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GLASS TECHNOLOGY 

IN VALVE MANUFACTURE 

This brief account of some of the techniques of glass working used in 
valve IIwnufacture a.im,s at (t general picture for those lmfmniliar with the 
art. After explaining why glass is used in valves, the question of stress control 
and its measurem,ent by the polariscope is exam,med. The problem of thermal 
shock is noted. Finally, there is alt account, of glass-tu-metal sealing using 
Dzunel. 

INTRODUCTION 

Many people have, no doubt, asked them
selves why it is that glass is used so extensively 
in the construction of electronic valves. For that 
matter, one might wonder why it is used so much 
for manufacture of articles of everyday use, such 
as drinking vessels anej bottles, which do not 
have to be transparent. Everyone knows that 
glass is brittle, and this disadvantage limits its 
wider use. However, it is a cheap material, 
and fairly easy and therefore cheap to fabricate. 
This means that articles which do not need to 
withstand heavy blows can be made of glass 
at lower cost to the consumer. Besides this, 
glass has the great advantage over, say, plastics, 
of being able to hold a high vacuum and to 
withstand the high temperatures necessary in 
valve making. All these reasons make it a 

desirable structural material to use in valves. 

GLASS AS A STRUCTURAL MATERIAL 

The basic points to consider with any struc
tural material are firstly its strength, and, 
secondly the stresses it encounters in use. 

Strength 

A charactestisic of many brittle materials is 
tha1 they are not strong in tension (pul!), 
although they may be very s1rong in COlllpres· 
sion (push). (The main characteristics is that they 
exhibit very little "cold flow" or "creep" before 
breaking. That is, they do not bend much.) 
Concrete is a good example of a brittle material. 
Piers made of concrete will stand very high 
compressive loads, but no engineer would dare 
impose anything but the slightest tensile loads 
on them. Glass behaves similarly. It compres
sive strength is comparable to that of the 
strongest steel, but whereas the ultimate tensile 
strength of steel is about 100,000 lb. per square 
inch, that of glass is only about 10,000 lb. per 
square inch. It is an odd fact that glass is 
very strong in the form of fine fibres, which, 
if fine enough, may have a tensile strength 
greater than 400,000 lb. per square inch. The 
reasons for Ihis are very fascinating; and a rope 
made of fine glass fibres can be made stronger 
than steel. 
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The above figure of 10,000 lb. per square 
inch refers to the surface strength of bulk glass. 
Oddly enough, bulk glass, unlike concrete, has 
a much greater tensile strength in its interior 
than at the surface. The interior will, in fact, 
withstand tensile loads about six times as great 
as will the surface. This fact, as we shall see, 
is of great practical importance. 

Stresses 

Consider, for example, a beam of concrete 
supported at both ends and with a weight in 
the middle, as in Fig. 1. The bottom surface 
is in tension. Since concrete is weak in tension, 
it is very likely to break, the crack beginning 
at the lower surface (near the middle, where 
the tensile stress is greatest). However, a 
modern building technique has overcome this. 
Suppose a beam of concrete with a small hole 
through its centre and a strong steel wire thread 

/ CONC�ETE IN 

COMPRESSION 

Fig. 2. 

W IRE. IN 
STRONG TENSION 

along this hole fixed to both ends of the beam 
and pulled very tight, as in Fig. 2. The wire 
is in very strong tension - which it can easily 
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withstand - and the concrete is pushed into 
uniform compression all along its length. Sup
pose now this beam supported as in Fig. 1. The 
lower surface tends as before to go into tension. 
But it is already in compression beforehand. 
Thus the load must be great enough to make it 
go back to neutral before it can go into tension 
and break. It is this which enables concrete 
to be used in beams where heavy tensile loads 
are encountered: this is the "pre-stressed" con
crete used so much nowadays in construction 
work. 

It is possible to do much the same thing 
with glass, although it is not practicable to 
use wires in tension. Remembering the useful 
fact that the interior of glass is about six times 
as strong as its surface, one may arrange to 
have the interior of a piece of glass in tension, 
like the wire in the concrete. Having the interior 
in moderately strong tension - which it easily 
withstands - puts the surface into compression. 
See Fig. 3. Then any steady load or blow 
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Fig. 3. 

tending to put tensile stress on a surface will 
have to be great enough to first pull the surface 
back through neutral and into tension, before the 
glass can break. This is done with the 
"toughened" glass used in car windscreens. It 
remains to show how this is achieved. 

THE PRE-STRESSING OF GLASS 

When a glass is heated it gradually becomes 
soft: the higher the temperature, the softer it 
becomes. In this respect glasses are unlike 
crystalline solids such as ice or metals, which 
have sharp melting points. In the case of 
ordinary glass, heating to a few hundred de
gress Centigrade causes it to soften appreciably. 
At red heat it flows like treacle, and at white 
heat almost like water. Most people have seen 
a glassblower at work, and noticed how cleverly 
he heats his glass to just the right temperature 
to make it soft enough for him to shape. 

Like other substances, glass e�pands when 
heated, and contracts when cooled. Suppose 
a slab of glass which is hot enough to be 
si ightly plastic, but not so hot as to flow under 
the action of gravity - say like a slab of warm 
pitch. Consider what happens if this slab be 
cooled quickly on one side by a draught of 
cold air, while the other side is allowed to 
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cool slowly. The top surface begins to contract 
as its cools, and also to "set" harder. The bottom 
surface has as yet hardly cooled, and so is still 

COLD BLOW 

SET HARD 

Fig. 4. 

quite plastic - and able to "give" if stressed. 
See Fig. 4. Since the top has contracted some
what, it tends to pull its·elf into tension, and 
therefore the bottom surface should be pushed 
into compression. But the bottom can "give" 
so the top has nothing to pull against. Hence 
both remain neutral. 

One continues blowing the top with cold air. 
Meanwhile, the bottom is cooling slowly, and 
eventually it cools enough to lose its plasticity 
and set hard, like cold pitch. It has a good 
deal of contracting to do before it cools to 
room temperature. So has the top. However, 
the top has already done much of its contracting 
while the bottom could "give". Thus, from now 
on until the slab cools right out, the bottom 
has more contracfing to do than the top. This 
means that when the slab is cold, the bottom 
must go into tension thus pushing the top into 
compression. The slab will now stay this way 
permanently. See Fig. 5. 

The rule, therefore, is this: W he1t a plastic piece 
of glass is cooled quickly on a surface, that sMface, 
is in compression when room temperatu1'e is reached. 
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Fig. 5. 

The above reasoning explains how it is pos
sible to make toughened glass, which has both 
sides in compression. A slab of plastic glass 
is cooled quickly on both surfaces, causing the 
interior to be in tension and the desired com
pression to appear on each surface. This stress 
pattern is permanently "frozen" into the glass. 
Refer to Fig. 3. The process required fairly 
accurate control, for if the interior is given too 
great a tension, it will fail and defeat the purpose 
of toughening. 

Toughened glass, made in the above fashion, 
is used in the button base of all miniature 
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valves. These bases have to withstand consider
able stressing when the pins are pushed (or 
worse, wriggled) into a tight socket. "I he pins 
act like so many crowbars embedded in the 
glass and a very tight socket usually transmits 
tensile loads to the surface of the button, via the 
pins it is gripping so tightly. If a glass surface 
is in moderate tension, it may not fail imme
diately, but may take weeks to fracture (this 
does not apply to the interior). Toughening 
vastly increases the durability of the button 
under this kind of abuse. To further safeguard 
the valve, it is best to wife up the socket with a 

wPl'ing jig in position. This relieves the valve 
of a good deal of unnecessary stressing. 

THE ANNEALING OF GLASS 

So far we have seen why, and how, the button 
base of a miniature is deliberately stressed or 
toughened. It must have occurred to the reader 
that an unwanted tension might well occur 
somewhere during valve processing which must 
be eliminated. An example of this is in the 
principal, and most critical, glass-working opera
tion in making a valve, the making of the main 
seal. Main sealing is the joining of the glass 
"bulb" to the button base (known as the "stem"). 
Those who have been through the Radiotron 
factory will r'emember that all the working parts 
of the valve are spot-welded to the stem during 
assembly, resulting in what is called a "mount". 
The bulb is a cylinder of glass, open at one end, 
domed over on the other. At main sealing, the 
mount is pushed into the bulb, and the bottom 
end of the bulb is melted to the edge of the 
stem. In section, the finished seal looks as in 
Fig. 6. 

Fig. 6. 

It is while cooling after main sealing that the 
button base is given the quick cooling treatment 
necessary to toughen it. However, there is a 
complication. Consider the area marked A on 
the outside surface of the seal zone, Fig. 6. 
Since this area is exposed to the air, it cools 
quickly after the seal is made. Not so with 
B on the inside surface. Thus, following the 
rule, A would be finally in compression, which 
is desirable, but B would cool slowly and end 
up in tension. A treatment is required to make 
A nearly neutral, so B will not be in tension. 
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This is done by keeping A from cooling quickly
that is, to make it keep pace with B so both 
cool at the same rate. A warm air blow (or 
its equivalent, a tiny flame) directed on A 
achieves this. The removal of stresses from glass 
in this fashion is known as "annealing". 

Suppose there is a piece of glass with danger
ously high stresses frozen into it, which must 
be removed or reduced. One heats the glass 
until it becomes plastic to enable any stresses 
present to pull or push themselves away. After 
allowing a few minutes for this to happen, 
the glass is cooled slowly, taking care that every 
part of it cools at the same rate. The result 
is - a neutral piece of glass. Annealing in this 
way is the method used to keep stresses down 
to a size that can be handled. 

THERMAL SHOCK 

Consider a glass rod held in both hands with 
pressure applied so as to almost snap it in 
two. The rod is certainly stressed, but the 
stresses are not permanent, in the sense that 
they are not frozen into the glass. They dis
appear when the rod is released. This kind 
of stress is called a temporary stress, in this 
case being due to mechanical loading. Such 
stresses can cause breakage every bit as much 
as can "frozen in" permanent ones - the rod 
can easily be snapped by a little more pressure. 
Another example of temporary stress due to 
mechanical load is the case of the button forced 
into a tight socket· Mechanical load can be 
administered by a blow - such as when a stone 
hits a car windscreen. Here, since the stress 
lasts only for a short moment, we refer to 
temporary stress due to mechanical shock. Now, 
this question of shock loading causing tempor
ary stress is one to emphasise, because it leads 
to one of the most difficult practical problems 
in valve making. 

Return for a moment to the slab of glass, 
supposing this time that it is cold. Consider 
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TENSION 

beginning to heat the top surface, as in Fig. 7. 
It commences to expand. But, the bottom is 
not being heated, and does not want to expand. 
Thus the top has to push against the bottom: 
this means the top goes into compression, the 
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bottom into tension. The glass has been stressed, 
merely by heating it lopsidedly. This is exactly 
how it is that a cold milk bottle breaks when 
very hot water is poured inside, or a cold 
earthenware dish fractures when put on a hot' 

stove. The stress is a temporary one, for it 
disappears as soon as top and bottom of the 
slab (or inside and outside of the milk bottle) 
reach the same temperature. This kind of load
ing is like a shock, and is therefore called 
thermal shock loading,. because it is a tempera
ture or thermal effect. 

In order to get a piece of glass hot enough 
to melt it and make, say, a main seal, it must 
first be heated to the "working temperature" 
at which it flows like treacle, by a flame. A 
glassblower, making articles by hand, is careful 
to warm his glass slowly to prevent its breaking 
from thermal shock. However, in mass producing 
valves one cannot waste time slowly heating 
the glass of each valve: it must be done fast. 
Something must be done to reduce the effect 
of thermal shock. One way to do this is to 
toughen the glass, as this makes it better able 
to withstand tensile loads. Otherwise, great 
attention has to be paid to temperatures of 
flames and glass, so that we can seal valves as 
fast as is possible; so that the tensions which 
occur are nearly - but not quite - enough to 
make the glass fly to pieces under thermal 
shock. Using special techniques developed by 
A.W.V. it has been found possible to measure 
the thermal shock and thereby obtain good 
process control. This can only be done by careful 
attention to detail. 

Fig. 8. 

MEASUREMENT OF STRESSES IN GLASS 

The next question to consider is the measure
ment of the stresses present, in order to co ntrol . 
them by annealing or toughening. The answer 
to this problem lies in a very ingenious device 
known as a polariscope. This dev ice uses 
polarised light (of the same nature as the light 
transmitted by the better kind of sunglasses), 
It is a very interesting property of many trans
parent things that when polarised light is passed 
through them in a special way, they show 
colours if they are stressed. Glass behaves 
this way. So do perspex, celluloid, and cellu
lose tape. By looking at the colours produced, 
an idea of the stresses present can be gained. 
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One may even measure the colours, thus 
measuring the stresses. A very pretty demon
stration of this effect is had by putting a glass 
rod in a polariscope and looking at it while 
bending with the fingers. Suppose it is grasped 
as in Fig. 8 and pressed. This puts the top 
surface in compression, the bottom in tension, 
and the centre neutral. (Just like the loaded 
beam of Fig. 1.) The colours named in Fig. 8 
are seen. 

If now a section be taken through a button 
base and under polariscope, the pattern illus
trated in Fig. 9 is seen. There is here visible 
proof of the toughening and annealing treatment. 

Fig. 9. 

GLASS-TO- METAL SEALING 

The glass envelope of the valve must do 
another job besides those so far mentioned. 
The leads from the pins have to run through 
it to connect to the electrodes inside. These metal 
wires must make a vacuum-tight seal to the 
glass. The reader will realise what must be 
the main requirement of a glass-to-metal seal: 
for the metal leads must be immersed in the 
glass when the glass is hot enough to be soft. 
But they both must cool, and therefore contract, 
back to room temperature. In order to prevent 
the metal from shrinking away from the glass, 
the important thing is that they must both con
tract the same amount. Different substances 
expand and contract by different amounts. We 
must arrange for the metal wife to have the same 
11 coefficient of expansion" (anti contraction) as the 
glass. 

It is preferable that the surface of the wire 
be copper in order to carry the required current 
as well as for an important chemical reason
copper oxide dissolves in molten glass to make 
a good glue to help stick the copper and glass 
together. However, copper will contract much 
more than the glass used in the button base 
(i.e., its coefficient is greater than that of the 
glass). The problem is thus to reduce the coeffi
cient of a wire with a copper surface. 

This is done in an ingenious way. Certain 
nickel-iron alloys can be made with a coefficient 
less than that of glass. The method is to make 
a wire consisting of a nickel-iron core with a 
copper sheath. A magnified cross section looks 
like Fig. 1"0. This wire is called Dumet - a 

November, 1956 



Fig. 10. 

barbaric corruption of the words Dual Metal. 

In a miniature button, one may see the reddish 

or copper-coloured Dumet as the middle section 

of each lead, connecting the stiff outer pin to 

the inner lead inside the valves. See Fig. 6. It 

can be seen that by selecting the amount of 

copper and nickel-iron in the Dumet, the lead 

can be made to grow fatter or thinner at the 

same rate as the surrounding glass. This pre

vents the surfaces from tearing apart. However, 

it is impossible to make it also grow longer 

or shorter at exactly the same rate as the glass. 

This puts a limit on the length of Dumet one 

may use in a seal. This limit is of the order 

of an inch or two, which is no problem in 

ordinary valve making. 

A long and fascinating story could be told 

about glass-to-metal seals. There would be a 

great deal to say about the many different 
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kinds of seal used, particularly some of the 

larger ones used in power valves. Some of the 

techniques used in these valves are much more 

ingenious than the Dumet idea. The method of 

embedding the pin in the glass button of a 

miniature, would also have a place. 

CONCLUSION 

This ends the present brief study of problems 

that crop up in the use of glass in valve making. 

It has been explained why glass is used to make 

valves and why button bases are toughened to 

better withstand the mechanical stresses they 

may encounter in use. How and why one can 

freeze any desired stress into glass, or leave 

it neutral if that happens to be the best thing 

to do, has been shown. The problem of thermal 

shock which occurs only in the factory, and the 

polariscope, that beautiful tool of the glass 

technologist, were briefly examined. Finally, 

something was seen of the question of glass-to 

metal sealing. 

Thus, it is seen that the glass envelope re

quires a good deal of thought and effort to 

manufacture successfully. Perhaps the concept 

of glass as a structural material, with, on a 

small scale, the problems faced by the struc

tural engineer, may be novel to some readers. 

The concept, however, is the heart of the 

problem. This account has achieved its end if 

the reader can now think of the glass envelope 

of a valve as something more than a mere 

vacuum container for its electrodes. 
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