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2,680,83. 
SYNCHRONOEUS FELECTREC SWATCHENG 

APARATUS 
Michael Beiagain, Narberg, Geary 3,52y, assigner 
to Sierhens-Schackertwerke, Akiieragese Eschaft, 
iserin-Siece assadt, Germany, a corporation 
of Germany 

Application December 4, 1950, Serial No. 99,004 
(C. 32-48) 6 (Olaims. 

My invention relates to apparatus for SWitch 
ing alternating-current circuits by means of Syn 
chronously operating contacts which open aid 
close at linonents near the current zero passages 
and are series connected with saturable com 
mutating reactors whose periodic, desatulation 
responsive increase in reactance ninimizes the 
current-carrying duty of the contacts at these 
nonents. The satlaiole corrilitating reactors in 
Such apparatus have been piernaginetized by 
Separate bias axcitation in order to refuge to sub 
stantially zero the residual current, i. e. the re 
a ctance-reduced current flowing at the contact 
opening and closing naoiletS. 

Dificulties may be encountered With Such ap 
paratus, especially periodic multiphase convert 
ing apparatus such as contact, rectifiers, if the op 
erating voltage is adjustable or controllable, for 
instance, by Ineans of a stepped input transfornia 
er. These difficulties are due to the fact that a 
change in operating Voltage ca-USes a correspond 
ing change in comrautating voltage. That is, the 
Inagnetization speed of the Commutating reactor 
changes and so does the width of its hysteresis 
loop so that a different premagnetizing current 
would be required to keep the residual contact 
current at Zero during the circuit opening inter 
wa. As a resulä, tie residual current flowing 
through the contact at the opening nonent is 
not constant but varies with changes in operating 
voltage and may exceed the limit at which a ni 
gration of contact material between the separat 
ing contact pieces will occur, thus reducing the 
useful life of the apparatu.S. 

It is an object of iny invention to elikainate 
these difficulties and to provide Synchronous con 
tact apparatus with pennagnetized Cornutating 
reactors that autoihatically and elastically adjust 
their premagnetization to optinum conditions re 
gardless of charges in input Voltage. 
To this end, and in accordance with a feature 

of my invention, I provide the commutating re 
actor with two pre-excitation Circuit.S and apply 
to these circuits a sinusoidal current and a trape 
Zoidal current, respectively so that the reactor 
preimagnetization is the resultant of these tWO 
mutually superimposed currents, both being Syn 
chronous with the Voltage of the current to be 
controlled or translated by the apparatus. 
The foregoing and more specific objects and 

features of the invention Will be apparent from 
the drawings, in which Figs. 1, 2 and 3 show the 
schematic circuit diagrams of three respective 
bi-phase rectifying apparatus according to the 
invention; and in which FigS. 4, 5, and 6, aire (Q- 
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2 
ordinate diagrams illustrating the Operation of 
the inveration. 
The contact rectifier according to Fig. 1 has a 

power transfortner whose primary 2 is energized 
from terminals 3 for connection to an alternat 
ing-current supply line. The transformer has 
secondary windings is and 5 connected to the 
phase circuits U and W of the regtifying equip 
ment, proper. As shown, the power transformer 
raay have tapped or stepped windings in order to 
permit adjusting or controlling the voltage to be 
rectified. Connected in the phase circuit U is 
the Inain reactance winding 6 of a continutating 
reactor in series with a contact device 3 whose 
movable contact, rhember 8 is periodically actu 
ated by a synchronous motor it with which it is 
connected by a suitable transmission here Sche 
matically indicated by a broken line . The 
motor () is connected with the supply terminals 3 
and operates in synchronism with the line cur 
rent. The phase position of the nowable Contact 
9 is such that it opens and closes the phase cir 
cuit, U at morents in the neighborhood of the 
current; zero passages. The cominutating reactor 
has a saturabie core i2 with two preinagnetizing 

bias windings is and 48. Winding 4 is connect 
ed in: a, cross-phase circuit which extends a CroSS 
the phase circuits U and W and includes in Series 
with winding 3 a resistor 5 and the secondary 
of an auxiliary transformer 6. The primary 
winding of the transformer 3 is impressed by the 
same phase-to-phase voltage which is also effec 
tive across the hain reactance winding 8 of the 
cornmutating reactor. To this end, the primary 
of transformer 3 is connected across the phase 
leads U and W, if necessary through phase adjust 
ing means as Schematically represented at . A 
shunt circuit, of a capacitor 3 and a series re 
sistor 3 is preferably connected across the bias 
Winding ... the sinusoida current flowing 
through the winding its is produced by the sum 
of the interphase voltage between phases U, V 
and the auxiliary voltage impressed through the 
transformer 3. Its pinase coincides approxi 
mately with that of the voltage across the phase 
leads. 
The bias Winding 3 of the commutating re 

actor is Supplied. With a trapezoidal or approxi 
nately Square Wave shaped current. Warious cir 
cuits and the like (neans for producing trapezoidal 
currents are well known as such and are appli 
cable for the purposes of the invention. Such 
circuits, for instance, may be primarily ener 
gized by sinusoidal voltage and lay contain pulse 
shaping or Wave clipping members to produce a 
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trapezoidal output current. For instance, as 
shown in Fig. 1, coil 3 may be connected to the 
alternating-current supply by an auxiliary Sec 
ondary winding 29 of the power transformer , 
and an amplitude limiting or otherwise Wave 
shaping device as schematically indicated at 2 
may be interposed. It will be recognized that the 
voltage of the secondary Winding 28 is Substan 
tially constant and does not participate in the 
changes of rectifier voltage due to a change in 
the tap setting of the transformer Windings 3 and 
3. In this mannel Winding 3 is excited by a 
trapezoidal current wave having the Saine fre 
quency as the sinusoidal current that fioWS 
through the Winding 4 but having a Substantially 
constant amplitude for all available rectifier in 
put voltages. The possibility of producing and 
applying trapezoidal currents has been mentioned 
previously (see the article by Dr. W. Schilling, 
in the German periodical Electrotechnik and 
Maschinenioau, 1941, page 397) So that a descrip 
tion of other applicable circuit means appears 
unecessary. 
The phase circuit W includes in series the main 

reactance Winding 3' of a commutating reactor 
i' in series with a contact device 8' Whose mov 
able contact member 9 is actuated by the motor 
it in the necessary phase relation to the contact 
device of phase U to provide for proper COinnul 
tation and rectification. The output terminals 
22 of the apparatus are connected to the mid 
point of the secondaries A, 5 and to a mid-point 
between the contact devices 8 and 8', respectively. 
The core of commutating reactor has two bias 
windings 3' and ' which are energized in the 
same manner as the corresponding Windings 3, 
it of reactor , the necessary circuit connections 
being not Sihown because they are a duplicate of 
those already described. It Will be understood 
that in circuits with three or more phases each 
pinase is equipped. With a connmutating reactor 
With two premagnetizing coils connected and e? 
ergized as described in the foregoing, the various 
cross-phase circuits being arranged in a cyclical 
Irelation to one another. 
The modified contact rectifier apparatus shown 

in Figs. 2 and 3 are to some extent similar to the 
above-described apparatus of Fig. 1, coi'respond 
ing elements being denoted in all figures by the 
same respective reference numerals. In distinc 
tion from the apparatus of Fig. 1, however, the 
modification of Fig. 2 is equipped With reactor 
stabilized premagnetizing circuits, instead of the 
cross-phase circuit of Fig. i., for providing the 
sinusoidal premagnetizing current for Windings 
its and 3. As shown, the Winding 4 of the Con 
mutating reactor : is excited in series connection 
with a reactor 23 which enforces a practically 
sinusoidal wave shape of the current iowing 
through Winding SA. This current must be ap 
proximately in phase with the voltage across the 
phase conductors U and W. Since the Stabilizing 
reactor 23 produces a large phase displacement 
between current and driving voltage, Suitable 
phase shift means 7 must therefore be inter 
posed between the reactor-Stabilized circuit and 
the energizing transformer or current supply line. 
"he winding a $' of the commutating reactor 
is energized in the same manner. In all other 
respects the apparatus is designed and Operative 
in the manner described with reference to Fig. i. 
The modification shown in Fig. 3 has in its 

phase U the main reactance coil 26 of a commu 
tating reactor 2 whose core 28 is equipped with 
three additional windings 39, 3 and 32. The 
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auxiliary circuit connected to winding 30 com 
prising a capacitor 35 and a resistor 36, is a 
damped oscillatory circuit and serves to improve 
the shape of the step in the wave of the main 
current flowing through the coil 28. The effect 
of this oscillatory circuit is to reduce or virtually 
eliminate the inclination of this step relative to 
the Zero axis of the current wave. Winding 3 is 
excited by sinusoidal current supplied, for in 
stance, from an auxiliary transformer or from an 
auxiliary Secondary Winding of the main power 
transformer. Winding 32 is supplied with trape 
zoidal current in substantially the same manner 
as the winding & in Fig. 1. 

in addition, a CrOSS-phase circuit, is provided 
Whigh contains an ohinic resistor 3 and extends 
from a point between Winding 26 and contact de 
vice 8 of phase U to a point at the transformer 
side of the main reactance winding 23 in phase 
W. The cross-phase circuit is as free of induct 
ance as possible, for instance, by a bifilar design 
of the resistor 3i. Tine cornia atting reactor 2. ' 
appertaining to the phase W is designed in ac 
cordance With reactor 2 and the appertaining 
circuit connections (not shown) are also similar 
to those of reactor 2. 

Operation. 
In Fig. 4, I shows the time curve of the full load 

current during the commutation interval. This 
current curve I inay result, for instance, When 
the contact of the incipient phase (W) is closed at 
the nonent to at which the tine curve of the con 
mutation Voltage (UK1) intersects the Zero line 
(tinue axis). The contact in the decaying phase 
(U) opens at the moment iN. Hence the com 
mutation interval commences at to and termi 
nates at ty. 

line broken-line curve II in Fig. 4 applies to a 
different operating condition in which the mag 
nitude of the load current is the same as before 
but the closing of the contact is delayed by a 
phase angle c and occurs at the moment t'o. In 
the latter case, the coin mutation interval from 
moment to to nonent t'N is shorter than the 
corresponding commutation interval to-ty for 
Curve I because the instantaneous values of the 
cornmutation voltage UK are larger during the 
interval to-tn. Since the moment t'N occurs later 
than the monent tN, the commutating reactor, 
When Operating with current curve II, commences 
at in Cinent in to produce the current, step at a 
higher instantaneous value of the commutation 
Voltage; and all instantaneous voltage values dur 
ing the further course of the current step are also 
higher than for curve I. These instantaneous 
Voltage values are responsible for the reversing 
of the Saturating magnetization of the commu 
tating reactor along the flanks of the magnetic 
characteristic. Since the velocity (rate of 
change) of the reversal in magnetization is di 
rectly proportional to the voltage that produces 
the reversal, it follows that the break step for 
the Operating conditions of curve II is shorter 
than the break step obtaining under the operat 
ing conditions of curve I. For the relatively small 
phase difference o aSSurned in Eig. 4, this differ 
ence in the duration of the respective break steps 
is not very large. However, when the phase 
angle a is increased, for instance, in order to 
reduce the converter output voltage by delayed 
commutation control, then the difference may 
aSSunne considerable values because then the 
step cominences much later and hence closer to 
the crest of the commutation voltage than when 
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operating under full voltage, so that the reversal 
in reactor magnetization occurs at considerably 
higher instantaneous values of the commutation 
voltage. 

Still nore noticeable is the effect of the dif 
ferent values of the Inagnetization reversing volt 
age when the primary voltage supplied to the 
apparatus is changed. Such a change may be 
inadvertent, for instance, caused by extraneous 
phenomena, acting upon the power line, or it 
may be introduced purposely by adjusting the 
Supply voltage, for instance, with the aid of a 
tapped power transformer as shown at in FigS. 
1, 2, and 3. 
Consider two different operating conditions 

with respectively different energizing voltages. 
The corresponding commutating voltages are also 
different and may be represented by curves UK 
and UK2 in Fig. 4. Assume that the apparatus op 
erates at full load and under full voltage as repre 
Sented by current curve I. Under these condi 
tions, the differences of the instantaneous values 
of the respective commutation voltages UK1 and 
UK2 are relatively Small during the commutation 
interval from moment to to moment in. For 
simplicity, therefore, it is assumed in Fig. 4. that 
this commutation interval to to tM applies equally 
to both voltage conditions (UKl, UK2), although 
the interval is actually somewhat longer for the 
lower commutating voltage UK2 than for the 
higher voltage UK1. With the higher voltage 
UK1, the break step S1 lasts from moment try to 
moment isi. This interval of tiline correspoil is 
to the cross-hatched area, under the curve UK. 
representing the voltage-time integral required 
for reversing the magnetization of the commu 
tating reactor from positive Saturation to nega 
tive saturation. This integral, or the corre 
sponding area, is a constant magnitude definitely 
determined by the dimensions of the magnet core 
of the commutating reactor and by its number of 
winding turns. With a reduced supply voltage 
and the correspondingly sailer connutating 
voltage UK2, the reversal in magnetization takes 
place at a slower rate. 
time integral is then reached only at the later 
time point ts2. The cross-hatched area, from iN 
to its2 beneath curve UK2 has the same magnitude 
as the aforementioned area beneath curve UK1 
from t to ts1. 
the lower voltage UK2 is decidedly longer than 
the corresponding break step S1 for the higher 
voltage UKl. 
In accordance with the different Velocities of 

magnetization reversal, the hysteresis loop of the 
reactor core assumes respectively different widths 
as indicated in Fig. 5. Fig. 5 shows an idealized 
representation of different hysteresis loops of One 
and the same core for respectively different ve 
locities of magnetization reversal. With a high 
velocity or rate of reversal, the hysteresis loop 
passes along the flank portions d and hence has a 
large width corresponding to a larger magnetiz 
ing current ia. At a lower rate of reversal in 
magnetization, the hysteresis loop extends along 
flanks b corresponding to a smaller magnetizing 
current ib. However, the magnetizing current is 
not directly proportional to the rate of change in 
magnetization but, Within the practically useful 
voltage range, corresponds to an equation of the 
type y=co--ca in which y denotes the magnetiz 
ing current, ac the rate of change in magnetiza 
tion, and co and C are constants. 
This equation can be graphically represented 

in a coordinate diagram by a straight line which 
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6 
intersects the y axis at the constant value Co. 
If the premagnetization of the commutating re 
actor can be chosen. So that it always just fur 
nishes the magnetizing current required at the 
obtaining voltage by the reactor core for revers 
ing itS magnetization from Saturation of One po 
larity to Saturation of the other polarity, then 
no current at all can flow through the main 
Winding of the commutator reactor during the 
interval of time in Which the magnetization re 
versal is taking place. That is, the step would 
then accurately coincide with the zero line and 
the Step current to be interrupted would have the 
desired Zero value When the contact is opened at 
any nonent Within the Step interval. 

It will be clear from the foregoing that this 
advantageous result can neither be attained by 
a constant premagnetization nor by a load-re 
Sponsive premagnetization or a Superposition of 
both, because both kinds of premagnetization fail 
to involve any dependency upon the operating 
voltage. It is further apparent that this aim can 
likewise not be attained with a voltage-dependent 
premagnetization alone, because this would re 
quire a linear proportionality between the rate 
of Saturation reversal or voltage on the one hand, 
and the Width of the hysteresis loop or the mag 
nitude of the required magnetizing current on 
the other hand; but such a linear dependency 
does not exist. 
The desired achievement, however, is attained 

by the present invention involving the Superpo 
Sition of a voltage-dependent premagnetization 
by Sinusoidal current and a completely independ 
ent premagnetization by a trapezoidal current of 
constant amplitude. The result of this particu 
lar Superposition is that any conceivable changes 
in magnitude of the commutation voltage, no 
Inatter Whether resulting from voltage regulation 
Or from a change in the Supply voltage, are al 
Ways compensated as to their effects upon the 
Step cul'rent. Wariations in magnitude of the 
load current have no effect upon the step current 
because such variations are compensated by the 
above-mentioned auxiliary circuit. 
The resultant effects of the sinusoidal current 

ix (in winding i3, Fig. 1) and the trapezoidal cur 
rent it (in Winding A, Fig. 1) will be explained 
With reference to Figs. 5 and 6. The amplitude 
of the trapezoidal current it is completely inde 
pendent from any operating conditions so that 
this current Supplies, during the break step, an 
absolutely constant component of the premag 
netization according to the value coin the above 
mentioned equation. Fig. 5 shows the magnetiz 
ing current it and the corresponding width of 
the hysteresis loop by dot-and-dash lines. 
The time curve of the trapezoidal premagne 

tizing current it is shown in the top diagram of 
Fig. 6. The broken-line curve indicates the volt 
age Ut diriving this current. It is apparent that 
the current it is essentially wattless. The trape 
Zoidal shape of the current offers a sufficient 
range for a phase displacement of the break step 
S, Such a displacement being caused by load cur 
rents of different magnitude, or by different phase 
displacement of voltage control, for instance, 
according to Fig. 4. 
The middle diagram of Fig. 6 shows the time 

curve of the sinusoidal premagnetizing current 
is-cac, the magnitude ac in the present case being 
identical With the commutation voltage (UK). 
The current is follows a sinusoidal curve of a rel 
atively high peak value in those intervals in 
which the commutating reactor is saturated, 
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During those intervals in which the Saturation 
of the reactor reverses its polarity and in which 
the reactor, then being unsaturated, has a much 
higher reactive resistance than in the Saturated 
Condition, the Sinusoidal current ix follows a 
Sinusoidal curve of a much lower peak value, the 
latter curve being shown by broken lines in the 
middle diagram of Fig. 6. The diagran shows 
two individual curves for each of the high-peak 
and low-peak current conditions colresponding 
to respectively different values of the supply volt 
age or commutating voltage. If the current step 
S is given a different phase position, the sinusoidal 
currents maintain their original phase position 
and the ple:naginetizatiing current, ix assumes dif 
ferent instantaneous values derivable from the 
diagram. 
The botton diagram in Fig. 6 shows the Super 

position of the two premagnetizing currents 
it--ia:=iy. The resultant premagnetizing cur 
rent iy has during the break step S, regardless of 
the time position of this step relative to the cur 
Irent half Wave, always just those instantaneous 
current values which are needed by the con 
mutating reactor at the given voltage to pass from 
Saturation of One polarity to saturation of the 
other polarity. Consequently, the break step 
always coincides virtually with the zero line, and 
the contact interruption is always effected at 
Zero current for any operating condition of the 
converting apparatus. 

Fig. 6 reveals another advantage of the trape 
Zoidal premagnetizing current. Since this cur 
rent fioWs in the reversed direction at the con 
tact closing noi18Ynt occurring citing the period 
of the other half wave, it contributes to the return 
magnetization which places the cominutating re 
actor back to Saturation of the original polarity 
in the direction of the main current before the 
contact is reclosed. This secures definite closing 
Conditions at the make nonent of the contact, 
and prevents the break reactor from imposing 
disturbing effects upon any nake reactor or 
make coice with which the apparatus may be 
equipped. Besides, the trapezoidal premagnetiz 
ing current may also usefully contribute to prop 
erly premagnetizing the make reactor. 
While in the foregoing reference is made to 

Fig. 1, the embodiments according to Figs. 2 
and 3 operate basically in the Same manner. In 
the embodiment of Fig. 1, the premagnetizing 
circuit that applies sinusoidai current to the wind 
ing $ includes a resistor 3 which in parts to the 
circuit a predoninantly othnic character. This 
has the result that the premagnetizing current 
ix will instantaneously follow any sudden changes 
in Supply voltage. 

In contrast, the preimagnetizing circuit of the 
corresponding winding 4 in Fig. 2 is stabilized 
by a reactor coil 23. Due to the predominantly 
inductive character of this premagnetizing cir 
cuit, the sinusoidal current in winding is lags 
the Voltage by allinoSt 90 and is not, Subje3ted 
to Sudden variationS. The required phase angle 
between Voltage and current is adjusted by means 
of the phase adjuster . Such an inductive cir 
cuit reacts to change in supply voltage only dur 
ing a period of several cycles. This is permissible 
especially when the above-mentioned voltage 
changes occur only rarely and has the advantage 
of lower loSSes as corinpared with a predomi 
nantly ohmic premagnetizing circuit according 
to Fig. . 
The embodialent of Fig. 3 adds a cross-phase 

circuit With a resistor S to an apparatus other 
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8 
Wise designed in accordance with Fig. 1 or Fig. 2. 
The cross-phase circuit acts essentially like a 
shunt path across the contact 3. That is, the 
cross-phase circuit, due to its negligible reactance, 
absorbs any residual current that may remain 
fiowing in the main circuit. When the contact 8 
OpenS. 

ii) {i} three embodiments, the step current can 
always be kept below the value critical for the 
occurrence of migration of contact material, re 
gardless of any changes in Operating voltage, thus 
securing a reliability of operation and a voltage 
idegendent geriod of useful life not achieved by 
heretofoie existing devices. 
I clain: 
1. Synchronous electric SWitching apparatus, 

having Supply means providing alternating cul 
rent of substantially sinusoidal wave shape and 
having a plurality of phase circuits, each of Said 
phase circuits having a Synchronous contact de 
vice adapted to alternately nake and break its 
circuit in synchronisin with the cycle of Said al 
ternating current and a Saturable commutating 
reactor series-connected with each other, Said 
reactor having two preanagnetizing bias Wind 
ings, a cross-phase circuit eXtending acroSS dif 
ferent ones of said phase circuitS and including 
One of Said bias Wildings to paSS Substantially 
Sinusoidal current through Said one bias wind 
ing, and trapezoidal-Current Supply means con 
nected between Said alternatiing-current Supply 
means and Said other bias Winding and having a 
constant current annplitude during the break 
interval of Saif nake and break cycle to pass 
through said other bias Winding a trapezoidal cur 
a'esht of the frequency of Said alternating current. 

2. Synchronous electric Switching apparatus, 
coil prising a power input transformer of ad 
juSable voltage having multi-phase Secondary 
windings, a plurality of phase circuits connected 
to said respective windings, each of Said phase 
circuitS having Synchronous contact means to 
alternately make and break its circuit in syn 
chronism. With the cycle of Said respective phase 
citcuit and a Saturable commutating reactor Se 
ries connected with each other, said reactor hav 
ing premagnetizing bias neans, two excitation 
circuitS connected with said bias means, current 
Supply means of Sinusoidal current characteristic 
connected to one of said circuits, and current 
Supply means of trapezoidal current characteris 
tic connected to said other circuit, and having a 
Constant current, amplitude during the break in 
terval of Said make and break cycle. 

3. Synchronous electric switching apparatus, 
CO2 prising power input transformer means hav 
ing nulti-phase Secondary windings of adjustable 
Voltage and another secondary winding of nor 
naily constant voltage, a plurality of phase cir 
cuits connected to said respective multi-phase 
Wiildings, each of Said phase circuits having syn 
ci:i'inous contact raea, S to aitarinately make and 
break its circuit in Synchronism with the cycle 
of Said reSp3.ctive phase circuit and a saturable 
302nalt&ting reactor Series connected with each 
Other, Said reactor having t'yo premagnetizing 
bias Wiraglings, a cross-phase circuit extending 
a CIOSS different ones of said phase circuits and 
incluiding one of Said bias windings to pass sub 
Staitially Sinusoidal current through said one 
bias winding, and trapezoidal-current supply 
Ileans having a constant current amplitude dur 
ing the break interval of Said nake and break 
Cycle and being connected between said other 
Secondary winding and said other bias winding to 



2,680,831 

pass through Said other bias Winding a trape 
Zoidal current of the frequency of said alternat 
ing current. 

4. Synchronous electric switching apparatus, 
comprising power supply means providing al 
ternating current of substantially sinusoidal wave 
shape having a plurality of phase circuits of ad 
justable input voltage, each of said phase cir 
cuits having a synchronous contact device to al 
ternately make and break its circuit in synchro 
nism with the cycle of said respective phase cir it) 

cuit and a Saturable commutating reactor series- . 
connected with each other, said reactor having 
two premagnetizing bias windings, a sinusoidal 
current circuit connecting one of said bias wind 
ings with Sad Supply means and having a cur 
rent stabilizing reactor Series connected with 
said One Winding, phase shift means interposed 
between said latter circuit and said supply means, 
and trapezoidal-current supply means connect 
ing said other bias winding with said power Sup 
ply means and having a constant current am 
plitude during the break interval of Said make 
and break cycle, whereby said commutating reac 
tor is premagnetized by mutually superimposed 
Sinusoidal and trapezoidal currents. 

5. Synchronous electric switching apparatus, 
comprising a main circuit having alternating 
Current power supply means, synchronous con 
tact means for making and breaking said main 
circuit in synchronism with the cycle of said 
power supply means, a saturable reactor series 
connected with said contact means in Said main 
circuit for temporarily flattening the current wave 
in Said main circuit to a break step during which 
said contact means break said main circuit, said 
reactor having premagnetizing bias means, two 
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excitation circuits connected with said bias 
means, circuit means connecting One of said tWO 
excitation circuits with said Supply means and 
having a voltage dependent upon that of said 
main circuit, and current Supply means of a 
trapezoidal current characteristic connected to 
Said other excitation circuit and having a con 
stant current amplitude during said break step. 

6. Synchronous electric Switching apparatus, 
comprising a multi-phase circuit having in each 
of its phases a synchronous contact device and 
a Saturable commutating reactor series-connected 
with said device for flattening the current wave 
in Said circuit near each current zero passage to 
a break step during which said device breaks said 
circuit, said reactor having two premagnetizing 
bias Windings, a croSS-phase circuit extending 
across different ones of said phases of said multi 
phase circuit and including one of said bias wind 
ings, and trapezoidal-current Supply means con 
nected with said other bias winding and having 
a constant current amplitude during said break 
Step. 
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