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CONDUCTOR RESISTANCES AND AMPACITIES AT HIGH FREQUENCIES

INTRODUCTION

The increasing use of power systems at frequencies above 60 cycles has brought
about increased interest in the rating of cables for such frequencies.

The several factors influencing effective conductor resistance sre of consider-
able magnitude as frequency increases, and for efficient cable application they
must be considered.

This report will identify some of these effects and give a suggested method
for determing the ampacities of cables at 400 and 800 ¢ycles as related to their
ampacity at 60 cycles.

In general, three-phase 400 or 800-cycle power systems are designed in the same
way that 60-cycle systems are designed, with the realization that the increased
frequency will increase the skin and proximity effects in the conductors thereby
increasing the effective conductor resistance. The increased frequency also increases
the circuit reactance which combined with the resistance increases the voltage drop.

The higher frequencies will also increase the effect of magnetic materials
upon cable reactance and heating. For this .reason the cables should not be run in
megnetic conduit or too close to magnetic structures in the building. The losses
due “-to frequency are proportional to the square of the line current, and so for very
small currents they may be negligible. For instance, in a 400-cycle lighting circuit,
size 12 Awg conductors in standard steel conduit were used. In this case, there is
a fluorescent lighting load of thirty-five eight foot lamps. Each size 12 Awg circuit
carries only 6.6 amperes. After the installation was compleled, voltage readings at
various fixtures showed that the voltage drops were not excessive, and that no real
gain would have resulted from use of fibre or non-magnetic conduit. (1) Pending
further tests, the use of magnetic conduit should be avoided for circuits employing
conductor sizes larger than about size 6 Awg for LOO cycles and size 10 Awg at 800
cycles.

In the discussion that follows only cables in air or in non-metallic conduit
will be considered. Also, the cables will be single conductor 600 volt rated non-
metallic-cover types of the rubber-neoprene variety in common use. Such data will
be useable with reasonable accuracy for other types of single conductor cables such
as thermoplastic, rubber-braided or varnished cambric cables.

For frequencies up to about 1000, the reactance can be taken as directly pro-
portional to the frequency. This neglects the reduction in inductance due to
frequency, but this change is not large and the error is negligible. For higher
frequencies the inductance correction should be included. TIn such cases the
inductance is given by the following:

L= (0.140k log,, 25 £ 0.0153 %; ) x 103 Henries per M ft.
De
L = Imductance to neutral

L/Io = Correction from Table I.

n
n

Axial spacing between conductors-inches.
Conductor diemeter - inches.
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