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It is customary to use a crowbar to protect sensitive high-voltage high-

power equipment, such as the LBL neutral beam sources and associated elec

tronics equipment, from damage due to fault currents. 1 ' 2 The crowbar grounds 

out the power supply involved and diverts the fault current until the primary 

ac power can be interrupted. The fault damage is not significant if the 

crowbar action occurs in 10-5 sec or less. Usually the crowbar is an ignitron 

or a spark gap, and the circuitry is simple and reliable. Above approximately 

30 kV, however, ignitrons should be used in series for ~eliable operation, 

and the complexity of triggering the tubes at intermediate potentials has 
I 

made many designers turn to spark gaps instead. Unfortunately, a spark gap 

has a strong tendency to quench itself, particularly as the gap length increases 

at higher voltages. To prevent this, a keep-alive circuit can be added (such 

as a suitable parallel capacitor with a series R). 3 The crowbar must also 

be able to function when the operating voltage is near zero, as in the case 
' 

of a load fault where a sparkdown has already shorted out the voltage before 

the crowbar can be actuated. 
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A recent experience with the self-quenching problem on a 120-kV spark 

gap type crowbar, used on one of the neutral beam power supplies at this 

laboratory, prompted another look at ignitrons, where this is not a problem, 

and a search for a better trigger system for the five series tubes required 

to stand off the voltage. The result was a simple direct-coupled cascade-

triggered series tube system that is referenced to ground but without trans-

formers. It can actuate the crowbar in about 2 ).lsec using a 3-kV trigger 

pulse even if the voltage of the power supply it is shunting is near zero. 

An explanation of the circuit action is as follows: 

With respect to the accompanying circt1it diagram (Fig. 1), the cathode 

of the tube at the ground end, IG1 , is isolated by a series diode so that 

it can be driven negative with a 3-kV, 50-J.lsec trigger pulse from a trigger 

pulser. (The pulser is a separate assembly and is located outside of the 

high-voltage area for easy access.) About 50 A of ignitor current is estab

lished by a series 60-Q resistor between the ignitor and ground. This 

ignitron tqen becomes conducting and drives the cathode of the next tube 

negative 3 kV to trigger it through a second series resistor and diode between 

its ignitor and ground. The process continues in cascade for the remaining 

tubes with a delay of about 0.5 J.lSec added for each. The diodes that return 

the subsequent ignitor currents to ground are also in series. These diodes 

are in inverse to the normal hV, de potential across the crowbar. Varistors 

across the individual diodes prevent overvoltage of these and also of the 

individual ignitrons because of the voltage buildup across the untriggered 

ones arisingfromthe progressive switching. The varistor current also flows 

to the ignitors and speeds the triggering action when high voltage is present. 

It should be noted that this circuit can also be connected for "normal" 

grounded cathode operation simply by moving the ground point to the cathode 
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of IG 1• Triggering in this case is by a positive 3-kV pulse applied to the 

former ground point with respect to the cathode. This mode requires a sig-

nificantly longer trigger time, however, when a load fault has occurred and 

the voltage across the crowba-r is low. By triggering the cathode, tube 

conduction is faster because the trigger pulse also appears as anode-cathode 

potential. 

One of the common reasons that ignitrons in intermittent or low duty 

service, as in this crowbar case, occasionally lose voltage-holding ability 

after an extended period is that mercury vapor can accumulate on the anode 

insulator and progressively bridge this insulator with a layer of small con-

ducting mercury droplets. To avoid this, a thermal gradient should be estab-

lished so that the anode region is maintained a few degrees warmer than the 

cathode. Simple, effective heat pipes have been developed at LBL for this. 

The crowbar described here has a central heating system with one freon-11 

boiler with five individual, flexible, insulating tubes feeding warm vapor 

to simple heat exchangers that are made as integral parts of the anode con-

nectors. The condensed vapor returns to the boiler by gravity through the 

same tubes. Approximately 5 watts per ignitron at the boiler is adequate. 

*This work was done under the auspices of the u.s. Energy Research and 
Development Administration. 
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This report was done with support from the Department of Energy. 
Any conclusions or opinions expressed in this report represent solely 
those of the author(s) and not necessarily those of The Regents of the 
University of California, the Lawrence Berkeley Laboratory or the 
Department of Energy. 



~ . :-..... ~ 

TECHNICAL INFORMATION DEPARTMENT 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 




