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EDDY CURRENT LOSSES IN SINGLE
CONDUCTOR LEAD-COVERED 

CABLES 

I N a paper entitled "Eddy Current Losses in Single
Conductor Paper-Insulated Lead-Covered Un

armoured Cables of a Single-Phase System" (J. lnst. 
Elec. Eng., 89, Pt. 2, No. 12; December 1942), Dr. 
A. H. M. Arnold gives the results of an experimental 
investigation made at the National Physical Labora
tory on cables carrying A.O. at power frequencies. 
Measurements were made with single-phase current 
on two parallel, 1·4-sq. in. cables forming go and 
return conductors. The total eddy-current losses are 
divided into four parts, namely, skin effect in the 
core, proximity effect in the core, proximity effect in 
the lead sheath, and circulating-current losses in the 
lead sheath when they are bonded together. Each 
of these is dealt with separately on a theoretical 
basis, and formulre are then put forward for esti
mating the A.C. resistance of a cable from the design 
data; these formulre are shown to give good agree
ment with the experimental figures. 

The report is an official communication (Ref. 
F/T78a) from the British Electrical and Allied 
Industries Research Association and, together with 
an earlier one (Ref. F/T55), permits the following 
general conclusions to be drawn. 

The losses in the core due to spirality effect and 
in the sheath due to skin effect can be neglected. 
The loss due to skin effect in the core is suhstantially 
the same as that due to skin effect in a solid round 
conductor of the same D.C. resistance per unit 
length, and was found to be calculable to within 
1 per cent of the total losses by means of a well-known 
formula. The loss due to proximity effect in the core 
is less than that due to proximity effect in a solid round 
conductor having the same D.C. resistance per unit 
length on account of the higher resistance offered to 
the proximity eddy currents in a cable which have 
to flow from strand to strand. A previous formula 
for proximity effect in solid rods may be used for 
stranded conductors, provided a conductivity lower 
than the true conductivity of the copper is assumed; 
a figure of about 75-80 per cent of the true con
ductivity should be assumed. 

A theoretical formula by H. B. Dwight for the 
losses due to proximity effect in the lead sheath was 
found not to be sufficiently accurate on account of 
its neglect of the modification due to the proximity 
effect in the core. An empirical factor has been 
added to Dwight's formula which increases its 
accuracy considerably. The loss due to circulating 
currents in the lead sheath was found to approximate 
closely ,to that obtained from the formula given in 
the report, except for cables very close together. At 
close spacings, the actual loss is less than that cal- . 
culated, on account of the reduction of the mutual 
inductance between core and sheath due to proximity 
eddy currents in the core. This loss reduction can 
be allowed for largely by assuming that the proximity 
loss in the lead sheath is non-existent when the 
sheaths are bonded together. 

The complete formulre put forward for estimating 
the total losses in a cable, with the sheaths bonded 
or unbonded, give good agreement with the experi
mental results. At a frequency of 50 c./s., the 
maximum discrepancy between the computed and 
measured losses is less than I per cent for a I ·4-sq. in. 

cable, and at 100 c./s. the maximum discrepancy is 
3 per cent. Tables are given by means of which the 
ratio of A.C. losses to D.C. losses of any standard 
cable can be read at a glance for the standard 
frequency of 50 c./s. 
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