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This invention relates to apparatus for and
method of treating selenium rectifiers.

In the manufacture of selenium rectifiers, for
example, rectifiers of the construction dlsclosed
in Patent 2,339,613, granted January 18, 1544 to
Joseph A. Becker and John N. Shive, after the
unit comprising the selenium body and the elec-
trode or electrodes thereon: has been fahricated,
it usually is subjected to an electrical process
known as forming. This process, the purpose o1
which is to increase the rectification ratio of the
unit and, more specifically, to increase its re-
sistance in the reverse or blocking direction, is

effected by passing a current through the unit in

the reverse direction until a prescribed resistance
or voltage drop in this direction obtains.
time. required for forming may vary from unit

to unit because of differences in the individual

selenium bodies, the electrodes, and other factors.
Also, particularly in the processing of units pos-
sessing low melting point electrodes, such as of
the spray metal contact type, there is danger of
destruction of the electrode as a result of the
heat generated in the unit. Thus, the electrical
forming of selenium rectifier umts has entailed
heretofore close individual controls so that it has
been time consuming and relatwely expensive.

One general object of this invention is to ex-
pedite the electrical forming of selenium recti-
fier units.

More specifically, objects of this invention are

to enable the simultaneous forming of a plurality
of units, to reduce the controls requisite for the

proper forming of the units, and to minimize the

danger of damaging low melting point electrodes
in the processing of units including such elec-
trodes.

In accordance with one feature of this inven-
tion, the electrical forming of a selenium unit is
regulated by automatic control of the forming

current in accordance with the resistance of the

unit.

More specifically, in accordance with one fea-
ture of this invention, the unit is energized in
such manner that the current through it de-
creases automatically in accordance with increase
in the reverse resistance so that the power dis-
sipated in the unit remains substantially con-
stant throughout the forming process.

In one illustrative embodiment of this inven-
tion, a plurality of selenium rectifier units are
connected in parallel to a common voltage source
for supplying the forming current, through in-
dividual ballast resistances of prescribed magni-
tude.
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Initially, each unit has a. relafively low re-
verse or barrier resistance so that the current
through it and the associated ballast resistor
is high and the voltage drop across the unit is
low. As the forming proceeds, the barrier re-
sistance inecreases, the voltage drop across it in-
creases and the current through the unit de-
creases. Each of the several units forms at its
own rate uninfluenced by the forming rate of
any other unit. No individual control is reqguired.
Any unit may be removed and replaced by an
unformed unit whenever the voltage drop across
it reaches a preassigned value.

‘The invention and the above-noted and other
features thereof will be understood more clearly
and fully from the following detailed description
with reference to the. accompanymg drawing in
which:

ig. 1 shows, fpa,rtly in dlagrammatlc form, ap-
paratus illustrative of one embodiment of this in-
vention, and |

Fig. 2 i5 a fragmentary sectional view of one of
the units.

Referring now to the drawing, the apparatus
therein illustrated comprises a mounting or base
plate {0 of a material having good electrical
and thermal conductivity; for example, chro--
mium-plated brass, to which a hollow coil 1§ for
receiving a circulating cooling fluid such as . water
is secured. Affixed to the plate 10 and insulated.
electrically therefrom, as by insulating studs (2,
are g plurality of metallic spring clips 13, each of
which securely holds a.respective rectifier unit 14
upon- the plate. ‘The units may be annular in
form and of the construction. disclosed in the
patent hereinabove identified, each comprising &
body 15 of selenium, a back electrode (86, for ex-
ample of nickel or iron, and:a.front electrode 117,
for example a thin layer of spray-deposited tin-
bismuth-cadmium alloy.

The several units- {4 are connected in parallel
to a suitable source 18 for supplying a direct cur-
rent to the units, one terminal of the source being.
connected to the plate- 10 and, thus, to the front
electrode of each unit, and the other  terminal
being connected: to the back electrode of each
unit via. the respective: clip 13 and a ballast re~
sistor 19. A suitable voltmeter 28 is arranged
for cannection across each of: the units as by'
Voltag__e drop 2.CIOSS each_ umt | -

The electrical parameters of any particular sys-
tem will be: determined, of course, by: the char-
aclteristics of the units-being processed. A. prine

- cipal criterion is that the supply voltage and
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ballast resistors be correlated with the resistance
of the units so that the power dissipated in each
unit remains substantially constant. The power
dissipation, of course, should be correlated in turn
with the rate of cooling via the base plate 10.
Also the resistors should be of such magnitude
that the maximum current through the units is
limited to a safe value. A specific case will illus-
trate the correlation of parameters involved. For
units of the construction above described, the
front electrode material melts at about 105° C.
The cooling provided by the coil (1 is made such
that the temperature of the front electrode is
kept below this value, for example at about 80° C.
For units of this construction having an outer
diameter of 135 inches, a face area of one square
inch, an initial resistance in the reverse direction
of 100 ohms and a desired final reverse resistance
of the order of 10,000 ohms at 18 volts, a 50-volt
source (8 and 60-ohm ballast resistors 19 have
been found satisfactory. The power dissipated in
each unit is substantially 10 watts.

The operation of the system will be understood
from the following, the values given being for
the specific case set forth above. When an un-
formed unit is inserted between the plate 10 and
one of the clips 13, its reverse or barrier resistance
is low and the current through it and the resistor
19 in series therewith is relatively high. Initially
the voltage drop across the unit is of the order of
12 to 15 volts. As the unit forms, its barrier or
reverse resistance increases, the current through
the unit decreases and the voltage drop across it
increases. This drop is, of course, a measure of
the rectification ratio of the unit and when it
reaches a prescribed value, for example 30 volts,
as indicated by the voltmeter 20, the unit is
electrically formed. The time required for in-
crease in the voltage drop from of the order of 12
to 15 volts to about 30 volts is of the order of 3
to 4 hours. When the drop thereacross has
reached the preassigned value, the unit may be
removed and replaced by an unformed one.

It will be appreciated that the forming system
is automatic in operation. Each unit forms at
its own rate uninfluenced by the forming rates
of the other units. The operation is continuous
each unit being replaceable, when formed, by an
unformed one. Inspection of the system by an
operator is minimized, all that is reguired being
measurement from time to time of the voltage
drop across each unit. Further, by virtue of the
self-adjustment of the current through any unit
as its barrier resistance increases, the power dis-
sipated in the unit remains substantially constant
whereby protection against damage of the front
electrode by thermal effects is provided. Main-
tenance of a safe temperature at the front elec-
trodes is further assured by cooling of the plate
{0 through the agency of the cooling coil I1.

It will be understood that although the inven-
tion has been shown and described in connection
with the simultaneous electrical forming of four
units, it may be used in the treatment of a dif-
ferent number of units. - For example, in the
manufacture of selenium rectifiers, simultaneous
forming of 60 units on a single panel with a single
power supply has been accomplished advantage-
ously and conveniently. o |

It will be understood further that the specific
embodiment of the invention shown and desecribed
is but illustrative and that various modifications
may be made therein without departing from
the scope and spirit of this invention as defined

in the appended claims.
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What is claimed is:

1. Apparatus for electrically forming a plurality
of selenium rectifier units simultaneously, com-
prising a voltage source, means for connecting the
units in parallel to said source in such polarity re-
lation as to pass current through each unit in
the reverse direction, and individual impedance
means for said units connected in circuit with said
source, each impedance means being of such mag-
nitude as fo maintain the power dissipated in the
respective unit substantially constant throughout
the forming process.

2. Apparatus for electrically forming a plurality

of selenium rectifier units simultaneously, com-

prising a voltage source, terminal means for con-
necting the units to said source in parallel and in
such polarity relation as to pass current through
each unit in the reverse direction, and a plurality
of ballast resistors, one for each unit, connected
to be in series with a respective unit and said
source, each resistor being of such magenitude as
to maintain the power dissipated in the respective
unit substantially constant throughout the form-
INg process.

3. Apparatus for electrically forming g plurality
of selenium rectifier units simultaneously, com-
prising terminal means for contacting one elec-
trode of all of the units, a plurality of terminals.
one for each unit, for contacting the other termi-
nal of the respective unit, a voltage source having
one pole connected to said terminal means and its
other pole connected to said terminals, the po-
larity of connections being such that current is
passed through each unit in the blocking direc-
tion thereof, and individual resistor means con-
nected between each of said terminals and said
other pole, each resistor means being of such
magnitude as to maintain the power dissipated
in the respective unit substantially constant
throughout the forming process.

4. Apparatus for simultaneously electrically
forming a plurality of selenium rectifier units
each of which includes a selenium body and a
iront electrode having a relatively low melting
poini, the apparatus comprising a conductive
plate for engaging the front electrode of all of
the units, means for cooling said plate to main-
tain the temperature of the front electrodes below
the melting point thereof, a plurality of termi-
nals for establishing connection individually to
the other electrodes of the units, a voltage source
connected to said plate and said terminals for
passing current through each unit in the blocking
direction thereof, and individual ballast resistors
for the unifs, each resistor being of such magni-
tude as to maintain the power dissipated in the
respective unit substantially constant throughout
the forming process.

D. Apparatus for simultaneously electrically
forming a plurality of selenium rectifier discs
each of which has an end surface of substantially

one square inch and a reverse resistance, in the
unformed state, of the order of 100 ohms, the
apparatus comprising g direct current source and
means for connecting the dises to sald source in
parallel and in such polarity relation as to pass |
o_urrent through each disc in the blocking direc-
tion thereof, the voltage of said source being sub-
stantially 50 volts, and means including individ-
ualﬁ ballast resistors for the units arranged for
Series connection therewith and each having a
resistance of substantially 60 ohms.

6. @pparatus for simultaneously electrically
forming a plurality of seleniym rectifier discs
each of which has an end surface of substan-
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tially one square inch and a reverse resistance,
in the unformed state, of the order of 100 ohms,
and a front electrode having a melting point of
the order of 105° C., the apparatus comprising a
metallic plate for engaging the front electrodes
of all the discs, terminal members for making
individual electrical connection to the other elec-
trode of each disc, a source having a voltage of

substantially 50 volts, the negative pole of sald

source being connected to said plate and the
positive pole being connected to said terminal
members, a plurality of approximately 60-ohm
ballast resistors each connected between said
positive pole and a respective one of said termi-
nal members, and cooling means thermally cou-~
pled to said plate for maintaining the tempera-
ture thereof at or below 80° C. during the form-
ing process.

7 The method of simultaneously forming a
plurality of selenium rectifier units electrically
which comprises passing current through said
units in parallel from a common SOUrce, in the
reverse direction of each unit and through indi-
vidual ballast resistors in series with each unit
and of magnitude such as to maintain the power
dissipated in each unit substantially constant
throughout the forming process, and cooling the
units concurrently with the passage of current
therethrough. |

8. 'The method of simultaneously electrically
forming @ plurality of selenium rectifier dises
each of which has an end surface of the order
of one square inch, a reverse resistance in the
unformed state of the order of 100 ohms and
a deposited front electrode of a tin-bismuth-
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cadmium alloy having a melting point of sub-
stantially 105° C., the method comprising pass-
ing current through said units in parallel gnd in
the reverse direction of each unit to produce a
substantially constant power dissipation of 10
watts in each unit, and cooling said units con-
currently with the passage of current there-
through to maintain the temperature of the
front electrode of each unit at or below 80° C.

9. The method of forming a selenium rectifier
having a front electrode which comprises main-
taining the rectifier below that temperature
which is detrimental to the front electrode,
applying continuously to the rectifier & voltage
in the reverse direction through a ballast re-
sistance, the ballast resistance being of such
magnitude as to maintain the power dissipated
in the rectifier substantially constant through-
out the forming process, and interrupting said
voltage when it has increased to a predefer-
mined value.

JOHN N. SHIVEL.
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