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I
T HAS :\OT ut'<!n uncommon for designers 

of radio and radar equipment to state 
categorically that valves are inherently 

unreliable. Such criticism has been regarded 
with some scepticism by valve engineers, who 
ha ve ample evidence of troubJe�free operation of 
certain valves, such as those used in long-distance 
telephone repeater and carrier srstems, and 
therefore were able to visualise suitably designed 
valves that could be manufactured by mass
production methods and yet give reliable 
operation under certain special mechanical 
conditions. 

Valve-manufacturing methods are determined 
simply by the economics of supply and demand, 
and the valve maker must be sure that the many 
complicated piece parts that are used to build a 
modern receiving valve and the special finishing 
processes that are employed are all devised to 
secure ease of assembly and rapid exhaust so 
that the valves manufactured shall be salable. 
The standard of reliability possible is therefore 
commensurate with the price, and a delicate 
balance between these two has been maintained 
in a highly competitive market over the past 
twenty years. From the point of view of the 
engineer then, practical reliability is a flexible 
term that involves compatibility between the 
requirement and the price that the user is pre
pared to pay. 

The acceptance of the fact that there were 
many usages where the low-price limitation im
posed by the commercial radio and television 
market does not apply has permitted the valve 
engineer to embark on this quest for the better 
valve. Jt would appear that the urgency of the 
need has stampeded certain sections of the in
dustry into crash action, which has often been 
based on questionable hypotheses-it has been 
argued that a valve is necessarily more re
liable if it is a robust version of its commercial 
equivalent. This approach is crude and wasteful, 
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and a scientific attack should be regarded as 
being the right one. Such an approach was made 
by establishing laboratory equipment that would 
simulate field conditions wherever possible. Then, 
having created a standard of testing by well
defined and repeatable methods, a comprehensive 
study was made of the electrical aud mechanical 
performance of the valves for which special 
requirements existed. 

t. Special TestingJor Reliability 

1.1 FIELD FAILURES 

To establish suitable tests by which reliability 
can be measured it is necessary to get a proper 
understanding of the causes of villve failure. This 
may be done by analysing valves returned from 
various fields of usage. 

The predominant failures are:-

A. Short circuits. 

B. Disconnections. 

C. Glass faults resulting in poor vacuum. 

D. Heater faults. 

E. Emission faults. 

F. Noisy valves. 

1.2 MANUFACTURING FAILURES 

Examination of the methods of valve manu
facture shows that failures may be attributed to 
two main causes, which 
facturing variations" 
errors. " 

we describe as "manu
and "manufacturing 

The various possibilities that can occwr in 
production may be illustrated in histogram form. 
I n Figure 1, A shows the normal distribution of 
a particular parameter for a batch of valves when 
production is held in strict control, and B is the 
shift in distribution resulting from the uniform 
variation of any factor that influences a partic
ular parameter. Such uniform variations occur 
when parts of the valve are manufactured either 
to the extremes of a tolerance or when processes 
are carried out for too short or too long a time. 
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