" The first significant thing to be
said about wire and cable in the
decade 10 come is that greater
amounts of it will be used. Population
increase, higher living standard. and
ever-widening application of elec-
trenics provide 2 firm foundation for
forecasting continued expansion of
production in this field. Projected
statistics indicate doubling of the
dollar-value of the electronic market.
In our speculations about “What's
Ahead in the Significant Sixties” we
shall survey the function uses of wire
products in (1) consumer preducts.
{2) industrial applications, and (31
military applications. including in the
latter the area of space research.

Most of It

An obvious and less glamorous fact
is that the major portion of wire and
cable produced in the next 10 vears
will be made of materials now knowr
and in use, and by processes now com-
monplace in the industry. Consumer
products (home. business houses, and
schools: see table I} for the most part
do not have requirements in the ex-
treme ranges of operating conditions
{temperature et al); therefore, the
exotic, ultra-new insulating materials
are not likely to find extensive service
in this highly competitive field. To a
lesser degree. this applies to the in-
dustrial market as well and, as will
be seen, is true in part of the military
field.

This is not to preclude improve.
ments in degree which will be made.
some of them relatively soon. There
will be available during the period
elastomers with greatly improved re-
sistance 1o ozone. Thermoplastics
moTe resistant to thermal effects are
in the offing. while improvements in
the process of applying insulation
will avoid certain internal stresses
which are now set up by processing.
Changes in manufacturing equipment
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come slowly due to the investment in-
volved. It is likely that some develop.
ments that have heer in process will
come to fruition. bringing higher
rates of production. closer controls
on dimensions. and improved quality
of product,

Factory sales of consumer products
increased approximately 16%¢ during
the past eight vears. The rate of in.
crease will be greater in the sixties.
but with the bulk of sales moving
from the top of the list in tabie I
toward the lower half.

The Growth of If

Factory sales of electronic equip-
ment for industrial applications
quadrupled from 1950 to 1958. In.
dustrial and commercial -electronic
sales are currently approximately one-
haif the dollar volume of consumer
sales and servicing. During 1960 1o
1969, industrial use of electronics
will overtake and surpass the con-
sumer field. This carries the implica.
tion that the quality standards which
the wire and cable industry must meet
will grow increasinglv stringent. This.
in addition to environmental require-
ments, will demand materials to meet
higher temperatures, lower tempera-

tures. and other phyvsiczlly and elec-
trically rigorous conditions. Relia-
lnlity here has priority over the com-
petitive market position that per-
tains in the consumer area.

The need for reliability and the
high cost of manpower for installa-
tions may indicate a greater use of
factory assembled cabies and har-
nesses with connectors attached. This
is simplified with the emphasis on
unit or modular construction of equip-
ment.

The Types of It

The types of wire and cable enu-
merated below are expected to change
in the decade ahead as indicated.

1. Hook-up wire — thinner walls.
higher voltage breakdown. khigher
temperature stability. improved stress
crack resistance.

2. Lead wirec — higher temperatures
{150-200°C at much lower cost than
“Teflon™ or silicone), greater flexi-
bility and flexing life, ease of proc-
essing.

3. Power cords—for small apphances.
improved plastics will largely replace

rubber. Power tools and much flexible

service will find elastomers with high
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ozone resistance. Three conductor
cords wili become standard every-
where as thev now are in some states.
1. High voltage leads—nhigher break-
down, longer life due te improvement
in corona resistance [better materials
and changed construction).

5. TV antenna lead-in—~little change
in currentlv availabie constructions
without changes in input impedance
of receivers.

4. RF cables — impedance can be
modified on specific applications and
Tetlon or ceramics used for higher
temperatures but little improvement
is in sight on the general temperature
and frequency stability of polvethy-
lene.

7. Audio cables—slightly smaller in
size to give hetter space factor. im-
proved shielding methods.

8. Control circuit wire—same points
apply as on No. 1 and No. 2 with
special applications in nuclear fields
requiring materials with higher radia-
tion resisiance.

9. Microphone cables—Iilexibility and
Hlex life. low capacitance (though this
will be less important due to the low
input impedance of semi-conductor
circuits:, improved shielding and low
noise generation in cable.

10. Camera cables—smalier diame-
ters with special applications using
materials to give hizh radiation resist-
ance.

11, Multi-conductor cables — paired
cables: thinner wails. smaller diame-
ters. shielded pairs having good shield
isolation. Unpaired cables: Dimen.
sion faciors same as paired cables. and
with other points of No. 1. No. 2. and
No. 8. Flat parallel conductor cables
will be used in many appiications,
both us pre-cut harness and as inter-
connecting cable.

12, Serain cubles*—Smaller
diameters, low noize ceneration, radi-

zauge

ation tesistance,
*Adpplies 1o many instrumentation
cables.

Meeting the above requirements is
obviousty going to mean medification
of present materials and the develop-
ment of new ones.

Alloved. plated and composite con-
ductors will inereasingly be used to
provide longer flexing life. -areater
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tensile strength and, in some cases.
operation capability at higher temper-
ature extremes. [ncreased resistivity
of some of the allovs will introduce
probiems of heating and voltage drop
which will have 10 be considered by
equipment designers.

The past five vears have seen the
cracking of the lid on a virtual Pan-
dora’s Box in the field of chemical
svathesis. The work of Karl Ziegler
in Germany, Giulio Natta in ltaly,
and a series of researchers in this
country reached a climax of 20 vears
iabor with the deveiopment of methods
of “tailor-making” the molecules of
substances to produce characteristics
which had been Nature's secrets be-
fore. Variously iermed ‘stereo-spe-
cific polymerizations™ and “graft and
biock polymerization,” the processes
can produce results such as the new
svnthetic rubber with most of the
desired characteristics of natural rub-
ber.

A further development of this meth.
od is the addition of desired proper-

ties to a substance by combining

hitherto inorganic elements into the
complex molecules of organic type
compounds, which means that mate-
rials can be compounded with proper-
lies “to order.” The silicones are a2
beginning point. The addition of
phenyls or other cyelic structures pro-
vide greater radiation resistance. The
mechanical toughness, abrasion resist-
ance, and oil resistance of siiicone
can all be improved by this method
and will eliminate the braids and
other protective coatings now used
over wire insulations of silicone tvpes.

We have vet to see the properties
of substances using tin where silicon
is now the radical. The phosphine-
boranes likewise promise vaiuable
properties. Thus a basic change in
meeting higher temperature require-
ments will be to move from strictly
organic compounds to semi-organic
or inorganic polvmer chains.

Low temperature range and many
general purpose insulations wiil be
high molecular weight materials that
do not require vulcanization or plas-
ticization in the processor's plant.
Polvurethanes or polvisobutylenes are
examples of verv hizh molecular
weight materials,

Table |~—Conswmer Products

Home and Business

Radios and TV {entertainment
broadcast)

Recording equipment

Hi Fi—mono and stereo

Electronic appliances
Air filters
Teraperature controls
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Automotive

Ignition. lighting. accessories
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Tobie li—industriol Applications

Control systems
Automation

Temperature (environment)
Processes  }
Punched cards or tapes
Magnetic tapes

T wo-way radio

Inscrumentation
Data processing 1 -
Computers %
Telephone systems -
Airerajt controls (commercial), dEEES
navigation. landing :

Nuclear systems A

Power
Medicine
Tracing

Corrosive surface treatments
lar to anedizing of aluminum
will produce some exceilent 1 &
tions with little or no diameter 25
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With regret, we must say th
commercial availability of feXgg
ceramics will be deferred to the &g
of the Sixties or into the “JP
Age Seventies.” "

Whether used with civilian of 73
tary equipment. applications of N



wrical wire can be reduced 1o either
transmission of power o7 transmission
of 2 signal. The consumer and indus-
trial uses listed above can all be found
in military service. However. let us
consider the special requirements
which military applications will im-
pose upon wire and cable,

" In the next 10 vears, the principal
changes in Armed Forces equipment
in which wire is used will involve
more rigorous environmental re.
quirements for vehicles {undersea,

surface. air. and space) and their

associated apparatus, and more com-
plexitv and sophistication of elec.
tronic equipment.

Table 111 shows only a few of the
military applications of elec.ronics.

Environmental requirements will
inctude even wider extremes of both
high and low temperaiures and ex.
posute to tosmic and nuclear radia-
1ion. Capability of operation at 2300°
F for a few minutes and 4000°F for
a few seconds will be needed during
the sixties. Vibration, acceleration.
<hock, and vacuum are equipment
problems which will be magnified as
:pace vehicles become more ambitious
ané will be shared by the wire in the
rquipment in areas not protected for
the sake of the human cargo.

Most of the progress in environ-
mental resistance must come from the
development of new malerials and
ways of applving them. The pressures
f the military requirements will
iasten: the development of materials
mentioned above but which might
ot be commercially feasible nearly
1 500M.

As more and more functions are
ressed into a given amount of space.
niniaturization will increase in im-
ortance. Entirely new methods of
urrent transfer will probably be de-
-eloped. Printed circuits have been
+ith us for some time. and alreadv
vork is being done in the field of
noietronics. in which complete cir-
nits are grown into a crystal.

Obviously. there is not much room
nside a crystal for hook-up wire as
ve know it today. However. the most
ainiaturized circuit imaginable is of
10 value mounted on the head of a
‘in unless there is a way to get in-
nTmation into it and out of it. Minia-

Tebie 11l—Military Applicotions

Communications
Telephone
Radio
Teletypewriter
Infrared beam
Television
Electronic megaphones
Public address systems

Navigation
Radar altimeters
Radio direction finders
Automalic pilots
Radio beacons
Landing aids

Fire control und missiée guidance
Radar
Infrared
Acoustic

Target detection and counter.
meaqsures

Radar

Sonar

Scatter

Infrared

Hydrophone

Mine detectors
Radioactivity monilors
Jammers

turized wires and cables will be used
in most such applications.

In iand-based equipment. environ-
mental problems will not be as severe
as in vehicles. However. long-term
reliability will be stressed and in
increasingly complex data handling
equipment miniaturization will be
important.

Actually. as in the case of consumer
and industrial products. any added
cost of micro-miniaturization must be
justified by some benefit. Therefore,
as now, much military wire and cable
will be standard types but manufac-
tured to meet stringent MIL specifica-
tions.

The wire and cable industry will
experience the significant sixties as
both prosperous and demanding.
Greater volume but with higher stand-
ards of quality to be met consistentiv
will provide a continuing challenge.
New materials and methods will be-
come available as the demands bring
them forth.

" lacing tapes
ENGINEERED for

TEMPERATURE
by GUDEBROD

375°C GUDE-GLASS

Flat braided of glass fibers.
Gude-giass is recommended
for use where high tempera-
ture is a factor. Avaitable
with special finishes for non-
slip charactenisucs, it 15 non-
toxic, resists fungus and s
fiexible within s complete
range: —40°C t10.375°C.

220°C TEMP-LACE

- Manufaciured of pure
TEFLON*. Temp-Lace s
the latest additnon to the
Gudebrod line. Chemicalis
M2 inert. it is available in nat-
ural finish. with a fungistatic
rubber coating or with a sil-
icon dispersion finish. in
five sizes, it ts flexible from
—40°C to 220°C.

160°C STUR-D-LACE H

Flatbraided of DACRON®
with non-corrosive rubber
fintsh or wax finish, Stur-D-
Lace H meets the most
severe requirements for
. fungus-resistance. It is non-
toxic. knots tightly, is un-
affected by most chemical
solvents. In five sizes. all with
3 high dielectric strength.
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90°C GUDELACE

. The original Gudebrod lac-
ing tape, flat braided of
nvion with special wax fin-
ish. Gudelace has become
the standard where excessive
high temperatures are noit
encountered. ln seven sizes,
Gudelace also comes in six
colors for circuit coding.
Wrire for new Dara Book witl
complete specifications of All
- Gudebrod Lactng Tapes.

*Du Pont’s trade mark for ns
TFP Aucrosarbon fiber

=Du Ponl's trade mark for ns
poiyester fiber

GUDEBROD

BROS. SILK CO., INC.

ELECTRONICS DIVISION
225 Weut 3dth Street, New York 1, N.Y.
EXECUTIVE OFFICES
12 South 12th Street, Philadelphic 7, Po;

Print Ins. 44 on Resder Service Card
Insufation, December. 1959 67




