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This invention relates to alternating current
rectifler systems, and more particularly to such
systems that use gas or mercury vapor content
electric discharge tubes, .

One type of.mercury vipor discharge tube is a
heated cathode mercury vapor tube which is par-
ticularly adaptabile for rectifying relatively small
continuous currents; while another form of mer-
cury vapor discharge tube is of the type incor-
‘porating an emersion-ignitor element or start-
ing electrode that acts upon the flow of a starting
pulse of current to form a minute arce between the
starting electrode and a pool of mercury to there-
by initlate an electric discharge from the anode
to the cathode of such tube, and this type of tube
is especially adaptable for rectifying relatively
large intermittent currents, The heated cathode
type mercury vapor tube above mentioned is com-
monly known in the art as g “phanotron” tube:
while the mercury vapor tube employing an emer-
sion-ignitor element is commonly known in the
art as an “ignitron” tube,

One of the objects of the present invention is
to provide an organization of circuits for control-
ling a phanotron tube and an ignitron tube in a
rectifier combination so that the phanotron tube
will supply the normal relatively low continuous
load currents, while the ignitron tube will be au-
tomatically cut-in to supply the load current
when the load rises above a predetermined value
too great for the phanotron. Such a rectifier
system is particularly desirable for the situations
in practice where there is a relatively low normal
current to be continuously supplied, and the
heavy load currents occur only intermittently and
for relatively short intervals. This is because the
heated cathode type mercury vapor tubes have g
Tairly long life, but the mercury vapor tubes with
the ignitor elements have a relatively short life
when used continuously. It will be readily seen
that such conditions occur in practice in con-
nection with the operation of cranes, car re-
tarders, interlocking systems for railroads and
various other similar applications, and therefore
provide a large fleld of usefulness for the rectifier
system of the present invention.

In the operation of those devices or systems
where the heavy loads occur intermittently, there
is a tendercy in the usual rectifier system for the
voltage to drop or decrease upon the sudden ap-
plication of the heavy load requirements. But
the present invention proposes to organize a rec-

tifler system for the provision of both high and

low currents in & way to give a voltage regulation
of the over-compounded type, that is, where the
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voltage will actually rise under the heavy load
conditions. )

In the past, it has been usually necessary to pro-
vide motor-generator sets in order to obtain an
over-compounded direct current supply, but a
motor-generator set which will supply a relatively
heavy load has a very poor eficiency at low loads,
while the system of the present invention has a
very high operating efficiency under both high
and low load conditions. A further disadvan-
tage of the motor-generator set is the high start-
Ing current involved when placing such a set
across an alternating current line circuit extend-
ing to a distant source of supply, as the heavy
starting current tends to cause g severe voltage
drop across such line circult thereby interfering
with the various other devices also supplied with
power from that line circuit. It is of course ap-
preciated that, a system employing electric dis-
charge devices of the type contemplated by the
present invention, requires practically the same
current under starting conditions as is required
after the system has been placed across the line
circuit and is running idle, _ ‘
- It will be seen from the above.discussion that
one object of the present invention is to provide
a rectifier organization which will provide over-
compounded voltage regulation and still main-
tain high operating efficiency at both low and high
load levels as well as being initially connectable
to a line circuit with a minimum of disturbance to
such line circuit,

A further object of the present invention is to
provide a rectifier system of the type briefly de-
scribed above which is adaptable for use in recti-
1ying three-phase alternating currents, . »

It is believed that further objects and purposes
of the present invention will be best understood by
considering the organization and operation of
the embodiments of the present invention as dis-
closed in the accompanying drawings.

Fig. 1 of the accompanying drawings shows
one embodiment of the present invention for rec-
tifylng three-phase alternating currents.

Fig. 2 {llustrates graphically the three-phase
principal potentials being rectified by the system
of Fig. 1 together with the advancement of such
potentials by suitable transformers for purposes
later described;

Figs. 3A, 3B and 3C illustrate graphically one
possible theory of operation of the apparatus as-
sociated with one phase of alternating current
in Fig. 1 and particularly showing the relation- -
ship of that phase to the other phases of the
three-phase alternating current supply;
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Fig. 4 illustrates graphically the rectified
three-phase potentials supplied by the rectifier
system of Fig. 1 to a direct current load; .

Fig. 5 illustrates graphically the rectified single
phase principal potentials supplied by the rectifier
system of Fig. 7 to a direct current load;
 Pigs. 6A, 68, 6C and 6D {llustrate graphically
one posgible theory of operation of the appara-
tus disclosed in Fig. 7 associated with one phase
of alternating current for one positive half-cycle
then being rectified by that portion of the ap-
paratus; and - )

g, 7 shows a simplified form of the present
invention which is particularly adapted for use
in connection with the double-wave rectification
of the single-phase alternating-current. .

With reference to the drawings, it will be seen
that a source of alternating current power sup-
ply may be connected or disconnected by a main
switch MS from the primary windings of a three-
phase delta connected transformer T through
suitable fused connections including fuses 4, 8
and 8. The secondary windings of this three-
phase transformer T are arranged in 8 so-called
zigzag Y connection of the well known conven-
tional type. This zigzag Y connection of the sec-
ondary windings is used to reduce the saturating
effect of & rectifier load on the cores of the sev-
eral transformers employed, which saturating ef-
fect is present in a transformer when a rectifier
is connected across its secondary windings while
drawing a substantial direct current load. The
gaturation of the core structure of a transformer
tends to reduce the eficiency of such transformer,
while the provision of - the zigzag connections
maintains the efficiency of the transformers at
a relatively high level, However, it is sufficlent
for an understanding of the present invention to
know that three-phase alternating currents are

provided from ‘the secondary windings of this’

transformer which have been designated as phase
one, two and three by the reference characters
PHI, PH2 and PH3 respectively associated with
the wires leading from the secondary windings.
The common connection to the Y is designated C.
There are suitable discharge resistors connected
across portions of the secondary windings to al-
ljow any excess voltages across such colls to be
discharged, and this is especlally desirable in case
sudden surges occur on the line circuit, and also
in case of the sudden removal of a heavy direct
current load from the rectifier system. These
discharge resistors or devices may be of any suit-
able type, such as those commonly known as the
“thyrite” type.
_ Associated with each of the three- different
phases of alternating current is a group of elec-
tric discharge tubes and other devices as will be
. presently described. Some of these devices have
been given the same letter reference chax:p.cters
to indicate their similar functions but these let-
ters have the distinctive preceding numerals f, 2
and 3 associated therewith as the case may be to
show the particular phase of alternating current
with which such devices are assoclated. Other
devices have been given distinctive numeral ref-
erence characters, the first digits of which have
been assigned |, 2 or 3 in accordance with wkich
phase such devices are used. Still other devices
have been given quite different reference char-
acters because such devices are used in common
with the complete organization rather than spe-
cifically in connection with any particular phase
of alternating current.

Each mercury vapor tube of the héa.teq cath-
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ode type, commonly known as “phanotron,” has -
been designated LT with a suitable preceding nu-
meral to designate the phase with which it is as-
sociated. Each tube has a heater element which
supplies the heat for the cathode to render it
active, and the proper activity is set up only after
the heating element has been supplled with
energy for a predetermined period of time. Thus,
the system is so organized by the use of a slow-
acting timing device TD and its repeater relay E
that the potential is not applied to the anodes
of these tubes until the heating elements have
been supplied with energy for the proper time.
Although these low load LT tubes may have vari-
ous operating characteristics and may supply dif-
ferent maximum load currents in accordance
with their design, it will be assumed for the pur-
pose of the discussion that these tubes will sup-
ply currents up to say six amperes average.

For supplying the high currents, suitable mer-
cury vapor tubes {HT, 2HT and 3HT are pro-
vided (having preceding numerals corresponding
to the phase with which they are respectively as-
sociated) and these tubes have emersion-ignitor
elements or starting electrodes 18, 26 and 38
which are controlled by thelr respective control
tubes ICT, 2CT and 3CT. It is to be understood
in connection with this heavy duty tube HT, that
the starting electrode is emersed in a pool of mer-
cury forming a part of the cathode of such tube
and functions only to initiate the discharge be-
tween the anode of this tube and its cathode, and
this is effected by passing a relatively high but
short starting pulse through the emersion-ignitor
element and the mercury pool. Such a starting’
pulse may be in the order of forty amperes but

{ts duration may be but a few micro-seconds, it

being understood that the quantity of current and

‘the time involved is of course a mafter of design

40 for the particular tube employed. These tubes
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are so characterized that there must be a certain
minimum potential applied to the anode in order
to initiate a discharge through the tube even
though a starting pulse has been passed through

5 the ignitor element. Also, once a discharge has

been initiated from the anode through this tube,
such discharge or transfer of energy continues
in spite of the cessation of the starting pulse,
until the potential on the anode of this tube has
been reduced to substantially zero or its polarity
is reversed. :

The control tubes 1CT, 2CT and 3CT, are of
the mercury vapor type with heated cathodes and
grid controls, commonly known as “thyratron”
tubes. These tubes are characterized by the fact
that no discharge from the anode to the cathode
occurs while the grid is maintained negative with
at least a predetermined bias, but if the negative
bias on the grid is reduced to the critical value for
the particular potential then on the plate or
anode of this tube, then a discharge is initiated
which continues in spite of the then existing

. blas on the grid, until the potential on the plate
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or anode is reduced to substantially zero or its
polarity is reversed.

The control tubes CT for the several phases
have their heating elements supplied with energy
from the secondary windings of transformers i,
21 and 81 for the respective phases of alternating
current, it being noted that the primary winding
of each such transformer is supplied with energy
from the particular phase with which it is asso-
clated. Similarly, transformers {2, 22 and 32
have their primary windings connected to the re-
spective phases of alternating current, while their



secondary windings supply energy for the heater
elements of the low load tubes LT associated
with the corresponding phases. _

Transformers (8, 23 and 33 have their sec-
ondary windings connected through limiting re-
sistors ILR, 2LR and 3LR respectively to.supply
charging energy for their respective condensers
IC, 2C and 3C. The charge from each of these

. condensers is used to provide the starting pulse '

for the assoclated ignitor elements 18, 28 and 38
for the high capacity tubes HT. It should be
understood that the starting pulse for each phase
i8 controlled by its associated contro] tube CT
and the circuit for the associated ignitor element
includes an air core reactor and a fuse. These
air core reactors for the several phases have been
designated 10, 20 and 30; while the fuses have
been designated 19, 29 and 39. The primary
winding of each of these transformers 13, 23 and
33 is supplied with energy from the phase of the
transformer T which is immediately following
(considering vectorial rotation) the particular
phase of the transformer with which its control
and rectifying tubes CT, LT and HT are associ-
ated for reasons which will be explained in detai]
hereinafter, :

The control tubes CT, as above mentioned, are.

of the grid controlled type and their respective
grids have a negative bias supplied by reason of
the potential drop across portions of variable re.
sistors IVR, 2VR and 8VR. FEach of these vari-
able resistors Is connected across the buses 50
and C in such a relation with an associated re-
sistor R that is included in serfes with the low
capacity tube LT, that the potential drop across
" such resistor R (when load current flows through
it) is subtracted from the bias provided by the
associated variable resistor VR, This is to pro-

vide automatic variation of the biag on the grid.

for each control tube in accordance with the load
supplied by the associated low capacity tube LT,
Each resistor VR has associated therewith a con.
denser VC for smoothing out the bias voltage for
their respective tubes CT. These condensers are
designated IVC, 2VC and 3VC.
The main phase wires PHI, PH2 and PH$ have
" included fuses 71, 2T and 387 respectively. These
fuses are mors particularly for protecting the
heavy capacity tubes HT. These phase wires also

include fuses 18, 28 and 88 in the circuit in such ¢
for the low capacity

a way that only the currents
tubes flow through such fuses. But with the ar-
rangement provided in accordance with the pres-
ent invention the main fuses 17, 27 and 37 are so
associated with the fuses 18, 28 and 38 that re-
lays IB, 2B and 3B for the several phases serve
to check the supply of energy through the fuses
for their respective phases by providing ttat the
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closure of the main switch MS will not result in .

the application of energy to the anodes of the low
capacity tubes LT if one or more of such fuses
is burned out. These relays obviously will also
check the supply of energy from the transform-
er T, ~

With reference to Fig. 1, it will be seen that
relays B, 2B and 3B are provided with con-
tacts 15, 25 and 38 respectively included in an
energizing circuit for a slow-acting device TD.
Under normal conditions, the closure of the main
switch MS results in the application of energy
from the three phases to the respective checking
relays B so that energy is immediately applied
to the timing device TD which begins to measure
off a suitable time at least greater than the pre-
determined time required for properly heating

)]

" device TD is energized
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the cathodes of the tubes LT and CT. This tim-
ing device TD may be of any suitable type, such
88 a slow pick-up relay, & thermal relay, or the
like, which acts to measure off the required time,
As disclosed, the timing device TD is shown as a
slow pick-up relay having a front contact §(
which energizes the relay E. This relay E has
contacts (4, 24 and 34 for applying the potential
to the anodes of the respective low capacity tubes
LT and to the primaries of the transformers {3,
23 and 13. ’

‘A protective device PT is associated with the
high capacity tubes HT in such a way that if a
protracted over-load occurs, this thermal respon-
sive device will open its contact and deenergize
the protective relay PR which in turn will open
its contact 82 and deenergize the circuit breaker
relay CB. The opening of front contact 83 of the
circult breaker CB will of course remove the load
on the direct current circuit the same as if the
load switch LS were open. This protective device
PT has been shown assoclated with the tube 3HT,
but it is of course appreciated that a similar de-
vice may be assoclated with each of the other
tubes IHT and 2HT and included in series in the
circuit for the relay PR, if desired. )

A direct current load fuse 54 is included in the
direct current bus 5¢ in series with the load
switch LS, A volt-meter V and an ampere-meter
A are properly connected in the cireuit to deter-
mine the out-put of the rectifier system.

It is believed that the further features of the
invention as disclosed in Fig. 1 will be best un--
derstood by considering the operation of the 8ys-
tem. In this connection, it should be appreci-
ated that the operation of the system can be
measured and varied as desired, but inasmuch as
the detail electrical theory pertaining to the elec.
tric discharge devices is somewrkat conjectural,
such theory is discussed merely to that extent
which will show how the system may be adjusted
to obtain various results desired in the practice of
the invention. :

Also, specific types of electron tubes have been
described for the sake of definiteness in the dig-
closure, but it should be understood that other
tubes adapted for similar purposes might be used
within the scope of the invention.

Operation of Fig. 1.—The various devices of
Fig. 1 have been shown in conditions existing
while the rectifier system is supplying energy to
a direct current load. But it can be appreciated
that, when the rectifier system is initially con-
nected to the alternating current power supply
by the main switch MS, assuming that all de-
vices are in proper condition for operation, the
relay IB is energized from the phase wire PH],
through fuse 18, windings of relay IB, to the
common bus C. A similar connection is pro-
vided for each of the other relays 2B and 3B, .
When all three relays (B, 2B and 3B have closed.
their respective coritacts {5, 25 and 35, the timing
from the phase wire PH3
through fuse 38, windings of timing device TD,

‘contacts (5, 25, 35 in series, to the common bus

C. When the timing device TD closes its con-
tact 51 after a predetermined time, the relay E
1s connected across the phase wire PH3 and the
common bus C so that it closes its front contacts
14, 24 and 34 to apply energy from the respective
phase wires to the anodes of the low capacity
tubes LT for the several phases. This of course
does not occur until after the cathodes of these
tubes have been properly heated, as above men-
tioned. :




4 .

The low load tube {LT, for example, has po-
tential applied from the phase wire PH{ through
fuse I8, front contact (4 to the anode of this
tube: (LT, and since its cathode is heated, the
positive half-cycles of the phase PHI are passed
through the tube ILT to the cathode and through
the resistor IR to-the positive direct current bus
50.0 A similar operation occurs for each of the
tubes LT so that a direct current potential is
provided across the positive bus 50 and the com-
mon bus C, it of course being understood' that
this direct current potential is formed by the
positive half-cycles of a three-phase alternating
current supply so that the vectorial summation
of these positive half-cycles which occur 120°
apart gives a direct current potential with a so-
called ripple. . The peaks of the ripples occur
every 120° of vector rotation of the alternating
current supply. This direct current potential is
represented in Fig. 4 by the solid line 68 formed
by the alternating current potential from the sev-
eral phases which have been indicated by dotted
lines. But for the purpose of this discussion, the
" direct current potential will be considered to have
an average value, especially with respect to the
use of this potential for the supply of the bias
on the grids of the control tubes CT. Also, the
connection of the condensers VC across a portion
of the potentiometers VR serves to reduce the rip-
ple effect in the supply of a direct current biasing
potential. :

The potential applied to the anode of the low
capacity tube LT is also applied to the anode of
the high capacity tube HT, but the high capac-
ity tube HT does not conduct and supply direct
current load because it must be fired by its asso-
ciated control tube CT for each positive half-
eycle upon which it is to act. This potential ap-
plied to the anodes of each pair of rectifying
tubes LT and HT will be considered throughout
the discussion as the principal potential; and the
principal potentials for the three phases have
peen indicated in Fig. 2 by the solid line sine
curves 61, 62 and 63 respectively. :

As above mentioned, the primary winding of
the transformer 13 is connected across the phase
two by a circuit from the phase wire PH2 in-
cluding fuse 28, and front contact 24 of relay
E, but its secondary winding terminals are soO
connected to the condenser IC and the plate of
the control tube (CT that the out-put voltage
is advanced in phase 180°. 1In other words, when
the principal potential of phase one is positive,
the principal potential of phase two is positive
120° later, so that during the major portion of
the positive half-cycle of the principal potential
of phase one, the principal potential of phase
two is negative. But, with the potential of phase
two advanced 180° by the transformer 13, a posi-
tive half-cycle of charging potential, indicated
by the dotted line curve 64 in Fig. 2, occurs
during the positive half-cycle of the principal
potential of phase one. This is accomplished for
each of the phases by the respective transformers
13, 23 and 33, so that phase three is advanced
180° providing a positive half-cycle indicated by
the dotted line curve 65 during the positive hali-
cycle of the principal potential for phase two;
and similarly, the phase one js advanced by the
transformer 33 as indicated by the dotted line
curve 66 so as to have a positive half-cycle occur
during the positive half-cycle of the principal
potential of phase three,

For convenience in the discussion, specific con-
sideration will be given to the functioning of the
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apparatus assoclated with phase one, it being un-
derstood that the apparatus for each of the other
phases operates similarly. However, there is an
interrelation between the apparatus for the three
phases of Fig. 1 which must be considered in
addition to the specific consideration of the func-
tioning of the apparatus for a single phase. Be-
cause of this condition, it is convenient to first
consider the diagrams of Figs. 34, 3B, 3C and 3D
which apply more particularly to a single phase
of the three-phase disclosure of Fig. 1, and then
consider the diagrams of Figs. 6A, 6B and 6C
for the single phase disclosure of Fig. 7, to more
fully understand the interrelated functioning of
the apparatus for the several phases of Fig. 1.
Thus, in Fig. 34, the curve 671 of the graph
may be said to represent a positive half-cycle of
the principal potential of phase one. The posi-
tive half-cycles of phase two, as advanced in the
secondary of the transformer 13 (see curve 64 of °
Fig. 2), are applied to the condenser iC through
the limiting resistor ILR, so that the potential
applied to the plate or anode of the control tube
{CT lags vectorially with respect to the positive
half-cycle supplied by the secondary winding of
transformer 13, and is represented in the graph
of Fig. 3A by the curve 68 leading curve 81. -
This particular phase displacement designated by
the reference character N°, may be adjusted by
proper choice of the resistance (LR in its rela-
tionship to the capacity of the condenser ic. 1t
there were no phase displacement due to this com-
binstion, that is, if resistor LR were Zero, the
peak of the positive potential applied to the plate
of the control tube ICT would occur when the
principal potential is 30° into its positive half-
cycle. But, it is desirable that the charging po-
tential for condenser IC shall be at an effective
value prior to the point at which the control tube
{CT is rendered active to allow the condenser IC
to supply the starting pulse energy to the ignitor
element 16. Thus, in practicing the invention, it
has been found desirable to provide that the
number of degrees indicated by the reference char-

5 goter N° shall be 30° or less, as for example 25°.

In other words, the peak of the starting pulse
potential represented by the curve 68 leads the
principal potential represented by the curve 81 by
a number of degrees represented by the reference
character N°,

It is also desirable, for reasons later explained,

- that there be a proper value limiting resistor in
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the excitation circuit for the tube IHT, sO as to
1imit the flow of current from the secondary of
transformer 13 after the single short duration
starting pulse has been applied to the emersion-
ignitor element 18 from the condenser |1C through
the plate of the control tube {CT to the cathode,
inductive reactor 10, the starting element I8,
through the mercury pool fo the other side of
the condenser. Thus, the peak of the starting
pulse potential is indicated by the curve 68 in
Fig. 3A and occurs a certain number of vectorial
degrees after the initial starting point for the
positive half-cycle of the principal potential
curve 67. :

This lead of the charging potential 68 is par-
ticularly desirable because the tube IHT will not
discharge or allow the flow of current from its
anode in response to the positive half-cycle po-
tential represented by curve 87 until such poten-
tial has reached a predetermined value, such as,
for example, 20 volts as indicated by the dotted
line 69 in Fig. 3A (note points where line 69
crosses curve 67). But when any voltage above



this critical predetermined value is present on
-the anode of the tube IHT, this tube will allow
the passage of positive current upon the passage.
of the start pulse through the ignitor element {8,
This 'discharge or firing action occurs more posi-
tively and more efficiently if at that time the
starting pulse is at & substantial value; while with
the principal potential on the anode of the tube
(HT at a maximum, the starting pulse through
the ignitor element 18 may be of & smaller value.
For this reason, it can be seen that it is very
desirable to have an effective value charge on the

2,890,008
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-condenser IC during the early part of the half-

cycle of the principal potential, and alzo to have
the effective value of such charge to be extended
over the range of the various points in the half-
" cycle during which the control tube 1CT will
cause the firing of the tube |HT.
- With reference to Fig.. 3A for example, it will
be seen that the principal potentials of phase
three and two are represented by the sine curves
18 and 89 respectively; and a dotted line 84 has
been drawn parallel to the zero base line and
passing through the point where curve 19 inter-
sects the curve 87 and the point where the curve
87 intersects the curve 89. This dotted line 81
represents the actual potential at which the low

13

20

28

capacity tube ILT as well as the high capacity .

tube {HT may become conductive, for reasons
presently to be pointed out. It will be noted that
this potential represented by line 8¢ is slightly
above the critical potential represented by line
89, which line 81 is at & value equal to one-half
of the maximum value of the principal botentials.
This is because the principal potentials are of
the three-phase type intersecting each other at
their 30° points.

The variable resistor 1VR is connected across
the bus wires 60 and C so that an average nega-
tive potential indicated by the line 70 of Fig. 3A
is provided as-a bias on the grid of the control
tube ICT. This control tube ICT has s variahle
range of critical grid values for the positive half-
cycle of potential applied to its anode. Although
this critical grid characteristic may vary for dif-
ferent tubes, one possible characteristic has been
indicated in Fig. 3A by the dotted line curve 11.
With a small load across the buses 50.and C,
assuming of course that the load switch LS is
closed, and that the circuit breaker relay CB is
energized closing front contact 83, the potential
" drop across the resistor IR is represented by the
curve 12 in Fig. 3A, this curve being in phage with
the principal potential 81, because the current
through this resistor IR is supplied by the prin-
cipal potential through the low capacity rectifier
tube ILT. .

It will be noted that current flows downward-
ly through the variable resistor VR so that the
Upper terminal of the resistor IVR is positive and
is connected to the cathode of the control tube
{CT through the mercury pool, ignitor element
18 of tube IHT, reactor {0, to thereby glve the
‘grid of the control tube ICT its negative bias.
However, the load current flow through the re-
sistor IR flows to the right to the bus 50 s0 that
the left-hand terminal of the resistor IR is posi~
tive. As: such resistor IR i3 In the grid circuit
for the control tube. ICT, its potentia} drop is
subtracted from the bias supplied by the variable
resistor IVR., This is indicated in Fig. 3A by
the base of curve 72 being on the negative bias
line 70, but because the potential drop indicated
by curve 72 is not sufficient to reduce the negative
bias on the tube ICT to a critical point indicated
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by the dotted line curve 1{, the control tube 1CT
does not allow flow of a starting pulse. -

It will be noted that, as above mentioned, the
variable resistor VR receives energy from the bus
60, which energy is supplied to such bus 80 by
all of the phases, and as above mentioned, the
average direct current potential is indicated by
the line 14, rather than the actual instantaneous
values for this current. Also, the ripples of the
biasing potential are somewhat smoothed out by
the condenser IVC shunting a portion of the po-
tentiometer which provides the negative bias on
the grid of the control tube |CT.

It should further be noted that the solid line
10 connects with the solid line curve 72 and that
these interconnected lines may-be assumed to be
the actual bias on the grid of the contro] tube,
the line 10 being continued dotted under the
curve 12 merely to Indicate that such continued
negatiye bias would be present if it were not for

-the drop in potential across the resistor IR caused

by the load current supplied by the low capacity
tube ILT. -

In this connection, it may be noted that the
low capacity tubes LT have somewhat similar
characteristics as the high capacity tubes HT,
in that such tubes do not become conductive
until the potential applied to their anodes reaches
& predetermined value, such as, for example, 20
volts. For this reason, the tube (LT, for exam-
ple, could not become conductive to supply load
current through resistor IR until the potential
on its anode has reached the predetermined value
represented by the line 89 crossing the curve
67. However, with reference to Fig. 3A it will be
seen that the value of the principal potential of
phase three represented by curve 18 is at a greater
value than the value of the principal potential
represented by the curve 61. Thus, the low
capacity tube ILT does not become conductive
at its predetermined critical value, but waits untijl
the principal potential of phase three represented
by curve 18 drops below the dotted line 81 and
the principal potential for phase one represented
by curve 87 rises above the line 81. In other
words, the tube ILT actually becomes conductive
somewhat later than the point where curve 67
intersects the line 69. Similarly, the tube iLT
ceases to be conductive near the end of the posi-
tive half-cycle represented by the curve 81 when
the potential of such phase drops below the line
81. In this way the curve 12, which represents
the potential drop across the resistor (R, must
begin and end between the dotted lines 82 and
83 although if it were not for the three phase
supply, the actual limits might be represented by
the vertical dotted lines 84 and 88. . :

Thus, the low current supplied by the tube {LT
causes a potential drop across the resistor IR
forming what might be termed a squared curve
12 falling exactly beneath that portion of the g
principal potential represented hy the solid line
portion of curve 81 and during which time the
high capacity tube IHT might also become con-
ductive. The current which flows through the
tube ILT of course takes the sine curve charac-
teristic, but such characteristic is cut off at the
ends as represented by the curve 12 due to the
limited time during which the tube ILT is con-
ductive. It also may be noted here, that the
high capacity tube {HT may become conductive
between the same points represented by lines 82
and 83 during which the low capacity tube (LT
is conductive. Because of this, the high capacity
tube (HT will have a sufficlent potential on its
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.anode at the earliest possible inétant at which

a start pulse can be supplied to its starting elec-
trode 16 due to the potential drop across the
resistor IR, which will be discussed in connec-
tion with Fig. 3C. :

In brief, under low load conditions, the low
capacity tube LT carries such load throughout
that portion of each positive half-cycle of phase

one during which the low load is not carried by
1

" the tubes 2LT and SLT of the other phases; and
this low load may vary within a range having a
" maximum value just below that point which will
produce a sufficiently high potential drop across
the resistor IR to reduce the negative bias on
the control tube ICT to that point where the
curve 12 will become tangent to or intersect the
curve Ti.

When the load current supplied by the low
capacity tube ILT reaches a level during any posi-
tive half-cycle of phase one greater than such
tube (LT should provide, then the potential drop
across the resistor IR is sufficient during that
positive half-cycle then being rectified to cause
the bias on the grid of the tube ICT to resch
the critical value of the tube as indicated in Pig.
3B by the point 1¥ where the curve 18 is tangent
to the grid curve Tl.  This causes the control
tube ICT to become conductive and allow the
charge on the condenser {C to flow through the
control tube (CT, the reactor 10, and the emer-
slon-ignitor element 18 of tube {HT, to fire the
tube IHT. This relatively high starting pulse,
such as forty amperes for example, has a dura-

tion of but a few micro-seconds and immedi--

ately renders the tube {HT active to discharge or
allow & flow of current for substantially the en-
tire remaining portion of the positive half-cycle
of the principal potential. This flow of current
is represented by the shaded area beneath the
curve 81 in Fig, 3B. }

1t will be noted that the flow of current through
the tube {HT to the bus 50 substantially short
circuits the tube ILT and resistor {R. This ef-
fective shorting of the resistor IR reduces the
 potential drop across it to substantially zero so
~ that the negative bias on the control tube ICT
is restored for the remaining portion of the posi-
tive half-cycle then being -rectified by the tube
(HT. Inasmuch as the charge on the condenser
 IC is entirely dissipated through the ignitor ele-

ment 16, and the inductance 10 tends to give a
negative swing or oscillation to the potential in
the excitation circuit following the initial surge
of igniting pulse current, the potential on the
anode of the control tube ICT is reduced to sub-
stantially zero so that the now negative grid ob-
tains control of the current flow. The grid thus

gaining control of the current flow in tube ICT.

prevents further flow of current through the ex-
citation circuit for the remaining portion of the
positive half-cycle then being rectifled, although
the charge on the condenser IC may begin to be
built up as permitted by the limiting resistor ILR.
In brief, the orggnization is such as to prevent
any follow-throug
citation circuit. In other words, the resistor IR
serves several purposes namely, that of control-
ling the bias on the grid of the control tube {ICT
in accordance with the load during the half-cycle
being rectified by the tube {LT, serving to pro-
vide a proper operation of the tube IHT in com-
“bination with the tube ILT, and also reducing the
bus voltage under normal lght loads, so as to
permit the over-compounding voltage effect when
shorted during the conductivity of the high ca~
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* reference to Fig. 3C, it will be seen that at such
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pacity tube IHT. This
one during which the tube IHT supplies power

{s indicated in Fig, 3B by the shaded portion, and-

the tube IHT ceases to conduct as soon as the
principal potential of phase one falls below line
8! and phase two begins to carry the load. - It

will be noted in Fig. 3B that the dotted line T4,
indicating the time at which the control tube 1CT .
0 js rendered active, passes through a point on the

curve 88 representing the firing potential, and
this firing potential on the plate of the control
tube ICT substantially above the effective poten-
tial value of that positive half-cycle. There is a
short time of a few micro-seconds. between the
critical grid control represented by dotted line 14
in Fig. 3B and the actual conductivity of tube
{HT represented by dotted line 18, and during this
time the tube {LT continues to carry the load.
Fig. 3C represents positive half-cycles in which
the load current through the resistor IR is in-
creased. This increased load current value in-
creases the potential drop across the resistor IR
and subtracted from the bias represented by line
10 gives the curve 80 indicating the actual bias
on the tube ICT. The curve 80 crosses the criti-
cal grid curve Ti at point 18 which is substan-
tially at a time in the positive half-cycle of the
principal potential for phase one that ‘the low
capacity tube ILT becomes conductive, More spe-
cifically, the low capacity tube (LT becomes con-
ductive at a point where the principal potential
represented by curve 81 for phase one rises above
the principal potential for phase three repre-
sented by curve 19 as above explained. Assum-
ing a relatively high load, the initlal conductivity
of the low capacity tube ILT allows the load cur-
rent through the resistor IR to rise substantially
perpendicularly in accordance with the voltage
then existent on the anode of the tube ILT, With

time the firing potential on the plate of the con-
trol tube (CT has reached a point 17 which is sub-
stantially above the effective value of the firing
potential so that the tube {HT is supplied with
‘g proper starting pulse through the emersion-
ignitor element 18, After a few micro-seconds

_ following the positive swing of the grid bias be-
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current in the ignitor or ex- gs

yond its critical value, the high capacity tube
{HT becomes conductive, shunting the low ca-
pacity tube ILT and the resistor iR. Thus, the
bias on the control tube immediately returns to its
negative value represented by the solid line 10.
Thus, there is short time of a few micro-seconds
during which there is a heavy load flow of current
through the low capacity tube {LT before the
high capacity tube IHT becomes conductive but
this heavy load current may be carried by the
low capacity tube ILT without harming it be-
cause of the very short duration of such load
requirement, and because of the fact that the

current is limited well below the maximum cur-

. rent allowable for the tube ILT by the resistor
fR. Also, the supply of the heavy load current
through the high capacity tube IHT raises the
potential actoss the load because there is no re-
sistor, such as IR now included in the rectify-
ing circuit. In this way, over-compounded volt-

70 age regulation is provided. “The shaded area be-

neath the curve 87 of Fig. 3C represents the por-
tion of the positive half-cycle of the principal po-
tential for phase one during which the tube IHT
ceases to conduct as soon as the principal poten-

75 tial for phase one falls below the principal poten-

t’{ortion of the positive .
_half-cycle of the principal potential for phase
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tial for phase two which occurs along the dotted
Iine 81.

. With reference to Figs. 3B and 3C, it will be
seen that the curves 78 ang 8¢ representing the
bias on the grid of the control tube ICT for dif-
ferent loads, would form Sine curves if the heavy
capacity tube IHT falled to conduct current for
the different load conditions indicated, Actually,
the rendering active of the heavy capacity tube
- {HT, shunts the low capacity tube ILT in series

'With the resistor IR gg that _the current passing
through such. resistor is substantially reduced to
2ero because the impedance of the tube ILT in
series with the resistor IR is substantially higher
than the impedance of the tube IHT when it is
discharging or conducting., For this reason, the
current passing through the resistor IR will sub-
stantially drop to zero as soon as the heavy ca-
pacity tube 1HT is ‘rendered active, so that ob-
viously the potential across the resistor IR drops
and the resulting bias on the grid of the tube 1CT
does not follow the complete sine curves, This
transitory condition hag- been indicated in the
graphs of Figs. 3B and 3C, but its characteristic
is somewhat conjectural and may actually differ
slightly from the curve shown although the same
results will be obtained, .

Purthermore, the question of whether or not
the bias on the grid of the control tube 1CT 1s
actually raised to g positive value, is relatively
immaterial insofar as the practice of the present
invention is concerned, in view of the fact that
the control tube (CT is of the type which has g
“trigger” action characteristic. In other words,
once this contro] tube |CT becomes active, eur-~
rent continues to flow through such tube regard-
less of the. particular bias on the grid, within the
usual control range, unti] the anode potential ig
reduced below a critical value with the bias on
the grid being of a non-triggering value, How-
ever, the resistor ILR is so proportioned that at
the instant at which the condenser IC discharges
through the contro] tube ICT, the potentia] on
the anode of the tube 1CT drops below the above
mentioned critical value and the tube (CT be-
comes non-conducting,

. 'To recapitulate the operation of the three-
phase rectifier system, it will be seen that the
low continuous loads are supplied by the rectifier
tubes ILT, 2LT and 3LT until such loads reach
values above the predetermined value at which
these low capacity tubes should operate, and then
on each positive half-cycle of each phase in
which the load rises above the predetermined
value, a start pulse is provided for the high ca-
Pacity tube associated with the particular phase
then having a positive half-cycle. The point in
the positive half-cycle of the principal potential
at which the high capacity tube HT for that
phase Is ignited or fired, is dependent upon thé
magnitude of the load. But it will be seen that
lowest load supplied by the heavy duty tube, such
as tube (HT will give g higher direct current
voltage than is supplied to the buses 50 and C by
the low capacity tubes IT. 'This is because the
impedance of the tubes LT and their associated
resistors R is higher than the impedance of the
" heavy duty tubes and therefore causes a greater
potential drop in the circuit. In this way the
voltage is over-compounded from the low contin-
uous load to the minimum heavy load, while the
voltage is still further over-compounded over the
varying range of heavy loads by the supply of a
greater portion of each positive half-cycle in ace
cordance with the load demand up to the maxi-
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mum point of regulation represented by PFig. 3C.

It should also be noted that the energization of
the protective relay PR is by direct current and
should one of the tubes fail, or become over-
heated, this protective relay PR is deenergized
causing the circuit breaker CB to open and dis-
connect the direct current load, Although it s
not shown, the circuit:breaker CB may be of the

stick type requiring ‘manual restoration before .

the direct current load can again be supplied with
energy., . ‘ .

As above mentioned, the low capacity rectifier
tubes L'T may be able to Supply & continuous lJoad
of six amperes for example, while the heavy duty
tubes HT may be able to supply high load cur-
rents as high as five or six hundred amperes or
perhaps even two thousand amperes for a few
micro~-seconds although their normal continuous
rating is al average of approximately fifty am-
peres. In this way, the system is particularly
adapted to supply sudden high loads which are
existent only for a few cycles of the principal po-
tential, and still provide that the heavy duty
tubes will have g considerable life because of
their actual use occurring only s small percent-
age of the time. Similarly, the control tubes CT
may be of the type having a continuous rating
of about two or three amperes but for the durg-
tion of the starting pulses which is but a few
micro-seconds, they will withstand 8 surge cur-
rent of forty to fifty amperes which is required
for igniting the heavy duty tubes. It should of
course be understood that the various quantities
mentioned may be varied in accordance with
bractice and design of the tubes, but they have
been mentioned so as to give an idea of the rela-
tive differences in the high and low load currents
which may be supplieq by such s rectifier system
as is disclosed herein. It should glso be men-
tioned that insofar as the graphs of Figs. 34, 3B
and 3C are concerned, a resistive load is assumed
on the direct current buses, but if an inductive
load is applied, the operation is in genera] the
same although the wave shape of the current car-
ried by each tube wil] differ somewhat,

Double-wave single phase rectifler of Fig, 7.—.

Although the preferred form of the invention is
barticularly adaptable to the rectification of

three-phase alternating currents, the same prin-.

ciples may be applied to the rectification of single
phase currents. This is illustrated in the dis-
closure of Fig, 7,
nating current potentia] is supplied to the pri-
mary of g transformer T7 through a master
switch MS", which transformer T7 has a center-
tapped secondary 'to supply the principal poten-
tials for the anodes of the rectifier tubes ILT?,
(HT?, 2LT7 gnd 2HT?. These tubes have the
same characteristics gs explained in detail for

the tubes of Fig. 1 having corresponding letter

reference characters,

The center-tapped secondary of the trans-
former T7 in effect supplies two phases of alter-
nating current, one lagging the other by 180°,
The potentials of these two phases have been in-
dicated in Fig, 5 by the sine waves 10{ and 102,
the negative portion of each complete cycle for

' each phase being shown dotted and the positive

70

portion of each cycle for each phase being shown
solid. For convenience in the disclosure, the po-
tential supplied by the lower half of the sec-
ondary of the transformer T7 ig considered to be

. Phase one and the potentia] supplied by the upper

{ ]

half of the secondary of the transformer T7 is
considered to be phase two, each phase having

where a single phase of alter-




"~ center connection to

. Y _
the phase wires PHI and PH2. The common of
the transformer is desig-

- 3,890,008
-sired 30°

nated 103. A sultable discharge resistor is con- ‘

nected across the upper portion of the secondary
"of the transformer T7 to allow any excess volt-
ages across such coils to be dissipated.for rea-
sons similar to those pointed .out in .connection
with Fig. 1. )

Associated with each of the two phases of al-
_ ternating current as supplied by the secondary
of the transformer T7 is a group of electric dis-
charge tubes and other devices.

ence characters to indicate their similar func-
tions but these letters have been made distinc-

tive by their preceding numerals { and 2 associ-'

ated therewith, as the case may be, to show the
particular phase of alternating current with
-which such devices are associated. Inasmuch as
these. reference characters.are similar to those
used in Fig. 1, they have been made distinctive
for Fig. 7 by the use of distinctive exponents,
The system of Fig. 7 as s whole has devices
similar to those disclosed
in connection with Fig. 1 and including relays
|B', 2B7, PR', CB’, E7 and TD". A protective
thermal device PT7
high capacity tubes for reasons
pointed out in connection with Fig. 1.
" The low capacity tubes LT? and the control
tubes CT? have their heater elements supplied
with energy from their respective phases through
suitable transformers in & similar manner as de-
scribed for corresponding tubes of Fig, 1.
Each phase has associated therewith a varia-
‘ble resistor VR? with a condenser VC? connected
aCross & portion thereof. Also, & resistor R7 is
1xtlcéuded in the circuit for each low capacity tube
LT . :
~ Inasmuch as the potentials supplied by the sec-
ondaries of the transformer T7 are 180° apart, and
- neither can be used. for the start pulse potentials

for the excitation circuits, & special phase shift-
ing device PS8 is required to advance one phase
potential sufficiently that it may be separated
into two phases
transformer (04 in a manner as to produce poten-
tials on the anodes of the control tubes iCT? and
2CT’ in o similar manner as supplied for corre-
sponding tubes of Fig. 1. In other words, a po-
tential should be applied to the anode of the con-
trol tube ICT? leading the principal potential
applied to the anodes of its associated tubes ILT?
and IHT? by thirty vectorial degrees, or less for
reasons pointed out in connection with Fig. 1.
With reference to Fig. 6A, the principal poten-

_tial is represented by the curve {61. The firing

or start pulse potential on the anode of the con-

“ trol tube (CT7 is represented by the curve 168,

* In other words, the. phase shifting ‘device PS
takes the potential of phase one, as illustrated,
and advances it the required amount so that the

. left-hand portion of the secondary of transform-
er 104 will apply a potential with a proper phase
displacement for the anode circuit of the con-
trol tube (CT7; while the right-hand portion of
the secondary of transformer 104 advances such
potential 180° in phase relationship with respect
to the potential supplied to the anode circuit of
control tube 1CT? which brings it into a proper
phase relationship for the anode circuit of the
control tube 2CT7. .

* 7This of course assumes that the limiting reac-
tors LR’ and C7 are of such values as to bring the
firing potential across the condensers to the de-

Some of these
devices have been given the same letter refer-

and described in detail
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or less relationship with respect to the -
principal potentials applied to the rectifying tubes
LT and HT?, such firing potentials being repre-
sented in Fig. 6A by the curve 168, and the dis-
tance of lead with respect to the principal poten-
tial 187 being indicated by the reference charac-
ter N°. It will’be noted that the curves of Pig. 6
corresponding to similar curves in Fig. 3 have
been given similar number reference characters
preceded by the hundreds digit one. _
Each of the excitation circuits for the high
capacity tubes HT? includes an air core induc-
tance 110 and (20. S )
The variable resistors VR' supply a negative
bias for the grids for their: respective control
tubes, which bias of course inciudes ripples which
may be assumed to be represented by the solid
lines curves of Fig. 5, although these curves are
not identical to the actual potentials because of
the conducting cheracteristics of the low capacity

- ~tubes L'T? which tends to cut off the rectification -

25

of each principal potential supply before it .
reaches zero. The ripples, however, of the blas-
ing potential are smoothed somewhat by the
condensers, such as condenser {VC?, so that the

" pias is considered to be of an average value repre-

is also associated with.the -
similar to.those.

30

“anode. The low capacity tube

sented by. the solid line (70 of Fig. 84, for exam-~
ple. Thus, & predetermined negative blas is
placed on the grid of the control tube ICT7, for
example, which prevents that tube from becom-
ing conductive regardless of the potential on its
{LT7 does not be-

~ come conductive until the potential on its anode
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by a mid-tapped secondary of a
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reaches a predetermined value, as represented by
the line 169 intersecting the curve 161 in Fig. 8A,
and when this low capacity iLT?, for example,
becomes . conductive, it supplies current to the
direct current load through the resistor IR,
This Joad current causes & potential drop across
the terminals of the resistor {R7 which is positive
with respect to the negative bias on the grid of
the control tube {CT7? and is subtracted therefrom
to form & curve 112 in Fig. 6A. Assuming that
the load is' relatively low, this reduction in the '
negative bias on the grid of the control tube icT

does not intersect the dotted line curve iT1 indi-

cating the critical values of grid bias at which

such tube |CT? will become conductive,

It will be noted that the curve 112 extends be-
tween the lines 184 and 185 making the curve (12
of Fig. 6A slightly longer than the curve 12 of
Fig. 3A. In other words, this curve 12 extends
throughout the conductive period of the low ca- .
pacity tube (LT7 as determined by the minimum
voltage on its anode at which it will become con-
ductive. With respect to Fig. 3A, the curve 12
is made shorter because of the characteristics of -
the three-phase system, for reasons pointed out
in connection therewith. This difference in op-
eration is the main difference between the sys-
tems of Fig. 7 and Fig. 1 with the exception that
the firing potentials for the excitation circuits
in Fig. 7 are provided through a phase shifting -
device PS and an associated transformer 104,

1t will be noted that the successive Figs. 6B,
6C and 6D represent different load values which
will cause the high capacity tube 1HT?, for exam-
ple, to be fired at different points in the positive
half-cycles of phase one. These will not be ex-
plained in detail, but reference should be made
to Fig. 6D, for example, to note that.an extreme-
1y heavy load will cause the high capacity tube
{HT", for example, to be conductive throughout
the portion of the positive half-cycle of the phase
one between the points where the line 169 inter-
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sects the curve (61, In other words, the tubes
ILT7 and {HTT have substantially the same start-
ing characteristics, that is, the minimum anode
voltage at which they will become conductive is
approximately 20 volts, for example, as repre-
sented by the line 188 of Fig. 6, s0 that regardless
of the value of the high load current to be sup-
plied, the control tube ICT?, for example, can-
not be triggered off by a rise in potential on
its grid tc sllow the flow of & start pulse prior to
the time that there is a sufficient potential on the
anode of the high capacity tube IHT? for it to
become conductive, , ’

But if the load level {s above a predetermined
value when the tube ILT? becomes conductive,
the grid bias for the control tube {CT? at once
changes to & tripping value for initiating a start
pulse, and the high capacity tube I3T7 becomes
- conductive after a few micro-seconds. The con-
ductivity of the high capacity tube {HT? shunts
the resistor {R7 and the tube {LT? so that the
grid bias on the control tube CT7 is restored
to its normal negative value. The potential on
the anode of the control tube ICT? is reduced
to substantially zero at the end of the start pulse
in the excitation circuit of the high capacity
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scale of any set value, but have been drawn to
merely. graphically represent what is believed to
be the relationships between the different poten-
tials involved In the operation of the systems
of the present invention. Thus, the assigning
of specific values to an actual embodiment of
the invention would of course determine the rei-
ative shapes and sizes of the different curves
and positions of the lines in the graphs, but such
changes and variations are to be considered to
be merely engineering equivalents and not an
stzlteration of the principles underlying the inven-
ion. .

Having described two forms of a rectifier sys-
tem as specific embodiments of the present in-
vention, it is to be understood that these forms
have been selected to facilitate in the disclosure
of the invention rather than to limit the number
of forms which it may assume; and it is further
understood that various modifications, adapta-~

~ tions and alterations may be applied to the spe-

25

tube {HT7, so that the negative grid again ob- ~

tains control of the control tube ICT? to prevent
any follow through current in the excitation cir-
cuit after the initial start pulse for that par-
ticular positive half-cycle of the principal poten-
tial. The load current is carried by the low ca-
pacity tube ILT? for the few micro-seconds be-
tween its becoming conductive and the becom-
ing conductive of the high capacity tube {HT?,
but this heavy ioad for a few micro-seconds does
not harm the low capacity tube because of the
very duration of such demand, and because of the
faci that such current is limited by resistor IR
well below the maximum allowable current for
tube LT, . , )

It will be readily apparent that each of the
phases of Fig. 7 operate in the same manner,
but inasmuch as their principal potentials are
separated by 180°, there is no limiting effect of
one phase upon the other with respect to the
. time at which the other phase may become effec-
tive to carry the load, as explained In connec-
tion with the three-phase rectifler system of Fig.
1.- Thus, the disclosure of Fig. 7 shows how the
principles of the present invention may be em-
bodied in a double-wave rectifier for single phase
alternating currents.

It is noted that limiting reactors {LR? and
2LR7 are employed in place of the limiting re-
sistors LR and 2LR of Fig. 1, but it is to be
understood that resistors may be employed in
Pig. 7 if deésired and similarly reactors may be
employed in Fig. 1 in place of resistors if de-
sired. . '

The operation of the control relays for de-
termining the time at which potentials may be
applied to the anodes of the tubes, the overload
protection, and the like, Is the same as describad
in connection with Fig. 1.

This form of the invention disclosed in Pig. 7
shows what is termed as a double-wave rectifier
for single phase alternating currents, but it is to
be understood that a half-wave rectifier might
be provided without departing from the prin-
ciples and scope of the present invention as dis-

closed in this Flg. 7. _

* In considering the graphs of Figs. 2, 3A, 3B,
3C, 4, 5, 64, 6B, 6C and 6D, it should be under-
stood that these graphs are not drawn to the
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cific form shown to meet the requirements of
bractice, without in any manner departing from
the spirit or scope of the present invention ex-
cept as limited by the appended claims.

What we claim is:

1. In combination, an alternating current sup-
ply circuit, a main electric discharge device hav-
ing anode and a cathode with an ignitor ele-
ment associated with said cathode, an auxiliary
electric discharge device having an anode and a
cathode, circuit means for connecting the anodes
and cathodes of said electric discharge devices in
multiple in & manner to supply unidirectional
currents to & load circuit from said supply cir-
cuit whereby said auxiliary electric discharge de-
vice normally transfers relatively small currents
to the load circuit and said main electric dis-
charge device transfers relatively large currents
to said load circult when it is rendered conduc-
tive, an excitation circuit connected between
the cathode and the ignitor element of said main
electric discharge device and including a control
electric discharge device having an anode, a cath-
ode and a control grid for transmitting a uni-
directional impuise of current to said ignitor ele-
ment to render said main electric discharge de-
vice conductive each time said grid is energized
at a critical value, and means for energizing said
grid at a critical value for each positive half-cycle
of potential applied to the anodes of said main
and auxiliary discharge devices during which the
load current rises above a predetermined value.

2. In combinaticn, an alternating current sup-
ply circuit, a load circuit, electric translating ap-
paratus connected between said circuits to sup-
ply said load circuit with direct current and com-
prising, a main electric valve having an anode, &
cathode and an emersion-ignitor control member
in contact with said cathode for transferring rel-
atively large currents from said supply circuit to
said load circuit when rendered conductive, an
auxiliary electric valve having an anode and a

cathode in multiple with the anode and cathode

of said main electric valve for normally transfer-
ring relatively small currents from said supply
circuit to said load circuit, an excitation circuit
connected between the- ignitor control member
and the cathode of said main electric valve for
rendering said main valve conductive upon its
energization by a start pulse, and contrel means
governed in accordance with the load current sup-
plied by sald auxiliary electric valve for effecting
the transmission of a momentary start pulse of
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unidirectional current through said excitation eir-
cuit to render said main electric valve conductive
for each positive half-cycle of sald alternating
current supply circuit in which the load current
supplied by said auxiliary electric valve rises
above a predetermined value,

3. In combination, an alternating current sup-

ply circuit, a load circuit, electric translating ap-.

paratus connected between said circuits to sup-
ply said load circuit with direct current, said
translating apparatus comprising, & main elec-
tric valve having an anode, & cathode and an
emersion-ignitor control member in contact with
said cathode for transferring relatively large cur-

rents from said supply circuit to said load circuit -

when rendered active, & minor electric valve hav-
ing an anode and & cathode in multiple with the
anode and cathode of said main electric valve
for normally transferring relatively small cur-
rents from said supply circuit to said load circuit,
an excitation circuit connected between the ig-
nitor control member and the cathode of said
main electric valve for rendering said main valve
active upon its energization by a start pulse, and
separate electronic control means for at times
supplying a momentary start pulse to sald ex-
citation circuit, whereby said main electric valve
is rendered active to supply the current to the
load circuit and said minor electric valve is shunt-
ed by said main electric valve. .

4. In combination, an alternating current sup-
ply circuit, an electric valve having an anode and
a cathode of the heated type connected with said
alternating current supply circuit to a load cir-
cuit in a manner to normally supply uni-direc-
tional currents to said load circuit at a relatively
low load level, a heavy duty electric discharge de-
vice having an anode, a cathode, and an emer-
sion-ignitor control member in contact with said
cathode and so connected between said alternat-
ing current supply circuit and said load circuit
as to supply uni-directional currents at s rela-
tively high current level when sald control mem-
ber is rendered active, a resistor unit connected
in series with said electric valve and said load
circuit but not in series with said heavy duty
electric discharge device, and control eircuit means
for supplying a start pulse to sald emersion-ig-
nitor control member for each positive half-cy-
cle of alternating current in which the level of the
load for that half-cycle rises above a predeter-
mined value, said control circuit means being gov-
erned in accordance with the potential drop
across said resistor unit. . »

5. In combination, an alternating current sup-
ply circuit, a main electric discharge device hav-
ing an anode and a cathode with an ignitor ele-
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for normally negatively energizing sald grid to
render said control electric discharge device non-
conductive, and means for decreasing the nega-
tive bias on said grid in accordance with the load
supplied by said auxiliary electric discharge de-
vice in a manner to render sald control electric
discharge device conductive during each positive

_half-cycle of potential applied to said main elec-
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ment associated with said cathode, an auxiliary .

electric discharge device having an anode and a
cathode, circuit means for connecting the anodes
and cathodes of said electric discharge devices in
 a multiple combination, said muiltiple combina-
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tion being connected in series with a direct cur-

rent load circuit to said alternating current sup-
ply circuit, whereby said auxiliary electric dis-
charge device normally supplies a relatively
small direct current to the load circuit, an ex-

ditation circuit connected between the cathode:

and the ignitor element of said main electric dis-
charge device and including a control electric
discharge device having an anode, a cathode and
& grid for transmitting a uni-directional impulse
of current to said ignitor element to render said
main electric discharge device conductive when
said grid is energized at a critical value, means
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tric valve during which the direct current load
supplied by sald auxiliary electric discharge de-
vice rises above a predetermined value, whereby
said auxiliary and said main electric discharge
devices are selectively rendered active during
each positive half-cycle of alternating current in
accordance with the level of the load for that
half-cycle. '

6. In combination, an alternating current sup-
ply circuit, an electric. valve of the mercury va-
por type having an anode and a heated cathode
connected between said slternating current sup-
ply circuit and & load circuit for supplying uni-
directional current to said load circuit at a rela-
tively low current level, an electric discharge de-
vice having an anode and & cathode with an
emersion-ignitor control member in contact with
said cathode, said anode and said cathode being
connected in muiltiple with the anode and cath-
ode of said electric valve so as to supply when
rendered active uni-directional currents from said
alternating current supply circuit to said load
circuit at a relatively high current level, a re-
sistor unit connected in series with said -electric
valve so as to have a potential drop across its
terminals in accordance with the relatively low
current level, an excitation circuit including e
control electric valve having an anode and a
cathode with a controlling grid, said anode and
cathode being included in said excitation circuit
to supply a start pulse to said emersion ignitor
control member each time said grid is energized
at a critical value, and control circuit means for
sald grid including said resistor element so con-
nected as to energize said grid at said critical
value whenever the low level load current
through said resistor unit rises above a prede-
termined value, whereby said electric discharge
device is rendered active during each positive
half-cycle of alternating current during which
the load level rises above a predetermined value
to thereby supply the relatively high currents
required for the load and at the same time to
shunt said electric valve and said series- re-
sistance unit to provide overcompounded voltage
regulation. :

7. In combination, an alternating current sup-
ply circuit, a load circuit, an electric valve of the
mercury vapor type having an anode and &
heated cathode connected in series with a re-
sistor unit in & manner to transfer relatively low
currents from sald alternating current supply
circuit to said load circuit, a heavy duty electric
discharge device having an anode, a cathode and
an emersion-ignitor control member in contact
with said cathode, and said anode and cathode
being connected in multiple with said electric
valve and series resistor in & manner to transfer
relatively high currents from said supply cir-
cuit to said load circuit when said control mem-

" per is rendered active, a control electric valve of
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the mercury vapor type having an anode and a
heated cathode with a controlling grid, circuit
means including an impulse supplying condensetr
connecting the anode and cathode of said con-
trol valve in series with said emersion-ignitor
control member and its associated cathode, cir«
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cuit means for supplying an alternating current
potential across sald condenser having an ad-
vanced phase relationship with respect to the al-
ternating current phase of said supply circuit,
and circuit means for governing the biasing po-
tential on said control grid in accordance with
the poteniial drop across said resistor, whereby
sald electric discharge device is rendered active
by a start pulse being passed through its emer-
cion ignitor control member near the beginning

i0

of each positive half-cycle of alternating cur- .

rent applied to the anode of said electric valve
angé the anode of said electric discharge device
in which the current through said electrie valve
rises abcve & predetermined level, said start pulse

being of an effective value because of the ad-

vanced phase of the potential supplied to said
condenser,

8, In combination, a three-phase alternating
current supply, a load circuif, electric translating
apparatus connected between said three-phase
alternating current supply and said load circuit
in a2 manner to provide uni-directional current
In sald load circuit, said translating apparatus
comprising for each phase, an electric valve hav-
ing an anode and a cathode of the heated type,
an electric discharge device having an anode and
& eathode with an associated emersion-ignitor
control member, a control electric valve having
an anode a heated cathode and a control grid,
circuit means for connecting the anode and cath-
odes of said electric valve and said discharge
device in muitiple in & manner to transfer uni-
directional current from its phase of alternating
current supply to said load circuit, said electric
valve being normally active and said discharge
device being active only when supplied with a
stars pulse through said emersion-ignitor con-
trel member, excitation circuit means including
seid anode and cathode of said control electric
valve connected in series with an impulse sup-
plying condenser in & manner to provide a start
pulse for sald emersion-ignitor control member
each time said control grid is energized at a
eritical value, circuit means for supplying s po-
tential acress said impulse condenser from the
following phase of the supply ecircuit advanced
180° by a transformer, circuit means normalily
providing & negative bias on said control grid
from the potential of said -load circuit, and cir-
cuit means arranged to reduce the negative bias
on said control grid in accordance with the load
supplied by said electric valve of the associated
phase so as {o energize said grid at said critical
value when the current through seid electric
valve rises above a predetermined value.

9. In combination, an alternating current sup-
ply circuit, o low capacity electric valve having

an anode and & cathode of the heated type con-.

nected with said alternating current supply cir-
cuit to & lead eircuit in a manner to normally
supply unidirectional currents to said load cir-
cuit at a relative low load level, 2 high capacity
electric discharge device having an anode, a cath-
ode and an emersion-ignitor control member in
contact with said cathode, said high capacity
electric discharge device being connected in mui-
tiple with said low capacity electric valve for
at times supplying unidirectional current at a
relatively high current level when said control
member is rendered active, a resistor unit con-
nected in series with said low capacity electric
valve only, and control circuit means including
a separate grid controlled electric valve for sup-
plying a single start pulse of relatively short
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duration near the beginning of each positive
half-cycle of alternating current in which the
petential drop across said resistor rises above
a predetermined value, said single start pulse
being in the order of a few micro-seconds.

10. In combination, an alternating current sup-
ply circuit, s load circuit, an electric valve of the
mercury-vapor type having an anode and a heat-
ed cathode connected in series with g serieg re-
sistor unit in a manner to transfer relatively low
currents from said alternsting current supply ecir-
cult to said load circuit, a high capacity electric
discharge device having an anode, g cathode, and
an emersion-ignitor control member in contact
with said cathode, and said anode and cathode
being connected in multiple with said electric
valve and serles resistor in a manner to transfer
rejatively high currents from said supply circuit
to said load circuit when said control member is
rendered active, and acting when thus conductive
to effectively short-circuit said electric vaive and
series resistor, a control electric valve of the mer-
cury-vapor type having an anode and a heated
cathode with controlling grid, circuit means in-
cluding an impulse supplying condenser connect..
ing the anode and cathode of said control electric
valve in series with said emersion-ignitor con-
trol member and its associated cathode, circuit
means for supplying an alternating current po-
tential across said condenser having an advanced
phase relationship with respect to the alternating
current phase of said supply circuit and inciud-
ing a limiting resistor, and circuit means for gov-
erning the biasing potential on said control grid

-in accerdance with the potential drop across said

series resistor, whereby said electric discharge de-
vice is rendered active by a single start pulse be-
ing passed through its emersion-ignitor control
member near the beginning of each positive half-
cycle of alternating current applied to the anode
of said eleciric valve and the anode of said elec-
tric discharge device whenever the current
through said electric valve rises above s prede-
termined level, said start pulse being of an effec-
tive value and of relatively short duration be-
cause of the restoration of the normal negative
bias on the grid of said controi tube as soon as
said electric discharge device becomes conductive
and effectively short-circuits said series resistor. -
11. In combination, a single-phase alternating
current supply circuit, a load cireuit, a trans-
former having its primary connected to said sin- -
gle-phase alternating current supply and its sec-
ondary provided with g mid-tap to supply two
different phase potentials separated by 180°, elec-
tric translating apparatus connected between said
two different phase alternating eurrent poten-
tials and said load circuit in g manner to provide
unidirectional current in said load circuit, said
translating apparatus comprising for each phase,
an electric valve having an anode and a cathode
of the heated type, an electric discharge device
having an anode and a cathode with an asso-
ciated ignitor member, a control electric valve
having an anode and & heated cathode with a
control grid, circuit means for connecting the

.anodes and cathodes of said electric valve and

said discharge device in multiple in a manner to
transfer uni-directional current from its phase of
alternating current to said load circuit, said elec-
tric valve being normally active and said dis-
charge device being rendered active only when
supplied with a start pulse through its ignitor
control member, excitation circuit means includ-
ing said anode and. cathode of said control elec-
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. tric valve connected in. serles with an fmpulse

supplying condenser in a manner to supply a
start pulse for said emersion-ignitor control
member each time said grid is energized at a
critical value, circuit means normally providing
a negative bias on said control grid from the po-
tential of said load circuit, circuit means ar-
ranged to reduce the negative bias on said control
grid in accordance with the load supplied by said
- electric valve of the associated phase so as to
energize said grid at said critical value when the

current through said electric valve rises above a

predetermined value, and a phase shifting de-
vice and an associated transformer supplied
with alternating current from one of said phases
and arranged to apply a potential across sald im-
pulse condenser for each phase with a potential
advanced with respect to that associated phase to
thereby cause the potential for said start pulse
for each phase to be advanced approximately 30°
with respect to the potential of the principal po-
tential of the associated phase.

12. In combination, an alternating current
supply circuit, a load circuit, -an electric valve
of the mercury vapor type having an anode and
a cathode connected in series with a series re-
sistor unit in a manner to transfer relatively low
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currents from said supply circuit to said lead cir- -

cuit, a heavy duty electric discharge device hav~
ing an anode, a cathode and an emersion-ignitor
control member in contact with said cathode, said
anode and cathode of said discharge device being
connected in multiple with said electric valve and
series resistor in a manner to transfer relatively

high eurrents from said supply circuit to said load :

circuit when said electric discharge device is ren-
dered active, an excitation circuit connected be-
tween the cathode and control member of said
electr:~ discharge device for transmitting a start
pulse of current to said control member for each
successive positive half-cycle of alternating cur-
rent applied to the anodes of said electric valve
and said electric discharge device to render said
electric discharge device conductive, said start
" pulse for any given positive half-cycle occurring
at a point in that half-cycle determined in ac-
cordance with the load current transmitted for
that positive half-cycle through .said electric
valve in a manner to cause said point to occur
earlier in any positive half-cycle with an increase
in the load current, whereby said electric valve
and series resistor is shunted by the conductivity
of said electric discharge device to thereby cause
an increase in the voltage of the current supplied
to said load, and whereby said series resistor pro-
tects said electric valve from excessive loads on
any positive half-cycle prior to the rendering con-
ductive of its associated heavy duty discharge de-
vice. . )

13. In combination, an alternating current cir-
cuit, a load circuit, an electric valve of the mer~
cury vapor type having an anode and a cathode

. connected in series with a resistor unit in a man-
ner to transfer relatively low currents; a heavy
duty electric discharge device having an anode,
a catliode and an emersion-ignitor control mem-
ber in contact with said cathode, and said anode
and cathode being connected in multiple with
said electric valve and series resistor in a man-
ner to transfer relatively high currents from said
supply circuit to said load circuit when said elec-
tric .discharge device is rendered active, an ex-
citation ecircuit connected between. cathode and
control member of said electric discharge device
for transmitting a start pulse of current to said
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control member to render said electric discharge
device conductive at & point in the positive half-

“eycle of alternating current applied to the ancde

of said electric valve and said electric discharge
device, said point determined by the load current
transmitted to load through said electric valve
and series resistor, in such s manner to cause
said point to occur earlier in the positive half-
eycle with increase in said load current, said
electric valve and resistor being shunted out by
sald electric discharge device earlier with in-
crease in load thereby resulting in a rise in load
voltage. o R

14. In a rectifler system, an alternating current
supply circuit, a main elegtric discharge device
having an anode and a cathode with an ignitor
element associated with said cathode, an auxil-
iary electric discharge device having an anode
and a cathode, a resistor unit, circuit means for
connecting said anodes of sald devices to one
terminal of said alternating current supply and
for connecting the cathode of said auxiliary elec-
tric discharge device through said resistor to the
cathode of said main electric discharge device
and then to one terminal of a direct current load
circuit, said circuit means also connecting said
other terminal of said alternating current supply
to the other terminal of the direct current load
circuit, whereby said auxiliary electric discharge
device normally is capable of supplying uni-di-
rectional current to the load circuit through said
resistor from said alternating current supply cir-
cuit, and excitation circuit means governed by
the potential drop across said resistor for supply-
ing a momentary impulse of current to said ig-
nitor element of said main electric discharge de-
vice for each positive half-cycle of said alternat-
ing supply during which the current in said re-
sistor rises above a predetermined value, whereby
said main electric discharge device supplies cur-
rent to the load circuit and shunts said auxiliary
electric discharge device and said resistor at
that point in each positive half-cycle of alter-
nating current in which the current through said
resistor fldbwing to said load circuit rises above a
predetermined value, o

15. In a rectifier system, an alternating cur-
rent supply circuit, a low capacity electric valve
having an anode and a cathode of the heated
type connected between said alternating current
supply circuit and a load circuit in a manner to
normally supply uni-directional current to said
load circuit at a relatively low load level, a high
capacity electric discharge device having an
anode, a cathode and an ignitor control member,
said anode and cathode of said discharge device
being connected in multiple with said low ca-
pacity electric valve and a resistance unit in
series with said. low capacity electric valve, a
separate grid controlled electric valve for supply-
ing a single start pulse of a few micro-seconds
duration to said ignitor control member when its
grid is energized at a critical potential, and cir-
cuit means for energizing said grid of said grid
controlled electric valve in accordance with the
potentisl drop across said resistor, whereby such
grid is energized at said critical value at that
point in each positive half-cycle applied to the
anodes of said low capacity electric valve and
sald high capacity discharge device at which the
current supplied by said low  capacity electric
valve rises above a predetermined value.

16. In a rectifier system, a low capacity elec-
tric valve and ‘a high capacity electric discharge
device connected in multiple between an alter-
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nating current supply circuit and a load circuit,
said low capacity. electric valve being normally
active and said high capacity electric valve re-
quiring the energization of an excitation circuit
in order to be rendered active, and circuit means
automatically acting to energize the excitation
circuit of said electric discharge device at dif-
ferent points in the positive half-cycles of alter-
nating current applied to said electric valve and
" sald discharge device in accordance with the:
power requirements of said load circuit, said
means being governed in accordance with the
current flow through said low capacity electric
valve at the beginning of each such positive half-
cycle, whereby over-compounded voltage regula-
tion is provided for said load circuit. ‘

17. In a rectifier system, an siternating cur-
rent supply circuit, an electric discharge device
of the mercury-arc type connected to a load eir-
cuit and having'a control member which must
be energized during each positive half-cycle of
alternating curreist in order for said device to be
rendered conductive, and means for automati-
cally energizing the control member of said elec-
tric discharge device at different points in the
positive half-cycles applied to said device in ac~

cordance with the impedance of said load cir-"

cuit, said means including a Jow capacity electric
valve for supplying the initial load at the be-
ginning of each positive half-cycle through a
series resistor to test the impedance of said load
circuit, whereby automatic voltage regulation is
provided for said load circuit,

18. In a rectifler system, an electric discharge
device of the ionizable gaseous type connected be-
tween an alternating current supply and a direct
current load circuit to allow the flow of uni-di-
rectional current to said load c¢ircuit and having
an ignitor member which must be energized for a
few micro-seconds during each positive half-cycle
of alternating current in order for said discharge
device to be rendered conductive for the remain-
der of that half-cycle, and means for automati-
cally energizing the ignitor member of said elec-
tric discharge device at different points in the
positive half-cycles applied to said device in ac-
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be rendered conductive, and means, including a
resistor and a low capacity electric valve for sup-
plying a current pulse through said load circuit

_near the beginning of each positive half-cycle of

alternating current, for automatically energizing
the control member of said electric discharge de-
vice at different points in the positive half-cycles
of alternating current applied to said device in
accordance with the voltage drop across said re-
sistor during said current pulse, to thereby ren-
der said electric discharge device conductive at
different points in the positive half-cycles of al-
ternating current dependent upon the impedance
of the load circuit for those half-cycles since the
voltage drop across said resistor during each cur-

rent pulse near the beginning of a positive half-.

cycle is & measure of the load impedance for that
positive half-cycle of alternating current. ,
- 20, In & rectifer system, an alternating cur-

rent supply circuit, a series resistor, a low capac-
ity valve having an anode and a cathode con-~
nected in series with said resistor between said

. supply circuit and a load circuit in a manner to
normally supply uni-directional current to said
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load circuit at a relatively low load level, a high

-capacity electric discharge device having an an-

ode, & cathode and an ignitor control member,
said anode and cathode of said discharge device
being connected in multiple with said low ca-
pacity electric valve and said series resistor be-
tween said supply circuit and said load circuit,
and means for at times supplying momentary
start pulses to said ignitor control member at
selected points in the positive half-cycles of al-

33 ternating current, said means including a grid

controlled electric valve of the gaseous type, ex-
citation circuit_means for connecting said ignitor
control member in series with the anode of said
control electric valve and in series with a con-

40 denser and an inductance, means for charging
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cordance with the impedance of said load circuit -

comprising, a low capacity electric valve and a.

serles rusistor connected in multiple with said
electric discharge device for supplying the initial
load at the beginning of each positive half-cycie
of alternating current, and circuit means gov-
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erned by the voltage drop across said resistor due

to the value of the current supplied by said low
capacity electric valve at the beginning of each
positive half-cycle for determining ‘the point in
that positive half-cycle at which a momentary
impulse of energy is supplied to said ignitor ele-
ment. ‘ :

19. In & rectifier system, an alternating current
supply circuit, an electric discharge device of the
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sald condenser through a limiting resistor, and

‘eircuit means normally providing a negsative bias
-on the grid of said grid controlled electric valve,

which bias is controlled in accordance with the )
potentia] across said series resistor to reduce said
negative bias to select the point in the cycle at
which said control electric valve is rendered con-
ductive to discharge said condenser through said
excitation circuit in accordance with the imped-
ance of the load circuit, whereby said control
grid Is at times energized to initiate a pulse in

.sald ‘excitation circuit.at selectéd points in the

positive half-cycles depending on the load im-
pedance, and whereby the negative bias of said
control grid is restoréd to normal upon the ren-
dering conductive of said discharge device to ter-

- minate said pulse in the excitation circuit when

mercury-arc type connected between said supply -

circult and a load circult, said disharge device
having a control member which must he momen-
tarily energized during each positive . half-cycle
of alternating current in order for said device to

sald condenser becomes discharged and the po-
tential on-the anode of said control tube is re-
duced to substantially zero by reason of the in-
clusion of said inductance in series with said con-

_denser and by reason of the inclusion of said lim-
. iting resistor in sald means for

charging said
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condenser. -




