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- My invention relates to electric discharge de-

vices, such as mercury arc rectifiers or the like,

and has for its principal object an improved con-
struction and method of operation whereby the
current carrying capacity of such devices 1is
greatly increased. . |
Mercury arc rectifiers are well adapted for sub-

‘station use because of their relative simplicity

and high efficiency. Since these rectifiers are
often used in substations in. which space for appa-
ratus is very limited, it has been a problem to
obtain increased outputs from individual rectifier
units by means of parallel connected anodes with-
in a single unit. Attempts along this line have

resiulted in the use of parallel anodes having

therewith to cause the ancdes to share the load
current equally. -

" In accordance with my invention the current
carrying capacity of electric discharge devices
such as the mercury arc rectifiers Is substantially
increased by an anode structure comprising. a
plurality of multiple anocdes each of which is
directly connected to the supply transiormer, Or
by an improved construction of the anode cham-

bers providing one or more passages of predeter-

mined size and form for the arc passing between
the anodes and the cathodes. |

My invention will be better understood from
the following description when considered 11 con-
nection with the accompanying drawings and its
scope will be pointed out 1 the appended claims.

Referring to the drawings, Fig. 1 illustrates a
mercury arc rectiiier system using multiple or
parallel connected anodes, in accordance with my
invention: Fig. 2 illustrates a characteristic volt
ampere curve for the individual mercury arc
rectifier anodes, and the current carried by par-
allel anodes at various loads on the rectifier;
Fig. 3 illustrates a section of an improved mey -
cury arc rectifier anode chamber constructed in

accordance with my invention; and Figs. 4, 5, 6.

and 7 illustrate modifications thereof. |

Fig. 1 illustrates a mercury arc rectifier tank
0 equipped with ahodes [1—22 inclusive, In
which each odd numbered anode is connected to

‘one of the secondary phases of a transiormer 29

in parallel with the succeeding even numbpered
anode. This transformer includes a 3-phase pri-
mary winding 24 connected to alternating cur-

rent terminals 25, and a 6-phase secondary wind-

ing divided into two Y-connected groups, 26 and

21, which are interconnected through an inter-

phase transformer 28. The midpoint 29 of trans-

“which can safely be carried by

former 28 is the negative terminal of the direct
current circuit. |
In similar systems it has been considered neces-

sary in the past to employ equalizing reactors in

each of the anode circuits, and inductively inter- g
link the parallel circuits so that these will share
equally the load current imposed upon the phase
to which they are mutually connected. I find
that by properly designing the rectifier it is possi-
ble with the proper vapor pressures within the 39

rectifier to cause the anode current to divide In

each group of parallel ancdes and cause satisfac-
tory operation without these equalizing reactors.
It is known that the volt-ampere character-
istic for mercury arc rectifier anodes has a nega- 15
tive slope from no load to what has hitherto been

considered as full load. I have now found that i

the .anode is operated at higher current values,
the volt-ampere characteristic becomes positive

and rises to a considerable value. This positive gg

resistance or positive slope of the volt-ampere
characteristic is a true characteristic of low pres-
sure mercury arcs and is coincident with and
probably due to an approach to a complete ioniza~
tion of all the mercury atoms in the region in g5

front of the anode. A typical example of such a
characteristic curve is illustrated by the curve a

of Fig. 2. |

I have also found that the limiting current
an anode is al- 30
ways considerably above the value at which the
arc resistance becomes positive. If then a plu-
rality of anodes are connected in parallel, the
anode having the least starting reluctance will
alone carry current at small loads and will con- 35

tinue to do so through the negative part of the
yolt-ampere characteristic into the positive slope

thereof up to a point at which the starting re-
luctance of another of the parallel anodes is
overcome and that anode begins to carry current. 40
This condition is clearly illustrated in Fig. 2 in
which curve “a” illustrates the volt-ampere chax-
acteristic of a low pressure mercury arc in which
volts between cathode and anode are plotted as
ordinates and amperes per anode as abscissae. 45
The limiting current for an anode is some point |

30 on the curve “a” and corresponds to about 50

volts between anode and cathode. Curves “b”
and “e¢” illustrate the current carried respective-
ly by two parallel connected anodes, as for ex- oV
ample anodes {1 and 12, Fig. 1. When the cur-
rent plotted as abscissae in Fig. 2, is small, it is
carried entirely by one anode f2 of the pair as
illustrated by curve “b” since the arc resistance =
is negative for that current, When the current 55
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exceeds the negative resistance range, and
reaches a value indicated at 3! corresponding fo-

- as illustrated by curve “¢”,

- lated from both the anodes and cathode.
5

a point 32 on the positive resistance slope of

- curve “a” at which the voltage drop is higher

than the starting voltage of the second anode i1,
this second anode will begin to carry current
From this point on,
the two parallel-connected anodes share the cur-
rent almost equally, the difference if any in the

current carried by each of the two anodes being
due mainly to the difference in arc resistance

caused by the diffevence in the lengths of the arc
paths between anode and cathode.

Since the point 31 is well below the critical -
- value of current for the first anode, the unequal
division at light loads does no harm. At heavy.

loads, when approaching the limiting value, the
two anodes share the current substantially
equally and thus the total current that can be
carried by the pair is about twice that which a

single anode can safely carry. In like manner

three or more ancdes may ke joined together and
connected to a single transformer terminal and
the total current to this terminal increased three,
four or any desired number of times over that
which could be delivered by a single ancde.
Instead of joining the anodes externally, they
may be in accordance with my invention jcined
Inside the rectifier, and amalgamated into s
single large anode, to which the arc current is
fed through two or more passages, identical with
or similar to the individual arms surrounding the
multiple connected anodes described above. I
have found that a single anode so used will carry
the same current as the two smaller anodes
above referred to in multiple. If however the
single large anode is housed in a large arm with
a single passage leading to it, it will not operate
satisfactorily at the same vapoer pressure as the
smaller anode, but the pressure must be lowered
to such an extent that it carries no more current
than a single small anode. For example, an
anode mounted in a 10’ diameter arm must be
operated at a pressure of sbout 0.6 microns in

order to carry the same current as an snode

mounted in a 3’’ diameter arm and operated at
about 5 microns pressure, assuming a 3000 volt
output voltage for both cases. Tt is not necessary
that the parallel passages to the anode shall ba
entirely separate, but only that they shall be suf-
ficiently narrow. I do not wish to be limited to
a particualar theory, but I believe that the cri-
terion for proper structure depends upon the
probability that an electron, moving from the
anode toward the cathode, shall strike the walls
before colliding with a molecule of mercury. If
this probability is less than a certain value, re-
liable operation is possible, if greater arc-back
may occur.
pends upon the voltage to be rectified, being
smaller the higher the voltage. |
Another important consideration is that of

eliminating the ions which remain in the anode

arms in the region below the anodes, at the end
of a current cycle. If such ions are not rapidly
absorbed they may bombard the anode and cre-
ate thereon a cathode spot. To absorb these
ions, the space below the anodes within the an-
ode chamber is divided into narrow and com-
paratively long spaces running longitudinally
with the anode chamber, by ion absorbing sur-
faces. These surfaces may be either insulating
or conductive but if conductive must be insu-

must be large enough and close enough to each

- chamber or arm 35 surrounding the anode.

_length of the corrugations IS greater than the

The critical collision probability de-

They

2.022,509

other to rapidly absorb the ions. Actual dimen-
sions of such surfaces will vary somewhat de-
pending upon the voltage and current to be ap-
plied and carried by the anodes.

Referring to Fig. 3, T have illustrated a sec- 5
tion of a conventional mercury arc rectifier 32,
comprising the usual evacuated vessel containing
the cathode 33 and the anode 34 which are in-
sulated from the walls of the vessel and the

In 10
chamber 35 a hollow conical member 36 whose

shape resembles a plumb-bob is mounted in such

manner that the apex is pointed toward the cath-

ode. This member is supported by two hollow
pipes 37 and 38, leading through the walls of 35 15
and attached respectively to the apex and the
base of 36 to permit a circulation of cooling fluid
through the member 36. The largest diameter
of member 36 and its over-all length are such
that the distance between it and the wall of 20
passage 39 satisfies the above-mentioned condi-
tions for demmzatlon and for the collision of elec-
trons with mercury atoms. |

Fig. 4 illustrates a modification of the anode
arm construction and illustrates a hollow dough- 25
nut-shaped member 39 the cross section of which
resembles that of member 36. It is supported
by pipes 48 and 41 which permit a circulation
of cooling fluid through the member 39. This
construction permits the use of a larger diameter 30
anode than in Fig. 4. The annular space be-
tween the wall and the membper 39 and the open-
ing through the center of 39 are so proportioned
that the above-stated conditions in regard to the
deionization and collision of electrons with mer- 35

- cury atoms is again satisfied.

Fig. 8 and Fig. 6, which is a cross-—sectmna,l
view of Fig. 5, lookmg in the direction of the ar-
IrOwWs, illustrate a modification in which the anode
chamber is constricted below the anode by the 40
corrugations 41 in the walls of the chamber. The
number and size of these corrugations iIs such
that the various passages created thereby are of a
width and Ilength which again satisfies the
above-mentioned conditions for deionization ang 49
for the collision of electrons with mercury mole-
cules at the desired operating temperatures. The

radius of the anode chamber,

Fig. 7 illustrates a further modlﬁcatmn of an
anode chamber in which partitions 42 and 43
made of graphite or other suitable material are
placed across the chamber and at right angles to
each other, whereby the chamber is divided into 55
a plurality of separate parallel chambers pro-
viding paths for the arcs and thereby simulating
the condition of hiaving a plurality of separate
parallel connected anodes as in PFig. 1. |

What I ¢claim as new and deszlre to secure by 60
Letters Patent of the United St ates, is:—

1. The method of operating an electric dis-
charge device provided with an anode structure
and having positive and negative volt- ~aimpere
characteristics, which includes utilizing a given 65
surface area of said structure as the active anode
surface during all periods of operation on the
negative volt ampere characteristic, and utilizing
sald given surface area of said structure and an-
other surface area as the active surface area of 70
said anode structure during all periods of oper-
ation on the positive volt-ampere characteristic.

2. In an electric discharge device, an evacu-
ated vessel, a cathode therein and insulated
therefrom, chambers having walls attached to 75

50
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said vessel and communicating with said vessel, a
plurality of anodes respectively insulated from
and mounted within said chambers, hollow
ring-shaped members mounted below said anodes
within said chamber, each of said members divid-
ing a portion of the space within the correspond-
ing anode chamber into a relatively long and
narrow central passage and an annular passage,
the length of said annular passage being great
relative to the distance between the walls form-
ing said annular passage, and means for circulat-
inhg a cooling fluid through sald members.

3. In an electric discharge device, an evacu-
ated vessel, a cathode mounted therein and in-
sulated therefrom, anode chambers having walls
attached to said vessel and communicating with

said vessel, a plurality of anodes respectively in-

sulated from and mounted within said anode
chambers, hollow ring-shaped members mounted
below said anodes within said chambers, each of

said members dividing a portion of the space

within the corresponding anode chamber into a
relatively long and narrow central passage and
an annular passage, the length of said annular
passage being great relative to the distance be-
tween the walls thereof, a water jacket surround-
ing said vessel and said chambers, and means
for circulating a cooling medium from said jacket
through said ring-shaped members. |
4. An electric discharge device including a
cathode and an anode chamber having an anode
structure mounted therein, means for causing one
surface of said anode structure to be utilized as
the active anode surface when said device is op-
erative at one load and for providing an addition
to the active anode surface when said load IS
changed to a predetermined value, sald means
including a hollow member dividing a portion
of the space in said anode chamber into a plu-
rality of relatively narrow passages of relatively
ereat length longitudinally of said chamber, one

of said passages cooperating with said one surface

of said anode structure, another of sald passages
cooperating with said additional active surface
of said anode structure, and means for circulat-
ing a cooling medium through said member.

5. A vapor electric device including an anode
structure, and means for causing current to be
transmitted through one surface area only of
eaid anode structure through a range of current

values at which the slope of the volt-ampere.

characteristic of said device is negative and tc a
pnredetermined maximum value o1 current corre-
sponding to a point of said characteristic sub-
stantiallly beyond that point of said character-
istic at which said slope begins to be positive, and
for causing current to begin to be transmitted
through an additional surface area of said anode
structure at approximately said first-named point
of said characteristic and to increase up to a pre-
determined maximum value of current corre-
sponding to a point of positive slope of said char-
acteristic substantially beyond said first-named

point of said characteristic, said means including

a plurality of surfaces forming substantially
separate arc passages each cooperating with a

different one of said surface areas of said anode
structure, said passages being relatively long in
the direction of the arc flow and relatively nar-
row in the direction transverse to the arc flow.
6. The method of operating an electric dis-
charge device provided with an anode structure
and having a characteristic the slope of which is
first negative and then positive as the value of
current transmitted by said device increases,
which includes utilizing a given surface area of

3

10

said structure as the only active anode surface

during all periods of operation in which the cur-

rent corresponds to the portion of said character-
istic gver which the slope is negative and on a
relatively small part of that portion of said char-

scteristic over which the slope is positive, and
utilizing simultaneously with said given ares
another surface area as the total active surface

srea of said anode structure during all periods of

operation on that portion of said characteristic
over which the slope is positive and beyond said
relatively small part of said characteristic.

7. A vapor electric device including an anode

structure, and means for causing current to be

sransmitted through one surface area of said
structure when said device operates with a nega-
tive volt-ampere characteristic, and for causing
current to be transmitted through an additional
surface area of said structure when said device
operates with a positive volt-ampere character-
istic, said means including separate arc passages
cooperating respectively with said surface and
presenting negligibly small cbstruction to the arc

15

20

25

30

flow, said passages being relatively lohg In the

direction of the arc flow and relatively narrow in
the direction transverse to the arc fiow.

S TIn an electric discharge device, an evacuated
vessel having mounted therein a cathode and an
anode, means forming a passage for all of the

 gre between said cathode and ancde, and a hol-

low member mounted in said passage, said mem-
ber dividing said passage into a plurality of rela-

tively narrow passages, the walls of sald narrow:

passages providing sufficient surface area to
absorb rapidly the ions which remain In the
region of said discharge device below said anode
at the end of a cycle of current between said
anode and cathode, and means for circulating &
cooling fluid through said member. |
0. In an electric discharge device, an evacuated
vessel having mounted therein a cathode and an

‘anode, means forming a passage for all of the arc

hetween said cathode and anode, deionizing
means mounted in said passage and dividing
said passage into a plurality of narrow passages
providing sufficient surface area exposed to said
arc to absorb rapidly the ions which remain in
the region of said discharge device below said
anode at the end of a cycle of current between
said anode and cathode, said deionizing means
comprising passages formed therein for the flow
of cooling medium, and means to circulate a
cooling medium through said last-named pas-
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