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High Power
Audio Transformers

Abrief outline of the essential characteristics
of high power audio transformers for class B
amplification (tubes connected in push-pull
fashion with their grid voltages of such
value that the anode current is zero when
there is no signal) is given here together
with a brief description of the units used in
the third snd Fourth stages of radiobroad-
cast station WLW.

By
J. F. PETERS

FELLOW ALLEE.

Westinghouse Elec. and Mig.
Co., East Pittsbursh, Pa.

HIGH POWER audio transformers
do not differ materially from large transformers for
converun%lpower at 60 cycles. They differ princi-
pally in physical proportions of copper and iron, and
requir care in mi g the internal
d!.smbuted capacitance.

-Since an audio transformer must operate over a
wide range of frequencies and be capable of handling
the full output at any one frequency or any combina-
tion of frequencies, the problem of obtaining suf-
ficiently low leakage redctance and sufficiently low
magnetizing current is the reason for making the
proportions different from those of transformers for
use at commercial power frequencies. The leakage
reactance must be ma,de sufﬁctently low to gue good
performance at high freq Y, an
current must be made sufficiently low to &:e grx)d
performance at the low frequency end of
To produce sufficiently low reactance to give sat:s—

vided in the units described later in this paper. Al-
though air gaps in the core increase the alternating
magnetizing current, they make it possible to design
the core and ccils so that the iron does not become
saturated and produce harmonics in the magnetizing
current.

The effective resistance of the windings of these
transformers is low, first, because of the relatively
small number of turns resulting in a small number of

-turns and therefore low-density lcakage
magnetic field cutting the conductors; and second,

bLbhrEze arsgad
i i ? 7

of{gd bt

Fig. 1. Schematic di of
windings in 180 hw fmltll stage lnnlfumcrl

P and 5§ designate primary and secondary windings, respectively

Fig. 2. One of
the 180 kw fourth
tramsformers

slage
out of its case

because the
conductors are
made of small
dimensions in
the direction at
right angles to
the flux lines,
thus resulting
in a low ratio
between high

factory operation at high freq using
a small number of turns for a given voltage, which
results in a magnetic circuit of relatively large cross
section. To obtain sufficiently low magnetizing
current at low frequencies still further increases the
cross section of *he magnetic circuit.

These transformers are supplied by tubes that pass
current in only one direction, and generally it is not
possible to maintain a perfect balance between the
2 tubes smplyiug the alternate half cycles. This
results in the equivalent of a direct current flowing
through the primary winding. In order to prevent
the uibalmczn of current flgm producing apt:eavy
biased magnetic flux in the core, air gaps were pro-

A paper recommneaded lor publication by the A LE H. committes on commumies-
tiom, and sebedabed for discussion at the A1, B.E. winter couveation, Nu-!{ﬂ.
N. Y., Jen. 25-21, 1934, Manuseript submdfted Oet. 3, 1935; released lor
spbliction Nov. 20, 1985,

¥ e
sistance and
low frequency

In producing
the total out-
put for radio-
broadcast sta-
tion WLW, 4
stages of ampli-
fication are re-

uired. Only the last 2 stages are described here,
gm first 2 stages being of quite small output. In
determi the ma permissible reactance for
each of the last 2 stages, the total permissible value
was determined and it then was proportioned between
the 2 units in the manner that would meet most easily
the maximum permissible value.

ELECTRICAL ENGINEERING



it is desirable to have the output of the combined
amplifying stages reproduce accurately all input
frequencies in their relative magnitudes. It is of
course mot practical to accomplish this. Freed
from distortion is more-important in certain parts
of the frequency range than in others. Distortion
in frequencies below 100 cycles and above 10,000
cycles, il not excessive, dues not alter seriously the
quality of reproduction.  When designing the audio
transiormers for station WLW, the quality desired
necessitated limiting the distortion to 5 per cent
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Fig. 3. Sch tic diags howing g oF
windings in 77/; kw third stage transformers
P and 5 designate primary and secondary windings, respectively

Fig. 4. A com-
plete 7' /s kwthird
stage tramsformer

between 100
and 5000 cy-
cles and to 22
per cent at 30
cycles and at
10,000 cycles.
The require-
ments of repro-
ducibility at
the high [re-
quency end of
the range have
more influence
on the design of
the transform-
ers than do
thoseat the low
frequency end.
‘The leakage re-
actance in the
units, which is
proportional to frequency, reduces the amplitude of
delivered voltage. The load on the ormers is
made up of various frequencies superimposed ; ‘but
by Limiting the reactance to such a value that the
distortion will not exceed 22 per cent when supply-
ing full load at 10,000 cycles, then when the load
consists of a combination of frequencies, none of any
appreciable magnitude exceeding 10,000 cycles, the

pancake coils.

They are insulated and are not plaged in a
Their total weight is 4,200 pounds each.
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required performance specifications will be met.

The circuits that the transformers feed into have
the characteristics of a resistance; therefore, they
supply loads at unity power factor. The regulation
of the units as calculated for unity power factor at
their rated loads then is a measure of their amplitude
performance.

The total regulation at 22 per cent at 10,000 cycles
was split arbitrarily 13 per cent for the fourth stage
and 9 per cent for the third stage. The maximum
permissible reactance for the fourth stage then was
square root of {100* — (100 — 13)*] or 40 per cent and
for the third stage 41 per cent, when delivering the
full output of the units at 10,000 cycles. It was
found when designing the units that the 49 per cent
on the large unit conld be appreciably lower, with
the result that the combined errors of the 2 stages
at 10,000 cycles should not exceed 14 per cent.

Performance tests were not made on individual
transiormers. Tests on the complete combination of
all stages including the transformers and tubes
indicated excellert results.

The fourth stage andio transformer for station
W LW has a nominal rating of 180kw. This unit has
2 input or primary windings each for 10,200 volts
(crest) and one secondary or output winding of
6,000 volts (crest). The arrangement of the wind-
ings is indicated by figure 1, and the unit out of its
tank is shown in figure 2. Since the 2 primary
windings are supplied by separate tubes and there-
fore receive current on alternate half cycles, it was
necessary to interlace these 2 windings symmetri-
cally with the secondary winding. All 3 windings
consist ‘of circular pancake coils. Each primary
winding consists of a stack of coils on each leg of the
transformer as shown by figure 1. The stack of coils
having the larger diameter on one leg is connected
in series with the stack having the smaller diameter
on'the other leg, the secondary winding being between
the inner and outer primary windings. All 3 windings
are made of thin copper ribbon. The individual
primary coils consist of 2 turns each, and the sec.
ondary coils of 3 turns zach.

The assembled unit as shown in figure 2 weighs
27,000 pounds. Some idea of the proportion of
copper and iron can be obtained {rom the fact that
of the 27,000 pounds, the magnetic circuit contains
25,700 pounds of sheet steel. This transformer is
placed in a boilex-iron tank and operates in oil.

The third stage transformers have a nominal rating
of 74y kw each, 2 of these units being required for
this stage. Each of these transformers has 2 primary
and 2 secondary windings. The 2 primary windings
are supplied from separate tubes, and the 2 secondary
windings supply the grid voltage to the tubes for
the fourth . The 2 primary windings receive
current in alternate half cycles and must feed into
each of the secondary windings; therefore, it was
necessary to interlace all 4 windings. The arrange-
ment of the windings is shown by figure 3.

The secondary windings are made up of single-layer
helical coils. The coils are broken in the center and
cross-connected so that on each leg the average cou-
pling to the primary windings is the same for both
windings. The 2 primary windings are made up of

Oue of these units is shown in figure 4.

gontainer.



Distribution Transformer

Lightning Protection Practices s.owm c.uuicn sous

With the object of determining the effec-
tiveness of the newer methods of protecting
distribution transformers from lightning, a
survey of operating data obtained during
< 1934 by 38 electric power ies has
been made by the transmission and dis-
tribution committee of the Edison Electric
Institute.  The results of this survey are

FELLOW ALEE Power Co., Baltimare, Md.

On the basis of data collected in 1934, the follow-
ing conclusions appear to be justified:
1. Imterconnection seems to be superior to other methods of Hght-
e i B

2 mnsenftkgmmmmuﬂnmm“lmmdw
ining low ground resi for i ApPCars promis-

ing.

3. Low ground resistance is believed to be one of the inost important
factors in improving lightning protection.

4. Interconnection does not seem to increase the duty on lightning
ar their rate of failure.

presented herewith. In g 1, int
ey 0‘ *' | P e . " J
with the mncllry neutral has been fmmd

perior to other methods of p

IN RECENT YEARS various meth-
ods of protecting distribution transformers have been
devised with the object of reducing transformer fail-
ures and blowing of primary fuses dum':ﬂuhghmmg
storms. To obtain operating data on newer
methods in comparison with the conventional method
of protecting distribution transformers, a survey was
made by the transmission and distribution commit-
tee of the Edison Electric Institute. This consisted of
collecting operating data for the year 1934. It is
planned to continue the collection of these data. At
the present time similar data are being collected for
the year 1935.

A paper recomavended for publication by the A.1 E.E. committet oo protective
devices, and sl

for discussion at the A.1E.E. winter convention, New
\’-ﬁ.ll Y., ]la ﬂ—al lm Manuscript submitted Oct. 17, 1938, reloased
ar publieation Nov.

Janvary 1936

Varwous METHODS OF LIGHINING PROTECTION

Figures 1 to 5 illustrate the various methods used
in the lightning protection of distribution trans-
formers. The interconnection system, shown in
figure 2, which nominally consists of a solid tie be-
tween the lightning arrester ground and the second-
ary peutral, may be modified by the insertion of
gap A; by a gap (B) tying the ground to the case;
crbyambmauonm which both gaps 4 and B are
used. Itisinteresting to note that 34 out of 38 com-
panies from which operating data have been obtained
are using interconnection to some extent.

ResuLTs—1934 LIGHTNING SEASON

Operating data for the 1934 lightning season from
38 companies have been summ:ixadintnhle I. The
data have been bined to obtain
totals that wwidtenﬁhdﬁninlhethed‘ectofm-
controlled variables. The combined data are in-
cluded in table II. It may be noted that the ground
resistance is a variable for which compensation can-
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Table i —Summary of Operating Data for 1934 for Various Methods
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of Protecting Distribution Transformers From Lightning
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