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My invention relates to improvements in appa 
ratus for interrupting alternating currents, par 
ticularly for the purpose of rectifying, changing 
the frequency of currents and of converting 
direct current to alternating current, with the 
aid of circuit breakers which are driven by a 
synchronous motor and interrupt the current in 
the neighborhood of its passage through the 
Zero value. 
The known switching devices of the above 

indicated character involve difficulties in the 
case of great interrupting capacities, i. e. Cur 
rents of high intensity or high voltage. These 
difficulties are essentially due to the fact that 
noxious discharges occurring at the break Con 
tacts, particularly destructive arcs, could not 
be sufficiently avoided in the case of high capac 
ities. 

It has already been proposed to provide the 
circuit to be interrupted with reactors which are 
unsaturated at a low current intensities and Sat 
urated at high operating current intensities. By 
these reactors the current intensities in the 
neighborhood of the Zero value of the current are 
diminished and the formation of arcs is reduced. 
These known apparatus, however, were also not 
suitable for high capacities, particularly for cur 
rent intensities amounting to hundreds and 
thousands of amperes. The occurrence of arcs 
could not be prevented in a reliable manner dur 
ing the entire period of the contact break or in 
terruption. These apparatus further present a 
relatively great loss of voltage at the contact 
points. 
This is the reason why the Switching apparatus 

of the above-indicated character could not com 
pete with motor-generator sets for rectifying 
alternating current or converting direct current 
in alternating current of high intensity and why 
they have been completely superseded by the 
mercury vapor rectifiers and other tube rectifiers 
highly developed in the last decade. 
An Obiect of my invention is to remove the 

above difficulties encountered in switching appa 
ratus for alternating current of high capacity 
operating with Synchronously driven circuit 
breakers. 
Another object of my invention consists in im 

proving the efficiency of switching apparatus of 
the above-indicated character in such a manner 
as to attain in this respect also an improvement 
over discharge tubes, particularly mercury arc 
rectifiers. 
A further object of my invention consists in 

reducing the loss of voltage as compared to the 
loss of Voltage occurring in vapor discharge ap 
paratus or in the above-mentioned known con 
tact circuit breakers. 
Other objects of my invention concerning the 

increase of the reliability of operation, the pro 
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tection of the control device upon the occurrence 
of undesired loads as well as other improvements 
will be apparent from the following description 
taken in connection with the accompanying 
drawings. 
According to my invention the apparatus for 

interrupting alternating current, particularly for 
rectifying, changing the frequency of currents or 
converting direct current into alternating current 
are designed as follows: In each phase of the 
alternating-current circuit to be interrupted is 
arranged a contact circuit breaker. The circuit 
breakers are provided with a common driving 
mechanism which is operated by a synchronous 
motor. The connection between the motor and 
the circuit breaker contacts is so arranged that 
the interruptions are effected in the neighbor 
hood of the Zero value of the current in Such a 
manner that through each circuit breaker a cur 
rent flows, in general, only in a given direction 
and that a direct current may be taken from 
the output circuit of the apparatus. 
The apparatus may be designed for multiple 

phase current and provided with known means 
for Smoothening the curve of the direct current 
obtained by conversion. An essential feature of 
this switching apparatus is according to the in 
vention the use of means for reducing the in 
tensity of current in the neighborhood of the 
zero value of the current by distorting the cur 
rent and voltage characteristics of the alternat 
ing current to be interrupted, the means com 
prising current-controlling reactance devices 
series-connected to each break as well as voltage 
controlling impedances connected in parallel re 
lation to the contacts. By the use of these means 
the intensity of current is, on the one hand, con 
siderably reduced during the entire interruption 
period and, on the other hand the voltage, pres 
ent between the contacts moving away from each 
other and increasing during their movement, is 
kept lower than the disruptive voltage during 
this movement of the contacts. 
The invention renders it possible to control 

a high effective current intensity of the order of 
magnitude of hundreds or thousands of amperes 
while maintaining in the individual circuit 
breakers only current intensities of at most a 
few amperes or less than 1 amp. during the period 
of interruption, so that the apparatus may be 
considered as a Weak-current device as regards 
the interruption operations, even if high powers 
and high voltages are interrupted. 

In the accompanying drawings are illustrated 
some embodiments of my invention as well as 
graphs for explaining the operation of these 
embodiments. - 

Fig. 1 shows diagrammatically a complete con 
verting system according to my invention. Figs. 
2 to 6 are diagrams illustrating the operation 



2 
of devices according to my invention, Fig. 5 also 
showing constructive details of a rotary circuit, 
breaker. Fig. 7 shows a second embodiment, 
Fig. 8 is an explanatory diagram representing a 
part-circuit of the converting system shown in 
Fig. 1. Fig. 9 gives a diagrammatic representa 
tion of the relation between current and voltage 
with reference to Flg. 8. Fig. 10 shows a third 
embodiment in the form of a three-phase recti 
fler. Fig. 11 illustrates a fourth embodiment of 
my invention. Fig. 12 shows in detail one of the 
circuit breakers employed in the embodiment of 
Fig. 11, which may also be used in connection 
with the other embodiments. Fig. 13 shows a 
modified detail of the circuit breaker according 
to Fig. 12. Fig. 14 represents a fifth embodi 
ment, and Figs. 15 and 15a show details of Fig. 
14. Figs. 16 and 16a, finally, show an embodi 
ment having circuit breakers similar to that of 
Fig. 12. 

Fig. 1 shows a three-phase rectifier having the 
following construction: f Of, O2, 03 are termi 
nals connected to the Supply leads of the cur 
rent to be rectified. designates the alternating 
current generator. To the terminals are connect 
ed the three primary windings if, f2., 3 of a 
transformer, the secondary windings 2 f, 22, 
23 thereof being connected through the coils 

3O4, 3f4, 324 to the stationary contacts 7, 7, 27 
of a switching apparatus 2. The coils 304, 34, 
324 form part of saturable reactors serving to 
distort the alternating current in the neighbor 
hood of its zero value so as to reduce the cur 
rent values during the commutating period. Fur 
ther details of these reactors and the effect ob 
tained thereby will be more fully described here 
in after. 
The Switching apparatus or commutator 2 has 

a casing 8 designed to be filled with compressed 
dielectric fluid, such as compressed air. The 
movable contact element 5 is mounted to a shaft 
6. Shaft 6 is connected by a shaft 08 with a 
Synchronous motor 106. An adjustable phase 
shifter represented by its windings 6 and 26 
is interposed between the motor 06 and the al 
ternating current leads. A compressor 48 driven 
by a motor 49 serves to supply apparatus 2 
with compressed fluid. Compressor 48 is con 
nected by a conduit 45 with the inlet 43 of 
Casing 8. Further details of the switching de 
vice will be described later with reference to 
Fig. 5. 
The neutral point of the secondary side of 

the main transformer is connected to the direct 
current load, represented by resistor 20. The 
direct current circuit further includes a react 
ance coll 4 and a resistor 260' and is connected 
to the movable contact 5. Directly in parallel 
to each of the three breaks formed between mov 
able contact 5 and the three stationary con 
tacts , , 27 is arranged an impedance. The 
impedances may consist of ohmic resistances, 
inductances, capacities or combinations thereof. 
In the embodiment shown, each impedance in 
cludes an ohmic resistance 306, 36 and 328 re 
spectively, and a capacitor resistor arrangement 

5, 5' and 25, 25 and 35, 35 respectively in 
parallel to the first-mentioned resistance. These 
complex impedances in cooperation with the 
throttles, aforementioned, periodically decrease 
the current intensity and the voltage acting be 
tween the break contacts. 
The motor f06 is so driven or the connection 

between the motor and contact 5 is so adjusted 
that the interruptions of the individual phases 

2,525,975 
are brought about at a time in the neighborhood 
of the zero value of the current. The contacts 
are closed during such time intervals in which 
the current flowing through each contact has a 

is given direction. In this manner only half a 
cycle, for instance the positive half wave passes 
through each contact. 

In order to describe the operation of the ar 
rangement, the alternating current curves shown 
in Fig. 2 are referred to. 

In considering only the initial portion of the 
first half cycle in Fig. 2 the curve a represents the 
Sinusoidal variation of the alternating current. 
b indicates the distorted current characteristic 
if the current is influenced according to the in 
vention. As shown in curve b the current values 
are materially decreased over a considerable 
time interval TX. This time interval TX is desig 
nated in the following as “weak current inter 
val' if the current curve is very strongly flat 
tened. If the contacts are opened during this 
interval the discharges, which may otherwise 
occur after the opening of the contacts and pre 
vious to the moment when the current is inter 
rupted by passing through the zero value, are 
Substantially suppressed. 
In the above-described switching apparatus, 

in which the contact motion is synchronized in 
Such a manner with the alternating current that 
the contact distance is zero or very small when 
the current passes through the zero value, the 
ratio between the speed of the separating con 
tacts, the disruptive strength of the break, and 
the increase in the periodic voltage of the cir 
cuit is chosen according to the invention in such 
a manner that the disruptive strength of the 
break formed between the contacts remains al 
ways greater than the returning periodic volt 
age Stressing the break. 

In this manner the Switching apparatus it 
self operates, even at high current intensities 
and voltages to be interrupted, practically with 
out formation of arcs or with very short arcs 
of a very slight energy which may be easily ex 
tinguished with the aid of simple devices. The 
Consumption of the contacts remains within mod 
erate limits even in the case of apparatus which 
have a high frequency of interrupting opera 
tions. 
To increase the disruptive strength of the 

breaks, the contacts may be arranged in vac 
uum. Another means which is employed to ad 
vantage consists in Surrounding the contacts 
with a particularly high-graded medium of high 

55 disruptive voltage. As dielectric gases or liquids, 
particularly gases or liquids under pressure are 
essentially employed. 
At the point of break a stream of the liquids 

or gases may be preferably set up so as to serve at 
so the same time as extinguishing medium. The 

quenching action is particularly strong if the 
blowing is effected with varying strength in a 
rhythm adapted to the switching operations. 
The contacts are preferably designed in the form 
of tuyeres through which the quenching medium 
flows. In this case when the quenching is being 
effected, i. e., when the current passes the zero 
value, both the contact distance and at the same 
time the tuyère distance is small so that the 
quenching medium acts very effectively. Accord 
ingly, the movable contact 5, shown in Fig. 5, 
contains a gas passage 9 entering the bore of the 
hollow shaft 6. 0 is a gas passage arranged in 
the stationary contact T. The gas employed for 

75 extinguishing the arc is carried off through both 
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passages into a chamber of low pressure or to the 
outside atmosphere. The position as shown in 
Fig. 5 corresponds to the position in which the 
extinction takes place. The tuyères, i. e. the 
mouths of the gas passages in the contacts 5 and 
7, are spaced a small distance equal to ao. The 
arc is effectively extinguished by the stream of 
gaS, as indicated by the arrows. 

It is preferable to reduce the natural frequency 
of the circuit to be interrupted by additional 
capacities, inductances, resistances or by combi 
nations thereof to Such an extent as only to in 
Wolve moderate contact break speeds. The aux 
iliary apparatus are especially advantageous in 
periodically working switching devices having a 
great number of Switching operations per time 
unit. 
Another requirement for avoiding or effectively 

diminishing arc formations between the contacts 
consistS in an appropriate adjustment of the 
Speed of the contact movement and of the start 
ing moment of the periodical interruptions with 
respect to the cycle of the current. The follow 
ing explanations, referring to Figs. 3 and 4, will 
show how these timely adjustments are to be 
made in accordance with the present invention. 

Fig. 3 represents a simplified Scheme of one of 
the phases of a three or polyphase rectifier ac 
cording to Fig. 1. If a circuit, as shown in Fig. 3, 
is Supplied with energy by an alternating-current 
generator producing a voltage U and if this 
circuit is interrupted by the switching device 2 
When the current passes the zero value, the volt 
age at the electrodes of the switching device 
does not instantly increase to the full value U 
of the generator voltage since the capacity 3 acts 
as a short circuit When the circuit is being inter 
rupted. The current which can no longer flow 
through the circuit breaker 2 flows through the 
inductance 4 into the capacitor 3, the voltage 
drop occurring Substantially at the inductance 
4, so that the voltage at the electrodes of the 
SWitch 2 increases Only gradually from the value 
eO. 
The increase in voltage is illustrated in Fig. 4 

in which is plotted usef (t). The curve has at 
the intial point a horizontal tangent. The in 
crease in voltage may be calculated approximate 
ly from the equation 

Un 2 
u-2LC 

where L is the inductivity and C the capacity of 
the circuit, Um is the maximum value of the pe 
riodic Voltage and it is the time. In Fig. 4 is fur 
ther plotted the straight line g which represents 
approximately the increase in the disruptive 
Voltage between the opening contacts under the 
Supposition of a predetermined break speed 
of the contacts. The break Speed ) is chosen ac 
cording to the invention in such a manner that g 
is always greater than u. s 

In the most unfavorable case the contacts are 
Separated from One another at the moment ti be 
fore the current passes through the zero value 
So that Small arcs occur having an arc voltage 
e1. In this case the voltage varies as shown by 
the dotted line e1 in Fig. 4. If, however, the 
break Speed according to the invention is not em 
ployed but a Smaller Speed corresponding to an 
increase in the disruptive voltage according to 
the Straight line h, long arcs of a higher voltage 
e2 must be put up with. The contacts should be 
Separated Somewhat sooner, i. e., at the moment 
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3 
ta in order that after the current has passed 
through the zero value a gap of Such a length and 
disruptive strength is present that it is able to 
withstand the recurring voltage. In Fig. 4 this 
shift of the opening moment required for the 
above purpose is indicated by shifting h in paral 
lel to the position it', where it no longer inter 
sects the voltage curve u. The point of inter 
section of h" with the horizontal zero axis deter 
mines the time it. 
The desired break speed may be approximate 

ly calculated from the following equation: 
ps, v2ri. 

where E is the disruptive field strength of the 
medium which forms the dielectric of the switch 
ing apparatus and 

J-2. VLC 
is the natural frequency of the circuit. 

For Un=100,000 volts, E-100,000 volts/cm. 
(air at about 5 at. Super-atmospheric pressure) 
and fe-1,000 cycles 

250 meter/sec. 
When using a rotary circuit breaker, for in 

stance as shown in Fig. 5, the desired break 
Speed is obtained in the simplest manner by cor 
respondingly selecting the distance of the rotary 
electrode from the shaft. However, also the 
Speed and, therefore, the angular speed may be 
given a correspondingly high value. Since the 
disruptive voltage between the opening contacts 
increases considerably with increasing disruptive 
Strength of the dielectric, a dielectric of the 
greatest possible disruptive strength is prefer 
able. In the case of gases, a particularly high 
Static pressure may be applied in order to reduce 
the contact speed. 
The flattening of the current characteristic 

before the current passes through the zero value 
and the desired distortion of the voltage charac 
teristic are obtained by inserting in the circuit 
variable resistances, particularly reactors like the 
Saturable reactors 304, 34 and 324 shown in 
Fig. 1. 
Impedances are particularly employed to ad 

Vantage whose inductance assumes periodically 
great values in the neighborhood of the zero 
value of the current, for instance, reactors having 
an iron core which is instantaneously saturated 
during the current carrying half cycle, i. e., With 
in the interval in which the current passes twice 
through the zero value. In the following, such 
reactors are designated as “switching reactors.' 
These Switching reactors are so dimensioned 

that the ferromagnetic material is unsaturated 
only at Small current values in the neighborhood 
of the Zero value and saturated at higher values 
of the current cycle, preferably so that the satu 
ration bend of the magnetization curve is already 
Surpassed at current values above 1 amp. 
The Switching reactor acts the more favorably, 

the less leakage it presents. It is, therefore, 
designed with a large iron cross-section and with 
a relatively small number of turns. To this end, 
kinds of iron are employed to advantage, such as 
Permalloy or Hyperm, which have a very small 
remanence and a small coercive force, a high 
permeability, a sharp saturation bend as well as 
a high Saturation induction. In order to employ 
iron having a considerable residual magnetism a 
magnetic bias may be brought about according to 
the invention by direct current or alternating 



4. 
current or also by permanent magnets. In this 
case it is to be considered that the sudden change 
of the magnetic flux induces in the magnetizing 
turns a counter-E. M. F. This detrinental action 
may be compensated for by another reactor in the 
exciting circuit of the switching reactor or by the 
induction of additional voltages, particularly of 
separate phases. 
The pre-excitation by direct current presents 

certain advantages when Switching out; it may, 
however, under circumstances increase the cur 
rent intensity when switching in. The current 
closing intensity may be maintained according to 
the invention at a low value by applying within 
the range of the switching-in period a small or 
opposed magnetic bias. To fulfill both the condi 
tions of the switching-out operation and those of 
the Switching-in operation a magnetic bias may 
be provided for the switching reactor by an alter 
nating current of suitable frequency and position 
of phase so that the magnetization is properly 
effected when switching in and when switching 
out as well. It may, under certain circumstances, 
be preferable in order to attain the required 
degree of magnetic bias to Superpose, for instance, 
by the load current a direct-current pre-excita 
tion upon the alternating-current pre-excitation. 
This way of effecting the magnetic bias of the 
switching reactors is applied in the arrangement 
shown in Fig. 1. Each ferromagnetic core 305, 

and 325 of the reactors 304, 34 and 324 is 
provided with two supplementary windings 27 
and 27, 28 and 218", 219 and 29' respectively. 
Windings 27, 28 and 29 are series-connected 
in an excitation circuit which includes a variable 
resistor 260 and a stabilizing coil 26. Windings 
27, 28' and 29' are arranged in series and 
connected through a stabilizing coil 26 to the 
variable resistor 260' arranged in the direct cur 
rent branch. Windings 27, 28' and 29' serve 
to produce the desired dependency of the mag 
netic bias upon the load current. 

Fig. 6 explains how the deformation of the 
Current characteristic shown in Fig. 2 is brought 
about with the aid of a switching reactor. Fig. 6 
represents the hysteresis loop of a switching-in 
coil, such as coil 304 in Fig. 1 or 3, the field 
strength H which is proportional to the current 
being plotted as abscissa and the magnetic induc 
tion B as ordinate. On the sloping portion of the 
curve, i. e. when the field strength decreases, the 
induction Bo exists-owing to the residual mag 
netism-when the current passes through the 
Zero value and the iron core is, therefore, still 
approximately Saturated magnetically. After 
the current has passed through the zero value the 
induction reaches the unsaturated region so that 
the flattened portions c, c' of the curveb (Fig. 2) 
occur after the current has passed through Zero 
owing to the inductance increasing in this region. 
The curve portion d (Fig. 2) at the end of the 
first half cycle represents the variation of the 
current when a magnetic bias of the magnitude 
J. (Fig. 6) which compensates the remanence is 
applied to the switching reactor. According to 
Fig. 6 the hysteresis loop owing to the magnetic 
bias shifts to the right as indicated by the dot 
dash lines in case the magnetic bias has the same 
direction in both current half waves. Conse 
quently, the induction on the sloping portion of 
the curves' reaches at both sides of the Zero value 
of the current the unsaturated region and the 
flattened portion e of the current curve d lies 
according to Fig. 2 at both sides of the zero value 
of the current. The current values, consequently, 

5 

0 

15 

20 

30 

35 

40 

5 5 

60 

() 

75 

2,351,976 
are small in the time tx up to the moment when 
the current passes through Zero. At the point of 
the Saturation bend, the current has the magni 
tude ix. If this effect is to be also attained for 
the increasing current, a magnetic bias of varying 
polarity must then be introduced as shown by the 
curve Jw in Fig. 2. All flattened portions e, e' . . . 
of the current curved then lie at both sides of the 
zero value of the current. 
By properly adjusting the magnetic bias, the 

flattened portion of the current curve may be 
shifted So far to the left, i. e. to a point before the 
current passes through the Zero value, that in the 
extreme case as indicated by the curve f the point 
at which the current goes through zero lies on the 
right-hand Saturation bend of the current curve. 
In this case a particularly long time interval, i. e. 
the entire weak current interval T, is available 
for the interruption of the current. 

In commutating apparatus acording to the in 
vention, the following different ways of construc 
tion and adjustment may be applied: In the 
neighborhood of the zero value of the current a 
short circuit is established by the movable con 

5 tact, in which circuit the current of the phase to 
be disconnected dies away and the current of 
the phase to be connected increases to the value 
of thfe load current. When the phase current to 
be disconnected passes through the zero value, 
this commutation ceases. Its duration depends 
upon the value of the load current. The period 
of Commutation is, consequently, the longer, the 
larger the load current will be, Io attain a con 
tact break under all operating conditions before 
the current passes the Zero value, the apparatus 
must be so adjusted that a contact break is prop 
erly brought about with the smallest load. While 
such a predetermined and fixed adjustment can 
be obtained with particularly simple means, it 
has in Some cases the disadvantage that a rather 
long arc may arise at higher loads. 
Another way of adapting and adjusting the ar 

rangement aims at maintaining substantially the 
Same favorable operating conditions of the 
Switching apparatus as regards an extinction as 
free as possible of arcs for all loads. This may 
be accomplished, for instance, by maintaining the 
phase displacement between the point at which 
the commutation current passes the zero value 
and the contact break constant for all loads so 
as to ensure an operation of the electric discharge 
apparatus with short arcs. To this end, the dis 
placement of the point at which the commuta 
tion current passes the zero value with respect to 

5 the contact break-the displacement varying 
with the load-is at least partly compensated for 
by influencing the commutation current in ac 
Cordance with the load current. 
One of the possibilities of thus controlling the 

commutation in accordance with load variations 
consists in using the load current or part of it for 
premagnetizing the current-flattening saturable 
reactors. Fig. 7, for instance, shows a simplified 
diagram of an embodiment in which the com 

5 mutation circuit of a three-phase rectifier is con 
trolled with the aid of switching reactors which 
are directly biased by the direct-current load. 
2, 22 and 23 are the secondary windings of 

a three-phase transformer. The rotary contact 
element O of the switching apparatus which is 
Synchronously rotated by the shaft Os. The 
fixed electrodes of the electric discharge appara 
tus are denoted by 4, 42 and 43. The direct 
Current load 20 is arranged between the neutral 
point of the transformer and the revolving pole 
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of the electric discharge apparatus. In the three 
alternating-current phases are inserted the three 
switching reactors 2, 22 and 23 which are 
arranged on one limb of each iron core 24, 25 
and 26 respectively. The other limb of each 
core carries a coil having a greater number of 
turns: 27, 28 and 29 respectively. The coils 
27, 28 and 29 for producing a pre-excitation 
of the magnetic cores 24, 265 and 26 respec 
tively, are inserted in the direct-current circuit 

... and may also serve as stabilizing reactance coils 
instead of coil 4 in Fig. 1. 
A load-responsive premagnetization or bias as 

exemplified by Fig. 7 has the effect of controlling 
the phase relation of the period of increased re 
active resistance to the Switching operation of 
the synchronous contact device SO as to maintain 
this relation substantially unaffected by load 
variations. 
Another possibility of obtaining favorable com 

mutating conditions consists in maintaining the 
position of phase between the switching rhythm 
and the point at which the current passes 
through the zero value for different loads at a 
constant value. The displacement of the cur 
rent zero passage relative to the phase of the 
switching rhythm-which displacement depends 
upon the load-can be annulled by means of 
load-responsive control devices which influence 
the phase position of the motor actuating the 
switching apparatus So as to adapt this position 
automatically to the displacement of the point 
at which the current passes through the zero 
value. To this end, high-speed regulators are 
employed to advantage in order that the Switch 
ing apparatus may follow the variations of load 
as rapidly as possible. Such a regulator is emi 
emplified in Fig. 1 by the electromagnetic device 
242 which operates the phase-shifting means 6 
and 26. The device 242 is connected with a re 
sistor 24 so that it is actuated in accordance 
with the voltage drop caused by the direct cur 
rent load, Such regulations are the more fav 
orable, the slower the fluctuations of load come 
into play. A further improvement may be, there 
fore, obtained by retarding the variations of load 
by particular devices. To this end, reactors may 
be employed, for instance reactance coils usual 
in rectifier circuits as coil 4 in Figs. 1, 11, 14 
and 16 or the above-mentioned switching reac 
tors which, if necessary, may cooperate with ad 
ditional reactors. Other kinds of protective de 
vices, for instance devices for Setting the appara 
tus temporarily out of action in case of irregul 
lar load, current or voltage conditions, may also 
be used. An example will be described herein 
after with reference to Fig. 16. 
To reduce the slope of the periodic voltage the 

apparent resistance of the path parallel-con 
nected to each break, that is the resistance of 
each combination 306, 5, 5' and 36, 25, 25 
and 326, 35, 35 illustrated in Fig. 1, may be so 
rated according to the invention that its value 
is Smaller than that which the variable series 
resistance, for instance the switching reactor, 
has when the current passes the zero value. By 
the use of this parallel-connected impedance in 
Connection with the Switching reactor, a length 
ened Weak voltage interval is attained which 
lasts from the starting moment of the contact 
Separation up to the moment at which occurs 
the Saturation bend of the switching reactor, 
i. e. When the inductive resistance of the Switch 
ing reactor suddenly drops to a small value. 
Only from this moment on is the full voltage 
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5 
applied to the break, while at first the voltage 
stress remains very small so that the interrup 
tion is considerably facilitated. 
In order to explain this function of the paral 

lel path, Fig. 8 shows a circuit representing in 
Schematical simplification the elements of one 
of the branches of the reactifying circuit of Fig. 
l, and Fig. 9 shows the variations of the current, 
voltage and resistance at the break of the cir 
cuit illustrated by Fig. 8. In Fig. 8, 30 denotes 
the alternating-current generator, 302 the 
Switching device, for instance, a switch repre 
senting one of the contacts of a periodical in 
terrupter shown in Fig. 1. 303 denotes the self 
inductance of the external circuit. 304 is the 
Switching reactor with iron core 305. 306 is an 
ohmic or inductive parallel-connected resistance 
whose value W is chosen smaller than the re 
sistance at of the switching reactor 304 in its 
unsaturated state. In Fig. 9, denotes the cur 
rent which flows in the circuit Fig. 8. The weak 
current interval designated by the reference 
character to which extends beyond the point at 
which the current passes the zero value, is 
brought about by the fact that the resistance 
of the Switching reactor greatly increases be 
yond the point at which the current passes the 
Zero value. The resistance of the switching re 
actor varies as shown by the curve ac, and the 
parallel-connected resistance is indicated by the 
straight line W. e denotes the variations of the 
periodic voltage at the electrodes of the break. 
Assuming that the interruption starts at the time 
A, the voltage does not increase at once up to 
its full value of the voltage of the circuit, but 
only to the value e, since part of the voltage is 
applied to the parallel-connected resistance W 
and part to the series-connected inductive re 
sistance at and since the portion of voltage ap 
plied to W is small owing to the high value of the 
inductive resistance ac. Only at the moment B 
when the iron core 305 of the Switching reactor 
30 is Saturated so that its resistance Suddenly 
decreases to a small value aco, can the Voltage e 
increase to the full value of the line Voltage. 
Consequently, a weak voltage interval is avail. 
able extending from A to B in which the break 
may be easily effected. 

Fig. 10 shows a simplified diagram of another 
three-phase rectifier which also COrresponds to 
the principle exemplified by Figs. 8 and 9. 4, 
2 and 43 denote as in Figs, i and 7 the three 

stationary contacts of the rectifier and O the 
contact rotating about the shaft 08. 32, 33 
and 34 are three switching reactors lying in 
each phase and provided with periodically sat 
rating iron cores 35, 316 and 37, respectively, 
8 is the direct-current load and 39 8 less 

actance coil. 320, 32 and 322 are the parallel 
connected impedances consisting in this embodi 
ment of resistors. Each resistor has one end co 
nected to the conductors leading to the stationary 
contacts , 42 and 43 and the other end con. 
nected to a conductor leading to the rotating 
Contact 0. The resistors 320, 32 and 322 nay, 
for instance, represent the resistances of driv 
ing motors or other Current-consuming devices. 
They may also form premagnetizing coils for 
biasing the reactors 312, 33 and 34. 
This embodiment of the invention may be ap 

plied to advantage to circuits which Calry cur 
rents of high intensity, but have a moderate 
voltage (for instance, for electrogalvanic pur 
poses), since in this case the loss in the parallel 



6 
connected resistances or inductances is not Con 
siderable. 
With the aid of the above-mentioned variable 

resistances, for instance switching reactors in the 
circuit to be interrupted it is possible by suitably 
dimensioning the individual auxiliary devices 
not only to reduce the sparking, but also to con 
pletely suppress it. That is to say, there is a 
limit depending upon the current intensity and 
the value of the voltage below which a steady 
discharge in the form of a stable arc can no 
longer take place. This limit corresponds under 
normal conditions to a current intensity lup to 1. 
amp. and, consequently, comprises the range 
which, as a rule, is designated as weak-Current 
range. Various other physical magnitudes, such 
as pressure and nature of the surrounding me 
dium, its temperature, material and tempera 
ture of the contacts influence the position of the 
upper limit of this range. 
This fact may be explained in the following 

manner: Immediately before the contact break, 
a heating of the contacts takes place Owing to 
the contact resistance which increases rapidly 
upon the reduction of the contact pressure. It 
can be assumed that immediately prior to the 
contact break the contacts are in engagement 
only at one point, so that the current is con 
centrated to this point. Below the current limit 
io, the heat of the contacts is no longer able to 
volatilize metal, so that there is no possibility of 
a sparking at the contacts. Although the aver 
age current effective in contact devices accord 
ing to the invention may be of very high inten 
sity, only a current of very low intensity is per 
mitted to flow at the point of break upon the 
opening of the contacts, so that the above-men 
tioned current limit is not exceeded until the 
circuit is definitely interrupted. As a result, the 
contacts are not subjected to consumption. Dis 
charges are completely Suppressed during the 
switching operations, and a great number of 
switching operations per time unit may be ob 
tained. 

If as a variable resistance a Switching reactor 
is employed whose iron core is already Saturated 
when the current attains a value which lies be 
low the value necessary for maintaining a stable 
arc, it is, for instance, possible to control cur 
rents having an effective value of the Order of 
magnitude of 10 amp, while during the Switch 
ing period the instantaneous value thereof lies 
below 1 amp. 

If the operating voltage is so high that by the 
mere use of the above-described reactors dis 
charges are liable to occur, the voltage may be 
reduced during the period of interruption ac 
cording to the invention by the fact that the re 
sistor connected in parallel relation to the break 
attains a value which is a correspondingly Small 
fraction of the resistance of the switching re 
actor in the unsaturated state. 
In high-power systems the control of high cur 

rent intensities presents difficulties, particularly 
in the case of a high frequency of make and 
break, since a considerable consumption of the 
contact material is caused by the continuously 
repeated formation of break arcs, thereby de 
teriorating the contact surfaces. Sliding con 
tacts had been, therefore, hitherto employed for 
the periodical interruption of currents of high 
intensities by means of mechanically operated 
contacts, for instance, in electric interrupters 
even in the case of relatively low voltages, since 
with sliding contacts it is possible to cause the 
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contact surface to be ground off by the rub 
bing action of the moving contact. This is, 
however, not possible when using pressure and 
other anti-friction contacts, for instance, rolling 
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contacts, since when the latter are brought into 
engagement no rubbing movement takes place. 
The use of pressure or anti-friction contacts is, 
therefore, only possible if at the same time the 
above-mentioned provisions according to the in 
vention are so made as to completely suppress 
the Sparking causing the consumption of the 
contacts. 

Pressure and anti-friction contacts present 
Over sliding contacts the advantage that great 
contact pressures can be employed, which re 
Sult in a very small loss of voltage at the con 
tact point. This is of particular importance in 
Systems which are operated at low working volt 
ages, as is the case, for instance, in the electro 
chemical industry. While in the customary rec 
tifier systems losses up to 40% had to be put up 
with, these losses can be reduced according to 
the invention to a considerably smaller amount. 
The use of pressure or anti-friction contacts, 

however, is to some extent difficult in the case 
of a periodically Operating switching device. 
This is due to the fact that pressure and anti 
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friction contacts should be operated only with 
a relatively small speed in contradistinction to 
sliding contacts, since the reciprocating masses of 
the pressure contacts must be accelerated or re 
tarded during each stroke and since the mate 
rial of the anti-friction contacts is highly 
stressed at high operating speeds coinciding with 
high contact pressure. 
The invention overcomes these difficulties and 

thus allows utilizing the advantages of non-slid 
ing contacts for converters or rectifiers having 
periodically working interrupters as well as for 
non-periodically operated switching devices. An 
embodiment of this kind is described hereinafter. 
As an embodiment of the above-mentioned 

kind, Fig. 12 shows a three-phase apparatus in 
diagrammatic form and Fig. 13 the construction 
of a contact device employed therefor. In Fig. 12 
the main transformer and the individual parts 
of the contact device are designated by the same 
numerals as in Fig. 1, the series-connected re 
actors are denoted by the same numerals as the 
corresponding parts in Fig. 7. The cores 2 f, 
25, 26 of the reactors are already saturated 
below the critical current intensity necessary for 
the occurrence of Sparks at the break. The Wind 
ings 2 f, 22 and 23 of the reactors are con 
nected to the contacts 4, 42, 43. The con 
tacts 5f, 52, 53 are alternately brought into 
engagement, Opposite to the action of springs 
T, 12, 3, with the stationary counter-con 

tacts 4, 42, 43 by means of the shaft 08 pro 
vided with angularly spaced cams 18, 82, 83 
actuating the tappets 61, 62, 63. The shaft 
08 is synchronously driven by a motor iOS 

through a coupling OT. The motor 06 is con 
nected to the secondary side 2, 22, 23 of the 
main transformer through an induction voltage 
regulator f 16, 26 with the aid of which the in 
terruption may be timely adjusted with respect 
to the cycle of the current to be interrupted. 
The direct-current circuit extends from the mov 
able contacts to the neutral point of the trans 
former windings through a reactance coil 4 
and the load 20. The iron cores 24, 25, 26 
are based by exciting coils 27, 28, 29 which 
are series-connected for the three phases and are 
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Connected to a direct-current Source through a 
rheostat 260 and a stabilizing coil. 
According to Fig. i2 the contacts 4 f and 5 

present circular contact surfaces and may be 
designed in the form of conical surfaces. This 
form is also employed in inlet and exhaust valves 
for the cylinders of internal combustion engines 
for obtaining the greatest possible contact Sur 
face. The rules usual for the construction of 
Such Walves may be employed to advantage in 
designing the contact device according to the 
invention, for in both cases mechanical parts are 
reciprocated in a rapid Sequence over a given 
stroke So that the movable masses play a rather 
important part. 
The contact 4 is arranged on a stationary 

body 40. The contact 5 is arranged on a body 
402 mounted on a tappet 6 having the form of . 
a pusher rod Similar to that of a Valve of a con 
bustion engine and carrying at the lower end a 
plate 403. A spring exerts a pressure on the 
body 40 and on the plate 403. The cam 8 
mounted on the shaft 08 contacts with the disc 
403. The bodies 40 and 402 consist preferably 
of a highly conductive material, for instance cop 
per. However, they may be also made of iron 
or provided With an iron Core. In the embodi 
ment shown, it is assumed that both bodies are 
wholly or in part made of iron. In this case the 
body 40 may be provided with some turns which 
are connected to the lead 405 and which mag 
netize the body 40 and the iron core thereof. 
The function of this magnetic arrangement will 
be described in a later place. The body 40 is 
provided with a branch 406 for the Supply of 
compressed air or compressed gas. On the bodies 
40 and 402 are arranged auxiliary contacts 40 
and 408 which are brought Sooner into and out 
of engagement than the main contacts 4, 5. 

It is preferable to cause at least one of the 
circular contacts to rotate about its geometrical 
axis So that always other points of the contact 
Surface come into engagement With one another 
in order to prevent or retard the formation or 
the spreading of damaged points. To this end, 
a modified circuit breaker as shown in Fig. 13 
which represents a plan view of the lower side 
of the disc 403, may be employed. In contradis 
tinction to the form of the circuit breaker shown 
in Fig. 12 the cam 8 is spaced from the Center 
of the disc 403. The disc 403 and the contact 
402 associated therewith are, therefore, upon be 
ing moved in the vertical direction rotated a cer 
tain amount. In this arrangement the auxiliary 
contacts, if any are employed, must be arranged 
different from those shown in Fig. 12, as Will be 
seen from the corresponding parts of Fig. 16 
later described. 
To prevent unilateral pressures on the cam 

shaft 08 opposite forces may be applied to the 
same point of the shaft, for instance, by dia 
metrically opposite poles arranged on the shaft. 
To this end, the switching apparatus must be 
provided with an even number of poles, for in 
stance six poles. 

Particular care must be given to the design 
of the contacts at the contact pointS. In the 
device shown in Fig. 12, one of the contacts 4, 
f5 consists preferably of a Soft metal and the 
other of a hard metal. If, in this case, the pres 
sure with which the contact surfaces are pressed 
together is at least so great that it suffices to 
deform the softer metal a direct contact is ob 
tained at many points of the contact Surfaces 
even if they are, for instance, not ground. At 
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least one contact surface of each contact pair 
may be provided with perforations in a sieve 
like manner through which the air or a par 
ticular gas surrounding the contacts may be Sup 
plied or discharged when opening or closing the 
contacts. To render the contact surfaces more 
resistant to disruptive dischages occurring at 
certain points, the surfaces are preferably made 
of materials of a high melting point. One of the 
contact Surfaces may, for instance, be provided 
with a carbon coating. For protecting the con 
tact surfaces to a greater extent, the main con 
tacts, as shown in Fig. 12, are preferably pro 
vided With auxiliary contacts which close Sooner 
and open later than the main contacts and are 
resiliently secured to the main contacts. Also 
the known means for suppressing or rapidly ex 
tinguishing sparks may be employed, for instance, 
by Subjecting the breaks to a high pressure, Sur 
rounding them with an inert gas, or arranging 
them in vacuum. Also the use of a flowing 
quenching medium may under circumstances be 
of advantage. Embodiments having these fea 
tures will be more fully described with reference 
to FigS. 14-6. 
According to the invention the contacts are 

pressed together by electromagnetic or electro 
dynamic forces. To this end, the load current 
flowing through the switching apparatus is pref 
erably employed by providing the contacts With 
iron cores around which the current leads ex 
tending to the contacts are wound to form one 
or more turns 404. By the tractive force pro 
duced by the load current the force exerted on 
the contacts to press them together is greatest 
when the current reaches its maximum value. 
With decreasing current intensity also the con 
tact pressure decreases and disappears complete 
ly when the current passes through the Zero 
value. The electromagnetic or electrodynamic 
devices may be employed in connection with the 
above-described mechanical devices, for instance, 
in the manner that they exert a frictional pres 
Sure which prevents a movement of the contacts. 
In the last-mentioned arrangement the electro 
magnetic devices remain stationary, which ad 
vantageously decreases the amount of mass to be 
periodically accelerated. An embodiment of this 
kind is shown in Fig. 16 and will be described 
later. 

It is preferable to tune the mechanical forces 
relative to the electric force, or to control the 
electric force, when energized by a separate 
energy Source, in response to a magnitude pres 
ent in the circuit to be interrupted, for instance 
in response to current intensity, voltage, or the 
frequency of the harmonic vibrations, in such a 
manner that a disengagement of the contacts 
can be effected only below a current intensity 
which is not detrimental to the contacts. This, 
for instance, is the case if a sliding coupling 
07 (Fig. 11) is arranged between the movable 

contact and the drive, which coupling is released 
as Soon as the current intensity, which presses 
together the contacts, or the blocking frictional 
preSSure exceeds a predetermined value. 
Together with the mechanical means for sep 

arating the contacts, compressed air or com 
preSSed gas may be employed which is blown 
in between the contact surfaces. The contact 
device is then preferably shaped similar to that 
shown in Fig. 12 and at the same time designed 
as a compressed gas valve. Upon the separation 
of the contacts, the compressed gas escaping from 
between the contacts impinges upon the con 
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tact surfaces, whereby not only small arcs which 
might be set up are extinguished but also the 
neat is carried off. The current is Supplied to 
the movable contact by means of movable belts 
or, particularly in the case of high current in 
tensities, by metallic diaphragms. If movable 
current leads are to be dispensed with, the fixed 
contact is divided into two parts insulated from 
each other to which the supply leads are con 
nected, and the movable contact is used as a 
bridge between the fixed contacts. In this man 
ner at the same time a subdivision of the break 
is attained, i. e. in the case of an equal stroke 
the double break length. By a further subdi 
vision of each circuit breaker into a plurality of 
series-connected breaks, the permissible Oper 
ating voltage is multiplied. By connecting re 
sistances in parallel relation to the gaps the 
total voltage is distributed in equal proportions 
over the individual partial gaps forming the 
break. 
An embodiment having contacts of the last 

mentioned kind, which also shows some other 
improvements mentioned before, is illustrated in 
Fig. 14 showing a complete three-phase appa 
ratus, and in Figs. 15 and 15a showing details 
of one of the contact breakers. 
The three-phase rectifying circuit of the ar 

rangement corresponds in general to that of 
Fig. 11 and is provided with the same reference 
numerals, so that an explanation of this part 
need not be repeated. That applies also to es 
sential parts of the mechanical structure, that 
is, to the motor-driven elements and the circuit 
for actuating the synchronous motor i06. The 
pre-excitation windings 27, 28, 29 may by 
means of a switch 250 be connected to an alter 
nating current circuit including resistor 260' 
or to a direct current circuit including induct 
ance 26 and resistor 260. The purpose and 
function of these means have been mentioned be 
fore. The impedances 5, 25 and 35, par 
allel connected to the breaks, consist of re 
sistors 5’ and capacitors 5'' (Fig. 15). 
The contact breakers are enclosed by a ves 

sel OO vacuum-tightly covered by a cover 200 
which is provided with tightened bushings 20, 
220, 230 and 240 and a gasket 50. Outlet and 
valve 40 serve to connect the vessel to a vacu 
um pump. The contact elements are disposed on 
isolating supports 20 and 30, mounted on ex 
tensions 60 of the vessel 00. 
The bottom of the vessel has a bulge 0 and 

carries a bridge , 27 and 37 respectively 
for each circuit breaker. In order to obtain a 
vacuum-tight enclosure also at the places where 
the periodical movement is to be transferred 
into the vessel, the actuating tappet of each 
breaker consists of two parts 6 and 6, 62 
and 62’, 63 and f 63, respectively, which are 
individually biased by springs d' and f', 
T2 and T2'', 73' and 73', respectively, and 
separated from each other by an elastic and 
vacuum-tight diaphragm 4, 24, 34 respec 
tively. The upper tappet (6, 62 and 163 of 
each breaker carries three contact elements des 
ignated by 5f, 52 and 53, and is biased by 
springs T, T2 and T3. Each breaker contains 
four stationary contact pieces. The Supply leads 
22 and 222 are connected by means of terminals 
45 to the stationary contacts . The movable 

contacts are disposed to close the gaps between 
these outer contacts and the intermediate pieces 
4'. Each break, accordingly, is subdivided into 
six series-connected gaps, each of which is bridged 
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2,351,975 
by a portion of the parallel path if 5 comprising 
one of the resistors 5’ in series with one of the 
capacitors 5'. Since the six portions of the 
parallel path are equal, the total voltage acting 
on the breaker is distributed equally over the 
Series-connected gaps. The subdivision of each 
break into a plurality of series-arranged gaps and 
the application of a vacuum considerably increase 
the capacity of the apparatus with respect to cur 
rent, voltage and frequency, according to the pre 
ceding explanations. 
Another embodiment, some features of which 

are already discussed in the foregoing, is illus 
trated by Figs. 16 and 16a. Essential parts of 
this arrangement correspond as to structure and 
reference numerals to Figs. 11, 12 and 14, and 
hence are now self-explanatory. This rectifier 
contains a vessel 300, gas-tightly enclosed by 
means of a cover 400, a gasket 350, gas-tight 
bushings 470, 420, 430, 440 and a packing in boss 
409 through which shaft 108, journalled at its 
other end in boss 309, is connected to coupling 
OT of motor f06. 
The stationary contact element 40 of each 

contact breaker is mounted to support 20. 422 
designates an elastic intermediate layer. Each 
breaker is constructed as a gas valve similar to 
the inlet and outlet valves of an internal com 
bustion engine, the contact pieces 5 and 52, 
53 and 4, 42 and 43, respectively, forming 

the seat and the disc, and the tappet 6, 62, 
63, respectively, forming the pusher rod of the 

valve. Each valve is connected by a conduit 406 
With a gas pipe 45 leading through inlet 43 to 
a pump 8 driven by a motor 49. The gas outlet 
44 of vessel 300 is connected to a container 4T 
Serving to filter, cleanse or cool the gas, in order 
to liberate detrimental gaseous or liquid admix 
tures, or for similar regenerating purposes as 
known in connection with other switching devices. 
Container 4f7 is connected to pump 48. Each 
circuit breaker when opening causes a stream of 
arc-quenching gas to sweep the contact surfaces. 
Besides, each movable contact element 402 is ro 
tated by the means already described with refer 
ence to Fig. 13 while being moved into opening 
and closing positions. The auxiliary contacts 
40 and 408 are arranged in the axis of each 
breaker SO as to allow the movable contacts to 
rotate. 
Each contact breaker is supplied with a mag 

netic device for preventing a contact movement 
in Order to set the breaker automatically out of 
operation in case an irregularly high current in 
tensity should occur at the regular opening mo 
ment. This device consists of the following parts: 
Each tappet 6 carries a magnetic armature 46. 
A frame-like body 40 for guiding the movable 
member is supplied with windings 404 connected 
to the circuit similar to coil 404 of Fig. 12. In 
case of irregular current intensities, for instance 
overloads, the coils 404 at the usual opening mo 
ment remain energized to attract armature 46 
with a force sufficient to retain the movable con 
tact in closing position in counteraction to spring 
f. Thus the apparatus is automatically set 
out of action and the contact surfaces are pro 
tected against damage. Besides, the magnetic 
device is disposed to exert an increased pressure 
upon the contacts in the same manner as de 
scribed above with reference to Fig. 12. 

Fig. 16 illustrates additional means for pro 
tecting the arrangement against being damaged 
by irregularities which may occur after the 
breaker has been in proper operation. An inter 
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rupter 229 is arranged in the alternating current 
circuit and has its tripping device 227 connected 
with the direct current circuit through a current 
transformer 228. If a sudden increase or drop 
of the direct current load occurs, the current 
transfornher 228 supplies a voltage to the tripping 
device 227 proportional to the speed with which 
the load changes. If this voltage exceeds a given 
value, the interrupter 229 is tripped and discon 
nects the whole arrangement. 
In Fig. 16, further, a small auxiliary load 223 

is provided which is controlled by a relay 225 
connected. With a control resistor 224. The relay 
connects the auxiliary load 223 as soon as the 
main load drops below a given value and discon 
nects the auxiliary load when the main load again 
exceeds that value. 
I claim as my invention: 
1. A contact device for alternating currents, 

comprising at least one mechanical interrupter, 
a synchronous motor designed to be operated 
with the frequency of the current to be inter 
rupted, an operative connection between said 
motor and the movable contact of said inter 
rupter, said connection being adjusted so as to 
effect the interruption in the neighborhood of 
the zero value of the current, means for periodi 
cally reducing the current intensities in the 
neighborhood of said zero value and at least one 
impedance arranged in direct parallel connection 
to the break of said interrupter, the opening 
speed of said interrupter and the increase of the 
periodic voltage of said alternating current biased 
by said impedance being adapted to each other 
So that the disruptive voltage between the opening 
contacts of said interrupter is always greater 
than the instantaneous value of said periodic 
voltage. 

2. A multiple phase contact device for alter 
nating currents, comprising a mechanical inter 
rupter for each phase of said current, a motor 
designed to be operated in synchronism to the 
current to be interrupted and operatively con 
nected with said interrupters So as to open each 
interrupter in the neighborhood of the Zero value 
of the current, induction windings series con 
nected to each interrupter for reducing the cur 
rent intensities in the neighborhood of said Zero 
value, said windings being arranged on a ferro 
magnetic body designed to be unsaturated at 
Small current values in the neighborhood of the 
Zero value and to be saturated at higher values 
of the current cycle, and an impedance in direct 
parallel connection to the break of each inter 
rupter, the opening Speed of said interrupter 
and the increase of the periodic voltage of Said 
alternating current biased by said impedance 
being adapted to each other So that the disrup 
tive voltage between the opening contacts of said 
interrupter is always greater than the instan 
taneous value of said periodic voltage. 

3. A contact device for alternating currents, 
comprising a mechanical interrupter for each 
phase of said current, said interrupter having 
its contacts arranged in a vessel disposed for 
maintaining around said contacts a medium of 
higher disruptive strength than air of atmos 
pheric pressure, a synchronous motor designed 
to be operated with the frequency of the current 
to be interrupted, an operative connection be 
tween said motor and said interrupter adjusted 
to open the contacts of said interrupter in the 
neighborhood of the zero value of the current, 
means for periodically reducing the current in 
tensities in the neighborhood of Said Zero value, 
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9 
and an impedance in direct parallel connection 
to the break of Said interrupter, the disruptive 
strength of said medium, the increase of the 
periodic voltage between the opening contacts 
of said interrupter biased by Said impedance and 
the opening speed of said interrupter being 
adapted to one another so that the disruptive 
voltage between the opening contacts of said 
interrupter is always greater than the instan 
taneous value of said periodic voltage. 

4. A contact device for alternating current, 
Comprising a mechanical interrupter for each 
phase of Said current, common driving means for 
Said interrupters disposed to actuate said inter 
rupters in Synchronism with the current to be 
interrupted and to open the contacts of each in 
terrupter at a time near the zero value of the 
Current in the phase of Said interrupter, means 
for agitating the medium surrounding the con 
tacts of said interrupters during the interrupting 
Operation, a reactor Series-connected to each in 
terrupter for reducing the current intensities in 
the neighborhood of said Zero value, said reactor 
having a ferromagnetic core designed to be unsat 
urated at small values and to be saturated at high 
er values of the current cycle, and an impedance 
parallel connected to each interrupter, the open 
ing Speed of Said interrupter and the increase of 
the periodic voltage of said alternating current 
biased by said impedance being adapted so as 
to maintain the disruptive voltage between the 
Opening contacts of Said interrupter greater than 
the instantaneous value of said periodic voltage. 

5. A contact device for alternating current, 
comprising a mechanical interrupter for each 
phase of said current, common driving means for 
said interrupters disposed to actuate said inter 
rupters in Synchronism with the current to be 
interrupted and to open the contacts of each in 
terrupter at a time near the Zero value of the 
current in the phase of said interrupter, at least 
one nozzle arranged near the contacts of said 
interrupter and disposed for producing a blowing 
fluid stream during the interrupting operation, 
means for periodically reducing the current in 
tensities in the neighborhood of said Zero value, 
and at least One impedance connected to the 
contacts So as to be in parallel to the break of 
said interrupter for maintaining the disruptive 
voltage between the opening contacts of said in 
terrupter always greater than the instantaneous 
value of the periodic voltage of said current. 

6. A multiple phase contact device for alter 
nating, current, comprising a circuit breaker for 
each phase of said current, common driving 
means for periodically operating Said circuit 
brakers so as to Open the circuit in each phase 
near the time when the current of said phase 
passes its Zero value, the opening speed of said 
breakers, the disruptive strength of the medium 
Surrounding the contacts of said breakers, and 
the increase in the periodic voltage being adapted 
to one another So that the disruptive voltage be 
tween the opening contacts is always greater 
than the instantaneous value of said periodic 
Voltage, a reactor Series-connected to each break 
er and having a ferromagnetic core unsaturated 
at small current values in the neighborhood of 
said Zero Value and Saturated at higher values of 
the current to be interrupted, and a combined 
impedance including a capacity and a resistance 
connected in parallel to the break for reducing 
the initial magnitude of the periodic voltage re 
curring between the contacts of the breaker when 
opening the circuit, 
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7. A multiple phase contact device for alter 

nating current, comprising a circuit breaker for 
each phase of said current, a common drive for 
said circuit breakers designed to actuate said 
breakers in Synchronism with the current to be 
interrupted and to open each breaker at a time 
near the Zero value of said current, the opening 
speed of said breakers, the disruptive strength 
of the medium surrounding the contacts of the 
breaker and the increase of the periodic voltage 
being adapted to one another so that the disrup 
tive voltage between the opening contacts of said 
breakers is always greater than the instantaneous 
value of Said periodic voltage, a reactor allotted 
to each breaker, said reactor having a ferromag 
netic body provided with two windings, one of 
said Windings being series-connected to said 
breaker, a current source connected with said 
other winding for pre-exciting said ferromag 
netic body so that said body is unsaturated at 
Small values and saturated at higher values of 
the current to be interrupted, and at least one 
impedance connected in parallel to each breaker 
for reducing the initial voltage recurring between 
the contacts of the breaker when opening its 
Contacts. 

8. A contact device for alternating current, 
comprising a mechanical interrupter for each 
phase of Said current, common driving means for 
Said interrupters disposed to actuate said inter 
rupters in Synchronism with the current to be 
interrupted and to open the contacts of each 
interrupter at a time near the zero value of the 
Current in the phase of said interrupter, a re 
actor allotted to each of said interrupters, said 
reactor having a ferromagnetic body and two 
windings on said body, one of said windings be 
ing Series-Connected to the break of said inter 
rupter, Said other winding being connected to the 
load circuit of the contact device so as to bias 
Said reactor in accordance with load fluctua 
tions. 

9. A rectifer for two- or multi-phase rectifica 
tion comprising a contact circuit breaker in each 
phase of the circuit of the alternating current to 
be rectified, a common drive disposed for oper 
ating said circuit breakers in succession in ac 
cordance with the phase position thereof, said 
drive including a synchronous motor connected 
to said alternating current circuit, means for 
adjusting the phase position of each circuit 
breaker with respect to the moment when the 
current in the phase of said breaker passes 
through its Zero value, a reactor being series 
Connected to each circuit breaker, said reactor 
having a ferromagnetic body disposed to be un 
Saturated at Small current intensities in the 
neighborhood of the zero value of the current 
and to be saturated at high intensities of the 
alternating current to be rectified, and in 
pedance means connected in parallel relation to 
the break of each contact circuit breaker for re 
ducing the recurring operating voltage across the 
break in the initial part of the opening period, 
each of Said impedance means comprising an 
ohnnic resistance. 

10. A rectifer comprising a circuit breaker in 
each phase of the alternating current to be rec 
tified, means for periodically actuating said 
breakers in synchronism with said current, vari 
able means for adjusting the phase difference 
between the operation of said breakers and the 
time at which said current passes through its 
zero value, load responsive means connected to 
the direct current circuit of said rectifier and 
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designed to operate said adjusting means in or 
der to automatically adjust said phase difference 
in accordance With the direct current load of 
Said rectifier, variable impedances series-con 
nected to each circuit breaker and designed for 
periodically reducing the current intensities in 
each phase at a time near said zero value, and 
impedances disposed in parallel to each breaker 
for reducing the returning voltage intensities at 
the opening time of Said breaker. 

11. A multi-phase commutating device for 
alternating current, comprising a mechanical in 
terrupter in each phase of the alternating cur 
rent circuit, common driving means for actuat 
ing Said interrupters in Synchronism with said 
current So as to open each phase at a time near 
the Zero value of the phase current, an inductance 
in each phase Series-connected to said inter 
rupter, Said inductance being designed to in 
crease itS impedance value at Small current in 
tensities so as to reduce the current intensities 
in the neighborhood of the Zero value, an in 
pedance disposed in parallel to said interrupter 
in Order to reduce the intensities of the return 
ing voltage between the opening contacts of said 
interrupter, and load responsive means arranged 
On each of said interrupters for setting said 
interrupter out of operation in accordance with 
irregular load conditions, said means being de 
Signed to act independently of said common 
drive. 

12. A multi-phase commutating device for con 
necting an alternating current circuit with a di 
rect current circuit for rectifying and other con 
verting purposes, comprising a mechanical in 
terrupter in each phase of Said alternating cur 
rent circuit, a common synchronous motor oper 
atively connected with said interrupters, variable 
means for adjusting the phase position of the 
operation of said breakers with respect to the 
time at which the current passes its zero value, 
means connected With Said alternating current 
circuit for periodically reducing the current in 
tensities in the neighborhood of said Zero value, 
and a regulator coil arranged in said direct cur 
rent circuit and designed to actuate said variable 
means in order to adjust Said phase position in 
response to load variations in said direct current 
circuit. 

13. A rectifier comprising a circuit breaker in 
each phase of the alternating current to be recti 
fied, means for periodically actuating Said break 
ers in Synchronism. With Said current, a reactor 
series-connected to each of Said circuit breakers 
and having a magnetic body designed to be un 
Saturated at low current intensities in the neigh 
borhood of the Zero Value of the current and to 
be saturated at higher current intensities which 
are Smaller than the effective alternating current 
intensity, a resistance connected in parallel to 
each circuit breaker for reducing the initial op 
erating voltage restriking across the breaker 
when opening, and regulating means responsive 
to the intensity of the rectified direct current for 
controlling Said alternating current so as to con 
pensate the phase displacement of the moment 
of Said Zero value with respect to the phase po 
Sition of said breakers in accordance With varia 
tions of the direct current load. 

14. A rectifier comprising a circuit breaker in 
each phase of the alternating Current to be recti 
fied, means for periodically actuating said break 
ers in synchronism. With said current, a reactor 
Series-connected to each of Said circuit breakers, 
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said reactor having a magnetic body designed 
to be unsaturated at low current intensities in 
the neighborhood of the zero value of the cur 
rent and to be saturated at higher current in 
tensities which are smaller than the effective 
alternating current intensity, a pre-excitation 
Winding disposed on each magnetic body and be 
ing connected to an auxiliary circuit of a cur 
rent having its intensity varying with the same 
frequency as that of the current to be rectified, 
variable means in said auxiliary circuit for vary 
ing the pre-excitation exerted by said windings 
On said magnetic body in order to control the 
phase position of said Zero value with respect to 
the phase position of said breakers, and imped 
ances connected in parallel to said circuit break 
ers for reducing the operating voltage across the 
breakers at the beginning of each current-inter 
rupting operation. 

15. A contact device for alternating current, 
comprising a mechanical interrupter for each 
phase of said current, common driving means 
for said interrupters disposed to actuate said 
interrupters in synchronism with the current to 
be interrupted and to open the contacts of each 
interrupter at a time near the zero value of the 
current in the phase of Said interrupter, an in 
duction winding series-connected to said inter 
rupter, said winding being arranged on a mag 
netic core of a ferromagnetic material having 
a high permeability and a magnetization curve 
with a sharp Saturation bend, said magnetic core 
being dimensioned so as to be unsaturated at 
low current intensities and saturated at the ef 
fective intensity of the alternating current to be 
interrupted, and an impedance parallel connect 
ed to each interrupter for reducing the periodic 
voltage recurring between the contacts when 
opening, the opening speed of said interrupter 
and the increase of the periodic voltage of said 
alternating current reduced by said impedance 
being adapted to each other so as to maintain 
the disruptive voltage between the opening con 
tacts of said interrupter greater than the instan 
taneous value of said periodic voltage. 

16. A rectifier for two- or Michase recti 
fication, comprising a circuit breaker in each 
phase of the alternating current to be rectified, 
common driving means for Operating said circuit 
breakers in Synchronism with Said alternating 
current so as to open each circuit breaker peri 
Odically at a time near the moment when the 
Current passes its zero value, resistances con 
nected in parallel relation to the breaks of each 
of said circuit breakers for reducing the periodic 
voltage recurring between the contacts when 
opening, a reactor being series-connected to 
each circuit breaker, said reactor having a ferro 
magnetic body the magnetization curve of which 
has a sharp saturation bend, said body being 
designed to be saturated at current intensities 
Smaller than 1% of the effective intensity of the 
current to be rectified. 

17. A rectifier, particularly for loads of the 
Order of magnitude of at least 100 amperes, com 
prising a circuit breaker in each phase of the 
alternating current to be rectified, said circuit 
breaker having the contacts of both its poles 
consisting of metallic bodies in order to reduce 
the voltage drop, common driving means for 
operating said circuit breakers sequentially in 
accordance with the phase position thereof, Said 
driving means comprising a synchronous motor 
connected to the circuit of the alternating cur 
rent to be rectified and being designed for open 
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ing said circuit breakers near the time when the 
current passes through its zero value, impedances 
COnnected in parallel relation to the breaks of 
each of said circuit breakers for reducing the 
periodic voltage recurring between the contacts 
when opening, and a reactor series-connected to 
each circuit breaker and having a ferromagnetic 
body Saturated at current intensities of about 1. 
ampere, 

18. A two- or multi-phase contact device for 
alternating current, comprising a circuit breaker 
for each phase of Said alternating current, com 
mon means for operating said breakers in syn 
chronism. So as to open each breaker at a time 
near the moment of the Zero value of said cur 
rent, an impedance for each phase of said cur 
rent, Said impedance being series-connected to 
the circuit breaker of said phase and designed to 
periodically vary its impedance value in syn 
chronism with said current so as to reduce the 
current intensity in the neighborhood of the zero 
value of Said current, a second impedance con 
nected in parallel to the break of the circuit 
breaker in each phase, said second impedance 
having its impedance value in the neighborhood 
of said Zero value Smaller than the impedance 
value of said first impedance. 

19. A rectifying contact device comprising a 
mechanical circuit breaker in each phase of the 
alternating current to be rectified, a common syn 
chronous motor operatively connected with said 
circuit breakers for operating said breakers peri 
odically with the frequency of said current, com 
mon means for adjusting the phase of said opera 
tion with respect to the moment when said cur 
rent passes through its zero value, a reactor se 
ries-connected to each break and having a mag 
netic body designed to decrease the reactance of 
said reactor between two successive passages of 
the current through the Zero value, and imped 
ances parallel connected to the breaks of said 
breakers, Said impedances having their apparent 
resistance Smaller than the highest effective re 
actance of said reactors. 

20. A mechanical interrupting apparatus for 
periodically interrupting alternating current in 
converters, inverters or rectifiers, comprising a 
contact circuit breaker in each phase of the alter 
nating current to be interrupted, a common Syn 
chronous motor for periodically opening the con 
tacts of said circuit breakers during a time inter 
val in the neighborhood of the Zero value of the 
current, means for periodically distorting and 
flattening the current curve of the alternating 
current to be interrupted, said means comprising 
a resistor in each phase parallel connected to the 
break of said breaker, and an inductor in each 
phase series-connected to said break, said induc 
tor having an iron core designed to be saturated 
during a time interval sufficient for opening the 
circuit breaker contacts and at a current value 
Smaller than the current intensity necessary for 
maintaining a stable arc. 

21. In a commutating apparatus for interrupt 
ing, rectifying or converting purposes, the Com 
bination of a mechanical circuit breaker for each 
phase to be commutated, said breaker having 
pressure contacts designed to retain the same 
mutual position of the contact surfaces of its 
stationary and its movable contact elements when 
said elements contact each other during the con 
tact closing period, means for operating said 
movable contact element in synchronism with 
Said Current, means for adjusting the phase posi 
tion of the movement of said movable contact ele 
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rent with respect to the time at which the cur 
rent to be commutated paSSes through its Zero 
value, means for periodically flattening the cur 
rent curve in the neighborhood of said zero value, 
and impedances connected to said contact ele 
ments in parallel to the break for reducing the 
periodic voltage recurring between the contacts 
when opening. 

22. In combination with a commutating appa 
ratus according to claim 21, said contact elements 
of said circuit breaker having circular contact 
surfaces, the movable contact element being de 
signed to move on a straight line axially with 
respect to said circular Surfaces. 

23. In combination, a contact apparatus for the 
periodic interruption of alternating current hav 
ing a contact breaker comprising a pusher rod for 
each phase to be interrupted, a movable contact 
coaxially nounted on said pusher rod, a station 
ary seat carrying a stationary contact and being 
disposed coaxially with respect to Said pusher 
rod and said movable contact so as to have 
said stationary contact engaged and disengaged 
by said movable contact during the operation of 
said pusher rod, and drive means for in parting 
to said pusher rod a reciprocatory movement, 
said movable contact and Said Stationary Contact 
of said circuit breaker forming at least part of a 
ring, respectively, and being reciprocable with re 
spect to each other in the direction of the geo 
metric axis of the ring form, and means for 
rotating one of said contacts about Said geo 
metric axis during the interrupting period of Said 
breaker. 

24. A periodically operating Switching appa 
ratus particularly for rectifying alternating cur 
rent, comprising a circuit breaker in each phase 
of the alternating current, a common Synchro 
nous motor operatively connected with said cir 
cuit breakers so as to effect the opening of said 
breakers at a time in the neighborhood of the 
zero value of the current, means for periodically 
reducing the current intensity in the neighbor 
hood of said zero value of the current by dis 
torting the current curve, said means including 
impedances series connected to Said circuit break 
ers, voltage-biasing impedances connected in par 
allel to said breakers and electrically operated 
means for periodically increasing the contact 
pressure acting between the contacts of Said cir 
cuit breakers during the contact period. 

25. In a switching apparatus as set forth in 
claim 24, said means for periodically increasing 
the contact pressure comprising a pressure ex 
erting magnet coil disposed to be energized in 
response to the load current intensity of the ap 
paratus. 

26. A two- or multi-phase commutating appa 
ratus for interrupting, converting or rectifying 
alternating current, comprising a circuit breaker 
in each phase of the circuit of the alternating 
current, a driving device for operating said cir 
cuit breakers sequentially in synchronism with 
said current, means for periodically reducing the 
current intensities in the neighborhood of the 
zero value of said current by distorting the cur 
rent curve, said means including impedances in 
series connection to said breakers, voltage-biasing 
impedances connected in parallel to the break of 
said breakers, current responsive means for in 
creasing the contact pressure of said circuit 
breakers, said latter means and said driving de 
vice being adapted to one another so as to open 
said breakers only below a predetermined cur 
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rent intensity not damaging to the breaker con 
tacts, 

27. In a commutating apparatus according to 
claim 21, said circuit breakers forming a valve, 
the contacts of the circuit breakers forming the 
seat and the disc of said valve, a conduit for the 
supply of compressed gas to said valve, the valve 
being adapted to cause the compressed gas to be 
blown over the contact surfaces upon the open 
ing of the contacts. 

28. An apparatus for interrupting or rectifying 
alternating current or converting direct current 
into alternating current, comprising mechanical 
circuit breakers, a common synchronous motor 
connected with said breakers so as to open said 
breakers in the neighborhood of the zero value 
of the current, alternating current resistors par 
allel connected to the breaks of said circuit 
breakers, means for reducing the current inten 
sities in the heighborhood of the zero value of 
the current by distorting the current curve, said 
circuit breakers comprising main contacts with 
large contact Surfaces and auxiliary contacts 
with Small contact surfaces, said auxiliary con 
tacts being disposed to close sooner and to open 
later than the main contacts and being equipped 
with contact surfaces of a material more resistant 
to arcs than the material of said main contacts. 

29. A commutating device for rectifying or 
converting alternating current, comprising a me 
chanical interrupter for each phase of said cur 
rent, a drive for actuating said interrupter in 
Synchronism with said current, means for adjust 
ing the phase position of each interrupter in or 
der to effect the opening of said interrupter at a 
time near the Zero value of the current to be in 
terrupted, a variable alternating current resist 
ance means allotted to each alternating current 
piase and series-connected to said interrupter, 
Said resistance means being designed to periodi 
cally increase its impedance so as to reduce the 
Current intensities in the neighborhood of said 
Zero value, load responsive means designed to 
control the impedance of said resistance means in 
accordance with variations of the load of said de 
vice, and at least one impedance device connected 
in parallel to the break of each interrupter for 
reducing the initial magnitude of the normal op 
erating voltage recurring across the interrupter 
When starting its interrupting operation. 

30. A commutating device for rectifying or 
converting alternating current, comprising a me 
chanical interrupter for each phase of said cur 
rent, a drive for actuating said interrupter in 
Synchronism with said current, means for adjust 
ing the phase position of each interrupter in or 
der to effect the opening of said interrupter at a 
time near the Zero value of the current to be 
interrupted, a variable inductance means allotted 
to each alternating current phase and series-con 
nected to the interrupter of said phase, means for 
biasing said inductance means periodically so as 
to increase the impedance of said inductance 
means during the cohmutation period of said in 
terrupter, and load responsive means designed to 
additionally bias said impedance in accordance 
with variations of the load of said device. 

31. A commutating device for connecting an al 
ternating current circuit with a direct current 
circuit for rectifying and other converting pur 
poses, comprising a mechanical interrupter in 
each phase of said alternating current circuit, a 
drive for actuating said interrupter in synchro 
nism with the alternating current adapted to 
open the break of said interrupter at a time 
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near the Zero value of the current, an inductance 
in each phase of said alternating current circuit 
series-connected to Said interrupter, said in 
ductance having a ferromagnetic body, and two 
auxiliary windings, an auxiliary circuit connected 
to one of said auxiliary windings of each inter 
rupter in order to pre-excite said body so as to 
increase the impedance value of said inductance 
at a time near said Zero Value, load responsive 
means in said direct current circuit connected to 
said other auxiliary Winding of each interrupter 
in order to superimpose a pre-excitation of said 
magnetic body in accordance with the load of said 
device. 

32. A commutating device for connecting an 
alternating current circuit with a direct current 
circuit for rectifying and other converting pur 
poses, comprising a mechanical interrupter in 
each phase of said alternating current circuit, a 
drive for actuating said interrupter in Synchro 
nism with the alternating current adapted to 
open the break of said interrupter at a time near 
the zero value of the current, an inductance in 
each phase of said alternating current circuit 
series-connected to said interrupter, said induct 
ance having a ferromagnetic body, means for 
pre-exciting said body, said means being connect 
ed to an alternating current circuit designed to 
increase by said pre-excitation the impedance 
value of said inductance during the commutation : 
period of each interrupter, load responsive means 
for superimposing another pre-excitation of said 
magnetic body, said load responsive means being 
connected to said direct current circuit, and at 
least one impedance connected in parallel to the ; 
break of each interrupter for controlling, the in 
itial operating voltage effective across the break. 

33. A multi-phase commutating device for al 
ternating current, comprising a mechanical in 
terrupter in each phase of the alternating Cur 
rent circuit, each interrupter having a stationary 
and a movable contact member, common driving 
means for successively actuating said movable 
contact members in synchronism with said cur 
rent so as to open each interrupter at a time in 
the neighborhood of the Zero value of the cur 
rent to be interrupted, an inductance in each 
phase series-connected to said interrupter, said 
inductance being designed to increase its in 
pedance value at small current intensities so as to 
reduce the current intensities in the neighbor 
hood of the zero value, an impedance disposed 
in parallel to said interrupter in order to reduce 
the intensities of the returning voltage between 
the opening contacts of said interrupter, and 
magnetic means arranged on each interrupter 
and designed to prevent said movable member of 
the interrupter from opening in response to ir 
regularly high currents occurring at the regular 
opening moment, said magnetic means having an 
operating coil series-connected with said inter 
rupter and being disposed to act independently 
of said common driving means of Said inter 
rupters. 

34. An apparatus for interrupting or rectifying 
alternating current or converting direct current 
into alternating current, comprising mechanical 
circuit breakers, a common synchronous motor 
connected with said breakers so as to Open said 
breakers in the neighborhood of the Zero value of 
the current, alternating current resistors parallel 
connected to the breaks of said circuit breakers, 
means for reducing the current intensities in the 
neighborhood of the zero value of the current by 
distorting the current curve, said circuit breakers 
comprising main contacts and auxiliary contacts, 
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said auxiliary contacts being disposed to close 
sooner and to open later than the main contacts 
and being equipped with contact surfaces of a 
material more resistant to arcs than the material 
of said main contacts, and means for rotating 
said main contacts with respect to the other 
main contact of each circuit breaker about the 
axis of its breaking movement, the auxiliary con 
tact allotted to said rotatable main contact being 
attached to said rotatable contact and disposed to 
allow free rotations of said main contact. 

35. In a switching apparatus as Set forth in 
claim 21, said means for increasing the contact 
pressure comprising a magnetic core disposed on 
each circuit breaker in order to exert said in 
Creased pressure, and a winding arranged on said 
Core and connected in series with the break of 
said circuit breaker. 

36. A commutating device for connecting an 
alternating current circuit with a load circuit of 
different current characteristic, comprising a cir 
cuit breaker in each of the connecting phases be 
tween said two circuits, means for periodically 
actuating said breakers in synchronism with said 
alternating current, an inductance series con 
nected with each of said breakers, said inductance 
having a magnetic body designed to be unsatu 
rated at low current intensities near the zero 
Value of the current and to be saturated at a 
higher current intensity ..but below the average 
intensity, a voltage-biasing impedance path con 
nected in parallel to each of said breakers to re 
duce the initial magnitude of the operating volt 
age recurring across the breaker when opening 
the circuit, and means for preventing sudden 
changes of the load in said load circuit. 

37. A commutating device for connecting an 
alternating Current circuit with a load circuit of 
different current characteristic, comprising a cir 
cuit breaker in each of the connecting phases be 
tween said two circuits, means for periodically 
actuating said breakers in Synchronism with said 
alternating current, an inductance series con 
nected with each of said breakers, said inductance 
having a magnetic body designed to be unsatu 
rated at low current intensities near the zero 
Value of the current and to be saturated at a 
higher current intensity but below the average 
intensity, impedance means connected in parallel 
to each of said breakers for reducing the recurrent 
voltage during the opening period of said breaker, 
and an interrupter responsive to sudden excessive 
changes of the load in said load circuit and ar 
ranged in said connecting phases so as to discon 
nect said circuit breaker upon occurrence of such 
change. 

38. A commutating device for connecting an 
alternating current circuit with a load circuit of 
different current characteristic, comprising a cir 
cuit breaker in each of the connecting phases be 
tween said two circuits, means for periodically ac 
tuating said breakers in synchronism with said 
alternating current, an inductance series con 
nected with each of said breakers, said induct 
ance having a magnetic body designed to be un 
saturated at low current intensities near the zero 
value of the current and to be saturated at a 
higher current intensity but below the average 
intensity, impedance means connected in parallel 
to each of said breakers for reducing the recur 
rent voltage during the opening period of said 
breaker, and means responsive to changes of the 
load in said load circuit for switching in an addi 
tional load when said first load drops below a 
given Value. 

39. In combination, an alternating current cir 
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cuit, a load circuit, an electric translating system 
connected therebetween and including a circuit 
interrupting means connected therein and ar 
ranged to conduct current during predetermined 
intervals and arranged to interrupt the associated 
circuit during other predetermined intervals, and 
means for decreasing the current and the rate of 
change of the current to provide an interval of 
time sufficient to permit opening of said circuit 
interrupting means and comprising a saturable 
reactor including a core member, a winding con 
nected in series relation with said circuit inter 
rupting means and a control winding for con 
trolling the magnetic condition of said core men 
ber, said control winding being energized to es 
tablish in said core member at the beginning of 
each conducting interval a flux in the same direc 
tion as that established by said first mentioned 
winding and tending to establish in said core 
member at the end of each conducting interval a 
flux which opposes the flux established by said 
first mentioned winding. 

40. Switching means for periodically interrupt 
ing an alternating current circuit, comprising 
Separable contacts in said circuit, current-limit 
ing resistance means bridging said contacts and 
having a resistance smaller than the impedance 
of the alternating current circuit to be inter 
rupted at substantially current zero in the cur 
rent wave of said circuit, and periodically op 
erating means for opening said contacts at sub 
stantially current zero. 

41. Switching means for periodically interrupt 
ing alternating current, comprising separable 
contacts, a reactance device connected in series 
with said contacts, said reactance device being 
variable so as to be effective only during a pre 
determined time interval in the region of the 
Zero value of the current wave to be interrupted 
for controlling the rate of change of said cur 
rent in said region, a resistance bridging said 
contacts and having a resistance value smaller 
than the reactance of said device during said 
region, and periodically operating means for open 
ing said contacts during said region. 

42. With a multi-phase arrangement for trans 
ferring energy between an alternating current 
circuit and a direct current circuit, the comb 
nation of mechanical contact circuit breakers dis 
posed between said alternating current circuit 
and said direct current circuit, each of said break 
ers being connected in a respective phase of 
said alternating current circuit, a device for pe 
riodically operating said breakers in Synchro 
nism with the frequency of said alternating cur 
rent circuit, said device being designed to actu 
ate said breakers in succession with overlapping 
closing periods, so that temporary short circuits 
including the simultaneously closed breakers are 
closed periodically, impedance devices designed 
to increase, their impedance magnitude abruptly 
at current values below a certain periodical low 
value so as to periodically flatten the curve of the 
current to be controlled by said breakers, said 
impedance devices being series connected with 
said breakers so as to form part of Said periodi 
cally closed short circuits, and load-responsive 
means for varying the time interval between the 
periodical operation of said breakers and the 
beginning of said flattening of the current curve, 
whereby the opening of each breaker is effected 
within an interval during which at least one of 
the impedance devices being series connected with 
said breaker in a common short circuit has an 
increased impedance magnitude and the absolute 
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intensity of the current to be interrupted is be 
low a critical value. 

43. With a multi-phase arrangement for trans 
ferring energy between an alternating current 
circuit and a direct current circuit, the combi 
nation of mechanical contact circuit breakers dis 
posed between said alternating current circuit 
and said direct current circuit, each of said break 
ers being connected in a respective phase of said 
alternating current circuit, a periodically operat 
ing device for sequentially actuating said break 
ers in synchronism with the frequency of said 
alternating current circuit and with overlapping 
closing periods so that temporary short circuits 
including the simultaneously closed breakers are 
closed periodically, impedance devices designed to 
increase their impedance magnitude abruptly at 
current intensities below a certain periodical low 
value so as to periodically flatten the curve of the 
current to be controlled by said breakers, said in 
pedance devices being series connected with said 
breakers so as to form part of said periodically 
closed short circuits, and load-responsive means 
for shifting the opening moments of Said breakers 
with respect to the voltage cycle of said alternat 
ing current circuit, said means being designed to 
delay said opening moments at increasing in 
tensity of the load current. 

44. With a multi-phase arrangement for trans 
ferring energy between an alternating current cir 
cult and a direct current circuit, the combina 
tion of mechanical contact circuit breakers dis 
posed between said alternating current circuit 
and said direct current circuit, each of said break 
ers being connected in a respective phase of said 
alternating current circuit, a periodically operat 
ing device for sequentially actuating said break 
ers in synchronism with the frequency of said 
alternating current circuit and with Overlapping 
closing periods so that temporary short circuits 
including the simultaneously closed breakers are 
closed periodically, impedance devices designed 
to increase their impedance magnitude abruptly 
at current intensities below a certain periodical 
low value so as to periodically flatten the curve 
of the current to be controlled by said breakers, 
said impedance devices being series connected 
with said breakers so as to form part of said 
periodically closed short circuits, load-responsive 
means for varying the time interval between the 
periodical operation of said breakers and the be 
ginning of said flattening of the current curve 
whereby the opening of each breaker is effected 
within an interval during which at least one of 
the impedance devices then being series connected 
with said breaker in a common short circuit has 
an increased impedance magnitude and the ab 
Solute intensity of the current to be interrupted 
is below a critical value, an additional circuit con 
taining an auxiliary load, and a load-responsive 
switching device disposed to connect said addi 
tional circuit to said arrangement upon a decrease 
of the load current of said arrangement below 
a predetermined value. 

45. With a multi-phase arrangement for 
transferring energy between an alternating cur 
rent circuit and a direct current circuit, the Con 
bination of mechanical contact circuit breakers 
disposed between said alternating current circuit 
and said direct current circuit, each of Said 
breakers being connected in a respective phase 
of said alternating current circuit, a periodically 
operating device for actuating said breakers in 
synchronism with the frequency of Said alternat 
ing current circuit and with overlapping closing 
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periods so that temporary short circuits includ 
ing the simultaneously closed breakers are closed 
periodically, reactors having a magnetic core 
abruptly desaturating at low periodical current 
intensities so as to increase the effective react 
ance in order to periodically flatten the curve of 
the current to be controlled by said breakers, said 
reactors being series connected with said break 
ers so as to form part of said temporary short 
circuits, a pre-exciting winding arranged on the 
magnetic core of each of said reactors, a pre 
exciting circuit connected with said windings, 
variable means disposed in said pre-exciting cir 
cuit for controlling the current flowing in said 
windings, and load-responsive means for varying 
the time interval between the periodical opera 
tion of said breakers and the beginning of said 
flattening of the current curve whereby the Open 
ing of each breaker is effected within an inter 
val during which at least one of the reactors then 
being series connected with said breaker in a 
short circuit has an increased reactance and the 
absolute value of the current to be interrupted 
is below a critical value. 

46. With a multi-phase arrangement for 
transferring energy between an alternating cur 
rent circuit and a direct current circuit, the com 
bination of mechanical contact circuit breakers 
disposed between said alternating current circuit 
and said direct current circuit, each of said 
breakers being connected in a respective phase 
of said alternating current circuit, a periodically 
operating device for actuating said breakers in 
synchronism with the frequency of said alter 
nating current circuit and with Overlapping clos 
ing periods so that temporary short circuitS in 
cluding the simultaneously closed breakers are 
closed periodically, reactors having a magnetic 
core designed to become abruptly desaturated 
and to thereby increase the reactance at low pe 
riodical current values so as to periodically flat 
ten the curve of the current to be controlled by 
said breakers, said reactors being series connect 
ed with said breakers so as to form part of said 
periodically closed short circuits, a pre-exciting 
winding arranged on the magnetic core of each 
of said inductances, a pre-exciting circuit con 
nected with said windings, and variable circuit 
means connected in said latter circuit to Supply 
said windings with a pre-exciting current vary 
ing within each voltage cycle of said alternating 
current circuit. 

47. With a multi-phase arrangement for 
transferring energy between an alternating cur 
rent circuit and a direct current circuit, the COm 
bination of mechanical contact circuit breakers 
disposed between said alternating current circuit 
and said direct current circuit, each of said 
breakers being connected in a respective phase 
of said alternating current circuit, a device for 
periodically operating said breakers in synchro 
nism with the frequency of said alternating Cur 
rent circuit, said device being designed to actu 
ate said breakers sequentially with overlapping 
closing periods so that temporary short circuits 
including the simultaneously closed breakers are 
closed periodically, a voltage-biasing impedance 
device connected in parallel to the interrupting 
gap of each of said breakers for reducing the ini 
tial magnitude of the normal operating voltage 
recurring across the gap during the initial open 
ing period of the breaker, inductive reactors core 
nected in series with said breakers So as to be 
included in said periodically closed short Cir 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

15 
cuits, Said reactors having a magnetic core of a 
ferromagnetic material having a magnetization 
curve with a sharp saturation bend to become 
abruptly desaturated, thereby increasing the in 
ductivity at low periodical current values in order 
to periodically flatten the curve of the current 
to be controlled by said breakers, a pre-exciting 
winding arranged on the magnetic core of each 
of said reactors, and circuit means connected 
With each of Said Windings for energizing said 
Winding by an auxiliary current synchronous 
With that of said alternating current circuit and 
having a phase position different from that of 
the energizing currents in the other windings 
and from that of the current flowing in the reac 
tor associated with said winding. 

48. With a multi-phase arrangement for 
transferring energy between an alternating cur 
rent circuit and a direct current circuit, the com 
bination of mechanical contact circuit breakers 
disposed between said alternating current circuit 
and Said direct current circuit, each of said 
breakers being connected in a respective phase 
of Said alternating current circuit, a periodically 
operating device for sequentially actuating said 
breakers in synchronism with the frequency of 
said alternating Current circuit and with over 
lapping closing periods so as to periodically es 
tablish temporary short circuits including the 
Simultaneously closed breakers, variable imped 
ance means having an increased impedance at 
current intensities below a given low value so 
as to periodically flatten the curve of the current 
to be controlled by said breakers, said imped 
ance means being series connected with said 
breakers so as to form part of said temporary 
short circuits, load-responsive means for vary 
ing the time interval between the periodical op 
eration of said breakers and the beginning of 
said flattening of the current curve, whereby the 
opening of each breaker is effected within an 
interval during which at least one of the im 
pedance means being series connected with said 
breaker in a common short circuit has an in 
creased impedance and the intensity of the cur 
rent to be interrupted is below a critical value, 
and means for periodically distorting the curve 
of the alternating voltage to be interrupted SO as 
to reduce the normal Operating voltage recurring 
between the separating contacts of each breaker. 

49. A translating device for converting electric 
current of given characteristic into current of dif 
ferent characteristic, comprising mechanical con 
tact interrupters each having a movable contact 
and a countercontact, a motor for periodically 
actuating said interrupters, means for transmit 
ting the movement from Said motor to Said now 
able contacts, and individual controlling means 
allotted to each of said interrupters for displac 
ing the opening moments of said interrupter with 
respect to the movement of said transmitting 
means, said controlling means being electrically 
Coupled with said circuit phase containing said 
interrupter So as to be actuated in response to 
load variations of the current passing said inter 
rupter and being adjusted to open said interrupter 
at a time before said current passes its zero value 
so that at the time of said Zero value the break 
distance between said movable and said counter 
contact of Said interrupter has attained a length 
at which the flow of current in the reverse direc 
tion is prevented with certainty. 
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