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Gas Tube

Selecting the proper gas tube for a particular application involves the simultaneous consideration of several factors. These
considerations lead to a gas tube choice which 1) will be most economical 2) will have the ability to provide circuit protection
for all expected transients, and 3) will not interfere with normal circuit operation either before or after the transient event.
This section provides a checklist for selecting a gas tube for communication circuitsand also AC and DC power circuits.

A.   COMMUNICATION CIRCUIT APPLICATIONS
Selection of a gas tube for application on communication circuits is perhaps the easiest of the three basic application prob-
lems. Most communications applications do not require any special consideration of circuit effects on the gas tube after the
transient has passed because these applications normally do not have the ability to hold the gas tube in either the glow or arc
region after the transient surge has passed.
Communications gas tube selection involves the following five steps:
1.Determine or estimate the transient current waveshapes and voltage risetimes at its source.
2.Determine or estimate the transient current
waveshape and voltage risetime at the point in the circuit where the protection will be installed. This step is necessary as
often as the inherent circuit parameters, such as conductor size, will become the limiting factor determining surge current
magnitude at the gas tube installation location. This step will consequently prevent over specifying the gas tube current
requirement.
3. Based on the transient current requirements of the gas tube determined in steps 1 and 2, select a gas tube size from the
catalog data sheets which is compatible with this surge requirement.
4.From the data sheet for the chosen gas tube size, select an individual tube which has the lowest DC breakdown possible but
which will not discharge or initiate under normal system break voltages. A minimum DC breakdown at least 20% above the
system peak voltage is advised.
5. Following the selection of the individual gas tube, determine its impulse breakdown characteristics from the data sheet
specifications for the device. This value may be compared with the transient voltage determined in steps 1 and 2 and an
estimate made of the peak short term voltage to which the protected circuit will be exposed following installation of the gas
tube. In the event this short term voltage exceeds the required protection level, a hybrid type of protection device should be
considered.

B.  AC POWER CIRCUIT APPLICATIONS
The method of selection of a gas tube for AC power applications is identical to that used for communications circuits except
for one important difference. When the power source can supply sufficient short circuit current for one half cycle, this current
and its duration must be added to the transient current waveshape in determining the duty cycle required of the gas tube. This
is because the gas tube, once initiated by the transient, must carry the power source current for the remainder of that half
cycle until the tube extinguishes on the next power frequency current zero. This power supply portion of the duty cycle
required of the gas tube is called the ìpower follow currentî. Its amplitude is not normally significant in relation to the
transient surge amplitude but at power frequencies its duration is quite long.
Often in AC power applications, to permit the use of a gas tube of practical size, a small resistance (less than one ohm) or
varistor is placed in series with gas tube to limit this power follow current. This resistance develops a voltage, known as the
ìdischarge voltageî which is due to the transient surge current. This discharge voltage appears across the protected load and
must be considered in determining the protection level achieved.

A checklist for AC power circuits applications is as follows:
1.Determine or estimate the transient current waveshape and voltage risetime at its source.
2.Determine or estimate the transient current waveshape and voltage risetime at the point in the circuit where the protection
will be installed. Consider the limiting effects of the circuit parameters on the transient between the point the transient is
introduced into the circuit and the point where the protector will be installed.
3.To the transient waveshape determined in step 2, add the half cycle power current of the source. From this combined
current waveshape select a gas tube from the catalog data sheets which will provide the necessary surge duty requirement or,
as will be the usual case, consider the addition of a series resistance device to a gas tube which will bring its surge current
duty within the capability of an existing device. Reynolds Application Engineering Group is available to assist with this
selection if desired.
4.Once a gas tube size and resistance combination (if required) has been selected, select a particular device from the chosen
data sheets which will provide a DC breakdown at least twenty percent above the normal system AC peak voltage.
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5.Following selection of the individual gas tube, determine its pulse breakdown characteristics from the data sheet specifica-
tions for the device. In addition, if a series resistance has been added, determine the discharge voltage across this resistance
due to the transient surge current. Combining these two voltages, the short-term impulse breakdown voltage of the gas tube
and the discharge voltage of the resistance element, provides the transient exposure voltage of the protected load. As with the
communication circuit application, in the event this exposure voltage is in excess of the desired protection level of the load,
additional hybrid combinations must be considered.

C - DC CIRCUIT APPLICATIONS
Application of gas tubes on DC circuits provide the most challenging applications because of the inherent characteristics of
gas tubes to continue to discharge as long as an arc or glow current can be provided. From the general Applications Informa-
tion of pages 3 and 4 we see that unless the DC supply voltage across the gas tube is reduced to a level lower than the
current-voltage relationship for the tube for a given source current, the gas tube will continue to conduct following its
initiation by a transient surge. For this reason, for other than low source current DC applications and DC system supply
voltages less than the arc voltage of the tube, we must supply supplemental circuit elements to assure that the gas tube will
extinguish. Circuits with DC supply voltages below the arc voltage of the gas tube, or with low source currents and voltages
below the glow voltage of the tube may be treated as communications circuits.
For DC circuits, which cannot be treated as communications circuits, the following checklist is provided:
1.Determine or estimate the transient current
waveshape and voltage risetime at its source.
2.Determine or estimate the transient current
waveshape and voltage risetime at the point in the circuit where the protector will be installed. Consider the limiting effects
of the circuit parameters on the transient between the point where the transient is introduced into the circuit and the point
where the protector will be installed.
3.Based on the transient current requirements of the gas tube determined in steps 1 and 2, select a gas tube size from the
catalog data sheets which is compatible with this surge current requirement.
4.From the data sheet for the chosen gas tube size, select an individual tube that has the lowest DC breakdown at least twenty
percent higher than the DC voltage.
If the system DC voltage is higher than 100 volts the Reynolds Applications Engineering Group should be consulted due to
the possibility of exceeding the glow voltage of the particular gas tube.
Once a gas tube has been selected, provisions must be made to include supplemental circuit resistance to limit the DC system
current through the gas tube to a value which will bring the tube back into the glow region following the passage of the surge.
If this added resistance can be placed in series with the normal system load carrying conductors the transient voltage devel-
oped across the resistor will not appear across the protected load. If this added resistance must be placed directly in series
with the gas tube it will also develop a discharge voltage similar to that found in the AC power circuit application of gas
tubes, which will appear across the protected load.
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Because of the critical nature of these extinguishing criteria in the DC circuit applications, it is often helpful to check for
extinction of the gas tube in a laboratory test circuit.

If extinction of the gas tube remains a problem, often tubes may be placed in series to aid tube turn off. In addition, several
resistance-gas tube combinations may be placed in parallel to lower the overall discharge voltage seen by the protected load.
If desired, the Reynolds Applications Engineering Group will assist with these combinations.

5.Following selection of the individual gas tube, determine its impulse breakdown characteristic from the data sheet specifi-
cations for the device. If a series resistance has been added directly in the gas tube branch of the circuit, determine the
discharge voltage across the resistance due to transient surge current. Combining these two voltages, the short-term impulse
breakdown voltage of the gas tube and the discharge voltage of the resistance element, provides the transient exposure
voltage of the protected load. If this exposure voltage is incompatible with the load, additional hybrid combinations must be
considered.


