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1

In fonic valves for high voltage rectifiers it is
known to mount, adjacent to or across at least a
part of the current path near the anodes, one or
more conductors or semi-conductors which are
submitted, during the blocking intervals or im-
permeable half—or more than half—cycles, to
different potentials decreasing from the anode
towards the cathode, and which serve o prevent
a concentration of the voltage drops which occur
during the said intervals in the region next to the

anode, said concentration causing a risk of arc-

back in the current path. ¥or such purpose,
either a large number of grid-like conductors or
& coherent conductor of such material and/or
construction as to permit a gradual decrease of
voltage has been proposed. The form using a
large number of discrete conductors of a grid-
like type submitted to different potentials has for
several reasons been found preferable in practice.
In the practical realisation of this design, how-
ever, problems arise which are not readily solved.
One such problem is to prevent the strong ionisa-
tion which oceurs in the current path from
spreading through the interspaces between the
different conductors to the surrounding insulator,
in the presence of which it may cause disturb-
ances. Another problem is to keep the current
path within suitable temperature limits, so that
the temperature becomes neither so low as to per-
mit a condensation of the cathode liquid (mer-
cury) in the anode tube nor so high that cathode
spots can be formed on the solid conductors. The
risk of the latter alternative is generally the
greater one, It has now been found that these
two problems can be solved at the same time ac-
cording to the invention by utilizing conducting
bodies limiting the current path or the parallel
current paths, of such volume and shape that they
will occupy at least half of the volume of the space
in the anode tube between the anode and the

cathode space. This means first that all distances™

between bodies of different potential will be so
small as to correspond substantially to s maxi-
mum of dielectric strength at the vapor density

prevailing in the anode tube. Purther, the spaces.

become so narrow that the vapor is deionized in
its passage from the current path or paths out-
wards, so that, due to such deionizing and to the
narrowness and consequent coolness, no arc can
be maintained in the said spaces. Further it
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means that the diameter of the tube will be con~" °

siderably larger than that of the current path,
which not only increases the length of passage be-
tween the current path and the tube wall, avail-

able for delonisation, but also increases the ex-

5

()3

2 .
ternal heat radiating surface of the conducting
bodies by increasing their outer diameter.

The condition that the conducting bodies shall
occupy at least half of the volume of the anode
tube refers to their outer dimensions but does not
exclude the existence of cavities therein which
from an electrostatic point of view can be re-
garded as entirely closed so that no electric fields
causing or mantaining ionisation may be found
in them. Such cavities may then be regarded as
forming parts of the bodies proper.

In order to ensure a satisfactory removal of
the heat developed by the losses within wide vari-
ations of the dimensions of the ionic valve, a spe-
cific rule should be applied to the dimensioning of
the cenducting bodies. As experience proves that
the current density in the current path (this ex-
pression being used in the following, although the

“invention may also involve a plurality of parallel

current paths) should be kept at about the same
value for different values of total current and
voltage, and as the voltage drop per unit length
is also substantially the same, the losses per unit
length become substantially proportional to the
area of the current path. As, on the other hand,
the surface of radiation per unit length is only
proportional to. the diameter, an increase of the
total current must be accompanied by an increase
of proportion between the outer diameter of the
bodies and the maximum diameter of the current
path, for instance upon a doubling of the current
the eroportion between the outer diameter of the
bodies and the maximum diameter of the current
path should be increased from 2 to about 2.8. In
such a case, the rule may be applied that the ex-
ternal diameter of the bodies, expressed in centi-
meters, should be represented by a number of the
same order of magnitude as the total mean area
of the current path, expressed in square centime-
ters. )

If the effort to improve the cooling tends to give
too large values of the outer diameter, the latter
can be somewhat reduced while providing the
same total radiating surface by making the axial
dimension of the bodies larger at the periphery
than adjacent to the current path. In a suitable
shaping, this generally gives the result that the
parts lying between the periphery and the cur-
rent path will be defined by conical surfaces of
greater height the nearer to the ends of the an-
ode tube the bodies are situated. This shaping is
also advantageous with respect to the dielectric
strength.

A form of the invention of the last-mentioned
kind is illustrated in the accompanying drawing,
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Fig. 1 of which shows the part of the current path
of an ionic valve adjacent to the ancde, with sur-
rounding parts, in a side view with parts in longi-
tudinal section. and PFig. 2 is a. corresponding view
showing a modification.

{ represents the anode, to which the current is

4

of the space adjacent to the outer wall. Further,
the external heat radiating surface of the con-
ducting bodies will be large as compared with the

~ volume of the current path, in which the quantity

supplied from above. The space adjacent to the

anode is in the form here shown surrounded by a
porcelain tube 2, which is closed at the top in‘a
vacuum-tight manner by a cover 3, which may be
metallic and serve at the same time as an anode
conductor. At the bottom, the tube is joined to
the cathode space 4, also in a vacuum-tight man-
ner.

Between the anode and the cathode space, a
number of conducting bodies § are mounted, said
bodies being submitted, during the blocking inter-
val of the ionic valve, to different potentials de-
creasing .in value towards the cathode space.
These bodies, which, like the anode, are preferably
of graphite or iron, have near their centres a
number of holes 6, which in the different bodies
register with each other so as to form straight
passages for the passage of the current. A bore
7 in the anode preferably also registers with each
passage. The number of the passages Is prefer-
ably adapted to the total current, so that each
passage conducts a maximum current of a sub-

-of heat developed at normal current is substan-

tially constant per unit of volume. This propor-
tion can be further increased by making the axial

~ dimension of the conducting bodies § greater at
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the periphery -than near the current path, the
-‘paris’between the periphery and the current path
being then defined by conical surfaces of greater
height the cleser the bodies lie to the ends of the

:pnode tube. Also-the anode preferably has a cor-
responding shape, as shown.

Referring to Fig. 2, it is not necessary that the

-anode space be externally limited by a coherent

'insulating tube, although under present day prac-
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stantially fixed value and in connection therewith - -

preferably has a substantially fixed area. This
is desirable to produce the deionisation during the
blocking -intervals by providing a short path for
every ion in the conducting gas path to the near-
est neutralizing surface. TUnder the operating
conditions presently in general use, it has been
found suitable in order to obtain a stable opera-
tion to make the width of the passage about 2 em.
and the normal current in each channel! (mean
value during one cycle) about 5-10 amp. The dis-
tance-between the passages should as a rule not
be larger than is necessary to provide the required
mechanical strength, so that an equalizing of
ions between the channels and a uniform current
distribution will be facilitated. If the distance he-
tween the passages is chosen with these points in
mind, a . cross-sectional area is obtained, about
half of which is formed by the passages and the
rest by the walls between them. Outside this area,
the conducting bodies according to the present
invention extend so far that their-outer diameter
will be-at least twice as large as the maximum di-
ameter of the area containing the passages or
current paths. When the bodies as in the form
shown are surrounded by a vacuum-tight insulat-
ing tubke 2, the space between this tube and the
bodies is made as small as possible in view of nec-

essary tolerances and at any rate so small (as a.

maximum 1 cm.) as to-be of the same order of
magnitude as the free ion path at the prevailing
vapor density, so that any ionisation by impact
in the interspace between the bodies and the tube
wall will be practically excluded and a spark thus
practically prevented. The same rule applies to
distances between the voltage distributing con-
ducting bodies at least for those nearest to the
anode, as & result of which the said bodies fill
the major portion of the volume of the space in
the anode tube. In this way, still more advan-
tages are obtained. First, the ionisation of the
metal vapor will be -substantially limifed to the
conducting passages, while ionisation outside
these passages towards the surrounding wall will
be small, and the possibility of striking an arc in
these outer spaces will be a minimum. This possi-
bility is still further reduced by the small width
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tice this may perhaps seem preferable. If the
conducting bodies § consist of a vacuum-tight ma-
terial, for instance of iron or other metal, which
can be joined as shown to a vacuum-tight insulat-
ing material 29, as porcelain or steatite, in a satis-~
factorily vacuum-tight manner, the conducting
bodies may extend externally to the open air and
be joined in.a vacuum-tight manner to the sep-

-arating insulator rings 20 so as to form one con-

tinuous tubular wall alternately consisting of in-
sulating and conducting material. An essential
advantage of this arrangement is that the hold-
ing of the conducting bodies in their proper rela-
tive positicns and the supply of current for keep-
ing them at the appropriate potentials are easier
than in the form shown.

If the anode space is enclosed by a continuous

porcelain tube as shown at Fig. 1, the latter can-

not. conveniently be provided before it is burned
with projections which ean be directly used for
supporting the conducting bodies, because the
deformations produced in burning the porcelain
-will .be ‘too .great for the precision necessary in
the positioning of the econducting bodies with re-

-spect to-each other, the anode and the tube.

It will as a rule be necessary to operate on the

tube internally after burning by grinding or bor-

ing. In this way, bores.may be produced, in which
the conducting bodies can be secured by bayonet
catches, but in order to limit the working of the
porcelain to-a minimum, it is preferred o use the
construction shown in the drawing. In this form,
radial holes 8 are made from the outside in the

.conducting bodies, for instance three in each
“body, -uniformly distributed along the periphery,

and opposite the places where these holes are in-
tended to be placed notches 9 are ground in the
insulating tube 2. For assembling the device, pins
18, preferably of .porcelain or other ceramic in-

sulating material, are introduced into the holes 8,

and then the conducting bodies are introduced to
their positions, and in axial holes {{ therein,
screws -12 with conical heads are screwed, which
then press the pins {9 into the notches 9, so as to
keep the .connecting body firmly in place. The
bodies are preferably introduced from the near-
est end of the tube, by which the assembly is fa-
cilitated. By making the pins 18 of insulating ma-
terial, the advantage is gained that the joint be-

tween .conductor and insulator will be better
.screened than if the pins are made of metal.

When each conducting body has been fixed in
position in the way just described and before the
next one is introduced, the current connection is
made. For this purpose, flexible conductors 13
are employed, which-are introduced through holes
in the insulating wall and are fixed to the .con-
ducting bodies by means of screws 14 and joined
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at the outer ends of the holes to metal caps 15,
which are glazed to projections {5 outside the in-
sulating tube in a vacuum-tight manner. These
projections can be shaped before the burning of
the porcelain, as no precision is hecessary on ac-
count of the flexibility of the conductors 13. The
glaze for fixing the caps 15 should penetrate as
little as possible into the holes traversed by the
conductors in order not to make contact with the
hot metal vapor, which could then be adulterated
by a comparatively volatile constituent of the
glaze.

As the currents, which must be supplied to the
conductive bodies in order to keep these at suit-
able potentials, are rather weak and as also the
best insulating materials, for instance porcelain,
generally have a certain limited conductivity at
the operation temperature of the tubular wall, it
may in some cases be pessible to conduct the cur-
rent to the conducting bodies through the tubu-
lar wall, which for this purpose is then provided
with conducting layers, for instance of metal, op-
posite each other on its outer and inner faces.
The inner layers are then connected to the con-
ducting bodies and the outer layers are connected
to suitable points of a voltage source.

If special grids 17 for control or for other pur-
poses are placed nearest to the cathode, these
grids may also be maintained in place and con-
nected to current sources in the same manner as
the conducting bodies 5.

Iclaim as my invention:

1. An anode tube for ionic valves for high volt-
age static current converters, said tube having an
anode and a cathode space and at least one cur-
rent path therebetween, and having means there-
in to distribute the voltage in said path during the
non-conducting parts of the cycles, said means
comprising a group of conducting bodies mounted
in said tube adjacent the current path, the vol-
ume of said bodies being equal to at least half of
the volume cof the space between the anode and
the cathode space.

2. An anode tube for ionic valves for high volt-
age static current converters, said tube having an
anode and a cathode space and at least one cur-
rent path therebetween, and having means there-
in to distribute the voltage in said path during the
non-conducting parts of the cycles, said means
comprising a group of conducting bodies mounted
in said tube adjacent the current path and hav-
ing the distance between the outer periphery of
the current path and the outer periphery of said
bodies exceeding one centimeter, the volume of
said bodies, including the volume occupied by the
current path through said bodies, being equal to
at least 60 per cent of the volume of the space
between the anode and the cathode space.

3. ‘An anode tube as claimed in claim 2, in
which the diameter of the bodies is at least twice
the diameter of a circle circumscriking all the
current paths.

4. An ancde tube as claimed in claim 2, in
which the diameter of the bodies expressed in cen-
timeters is close to the total mean area of current
path expressed in square centimeters.

5. An ionic valve for high voltage static current
converters comprising, an anode, a cathode space,
8 tube surrounding said anode and communicat-
ing with said cathode space, a number of conduct-
ing bodies contained in said tube, conductive con-
nectors for impressing different voltages on said
conducting bodles, passages in said bodies adapted
to carry discharge current between said anode and
said cathode space, said bodies being spaced from
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each other at distances which are less than one
tenth of the distance between the outermost of
said current-carrying passages and the periphery
of said tube.

6. An anode tube for ionic valves for high volt-
age static current converters, said tube having an
ancde and a cathode space and at least one cur-
rent path therebetween, and having means there-
in to distribute the voltage in said path during the
non-conducting parts of the cycles, said means
comprising a group of conducting bodies mounted
in said tube af small distances from each other,
and adjacent the current path the peripheral
parts of said bodies being thicker than the central
parts. }

7. An anode tube as claimed in claim 6, the por-
tions of the bodies connecting said peripheral and
central parts having frustoconical surfaces.

8. An anode tube as claimed in claim 6, the por-
tions of the bodies connecting said peripheral and
central parts having frustoconical surfaces, the
said surfaces being shorter on the bodies near the
center of the group and increasing in length to-
ward each end of the group.

9. An anode tube of ceramic material for ionic
valves for high voltage static current converters,
said tube having an anode and s cathode space
and at least one current path therebetween, and
having means therein to distribute the voltage in
said path during the non-conducting cycle por-
tions, said means comprising a group of conduct-
ing bodies mounted in said tube adjacent the cur-
rent path and slightly spaced from the wall of said
anode tube, said tube having holes therethrough,
conductors connected to said bodies and extend-
ing through said holes, and sheet metal pieces
closing said holes and glazed to said tube, said
sheet metal pieces being connected to said con-
ductors. -

10. ‘An anode tube of ceramic material for ionic
valves for high voltage static current converters,
said tube having an anode and a cathode space
and at least one current path therebetween, and
having means therein to distribute the voltage in
said path during the non-conducting cycle por-
tions, said means comprising a group of conduct-
ing bodies mounted in said tube adjacent the cur-
rent path and slightly spaced from the wall of
said -anode tube, said tube having holes there-
through, conductors connected to said bodies and
extending through said holes, and sheet metal
pleces outside said tubes glazed thereto and cover-
ing said holes, said sheet metal pieces being con-
nected to said conductors.

11, An anode tube of ceramic material for ionic
valves for high voltage static current converters,
said tube having an anode and a cathode space
and at least one current path therebetween, and
having means thetrein to distribute the voltage in
said path during the non-conducting cycle por-
tions, said means comprising a group of conduct-
ing bodies mounted in said tube adjacent the cur-
rent path and slightly spaced from the wall of said
anode tube, said tube having holes therethrough,
conductors connected to said bodies and extending
through said holes, said tube having projections
on the outer surface thereof around said holes,
and sheet metal caps covering and glazed to said
projections, said caps being connected to said
conductors.

12. An anode tube for ionic valves for high
voltage static current converters, said tube hav-
ing an anode and a cathode space and at least
one current path therebetween, and having
means therein to distribute the voltage in said
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path during the non-conducting parts of the

cycle, said means comprising a group of con-
ducting bodies mounted -in said tube adjacent
to the current path and having the distance be-
tween the cuter periphery of the current path and
the outer periphery of said bodies exeeeding one
centimeter, the volume of said bodies, including
the volume occupied by the current path through
said bedies, being equal o at least 60 per cent
of the volume of the space between the anode
and the cathode space, and said bodies being
spaced from each other and from any other ad-
jaeent conducting parts by less than about one
centimeter. .

13. An ancde tube for ionic valves for high
voltage. static current converters, said tube hav-
ing an ancde and a cathode space and at least
one current palh therebetween, and having
means therein to-distribute the voltage in said
path during the non-conducting parts of the
cycle, said means comprising a group of cen-
ducting bodies mounted in said tube adjacent to
the curreant path and having the distance he-
tween the outer periphery of the cwrrent path
and. the outer periphery of said bodies. exceed-
ing one centimeter, the volume of said bodies,
including the volume occupied by the currend
path through said bodies, being equal to at least
60 per cent of the volume of the space hetween
the anode and the cathode space, and in which
said bodies are formed of a vacuum-tight ma-
terial, vacuum-tight rings of insulating mate-
rial hetween the. outer part of said bodies, said
bodies being glazed to said rings, and said rings
together with the outer part of said bodies form-
ing the wall of the tube.

14, An anode tube for ionic valves for high
voltage: static current converters, said tube hav-
ing an anode and a cathode space and at least
one current path therebetween, and having
means. therein to distribute the voltage in said
path during the non-conducting parts of the
cycle, said means comprising a group of con-
ducting bodies mounted in said tube adjacent
to the current path and having the distance be-

tween the outer periphery of the current path.

and the outer periphery of said bodies exceeding
one centimeter, the volume of said bodies, in-
cluding the volume occupied by the current path

through said bodies, being equal to at least 60 5

per cent of the volume of the space between the
anode and the cathode space, a member of vac-
uum-tight insulating material. arcund said bod-
ies and spaced slightly therefrom, said member
forming the wall of the tube around the space
hetween the anode and the cathode space, said
member having notches on ifs inner surface, and
said bodies having pins engaging the said notches
to support the bodies in said member.

15. An anode tube for ionic valves for high
voltage static current converters, said tube hav-
ing an ancde and & cathode space and at least
one current path therebetween, and having
means therein to distribute the voltage in said
path during the non-conducting parts of the

10:

15

20.

8

cycle, said means comprising a group of con-
ducting bodies mounted in said tube adjacent
to the current path and having the distance be-
tween the outer periphery of the current path
and the outer periphery of said bodies exceeding
one centimeter, the volume of said bodies, in-
cluding the volume cccupied by the current path
through said bodies, being equal to at least 60
per cent of the volume of the space between the
anode and the cathcde space, a member of vac-
uum-tight insulating material around said
bodies and spaced slightly therefrom, said mem-
per forming the wall of the tube around the
space between the anode and the cathode space,
said member having notches on its inner sur-
face, and said bodies having pins engaging in
said notches to support the bodies in said mem-
ber, and said pins being composed of a ceramic
material.

16, An anode tube for ionic valves for high

" yoltage static current converters, said tube hav-
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ing an anode and a cathcede space and at least
one current bpath therebetween, and having
means thersin to distribute the voltage in said
path during the non-conducting parts of the
cycle, said means comprising a group of con-
ducting ‘bodies mounted in said tube adjacent
to the current path and having the distance be-
tween the outer periphery of the current path
and the outer periphery of said bodies exceed-
ing one centimeter, the volume of said bodies, in-
cluding the volume occupied by the current path
through said bodies, being equal to at least 60
per cent of the volume of the space between the
anode and the cathode space, a member of vac-
uum-tight insulating material around said
bodies and spaced slightly thersirom, said mem-
per forming the wall of the tube around the
space between the anode and the cathode space,
said member having holes therethrough, con-
ductors connected to the bodies and extending
through said holes, said member having projec-
tions on the outer surface thereof around said
holes, and metal caps covering and glazed to said
projections, said caps being connected fo said
conductors.

. UNO LAMM.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,231,587 Fortesque ... July 3, 1917
1,908,949 Boverf o May 16, 1933
2,290,086 Beldi oo July 14, 1942
2,301,980 Steenbeck o ____ Nov. 17, 1942
2,320,685 Bertele oeee____ June 1, 1943
2,360,701 Mac Padden ——__.___ Oct. 17, 1944

FOREIGN PATENTS
Number Country Date
493,534 Great Britain - -____ Jan, 4, 1937



