voltage

Cathode
Maximum cathode current

Average (max. averaging time = 10s)
Peak

Surge (fault protection, max. duration = 0.1s)

OPERATING NOTE

150

15
15

251060

10
45
600

c/s

k¥
kY

°C

> >

1. The preferred minimum value of the total valve heating-up time can be
obtained from the heating curve on page C2.This shows how the condensed-
mercury temperature rises above ambient temperature from the instant of

switching on the heater supply.

OCTOBER 1962 >,
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XGI15-10

THYRATRON
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THYRATRON XG I 5' I 0
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TRIODE THYRATRON XG I 5 I 0
10 amp triode mercury vapour thyratron with -

negative control characteristic. Primarily designed
for use in high voltage rectifier circuits.

PRELIMINARY DATA

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS — THYRATRONS,
preceding this section of the handbook.

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations as
mains fluctuations, component tolerances and switching surges must be
taken into account in arriving at the actual valve operating conditions,

Max. peak anode voltage

Inverse 10 15 kY
Forward 10 15 kv
Condensed mercury temperature limits 25 to 65 25to 60 °C
Max. cathode current
Peak 45 A
Average {max. averaging time 10s) 10 A
Surge (fault protection max. duration (.13} 600 A
Max. peak positive grid voltage 600 12
Max. grid resistor 20 kQ
CHARACTERISTICS
Electrical
Heater voltage 5.0 v
Max. heater current at 5.0V 20 A
Anode veoltage drop 12 \'4
Max. operating frequency 150 c/s
Recovery (deionisation) time (approx.) 1 ms
lenisation time {(approx} 10 us
Mechanical
Type of cooling convectian
Mounting position Vertical, base down
Max, net weight [ )2 ke
' 42 oz
Equilibrium condensed mercury temperature rise above ambient
At full load 30 C
At no load 27 “C
("
[Mullard]
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XG I 5 lo TRIODE THYRATRON
- 10 omp triode mercury vapour thyratron with

negative control characteristic. Primarily designed
for use in high voltage rectifier circuits.

FULL LOAD OPERATING CONDITIONS (for peak inverse anode voltage
of 15kV and a peak cathode current of 45A)

Circuit No. of Full load Applied Initial filter
valves d.c. output a.c. volts elements
(kV) (A) {(kVrm.se.) Lmin. Cmax.
(H) (xF)
Single phase
full-wave 2 438 20 5.3 0.5 50
(per valve)
Single phase
bridge 4 9.6 20 10.6 1.0 25 ({ '
(total) '
Three phase
half-wave 3 6.2% 30 5.3* 0.2 5
(7.2) (6.1)
(per phase)}
Three phase
full-wave 6 14.4 30 6.1 0.4 10
(per phase)

*These figures take into account the increase in peak inverse voltage which
occurs if the power supply is lightly loaded. For operation with a constant
lpad the voltages may be increased to the value shown in brackets.

HEATING UP TIME
The preferred minimum value of the total valve heating up time can be
obtained from the heating curve on page 5. This shows how thecon densed

mercury temperature rises above ambient temperature from the instant
of switching on the heater supply.

Minimum cathode heating time 10 min
(o
Mullard
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TRIODE THYRATRON XG I 5 Io
10 amp triode mercury vapour thyratron with -

negdtive control characteristic, Primarily designed
for use in high voitage rectifier circuits.

[a— 117 nax ———

()

387 max

b~ 7 8 max —a]

a
Jholes
55dia
9
' ) kh h All dimensions in mm
[ )
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XG I 5 Io TRIODE THYRATRON
- . .
10 amp triede mercury vapour thyrotron with

negative control characteristic. Primarily designed
far use in high voltage rectifier circuits.

3763 J[ [ ir AGIE~10 I f ! (k:]

vylv} ~15 -10 -5 &

CONTROL CHARACTERISTIC
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TRIODE THYRATRON

10 emp triode mercury vapour thyratron with
negative control choracteristic. Primarily designed
for use in high voltage rectifier circuits.
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TRIODE THYRATRON XH3 045
Triode, hydrogen-filled thyratron primarily -

designed for pulse operation at high repetition
frequencies, high peak currents and high (3C45)

voltages.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating
conditions.

Max. peak pulse anede voltage /pulse modulator service).

*Inverse 3.0 k¥
tForward 3.0 3%
Min. anode supply voltage 800 v
Min. peak inverse voltage 5.0 oy

of forward anode voltage
Max. cathode current

Peak 35 A
Average 45 mA
Averaging time 1.0 cycle
Max. negative control-grid voltage 200 v

Control-grid drive limits (measured with grid disconnected)

Min. peak grid voltage 175 v
Max. time of rise 0.5 us
Min. grid pulse duration 2.0 us
Max. impedance of drive circuit 1.5 k(2
Max. pulse repetition frequency See Note |
Heater voltage limits 57 to 6.6 v
Min. valve heating time 120 s
Ambient temperature limits -50 to |-90 °C

*In pulsed operation, the peak inverse anode voltage should not
exceed 1.5 kV during the first 25us after the pulse,

tFor instantaneous starting applications where the anode voltage
is applied instantaneously the maximum initial permissible forward
voltage is 3.0 kV and shall not be obtained in less than 0.04 seconds.

{The product of pulse repetition frequency, peak forward anode
voltage and peak cathode current must be not greater than
0.3 108,

ISSUE 2

l\v/t XH3-045 959.1



XH3-045

TRIODE THYRATRON

Triode,

hydregen-filled thyratron primarily

designed for pulse operation at high repetition

(3C45) frequencies, high peak currents and high
voltages.
CHARACTERISTICS
Electrical
Heater voltage 6.3 v
Heater current
Minimum 2.0 A
Maximum 2.5 A
Mechanical
Type of cooling Convection

Mounting position

kh hk

Any

Clamping at base andfor bulb
only in the region up to 2 inches

above the top of the base.

40 mm
foar
mox.

Cap Type CT2
Dq
*k .
o 0
O O
h h,k

Medium 4 Pin Bose

% Return lead of
grid and apode
circuits.

1SSUE 2
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132 mm max
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Cy

Cy

Ch



TRIODE THYRATRON XH8 | 00
Triode, hydrogen-filled thyratron primarily -

designed for pulse operation at high repetition
frequencies, high peak currents and high (4C35)
voltages.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating

conditions
Max. peak pulse anode voltage (pulse modulatar service) P
*Inverse 8.0 kY
t Forward 8.0 3%
Min. anode supply voltage 25 kv
Min. peak inverse anode voltage 5.0 %

of forward voltage.
Max. cathode current

Peak 90 A

Average 100 mA
Max. negative control grid veltage 200 v
Control grid drive limits {(measured with grid disconnected).

Min. peak grid voltage 175 v

Max. time of rise 0.5 us

Min. grid pulse duration 2.0 us

Max. impedance of drive circuit 1.5 k
Max. pulse repetition frequency. See Note {
Heater voltage limits 5.7 to 6.6 v
Min. valve heating time 180 s
Ambient temperature limits =50 to +90 °C

*In pulsed operation, the peak inverse ancde voltage should not
exceed 2.5kV during the first 25 us after the pulse,

tFor instantaneous starting applications where the anode voltage is
applied instantaneously the maximum initial permissible forward
voltage is 7kV and shall not be obtained in less than 0.04 seconds.

{The product of pulse repetition frequency, peak forward anode
voltage and peak cathode current must be not greater than
2.0x10°

ISS5UE 2 \v/ XH8-100 1058-1



XH8-100

TRIODE THYRATRON

Tricde, hydrogen-filled thyratron primariiy
designed for pulse operation at high repetition

(4C35) frequencies, high peak currents ond high
voltages.
CHARACTERISTICS
Electrical
Heater voltage 6.3 ¥
Heater current at 6.3V
Minimum 5.5 A
Maximum 6.7 A
Mechanical
Type of cooling Convection

Mounting pasition

12:S N -
,.,m,j_"_-
a } |
k¥
" £
* E
o o
q = REES
o - RE
hyk g
84D Base g L
* Return lead of oE
kh hk grid and anode mi . _X
circuits U’ '[]' |

ISSUE 2

Cooling of the anode lead is
permissible but no air blast
should be directly applied to
the valve envelope.

Any
Clamping at base andjor bulb

only in the region up to 2.5
inches above the top of the base.

e 56: 4 mmo—=
max.

XHB-100 1058-2
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TRIODE THYRATRON XH |6 200
Triode, hydrogen-filled thyratron primarily -

designed for pufse operation at high repetition
frequencies, high peak currents and high (5C22)

voltages.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken in consideration in arriving at actual wvalve operating
conditions,

Max. peak pulse ancde voltage (pulse modulater service}

*Inverse 16 kv
tForward 16 kv
Min, anode supply voltage 4.5 k¥
Min, peak inverse anode voltage 5.0 b

of forward voltage
Max, cathode current

Peak 325 A

Average 200 mA
Max. negative control grid voitage 200 v
Control grid drive limits {measured with grid disconnected).

Min. peak grid voltage 200 v

Max. time of rise 0.5 us
Min. grid pulse duration 20 us

Max. impedance of drive circuit 500 €2
Max. pulse repetition frequency. See Note t
Heater voltage limits 5.8 to 6.8 v
Min. valve heating time 300 5
Ambient temperature limits -50 to 490 “C

*In pulsed operation, the peak inverse anode voltage should not
exceed 5kV during the first 25us after the pulse.

+For instantaneous starting applications where the anode voitage is
applied instantanecusly the maximum initial permissible forward
voltage is 13.5kV and shall not be obtained in less than 0.04 seconds.

{The product of pulse repetition frequency, peak forward anode
voitage and peak cathode current must be not greater than

ISSUE 2
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XH16-200

TRIODE THYRATRON

Triode, hydrogen-filled thyratron primarily
designed for pulse operation at high repetition

(5C22) frequencies, high peak currents and high
voltages.
CHARACTERISTICS
Electrical
Heater voltage 6.3 v
Heater current at 6.3V
Minimum 3.6 A
Maximum 11.6 A
Mechanical
Convection

Type of cooling

Mounting position

kh hk

Cooling of the anode lead is
permissible but no air blast
should be directly applied to
the valve envelope,
Any

Clamping at base and/or bulb
only in the region up to 4.25
inches above the top of the base

&55mm.
[e—max —

14-3
mm.

max,
_—

aL
Fo 3
™
205 mm — .

222 mm
max

hk q

B4D BASE

% Return lead of
grid and anode
circuits,
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HYDROGEN THYRATRON XH25-500

QUICK REFERENCE DATA
Triode for pulse modulator duty

Peak pulse power 6.25 MW
Maximum peak forward anode voltage 25 kV
Maximum peak cathode current 500 A
Maximum jitter time 10 ns
*Maximum operation factor 6.25x10* V.A.p.p.s.

*This is the product of pulse repetition frequency, peak forward

anode voltage and peak cathode current.

This data should be read in conjunction with DEFINITIONS and
GENERAL OPERATIONAL RECOMMENDATIONS - THYRATRONS
which precede this section of the handbook. It is based on operation in
pulse medulator duty. The valve is not recommended for use in d.c. or
mains supply frequency operation.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT

DESIGN

The values given state the range over which the valve will operate. No
allowance has been made in the data for supply voltage and component

variations,
Anode
Peak anode operating voltage range {see notes ! and 2)
Forward
500 p.p.s. 10 to 25 k¥
1000 p.p.s. 10 to 20 kv
Inverse 59, of forward voltage to 25 kv
Anode delay-time
Maximum 1.0 us
Average 300 ns
Maximum initial anode delay-time drift (see note 3) 250 ns
Maximum jitter time 10 ns
Grid
Recommended grid bias voltage 0 v
Grid drive requirements {measured with respect
to cathode and grid disconnected)
Peak forward grid pulse voltage range 550 to 1000 v
Minimum rate of rise 1.8 kV/us
Minimum grid pulse duration 2.0 us
Effective impedance of drive circuit 50 to 200 Q
(A
[Mullard]|
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XH25'500 HYDROGEN THYRATRON

Cathode
Maximum cathode current
Peak 500 A
Average 500 mA
Maximum rate of rise of cathode current 2500 Afus
Minimum cathode heating time 15 min
Heater voltage 63+5% V
Heater current range at 6.3V 151022 A
Replenisher
Specified replenisher voltage marked on valve
Maximum variation in replenisher voltage
from specified value 5 %
Range of specified replenisher voltage 3to 5.5 v
Replenisher current range at 4.5V 2tob A

ABSOLUTE MAXIMUM RATINGS

It is important that these ratings are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at the actual valve operating

conditions.
Anode
Maximum peak forward anode voltage (see note 1)
500 p.p.s. 25 kY
1000 p.p.s. 20 k¥
Maximum peak inverse anode voltage (see note 1) 25 kV
Grid
Maximum peak grid supply voltage (grid disconnected} 1.0 ky
Maximum negative grid voltage 450 v
Minimum impedance of grid drive circuit 50 Q
Cathode
Maximum cathode current
Peak 500 A
Average 500 mA
Maximum rate of rise of cathode current 2500 Afus
Minimum cathode heating time 15 min
Heater voltage
Minimum 6.0 v
Maximum 6.6 v
(A
[Mullard |
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HYDROGEN fHYRATkoN XH25'500

Replenisher ) ke
Makimum variation from specified replenisher voltage +5- %
Maximum operstion factor 6:25x 100
Amblent temperature .
Minimum =55 °C
Maximum +75 °C

OPERATING NOTES

1. For ‘instantaneous starting' applications, where the anode voltage is applied
‘ instantaneously, the maximum initial permissible forward voltage is 18kV
i) and shall hot be attained in Jess than 40ms.
' tn pulsed operation the peak inverse anode voltage should not exceed
5kV duking thé first 25us after the anode current pulse.
In a voltage doubling éircuit, 4 d.c. anode supply voltage of 5kV is sufficient
for starting. :

2. The product of pulsé repetition frequency, peak forward anode voltage
and peak cathode current must not be greater than 6.25x 100,

3. This is the difference in the anode delay time at 2 minutes and the anode
delay time at 7 minutes from the start of operation.

®

@
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XH25-500 HYDROGEN THYRATRON
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TRIODE THYRATRON XR I I 2
12 amp triede, inert gas-filled thyratron with negative -

control characteristic. Primarily designed for industrial
power control applications.

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS,
which precede this section of the handbook.

ABSOLUTE MAXIMUM RATINGS
It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must

be taken into consideration in arriving at actual valve operating conditions.

Maximum peak anode voltage
‘ } Inverse 1.5 k¥
Forward 1.5 kY

Maximum cathode current

Peak
Occasional (see operating note 1) 160 A
Recurrent 40 A
Average
*Maximum averaging time = 7s 12.5 A
*Maximum averaging time = 15min 9.0 A

*These ratings apply simultaneously

‘ ) Maximum negative grid voltage
‘ Before conduction 250 A
During conduction 10 v

Maximum average positive grid current during the time
that the anode voltage is more positive than —10V

(averaging time 1 cycle) 500 mA,

Grid circuit resistance
Maximum 20 k$2
Recommended minimum 1 k£
Maximum commutation factor 50 VA/ust
Maximum ambient temperature +70 °C

" ) Minimum valve heating time see page C4
()
[Mullard |
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XR I - l 2 TRIODE THYRATRON

CHARACTERISTICS
Electrical
Filament voltage 2.5 v
Maximum filament current at 2.5V 43 A
Anode-to-grid capacitance 30 pF
Grid-to-cathode capacitance 25 pF
Recovery (deionisation) time (approx.} 1 ms
fonisation time (approx.) 10 us
Nominal anode voltage drop 16 v

Measurement of the filament voltage should be made at the shoulder of
the lug immediately above the connecting hole.

When two or more valves are used with one filament transformer, the
centre tap of the filament transformer must be used for circuit returns.
This may also be connected to the filament centre taps.

When quadrature operation is used, the veltage of filament lug No. 1
should be crossing zero from positive towards negative when the anode
voltage is at the peak of the positive half cycle. When quadrature operation
is not practicable, filament lug No. 1 should be negative when the anode is
positive. In three phase systems, each valve should be connected so that its
anode and filament voltages approximate as nearly as possible to quadra-
ture phasing, i.e. filament voltage 90°+30° out of phase with the anode

voltage.

Mechanical
Type of cooling Convection
Recemmended mounting position Vertical with the

filament lugs downwards
The valve should be mounted and ventilated in such a manner that adequate
cooling by free convection is ensured.
It is recommended that the valve should be supported from the anode
connector only. If it is necessary to mount the valve on the filament lugs,
both the connectors must be flexible.

Spacing
A cylindrical volume of radius 130mm about the axis must be kept free of
appreciable obstructions or heat producing components. When two or
more valves are mounted in close proximity the distance between centres
should not be less than 180mm.

) ) 11b 12 0z

M t ht
aximum net weig 362 o 3 g
Nominal weight of valve i t o
ominal weight of valve in carton rea 2.4 kg
Nominal dimensions of carton 2120 ;21'05;(553 mlg

OPERATING NOTES

4. When the peak cathode current exceeds 40A, the ratio of peak-to-average
cathode current must not exceed 30 (minimum averaging time = Ts,
see page C2). The total number of ¢ycles (50c/s operation) in any 15 minute
period during which peak currents in excess of 40A are drawn is limited
(see page C3).

2. In order to prevent spurious ignition due to anode-to-grid coupling, it
may be necessary to connect a capacitor of the order of 5000pF between
grid and cathode.

(A
[Mullard|
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TRIODE THYRATRON XR I - I 2

Bezal
38.&6.41 103108 ez
b T
< A
© f - Anode
B Btructure
&
©
i
g v
3 &
E 4 H
g © o
— 857464 T & @
1]
1908
—'1— fct
¥ S
I‘2'7=“-0‘B—-‘| I'— f \f OBA clearance
|~—54t08+
a
Viewed from
filament
terminagl end
g
ffctf

All dimensions in mm

FEBRUARY 1952 ~, Page D3






TRIODE THYRATRON XR I - I 2
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XR I - I 2 TRIODE THYRATRON
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TRIODE THYRATRON

XRI-12

XRi-12 9485

The maximum numper of cycles in which

the peak cathode current may exeed 4CA

In any IS5 minute period { 50 ¢/s operation}
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XR I - I 2 TRIODE THYRATRON
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THYRATRON XR I - I 2A

PRELIMINARY DATA

QUICK REFERENCE DATA (maximum values)

Inert gasfilied triode for power control applications

Peak anode voltage 1.6 kv
Cathode current :
Peak 160 A
Average ‘ 12.5 A

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS
which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN
The values given state the range over which the valve will operate. No
allowance has been made in the data for supply voltage and component

variations.
Anode
Peak anode operating voltage (forward and inverse) 1.5 kv
Anode voltage drop (approx. instantaneous value)
ix = 12.5A 16 v
i = 160A 20 v
Maximum commutation factor {note 1) 50 VA/us?
Anode-to-grid capacitance {note 2) 50 pF
Ignition defay time see page C1
Recovery (deionisation) time (approx.) 13 ms
Grid
Control characteristic see page C1
Maximum negative grid voltage
Before conduction =250 v
During conduction -10 Y
Maximum positive grid current for anode voltage
more positive than -10V
Peak 5 A
Average (maximum averaging time = 20ms) 500 mA
Maximum peak positive grid current for anode
voltage more negative than ~10V 25 mA
Grid resistance
Maximum 20 ki
Minimum see page C2
Maximum critical grid current 40 A
Grid-to-cathode capacitance 25 pF
()
[Mullard]|
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XR I - I 2A THYRATRON

Cathode (note 3)
Maximum cathode current

Peak . 160 A
Average (maximum averaging time = 7s) See page C3 125 A
Surge {fault protection only, maximum
duration = 0.1s) 1400 A
Minimum cathode heating time &0 s
Filament voltage (note 4) 2.5 v
Filament current range at 2.5V (I, = 0A) 36 0 43 A
Mechanical
Type of cooling Convection
Mounting position {note 5) Vertical with the
filament lugs downwards
Net weight (approx.) 21b 10 oz
1.2 kg

ABSOLUTE MAXIMUM RATINGS
It is important that these ratings are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at the actual valve operating

conditions,
Anode
Maximum peak anode voltage (forward and inverse) 1.5 kV
Grid
Maximum negative grid voltage
Before conduction ~250 v
During conduction -10 v
Maximum positive grid current for voltage
more positive than -10V
Peak 5 A
Average (maximum averaging time = 20ms) 500 mA
Maximum peak positive grid current for anode
voltage more negative than -10V 25 mA
Cathode
Maximum cathode current
Peak 160 A
Average (maximum averaging time = 7s) See page C3 125 A
Surge (fault protection only, maximum
duration = 0.1s) 1400 A
Minimum cathode heating time &0 5
Filament voltage
Minimum 23 v
Maximum 27 v
Ambient temperature
Minimum =55 °C
Maximum +70 °C
)
APRIL 1963 S Page D2

()

()



()

THYRATRON : XR I - I 2A

OPERATING NOTES

1.

In order to minimise gas clean-up, the inverse voltage applied across the
valve should be kept to a2 minimum during the immediate post conduction
period. Therefore, the inverse voltage should not exceed 250V during the
first 500us after the cessation of anode current.

. In order to prevent spurious ignition due to anode-to-grid coupling, a

capacitor of approximately 5000pF should be connected between grid and
cathode,

The anode and grid circuit returns should be made to the centre tap of the
filament transformer, If the valve is to replace an XR1-12 and the filament
transformer does not have a centre tap, the circuit returns should be
connected to the filament lug marked 1.

. Quadrature operation of the filament is recommended.

When quadrature operation is used, the voltage of filament lug 1 should
be crossing zero from positive towards negative when the anode voltage
is at the peak of the positive half cycle.

In three phase systems, each valve should be connected so that its anode
and filament voltages approximate to quadrature phasing, i.e. filament
voltage 90+ 30° out of phase with the anode voltage,

When quadrature operation is not practicable, filament lug 1 should be
negative when the anade is positive.

Measurement of the filament voltage should be made at the shoulder of
the lug immediately above the connecting hole.

- The valve should be mounted and ventifated in such a manner that adequate

cooling by free convection is ensured.

The valve should be supported from the anode connector only. In order
Eo all’void damage to the glass seals, the filament lugs must on no account

e bent.

A cylindrical volume of radius 140mm about the axis must be kept free of
appreciable obstructions or heat producing components. When two or
more valves are mounted in close proximity the distance between centres
should not be less than 155mm. :
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XRI-12A
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XRI-12A

THYRATRON
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XR I - I ZA THYRATRON
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~ THYRATRON XR I - I ZA

XRI-I2A 8775

30

Maximum average cathode current (A)

Permissible area
of operation

18]
Q 3
8] 2 4 6 8
Time (s)
(i ) This curve shows the maximum number of seconds in any seven second period

for which a given average current may be drawn from a sinusoidal supply.
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XRI1-12A
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WELDER CURRENT RATING FOR TWO VALVES CONNECTED
IN INVERSE PARALLEL (‘Back to Back’)

Weld time
Weld+ “ off ' time .
The maximum weld+ ' off’ time which may be considered in the
calculation of the duty factor is 7s.

The current ratings in the above chart are absolute maximum ratings and
must never be exceeded.

Duty factor =
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TRIODE THYRATRON XR I _3200

Triode, inert gas-filled thyratron with negative
control characteristic. Primarily designed for (5544)
motor control applications.

This data sheet should be read in conjunction with *'DEFINITIONS AND
OPERATIONAL RECOMMENDATIONS—THYRATRONS ** preceding
this section of the Handbook.

LIMITING VALUES (absolute ratings, not desig

It is important that these limits are never exteeg pd such variations
as mains fluctuations, component toleramges amdv/switching surges
must be taken into consideration in arrfvifg atjactual valve operating
conditions,

Max, peak anode voltage

Inverse 1.5 kV
Forward 1.5 kV
Max, cathode current

Peak 40 A
Average (Max, averaging time 32 A
Surge {Fault protection max. duratiod 0.1 secs) 560 A

v

v

Max. negative control-grid volty
Before conduction
During conduction

Max, average positive contrpl-grid

voltage more positive ag_~T0V (averaging

time 1 cycle) 200 mA
Max. peak positive contyol-geid—tirrent durifig

time that the anode g¢ is more Pagsitiv

than -10V 25 A

Max. peak positive cp
time that the #
than 10V

Max. control-grid
{Recommeng

gnil current dgri the

pltage is mo gative
25 mA
100 kil

min. control-grid ragidqar 500 )

Filament voltage 2.37 to 2.63 v
Min. valve heatipg time ~.J 60 H
Max. commuta®i 130

its B -55 to +70 °C
CHARACTERISTI

Electrical
Filament \% 2.5 A
Fitament current’at 2.5V

12 A
13.5 A
0.8  puF
45 uufF
V, = -250V 40 us
Ve = 12V 400 us
time {approx.) 10 us
Ancde voltage drop (approx.) 16 A
Critical grid current at V,=1.5kV <20 pA
(R
[Mullard |
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XR I _3200 TRIODE THYRATRON

Triode, inert gas-filled thyratron with negative
(5544) control charocteristic. Primarily designed for
motor control applications.

Mechanical
Type of cooling Convection
Mounting pesition Any position between horizontal
and vertical with base downwards
. 11 oz,
Max. net weight
g 300 )
6 7mm.
™ max. |
a -qu—:_ l2-7rl?ltn.
a
|
E
g o
gE
t t
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THYRATRON XRI1-3200A

QUICK REFERENCE DATA (maximum values)

Inert gas-filled triode for power control applications

Peak anode voltage 1.5 kV
Cathode current
peak 40 A
average 3.2 A

This data should be read in conjunction with DEFINITIONS AND GENERAL
OPERATIONAL RECOMMENDATIONS - THYRATRONS which precede this
section of the handbook,

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values given state the range over which the valve will operate. No allowance
has been made in the data for supply voltage and compenent variations,

Anode
Peak anode operating voltage (forward and inverse) 1.5 kv
Anode voltage drop (approx. instantaneous value)
ik =3.2A 12 )
ik = 40A 18 v
Maximum commutation factor {see note 1) 130 VA/;LS2
Ignition delay time see page C1
Anode Recoverytime see page C2
Grid
Control characteristic see page C1

Maximum negative grid voltage
before conduction 250 v
during conduction 10 v
Maximum positive grid current for
anode voltage more positive than -10V
peak 2.5 A
average (maximum averaging time - 20ms) 200 mA
Maximum peak positive grid current
for anode voltage more negative than -10V 25 mA
Grid resistance
maximum 100 kK
minimum (see page C2)

Maximum critical grid current 20 LA

MAY 1966 S Page D1



Cathode (see note 2)
Maximum cathode current

peak

average (maximum averaging time = 15s) see page C3 3.2

surge {fault protection only, maximum

duration = 100ms)
Minimum ¢athode heating time
Filament voltage
Filament current at 2.5V (Ik = 0A)

Capacitances
Grid-to-cathode capacitance

Grid-to-anode capacitance (see note 3)

Mechanical
Type of cooling
Mounting position

Net weight (approx.)

Weight of valve in carton

Nominal dimensions of packing

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

40 A
A

560 A
60 8
2.5 v
13.5 A
15 pF
0.7 pF
Convection

Any position between vertical
with base downwards and

horizontal
9.2 [}
260 g
b 100z
T25 g

5.5x5.5x12.251n
140 x 140 x 310 mm

It is important that these ratings are never exceeded and such variations as

mains fluctuations, component tolerances and switching surges must be taken

into consideration in arriving at the actual valve operating conditions.

Anode
Maximum peak anode voltage (forward and inverse) 1.5 3
Grid
Maximum negative grid voltage
before conduction 250 v
during conduction 10 v
Maximum positive grid current
for anode voltage more positive than -10V
peak 2.5 A
average (maximum averaging time = 20ms) 200 mA
Mezximum peak positive grid current
for anode voltage more negative than -10V 25 mA
G
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THYRATRON XR1-3200A

Cathode
Maximum cathode current
peak 40 A
average (maximum averaging time = 15s) see page C3 3.2 A
surge {fault protection only, maximum
duration = 100ms) 360 A
Minimum cathode heating time 60

Filament voltage
minimum 2.3 v
maximum 2.7 v
Ambient temperature
minimum -55 °C
maximum +70 °C

OPERATING NOTES

1. In order to minimise gas clean-up, the inverse voltage applied across the
valve should be kept to a minimum during the immediate post conduction
period. Therefore, the inverse voltage should not exceed 250V during the
first 5005 after the cessation of anode current.

2. The anode and grid circuit returns should be made to the centre tap of the

filament transformer.

3. Inorder toprevent spurious ignition due to capacitive anode-to-grid coupling,
a capacitor should be connected between grid and cathode,
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adequate cooling by free convection [B4677)
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THYRATRON
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THYRATRON XR1-3200A
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This curve shows the maximum number of seconds in any fifteen second period
for which a given average current may be drawn from a sinusoidai supply .

MAY 1966 “u”d Page C3






THYRATRON XR I '6400A

QUICK REFERENCE DATA (maximum values)

Inert gas-filied triode for power control applications.

Peak anode voltage
Cathode current
Peak
Average

1.5

80
6.4

kY

A
A

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS - THYRATRONS

) which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT

DESIGN

The values given state the range over which the valve will operate, No
allowance has been made in the data for supply voltage and companent

variation.

Anode

Peak anode operating voltage (forward and inverse) 1.5 kV
Anode voltage drop (approx, instantaneous value) <~
ix = 6.4A 12 v
i = 80A 18 v
Maximum commutation factor {note 1) 130 VAjusi<—
Anode-to-grid capacitance (note 2) 7 pF
Anode-to-cathode capacitance 0.2 pF
3 Ignition delay time See page C1 <
! Recovery (deionisation) time (approx.) 300 Us<—
Grid
Control characteristic See page C1
Maximum negative grid voltage
Before conduction -250 v
During ¢onduction =10 v
Maximum positive grid current for anode voltage
more positive than ~{0V
Peak 1.5 A
Average (maximum averaging time = 20ms) 200 mA
Maximum peak positive grid current for anode
voltage more negative than 10V 25 mA
Grid resistance
Maximum 100 ki)
Minimum See page C2 <
Maximum critical grid current 20 pwhA—
\q / Grid-to-cathode capacitance 5 pF
y
(T
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XR I -6400A THYRATRON

Cathode (note 3)
Maximum cathode current

Peak (note 4) 80
Average (maximum averaging time = 15s) See page C3 6.4
Surge (fault protection only, maximum duration =0.1s) 1120
Minimum cathode heating time 60
Filament voltage (note 5) 25
Filament current range at 2.5V (Ix = OmA) 191023
Mechanical
Type of cocling Convection
Mounting position Any position between vertical
with base downwards and horizontal
Net weight (approx.) 3;3
Weight of valve in carton (approx.) 5:3

PPy

oz

g
oz

g
5.5x5.5x12.25 in

Nominal dimensions of packing 140 % 140 x 310

ABSOLUTE MAXIMUM RATINGS

mm

It is important that these ratings are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must be
taken into consideration in arriving at the actual valve operating conditions.

Anode
Maximum peak anode voitage (forward and inverse) 1.5 k¥
Grid
Maximum negative grid voltage
Before conduction ~-250 Y
During conduction -10 v
Maximum positive grid current for anode voltage
more positive than -10V
Peak 2.5 A
Average (maximum averaging time = 20ms) 200 mA
Maximum peak positive grid current for anode
voltage more negative than =10V 25 mA
Cathode
Maximum cathode current
Peak (note 4) 80 A
Average (maximum averaging time = 15s) See page C3 6.4 A
Surge (fault protection only, maximum duration = 0.1s) 1120 A
Minimum cathode heating time s
Filament voltage
Minimum 2.3 v
Maximum 27 v
Ambient temperature
Minimum -55 °C
Maximum +70 °C
(.
[Mullard| .
age D1
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THYRATRON XR I "6400A

OPERATING NOTES

1.

In order to minimise gas clean up, the inverse voltage applied across the
valve should be kept to a minimum during the immediate post conduction
period. Therefore, the inverse voltage should rot exceed 250V during the
first 5005 after the cessation of anode current,

In order to prevent spurious ignition due to capacitive anode-to-grid
coupling, 2 capacitor of approximately 1000pF should be connected between
grid and cathode.

The anode and grid circuit returns should be made to the centre tap of the
filament transformer.

In welding applications, a single pulse cathode current of up to 120A may
be passed provided the average cathode current does not exceed 1A
averaged over 1s.

Quadrature operation of the filament is recommended.

When quadrature operation is used, the voltage of filament pin 2 should
be crossing zero from positive towards negative when the anode voltage
Is at the peak of the positive half cycle.

In three phase systems, each valve should be connected so that ifs anode
and fifament voltages approximate to quadrature phasing, i.e. filament
voltage 90+ 30° out of phase with the anode voltage.

When quadrature operation is not practicable, filament pin 2 should be
negative when the anode is positive.

{Mullard| P—
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XR I '6400A THYRATRON

6567
Top cdp max
type CT3 l4-5max

i
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Anode structure

-———External grid
connecting strap

183 to 204

f f B4D Base

All dimensions in mm

The anode structure must be left free to ensure
adequate cooling by free convection

Care shouid be tocken to avoid damage to or contact
with the external grid connecting strap
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XR I '6400A THYRATRON
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THYRATRON XR I '6400A

30

XR1-6400A 8777

25

n
[+

Maximum average cathode current (A)
>

Permissible area
of operation

Lo} 4 8 12 16
Time (s}

This curve shows the maximum number of seconds in any fifteen second period
for which a given average current may be drawn from a sinusoidal supply.
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WELDER CURRENT RATING FOR TWO VALVES CONNECTED IN
INVERSE PARALLEL (‘Back to Back’}

Weld time
Weld + ‘off’ time
The maximum weld 4 ‘off” time which may be considered in the calculation
of the duty factor is 15s.

The current ratings in the above chart are absolute maximum ratings
and must never be exceeded.

Duty factor =
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THYRATRON XR I - I 2A

QUICK REFERENCE DATA (maximum values)

Inert gasfilled triode for power control applications

Peak anode voltage 1.5 kV
Cathode current '
Peak 160 A
Average 12.5 A

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS
which precede this section of the handbook.

CHAIIGlACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN
The values given state the range over which the valve will operate. No
allowance has been made in the data for supply voltage and component

variations.
Anode
Peak anode operating voltage (forward and inverse) 1.5 kY
Anode voltage drop (approx. instantaneous value)
ik = 12.5A 16 v
ic = 160A 20 v
Maximum commutation factor (note 1} 50 VA/us?
Anode-to-grid capacitance (note 2) 50 pF
Ignition delay time see page C1
Recavery (deionisation) time (approx.) 13 ms
Grid
Control characteristic see page C1
Maximum negative grid voltage
Before conduction -250 v
During conduction -10 v
Maximum positive grid current for anode voltage
more positive than -10V
Peak 5 A
Average (maximum averaging time = 20ms) 500 mA
Maximum peak positive grid current for anode
voltage more negative than -10V 25 mA
Grid resistance
Maximum 20 kQ
Minimum see page C2
Maximum critical grid current 40 pA
Grid-to-cathode capacitance 25 pF
NOVEMBER 1945 Page D1




Cathode (note 3)
Maximum cathode current

Peak 160 A
Average (maximum averaging time = 7s) See page C3 125 A
Surge (fault protection only, maximum
duration = 0.1s} 1400 A
Minimum cathode heating time 60 s
Filament voltage (note 4) 2.5 v
Filament current range at 2.5V (I, = 0A) 36 o 43 A
Mechanical
Type of coocling Convection
Mounting position (note 5) Vertical with the
filament lugs downwards
Net weight (approx.) 21b10 oz
1.2 kg

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

It is important that these ratings are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at the actual valve operating

conditions,
Anode
Maximum peak anode voltage (forward and inverse) 1.5 kY
Grid
Maximum negative grid voltage
Before conduction -250 Y
During conduction -10 A)
Maximum positive grid current for voltage
more positive than -10V
Peak 5 A
Average (maximum averaging time = 20ms) 500 mA
Maximum peak positive grid current for anode
voltage more negative than 10V 25 mA
Cathode
Maximum cathode current
Peak 160 A
Average (maximum averaging time = 7s) See page C3  12.5 A
Surge (fault protection only, maximum
duration = 0.1s) 1400 A
Minimum cathode heating time 60 s
Filament voltage
Minimum 2.3 v
Maximum 27 v
Ambient temperature
Minimum =55 °C
Maximum +70 °C
(T
[Mullard]|
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THYRATRON XR I - I 2A

OPERATING NOTES

1. In order to minimise gas clean-up, the inverse voltage applied across the
valve should be kept to a minimum during the immediate post conduction
period. Therefore, the inverse voltage should not exceed 250V during the
first 5005 after cthe cessation of anode current,

1. In order to prevent spurious ignition due to anode-to-grid coupling, a
capacitor of approximately S5000pF shoyld be connected between grid and
cathode.

3. The anode and grid circuit returns should be made to the centre tap of the
filament transformer. If the valve is to replace an XR1-12 and the filament
transformer does not have a centre tap, the circuit returns should be
connected to the filament lug marked 1.

4. Quadrature operation of the filament is recommended.
When quadrature operation is used, the voltage of filament lug 1 should
be crossing zero from positive towards negative when the anode voltage
is at the peak of the positive half cycle.
In three phase systems, each valve should be connected so that its anode
and filament voltages approximate to quadrature phasing, te. filament
voltage 90+ 30° out of phase with the anode voltage.
When quadrature operation is not practicable, filament lug 4 should be
negative when the anode is positive.
Measurement of the filament voltage should be made at the shoulder of
the lug immediately above the connecting hole.

5. The valve should be mounted and ventilated in such a manner that adequate
cooling by free convection is ensured.
The valve should be supported from the anode connector only. In order
to avoid damage to the glass seals, the filament Jugs must on no account
be bent.
A cylindrical volume of radius 140mm about the axis must be kept free of
appreciable obstructions or heat producing components, When two or
more valves are mounted in close proximity the distance between centres
should not be less than 155mm.
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THYRATRON XR I - I 2A

XRI-12A B77®

40

a0

Maximum average cathode current (A)

Permissible area
of operation

o 2 4 6 8
Time (s)

This curve shows the maximum number of seconds in any seven second period
for which a given average current may be drawn from a sinusoidal supply.
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Max. averaging time = 7s

o

Demand current (Agemas)

(] 10 100 Duty factor (%)

WELDER CURRENT RATING FOR TWO VALVES CONNECTED
IN INVERSE PARALLEL (‘Back to Back’)

Weld time
Weld -+ ‘' off* time
The maximum weld+‘off’ time which may be considered in the
calculation of the duty factor is 7s.

The current ratings in the above chart are absolute maximum ratings and
must never be exceeded.

Duty factor =
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THYRATRON ZT I 000

PRELIMINARY DATA

QUICK REFERENCE DATA (maximum values)
Mercury-vapour triode for high voltage power control applications.

Peak anode voltage 2 kV
Cathode current
Peak 10 A
Average 25 A

This data should be read in conjunction with DEFINITHONS and GENERAL
OFPERATIONAL RECOMMENDATIONS - THYRATRONS which pre-
cede this section of the handbook,

CHARACTERISTICS AND RANGE VYALUES FOR EQUIPMENT
DESIGN
The values given state the range over which the tube will operate. No
allowance has been made in the data for supply voltage and component

variations.
Anode
Maximum peak anode voltage
Forward pal kY
Inverse 2 kY
Anode voltage drop (approx.} 12 A
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ZT I ooo THYRATRON

Grid
Maximum negative grid voitage before conduction -300 v
Recommended grid voltage for hold-off
P.LVY. = 21kY ~100 v
P.LV. = 10kV -50 v
Maximum grid current
Average 25 mA
Peak 125 mA
Grid resistance
Maximum 100 kil
Minimum 10 kQ
Recommended 33 k{2
Cathode
Directly heated, oxide-coated cathode
Filament voltage (se¢ note 1) 5 Y
Filament current 13 A
Minimum cathode heating time
(see note 2 and page C2) 90 s
Maximum cathode current see tablein absolute
maximum ratings
Capacitances
Anode-to-grid 4 pF
Grid-to-cathode 1 pF
lonisation and recovery time
Nominal ionisation time 10 s
Nominal recavery time 500 s
Mechanical
Net weight (approx.) 11b ng o§.
Weight of valve in carton {approx.) {S Ib 3‘3 :ﬁ
Nominal dimensions of carton 22: 23; ;;S cimn
Mounting position vertical, base down
Accessories
Ancde hood (see note 3) supplied with valve 40616
[
JANUARY 1963 m\y Page D2
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THYRATRON

ZT1000

FULL LOAD OPERATING CONDITIONS AS RECTIFIER

These figures are based upon the absolute maximum ratings of the valve
and no account has been taken of mains variations or transformer, valve
and choke losses. In practice, due consideration must be given to these

factors.

For a P.I.Y. of 2{kY

Circuit

Single phase
full wave

Single phase
bridge

Three phase
half wave

Three phase
full wave

For a P.LV. of 15kV

Circuit

Single phase
full wave

Single phase
bridge

Three phase
half wave

Three phase
full wave

JANUARY 1963

No. of Full load Applied a.c.
valves d.c. output voltage
&) (A) (kV¥rm.s)
2 67 5 7.4
{per valve)
4 13.4 5 14.8
3 10 75 8.5
(per phase)
6 20 75 14.8
{per phase)}
No. of Fuil load Applied a.c.
valves d.c. output voltage
{kv) (A) (kVrms)
2 4.8 6 5.3
{per valve)
4 9.6 [ 10.6
l 7.2 9 6.1
{per phase)
6 14.4 9 10.6
(per phase)
()
Mullard
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ZT I 000 THYRATRON

ABSOLUTE MAXIMUM RATINGS

It is important that these ratings are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at the actual valve operating
conditions.

Maximum operating frequency 150 cfs
Maximum peak anode voltage
Forward 2.5 10 15 b3 kv
Inverse 25 10 15 21 kv
Maximum cathode current
Average {max. averaging
time = 30s) 5 3 3 25 A
Peak 20 12 12 10 A
Surge (max. duration
= 0.1s) 200 120 120 100
Condensed-mercury
temperature
(see note 4) 25t075 25t060 25to55 25to 45 °C
Ambient temperature
{see note 5) 15t055 15t040 15t0d5 15t030 °C
Maximum negative grid voltage before conduction -300 v
Maximum grid current
Average 25 mA
Peak 125 mA

OPERATING NOTES

1.

A phase shift of 90° 4 30° between anode and filament voltages and/or use
of a centre-tapped filament transformer are recommended.

The preferred minimum value of the total valve heating-up time can be
obtained from the heating curve on page C2. This shows how the condensed-
mercury temperature rises above the ambient temperature from the
instant of switching on the filament supply. Under normal conditions,
however, cathode current may be drawn when the condensed-mercury
temperature is within 5°C of the minimum quoted value. (See appropriate
section of ‘General Operational Recom mendation - Thyratrons.')

After a storage period, a long interruption of operation or transportation,
# longer valve heating time is required before the ancde voltage may be
applied. In general a time of 60 minutes will be sufficient to ensure proper
distribution of the mercury.

The cap must always be mounted on the tube, even during pre-heating.

If the equipment is not started more than twice daily, it is permitted to
apply a h.t. voltage at a condensed-mercury temperature which is 5°C
lower than the values given.

JANUARY 1943 S Page D4
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THYRATRON ZT1000

5. The ambient temperature figures are approximate values with natural
cooling and define the temperature of the surrcunding air.

They should be measured in the following conditions.

a.
b.

C.

d.

Normal atmospheric pressure. )
The valve should be adjusted to the worst possible operating condition.

The temperature should be measured when thermal equilibrium is
reached.

The distance from the thermometer to the outside of the envelope
should be 75mm {measured in a plane perpendicular to the main axis
of the valve at the height of condensed-mercury boundary).

. The thermometer should be screened against direct heat radiation.

325:8
34210

max

B4 D Base \ A

T

All dimensions in mm
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THYRATRON ZT I 0 I I

{(Formerly XR1-1600A)

QUICK REFERENCE DATA (maximum values)
Inert gas-filled triode for power control and ignitor firing.

Peak anode voltage 1.5 kv
Cathode current
Peak 30 A
Average 2.5 A

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS,

which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN
The values given state the range over which the valve will operate. No
allowance has been made in the data for supply voltage and component

variations.
Anode
Peak ancde operating voltage (forward and inverse)
lkav) < 1.6A, ixpx) < 20A 1.5 kY
legavy > 1.6A 1.25 kY
Anode voltage drop (approx.) 10 v
Anode-to-grid capacitance 350 mpF
Commutation factor 10 VA/ps?
Ignition delay time see page C2
Grid
Maximum negative grid voltage
Before conduction -300 v
During conduction -10 v

Maximum positive grid current during the time that
the anode voltage is more positive than ~10V

Peak 1.25 A

Average (maximum averaging time = 20ms) 100 mA
Maximum peak positive grid current during the time that

the anode voltage is more negative than -10V 50 mA<
Grid-to-cathode capacitance 10 pF
Grid resistance

Maximum 100 k€2

Minimum See page C3
Recovery (deionisation)} time (approx.}

Vg = -250V 200 us

Vp = 100V 300 1S
Critical grid current at Vg = 1.5k¥Y <20 pA

A
[Mulard |

DECEMBER 1963 S Pags D1



ITI0I11 THYRATRON

(Formerly XR1-1600A)

Cathode

Maximum cathode current (see note 1)
Peak (25¢/s and above) see note 5

Vo € 1.25kV 30 A
V, = 1.5kV 20 A
Average (see page C4)
Maximum averaging time = 15s, V, = 1.5kY 1.6 A
Maximum averaging time = 10s, V. < 1.25kV 25 A
Surge (fault protection, maximum duration, = 0.1s)
see note 3 300 A
Minimum cathode heating time (see note 2)
Twipk) = 20A 10 s
ix(pky = 20A 30 H
Filament voltage (see nots 5) 25 v
Filament current range at 2.5V and Iy, = 0A 7.5t095 A
Mechanical
Type of cooling Convection
Mounting position Any between horizontal
and vertical with base down
Met weight (approx.) "21 -
Weight of valve in carton (approx.) 27; 7 oi
. . . 35%x3.5x85 in
MNominal dimensions of carton 90'% 90 x 125 mm

ABSOLUTE MAXIMUM RATINGS

It is important that these ratings are never exceeded and such variations as
mains fluctuations, component tolerances and switching surges must be
taken into consideration in arriving at the actual valve operating condi-

tions.
Anode
Maximum peak anode voltage (forward and inverse)
heiavy S 1.6A, ikpxy < 20A 1.5 kY
ligav) > 1.6 125 kv
Grid
Maximum negative grid voltage
Before conduction 300 Y
During conduction -10 v
Maximum positive grid current during the time that
the anode voltage is more positive than ~10V
Peak 125 A
Average (maximum averaging time = 20ms) 100 mA
Maximum peak positive grid current during the time that
the anode voltage is more negative than =10V 50 mA
[ ]
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THYRATRON LTI01 1

(Formerly XRi-1600A)

Cathode

Maximum cathode current (see note 1)
Peak (25¢/s and above) see note 5

Va € 1.25kV 30 A
Ve = 1.5kY - 20 A
Average (see page C4)
Maximum averaging time = 15s, ¥, = 1.5kV 1.6 A
Maximum averaging time = 10s, V, < 1.25kV 1.5 A
Surge (fault protection, maximum duration = 0.1s)
see note 3 300 A
Minimum cathode heating time (see note 2)
ix(pky) € 20A 10 s
ix(px) > 20A 30 s
Heater voltage
Minimum 225 v
Maximum
(I > 0.5A) W5 v
(e < 0.5A) 30 v
Ambient temperature (see note 4)
Minimum =53 °C
Maximum +70 °C

OPERATING NOTES

1.

The centre tap of the filament should be connected to the centre tap of
the filament transformer. This connection is essential when the average
current exceeds 6.4A averaged over any 1 second period. When two or
more valves are used with one filament transformer, the filament centre
taps must never be connected together without the further connection
to the centre tap of the filament transformer.

Peak currents greater than 20A should not be drawn until T minute after
the application of the filament voltage.

The rating applies when the filament and filament transformer centre taps
are connected together. The maximum surge current must not exceed
140A, if the cathode current return is to only one of these points.

The anode structure must be left free to ensure cooling by free convection.

For operation with peak currents in excess of 20A and a mean current of
less than 0.5A, such as occurs under tgnitron firing service, a nominal
heater voltage of 2.75V may be used. Under these conditions 2 maximum
peak anode voltage of 1.5kV is permissible.

(I
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ZT I 0 I I THYRATRON

(Formerly XR1-1600A)
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ZT I 0 I I THYRATRON

(Formerly XR1-1600A)
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THYRATRON LTiol1

(Formerly XR1-1600A)
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JARIUE THYRATRON

(Formerly XR1-1600A)

BlIO62

1 T T
} Aoy zTion — |

Permissible area
of operation

Maximum average cathode current (A)

o] 5 10 15

Time {sec)

]

Permissible area
of operation

Maximum average cathode current {A)
(5]

Time {sec)

The top curve shows the maximum number of seconds in any 10 second
pericd for which a given average current may be drawn from a sinusoidal
supply if the peak voltage applied to the vaive is less than 1.25kV. The bot-
tom curve shows the maximum number of seconds in any 15 second period
for which a given average current may be drawn from a sinusoidal supply
if the applied peak voltage lies between 1.25% and 1.5kY.

(A
[Mullard]
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IGNITRON ZX1000

QUICK REFERENCE DATA

Coaxfal ignitron primarily intended for resistance welding and a.c. control
applications. Specizl features include air or water cooling, fast ignition,
low ignitor energy requirements.

Peak anode voltage . BOO v
Cathode current
Peak 1,14 kA
Average 13 A
Demand kVA (two tubes in inverse parallel) 200 kVA
Nominal ignition time 9 us

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values given state the range over which the tube will operate. No
allowance has been made in the data for supply voltage and component vari-
ations. The values given apply to all tubes, both initially and during tife.

Anode
Maximum anode supply voltage See table in 'Full Load Operating
s ; s Conditions'.

Minimum instantaneous positive

anode voltage for ignitor to anode

transfer 25 v
Arc voltage drop See curve on page C1
*Minimum instantaneous anode

current to maintain conduction 5 A

*Note this current must be established within 200us of application of ignitor
pulse,

Cathode

See table in Full Load Operating Conditions and pages C3-C6.

Ignitor and auxiliary electrode

The tube is designed for a separate ignition system using a miniature
thyratron. The ignition must be started by a short pulse through the
ignitor, after which the discharge is taken over by the auxiliary electrode,
andfinally by the main anode, provided that there is a minimum voltage
of 25 volts between main anode and cathode,
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The firing circuit is shown below

22060, 220K
56000,
1
1w “8vi00”
I
il +E
1S Viw Wom550250V S
h ™
1l
100mA
N —— |
g —

Tolerance of passive components = 10% max.

Circuit resistance = 0,58 max,

For satisfacgory operation the a.c. supply should lag the ignitron anode
supply by #0°, This may be cbtained from a three-phase 4 wire supply,
or by using a passive component network for single phase operation.

Mechanical
Type of cooling Ajr or water
Water cooling Min, Max.

Continuous water flow
at maximum load 0.04 0.22 gal/min

Pressure drop at minimum 2
flow 0.71  1b/in

Water temperature at inlet
of cooling system See curve on page C9

JANUARY 1964
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IGNITRON 7X1000

Forced air cooling

Continuous air flow through
each air cooler at maximum

load 21 cu.ft/min
Cooling air temperature at
minimum flow See curve on page C10
Net weight (approx) 17.6 0z
500 g
Weight of valve in carton (approx) 26,5 oz
750 g
Minimum distance hetween centres
for mounting 120 mm
Mounting position Vertical with anode

connection up

Accessories
Type humber Net weight Weight in carton
Water cooler 40700 250g 500g
Air cooler 40701 300g 500g
Connector for
ignitor and
auxiliary
electrode 40702 (Supplied with tube)

FULL T.OAD OPERATING CONDITIONS
The figures given in this data are based on full cycle conduction, regardless
of whether or not phase delayed firing is used. No allowance has been made

for supply voltage or component variations,

Single phase a.c. contrel, supply frequency 25 to 60c/s (see pages C2-C6)

I M. 5. supply
voltage (Vh) 220 250 380 440 500 A
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For use at maximum kVA demand
Maximum demand 196 200 200 200 200

Maximum average
cathode current

kva

per tube 7.0 7.0 7.0 7.0 7.0 A

Maximum r.m.,s,

demand current,

two tubes in inverse

parallel 800 300 526 454 400

Duty factor 1.9 1.9 3,0 3.5 3

For use at maximum average current

Maximum average
cathode current
per tube 13.0 13,0 13.0 13.0¢ 13

Maximum demand 58 87 67 67 67

Maximum r,m. s,

demand current,

two tubes in inverse

parallel 267 267 175 151 133

Duty factor 10.7 10,7 16.4 19.2 21

Maximum surge

current for fault

protection (maximum

duration 150ms) 2260 2260 1490 1270 1130

Maximum averaging time

*When uging water
cooling with maxi-
mum inlet tem-

perature = 32°C 25,6  25.6 16,8 14,5 12,

*When using forced
air cooling with
maximum inlet tem-
perature = 25°C 12 12 10 9 8

.9 %

.0 A

kVA

.6 %

*For use at higher inlet temperatures see curves on pages C8 and C9.
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IGNITRON 7X 1000

ABSOLUTE MAXIMUM RATINGS

It is important that these ratings are never exceeded and such variations as
mains fluctuations, component tolerances and switching surges must be taken
into consideration in arriving at the actual tube operating conditions,

The values given in this section are based on [uil cycle conduction without
phase delay regardless of whether or not phase control is used.

Anode and cathode
Maximum peak voltage (forward and inverse) 8OO v

Maximum anode current
Peak (at 250V r.m.s.) 1.14 kA
Average (continuous) See pages C3,C4,C5 and C6 13 A
Burge (fault protection only, maximum
duration = 150ma) 2.8 x max. demand current

Maximum demand (two tubes connected
in inverse parallel) See page C2 200 kva

See pages C3, C4, C3, and C6 for curves showing r.m.s. demand
current and duty factor.

COOLING {Air or water cocling may be used)

Min, Max.
Water cooling
Continruous water flow at maximum
load 0.04 0.22 gal/min
Pressure drop at minimum flow 0.71 Ib/in2
Water temperature at inlet of
cooling system See curve on page C8
Forced air cooling
Minimum continuous air flow
through each air cooler at
maximum load 21 cu.ft/min
Cooling air temperature at
minimum flow See curve on page C9
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OPERATING NOTES

1, Te prevent condensation of mercury on the anode or on the anode
insulator, the temperature of the anode lead-in and insulator should
always be higher than the cathode temperature.

2. The ignitron should be mounted vertically, anode uppermost. It should
nothe subject to vibration, or the influence of magnetic or radio frequency

fields.
ol
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IGNITRON

OUTLINE DRAWING AND DIMENSIONS

Water cooling
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QUTLINE DRAWING AND DIMENSIONS

Air cooling
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IGNITRON IX1000
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TYPICAL ARC VOLTAGE PLOTTED AGAINST CATHGDE CURRENT
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IGNITRON 7X1000

) [ 8
H ")
2
~r
S
) 13 iy
’ u, ' - .
SEHES £
8 8 <
£ &
Pt & S o g
- o 2] he]
3 g ' ™S
N o =
9 2
v ¥
S
()
)
<
) ) §
S & S
(S) swry BubosoAp wnuuyxop
‘ ) ) MAXIMUM AVERAGING TIME PLOTTED AGAINST MAINS VOLTAGE

JANUARY 1964 7 Page C7



g
ol
R
e
\
- I
=] [
2 3
(W
e e
N s © %
2 Q
g ;
@
Sy >
W ©0 S
)
[~}
c L]
-2
Th
O
x ~
N
L]
o b=l o (] o
S R = S e

(D0) 84nybiadusey pajur

INLET TEMPERATURE PLOTTED AGAINST AVERAGE ANODE CURRENT
FOR WATER COOQLING

(A

JANUARY 1964 Ny~ Page C8

Bt
—



IGNITRON 7X1000
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IGNITRON ZXI1051

QUICK REFERENCE DATA

Water-cooled ignitron primarily intended for resistance welding and
a,c. control applications. The tube has a plastic coated stainless
steel water jacket.

International size B

Maximum demand power (two tubes
in inverse parallel) 600 kVA

Maximum average current 56 A

Minimum ignitor requirements to fire all tubes
Peak voltage 150 v
Peak current 12 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values in each section state the range over which the tubewill operate.
No allowance has been made in the data for supply voltage and component
variations. The values given apply to all tubes, both initially and during
life, with the specified cooling conditions.

Anode and Cathode
See under sections listed in "Full Load Operating Conditicns": -

1. Single phase welding service and A,C. control
a. Maximum demand power
fr, Maximum average current

2, Intermittent rectifier or three phase frequency changer resistance
) welding service.

Arc voltage drop See graph, page C1

Ignitor

See section "Ignitor characteristics, ete.”
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FULL LOAD OPERATING CONDITIONS

The figures given in the data are hased on full cyele conduction, with equally
distributed load on all ignitrens, regardless of whether or not phase delayed
firing is used. The load must be limited so that at zero phase delay no overload
will result. No allowance has been made for supply voltage or component
variations.

3INGLE PHASE WELDING SERVICE AND A.C. CONTROL. Supply freguency
50Hz, two tubes in inverse parallel connection (see graph on page C2)

A, Maximum demand power

Supply voltage (r.m.s) 220 250 380 440 50¢ 600 v
Max. demand power 5330 GO0 600 600 600 400 kVA
Max. average current

per tube 30.2  30.2  30.2  30.2 30,2 30.2 A
Max, r.m. s, demand

current 2.4 2.4 1.6 1.4 1.2 1.0 kA
Max, averaging lime 18 18 11.8 10.4 9.0 7.5 El
Duty factor 2.8 2.8 4.2 4.8 5.6 6.7 %

Max, number of cycles
in max, averagingtime 23 25 25 25 25 25

Integrated r,m.s.
load current 400 400 320 310 280 260 A

B, Maximum average current

Supply voltage (r.m.s.) 220 230 380 440 500 600 v
Max, average current

per tube 56 56 56 56 56 56 A
Max, demand power 180 200 200 200 200 200 kva
Max. r.m, s, demand

current 800 800 530 450 400 330 A
Max, averaging time 18 18 11.8 10.4 .0 7.8 )
Duty factor 15.6 15,6 23,5 26 31,1 37.7 %

Max, number of cycles
in max, averagingtime 140 140 140 140 140 140

Integrated r,m. s,
load current 320 220¢ 250 230 220 200 A

Max . surge current
for max. 0,158 6.7 8,7 4,

[=2%
[
oD

3.4 2.8 kA
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IGNITRON ZX1051

Notes
1. For supply voltages less than 250V r.m.s., thevalues of maximum demand
current and maximum averaging time at 250V r.m.s. mustnot be exceeded,

2. The "maximum number of cycles in the maximum averaging t_ime" is the
maximum integrated number of cycles that a pair of tubes may conduct,
with or without interruption, during the maximum averaging time.

Max. no. of cycles = Duty factor x Max. averaging time x Supply frequency

INTERMITTENT RECTIFIER OR THREE PHASE FREQUENCY CHANGER
RESISTANCE WELDING SERVICE. Supply frequency 50Hz (see graph page C3)

Max. peak voltage

(forward and inverse) 1.2 1.5 kV
For use at max. peak current
Max. peak current 600 480 A
Max, average current 5.0 4.0 A
For use ai max, average current
Max. peak current 135 108 A
Max, average currant 22.5 18 A
Max . averaging time 10 10 5

Max. value of the ratio of
average current to peak current
{averaging time = 0,5s) o.17 0,17

Max, value of the ratio of
surge current to peak current
(averaging time = 150ms) 12.5 12.5
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IGNITOR CHARACTERISTICS, RATINGS AND IGNITION CIRCUITS

Ignitor characteristics

Minimum voltage required for ignition {all tubes) 150 v
Minimum current required for ignition {all tubes) 12 A
Typical current required for ignition Gto 8 A
Minimum period of application of voltage or current 50 s

Ignitor ratings (Absolute maximum system)

Maximum peak positive voltage 2.0 kv
Maximum peak negative voltage (including any transients) 5.0 v
Maximum peak forward current 100 A
Maximum peak inverse current zero A
Maximum r.m,s, forward current 1¢ A
Maximum average forward current for maximum

averaging time of 5 seconds 1.¢ A

Anode excitation circult requirements

For recommended circuit using two thyristors see figure 1, or for one
common thyristor see figure Z.

Minimum peak ignitor voltage for ignition 200 v
Minimum peak ignitor current for igniton 12 A
Minimum rate of rise of ignitor current 0.1 Alus
v 220 250 380 440 500 600 v
r.m.s,
R 2 2 4 4.7 5 6 2
Fl 2A fast response time fuse
]E‘2 10A fast response timefuse
Z Silicon voltage regulator dicde. Zener voltage =18V

Separate excitation circuit requirements

For recommended circuit see figure 3.

Capacitor (C) 2.0 8.0 pF

Capacitor voltage (£10%) 650 400 v

Peakvalue of closed circuit current 80 to 100 A

Maximum ohmic resistance of series inductance (L) 0.2 Q
NOTE

In each circuit the thyristor or combination of thyristor and voltage regulator
dicde may be replaced by a thyratron,
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IGNITRON ZX1051

Figure 1:- Ancde excitation {two thyristors)

Yems T B3387

LA

Figure 2;- Ancode excitation {Common thyristor)

82191

Ry

*ndicates idertical phase

Figure 3;- Separate excitation
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MOUNTING POSITION

The ignitron should e mounted within 42 of vertical, anode uppermost,
and suppurted by the cathode lug only, 1t should not be subjected to vibration
or the influence of magnetic or radio frequency fields,

When connecting the anode lead, cave should be lakennot tostress the anode
insulator .

COOLING

Characteristics at flow of 3 litres/min

Typical maximum pressure drop 0.1 kg/fem2
1.4 1b/in”
Typica! maximum temperature rise
at maximum average current 5.0 oc
A.C. control service ratings (Absolute maximum system)
Minimum water flow at maximum average
current (see graph on page CL} 3.0 1/min
Minimum inlet temperature (see note 1) 10 °c
Maximum inlet temperature (see note 1) 40 O¢
Maximum temperature at the thermostat
plate (see note 2) 50 oC
Intermittent rectifier or three-phase welding service ratings
{Absolute maximum system)
Minimum water flow at maximum average
current (see graph page C1) 3.0 1/min
Minimum inlet temperature (see note 1) 10 (o
Maximum inlet temperature {see note 1) a5 °c
Maximum temperature at the thermostat
plate (see note 2) 45 °c
[Mullard]
Mullard
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IGNITRON ZX1051

NOTES

. When the cooling systems of twoor three tubes are connected in series,

the minimum inlet temperature applies to the coldest tube and the maxi-
mum inlet temperature applies to the hottest tube.

The protective thermostat should he mounted on the hottest tube and the
water economy thermostat on the tube immediately preceeding thehottest
tube.

In three phase welding service using six tubes, not more than three tubes
should be cooled in series,

Hoses should be of insulating material and the minimum length hetween
tube and tube, or between tube and earth, should be 50cm.

. The thermostat plate is at the supply vollage,

. The main casing of the ignitron is made from stainless steel, but care

should be taken not to use water with a high mineral content,

WEIGHT
Net weight (approx.) 1.42 kg
Weight of tube in carton {approx.) 2,04 kg
ACCESSORIES
Water economy thermostat assembly 55305
Water failure or overload protective thermostat assembly 55306
Ignitor connector lead 53351
Water hose connections
nipple TEL051C
nut TELC51B
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OQUTLINE DRAWING
OF ZX1051
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IGNITRON ZX1052

QUICK REFERENCE DATA

Water—cooled ignitron primarily intended for resistance welding and
a,c. control applications, The tube has a plastic coated stainless
steel water jacket.

International size (o]

Maximum demand power (two tubes
in inverse parallel) 1200 kVA

Maximum average current 140 A

Minimum ignitor requirements tofire all tubes
Peak voltage 150 v
Peak current 12 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values in each section state the range over which the tube will operate,
No allowance has been made in the data for supply voltage and component
variations. The values given apply to all tubes, both initially and during
life, with the specified cooling conditions,
Anode and Cathode

See under sections listed in ""Full Load Operating Conditions'':-

Bingle phase welding service and A, C, control
a, Maximum demand power
h. Maximum average current

Arc voltage drop See graph, page Cl

Ignitor

See section "Ignitor characteristics, etc."
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FULL LOAD OPERATING CONDITIONS

The figures given in the data are bhased on full cycle conduction, with equally
distributed load on all ignitrons, regardless of whether or not phase delaved
firing is used, The joad must be limited so that at zero phase delay no overlead
will result. No allowance has heen made for supply voltage or component

variatiens.

SINGLE PHASE WELDING SERVICE AND A,.C. CONTROL, Supply frequency
50Hz, two tubes in inverse parallel connection (see graph on page C2)

A, Maximum demand power

Supply voltuge (r.m,s.) 220 200 380

Max . demand power 1060 1200 1200

Max, average current

per tube 75.6 175.6 75.6

Max, r.m,s.demand

current 4,8 4.8 3.15

Max, averaging time 14 14 9.4

Duty factor 3.5 3.5 5.3

Max . number of cycles

in max, averagingtime 25 25 25

Integrated r.m.s.

lead current 400 900 720

B, Maximum average current

Supply voltage (r.m.s.) 220 250 380

Max, average current

per tube 140 140 140

Max . demand power 350 400 400

Max.r.m.s, demand

current 1600 1600 1050

Max, averagingtime 14 14 9.4

Duty factor 19.4 19.4 29.5

Max, number of cycles

inmax. averagingtime 140 140 140

Integrated r.m.s,

load current 700 700 570

Max, surge current

for max. 0.15s 13.5 13.5 9.0
[

SEPTEMBER 1967
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IGNITRON ZX1052

Notes

For supply voltages less than 250V r.m.s., the values of maximum demand
current and maximum averaging time at 250V r.m.s. must not he exceeded,

The "maximum number of cyeles in the maximum averaging time" is the
maximum integrated number of cycles that 2 pair of tubes may conduct,
with or without interruption, during the maximum averaging time.

Max, no. of cycles = Duty factor X Max, averaging time X Supply frequency

IGNITOR CHARACTERISTICS, RATINGS AND IGNITION CIRCUITS

Ignitor characteristics

Minimum voltage required for ignition (all tubes) 156G v
Minimum current required for ignition (all tubes) 12 A
Typical current required for ignition 6to 8 A
Minimum period of application of voltage or current 50 us
Ignitor ratings (Absolute maximum system)

Maximum peak positive voltage 2.0 kv
Maximum peak negative voltage {including any transients) 5.0 v
Maximum peak forward current 100 A
Maximum peak inverse current Zero A
Maximum r.m.s. forward current 10 A
Maximum average forward current for maximum

averaging time of 5 seconds 1.6 A

Anode excitation circuit requirements

For recommended circuit using two thyristors see figure 1, or for one
common thyristor see figure 2.

Minimum peak ignitor voltage for ignition 150 v
Minimum peak ignitor current for ignition 12 A
Minimum rate of rise of ignitor current 0.1 Afus
v 220 250 380 440 500 600 v
r,m.s.
R 2 2 4 4.7 5 6 Q
F1 24 fast response time fuse
FZ 10A fast response time fuse
4 Zilicon voltage regulator diode. Zener voltage =18V

Separate excitation circuit requirements

For recommended circuit see figure 3.

Capacitor (C) 2,0 5.0 uF
Capacitor voltage (+10%) 850 400 v
Peak value of claosed circuit current 30 to 100 A
Maximum ohmic resistance of series inductance (L) 0.2 Q@
A
MARCH 1969
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Fig.1l: Ancde excitation ( Two thyristors)

¥ems 89352

Fig.2. Anode excitation (Common thyristor)

*Indicates identicai phase

Fig.3: Beparate excitation

NOTE

In each circuit the thyristor or combination of thyristor and voltage regulator (
dicde may be replaced by a thyratron,

[ i)
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IGNITRON ZX1052

MOUNTING POSITION

The ignitron should be mounted within 3° of vertical, anode uppermost,
and supported by the cathode lug only. It should not be subjected tovibration
or the influence of magnotic or radio frequency fields.

When connecting the anode lead, care should betaken not tostress the anode

insulator.
COOLING

Characteristics at flow of 5 litres/min

Typical maximum pressure drop ¢.16 kg/cm2
2z Ib/in2

Typical maximum temperature rise
at maximum average current 6.0 Oc

A.C. control service ratings (Absolute maximum system)
Minimum water flow at maximum average
current {see graph on page C1) 5.0 1/min
Minimum inlet temperature (see note 1) 10 °¢
Maximum inlet temperature (see note 1) 40 oc
Maximum temperature at the thermostat
plate (see note 2) 50 o

NOTES

1. When the cooling systems of {wo or three tubes are connected in series,
the minimum inlet temperature applies tothe coldest tube and the max-
imum inlet temperature applies to the hottest tube,

The protective thermostat should be mounted onthe hottest tube and the
water economy thermostat on the tube immediately preceeding the hottest
tube.

In three phasewelding service using six tubes, not morethan three tubes
should be cooled in series.

Hoses should ke of insulating material and the minimum length between
tube and tube, or hetween tube and earth, should be 50cm.

2, The thermostat plate is at the supply voltage.

3. The main casing of the ignitron is made from stainless steel, but care
should be taken not to use water with a high mineral content.

WEIGHT
Net weight (approx.) 2.82 ke
Weight of tube in carton {approx.) 4.08 kg

AUGUST 1968 ZX1052 Page D5




ACCESSORIES

Water econcmy thermostat agsembly 55305
Water failure or overload protective thermostat assembly 55306
Ignitor connector lead 55351
Water hose connections
nipple TE1051C
nut TE1051B

OUTLINE DRAWING OF ZX1052
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IGNITRON ZX1053

TENTATIVE DATA
QUICK REFERENCE DATA

Water-cooled ignitron primarily intended for resistance welding and
a.c. control applications. The tube has a plastic coated stainless
steel water jacket.

International size D

Maximum demand power (two tubes
in inverse parallel) 2400 kVA

Maximum average current 355 A
Minimum ignitor requirements to fire all tubes
Peak voltage 200 v

Peak current 15 to 30 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN
The values in each section state the range over which the tube will operate.
No allowance has been made in the data for supply voltage and component
vartations. The values given apply to all tubes, both initially and during
life, with the specified cooling conditions.
Anode and Cathode
See under sections listed in "Full Load Operating Conditions': -
1. Single phase welding service and A.C. control
a. Maximum demand power
L. Maximum average current
2. Intermittent rectifier or three phase frequency changer resistance
welding service.

Arc voltage drop See graph, page 9
g 4

Ignitor

See section "Ignitor characteristics, etc.”
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FULL LOAD OPERATING CONDITIONS

The figures given in the data are based on
distributed load on all ignitrons, regardless of whether or not phase delayed
firing is used. The load must be limited so that at zero phase delay no overload
will result. No allowance has been made for supply voltege or component

variations,

full cycle conduction, with equally

SINGLE PHASE WELDING SERVICE AND A,C. CONTROL. Supply frequency
50Hz, two tubes in inverse parallel connection (see graph on page 10),

AL Maximum demand power
Supply voltage (r.m.s.) 220
Max. demand power 2124

Max. average current

per tube 182
Max. r.m.s. demand

current 9.
Max.averaging time 11
Duty factor 4.

Max . number of cycles
inmax.averaging time 25

Integrated r.m.s.

load current 2.

B. Maximum average current
Supply voltage {r.m.s) 220

Max . average current

per tube 355
Max . demand power 700
Max.r.m,s. demand
current 3.
Max .averaging time 11
Duty factor 24,

Max .number of cycles
in max.averaging time 140

Integrated r.m.s.

load current 1.

Max . surge current
for max, 0.15s 27

APRIL 1969
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IGNITRON IX1053

Notes

1. For supply voltages less than 250Vr.m.s., the values of maximum demand
current and maximum averaging time at 250Vr.m.s. must not be exceeded.

2. The "maximum number of cycles in the maximum averaging time" is the
maximum integrated number of cycles that a pair of tubes may conduct,
with or without interruption, during the maximum averaging time.

Max. no. of cycles =Duty factor X Max. averaging time X Supply frequency

INTERMITTENT RECTIFIER OR THREE PHASE FREQUENCY CHANGER
RESISTANCE WELDING SERVICE. Supply frequency 50Hz (see graph page 11)

Max. peak voltage
(forward and inverse) 600 1200 15460 v

For use at max. peak current

Max . pesk current 4.0 3.0 2.4 kA

Max. average current 54 40 32 A
For use at max. average current

Max. peak current 1140 840 672 A

Mazx. average current 190 140 112 A
Max. averaging time 6.25 6.25 6.25 s

Max. value of the ratio of
average current to peak current
{averaging time=10.5s) 0.17 0.17 0.17

Max. value of the ratio of
surge current to peak current
(averaging time =150ms) 12.5 12.5 12.5
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IGNITOR CHARACTERISTICS, RATINGS AND IGNITION CIRCUITS

Ignitor characteristics

Minimum voltage required for ignition (all tubes) 200 v
Minimum current required for ignition (all tubes) 12 A
Typical current required for ignition 6to§ A
Minimum period of application of voltage or current 100 us
Ignitor ratings (Absolute maximum system)

Maximum peak positive voltage 2.0 kv
Maximum peak negative voltage (including any transients) 5.0 v
Maximum peak forward current 100 A
Maximum peak inverse current zero A
Maximum r.m.s. forward current 10 A
Maximum average forward current for maximum

averaging time of 5 seconds 1.0 A

*Anode excitation cireuit requirements

For recommended circuit using two thyristors see figure 1, or for one
commoeon thyristor see figure 2.

Minimum peak ignitor voltage for ignition 200 v
**Minimum peak ignitor current for ignition 15 to 30 A
Minimum rate of rise of ignitor current 0.1 Afus
v 220 250 380 440 500 600 v
r.m,s.
R 2 2 4 4.7 5 6 Q
F1 2A fast response time fuse
F2 10A fast response time fuse
Z Silicon voltage regulator diode. Zener voltage=18V

*Beparate excitation circuit requirements

For recommended circuit see figure 3

Capacitor (C) 2.0 uF
Capacitor voltage (+10%) 650 v
Peak value of closed circuit current 80 to 300 A
Maximum ohmic resistance of series inductance (L) 0.2 2

*In each circuit, the thyristor or combination of thyristor and voltage regulator
diode may be replaced by a thyratron.

**Higher peak ignitor currents are required at lower anode voltages and lower
water inlet temperatures; lower peak ignitor currents are required at higher
anode voltages and higher water inlet temperatures.

The issue of the information contained in this publication does not imply
any authority orlicence for the utiiisation of any patented feature.
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IGNITRON ZX1053

89192

* Indicates identical phase
Figure 3:- Separate excitation
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MOUNTING POSITION

The ignitron should be mounted within 3° of vertical, anode uppermost,
and supported by the cathode lug only. It should not be subjected to vibration
or the influence of magnetic or radio frequency fields.

When comnecting the anode lead, care should be taken not to siress the
anode insulator.

COOLING

Characteristics at {low of 9 litres/min

Typical maximum pressure drop 0.35 kg/cru2
5.0 1b/in?

Typical maximum temperature rise

at maximum average current 9.0 °c

A.C, control serviee ratings {Absolute maximum system)

Minimum water flow at maximum average

current 9.0 1/min

Minimum inlet temperature (see note 1) 10 oc

Maximum inlet temperature (see note 1) 40 %%

Maximum temperature at the thermostat

plate (gee note 2) 50 “c

Intermittent rectifier or three-phase welding service ratings
{Absolute maximum system)

Minimum water flow at maximum average

current 9.0 1/min

Minimum inlet temperature (see note 1) 10 oc

Maximum inlet temperature (see note 1) 35 °c

Maximum temperature at the thermostat

plate (see note 2) 45 °c
(R
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IGNITRON ZX1053

NOTES

1. When the cooling systems of two or three tubes are connected in series,
the minimum inlet temperature applies to the coldest tube and the maxi-
mum inlet temperature applies to the hottest tube.

The protective thermostat should be mounted on the hottest tube and the
water economy thermostat on the tube immediately preceeding the hottest
tube.

In three phase welding service using six tubes, not more than three tubes
should be cooled in series.

Hoses should be of insulating material and the minimum length between
tube and tube, or between tube and earth, should be 50cm.

2. The thermostat plate is at the supply voltage.

3. The main casing of the ignitron is made from stainless steel, bui care
should be taken not to use water with a high mineral content.

WEIGHT
Net weight (approx.) 8.7 kg
Weight of tube in carton (approx.) 11 kg
ACCESSORIES
Water economy thermostat assembly 55305
Water failure or overload protective thermostat assembly 55306
Ignitor connector lead 55351

Water hose connections
Nipple TE1051¢
Nut TE1051b
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MAXIMUM PEAK ANODE CURRENT PLOTTED AGAINST
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IGNITRON ZX1061

QUICK REFERENCE DATA

Water-cooled ignitron primarily intended for resistance welding and
a.¢. control applications. The tube has a plastic coated stainless
steel water jacket.

International size B
Maximum demand power (two tubes

in inverse parallel) 1200 kva
Maximum average current T A

Minimum ignitor requirements to fire all tubes
Peak voltage 150 v
Peak current 12 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN
The values in each section state the range over which the tube will operate.
No allowance has been made in the data for supply voliage and component
variations. The values given apply to all tubes, both initially and during
life, with the specified cooling conditions.
Anode and Cathode
See under sections listed in "Full Load Operating Conditions': -
1. Single phase welding service and A.C. control
a. Maximum demand power
b, Maximum average current

2, Tntermittent rectifier or three phase frequency changer resistance
welding service.

Arc voltage drop See graph, page C1

Ignitor

See section "Ignitor characteristics, ete.”
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FULL LOAD OPERATING CONDITIONS

The figures given in the data are based on full cycle conduction, with equally
distributed load on all ignitrons, regardless of whether or not phase delayed
firing is used. The load must be limited so that at zero phase delay no overload
will result. No allowance has been made for supply voltage or component
variations.

SINGLE PHASE WELDING SERVICFK, AND A.C. CONTROL. Supply frequency
50Hz, two tubes in inverse parallel connection (see graph on page C2)
A,  Maximum demand power
Supply voltage (r.m.s.) 220 250 380 440 500 600 v
Max, demand power 550 630 850 950 1050 1200 kKVA

Max. average current

per tube 38 38 38 38 38 38 A
Max. r.m.s, demand

current 2.5 2.5 2.2% 2.2 2.1 2,0 kA
Max.averaging time 24 24 15.8 13.6 12 190 8
Duty factor 3.3 3.3 3.8 3.9 4.0 4.2 %

Max ., number of cycles
in max.averaging time 40 40 30 27 24 21

Integrated r.m.s.

load current 460 460 440 430 420 410 A
B. Maximum average current

Supply voltage (r.m.s.) 220 250 380 440 500 600 v

Max. average current
per tube 70 70 70 70 70 70 A

Max. demand power 180 210 280 310 350 400 kVA

Max, r.m.s. demand

current 850 850 750 720 700 660 A

Max.averaging time 24 24 15.8 13.6 12 10 8

Duty factor 18.3 18,3 20.8 21,5 22.2 23.5 %

Max.number of cycles

in max.averaging time 220 220 164 148 134 118

Integrated r.m.s,

load current 360 360 340 334 330 320 A

Max. surge current

for max. 0.15s 7.0 7.0 6.3 §8.0 5.9 5.6 kA
[Mullard]
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IGNITRON

ZX1061

Notes

1. For supply voltages lessthan 250Vr.m.s., the values of maximum demand
eurrent and maximum averaging timeat 250Vr.m.s. must not be exceeded.

2. The "maximum number of oycles in the maximum averaging time" is the

maximum integrated number of cycles that a palr of tubes may conduct,

with or without interruption, during the maximum averaging time.

Max . no. of cycles = Duty factor X Max. averaging time X Supply frequency

INTERMITTENT RECTIFIER OR THREE PHASE FREQUENCY CHANGER

RESISTANCE WELDING SERVICE. Supply frequency 50Hz (see graph page C3)

Max. peak voliage
{forward and inverse}) 1.2

For use at max. peak current

Max . peak current 1.5
Max. average current 20

For use at max. average current

Max. peak current 420
Max. average current 70
Msax. averaging time 5.25

Max, value of the ratio of
average current to peak current
(averaging time=0.5s) 0.17

Max. value of the ratio of
surge current to peak current
(averaging time=150ms) 12.5

1.5

1.2
16

336
56

6.25

kv

kA
A
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IGNITOR CHARACTERISTICS, RATINGS AND IGNITION CIRCUITS

Ignitor characteristics

Minimum voltage required for ignition (all tubes) 150 v
Minimum current required for ignition (all tubes) 12 A
Typical current required for ignition 6to 8 A
Minimum period of application of voltage or current 50 ps
Ignitor ratings (Absolute maximum aystem)

Maximum peak positive voliage 2.0 kv
Maximum peak negative voltage (including any transients) 5.0 v
Maximum peak forward current 100 A
Maximum peak inverse current Zero A
Maximum r.m.s. forward current 10 A
Maximum average forward current for maximum

averaging time of 5 seconds 1.0 A

Anode excitation ciroult requirements

For recommended circuit using two thyristors see figure 1, or for one
common thyriator see figure 2.

Minimum peak ignitor voltage for ignition 200 v
Minifnum pesk ignitor current for ignition 12 A
Minimum rate of rise of ignitor current 0.1  A/us
v 220 250 380 440 500 800 v
r.m.s,
R 2 2 4 4.7 5 6 2
F 1 2A fast response time fuse
F P 10A fast response time fuse
Z Silicon voltage regulator diode. Zener voltage=18V

Separate excitation circuit requirements

For recommended circuit see figure 3

Capacitor (C) 2.0 8.0 uF

Capacitor voltage (+10%) 650 400 v

Peak value of clased circuit current 80 to 100 A

Maximum ohmic resistance of series inductance(L) 0.2 2
NOTE

In each circuit, the thyristor or combination of thyristor and voltage regulater
diode may be replaced by a thyratron.
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IGNITRON ZX1061

&8332

Figure 2:- Anode excitation (common thyristor)

¥ Inaicates dentical phose

Figure 3:- Separale excitation
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MOUNTING POSITION

The ignitron sheuld be mounted within 3° of vertical, anode uppermost,
and supported by the cathode lug only. It should not be subjected to vibration
or the influence of magnetic or radio frecuency fields.

When connecting the anode lead, care should be taken not to stress the anode
insulator.

COOLING

Characteristics at flow of 3 litres/min

Typical maximum pressure drop 0.1 kg/cm2
1.4 1b/in2
Typical maximum temperature rise o
at maximum average current 5.9 C
A.C. control service ratings (Absolute maximum system)
Minimum water flow at maximum average
current (see graph on page C1) 3.0 1/min
Minimum inlet temperature (see note 1} 10 OC
Maximum inlet temperature {see note 1) 40 OC
Maximum temperature at the thermostat o
plate (see note 2) 50 C
Intermittent rectifier or three~phase welding service ratings
(Absolute maximum gystem)
Minimum water flow at maximum average
current (see graph page Cl) 4.0 1/min
Minimum inlet temperature (see note 1) 10 oc
Maximum inlet temperature (see note 1) 35 OC
Maximum temperature at the thermostat
plate (see note 2) 45 °c
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IGNITRON ZX1061

NOTES

1. When the cooling systems of two or three tubes are connected in series,
the minimum inlet temperature applies to the coldest tube and the maxi-
mum inlet temperature applies to the hottest tube.

The protective thermostat should be mounted on the hottest tube and the
water econotny thermostat on the tube immediately preceeding the hottest
tube.

In three phase welding service using six tubes, not morethan three tubes
should be cooled in series.

Hoses should be of insulatinig material and the minimum length between
tube and tube, or between tube and earth, should be 50cm.

2, The thermostat plate is at the supply voltage.

3. The main casing of the ignitron is made from stainless steel, but care
should be taken not to use water with a high mineral content.

WEIGHT
Net weight (approx.) 1.66 kg
Weight of tube in carton (approx.)- 2.28 kg
ACCESBORIES
Water economy thermostat assembly 55305
Water failure or overload protective thermostat assembly 55308
Ignitor connector lead 55351
Water hose connections
Nipple TE1051C
Nut TE1051B
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IGNITRON ZX1061
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ZX1081 BB204
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IGNITRON ZX1062

QUICK REFERENCE DATA

Water-cooled ignitron primarily intended for resistance welding and
a.c. control applications. The tube has a plastic coated stainless
steel water jacket.

International size Uprated C

Maximum demand power (two tubes

in inverse parallel} 2300 kVA
Maximum average current 180 A

Minimum ignitor requirements to fire all tubes
Peak voltage 10 v
Peak current 12 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values in each secticn state the range over which the tube will operate.
Neo allowance has been made in the data for supply voltage and component
variations, The values given apply to all tubes, both initially and during
life, with the specified cooling conditions,
Anode and Cathode

See under sections listed in ""Full Load Operating Conditions": -

Single phase welding service and A.C. control

a. Maximum demand power
b, Maximum average current
Arc voltage drop See graph, page Cl

Ignitor

See section "Ignitor characteristics, ete.”
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FULL LOAD OPERATING CONDITIONS

The figures given in the data are hased on full cycle conduction, with equally
distributed load on all ignitrons, regardless of whether or not phase delayed
firing is used. The load must be limited so that at zero phase delay no overload
will result. No allowance has been made for supply voltage or component

variations,

SINGLE PHASE WELDING SERVICE AND A,C, CONTROL,

Supply frequency

50Hz, two tubes in inverse parallel connection {see graph on page C2)

440
1820

110

4.2
11.58
5.8

35

1010

440

180
610

1.40
11.8
28.5

171

745

500 600 v
2000 2300  kVA
110 110 A
4.0 3.8 kA
10.5 8.7 s
8.1 6.4 %
32 27
990 970 A
500 600 v
180 180 A
670 760  kVA
1.23 1.27 kA
10.5 8.7 s
30.0 3l.4 %
157 136
730 710 A
11.2 10.6 kA

A, Maximum demand power
Supply voltage {r.m.s.) 220 250 380
Max, demand power 1000 1250 1650
Max, average current
per tube 110 110 110
Max.r.m.s, demand
current 5.0 5.0 4,35
Max. averaging time 21 21 13.8
Duty factor 4.9 4.9 5.6
Max ., number of cycles
in max. averaging time 51 51 38
Integrated r.m.s.
load current 1100 1100 1030
B. Maximum average current
Supply voltage (r.m.s.,) 220 250 380
Max . average current
per tube 180 180 180
Max . demand power 340 415 550
Max, r.m.s.demand
current 1.5 1.65 1,45
Max, averaging time 21 21 13.8
Duty factor 24.2 24,2 27,2
Max. number of cycles
inmax, averaging time 254 254 19¢
Integrated r.m.s,
load current 310 810 760
Max . surge current
for max, (.15s 14,0 14.0 12.2
(A
[ Mullard]
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IGNITRON ZX1062

Notes

1. For supply voltages less than 250V r.m.s., the values of maximum demand
current and maximum averagingtime at 250V r.m.s. must not be exceeded.

2. The "maximum number of cycles in the maximum averaging time" is the
maximure integrated number of cycles that a pair of tubes may conduct,
with or without interruption, during the maximum averaging time.

Max. no, of cycles = Duty factor xMax. averaging time x Supply frequency

IGNITOR CHARACTERISTICS, RATINGS AND IGNITION CIRCUITS
Ignitor characteristics

Minimum voltage required for ignition (all tubes) 150 v
Minimum current required for ignition (all tubes) 12 A
Typical current required for ignition 6to8 A
Minimum period of application of voltage or eurrent 50 us
Ignitor ratings (Absolute maximum system)

Maximum peak positive voltage 2.0 kv
Maximum peak negative voltage (including any transients) 5.0 v
Maximum peak forward current 100 A
Maximum peak ihverse current Zero A
Maximum r.m.s, forward current 10 A
Maximum average forward current for maximum

averaging time of 5 seconds 1.0 A

Anode excitation ¢ircuit requirements

For recommended circuit using two thyristors see figure 1, or for one
common thyristor see figure 2,

Minimum peak ignitor voltage for ignition 150 v
Minimum peak ignitor current for ignition 12 A
Minimum rate of rise of ignitor current 0.1 A/us

220 250 380 440 500 600 v

r.m.s.

R 2 2 4 4.7 5 ] Q
F1 2A fast response time fuse
F2 10A fast response time fuse
Z Silicon voltage regulator diode. Zener voltage = 18V

Separate excitation circuit requirements

For recommended circuit see figure 3.

Capacitor (C) 2.0 8.0 uF

Capacitor voltage (+10%) 650 400 v

Peak value of closed circuit current 80 to 100 A

Maximum ohmic resistance of series inductance (L) 0.2 2
[ )
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Vems, @9age

Fig.2; Anode excitation (Common thyristor)

* indicates identical phase

Fig.3: Separate excitation

NOTE

In each circuit the thyristor or combination of thyristor and voltage regulator
diode may be replaced by a thyratiron.

()
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IGNITRON ZX1062

MOUNTING POSITION

The ignitron should be mounted within 32 of vertical, anode uppermost,
and supported by the cathode lug only. It should not be subjected tovibration
or the influence of magnetic or radio frequency fields.

When connecting the anode lead, care should be taken not tostress the anode

ingulator.
COOLING

Characteristics at flow of 6 litres/min

Typical maximum pressure drop 0.2 kg/cm?
2.8 1b/in

Typlcal maximum temperature rise
at maximum average current 6.0 oc

A.C. control service ratings (Absolute maximum system)
Minimum water flow at maximum average
current (see graph on page Cl} 6.0 1/min
Minimum inlet temperature (see.note 1) 10 ¢
Maximum inlet temperature {see note 1) 40 oC
Maximum temperature at the thermostat
plate (see note 2) 50 °c

NOTES

1.

When the cooling systems of two or three tubes are connected in series,
the minimum inlet temperature applies tothe coldest tube and the max-
imum inlet temperature applies to the hottest tube.

The protective thermostat should be mounted onthe hottest tube and the
water economy thermostat on thetube immediately preceeding the hottest
tube.

In three phase welding service uging six tubes, not more than three tubes
should be cooled in series,

Hoses should be of insulating material and the minimum length between
tube and tube, or between tuhe and earth, should be 50cm,

2, The thermostat plate is at the supply voitage,
3. The main casing of the ignitron is made from stainless steel, but care
should be taken not to use water with a high mineral content.
WEIGHT
Net weight (approx.) 2,90 kg
Weight of tube in carton (approx.) 4.16 kg
)
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ACCESSBORIES

Water economy thermostat assembly

Water failure or overload protective thermostat assembly

Ignitor connector lead

Water hose connections
nipple
nut

OUTLINE DRAWING OF ZX1062
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IGNITRON ZX1062
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IGNITRON ZX1062
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IGNITRONS 5551A
5552A

QUICK REFERENCE DATA (Maximum values)

a.c. control applications,

Water-cooled ignitrons primarily intended for resistance welding and

5551A 5562A

International size B C
Peak znode voltage 1.5 0.85 kv
Cathode current

Peak 3.4 6.75 ka

Average 56 140 A
Demand kVA (two tubes in
inverse parallel)} 600 1200 kvVa
Ignitor requirements

Peak voltage 200 200 v

Peak current 12 12 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values given state the range over which the tube wili operate. No allow-
ance has been made in the data for supply voltage and component variations.

The values given apply to all tubes, both initially and during life,

Anode
Maximum anode supply voltage See table in 'Full Load Operating
Conditions'
Minimum instantaneous pesitive anode
voltage for ignitor to anode transfer 40 v
Arc voltage drop (approx, ) 12 v
Minimum instantaneous cathode current
for initiation of anode conduction 10 A
Minimum instantaneous cathode current
to maintain anode conduction K A
Cathode
See table in 'Full Load Operating Conditions',
Ignitor
Minimum voltage required for ignition 200 v
Minimum current required for igniticn 12 A
Minimum period of application of voltage
or current 100 us
Recommended circuit for anode excitation See page D2
Recommended circuit for separate excitation See page D3
)
|Mullard] Pags DI
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Mechanical

Type of cooling (see note 1)

Maximum quoted pressure drop at
minimum flow

Typical maximum temperature rise
Minimum inlet temperature
Recommended mounting position

Net weight (approx.)

Weight of tube in carton {approx.)

Accessories

Water economy thermostat assembly

Water failure or overload protective
thermostat assembly

Ignitor connector lead
Water hose connections
nipple

nut

RECOMMENDED CIRCUITS
Anode excitation

R Fsl
O

5551A 5552A
water

1.85 5 Ib/in®

4 4 oc
10 10 oc

vertical, with anode up
4.5 8 iH]
2 3.6 kg
6 11 b
2.7 5 kg

55306

55306
55351

TE1051C
TE1051B

AC.
mdains
supply

K

AUGUST 1966 “u"d
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IGNITRONS 5551A
5552A

Mains voltage (V r.m.s.) R ()
220 to 250 2
380 to 440 4
500 5
600 6

Separate excitation

5 1oon

100160,
A.C, mains
supply
Fs6&
Fsi 24
2A
-
2uF
Peak closed circuit current 80 to 100 A
Capacitor operating voltage 653050 V
Maximum ohmic resistance of series inductance 0,2 Q
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FULL LOAD OPERATING CONDITIONS

The figures given in this data are based on full eycle conduction, regardless
of whether or not phase delayed firing is used, No allowance has been made
for supply voltage or component variations.
Single phase a. c. control, supply frequency 25 to 60c/s (see graphs on pages

C1 and C2).
5551A 5552A
r.m.s. supply voltage (Vb) 220 to 600 v
FOR USE AT MAXIMUM DEMAND
Maximum demand
Vb = 250 to 600V 600 1200 kVA
Vb < 250V 530 1060  kVA
Maximum average current
per tube 30,2 75.6 A
Maximum conduction period 0.5 0.5 s
FOR USE AT MAXTIMUM AVERAGE CURRENT
Maximum average current
per tube 56 140 A
Maximum demand
Vb = 250 to 600V 200 400  kVA
Vh <250V 180 350 kVA
5551A 5552A
v t  max, I max t max. I max
b av surge av surge
in (t max. = 150ms) in (t max, = 1530ms)
VOLTS | seconds kA seconds kA
220 18 6.7 14 13.4
250 18 6.7 14 13.4
380 11,8 4.4 9.4 8.8
440 10,2 3.8 8.0 7.6
550 9.0 3.3 7.0 8,7
600 7.5 2.8 5.8 5.6
)
{(Mullard|
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IGNITRONS 5551A
5552A

INTERMITTENT RECTIFIER OR THREE PHASE FREQUENCY CHANGER
RESISTANCE WELDING SERVICE, SUPPLY FREQUENCY 50 to 60c/s (see
graphs on page C3).

5561A

Maximum peak voltage
(forward and inverse) 1.2 1.5 kv
For use at maximum peak current

Maximum peak current 600 480 A

Maximum average current 5 4 A
For use at maximum average current

Maximum peak current 135 108 A

Maximum average current 22,5 18.0 A
Maximum averaging time 10 1¢ s
Maximum value of the ratio of
average current to peak current
(averaging time = 0, 28) 0.166 0.166
Maximum value of the ratio of
surge current to peak current
(averaging time = 150ms) 12.5 12.5

RECTIFIER SERVICE 5562A

Maximum peak voltage (forward and inverse) 500 v
Maximum peak anode current 1600 A
Maximum average ancode current 100 A
Surge current (averaging time = 150ms) 6.7 kA
Maximum averaging time 6 s
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ABSOLUTE MAXIMUM RATINGS

It is important that these ratings are never exceeded and such variations as
mains fluctuations, component tolerances and switching surges must be taken
into consideration in arriving at the actual tube operating conditions,

The values given in this section are based on full cycle conduction without
phase delay, regardless of whether or not phase control is used.

5551A 5552A
Anode and cathode
Maximum peak voltage (forward
and inverse) 1.5 0.85 kV

Maximum ancde current
Peak (see page C3)

Average (continuous}(see pages Cl, C2 and C3)

56 140 A
Surge (fault protection only,
maximum duration = 150ms) 6 13 kA
Maximum demand (two tubes
connected in inverse parallel)
(see pages (1 and C2) 600 1200 kVA
Ignitor
Maximum peak positive voltage
= maximum peak anode voliage 1.5 1.5 kV
Maximum peak negative voltage 5 5 v
Maximum peak forward current 100 100 A
Maximum r,m, s, current 10 10 A
Maximum average current
{maximum averaging time = 58) 1 1 A
Minimum rate of rise of ignitor
current for ignition within 100us 0.12 0,12  A/us
Cooling
5551A 5552A
Minimum flow at maximum demand
and/or maximum average current 0.9 1.32 gal/min
4 6 1/min
Maximum pressure within envelope 45 45 1b/in>
Maximum inlet temperature
Single phase a,c. control 40 40 °c
Intermittent rectifier or
three phase welding service 36 35 °c
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IGNITRONS 5551A

5552A

5551A 5552A

Maximum temperature at thermostat plate (see note 4}
A, C. control service

220 to 250V r.m, s, supply 55 55 %
380 to 500V r.m. s. supply 50 50 oc
500 to 600V r.m.s. supply 45 15 “c

Intermittent rectifier and
three phase welding service 45 45 C

OPERATING NOTES

1.

4,

When the cooling systems of two or three tubes are connected in series,
the maximum inlet temperature of the hottest tube must not be exceeded
and the minimum must be met at the coldest tube. In general, the water
economy thermostat should be mounted on the last but cne and the
protective thermostat on the last tube,

In three phase welding service using six tubes, not more than three
tubes should be cocled in series,

Hoses should be of ingulating material and the minimum length between
tube and tube, or tube and earth, should be 18 inches,

The ignitron should be mounted vertically, anode uppermost, and
supported by the cathode lug only, It should not be subjected to vibration
or the influence of magnetic or radio frequency fields,

When connecting the anode lead, care should be taken not to stress the
anode insulator,

The main casing of the ignitron is made from stainless steel but care
should be taken not to use water with a high mineral content,

The thermostat plate may be at the supply line voltage,

AUGUST 1968 [ Mullard]
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WARNING : The whole of this cuter casing
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IGNITRONS
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IGNITRONS 5551A
5552A

Maximum ] 5554 [+ o2t
T —T 111
dernond
&VA’; Two tubes connected "bock to back
[T I TIII L TT]
Mains voltage = 250 to 800V
1000
M,
A\
A
100
[+
2] [[+] [=¢] Ia(w)max per tube (&)
Maxlmum ] ssma A o))
 ——
i T Tt H
demond Two tubes connected "back to back "
current
(a)
10000
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tqy max = 18 w2 Qs
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00
ol (L] 10 100 Duty factor (%)

THESE GRAPHS SHOW LIMITING VALUES FOR A.C. CONTROL FOR 5531A.
THEY ARE NOT TC BE USED FOR FREQUENCY CHANGING SERVICE
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THESE GRAPHS SHOW LIMITING VALUES FOR A.C. CONTROL FOR 5552A.
THEY ARE NOT TO BE USED FOR FREQUENCY CHANGING SERVICE (
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IGNITRONS 5551A
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THREE PHASE FREQUENCY CHANGING DUTY - 5551A
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IGNITRON 55538

QUICK REFERENCE DATA (Maximum values)
Water —cooled ignitron primarily intended for resistance welding and
a.c. control applications.
International size D
Peak anode voltage 1.5 - kv
Cathode ¢urrent
Peak 13.5 kA
Average 355 A
Demand kVA (two tubes in
inverse paraliel) 2400 kVA
Ignitor requirements
Peak voltage 200 v
Peak current 12 A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values given state the range over which the tube will operate, No allow-
ance hasbeen made inthe data for supply voltage and component variations.
The values given apply to all tubes both initially and during life,

Anode
Maximum anode supply voltage See table in 'Full Load Operating
Conditions’
Minimum instantaneous positive anode
voltage for ignitor to anode transfer 40 A
Arc voltage drop (approx.) 12 v
Minimum instantaneous cathode current
for initiation of anode conduction 10 A
Cathode
See table in 'Full Load Operating Conditions’',
Ignitor
Minimum voltage required for ignition 200 v
Minimum current required for ignition 30 A
Minimum period of application of voltage
or current 100 s
Recommended circuit for anode excitation See page D2
Recommended circuit for separate excitation See page D3
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Mechanical

Type of cooling (see note 1)

Maximum quoted pressure drop at
minimum flow

Typical maximum temperature rise
Minimum inlet temperature

Recommended meunting position

water

5 b/ in2
[ oC
10 °c

vertical, with anode up

Net weight (approx,} 2% 1b
9.6 kg
Weight of tube in carton (approx.) 27 b
12.6 kg
Accessories
Water economy thermostat assembly 55305
Water failure or overload protective
thermostat assembly 55306
Tgnitor comector lead 55351
‘Water hose connections
nipple TE1051C
nuf TE1001B
RECOMMENDED CIRCUITS
Ancde excitation
R Fsl
o
AC.
mdains
supply

MAY 1966
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IGNITRON 55538

Mains voltage (V r.m.s.) Resistance (9
220 to 250 2
380 to 440 4
500 5
600 G

Separate excitation

1000 10040
ALC.mains
supply
Fs&
Fsl 2A
“T 4
-_
2uF
O
Peak closed circuit current 80 to 100 A
Capacitor operating voltage 650 + 50 v
Maximum ohmic resistance of series inductance 0.2 Q
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FULL LOAD OPERATING CONDITIONS

Thefigures given in this data are based on full cvele conduction, regardless
of whether or not phasedelayed firing is used. No allowance has been made
for supply voltage or component variutions.

Single phasei.c. control, supply frequency 25 to G0c/s {see graphs on pages
C1-2)

r.m.s. supply voltage (Vh) 220 to 600 v

FOR USE AT MAXIMUM DEMAND

Maximum demand

Vb = 250 to 600V 2400 kVA
Vb <250V 2120 kVA
Maximum average current
per tube 192 A
Maximum conduction peried 0.5 s

FOR USE AT MAXIMUM AVERAGE CURRENT

Maximum average current
per tube 35

<
b

Maximum demand

Vb = 250 to 600V 800 kvVA
Vb = 220V 705 kVA
Vb tav max, lsurge max
in {t max. = 150ms)
VOLTS seconds kA
220 11 27
250 11 27
380 7.3 17.8
440 6.3 14.2
550 5.6 13.5
600 4.6 11.2
(A
Mullard
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IGNITRON

INTERMITTENT RECTIFIER OR THREE PHASE

5553B

FREQUENCY CHANGER

RESISTANCE WELDING SERVICE, SUPPLY FREQUENCY 50to 60¢/s (seegraphs

on page C3)

Maximum peak voltage

(forward and inverse) 0.6

For use at maximum peak current
Maximum peak current 4
Maximum average current 54

For use at maximum average curreni

Maximum peak current 1.14
Maximum average current 190
Maximum averaging time 6.25

Maximum value of the ratio of
average current to peak current

(averaging time = 0.2s) 0.166

Maximum value of the ratio of
surge current to peak current

(averaging time = 150ms) 12.5

RATINGS (ABSOLUTE MAXIMUM SYSTEM})

1.5 kv
2.4 kA
32 A
0,672 kA
112 A
6,25
0,166
12.5

It is important that these ratings are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must be
taken into consideration in arrivingatthe actual tube operating conditions.
The values given in this section are based on full cycle conduction without

phase delay, regardless of whether or not phase control is used.

Anode and cathode

Maximum peak voltage (forward

and inverse) 1.5 kv
Maximum anode current
Peak (see page C3)
Average (continuous; see pages Cl and C2) 355 A
Surge {fault pretection only,
maximum duration 150ms) 21 kA
Maximum demand {two tubes
connected in inverse parallel)
(see pages Cl and C2) 2400 kVA
[
Mullard
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Lanitor

Maximum peak positive veliage

= maximum peak anode voltage 1.5 kv
Maximum peak negative voltage 5 v
Maximum peak forward current 100
Maximum r.m.s. current 10 A
Maximum average current
{maximum averaging time = 5s) 1 A
Minimum rate of rise of ignitor
current for ignition within 100ps 0.12 Afus
Cooling
Minimum flow at maximum demand
and/or maximum average current 2.0 gal/min
9,0 1/min
.2
Maximum pressure within envelope 45 13/in
Maximum inlet temperature
Single phase a.c. control 40 oc
Intermittent rectifier or
three phase welding service 35 oc
Maximum temperature at thermostat plate
A_C. conirol service
220 to 250V r.m.s. supply 60 oc
380 to 500V r.m.s. supply 55 oC
500 to 60OV r.m.s. supply 50 oc
Intermittent rectifier and
three phase welding service 45 oc

OPERATING NOTES

1, Whenthe cooling systems of twoor three tubes are connected in series,
the maximum inlet temperature of the hottest tube must not be exceeded
and the minimum must he met at the coldest tube.

In three phase welding service using six tubes, not more than three tubes
should be cooled in series.

Hoses should be of insulating material and the minimum length between
tube and tube, or tube and earth, should he 18 inches.

2. The ignitron should be mounted wvertically, anode uppermost, and
supperted hy the cathode lug only. 1t should not be subjected to vibration
or the influence of magnetic or radio frequency fields.

When connecting the anode lead, care should be taken not to stress the
anode insulator.

3. The main casing of the ipnitron is made from stainless steel hut care
should be taken not to use water with a high mineral content.
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IGNITRON

5553B

10—
o
I I_IW I
p g
Anode —- . l
38
max
]
Water
outlet )
Y
o
146 max ——— N
Ignitor 37° (Y]
-l
3 o
= BSP ©
8 57 -y <+
73R g
Mounting for e
g y _1 P
K thermostat Y L]
e}
The water hose connections Water | o
nipple TE1051C inlet -
nut TE1051 D — ﬂ
Ignitor connector CT1 ———qu—{ 8
0
4 mm metric threed } 0 o
u? 63'.‘5- o * a :'"
o) 3 [[fex8 4
o glr 2789 a &
L vy | el |
Cathode ¥

All dimensions in mm
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BE USED FOR FREQUENCY CHANGING SERVICE
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THIS GRAPH SHOWS LIMITING VALUES FOR A.C. CONTROL, IT IS NOT TO
BE USED FOR FREQUENCY CHANGING SERVICE
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IGNITRON

5555

QUICK REFERENCE DATA (Maximum values)

Water -cooled ignitron primarily intended for rectifier service, Itis
provided with an auxiliary ancde and two ignitors,

Peak anode voltage 3.3 kv
Cathode current
Peak 1.8 kA
Average 207 A
Demand kVA {two tubes in inverse parallel) 2400 kva

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

The values given state the range over which the tube will operate. No allow-
ance has been made in the data for supply voltage and component variations.

The values given apply to all tubes, both initially and during life.

Anode
Maximum anode supply voitage See table in 'Full Load Operating
Conditions’
Minimum instantaneous positive anode
voltage for ignitor to anode transfer 40 v
Arc voltage drop (approx.) 14.5 v
Minimum instantaneous cathode current for
initiation of anode conduction 10 A
Minimum instantaneous cathode current io
maintain anode ¢onduction 5 A
Cathode
See table in 'Full Load Operating Conditions'
Ignitor
Minimum voltage required for ignition 200 v
Minimum current required for ignition 12 A
Minimum period of application of voltage
or current 100 I
Recommended circuit for separate excitation See page D4
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Mechanical

Type of cooling water
Maximum pressure drop at minimum flow 2.8 b/ in2
Typical maximum temperature rise 5.5 o
Minimum inlet temperature 10 °C
Recommended mounting position Vertical with anode up
Net Weight (approx.) 21 1b
9.6 kg

Weight of tube in carton {approx.) 27 1b
12,6 kg

Accessories

Water economy thermostat assembly 55305
Water failure or overload protective thermostat assembly 55306
Ignitor connector lead 55351

Water hose connections
nipple TE1l051C
nut TE1051B
FULL LOAD OPERATING CONDITIONS

The figures given in thig data are based on full cycle conduction, regardless
of whether or not phase delayed firing ig used. No allowance has been made
for supply voltage or component variations.

Single phase a.c. control, supply frequency 25 to 60c/s (see page Cl)
r.m, s, supply voltage (Vb) 2.4 kv

FOR USE AT MAXIMUM DEMAND

Maximum demand 2400 KVA
Maximum average current per tube 135 A
Maximum conduction period 0.5 s

FOR USE AT MAXIMUM AVERAGE CURRENT

Maximum average current per tube 207 A

Maximum demand 1105 kVA

Maximum averaging time 1.66 s

Surge current for fault protection

(maximum duration=150ms) 6.0 kA
)
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IGNITRON 5555

RECTIFIER SERVICE (see page (2)

Maximum peak voltage (forward and inverse) 800 2100 v
Maximum peak anode current 1.8 1.2 kA
Maximum average anode current continuous 200 150 A
Maximum surge current
averaging time = two minutes 300 225 A
averaging time = one minute 200 300 A

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

It is important that these ratings are never exceeded and such variations as
mains fluctuations, component talerances and switching surges must be taken
into consideration in arriving at the actual tube operating conditions.

The values given in this section are hased on full eycle conduction without
phase delay, regardless of whether or not phase control is used.
Anode and cathode
Maximum peak voltage {forward and inverse) 3.3 kv
Maximum anode current

Peak (see page C2)

Average (continuous) (see page C2) 207 A
Surge (fault protection only,
maximum duration = 150ms) 12 kA
Maximum demand (two tubes connected
in inverse parallel) 2400 kVA
Ignitor

Maximum peak positive voltage = maximum peak anode voltage

Maximum peak negative voltage 5 v
Maximum peak forward current 100 A
Maximum r.m.s, current 10 A
Maximum average current {maximum averaging time = bs} 1 A
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RECOMMENDED CIRCUIT

Separate excitation

O
1000 1000
AC.mains
supply
Fsé
Fsl g XEA
2A
- -
2uF 2uF
Fs3
-I LoAD I— 104 o
Peak closed circuit current 80 to 100 A
Capacitor operating voltage 650 = 50 v
Maximwmn ohmic resistance of series inductance 0,2 @
Cooling
Minimum flow at maximum demand and/
or maximum average current 2 gal/min
9 1/min
Maximum pressure within envelope 45 Ib/in®
Maximum iniet temperature
For constant loads 10 %c
For widely fluctuating loads 20 el
[
[ Mullard]|
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IGNITRON

5555
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Ignitor connector CTY *@‘*4‘“7_ ]
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8 |4 - -
L '19! l I l
Cathode 40—
All dimansions in mm
[ )

S Page D3






5555

IGNITRON

o) Joyaty  Ang

2 Qo
elele]
8 (5wOogI = xow 3) 1
[ V0009 = xpw 2Bunsy
SOG+ = "XOWADY
AMp-Z = abojion suiow xopy
(v
Juz2and
W09 O] oD P3102UUOD SagN} OM] puDwap
I I I I | RV
£91L 1 FA  —— W N XD ja

Page C1

TO BE USED FOR FREQUENCY CHANGING SERVICE
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oot 1 5822A
Water-cooled ignitron primarily intended for

resistance welding purposes.

Note: The 5822A may be used for three phase {frequency changing)
welding control and similar applications. It has provision for mounting

a thermostat which may be used for overload/overheating protection or

water economy control,

LIMITING VALWUES (absolute ratings)

All the limiting values given in this data are based on full cycle

‘ ) conduction without phase delay, regardless of whether or not phase

control is used.

Three phase frequency changing duty

The limiting values for this duty are shown on page C2.

Ignitor ratings
Maximum peak ignitor voltage
Inverse 5.0 A

Forward maximum positive anode voltage

Maximum ignitor current

.‘_ ) Peak 100 A
' R.MS. 10 A
Average (maximum averaging time = 5s) 1.0 A

IGNITOR CHARACTERISTICS

Ignitor voltage required to fire 200 v
lgnitor current required to fire 30 A
Starting time at required voltage and current =100 1S
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5822A

IGNITRON
RECOMMENDED CIRCUITS
Anode excitation
Fs.l
r—w 9
5 A Fs.4
2A
R
—
AC
mains
voltage

Fs2
10A

- Fs3

10A

|

1

Fig. 1

Mains voltage

(Vrms)
220
250
380
500
600

JANUARY 1960 (1)

Resistance

)]
2
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IGNITRON 5822A

Separate excitation

e
R L
1000 {rmH
Fs.l Fs2 AC
2A I0A mains
E“ voltage
mm C
T SuF
Fs3 —
_ Qe Load —J.L
10A
Fig. 2
Peak closed circuit current 40 to 50 A
Capacitor operating voltage 650 +50 v
Maximum ohmic resistance of series inductance 2 Q
MOUNTING POSITION vertical with anode up

The ignitron should be mounted and supported by the cathode

lug only.
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5822A

IGNITRON
COOLING
Water-cooled
Minimum flow at maximum load 1.32 gal/min
[3 I/min
Maximum pressure drop at minimum flow S Ib/in®
Maximum temperature rise at minimum flow 4.0 °C
Inlet temperature
Minimum 10 °C
Maximum {3 phase welder service) 35 “C
*Maximum temperature at thermostat mount
3 phase welder service 45 °C

*WARNING: The thermostat mount is at the full line voltage.

Note:

In the cooling system when two or more tubes are connected in
series, the maximum input temperature must not be exceeded an
the hottest tube and the minimum must be met on the coldest tube.

In general the water control thermostat should be mounted on the
last but one tube and the protective thermostat on the last tube.

In three phase welder service using six tubes, not more than three

tubes should be cooled in series,

ACCESSORIES

Cooling water thermostat 55305

Overload protection thermostat 55306

lgnitor connector lead 55351

WEIGHT
Net weight J 8lb 3oz
137 kg
Shipping weight 1" Ib
5 kg
[Mullard]|

JANUARY 1960 (1) P Page D4

(.

(

)

J



{

)

IGNITRON 5822A
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IGNITRON

5822A
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