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Wearproof by Welding

Thus engineers obtain the service of the best alloys at

the cost of ordinary steel

THROUGHOUT industry, wear on
metals is an important cost factor.
Until recently, most wearing parts had
to be made entirely of special high-cost
materials. Now, by welding, rapidly wear-
ing surfaces can be covered with a wear-
resistantalloy. Weldedadditionsof bronze
or Haynes Stellite—a wear-resisting alloy
of cobalt, chromium and tungsten—
create excellent wear resistance at low
cost.

Long Life at Low Cost

Wherever metal has hard work to do,
wearproofing by welding plays an im-
portant part. Under the toughest condi-
tions, in mines and mills, in factories
and on farms, in construction and oil-
drilling, it is saving money and time.

Wearproofed parts will last many times
as long as those made of unprotected iron
or steel. Welding cost, including the
necessary alloy, is only a fraction of the

total cost of a new part. Then, after long,
hard service, the part can be re-covered—
another wear-resisting surface can be
welded on at small cost, and the part is
again as good as new,

Extensive Savings

Savings through the application of
wear-resistant alloys are not confined to
the lower cost of the part involved. Less
power is used. Inventories are cut due to
the consequently lowered investment and
simplified control. Machine shutdowns
for replacement are fewer. Maintenance
costs are decreased, and a smaller crew
can handle the necessary repairs. Further,
the plant, without added equipment, can
turn out a greater volume of production.

Figures drawn from case-histories
where wearproofing is used are often
surprising. A glance at the adjoining
column will indicate many of the possi-
bilities inherent in this process.

INTO THIS YAWNING CAVITY goes the dirt to make Grand Coulee Dam. Bucket front

and teeth were hard-faced by welding. The result of this wearproofing was six months’

servic

Grand Coulee.

e on Bonneville Dam, and many more months of trouble-free, repairless service on

This is a Business-News Advertisement

Welding makes automotive exhaust valve
seats good for 150,000 miles and more, with
no regrinding in truck and bus motors, the
toughest kind of service. These valve seats are
wearproofed by welding Haynes Stellite to
the contact surface. Ordinary cast-iron seats
need regrinding every ten thousand miles.

* £ s

Welding saved $2200 in one year for an
Ohio pulp mill. Haynes Stellite was welded to
the wearing surfaces of shredder knives. This
work cost $90; knives, from the scrap heap,
cost nothing. Hard-faced knives lasted for six
months, and were again refaced by welding.
New knives cost $200, last one month,

* & *

Welding a wear-resistant facing on the cut-
ting edges of boiler-tube cleaners yields a
twenty-fold saving—each cleaner will clean
twenty times as many tubes as an ordinary
cutter. When worn, hard-faced cutters are
rebuilt for another long service.

*

Welding cured pump troubles in a pulp
mill. Shafting on a sludge pump was wearing
rapidly. Packing glands had to be tightened
every hour, completely repacked once a week.
The shaft was fast disappearing. Hard-faced
by welding with wear-resistant metal, the shaft
ran for three months with no attention, no
appreciable wear.

£ & £

Welding lengthens the life of blooming-
mill shear clutches three times. Clutches pre-
viously ran 49 days, then went to the scrap
pile. Now, wearproofed by welding, these
clutches average 217 days before any attention
is necessary. The same clutches are then re-
faced and used again.

ES & ES

Welding has solved an impossible lubri-
cating problem. At a Southern mill where
heater furnaces are fed by internal conveyor,
rolls and bearings operate at 750 degrees Fah-
renheit. Lubrication is impossible. A wear-
resistant coating, built up on the rolls and
bearings by welding, makes the conveyor last
indefinitely, eliminates need for lubrication.

Tomorrow’s engineers will be expected to
know how to take advantage of this modern
metalworking process. Many valuable and in-
teresting technical booklets describing the ap-
plication of the oxy-acetylene process are
available without obligation. For further in-
formation write any Linde office.

The Linde Air Products Company

Unit of Union Carbide and Carbon Corporation

LICC]

New York and Principal Cities

In Canada:

DominionOxygen Company, Limited, Toronto
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scription of the utilization of the
piezo-electric properties of quartz.
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ITHIN the last year all of the
available channels in the radio
spectrum have been allocated to
the various radio services. The
number of communication chan-
nels which can be operated in a
given part of the frequency spec-
trum is largely determined by the
accuracy with which the carrier
frequency of a transmitter can be
maintained at its assigned value.
Since at the present time all of
the available channels are occupied,
the requirement of accurate fre-
quency control becomes so im-
portant as to dominate the entire
design of radio transmitters. Only
by the use of quartz crystals has
the full utilization of the frequency
spectrum been made possible.

In the early days of radio trans-
mission the frequency adjustment
of a transmitter was determined
by the values of inductance and
capacity used in the oscillatory cir-
cuit. These inductances and capaci-
ties were shunted by the capacities
of the vacuum tube elements used
in the circuit. As a transmitter of
this design ‘“warmed up” under
operation, the capacities between
the elements of the tube varied, the
inductance of the coils increased,
and, as a result, the circuit con-
stants were so changed as to cause,
not uncommonly, a frequency
change or “drift” of as much as
five kilocycles.

With the great influx of new
radio services within recent years,
it was realized that a new, precise
method of frequency control was
required. The first application of
a piezo-electric quartz crystal to
control the oscillations of an elec-
tric circuit was announced by W.
G. Cady in 1922. Cady explained
that the frequency stability of an
oscillator could be made very high
by replacing the usual resonant
circuit with a mechanically vibrat-
ing quartz crystal, and using the
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piezo-electric effect to obtain the
connection between the electrical
circuits and mechanical vibrations.

The properties of quartz crystals
which make them useful in many
electrical circuits is due to the
piezo-electric effect. This effect was
first noticed by Pierre Curie in his
work on crystalline materials in
1890. It was found that if a piece
of ecrystalline quartz is strained
mechanically, it sets up an electric
field in its neighborhood inducing
charges or electrical potentials on
conductors in that field. Hence the
derivation of the term ‘piezo-
electric,” from the Greek expres-
sion “piezen,” which means ‘“to
press.” Conversely, when a crystal
is placed in an electric field, a
mechanical deformation takes
place.

Quartz, however, is not the only
crystalline material to exhihit
these effects. Rochelle salts crystals
have even a more pronounced
piezo-electric activity. Common
cane sugar also has marked elec-
trical properties. In addition to its
piezo-electric properties, quartz
has other desirable properties such
as low internal friction, chemical
stability, and hardness, which
make it the most used piezo-elec-
tric material. Tourmaline also has
piezo-electric properties and has
been used to some extent for oscil-
lator control in the higher fre-
quency range, the highest fre-
quency obtainable being around
sixty megacycles. Because of its
scarcity and consequent high
price, however, its use is not near-
ly so extensive as that of quartz.

Quartz crystals which are suit-
able for the manufacture of piezo-
oscillators for radio uses are ob-
tained from Brazil, Madagascar,
Japan, and some parts of the
United States, Brazil being the
principal source of supply for large
crystals. These crystals are hexag-

Crystals

onal in shape and, when in their
true form, have an apex at each
end. The methods of mining and
also the process of growing are
such, however, that the crystals
received in this country are rarely
of ideal form, but usually have
only one apex, and even that apex
and the sides are very irregular.

The oscillating quartz plates cut
from these crystals are generally
square, from one-half to one inch
on the side, and from one-eighth
to one-hundredth of an inch thick.
Quartz plates when used for radio
frequency control purposes are
generally termed “crystals.” The
properties of such a crystal plate
can be expressed in terms of three
sets of axes. The axis joining the
points at the apices of an uncut
crystal is known as the optical
axis, and electrical stresses applied
in this direction produce no piezo-
electric effect.

Figure 1 shows a Y-cut or 30°-
cut plate, that is, the face is per-
pendicular to a Y (mechanical)
axis. Figure 2 shows an X-cut
or Curie cut plate in which the
face is perpendicular to an X (elec-
trical) axis. Figure 3 shows how
the plates are cut from the crystal.

If a flat section is cut from a
quartz crystal so that its flat sides
are perpendicular to an electrical
axis as indicated in Figure 2, it
is found that mechanical stresses
applied along the Y-axis of the
section produce electrical charges
on the flat sides of the section.
When the direction of these stress-
es is changed from tension to com-
pression or vice versa, the polarity
of the charges on the crystal sur-
faces is reversed. Conversely, when
electrical charges are placed on the
flat sides of the crystal by apply-
ing a voltage across the faces, a
mechanical stress is produced
along the Y-axis. Thus, if mechan-
ical forces are applied across the
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faces of a crystal section having
its flat sides perpendicular to a
Y-axis (Y-cut plate), piezo-electric
charges will be developed, because
the forces and electrical potentials
developed in the crystal have com-
ponents across the Y- and X-axes
respectively.

Figure 1

When a crystal is placed in a
circuit so that an alternating
voltage is applied in such a direc-
tion as to cause a component of
electric stress in the direction of
an electric axis, similar alternat-

ing mechanical stresses will be pro-
duced in the direction of the Y-
axis, which is perpendicular to the

X-axis involved. These stresses
will cause the crystal to vibrate,
and if the applied alternating volt-
age approximates a frequency at
which mechanical resonance will
exist in the crystal, the amplitude
of the vibrations will become rela-
tively large.

At the resonant frequency of
the crystal, the current through
the crystal is exactly the same as
the current that would flow
through an equivalent series cir-
cuit compound of resistance, capac-
ity, and inductance.

From the preceding discussion
it was seen that the resonant fre-
quency of the quartz crystal must
be a function of its mechanical
properties. It is found that the
frequency of oscillation of a quartz
plate varies inversely as the thick-
ness. Experiments have shown
that for an X-cut plate the thick-
ness as given in the Radio Ama-
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teurs’ Handbook may be de-

termined by the equation:
T112.6

F
T is the thickness in thousandths

of an inch, and F is the frequency
in megacycles.
For a Y-cut plate the equation
1S
T— 77.0

F
This shows that for the same fre-

quency the thickness of a Y-cut
plate is approximately seven-
tenths that of an X-cut plate.

The higher frequency limit for
which crystal plates can be made
is theoretically limited only by the
practicability of grinding an ex-
tremely thin plate. It is seen from
the thickness formula that an X-
cut plate ground for operation on
a frequency of ten thousand Kkilo-
cycles, that is, ten megacycles, has
a thickness of only eleven one-
thousandths of an inch. If the fre-
quency of this plate were to be ac-
curate to within one-tenth of one
per cent, the thickness must be
accurate to within eleven-mil-
lionths of an inch. The cost of
crystals manufactured for fre-
quencies as high as this is de-
termined almost entirely by the
finishing of the plate for the exact
frequency required.

Earlier in this article it was
pointed out that the piezo-electric
crystal is a mechanical vibrator.
As a result of the molecular fric-
tion set up when the quartz plate
is vibrating at the tremendous rate
required for the production of
radio-frequency oscillations, heat
is generated. This heating causes
the crystal to change its character-
istics slightly, so that the frequency
varies with the temperature. The
rate of the frequency change with
temperature depends upon the type
of cut, the precision with which
the crystal was cut, its size and
shape, and the individual charac-
teristics of the quartz used. The
temperature coefficient of an X-cut
plate is negative, that is, the fre-
quency decreases with an increase
in temperature. The value of the
coefficient lies between minus fif-

teen and minus twenty-five cycles
per million per degree centigrade.
The temperature coefficient of a
Y-cut crystal is generally positive,
the frequency of oscillation in-
creasing with an increase in crys-
tal temperature. This coefficient
may have a wide range of values.
The heating of a quartz crystal
increases as the amplitude of the
crystal vibrations. The vibration
of the crystal is extremely com-
plex; in addition to the vibrations
of the type wanted for frequency
control, there may also be present
vibration of other types which pro-
duce only heating and mechanical
stresses in the crystal. Since the
heating is a function of the voltage
applied across the crystal, it is
essential that this voltage be lim-
ited for the type of crystal used.
It is interesting to note that often,
when a large enough voltage is ap-
plied, the vibration becomes so in-
tense as to shatter the crystal.
Earlier in this paper the need
for extreme precision in frequency
control was stressed. Although the
crystal is made exactly for a speci-
fied frequency, what is to keep it
from changing its frequency
slightly with a change in its oper-

Figure 2

ating temperature or even a change
in room temperature? This ob-
stacle has been surmounted by en-
closing the ecrystal, and perhaps
other portions of the oscillator cir-
cuit, in a temperature-controlled
box, or, as it is more generally
known, a “crystal oven.” A crystal
oven is a small box built of ma-
terial with very good heat insulat-
ing properties and has a construc-
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tion like that of a refrigerator. The
heat for this oven may be supplied
by a small electric heating element.
More often, however, ordinary
lamp bulbs are built in for this
function. Temperature control is
obtained by having the heating
elements operated by a thermostat,
usually of the bi-metallic type, or
by a thermometer with built-in
electrical contacts.

The operating temperature of
the oven is fixed at some value
well above the highest atmospheric
temperature to be encountered, and
the thermostat is arranged to
maintain this temperature. That is,
when the temperature of the oven
drops below the normal operating
temperature, the thermostat turns
on the heating element in the oven
and allows it to remain on until
the operating temperature is again
reached. A well-constructed crystal
oven will maintain the ecrystal
temperature to within plus or
minus a fraction of one degree
Centigrade, keeping the ecrystal
frequency within very close limits
of the assigned value.

Recent developments in new
crystal cuts have made possible a
crystal with a temperature coeffi-
cient of practically zero. It was
stated that the temperature coeffi-
cient of an X-cut crystal is nega-
tive and that that of a Y-cut is
positive. By cutting experimental
plates at different angles to the
Z-axis ranging from an X- to a
Y-cut, a point is found at which a
compromise of temperature coeffi-
cients is reached, or where the
positive and negative effects so
balance as to give a crystal plate
with a temperature coefficient of
practically zero.

The zero temperature coefficient
crystal cut with its faces making
an angle of thirty-five degrees with
those of an X-cut plate is known
as an AT-cut plate. According to
Lack, Willard, and Fair, these
plates are even thinner than a
Y-cut plate; their thickness equa-
tion being:

T_ 66.2

R
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An AT-cut plate can handle ap-
proximately three times the power
handled by an X- or Y-cut plate,
is much more active, and promises
to replace the older types of crys-
tal cuts.

Another crystal cut with a tem-
perature coefficient of practically
zero is known as the V-cut. Very
little information on this crystal
cut, developed in the RCA labora-
tories, has been divulged to the
public, except that its properties
are essentially the same as those
of an AT-cut plate.

To make use of the properties of
quartz crystals, they must be
placed between two metal elec-
trodes which are ground to plane
surfaces. The crystal may be
mounted by placing the electrodes
in intimate contact and under a
small pressure, or by maintaining
a small air-gap between one elec-
trode and the crystal. The pressure
type mounting is best suited for
applications where the crystal is to
develop rather high potentials and
also where the mounting may be
subject to vibration. The air-gap
mounting is generally manufac-
tured with provision for varying
the air-gap in order to provide for
an adjustment of the frequency of
the crystal.

Where automatic temperature
control of the crystal is not used,
it is best to employ a mounting
having one electrode large and ex-
posed to facilitate heat dissipa-
tion and thereby reduce frequency
drift caused by crystal heating.
These electrodes are mounted in a
small container known as the crys-
tal holder. The holders are general-
ly constructed of bakelite or some
ceramic material having good in-
sulating qualities and have a pro-
vision for plug-in mounting in
order to facilitate change of
crystals.

The only aspect of the question
of transmitter design thus far con-
sidered has concerned that circuit
of the transmitter which contains
the crystal and generates a radio-
frequency voltage at the crystal
frequency. This circuit or “stage”

of the transmitter is known as the
“crystal oscillator stage”, and only
in very small transmitters oper-
ates by itself. The power limita-
tions of the crystal are the decid-
ing factors in the use of the crystal
oscillator. Most ecrystal oscillator
power outputs are limited to about
five watts. The oscillator stage is
generally run at a lower power
than this to keep the crystal cur-
rent a minimum. The power de-

Y-CUT

Figure 3

livered by the oscillator is used to
drive an amplifier stage, consist-
ing of one or two vacuum tubes
and their associated equipment. If
the transmitter is designed to work
at a very high frequency, this am-
plifier may be operated as a fre-
quency multiplier stage. A fre-
quency multiplying stage receives
power from its exciting stage at
one frequency and delivers power
at some integral multiple of this
frequency. If the stage doubles the
exciting frequency, it is known as
a “doubler”; if it triples the ex-
citing frequency, it is known as a
“tripler.” The first multiplier may
be followed by any number of
other multipliers, so that the power
delivered by an oscillator on one-
thousand kilocycles may be de-
livered by the final doubler at
eight-thousand kilocycles.

In this manner frequency multi-
pliers do away with the need of
the extremely thin, fragile, and ex-
pensive quartz crystals used to
control transmitters at very high
frequencies. Following the multi-
plier is the final amplifier, or, if
the output of the doubler used is
insufficient to drive the final am-
plifier, one or more intermediate
amplifiers. The size of the final
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amplifier depends upon the amount
of power output needed and ranges
from a single ten-watt tube in
small transmitters to a dozen fifty-
thousand watt tubes as used by
WLW, the largest broadcast sta-
tion in the United States.

Quartz crystals are now also
used in radio receiving apparatus.
Their use as filter elements in in-
termediate-frequency amplifiers
has made possible the so-called
“single-signal” radio receivers.
The complex operations of quartz
crystals as filter elements are, how-
ever, beyond the scope of this
paper.

In this paper only a few aspects
of the use of quartz crystals as
frequency controls in radio work
have been considered. Although
transmitter designs have con-
tinued, and will continue to im-
prove at a rapid pace, the use of

quartz crystals for frequency con-
trol will probably never be out-
moded.
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Laminated Glass

Introduction

ITHIN the memory of all of us,
ordinary plate glass was used

in all automobiles. One of the most
dreaded and dangerous features of
collisions was flying glass. No mat-
ter how minor the accident, serious
injuries were usually sustained
through the medium of these razor-
like, death dealing pieces. Even a
sudden stop not infrequently
caused a severed vein or artery.
Although safety glass was known
for years before its installation in
automobiles, still it was not de-
veloped highly enough for general
use until eight or ten years ago.
Even then it would not withstand
temperature changes and high tem-
peratures. The first really success-
ful safety glass for automobiles
did not enter the market until
zbout five years ago. In this paper
it is the purpose of the author to
cover the subject of laminated
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safety glass in as broad and gen-
eral a manner as space allows.

History

Before discussing the subject of
the history of laminated glass, a
few words with regards to the his-
tory of ordinary glass are in order.

The origin of glass is still
doubtful. Many authors, ancient
and modern, have endeavored to
explain its discovery (or inven-
tion), but all they are able to do is
recount legendary tradition. Some
authorities credit the Egyptians
with the first glass, while others
believe it was the Chinese who first
came upon this revolutionary dis-
covery. The generally accepted and
most plausible explanation is that
offered by C. Pliny the Second in
his “History of the World”. He
stated that there was, in Phoenicia,
a river with exceedingly pure sand
on its banks. One day some traders

who had been gathering a cargo of
nitre, sought, along the banks of
the river, stones on which to mount
a tripod to cook their food. None
being available, they used blocks
of nitre. Under the heat of the fire,
the sand coming in contact with
the nitre, which acted as a flux,
formed a vitreous substance—
“glass’,

Although there is room to doubt
this story, still there are basic fea-
tures that make it perfectly logical
and plausible. The experiment was
duplicated several years ago, and
it was found that glass did form
with nitre present to lower the
fusion point, but none formed with
just plain glass sand.

The principle of laminated glass
as such is old, dating back to the
latter part of the nineteenth cen-
tury. During its early stages little
or nothing was done to aid its de-
velopment. Hence, until ten years
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ago, the industry was still in its
infancy.

The art of laminating glass dates
back to 1885, when Fullicks, an
Englishman, obtained a patent for
the manufacture of glass for
church and cathedral windows.
He proposed to get different color-
ing effects into one composite sheet
by carefully arranging pieces of
differently colored glass in pattern
form and cementing this pattern
between two sheets of clear glass.
As bonding materials he proposed
the use of gelatins, varnishes, or
other materials which would stick
glass articles together.

For the origin of laminated safe-
ty glass as we know it today, we
are indebted tc another English-
man, Wood, who, in 1905, obtained
a British patent for the nianufac-
ture of safety gl'ass by the us2 of
Canadian balsam for cementing a
sheet of transparent cellu'oid be-
tween two <hects of plate glass.
The product was exhibited in 1906,
but because of the high cost of
manufacture, small demand, and
general unsatisfactoriness, the pat-
ent was allowed to lapse. Much
work was carried on by different
scientists, and during the war,
laminated safety glass found a
ready outlet for gas mask lenses.
goggles, automobiles, and air-
planes. After the war, demand for
the product sank to negligible pro-
portions, but a few far-sighted
executives of glass companies saw
that with the advent of closed cars,
there would be a renewed demand
for safety glass. These men also
realized that a product must be de-
veloped which would give complete
satisfaction throughout the life of
the car, and realizing this, large
amounts of money were expended
for research in the field.

T he Principle of
Laminated Glass

The basic principle of laminated
glass consists of bonding together
two or more plates of glass with
one or more interposed sheets of
plastic or non-brittle material to
produce a composite structure. The
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problem involved is unique in en-
gineering fields, owing chiefly to
the difficulties encountered in bond-
ing together such unlike materials
to give a perfectly transparent
finished product. However, the
characteristic properties of the
finished article with respect to
greater strength and more resist-
ance to shock and penetration can
be likened to other well known ma-
terials which depend upon lamina-
tion for their desirable properties.
Examples are: laminated wood
structures for airplane propellers,
boat construction, etc., and lam-
inated steel structures such as
common railroad rail and armor
plate.

Although bullet-proof glass and
decorative glass comprise a portion
of the outlet, still their application
is small compared to that of the
product for automobiles, airplanes,
and speed boats. The types of usage
last mentioned require a three ply
lamination made by bonding in a
unitary structure two sheets or
plates of glass with an interposed
sheet of transparent plastic. Be-
cause of the greater demand and
wider application, the manufac-
turers have concentrated their re-
search and development work on
this type of glass-plastic structure,
known to the public as laminated
safety glass.

T'ypes of Plastic Materials

One of the oldest plastics—name-
ly, pyroxlin, invented in 1860—
was the plastic suggested by Wood
in 1905, and it still has commercial
significance in safety glass manu-
facture. Pyroxlin plastic is manu-
factured by colloidalizing cellulose
nitrate (pyroxlin) with suitable
plasticizers, the most common of
which is camphor. Since the dis-
covery of this plastie, refinements
have been made both in nitration
and purification of cellulose nitrate,
with the result that the present day
pyroxlin plastic is sufficiently clear
for all practical purposes. It has
as low a temperature coefficient of
plasticity as any other material
suitable and commercially avail-

able for safety glass manufacture.

From the standpoint of stability,
pyroxlin, because of its higher
energy level, is less stable to light
and heat than other cellulose esters
and ethers. However, sheet pyrox-
lin has a much longer life when
properly bonded between sheets or
plates of glass than when exposed
directly to sunlight because all
plate glass possesses the inherent
ability to filter out the major por-
tion of the shorter wave length
radiations that adversely affect the
pyroxlin plastic. Also glass manu-
facturers have improved the sta-
bility of the glass itself, as well as
its color, so that from a practical
standpoint the glass gives consid-
erable protection to the plastic in
this regard.

Cellulose acetate methods as
recently developed produce an ex-
ceedingly stable plastic and one
which, like pyroxlin, is transparent
to light to a sufficient degree to
make it commercially important.
It equals pyroxlin in temperature
coeflicient but falls slightly short
in tensile strength. However, cellu-
lose acetate plastic, when used
slightly thicker than the pyroxlin,
proves equally resistant to shatter-
ing.

T'ypes of Laminating or
Bonding Processes

Of equal importance with the
plastic layer in safety glass is the
bond or adhesion between the
glass-plastic laminations, for the
character of the bond obviously de-
termines to a large degree the
unique properties of laminated
safety glass. A review of patent
literature shows that there have
been many methods proposed and
relatively few accepted.

The nature of the various ad-
hesives and bonding agents pro-
posed for joining together glass-
plastic surfaces may well serve to
group the laminating processes in-
to two groups: (1) a process using
as a bonding agent a material
strictly foreign chemically to both
glass and plastic, and (2) a process
using as a bonding agent a material
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possessing chemical properties
similar to those of the plastic.

Examples of the first class in-
clude the well-known adhesives
such as gelatin, glue, isinglass,
casein, etc., and, in addition, vari-
ous natural and synthetic resins.
They are applied by flowing, spray-
ing, or otherwise coating one sur-
face of each of the two plates of
glass. After the adhesive is dried
to the proper consistency, the glass
plates are assembled with a sheet
of plastic in sandwich form and
subjected to heat and pressure to
effect bonding.

Examples of the second class
depend upon the adhesive forces of
colloidalized cellulose derivatives,
usually combined with compatible
resins to promote better adhesion
to the glass surfaces. They are ap-
plied in a thin coat to the glass and
allowed to dry thoroughly. After
drying, the surfaces of the skin
coat and plastic are both softened
or peptized by applying a small
amount of solvent or high boiling
point plasticizer, and the three
layers are then bonded by heat and
pressure.

In years past, multi-operation,
slow, batch methods were used to
assemble the safety glass. Today
not only have quality and stability
been improved, but bonding agents
have been developed to make a
better product which can be pro-

duced continuously at 60 to 70 feet
per minute.

Edge Sealing

As a result of the bonding opera-
tion of the glass-plastic sandwich,
there is obtained a composite struc-
ture of safety glass with the mar-
ginal edges exposed. If this is put
in service in severe climates, such
as the southern states and tropical
climates, the alternate expansions
and contractions of the edge of the
plastic with humidity changes,
coupled with a slight shrinkage of
the plastic due to loss of plasticizer
at the edge, results in a gradual
destruction of the bond at the
marginal portions of the sheet.

It is therefore desirable that the
marginal edge of the plastic layer
be protected against this kind of
weathering by hermetically sealing
the composite structure. To accom-
plish the edge sealing, the marginal
portion of the plastic sheet, follow-
ing the bonding operation, is re-
moved to the approximate depth of
one eighth of an inch, and this
groove is filled with a thermoplas-
tic sealing material capable of re-
sisting weathering and thereby
sealing the composite structure.

Summary

The bridge from the discovery of
glass by Phoenician traders in a
pre-Christian era to the safety

glass today protecting and aiding
us is a long one. Among supporting
piers of this bridge are the dis-
coveries of Fullicks in 1885 and
Wood in 1905, as well as much well-
directed effort in the field of re-
search. While we have by no means
reached the peak of perfection,
still a satisfactory product is being
produced commercially. We cannot
truly estimate the value of this
product in pecuniary measure, but
rather in lives saved. The world
owes a great debt to safety glass,
and it is not unmindful of this debt.
The benefits of this product are of
such importance that practically
every car produced today is
equipped with it.
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Description

NE of the comparatively recent
additions to the electron tube
family is the thyratron. The word
“thyratron” is a Greek derivative
meaning ‘“a door.” The name is
particularly appropriate for the
tube, since it has been the means of
opening the door to many opera-
tions previously considered highly
impracticable. The thyratron tube
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Thyratrons

By
Robert A. Averitt, e., '37

is a three electrode tube similar
to the grid-glow tube. It is very
different from many other electron
tubes in that after the tube has
been exhausted, a small amount of
inert gas or vapor is sealed within
the tube. The presence of the gas
or vapor changes the otherwise
pure electron discharge from the
cathode to an arc. The thyratron in
appearance is very similar to most
other electron tubes. However, as

might be expected, its behavior
and electrical characteristics are
very dissimilar to any other type
of tube. Because of its arc dis-
charge, the thyratron is, to all in-
tents and purposes, an electro-
statically controlled arc rectifier.

Development

The first method of controlling
a power arc was suggested by Dr.
Langmuir in 1914. Langmuir
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showed that the time of starting a
power arc in an electron tube in
each cycle could be controlled by
the relative size of the grid voltage.
This led to the notion that the
average arc current flow could be
controlled by applying alternating
voltages to both grid and anode of
an electron tube. Langmuir con-
structed a thyratron tube that per-
formed very much as he had sug-
gested.

Dr. P. Toulon became interested
in Langmuir’s achievements, and,
in 1922, improved upon Lang-
muir’s thyratron by discovering
that the time of starting the arc
could be controlled by varying the
phase of the grid voltage with re-
spect to the anode voltage. He was
the first person to suggest such an
idea. Toulon constructed a thyra-
tron and successfully demonstrat-
ed his theory. Langmuir collabor-
ated with D. C. Prince and con-
structed an improved tube. This
improvement consisted mainly in
making the grids completely sur-
round the anodes.

After the arc has been started
in a tube, the grid is powerless to
stop it. It was found that the arc
could, of course, be extinguished
by removing the anode voltage.
Since the time of starting in each
cycle is controlled by the phase
position of the grid voltage, it is
easily seen that the thyratron is
capable of converting an alternat-
ing current into a direct current
flow. The reason that the grid is
unable to control the extinguishing
of the arc was found to be due to
the formation of a layer of positive
ions about the grid. Regardless of
the potential of the grid itself, the
potential of the “sheath” of ions
surrounding it is always the same
as that of the discharge. The effect
of the sheath is that of an insulator
surrounding the grid.

Construction

It has been found that the thyra-
tron tube is capable of utilizing
any type of electron-emitting sub-
stance for a cathode. In small thy-
ratrons, a tungsten filament similar
to those used in vacuum tubes may
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be employed as a cathode. For
more powerful tubes, it has been
found advantageous to use a more
massive construction which entails
a heavier mechanical support. For
the ordinary filament cathode
tubes, conservative rating specifies
about 60 watts of heating energy
per ampere output. One major

Thyratron

problem in the design of thyra-
trons has been that of increasing
the life and efficiency of the tubes.
It was desired, therefore, to ob-
tain the maximum electron emis-
sion with a minimum of heating
energy. In order to increase the
efficiency of the tube, advantage
was taken of the principal differ-
ence between gas filled and vacuum
tubes. In a vacuum tube the heat
radiation and electrons both flow
in straight lines. In a gas or vapor
filled tube the heat radiation flows
in a straight line, but the presence
of the gas ions enables the elec-
trons to turn corners. This theory
has given rise to the present prac-
tice of placing heat insulators or
shields around the cathode. An-
other method prevalent in modern
practice consists of constructing

the filament from a broad tungsten
ribbon and winding it spirally so
that adjacent turns shield each
other. The increase in efficiency has
been remarkable. Thyratrons have
been constructed with heat shields
which require only about two watts
of heating energy per ampere out-
put.

The inert gas used in the thyra-
tron tube is mercury vapor. The
best range for the vapor pressure
has been found to be between one
and 50 microns, depending upon
the operational characteristics de-
sired for the tube. This is a very
small pressure compared to that
required for Tungar rectifier tubes.
All experimental evidence has led
to the conclusion that purity is an
essential requisite for the vapor.
If impurities are present, the effi-
ciency of the tube is low, and its
life short. The degree to which the
tube is exhausted before the mer-
cury is introduced is also most im-
portant. A thyratron should be
evacuated at least to the degree of
a good vacuum tube.

In considering the construction
of thyratron tubes in general, it is
interesting to note that there is no
apparent limitation, either prac-
tical or theoretical, to the power
capacity of a single unit. In 1929
the largest unit constructed was to
operate on 100 amperes at 10,000
volts.

During the past few years many
varied applications of the thyra-
tron tube have been developed.
Progress has been comparatively
slow, however, in the actual indus-
trial installation of these tubes.
This is due in part to the fact that
many power engineers of the
present generation are more or less
reluctant to accept an electron tube
for power control. This is clearly
shown in the following, as stated
by L. W. W. Morrow:

“Those who predicted that the
present decade in power would be
an electronic decade were slightly
bullish on tubes. They overlooked,
other than the unpredictable de-
pression, a number of important
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factors. Thus, they failed to take
into consideration the vast amount
of developmental work that had to
be undertaken and the natural in-
ertia of the present generation of
engineers in responsible executive
positions, resulting from their lack
of early familiarity with electronic
devices. In spite of these difficul-
ties, some manufacturers and a
few companies have gone ahead
and expanded the field of tubes on
power systems. As a result, there
are today in use successful elec-
tronic devices in the power field
that offer distinct advantages over
any other type.”

One of the fields in which the
application of thyratron control is
developing very rapidly is that of
theater lighting. One notable ex-
ample of this application is found
in the Chicago Civic Opera House.
Such a control unit for the stage
and house lights eliminates all of
the bulky back-stage switchboard
and places the entire control di-
rectly at the lighting director’s
fingertips. The control pit is direct-
ly in front of the stage so that the
operator can see the effects he is
producing. No complicated hand-
switching devices are used. Com-
plete control is to be had by the
turning of a dial or tripping a
small switch. The control scheme
used consists, essentially, of a
group of thyratron umits which
supply a variable amount of direct
current to saturable-core reactors
whose alternating current circuits
control the lights. The control of
the tube supplying the direct cur-
rent is obtained, as has been ex-
plained before, by varying the
phase relationship between the
grid and anode voltages. Necessari-
ly, there are a great number of
tubes in a single control system,
for there are numerous separate
circuits to be controlled. In the
Chicago Civic Opera House there
are 147 separate circuits which
are controlled in this manner. The
entire scheme is called the thyra-
tron-reactor control system. There
are several other similar installa-
tions in other theaters, for exam-
ple, the Metropolitan Opera House
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in New York City, the Earl Car-
roll theater in New York City, and
the R. K. O. theaters in Schenec-
tady and Albany.

In several instances a thyratron-
reactor system has been used for
control in mobile lighting. Instead
of hand control for the grid voltage
as in theaters, these mobile light-
ing systems employ a small auto-
matic induction voltage regulator.
The Netherlands Plaza, a hotel in
Cincinnati, Ohio, the dining room
of the Great Captain’s Island and
Yacht Club near East Portchester,
Connecticut, the Staley Building
Tower in Decatur, Illinois, and the
Southern California Edison build-
ing in Los Angeles, California, all
use this system of automatic con-
trol for mobile lighting.

Another application of the thy-
ratron tube is found in the field of
direct current machinery. Through
the use of the tubes, an entirely
new type of motor has been de-
veloped. There has been a great
deal of time devoted to the study
of an experimental machine having
the essential construction of a
synchronous motor and using thy-
ratron tubes for a commutator.
This motor may be run from either
alternating or direct current.
When supplied with alternating
current, it shows marked advan-
tages in that its speed is variable
over a wide range and that it
operates at a high power factor.
Reverse rotation presents no diffi-
culty, since it is accomplished by
shifting the phase of the grid
voltage 180 electrical degrees with
respect to the motor armature
position. When the motor is oper-
ated on direct current, the motor
offers several advantages over the
conventional type. The construc-
tion is greatly simplified and the
insulation much improved. Prob-
ably the most important advantage
of the thyratron commutator motor
is that the commutator may be
located at any convenient place
and the motor placed wherever
desired.

The applications specifically
mentioned in this paper do not by
any means comprise the entire list.

Conclusion

One purpose of this paper has
been to point out a few of the many
and varied applications of the
thyratron tube. Let it not be mis-
understood that its use is limited
to the control of heavy machinery.
The tube is capable of controlling
the most delicate operations.

While it is not the purpose of
this paper to delve into any of the
theoretical or mathematical con-
siderations of the tube, it is well to
point out that the thyratron brings
to a focus a great many of the re-
sults obtained from research con-
cerning the electronic discharge
through gases. It is doubtful that
Dr. Langmuir himself realized the
importance of his laboratory toy
back in 1922. An attempt has been
made to show the rapid progress it
has made from that time to this,
in spite of unforeseen economic
handicaps. One can only conjecture
whether or not further develop-
ments will be made upon that al-
ready existing, or whether some
entirely new methods will be de-
rived. Regardless of that, the thy-
ratron tube is one of the greatest
aids to industrial endeavor that
has been developed during the past
15 years.
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