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FLIGHT at sonic speeds and guidance of missiles
beyond the convecting gasses of the earth’s at-
mosphere has not only increased the complexity of
electronic control gear, it has also presented new
problems in heat dissipation and high-vibration en-
vironments. Control of the environment requires
weighty equipment where an almost insurmount-
able problem already exists in merely carrying the
jet or rocket engine, the fuel and basic pay load
to its objective. The development of components
capable of operation in the environments encount-
ered without the aid of pressurizing and cooling is
obviously desirable and almost mandatory.
Current estimates of environmental requirements
include swept-frequency or random frequency vi-
bration with frequency components up to 2000 cps
at levels of 20g and ambient temperatures of 500 C.
The operation of tubes in the environments de-
scribed, gives rise to a number of problems:
® If ambient temperatures of 500 C are encount-
ered, envelope temperatures must exceed the am-
bient by some gradient temperature between the
internal element temperature and the ambient.
Conservatively, in a conventional glass tube, the
differential temperature would be 100 C for a bulb
temperature of 600 C. Operation of glass envelopes
at 600 C is impractical for a host of reasons, includ-
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tubes made of .020 in. thick
monel. (Temperatures in deg
C) Ef=463 vac, E, =E,,
— 250 vde, I, =65 madec.

ing electrolysis, deterioration of seals, diffusion,
mechanical limitation, etc.

® The vibrational requirements preclude the use
of large structural masses and a situation results
where large dissipating surfaces are desirable for
heat dissipation but are undesirable for vibration
reasons.

s A high vacuum tube must be processed at tem-
peratures considerably in excess of any operational
temperatures or outgassing of internal parts and
surfaces will occur resulting in deterioration in
cathode activity among other effects. The process-
ing temperatures required eliminates the use of any
glass currently available that is otherwise adaptable
to tube manufacture.

= At temperatures above 250 C the use of conven-
tional barium getters becomes marginal, at 500 C
it becomes impossible. If some internal surface of
the tube could be maintained at 700 C or higher,
zirconium getters conventionally used in small
power tubes might be used; but operation at var-
ious temperatures below 700 C would most cer-
tainly happen in most applications. There is also
a problem of transient outgassing of hydrogen at
400 C with zirconium.

= With a wide range of envelope temperatures, a
variation in cathode temperature may be expected

and the need for automatic compensation in heater
input for changes in ambient temperature is prob-
able.

The approach to the problems outlined above
and described herein consist of replacing the glass
envelope in a conventional tube with a metal-
ceramic envelope, using the envelope as the anode
and providing a suitable getter to replace the
barium flash getter. The reasons for this approach
and its advantages follow:
®= The use of a metal envelope provides better heat
radiation than can be gained with a refractory.
Further by using the envelope as the anode the
greatest possible radiation area is achieved. Inas-
much as the anode usually has the greatest mass
of any element, it is desirable not to require its
support with the structure by ceramics or micas
which may fracture or wear under vibration. A
number of metals were investigated for use in en-
velopes and the choice of monel was made mostly
on the basis of its oxidation resistance.

To complete the envelope, a stem of alumina
ceramic closely resembling the glass button of a
conventional tube is used. The ceramic is coated
using a moly-manganese technique. The stem
shown in Fig. 2 has two piece leads, the inner
portion of moly provides a vacuum tight seal which
remains in compression. The outer section of monel
completes the circuit through the brazing material
and provides an oxidation resistant base pin.

A flare is sealed to the outer periphery for sub-

sequent heli-arc welding to the metal envelope.
(See Fig. 2)
® The use of the stem enables the assembly to pro-
ceed by making cages, and mounts in the conven-
tional manner, replacing the header sealing ma-
chine with a heli-arc sealer and evacuating in a
conventional exhaust machine. Processing tempera-
tures in the neighborhood of 1000 C can be used.
Fig. 2 shows a typical mount.
@ Various getter techniques have been tried includ-
ing parts made of titanium and zirconium or parts
coated with titanium, zirconium or Ceralloy pow-
ders. The results of many of these tests were incon-
clusive and the constant suspicion of getter mate-
rials or coating processes led to the development
of a technique for quantitatively measuring the
gettering ability of various coated parts. A closed
glass system was provided which could be baked-
out and subsequently filled with CO,. The system
contained approximately 2 liters of volume and
comparison measurements were made by admitting
a pressure of 50 microns of CO, heating the getter
and plotting rate of pressure decrease tor various
getter temperatures. (See Fig. 3)

Results of tests in this system confirmed much
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Fig. 2. Alumina ceramic stem of the metal ceramic tube. The moly portion of the pin pro-
vides a vacuum tight seal which remains in compression.
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Fig. 3. (a and b) Residual Pressure Vs. Time—These graphs show the rate of pressure de-
crease as a function of getter temperature for different getter materials.

ULTRASONIC WELDING ¥

SONOWELD®
AN IMPORTANT

NEW WELDING CONGEPT

Ultrasonic Welding Without Fusion

SONOWELD is a revolutionary new metal-joining
technique which uses vibratory or high-frequency
sonic energy to produce a solid-state metallurgical
bond between similar or dissimilar metals.

It is superior to usual methods of welding in many
applications. It is applicable to industrial use with
metals and shapes heretofore impossible or difficult
to weld.

There is no arc, spark, sputter, or contamination with
SONOWELD equipment. Welding is done at rela-
tively low temperatures, with low clamping force,
negligible deformation. Joints are excellent in a wide
variety of metals and metal alloys.

Write for more information. Tell us your specific
welding problem or application.

SONOBOND coreorarion

A SUBSIDIARY OF AEROPROJECTS, INCORPORATED
WEST CHESTER, PENNSYLVANIA

Manufacturers of Ultrasonic Metal-Joining Equipment

a) Effect of low and high getter temperatures (300 C Lot IV was bad.)
b) Getter temperature = 500 C.
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TEFLON'-INSULATED STANDOFF TERMINALS

Another Ceslectro Firet!

The exclusive Press-Fit “Double Header” provides in a single unit

two insulated standoffs that mount in one hole. Connections made

on either or both sides of chassis, independently of each other

(not a feedthru). Saves space, labor, time, money. Series DST

is available in six standard types. Pin or turret lugs. 3500 to 5500 volt
nominal ratings. And available in eight code colors.

Just another example of the outstanding versatility of genuine
Sealectro Press-Fit terminals. Over 600 standard numbers

to choose from. Featuring Teflon insulation advantages,
one-piece construction, jiffy installation, stay-put performance.

:;;7 777 7” A 4{

Brand new edition. More pages,
listings, engineering data.
Write for copy.

tTrademark of E. |. Du Pont
de Nemours & Co., Inc.
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Fig. 4. Cathode temperature variation as a function of ambient and bulb temperatures (deg

C). I = 800 ma at 6.3 vac, |, = 65 madc.
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Fig. 5. Transconductance vs. time in a 500 C ambient a) Per cent change from initial value
with E; = 6.3 vac b) Per cent change from value at normal filament voltage with Er = 5.7
vac.
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Fig. 6. Room temperature life tests.
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of the information gleaned from literature indicat-
ing Ceralloy (or Ceto) as the best getter for this
application. The Ceralloy getter, when properly
manufactured and processed shows great promise.
Tests of a good lot of this getter showed that 1500
liter microns could be gettered in a matter of min-
utes in the temperature range from 300 C to 700 C.
Some gettering, at the slower rate, was observed
at temperatures down to 100 C.

The Ceralloy getter is either sprayed on various
element surfaces or sprayed onto a metal flag which
is welded in a strategic place in the tube. The mini-
mum 100 C for gettering has been found to exist
in tubes due to radiation from the cathode alone.

Due to the opaque nature of the subject tubes,
exact variations of cathode temperature due to
changes in ambient temperature have been difficult
to measure. Fig. 4 shows within reasonable experi-
mental error the variation of cathode temperature
with both ambient and bulb temperatures. In the
case of the ambient temperature, measurements
were made midway in the 1/8 in. clearance be-
tween the tube envelope and an enclosing oven,
opposite a point roughly midway between the bulb
hot spot and the dome of the envelope.

The variation in cathode temperature is lower
than was expected. However, at the 400 C ambient,
the external anode is not appreciably hotter than
the vacuum and glass insulated internal anode of
a conventional glass tube when operated at full
dissipation in a room temperature ambient. This
fact permits high ambient rating without heater
power derating.

Tubes of the type described herein have been
operated for several thousand hours at room tem-
perature ambient and up to 200 hours at ambients
in excess of 400 C. Several tubes have been oper-
ated at —60 C for 100 hours. Curves of various
characteristics for the high temperature and room
temperature life tests are shown in Fig. 5.

The room temperature data is averaged for 14
tubes in the group which were tested to 3000 hours.
Much larger groups were tested to the 1000 hour
point and removed to provide space for succeeding
groups. This additional data in the majority of cases
merely confirms the 1000 hour data shown (Fig. 6).|

The high temperature data is provided for 172

Librascope

-DIGITAL CONVERTERS

Most versatile line of shaft
position to digital converters
models for Gray, Binary, :md
Binary Coded Decimal §ys-
tems. Special models for sine-
cosine read-out. Used in
digital airborne controls,
machine tool controls, or
wherever position data must
be translated into digital form.

Ask for Catalog No. E10-1

CORD HEADS

A complete line of Read-Rec.-
ord Heads for all types of
magnetic drum memory sys-
tems. Simplicity of dvsign,
flexibility of operation, high
reading signal and low cur-
rent are basic characteristics
of these read-record heads
which are used where reli-
able performance is essential,
Ask for latest Catalog

SHAFT DIFFERENTIAL

Four models of precision dif-

PSINE MECHANISM

Provides for instantaneous
solution of problems involy-
ing the sine or cosine of an
angular variable. Angular
rotation is converted into a
displacement proportional to
sine or cosine of the input,
Compact, simple, self-con-
tained design.

Ask for Catalog No. 304062

SC INTEGRATOR

A precision integrating mech-
anism for totalizing, ‘rate
determination, and differen-
tial analyzing. Can also he
used as a closed loop servp-
element for accurate variahle
speed drive. Small in size
rugged construction for hné
life; extreme precision,

Ask for Catalog No. 304061

hours. The equipment required for this test is fairly |
involved and at the time of writing is limited to |
engineering test quantities. Gas current readings
throughout the test remained below 0.2 micro- |
amperes which was characteristic of high tempera-
ture life tests run for short periods.

From a paper presented at the 1957 National Con-
ference on Aeronautical Electronics, Dayton, Ohio.
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ferentials for application to
problems of angular sums,
angular velocity sums or
sequence operations. May be
installed or removed without
disassembly of unit or differ-
ential. High accuracy; unlim-
ited displacement; small
radial clearance. A time-
tested design.

Ask for latest information
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Librascope products are designed for reliability,
long-life, trouble-free performance.
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CIRCLE 25 ON READER-SERVICE CARD

27



	Electronic-Design-1957-12-15-27
	Electronic-Design-1957-12-15-28
	Electronic-Design-1957-12-15-29
	Electronic-Design-1957-12-15-30

