FILTER and BY-PASS

® Aerovox offers two types of impregnating ma-
terial for its oilfilled capacitors: mineral oil and

Aerovox Hyvol.

Aerovox stresses Hyvol in capacitors subject to
sub-zero operating conditions. Hyvol capacitors
are considerably more stable with temperature
variations than are those using synthetic oils.
Hyvol capacitors show no appreciable drop

effective capacity until temperatures of —20° F.
(—29°C.) are reached. At —40° F. (—40° C.)
the maximum capacity drop that can be expected
is of the order of 5 to 10%, contrasted with an
average drop of 25% or greater for synthetic oils.
Again at elevated temperatures, Hyvol capacity

remains relatively constant.

However, to meet certain other requirements or
preferences, Aerovox also offers mineral oil and
wax-impregnated capacitors. Likewise the widest
choice of can designs, sizes, mountings, terminals,

voltages, capacities.

New CATALOG

Be sure you have the latest Aerovox catalog, containing the
widest choice of capacitors yet offered, in your working library.
Registered copy on request, if written on your business sta-
tionery.
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Dry-Disc Rectifiers

By the Engineering Department, Aerovox Corporation

HE dry-disc type rectifier owes its

wide acceptance to simplicity, ab-
sence of electron tubes and all moving
parts, silent operation, and in several
instances, unlimited life. Since there are
no intermittently-operated contacts in
this device, no arcs are present to wear
away ‘mechanical parts or to set up
radio interference. Presenting an al-
most pure resistance load, the dry-disc
rectifier responds instantly when an
alternating voltage is applied. Trans-
ients are notably absent in its opera-
tion.

Applications of the dry-disc rectifier
have increased steadily since its chance
discovery several years ago when
Grohndahl and Geiger of Union Switch
& Signal Co., investigating corrosion
of copper switches, observed that cur-
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rent flows through an oxide film on
copper more readxly in one direction
than in the other.

At present, the dry-disc type rectifier
is regularly employed in a number of
applications which include rectification
of alfernating currents for indicating
meters, battery charging, circuit-
breaker solenoid operation, electro-
plating, radio speaker field excitation,
electron tube filament operation, fire
alarm operation, supply of direct
currents for telephone and telegraph
circuits, energizing relay coils, opera-
tion of industrial control devices, actu-
ation of time clocks and signal bells,
cathodic protection of underground
pipe lines and cables, and the supply-
ing of power for arc welders and
motion picture carbon arcs.

This type of rectifier is usually en-
countered in low voltage, high-carrent
service. In each of its applications, it
reduces maintenance expense, through
its unique features, and very often
needs no replacement. It is well suited
for all unattended services.

THEORY OF OPERATION

In a dry-disc rectifier, rectification
occurs at the interface of two dissimi-
lar conducting materials. The pheno-
menon is not completely explained at
this time. The couple formed by the
opposite materials presents a high re-
sistance to input voltage of one polarity
and a considerably lower resistance
when, the applied voltage is of opposite
polarity. As a result, there exists a
high ratio of current flowing through
the couple in one direction to that
flowing through it in the reverse direc-
tion.

Current in one direction may thus
attain a strength of several amperes,
while that in the opposne dlrectmn
(termed “back”, “blocking”, “inverse”,
or “leakage” current) is limited to &
few milliamperes. Equal amounts of
current will pass in both directions only
when the breakdown voltage of the
rectifier, its operating temperature, or
both, are exceeded.

curve showing dry-disc rectifier
action is given in Figure 1. Positive
voltage values correspond to the low-
resistance direction of the rectifier;
negative values to the high-resistance
direction. From this curve, it is seen
that the voltage approaches zero as
these two resistances approach a com-
mon value, With increasing voltage in-
put, the high resistance increases and
the low resistance decreases, both
rapidly. After reaching a certain point,
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depending upon the type of rectifier.

and somewhat upon its dimensions.
further changes in the high resistance
e place much more slowly, while
the low resistance continues to drop.
The rectification ratio, closesy related
to rectifier efficiency, varies with the
magnitude of the applied voltage, and
is the ratio of this voltage at any point
to the corrupondnng low resistance

value at the same point.
due the
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sulphide, and (3) selenium,

Copper-Oxide Rectifier. The copper-
oxide rectifier utilizes the asymmetrical
conductivity charactemuc oi a low-
valence oxide film formed on cof
plates or discs. The condnctwny of the
cone-shaped crystals of this film is
approximately 1000 times higher when
the current flows from the oxide to the
copper than when it flows in the reverse
direction. The oxide rectifier, like other
dry-disc types, thus is not a tene valve
but rather a very nearly unilateral de-
vice with resistance many times higher
in the back than in the forward direc-
tion,

A rectifier element consists in effect
of a cuprous-oxide disc and a metallic
copper disc in contact, and means for
making efficient electrical
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with the two. In order to achieve good
molecular contact between the copper
and oxide discs, an oxide film is formed
directly upon the copper disc or plate.
Thus, a single copper disc provides in
one body both metallic and oxide mem-
bers in intimate contact. Direct cir-
cuit connection may be made to copper
“back plate” by connector tabs in the
rectifier assembly, and the exposed ox-
ide face may be connected to the ex-
ternal circuit through a disc of s

metal or metal foil (“l’ace elec!rode")
placed so as to_be in contact with a

normal voltage rating or operating
temperature of some dry-disc rectifiers
are usually temporary, the selenium
and magnesium-copper sulphide units
tending to restore themselves when
normal operating conditions are re-
sumed.

Current depends upon_the surface
area of the active materials. Dry-disc
rectifiers may be supplied for very
high current output. The

f oxide area. Copper-oxide
rectifier llmts are shown in Figures 2
and 5.

In a typical copper-

are generally into one recti-
fier unit, being connected in a full-
wave bridge circuit and clamped tight-
ly together.

The copper-oxide rectifier has high
thermal capacity, high efficiency, low
operating cost, and it possesses indef-
initely long life. On the other hand;
it is |arger in size and heavier in weight

n other dry-disc_types, its initial
cost is higher, and its voltage regula-
tion poorer under identical operating
conditions.

The ability of the copper-oxide recti-
fier to withstand short-term voltage
overloads fits it particularly to appli-
cations where transients and other cir-
cuif phenomena introduce momentary

oxide rectifier element, a thin layer of
graphite is spread evenly upon the ox-
ide face, to prevent counter rectifica-
tion at the interface of the film and the
face electrode, and upon this layer is
placed a disc or plate of sheet lead un-
der pressure. ngh-pressnre clamping
is always the

, o ere vol-

tage overloads are purposely applied.
lagnesium-Copper phide Rectifier.
This type of dry-disc rectifier (see
Figure 3) is assembled from alternate
discs or plates of magnesium and cop-
per sulphide, together with appropriate
spacer washers and assembly nuts to

permissible current density per recti-
fier unit depends upon the amount of
ventilation provided either by fan draft
or by means of ventilating fins incor-
porated into the element structure. Fins
will handle cooling zdeqnatel‘y at cllr-
rent densities up to

squ:ée inch when forced dra& is pro-

id

Dry-disc rectifiers range in size from
the tiny units, approximately fs-mch
square in the smallest size, used i
connection with movable-coil dureu
current instruments to large models
capable of supplying several thousand
amperes at low voltage.

Dry-disc rectifier elements are com-
monly assembled as alternate discs or
plates of metallic materials on a bolt
or threaded stud which is insulated from
the active members by a sleeve of non-
conducting material (See Figures 2, 3,
and 5). The entire assembly may be
clamped tightly, by means of end nuts
and spring washers, to insure perma-
nent and efficient electrical contact.

TYPES
‘There are three types of dry-disc
rectifiers in present general use; (1)
copper oxide, (2) magnesium-copper

of cuprous-oxide rechﬁers unless the
“collecting electrodes” of the rectifier
elements have been sprayed or plated
upon the oxide members to make con-
tact pressure unnecessary.

‘While single rectifier elements might
be employed in half-wave or full-wave
circuits, a number of such elements
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insure h rigidity and good
electrical contact. The discs are of the
washer type and are stacked on an in-
sulated bolt or threaded stud and
clamped under high pressure.

This unit offers highest conductivity
when the copper-sulphide disc is posi-
tive with respect to the magnesium
disc. The active material is self-healing.
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TYPICAL ASSEMBLY OF COMPLETE DRY-DISC RECTIFIER UNIT
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The magnesium-copper sulphide rec-
tifier is small in size, has lower initial
cost than the other dl’y-dlsc types, and
is light in weight. It may be operated
safely at a maximum temperature of
85°C. (185°F.) with convection cooling,
or up to 130°C. (266°F.) with forced
ventilation, and it possesses good vol-
tage regulation. However, the efficien-
cy of this type is relatively low, com-
pared to dry-disc rectifiers of other
types, and its life is limited. It is most
satisfactory for intermittent duty in
low-voltage applications. By applying
it to intermittent service, the limi
life of the magnesium-copper sulphide
rectifier consequently may be pro-
longed. The number of magnesium-
copper sulphide rectifier elements that
may be operated in series is definitely
I|rn| ed.

representative magnesium-copper
mlphlde rectifier unit operatmﬁ into
a resistance load exhibits 40% efficien-
cy at full rated load in a single-phase
circuit, and approximately 60% efficien-
cyina three-phase circuit. The efficien-
cy drops at 100-percent current over-
load' to approx-mate}y 37% for the

it

58% for the three-phase unit.
Selenium Rectifier. The selenium rec-
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tifier, widely used for a number of
years in Europe prior to its introduc-
tion into this country, is assembled
from plated-iron, aluminum, or steel
discs or plates which are first coated
with selenium, properly processed, and
then sprayed with a single metal or
The first plate constitutes the
hack electrode, while the sprayed-on
plate becomes the face electrode.
ch such sandwich-type assembly
(see Figure 4) forms a complete rec-
tifier element in itself and thereby re-
moves the necessity for lngh-pressure
clamping of a stacked rectifier unit.
The completeness of each element like-
wise enables increased disc spacing for
easy ventilation.

In the selenium rectifier element, con-
ductivity is highest when current flows
from the iron, steel, or aluminum
back plate into the selenium. The
photoelectric effects, so well-known
in connection with selenium, are elim-
inated or made by the

@ USE OF SEPARATE SECONDARIES
AND RECTIFIER SECTIONS
TO OBTAIN HIGH OUTPUT VOLTAGES

E — GENERATOR WINDING
="""or une

ficiency of the two types is very near-
ly the same.

The selenium rectifier may be sub-
jected to brief current overloads with-
out permanently injuring its elements.
And, although this type unit will not
handle voltage overloads safely, this in-
ability occasions little difficulty since
the voltage rating per element for the
selenium rectifier is several times higher
than that of the copper-oxide type.
Unlimited life has been indicated by
protracted life tests conducted by the
manufacturers of selenium rectifiers.

Typical selenium rectifier characteris-
tics under normal rated operating con-
ditions are (1) Efficiency: 65% for
single-phase, 859 for three-phase oper-

ation. (2) Stability: forward resistance
rise is approximately 5% to 10% during
an aging cycle consisting of the first
ten thousand hours of normal operation,
after which no further appreciable
change takes place. (3) Power Factor:

element structure and processing.

The selenium rectifier is smaller in
size and lighter in weight for a given
power-handling ability than are other
dry-disc types. Its allowable operating
temperature is higher than that of the
copper-oxide rectifier, although the ef-
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unity. (4) Voltage regula-
tion at normal ratings and temperature,
with resistance load: 10% to 15% for
single phase, 8% to 10% for three-
phase operation. (5) Maximum plate
temperature must not exceed 75°C.
(167°F.)



