. . safety factors are in order ...
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PICKING THE PROPER INSULATION

<
0
o
pap
-
w
=
0
S
<
=

==
.
~
So
B~
rm
l S

|




PICKING THE PROPER INSULATION

It is generally recognized the primary function of
electrical insulation is to guide current flow through de-
sired paths and to separate electrical circuits and con-
ductors which operate at different voltages. Further-
more, it is evident there are gross differences in the way
insulations perform. For example, coils wound on
polystyrene forms have a higher “Q”’ than those wound
on molded mud forms; and certain circuits require the
use of mica capacitors while in others cheaper paper
capacitors will perform satisfactorily.

What are the electrical specifications by which the
performance of insulation is measured? What considera-
tions are involved in the selection of the proper insula-
tion for a particular job?

Some specifications (like power factor) are easily

measured and known to a few percent. Others (like
puncture strength) are very nebulous and must be used
with a great deal of caution in any design application.

Liquid and solid materials are broadly divided into
classes according to their ability to conduct electricity.
To be specific, when we measure the resistance of a
number of liquid and solid materials between two metal
plates each 1 inch square and separated by 1 inch (see
Figure 1), we find most metals and acids are relatively
good conductors of electricity while mineral oil, glass,
wood, rubber and plastics are relatively poor conduc-
tors. The resistance of a sample having the afore-
mentioned dimensions is called resistivity and is meas-
ured by a special unit called ohm-inches.

Between the two extremes (i.e., the conductors and "
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TABLE |
Insulation Specifications™ (Measured at 25°C) w
|
ey |
Power Factor {
faaty Puncture Strength
Resistivity (%)
_ (ohm-in. at Dielectric
Material 30% rel. Conatant : 1
humidity ‘ ‘ :
Shlowar) [ ‘ d-c or Thickness
60 cy 1 mc 100 mc peak a-c of test
‘ ‘ V/mil sample
| | !
INORGANIC |
air infinite 1 0 0 ‘ 0 20
mica 101 5-7 0.5 0.04 0.02 600-900 .004”
\
Mycalex 101 z 0.64 0.21 0.22 360 2 1
steatite 10 6 0.2 0.3 0.2 240 250" ‘
glass (Pyrex) 104 5 0.8 0.3 0.4 | 335 {
{
\
barium titanate 1013 1200 6.0 1.0 1.0 73
‘ (approx)
ORGANIC |
Teflon 1016 2.1 ‘ 0.02 0.02 0.02 250-1600 .012"
polyethylene 1016 2.2 0.01 0.02 0.04 400 G257
polystyrene 108 2.6 0.02 0.02 0.05 600 125"
black Bakelite lioH 5 1.0 0.5 0.5 350 J125%
Lucite Plexiglass 106 3 | 6.0 2.0 1.0 500 125"
Kel-F fluorothene 1018 25 2.0 0.9 0.5 400-2500 1255
hard rubber 1Qlé 3 0.4 6.0 e 400 125" f
paper = 4 1.0 4.0 6.0 200 125" f
]
4
*A large number of the values quoted here taken from the Massachusetts Institute of Technology ‘‘Tables of Dielectric Materials.”’ :
1
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insulators) lies an intermediate group of materials
called semiconductors. We have heard a great deal
lately about their use as transistors; however, they
conduct electricity too well to be useful as insulation.
The arbitrary boundaries in resistivity of semiconduc-
tors are generally taken to be 1 ohm-inch and 10° ohm-
inches.

In Table I are listed a number of materials used as
insulation, together with their most important elec-
trical specifications—namely, resistivity, dielectric
constant, power factor and puncture strength.

In the first column it will be noted that the resistivity
values for these insulators are all a million times or
more larger than the upper limit of the semiconduc-
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Figure 1

tors. The measurement of such large resistances is not
easy, but by using thin samples and 500 volts or more
applied to large electrodes, values up to about 10
ohm-inches can be measured accurately. The values
quoted in Table I were measured at a relative humidity
of 309, or lower. Moisture absorbed within or on the
surfaces of high resistivity insulation can seriously
lower the values measured.

Consider next the currents that flow through the
block of insulation shown in Figure 1 when voltage V
is suddenly applied by closing the switch. If V is a d-c
voltage, there is a rush of charging current which
gradually decays to some steady value determined by
the resistivity of the material and the applied voltage.
However, when a-c voltage is applied, although most
of the current leads the voltage by 90° (I.pacitive)s @
small but measurable current component is in phase
with the voltage (I,ymi.). The vector diagram of Figure
2 represents these two currents.

Now the ohmic current alone produces heat. The
amount of heat is determined by the d-c resistivity of
the insulation in conjunction with some extra heat
generated when the molecules of the insulation rub
against each other as they move under the influence of
the a-c voltage.

Thus the cube of insulation could be represented cir-
cuit-wise by ‘a resistance shunted across a ‘“‘perfect”
capacitor—that is, a capacitor in which all the current
is out of phase with the applied voltage. For ‘“‘good”
insulation of the type we are considering, the ratio of
the heat-producing current (Ioumic) to the no-heat-

producing current (Iupacitive) is called the power factor
of the insulation.

In other words, the power factor is the number by
which the ‘“‘apparent” power* of a capacitor-resistor
combination must be multiplied to obtain the actual
watts of heat developed. The power factor is a number
(usually expressed as a percentage) which can vary
from 09, for a perfect insulator such as air to 1009, for
a perfect conductor.

For most commonly used insulators the power factor
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is less than 59, and it may be as low as .029, for the
very best insulators such as polystyrene or mica.

Now as indicated previously, the a-c resistivity of
an insulator is in part determined by the movement of
the molecules under the influence of the a-c voltage.
The net result is to cause the power factor to change in
a rather complicated manner with variations in the
frequency of the measuring voltage. This is reflected in
the power-factor columns in Table I which show it is
meaningless to quote a power factor without specifying
the frequency at which the measurement was made.

This variation with frequency illustrates why it is
of utmost importance in many applications to choose a
coil form of suitable material when working with RF
circuits. For instance, a paper coil form would have a
power factor of 19, at 60 cycles but 6% at 100 mega-
cycles. And in comparing two different types of coil
form material it is seen that the power factor of black
Bakelite is .59, at 100 megacycles while polystyrene is
.059%, at the same frequency. Thus the efficiency and Q
of an RF circuit can very well be quite dependent upon
the type of insulation used.

* The ‘“‘apparent power’’ or ‘‘volt-amperes’’ drawn by a circuit
containing both resistance and reactance (as in Fig. 1) isobtained
by multiplying the voltage across the circuit by the total current
drawn without regard to their relative phases. Actually, power
is consumed in the resistor only; the “‘power”’ in the capacitor be-
ing simply transferred back and forth between the source and the
capacitor. Therefore, we define the power factor as the ratio of
the actual power consumed by the resistor (which appears as
heat) to the apparent power drawn by both resistor and capacitor.

(Continued on page 6)






