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My invention relates to electric contact converters 
whose synchronous contact devices are series connected 
with saturable commutating reactors serving to tempo 
rarily minimize the instantaneous current during a re 
current interval of time within which the contact devices 
may open without sparking. 

In such converters, the contact devices are either actu 
ated by a synchronous motor energized from the alter 
nating-current supply, or they are controlled by electro 
magnetic means. In the former case, the recurrent clos 
ing moments of the converter contacts are generally ad 
justable relative to the alternating-current cycle to per 
mit regulating the converter output voltage in accordance 
with the delayed-commutation method. In contrast 
thereto, the opening moment of the electro-magnetically 
controlled contacts occurs always at the Zero passage of 
the contact current, thus automatically adapting itself to 
the duration of the natural current-conducting interval of 
the contact within each cycle period. 

In one type of magnetically controlled contact con 
verters, the movable contact armature is held in the 
opening or closing position by means of permanent mag 
nets; and the closing or opening movement of the con 
tact is controlled by current pulses which temporarily 
counteract the holding force of the permanent magnet to 
let the movable contact armature Swing to its other posi 
tion (pulse-controlled switches). In another type of 
magnetically controlled contact converters the contact 
current itself takes care of electromagnetically holding 
the arrnature in the closing position. During closing, 
and in some cases also during opening performance, the 
contact current is replaced or aided in this operation by 
an auxiliary current flowing through an electric valve 
circuit across the contact gap, or/and by current pulses 
that occur at the proper moment (load-current controlled 
switches). 

In all mentioned contact converters, the series-con 
nected commutation reactors have a high reactance only 
temporarily during the commutation intervals when the 
magnetic flux in the reactor core changes between oppos 
ingly directed saturation values, while the reactance is 
negligibly small at all other times when the core is satu 
rated. As a result, the reactor depresses the current to 
small instantaneous current values in the neighborhood 
of a current Zero passage thus flattening the current wave 
to a step of a very small residiual current magnitude (step 
current). Referring to the customary power line fre 
quencies of 50 or 60 C. P. S., the step interval may last 
some tenths of one millisecond in magnetically controlled 
converters, and about 1 to 2 milliseconds in motor 
actuated converters. To have the opening of the con 
tact occur practically without any transfer of contact 
material, the step current flowing during the step interval 
through the contact at the opening moment should be as 
close as possible to zero or should, in any event, not 
exceed a few tenths of one ampere. Since the natural 
magnitude of the step current, which represents the mag 
netizing current of the commutating reactor, lies con 
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siderably above this limit especially with converters of 
large power ratings, it is an important problem in the 
design of contact converters to satisfy the requirement 
for a practically current-free contact opening operation 
for all occurring variations in load conditions. For this 
purpose, a suitable premagnetization may be applied to 
the commutation reactor. However the premagnetizing 
circuit means heretofore known leave much to be desired 
and solve this problem only within certain limits. 

It is therefore an object of my invention to provide 
a contact converter with premagnetizing circuit means 
for the pertaining commutating reactor which afford an 
automatic adaptation of the premagnetizing flux in the 
reactor under all possible operating conditions so that the 
contact current is always practically zero at the opening 
In Onent. 
The invention is based upon the concept of making the 

premagnetization of the commutating reactor dependent 
upon the voltage which obtains between the terminal of 
the pertaining transformer winding and the converter load 
and hence is effective across the series connection of 
commutating reactor and converter contact. This par 
ticular voltage is identical with the voltage e that during 
the current step is impressed across the commutating re 
actor and thus determines the premagnetizing velocity 
dB/dt of the reactor in accordance with the equation: 

eDat -v.g., 

In this equation, w is the number of turns of the reactance 
winding (main winding) of the reactor, a the iron cross 
section of the reactor core, and B is the magnetic induc 
tance, while t denotes time. The coercive force Hic of 
the reactor iron, being a measure for the magnitude of 
the natural step current ic of the reactor, is a function 
of the magnetizing velocity dB/dt and hence of the pro 
portional reactor voltage ep, as is apparent from the 
coordinate diagram shown in Fig. 1. Starting from the 
static value His for dB/dt-0, the curve of the coercive 
force Hc rises at first rather steeply and then enters into 
a much fatter and nearly linear portion at a still rela 
tively small value of the premagnetizing velocity dB/dt. 
Such a course applies not only to the coercive force, i. e. 
to the flank midportion of the hysteresis loop (B=0), 
but also to other field-strength values along the flank of 
the hysteresis loop, particularly when the shape of the 
flank is flattened by a shaping circuit so that the flank 
extends approximately parallel to the ordinate axis. Such 
flattening or shaping circuits, known as such, consist of 
the series connection of a capacitor with an ohmic resistor 
or/and a damped oscillatory circuit, and are connected 
either directly across the reactor main winding or across 
an auxiliary winding on the reactor core (see 17 in Figs. 
2, 4, 5, 14, 16 to 18). Such an improvement of the loop 
shape by means of shaping circuits also results in pro 
ducing a practically horizontal course of the current step. 
If under these conditions the step current, flowing through 
the contact during the step interval, is to be reduced to 
zero, then the natural step current ic for any occurring 
value of the voltage e must be compensated by a pre 
magnetizing current iv that satisfies the condition: 

0 
.-.' 

wherein wy denotes the number of turns of the premagne 
tizing winding. The premagnetizing current iv therefore 
must be made dependent upon the premagnetizing veloc 
ity corresponding to the curve of Fig. 1 or to a similar 
mathematic function. In most cases the bent portion of 
the curve, applying to Small values of premagnetizing 
velocity, need not be considered because such small ve 
locity values do not normally occur within the interval 
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of time during which the contact opening may take place. 
The required dependence, therefore, is practically attained 
if the curve of Fig. 1 is substituted by a straight line 
approximately corresponding to the upper curve branch 
whose extrapolation, shown in Fig. 1 by a broken line, 
intersects the ordinate at the base value Ho. 

According to a more specific feature of my invention, 
therefore, the total premagnetization of the commutating 
reactors is composed of two superimposed components 
of which one is constant during the step interval while 
the other varies in dependence upon the voltage obtain 
ing during the step interval across the commutating re 
actor. It is particularly advantageous to have the con 
stant component correspond to the base value Ho (Fig. 
1) and to make the voltage-responsive component pro 
portional to the reactor voltage e so that it corresponds 
to the value He in Fig. 1. This secures the most favorable 
operating conditions. The constant component is sup 
plied, for instance, by a premagnetization with direct 
current which may be inductively stabilized against trans 
former reaction of the reactor main winding. The volt 
age-responsive component, however, is supplied by a pre 
magnetizing winding which is connected between the 
winding terminal of the pertaining power-supply trans 
former and the direct-current side of the converter con 
tact and which therefore carries a current proportional 
to the voltage effective between these two connection 
points. The coaction of both premagnetizing com 
ponents (magnetomotive forces results in the desired de 
pendence of the total reactor premagnetization upon the 
premagnetizing velocity, corresponding to the upper curve 
portion in Fig. 1. 

This effect is not predicated upon any condition as 
regards magnitude and time dependency of the voltage 
across the reactor. Consequently, the device adapts 
itself automatically to all occurring conditions of con 
verter operation. This automatic adaptation also takes 
care of compensating for voltage fluctuations of the alter 
nating-current Supply line as well as for any intentional 
or desired voltage changes as may be caused by trans 
former-tap Switching or by the operation of any other 
voltage regulating or control means. Besides, the power 
losses in the premagnetizing circuits are smaller than 
with the known premagnetizing circuits in which the 
premagnetizing winding of the reactor are excited through 
a resistor by a voltage composed of the cross-phase trans 
former voltage and an additional series voltage. It will 
be recognized that by virtue of the reactor premagnetiza 
tion according to the invention, the converter contacts 
open practically without current and without voltage at 
the end of their current-conducting periods regardless of 
any changes in converter operation, 
According to another object, my invention also aims at 

improving the current-step conditions (make step) pre 
vailing at the time of the contact closing operations. To 
this end, and in accordance with another feature of my 
invention, the premagnetization of the commutating re 
actor at the time of the make operation (make premag 
netization) is also composed of two component electro 
motive forces of which one remains constant during the 
make step interval while the other varies in dependence 
upon the voltage across the series connection of converter 
contact and commutating reactor. This affords having 
the contacts close practically without current and without 
voltage at the beginning of their respective current-con 
ducting periods. 
The constant component of the make premagnetization 

may be produced by passing a direct current through an 
auxiliary reactor winding as described above with refer 
ence to the break premagnetization. However, while the 
direct-current flux of the auxiliary winding for the break 
premagnetization has a magnetizing direction opposed to 
that of the reactor main winding, the magnetizing direc 
tion of the auxiliary winding for the make premagnetiza 
tion must have the same magnetizing sense as the main 
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A. 
winding and may require a current magnitude different 
from that applied to the break premagnetization winding. 

Further problems arise in special cases, for instance, 
when the rectified voltage delivered by the converter is 
to be controlled or regulated by the mechanical con 
mutation-delay method, i.e. by delaying the contact clos 
ing moment a desired control angle relative to the Zero 
passage of the alternating voltage. When the contact 
closing moment is thus delayed, the commutating reactor, 
under the effect of the positively directed alternating 
voltage, may be premagnetized up to saturation already 
prior to the closing moment. The make step would then 
be terminated ahead of the contact closing moment and 
would no longer be available for its intended purpose of 
initially preventing the contact current from rapidly ris 
ing immediately upon the initial closing touch of the con 
tact. Besides, when a single commutating reactor Serves 
to produce the make step as well as the break step, a 
break premagnetization with direct current would have 
the wrong direction for the make operation. It is, there 
fore, also among the objects of my invention to obviate 
these various difficulties. To this end, and in accordance 
with further features of my invention, the following 
means are applicable. 
To make certain that, when providing a single com 

mutating reactor, the constant component of premag 
retization has the required direction during the make 
performance as well as during the break performance, 
this component is preferably applied as a premagnetizing 
magnetomotive force of alternating direction. This mag 
netomotive force, particularly for exacting requirements, 
may have a rectangular or trapezoidal wave shape. In 
certain cases, especially for moderate requirements Such 
as a small rated power and a small regulating range, it 
is also possible to supply the constant component as a 
sinusoidal current, it being understood that this current 
has a single given polarity during each of the respective 
make and break step intervals. The rectangular or trap 
ezoidal wave shapes may be produced in the known man 
ner by distorting an originally sinusoidal current with the 
aid of series connected saturable reactors (transductors) 
magnetically excited by direct current. Another suitable 
way of providing currents of trapezoidal wave shape is 
to supply them as the anode or transformer currents 
in a rectifier circuit connection. It is also possible and 
may become necessary to give the constant component 
of premagnetization during the break step a magnitude 
different from that effective during make performance, 
This can simply be obtained by means of an additional 
direct-current premagnetization of the reactor core. 
When employing transductors for producing the trape 
zoidal current, the direct current for the excitation of 
the transductor reactors may simply be passed through 
an additional winding on the core of the commutating 
reactor. 
To permit, in addition to maximum-voltage adjustment 

of the current converter (zero delay angle), also a volt 
age regulation by delay-angle control (delayed-commu 
tation method), the effectiveness of the voltage-respon 
sive component or also of the constant component, or of 
both components of the make premagnetization is delayed 
to such a degree that the make step can only commence 
immediately after the contact closing moment or so short 
ly ahead of this moment that after the closing moment 
a still sufficient portion of the make step remains avail 
able for the temporary suppression of the current rise, 
The desired delay in the initiation of one or both pre 

magnetizing components may be effected by a controlla 
bie valve, for instance, a grid controlled gaseous or va 
porous discharge device. Especially suitable for this pur 
pose is a cesium vapor discharge device tube because 

The delay in voltage in 
ception may also be magnetically produced, for instance, 
by a so called valve reactor consisting of a series connec 
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electric valve preferably of the two-electrode type (trans 
ductor or magnetic amplifier). In both cases the initia 
tion of the excitation curren't must be placed into the 
proper time relation to the closing moment of the con 
verter contact. In contact converters with motor-driven 
contacts, the driven contact member or a separate pre 
closing contact, for instance, may serve to supply the 
grid of the controllable valve with a positive control pulse 
for igniting the valve. In current converters with electro 
magnetically actuated contacts, the ignition pulse for the 
controllable valve in the premagnetizing circuit may be 
made dependent upon the pulse for controlling the clos 
ing operation of the converter contact. 
Another way of controlling the delay in inception of 

the premagnetizing current is available in converters 
whose contacts are controlled electromagnetically by a 
separate control circuit of the type described and claimed 
in the copending application of E. Rolf and M. Belamin, 
Serial No. 278,386, filed March 25, 1952, and assigned 
to the assignee of the present invention. Such a separate 
control circuit, being galvanically, inductively or ca 
pacitively coupled with the main converter circuit and 
containing a current control device such as a grid-con 
trolled tube or a variably excited transductor, operates to 
impart a controllable delay to the contact closing opera 
tion; and according to a feature of the present invention 
may simultaneously serve for controlling the initiation 
of the premagnetizing current for the commutating re 
2COr. 

For reliable converter performance, it is important to 
have the commutating reactor in condition for break per 
formance during the predominant portion of each alter 
nating-voltage cycle period. In contrast, the reactor need 
be prepared for make performance only during a small 
portion of the period, this portion being determined by 
the particular circuit scheme of the converter plant and 
by the range of voltage regulation to be effected by de 
layed-commutation control. For this reason the break 
premagnetization according to the invention is given pre 
dominance. That is, the duration of the make premag 
netization within the alternating-voltage period is kept 
shorter than the duration of the break premagnetization. 
The foregoing and other objects, advantages and fea 

tures of my invention will be apparent from, or will be 
referred to in, the following description of the embodi 
ments of the invention exemplified by the drawings, in 
which: 

Fig. 1, explained above, is a coordinate diagram con 
cerning the magnetic behavior of a commutating reactor 
in a contact converter; 

Fig. 2 is a schematic single-phase circuit diagram of 
a contact converter; 

Fig. 3 shows five interrelated coordinate diagrams (a) 
to (e) explanatory of the operation of a converter ac 
cording to Fig. 2; 

Fig. 4 is a modification of the single-phase contact con 
verter shown in Fig. 2; 

Fig. 5 shows a schematic circuit diagram of a modified 
three-phase converter; and Fig. 6 presents a set of co 
ordinate diagrams for explaining the operation of a con 
verter according to Fig. 5; 

Fig. 7 is a partial single-phase circuit of another con 
verter, and Fig. 8 is a pertaining explanatory voltage dia 
gram; 

Fig. 9 shows another partial converter phase circuit, 
and Fig. i0 is an explanatory voltage diagratin relating to 
Fig. 9; 

Fig. 1 i shows essentially a known basic bridge cir 
cuit cf a three-phase full-wave converter and is presented. 
for explanatory purposes in conjunction with Fig. 12 
showing a converter of the same type in a circuit design 
according to the invention; 

Figs. 13 and 14 are respective circuit diagrams of 
two more elaborately designed three-phase converters, and 
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6 
Fig. 14a shows separately a circuit detail of the con 
verter according to Fig. 14; 

Fig. 15 illustrates eight explanatory coordinate dia 
grams (a) to (h) of current and voltage conditions typ 
ical for converters according to Figs. 14 to 18; and 

Figs, 16, 16a, 16b, 17 and 18 are schematic circuit 
diagrams of respective further modifications of contact 
converters. 
In all illustrations the same reference characters are 

used for denoting respectively similar elements or mag 
nitudes. 
The single-phase converter circuit shown in Fig. 2 in 

cludes, as its alternating-voltage source, the secondary 
winding 1 of a power transformer energized from an al 
ternating-current supply line. Series-connected in the 
circuit are the main winding 3 of a saturable commutat 
ing reactor 2, a synchronous contact device 4 having a 
movable contact element engageable with two stationary 
contact elements, and a direct-current load 5. The con 
tact device 4 will hereinafter be briefly referred to as the 
"contact.” The contact is actuated to open and close 
in Synchronism with the wave of the alternating voltage 
and to this end is driven by a suitable means schematical 
ly indicated by a broken line 10. This drive means, 
as illustrated, comprises a control magnet with a hold 
ing coil 44 and a control coil 44'. The holding coil 44 
is series connected in the main circuit of contact 4 and 
reactor winding 3 to be energized by the contact cur 
rent. It need not be inserted at the particular place 
shown in Fig. 2 but may instead be connected at another 
place of the contact-controlled phase circuit, for instance, 
between the circuit points c and d. 

It should be understood that converters according to 
the invention may have contact controlling or actuating 
means other than that shown in Fig. 2. For instance, 
the actuating means 10 may also consist of a cam shaft 
driven from a synchronous motor energized from trans 
former winding through a phase shift transformer. 
As explained, the commutating reactor, due to the re 

versal of the magnetization of its saturable core, produces 
during each cycle period a step in the current wave dur 
ing which the contact 4 may open without sparking. 
For improving the shape of the current step, the reactor 
is linked with an auxiliary shaping circuit 17 comprising 
an auxiliary coil 16 on the reactor core in connection 
with a combination of capacitance and resistance, with or 
without inductance. In its simplest case, for instance, 
the circuit of coil 16 may essentially be composed of a 
capacitor and a calibrating resistor, as illustrated. 
As explained in the foregoing, my invention requires 

applying to the commutating reactor a premagnetization 
comprising a constant component and a variable compo 
ment of which the latter is dependent upon the voltage 
across the series connection of the main reactor winding 
and the converter contact. According to Fig. 2, the con 
Stant component of the break premagnetization is applied 
to the reactor 2 by means of an auxiliary winding 6 
which is disposed on the saturable reactor core and 
energized from any suitable source 7 of direct voltage, 
such as a battery, through a smoothing and stabilizing 
reactor 9 and through an adjusting or calibrating resistor 
8. This constant-component circuit as a whole is de 
noted by 27. The magnetomotive force produced by 
this circuit in the reactor 2 is determined by the constant 
ampere turns of auxiliary winding 6. The voltage-re 
sponsive component of the break premagnetization is ap 
plied by the reactor by an auxiliary winding 3a on the 
reactor core. Winding 3a lies in a premagnetizing cir 
cuit 32 which extends across the series connection of the 
converter contact 4 and the reactor main winding 3 and 
which includes an adjusting or calibrating resistor it in 
series with a valve 2. The electromotive force pro 
duced by circuit 32 in reactor 2 is variable in accordance 
with the variable ampere turns of auxiliary winding 3a. 
The two component electromotive forces of the break 
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premagnetization oppose the magnetization of the reactor 
core by the load current flowing through reactor wind 
ing 3. When these two premagnetizing components are 
alone effective, the commutating reactor is always in 
condition for sparkless break operation. The prepara 
tion for the make operation, however, represents a tem 
porary exception from this general condition and takes 
place only when, during the normal course of the volt 
age wave, the conditions are just suitable for contact clos 
ing, that is, when there is a voltage capable of driving 
the current in the desired direction through the cenverter 
contact 4. For this purpose the constant component of 
the make premagnetization in the converter according to 
Fig. 2 is produced by means of an auxiliary circuit 52 
in conjunction with automatically operating devices which 
vary the phase position of this presagnetizing compo 
nent relative to the energizing alternating voltage in de 
pendence upon the closing moment. This autonnatic 
phase shift device consists essentially of the series con 
nection of a capacitor 53 with the working winding 55 
of a transductor 54 to which a charging circuit and a 
discharging circuit are connected. The charging circuit 
comprises an half-wave rectifier 59, a current-limiting 
resistor 63 and the secondary winding 62 of an auxiliary 
transformer whose primary 6 is connected to the ener 
gizing alternating voltage of the power transformer wind 
ing . The discharge circuit is formed by an auxiliary 
circuit 52 which includes an auxiliary winding 33 on the 
core of the commutating reactor 2, and a grid-controlled 
discharge device 25. The capacitor 53 is charged dur 
ing each negative half wave of the alternating voltage 
and discharges itself, after release by tube 25, through 
the auxiliary winding 33, thus issuing to that winding a 
current pulse whose amplitude is kept constant by the 
transductor 54. For this purpose the core of transduc 
tor 54, (representing a saturable reactor or saturable 
transformer) is magnetically excited by its control wind 
ing 56 up to far above its saturation knee. The control 
winding 56 is connected through a stabilizing reactor 57 
and an adjusting or calibrating resistor 58 to a suitable 
source of direct veitage 69, here schematically repre 
sented by a battery, the polarity of connection being such 
that the magnetizing effect of control winding 56 is op 
posed to that of the discharge current flowing in the main 
winding 55 of transductor 54. Under these conditions, 
the discharge pulse has such a magnitude that it just 
balances the direct-current premagnetization. Therefore, 
by adjusting the direct-current premagnetization with the 
aid of resistor 58 the magnitude of the current pulse 
and hence the magnitude of the constant component of 5 
the make premagnetization can readily be adjusted to the 
proper value. 
The voltage-responsive component of the nake pre 

magnetization is supplied by an auxiliary circuit 42, which, 
for instance, may excite a separate auxiliary winding 13 : 
on the core of the commutating reactor. The circuit 42 
includes an adjusting resistor 4 and may also be equipped 
with a half-wave rectifier 15, such as a barrier layer 
rectifier. The circuit 42 may further be connected to 
the discharge tube 25 at point g instead of being con 
nected at point f as illustrated. 

In the case of motor-actuated converter contacts, the 
grid of tube 25 may be controlled by the drive itself, 
particularly by the drive pertaining to the converter con 
tact in the same phase circuit. To this end, the grid 
circuit of tube 25 may be connected to a preclosing con 
tact or to the movable converter contact itself in such a 
manner that the auxiliary circuit 42 becomes closed a 
small fraction of a millisecond ahead of the closing no 
ment of the converter contact 4 proper, or at the latest 
together with the converter contact. This will be more 
fully described below in conjunction with Fig. 14. 

Instead of being connected to the grid-controlled tube 
25, the auxiliary circuit 42 may also be connected to an 
other discharge device or, as illustrated, to a transductor 
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10b. Within its unsaturated range, the magnetic char 
acteristic of this transductor has an appreciable inclina 
tion toward the flux axis. The transductor 8b is pre 
excited by a stabilized direct-current circuit 65 in such 
a manner that it operates in an unsaturated initial condi 
tion when its main winding is not traversed by current. 
A regulating resistor 66 permits varying the pre-excitation 
to adjust the initial condition of transductor Gb to any 
desired point between the two saturation knees of its 
magnetic characteristic. Series connected with the main 
winding of transductor 6b is the primary winding of a 
Small saturable transformer 67 whose core is magnetically 
excited by direct current in the known manner and whose 
secondary winding provides the control voltage for the 
grid of tube 25 in coaction with a series connected source 
68 of direct voltage. The control circuit of winding 44' 
may also be connected with the transductor Sibb, this cir 
cuit including a valve 49, a resistor 45 and an auxiliary 
source 47 of constant bias voltage. The bias voltage is 
so dimensioned that, with contact 4 closed, a sufficient 
flow of control current is maintained through winding 
44 to hold contact 4 in closed position. 

For explaining the operation of the converter, reference 
will be made in the following to the diagrains shown in 
Fig. 3. In Fig. 3 (a) the curve U represents the voltage 
of the power transformer (winding in Fig. 2). The 
horizontal line VA- denotes the constant component of 
the break premagnetization (supplied by the constant 
ampere turns of auxiliary winding 6 in Fig. 2) effective 
during the entire operating period of the converter. The 
voltage U, ascending from zero, has at first the effect of 
placing the magnet core of the transductor 8b from its 
unsaturated initial condition into the saturated state. The 
necessary voltage-time integral is represented by the area 
F1 and is indicative of the degree of voltage control 
(commutation delay angle) of the converter plant. The 
control degree therefore can be regulated by means of 
the resistor 66. After the transductor 10b is saturated, 
it releases a flow of current through its main winding. 
The increase of this current imparts through the switching 
transformer 67 an ignition pulse to the grid tube 25 so 
that the previously charged capacitor 53 discharges a con 
stant current through the auxiliary winding 33 of the 
commutating reactor 2, thus supplying this reactor with 
the constant component VE- of make premagnetization. 
Simultaneously, the flow of current initiated through 
transductor Gb supplies the voltage-responsive coinpo 
nent VEa of the make premagnetization according to 
Fig. 3(b) and passes through the auxiliary winding 13 
of reactor 2. The released flow of trainsductor current 
also provides the control current i for the control wind 
ing 44 of the contact control magnet according to Fig. 
3(e). The rise of control current i is delayed by the 
inductivity of the winding 44'. As soon as the current i 
exceeds the critical pick-up value of the magnet System, 
the contact 4 closes at the moment E. Shortly thereafter 
the make step ceases so that the load current increases 
to its full value according to Fig. 3(d). This moment 
denotes the end of the delay interval or control angle O. 
Thereafter, the control current i declines to a value which, 
at a corresponding adjustment cf resistor 4:, lies above 
the drop-off valve of the control magnet. The load cur 
rent is shown in Fig. 3(d) for a load circuit of purely 
ohmic character. Through winding 44 this current exerts 
an additional holding force which vanishes when the load 
current wave reaches its zero value and enters into the 
break step. At first, however, the converter contact is 
still kept closed due to the control current i flowing in 
winding 44'. 
The time curve of the voltage-responsive component 

VA- of the break premagnetization is shown in Fig. 3 (c). 
This component, as mentioned above, is proportional to 
the commutating voltage, the proportionality factor being 
half as large during the break step as at a later stage. 
The voltage, which at the beginning of the break step 
ccurs across the commutating reactor winding 3, is op 
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posed to the driving alternating voltage and has prac 
tically the same magnitude as the latter. In the present 
case, therefore, the absolute values of the voltage across 
winding 3 increase from the zero value and act in opposi 
tion to the driving voltage from the battery or constant 
voltage source 47. This reduces the current i in the con 
trol circuit from the inception of the break step until the 
current i reaches zero. As soon as the declining current i 
subsides below the critical holding value of the control 
magnet, the converter contact opens at the moment A. 
Consequently, the contact can open only during a break 
step interval. 
The fact that in the converter according to Fig. 2 the 

release of the premagnetizing circuit 52 is made depend 
ent upon the initiation of the control current for the con 
tact closing operation, results in the further advantage 
that the constant component of the make premagnetiza 
tion, and hence the occurrence of any nake premag 
netization, is completely prevented if due to any cause 
of trouble the control current for the contact closing op 
eration should fail to appear. 

Instead of providing the core of the commutating reac 
tor 2 with an auxiliary winding 3a for supplying the 
voltage-dependent component of break premagnetization 
as described in the foregoing with reference to Fig. 2, a 
portion of the reactor main winding 3 may also be used 
for this purpose. It is then preferable to connect one 
half of the main winding into the auxiliary premagnetiz 
ing circuit because this reduces the losses in that circuit 
to a minimum. 
A converter basically similar to that of Fig. 2 but mod 

ified in the just-mentioned manner is shown in Fig. 4. 
This converter also differs from that of Fig. 2 in that 
the transductor 10b is not only connected to the control 
circuit for the make control coil 44 of the converter 
contact 4 and to the auxiliary circuit 42 for the voltage 
responsive component VE of the make premagnetiza 
tion (auxiliary reactor winding 13), but is also connected 
to the auxiliary circuit 52 for supplying the constant com 
ponent VE- of the make premagnetization (auxiliary re 
actor winding 33). In this case, the latter component, 
as well as the voltage-responsive component, may be di 
rectly supplied from the contact-closing voltage as Soon 
as the transductor 10b reaches its saturated condition. 
Also in this case, the magnitude of the constant com 
ponent is determined by the preexcitation of the trans 
ductor 54. It is also possible, alternatively, to pass both 
components of the make premagnetization current 
through the same auxiliary winding 13 of the commutat 
ing reactor thereby eliminating winding 33. 
A converter according to Fig. 4 operates fundamentally 

in the same manner as the above-described converter ac 
cording to Fig. 2. That is, the converter of Fig. 4 also 
affords a fully automatic adaptation of the make pre 
magnetization to the particular moments of contact op 
eration. The adjustment or regulation of the delivered 
voltage by delayed commutation is again effected with the 
aid of the resistor 66. In view of the fact that the aux 
iliary circuit for providing the constant component of the 
make premagnetization requires a relatively large expendi 
ture in circuit elements, this component may be elimi 
nated for lesser requirements, for instance, when an only 
small power rating or a small range of voltage regulation 
is demanded. In the latter case, the voltage-responsive 
component of the make premagnetization is to be in 
creased accordingly. 
Another possibility according to the invention for pro 

ducing the constant component of the make premagnetiz 
ation is available in three-phase converter circuits. Fig. 
5 exemplifies this additional possibility. 
The respective circuits pertaining to the three phases 

R, S, T of the converter shown in Fig. 5 have the same 
design and performance, except that the respective con 
tact operations and the correlated effects in the three 
phases occur in a cyclical sequence and with the proper 
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phase spacing. For that reason, the reference numerals 
imentioned below are applied in Fig. 5 only to the ele 
ments that either pertain to the phase R or are common 
to all three phases. It may be mentioned at this point 
that the embodiments shown as single-phase circuits 
(Figs. 2, 4, 7, 9, 16 to 18) are, of course, also applicabie 
to multiphase converters in an analogous imanner. 

in the three-phase Y-connected converter of Fig. 5 
the direct-current circuit comprises a load 5 in series with 
a smoothing reactor 5'. If, as shown, the load circuit 
is to be controllable by a circuit breaker 37, a shunt 
connected base load 5' may also be provided in the cus 
tomary manner. The auxiliary circuit 52 which ener 
gizes the auxiliary winding 33 of the cominutating re 
actor 2 is connected to the secondary winding of the 
power transformer through a half-wave rectifier 45, a 
stabilizing reactor 29 and an adjusting resistor 23. An 
auxiliary secondary winding ia of the power transformer 
is series connected in the circuit 52 for each phase So that 
the auxiliary voltage of each Winding la, due to Zig-Zag 
interconnection of the windings a with the main wind 
ings R, S and T, is somewhat leading with respect to the 
voltage of its respective main winding . The auxiliary 
winding 33 of reactor 2 in circuit 52 has the polarity of 
connection required for its ampere turns (electromotive 
force) to act in opposition to that of the auxiliary wind 
ing 6 for producing the constant component VE- of the 
make premagnetization. The imagnitude of the premag 
netizing current in winding 33 is so adjusted that during 
the interval available for the make performance the in 
stantaneous current values are approximately twice as 
high as the premagnetizing current in winding 6, assin 
ing both windings to have the same number of turns. 
The voltage-responsive component of the Inake premag 
netization is supplied by the auxiliary circuit 42 with the 
grid-controlled discharge tube 25. The control circuit 
for the grid of tube 25 (not illustrated in Fig. 5), could 
for example be the same as that illustrated in Fig. 14(a) 
and described below in connection with the operation of 
the circuit shown in Fig. 14. The grid circuit is operative 
to control tube 25 to initiate the voltage responsive coin 
ponent VE - of the make magnetization shortly before 
the closing moment of the main contact. 
The operation of the converter according to Fig. 5 

may be more fully explained, with reference to the dia 
grams of Fig. 6, under the assumption that the rectified 
output current of the converter is completely smoothed 
by the reactor 5'. The upper portion of Fig. 6 shows 
the time curves UR, Us, UT of the main voltages of the 
power-transformer secondaries in the respective con 
verter phases R, S, T. The upper portion of Fig. 6 
further shows the corresponding phase currents (main 
currents) IR, is, T flowing through the respective con 
verter contacts at a control angle of approximately 
a-40, the limit being at about or max=90 for this ex 
ample. The current steps practically coincide with the 
zero axis. The make moments E and the break mcments 
A of the converter contacts lie within the current steps. 
The next lower portion of Fig. 6 represents the break 

premagnetization. The constant component VA- (aux 
iliary circuit 27) is indicated by a horizontal line below 
the zero axis and is emphasized by vertical cross-hatching. 
This component is continuously present as long as the 
converter is in operation. The voltage-responsive corn 
ponent VA (auxiliary circuit 32) is illustrated for the 
commutating reactor 2 of the converter phase R. As 
long as the full current R is being transferred, the corn 
mutating reactor of this phase is saturated and virtually 
no voltage occurs across its main reactor winding. As 
soon as, after the contact closing in phase S, the pertain 
ing commutating reactor is saturated, a steep change in 
current takes place due to the commutation voltage USR. 
This causes a small voltage to be induced in the commu 
tating reactor of phase R due to the air inductivity of 
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this reactor. The induced small voltage drives a current 
through the auxiliary circuit 32 in the flow direction of 
valve 2. Due to the desaturation of the commutating 
reactor at the zero passage of current IR at the beginning 
of the break step, one-half of the commutation voltage 
USR becomes effective in the auxiliary circuit 32 if this 
circuit, as shown, is connected to the midpoint of the 
commutating reactor winding 3. This is so because at 
this moment the full commutation voltage is effective 
across the entire winding 3. Now the break step interval 
takes its course. At the moment A of the break step 
the converter contact 4 of phase R opens. However, 
a magnetizing current continues to flow through the 
auxiliary current path 32. This continued current pro 
longs the premagnetization of the commutating reactor in 
phase R in coaction with the constant component VA 
of the break premagnetization and without change in 
the magnetomotive-force direction until the commutating 
reactor is saturated and hence the break step terminated. 
From this moment on, the commutation voltage USR 
is shifted from across the reactor winding 3 to across 
the opened contact device 4 thus making the full volt 
age effective in the auxiliary circuit 32. Due to the 
predominantly ohmic impedance of auxiliary circuit 32, 
the premagnetization VA- is at any moment proportion 
all to the driving voltage that produces this premagneti 
Zation (factor c). Consequently, during the break step 
VA^i =c USR/2, and immediately after the break step 
VR-N = c USR. The further course is immediately ap 
parent from the drawing. During the current transfer 
(commutation) between the phases S and T, that is dur 
ing the interval of time in which the contacts of these 
two phases are both closed and the respective commutat 
ing reactors are both saturated, the auxiliary circuit 32 
is subjected to 1.5 times the amount of the voltage of 
phase R; and after the phase S enters into the break 
step, the interphase voltage UTR becomes effective in the 
auxiliary circuit 32 pertaining to the phase R. Essential 
for this time course of the break premagnetization 
VA- is the fact that it acts in the same direction as the 
constant component VA-, i. e. in opposition to the mag 
netomotive-force caused by the main current flowing 
through the converter contacts. Consequently, although 
the starting moment of the break step may occur at any 
desired moment, the converter affords the security that 
this step practically coincides with the current zero line 
except during the interval of time within which the con 
tact is to close. 
On the other hand, the make premagnetization is ef 

fective only during such an interval of time in which 
generally the conditions are suitable for the closing of 
the converter contact, the voltage then having the direc 
tion needed for driving the current in the desired direc 
tion through the contact. With a normal voltage char 
acteristic, these conditions are satisfied for the contact 
in phase R from the moment when the ascending phase 
voltage UR becomes larger than the descending phase 
voltage UT. At this moment, first the constant com 
ponent VE- of the make magnetization becomes effec 
tive in the auxiliary circuit 52, if at first the leading angle 
of the here effective driving voltage is disregarded. The 
bottom portion of Fig. 6 represents this make premag 
netization of the commutating reactor in phase R. The 
magnitude VE- of this make premagnetization has about 
twice the value of the constant component VA- of the 
break magnetization so that a total constant premagnet 
izing component (VE-VA-) will result which is about 
equal to the constant component VA- of the break pre 
magnetization but has the opposite polarity. The desig 
nations entered into the bottom diagram of Fig. 6 refer 
to absolute values. The curve shape of the constant 
component VE- of the make premagnetization, in the 
present case, results from the fact that the auxiliary cir 
cuits 52 of the three phases are combined with the per 
taining valves 45 to a three-phase rectifier arrangement 
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in Y-connection. The duration of the constant compon 
ent of the make premagnetization within the alternating 
voltage cycle in this example is limited to the interval 
of time within which the closing moment may be shifted 
for voltage control by delayed commutation. The curve 
shown by a heavy full line whose area is vertically cross 
hatched in the bottom diagram of Fig. 6, has a leading 
phase relation to the corresponding curve shown by a 
broken line, this being due to the above-mentioned phase 
combination involving the additional transformer wind 
ings ia. 
The voltage-responsive component VEn of the make 

premagnetization would immediately commence at the 
end of the voltage-responsive break premagnetization 
VA- (apparent from the middle diagram of Fig. 6) and 
would also immediately follow the voltage UTR (or now 
URT) if the valve 2 were not provided. This valve, 
however, makes certain that after the occurrence of a 
voltage acting in the contact-closing sense, there will at 
first be a complete cessation of voltage-responsive pre 
magnetization. This premagnetization is released only by 
the subsequent ignition of the tube 25 at, or shortly prior 
to, the closing moment of the converter contact 4 and 
is then effective in the contact closing sense, namely in 
the same direction as the main current. This causes the 
voltage URT to appear across the commutating reactor 
winding 3 so that the contact closing takes place free of 
voltage and the flow, of main current is at first prevented 
until the commutating reactor saturates in the contact 
closing sense. Only then can the current commutation 
commence with a steep rise of the current IR. Conse 
quently, the above-mentioned electrical or other coupling, 
such as the mechanical coupling of the control for tube 
25 with the device that closes the converter contact, has 
the result that the converter system prepares itself for 
the closing operation only when the conditions are such 
that the operation may actually be carried out without 
danger to the contacts. 

However, the last-described modification does not 
afford such a fargoing reduction in the duration of the 
make premagnetization as is possible if the constant com 
ponent of this premagnetization is put into action with a 
phase position automatically adapting itself to the contact 
closing moment as is the case in the embodiments previ 
ously described with reference to Figs. 2 and 4. 

In all above-described embodiments of the invention 
the constant component of the break premagnetization is 
brought about by a direct current on which an opposing 
premagnetization for the make performance is super 
imposed within a limited interval of each cycle period. 
Instead, and as introductorily mentioned, a premagnetiza 
tion of alternating direction, preferably of trapezoidal 
wave shape, may also be applied, for instance, with the 
aid of an auxiliary rectifier circuit or a series transductor 
comprising two opposingly pre-excited saturable reactors. 
Exacting requirements as regards reliability and safety of 
operation can be satisfied by properly selecting not only 
the direction but also the magnitude of Such a pre 
excitation, preferably independently for the make per 
formance on the one hand and the break performance on 
the other hand. This prevents any adjustment of the 
pre-excitation for the make performance from being ac 
companied by an undesired or possibly even dangerous 
misadjustment for the break performance, and vice versa. 
The desired independence can be obtained, when using 

a series transductor, by mutually adapting a direct-current 
pre-excitation of the transductor and the opposingly acting 
transductor pulse. Accordingly, the commutating re 
actors in the embodiments described below are equipped 
with a premagnetizing circuit which contains the main 
winding of a series transductor (hereinafter briefly called 
“transductor circuit”), as well as with a direct-current 
premagnetizing circuit which includes the direct-current 
coils of the same transductor, the latter circuit being. So 
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rated or tuned that it balances the opposingly acting pre 
magnetizing pulse from the transductor circuit. 

Modifications of converter, according to the invention 
embodying the just-mentioned features are illustrated in 
Figs. 7 and 9 in conjunction with the respective explan 
atory diagrams of Figs. 8 and it). Figs. 7 and 9 show 
only a portion of a circuit pertaining to one phase of the 
converter circuit. Coimplete converter circuits involving 
such circuit portions are described in a later place. 

Fig. 7 shows a commutating reactor 2 with a Saturable 
magnet core whose main winding 3 is series connected 
with the converter contact 6. A transductor 70 is pro 
vided for premagnetizing the commutating reactor. The 
transductor 79 in this exampie is composed of two sinhilar 
saturable reactors whose main windings 7 and 72 are 
series connected with the prerinagnetizing winding 3 of the 
commutating reactor. The transductor circuit is con 
nected to a source of alternating voltage of Suitable magni 
tude and phase position. This voltage may be taken from 
the energizing voltage of the converter, for instance, with : 
the aid of an auxiliary transformer in a multiphase con 
nection and preferably with a phase combination or 
zig-zag connection similar to the corresponding circuit 
devices described with reference to Fig. 5. The direct 
current excitation windings 'S' and 72 of the transductor : 
are connected in series opposition. Series connected with 
windings 7E' and 72 are another premagnetizing winding 
6' of the commutating reactor, a stabilizing reactor 9 
and an adjusting resistor 8. This direct-current circuit is 
energized from a suitable voltage source 7 exemplified 
by a battery. The illustrated premagnetizing device may 
serve for producing a constant component of the break 
premagnetization. The arrowhead entered upon the main 
circuit is supposed to indicate the direction of the current 
to pass through the converter contact 4 when the latter is 
closed. 

During the operation of the device, a premagnetizing 
current iv flows through the transductor circuit, the time 
curve of this current being represented by the idealized 
rectangular wave shown in Fig. 8. The current iv, pass 
ing through winding 6, produces aiternately positive and 
negative premagnetizing pulses WT(+) and WT(-) of the 
same absolute magnitude, and both having the same dura 
tion equal to a half-wave period cf the alternating voltage. 
Superimposed on these pulses by means of the winding 6' 
is a direct-current premagnetization W- which balances 
the positive pulses WT(+). This requires that the ratio of 
the winding turns w8/w8 of windings 6 and 6’ be in 
accordance with the transformer ratio w/w' of the work 
ing windings (main windings) to the direct-current wind 
ings of the transductor. The resulting premagnetization 
VA- is a unipolar, namely negative pulse of the duration 
of a half wave. This puise is apparent from Fig. 8 if 
the line denoted by 0 is taken as the zero line. By chang 
ing the resistance adjustment of resistor 3 the pulse magni 
tudes VI (+) and VT (-), as well as the amount V-, are 
changed to the same extent. Consequently, the ultimate 
result of such a change in adjustment is always a unipolar, 
negative pulse except that its absolute value is different. 
In the period of time between two pulses, any other 
magnetizing components that may possibly be present are 
not affected by a change in resistance adjustment of 
resistor 8. 
Another premagnetizing device is shown in Fig. 9. 

This device may serve for providing a constant component 
of the make premagnetization in form of a unipolar posi 
tive pulse of a duration shorter than a half wave. This 
modification involves subject matter also disclosed in the 
copending application of M. Belamin, Serial No. 311,395, 
filed September 25, 1952. The negatively pre-excited 
saturable reactor 72/12" of the transductor 70 in this 
modification has a smaller transformation ratio w?/w'2 
and hence is more strongly excited than the positively 
excited Saturable reactor 72/7' whose transformation 
ratio wi/w'1 is made larger, for instance, by using a 

O 

35 

40 

55 

60 

65 

70 

14 
Smaller number of winding Lurns in the pertaining direct 
current winding 71". In this case the winding 6' and its 
premagnetizing circuit may at first be disregarded. 

Fig. 10 shows the time curve of the premagnetizing 
current iv in the transductor circuit. This current stippies 
positive pulses of the magnitude VT(+) and negative pulses 
of a smaller magnitude VTC-). Added to these pulses is 
the direct-current premagnetization V- in the positive 
direction and of the same magnitude as VT (-). Hence 
the negative pulses VTC-) are balanced so that unipolar, 
positive pulses V'E, counted from the line 0, will remain. 
This requires that the winding turn ratio w8/y's be 
equal to the winding turn ratio 1v1/w' of the windings 
71 and 71 that determine the negative pulse. Such a 
make premagnetization with unipolar positive pulses may 
be used, for instance together with a break premagnetiza 
tion according to Figs. 7 and 8, provided the phase rela 
tion is properly adapted so that the phase position for 
each device may be varied independently of the other. 
in cases where such a mutual independence is not re 
quired, the direct-current circuits of the two premagnetiz 
ing devices may be combined in a common direct-current 
circuit which includes all direct-current windings in series 
connection. Similarly, in multiphase converters, ail di 
rect-current circuits in premagnetizing devices of the same 
kind pertaining to the different phases may be combined 
with one another without disturbing the independence 
from circuits for other kinds of premagnetizing compo 
nentS. 
A simplification, in comparison with the above-de 

scribed mutually independent premagnetizing circuits may 
often be found permissible from the following consider. 
ations. It is important that a change in adjustment of 
VE- does not affect the magnitude of VA- because even 
a temporary increase in magnitude of VA- may lead to 
archack at the converter contact. A temporary variation 
of VE-, however, does not endanger the reliability of op 
eration but may at most have a slight effect upon the oc 
currence of transfer of contact material. Accordingly, 
the device shown in Fig. 9 is supplemented by the wind 
ing 6' with a pertaining separate direct-current circuit 
comprising a direct-current source 7 such as a battery, 
a stabilizing reactor 9' and an adjusting resistor 8. Ac 
cording to Fig. 10 this circuit provides a continuously ef 
fective negative direct-current premagnetization in the 
amount of the required break premagnetization VA-. 
Superimposed on this continuous magnetization are uni 
polar pulses as described. The magnitude VE of the 
pulses is so adjusted that after deduction of the amount 
VA- the required premagnetization VE- will exist. Gen 
erally the value VE- may be somewhat lower than for 
the break performance as is apparent from Fig. 10. 
When in the device according to Fig. 9 the magnitude 
of the make premagnetization VE- is changed by means 
of resistor 8, the change does not affect the break pre 
magnetization. When changing the break premagnetiza 
tion VA- by adjusting the resistor 8, the value of VE 
will also vary, namely as may be deduced from Fig. 10, 
by the same amount and in the opposite sense. However, 
this does not appreciably impair the operation and may 
safely be corrected by a subsequent readjustment of VE-. 
Another component circuit device, incorporated in the 

more comprehensive embodiments still to be described, or 
applicable as a modification in converters otherwise 
similar to those described above, relates to the maars 
for Supplying the commutating reactor with the variable 
voltage-responsive component of premagnetization. The 
circuit means so far described for producing the voltage 
responsive premagnetization may be used in any single 
phase and multiphase rectifier connections in which each 
converter contact has its own commutating reactor (half 
wave rectifiers). However, there are also rectifier systems 
in which one and the same commutating reactor serves 
to produce the break step of two converter contacts oper 
ating in push-pull, namely during positive and negative 
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half waves respectively of the alternating current to be 
rectified (full-wave rectifiers). This is the case, for in 
stance, in three-phase bridge connections with six con 
verter contacts and only three commutating reactors, this 
so called "three-reactor scheme' being at present pre 
dominant in contact converters with motor-driven con 
tacts. The basic scheme is represented in Fig. 11. 

In Fig. 11 the secondary windings R, is, T of the 
power supply transformer are connected through the re 
spective reactor windings 3R, 3s, 3T on respective saturable 
cores 2R, 2s, 2T with pairs of converter contacts 4R and 
4'R, 4s and 4's, 4F and 4'T. The contacts are intercon 
nected by a bridge circuit and the two contacts of each 
pair operate in push-pull. A load 5 is connected in the 
output branch of the bridge circuit to be energized by 
full-wave rectified current. 
The above-described circuit connection for producing 

the voltage-responsive premagnetization component can 
not readily be applied in such a bridge type rectifier cir 
cuit. If one attempted to connect the voltage-responsive 
premagnetizing circuit at one end to the transformer side 
of a reactor main winding and at the other end to the 
load side of the pertaining converter contact, as is entered 
in Fig. 11 by a dotted line, then the two premagnetizing 
circuit branches 11/12 and 1/12' leading to the posi 
tive and to the negative output buses respectively of the 
converter would operate as a voltage divider with re 
spect to the rectified output voltage, and the premagnetiz 
ing winding 3a of the commutating reactor would then be 
connected to the voltage midpoint of this voltage di 
vider. The resulting voltage and current conditions would 
fundamentally depart from those desired and necessary for 
the proper operation of the rectifier. In fact, due to 
the preloading of the valves 12 and 12' by the direct 
current flowing from the positive to the negative bus 
through the two branch circuits 11, 12 and 1', 2', the 
valves 12 and 2' would not be capable of directing the 
premagnetizing current in the one-half wave to con 
tact 4R and in the other half wave to contact 4''R. 

According to another feature of my invention, how 
ever, the connection for the voltage-responsive pre 
magnetizing circuit may be so modified that it satisfies the 
requirement of properly premagnetizing the commutat 
ing reactor prior to the contact opening moment without 
incurring the detrimental voltage-dividing effect explained 
in connection with Fig. 11. 
To achieve this improvement, I connect in a multi 

phase contact rectifier the voltage-responsive premagnetiz 
ing circuit of one phase to the phase next following in 
the commutation sequence. In other words, the voltage 
responsive premagnetizing circuit forms a "cross-phase' 
circuit instead of the "along-phase' circuit of the en 
bodiment so far described. In connection therewith, and 
as already mentioned, a portion of the main reactor wind 
ing may be used as a premagnetizing winding. In a bridge 
connection with only one commutating reactor for two 
converter contacts operating in push-pull, the provision 
of the cross-phase connection of the voltage responsive 
premagnetizing circuit obviates the valve 12 required in 
the corresponding along-phase connection described for 
the preceding embodiments. However, the valve 12 must 
be retained in converters with one contact per commutat 
ing reactor even if the voltage-responsive premagnetizing 
circuit is cross-phase connected. 
A three-reactor connection with cross-phase connected 

circuits for the voltage-responsive component of the 
break premagnetization is shown in Fig. 12. The illus 
trated positions of the converter contacts 4R to 4'T cor 
respond to the condition existing shortly prior to the 
opening of contact 4R. Consequently, contact 4s has 
already closed and carries direct current from phase S 
to the positive pole of the load 5, while the likewise closed 
contact 4' passes the direct current from the negative 
pole of load 5 back to phase T of the power transformer. 
At this stage the core 2s of the commutating reactor in 
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phase S has been saturated from the inception moment 
of the load current in phase S so that no voltage is effec 
tive across the reactor winding 3s. Consequently, the 
contact 4R, the contact 4s, the positive pole of load 5, 
and the winding 3s of the reactor in phase S are all 
on the same potential, namely on the potential of the 
terminal of transformer winding is. It is therefore ir 
relevant, for the time characteristic of the premagnetiza 
tion during the break step interval of a decaying phase, 
at which particular circuit point between the transformer 
terminal of the incipient phase and the alternating 
current side of the contacts in the decaying phase, the 
premagnetizing circuit branch is connected. According 
to Fig. 12, for instance, this point of connection lies at 
the transformer side of the commutating reactor wind 
ing 3s pertaining to the incipient phase. Since at the 
instant under consideration the contacts 4R and 4's are 
cpen, no connection between the premagnetizing circuit 
and the negative direct-current pole exists during the 
break step for the cornmutating reactor in the decaying 
phase R. Hence, the undesired voltage-divider effect 
cannot occur. In the other half wave, when the contacts 
4T, 4R and 4's are closed and the contact 4R will shortly 
be opened, the premagnetizing circuit is connected in 
the desired manner with the negative direct-current pole 
through the contact 4's, and there is no connection with 
the positive pole. With this type of connection for the 
premagnetizing circuit therefore the Switching of the 
voltage-responsive premagnetizing current in the one half 
wave to the positive direct-current pole and in the other 
half wave to the negative pole is automatically effected 
by means of the corresponding contacts of the incipient 
phase. This is also the reason why, as mentioned, par 
ticular valves are not required for this control purpose. 
The entire voltage-responsive premagnetizing circuit 
therefore consists only of the premagnetizing winding 3a, 
(or, instead, a portion 'a' of the reactor main winding) 
and the low inductance ohmic resistor R. 
The constant component of the premagnetizing flux is 

produced with the aid of the auxiliary winding 6. Se 
cause of the double utilization of the commutating reac 
tor for producing break steps in both half waves, this 
constant component of premagnetization cannot be pro 
duced by direct current but requires an excitation of alter 
nating polarity and preferably of trapezoidal wave shape 
as described previously. 
When using a single break-step reactor for two, push 

pull contacts according to Fig. 12, this reactor cannot 
also be used for producing the make steps. It is then 
necessary to provide either a separate make reactor or 
at least a separate make core which has the reactor main 
winding in common with the pertaining break core. In 
both cases the commutation reactors have separate make 
cores. The difference in the functioning of the make 
cores from that of the break cores is determined by their 
different premagnetization. The premagnetization of the 
separate make cores is preferably also composed of a 
constant component and a voltage-responsively variable 
component, the phase position and magnitude of these 
components being, of course, different from those of 
the break cores. 
The embodiment illustrated in Fig. 13 exemplifies the 

just-mentioned features in a three-phase full-wave (bridge 
connected) rectifier. The rectifier is connected to a 
Source of alternating voltage here again consisting of the 
Secondary windings 1 of a three-phase power supply 
transformer. The anode lead in each phase is connected 
to the main winding 3 of a commutating reactor which 
has a make core 2' and a break core 2 both inductively 
linked with the main winding 3. The two cores operate 
during the respective nake and break steps to reduce 
the instantaneous current practically to zero. From the 
reactor main winding 3 of each phase the anode lead 
branches to two converter contacts 4 and 4 of which the 
former is connected to the positive bus and the latter to 
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the negative bus of the direct-current load circuits. The 
two contacts are either motor driven or are electromag 
netically controlled in dependicnce upon the instantaneous 
values of the current or voltage. The actuating means 
are schematically indicated by a dot and dash line 10. 
The direct-current circuit includes a load 5 and may also 
be equipped with a stabilizing series reactor and such 
auxiliary devices as shown, for instance, in the load cir 
cuit illustrated in Fig. 5. 
The make core 2' receives a constant premagnetizing 

component through an auxiliary winding 33, and also a 
voltage-dependent component through an auxiliary wind 
ing 13, both auxiliary windings being disposed on core 2' 
but not inductively linked with the core 2. During make 
performance, both components have the same magnetiz 
ing direction as the main current winding 3. The break 
core 2 receives corresponding premagnetizing components 
through the auxiliary windings 6 and 3a which are in 
ductively linked only with the latter core. Both com 
ponents act during the break interval in a magnetizing 
direction opposed to that of the main current. The con 
stant premagnetizing component is furnished by an aux 
iliary current of alternating direction and trapezoidal 
wave shape which, in this embodiment, is supplied from 
a three-phase symmetrical series transductor 70. The 
phase position of the trapezoidal current may be adjusted 
by means of a suitable phase combination, for instance, 
and as shown, by a transformer 70a energized from the 
Secondary windings i of the power transformer. The 
auxiliary transformer 70a may be substituted by a rotary 
phase-shift transformer to permit a supplemental adjust 
ment in phase position. One and the same trapezoidal 
Current may be used for the two reactor cores 2 and 2. 
Accordingly, the auxiliary reactor winding 6 and 33 
are shown to be series connected. Under the condition 
that the make and break cores have the same average di 
ameter and consist of the same magnetizable material 
and have the same magnetizing behavoir, the turn num 
ber of winding 33 on the make core 2 is preferably 
somewhat Smaller than the turn number of winding 6 
on core 2. 
The excitation windings of transductor 70 are all series 

connected and are energized from a source 7 of direct 
current, exemplified by a rectifier arrangement, through 
an adjusting resistor 8 and a stabilizing reactor 9. 
The auxiliary circuit of winding 13 supplying the make 

core with the voltage-responsive premagnetizing com 
ponent, is branched into two circuit portions with re 
Spective resistors 14, 14 and respective valves 25 and 
25 of mutually inverse connection polarities. This aux 
iliary circuit, as a whole, lies parallel to the series con 
nection of the reactor main winding 3 and the respective 
converter contacts 4, 4'. The valves are controlled with 
the aid of such grid circuit means as repeatedly men 
tioned in the foregoing or as described hereinafter in 
conjunction with Figs. 14 and 14a, so that the auxiliary 
currents in the winding 13 occur each time either simul 
taneously with the contact closing moment or shortly 
prior to that moment, depending upon whether the en 
tire make step or only a rest portion thereof is sup 
posed to occur after the make moment. This is deter 
mined by the voltage control angle (commutation-delay 
angle) of the rectifier plant and the corresponding mag 
nitude of the commutation voltage which obtains during 
the make performance and reverses the magnetization 
of the reactor core 2' during the make step interval. 
The voltage-dependent component of the break pre 

magnetization is applied to the auxiliary winding 3a 
through a resistor 11 by the voltage between the de 
caying and incipient phases of the alternating current 
source that participate in any particular commuta 
tion. These parts form a cross-phase circuit in zig-zag 
connection as explained in the foregoing. The oper 
ation of the rectifier according to Fig. 13 is also in ac 
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18 
cordance with the foregoing explanations and hence re 
quires no further discussion. 
The following explanations relate to further improve 

ments, mainly of such contact converters in which only 
one contact is correlated to each commutating reactor. 

iDuring the break operaticin, the premagnetization re 
mains effective after the interruption of the phase cur 
rent and continues the remagnetization beyond the break 
step an additional interval of time without changing its 
direction (which, for distinction, may be taken as nega 
tive) until the reactor core reaches saturation. When 
the premagnetizing current ceases, the magnetizing cor 
dition of the commutating reactor returns to the nega 
tive point of remanence. Without special expedients 
therefore, the entire step would have to be traversed 
in the opposite direction after the next reclosing of the 
contact, before the load current could rise. in general, 
this is undesired because of the resulting reduction in 
voltage and power factor. To avoid this deficiency, it 
is necessary to have the resaturation of the commutat 
ing reactor in the make direction (positive direction) 
at least partially occur at a moment Sufficiently ahead 
of the next contact closing moment. 

If, further, separate cores or even separate complete 
commutating reactors are provided for producing the 
respective make and break steps in combination with 
the aforedescribed premagnetizing, controlling and other 
auxiliary circuits, then care must be taken, for instance 
with the aid of additional premagnetizing circuits, that 
at the closing of the contacts the pertaining break core 
of the commutating reactor is saturated, and at the open 
ing of the contacts the pertaining make core is satu 
rated, so that neither core can interfere with the proper 
functioning of the other. 
To this end the premagnetizing devices may be modi 

fied, for instance, in such a manner that the resulting 
magnetomotive force of the reactor core for producing 
the break step has, during a limited interval of time 
within each period, a magnetizing direction Suitable for 
back-magnetization in the make sense and that then the 
magnitude of this resulting magnetomotive force has a 
value above the static remagnetizing value and drops at 
least as far as to this static value and preferably even 
down to zero before the occurrence of the contact clos 
ing moment. If such a device is equipped with a sepa 
rate make core, the premagnetization of the make core 
may also be modified in a similar manner. 
The static remagnetization value Hs according to Fig. 

1 has one definite value for a reactor core of high 
quality magnetic material whose characteristic in the 
unsaturated range runs parallel to the flux axis. For 
a magnet core of lower-quality material a correspond 
ingly definite value of the magnetomotive force may 
also be fixed, for instance, by means of a stretching 
or shaping circuit as described in the foregoing (27 in 
Figs. 2, 4). However, even without shaping circuits, 
the above-described requirement can reliably be met also 
with commutating-reactor cores of lesser magnetic qual 
ity if the resulting magnetomotive force during the men 
tioned limited time interval is larger than the highest 
magnetomotive-force value of static remagnetization as 
indicated by the ordinate value of the saturation knee 
in the ascending branch of the magnetization charac 
teristic, and if further the resulting magnetomotive force 
declines to the lowest static remagnetization value, that 
is practically to zero, before the occurrence of the con 
tact closing moment. 
The back-magnetization of the commutating reactor 

has the effect of supplying it prior to the make operation 
with a voltage integral of a given magnitude which ap 
pears as an area in the voltage time diagram, this voltage 
integral having the function of remagnetizing the com 
mutating reactor wholly or partially in the direction of 
the positive saturation at a time ahead of the closing 
noment, 
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The required amount of the back-magnetization may 
differ depending upon the particular circuit scheme of 
the coinverter. If in the above-mentioned group of con 
verter connections with only one contact per commutat 
ing reactor a separate make core is provided, then the 
main core (break core), as a rule, is always completely 
reimagnetized up to positive saturation. Similar con 
ditions apply analogously to the make core. On the 
other hand, if one and the same core serves for produc 
ing the make step as well as the break step, and if a 
voltage regulation by mechanical control (delayed com 
mutation by phase-shifting the contact closing moment) 
and especially with a large angle of commutation de 
lay is desired, then much of the back-magnetization 
should be anticipated prior to the closing moment so 
that only a relatively short residual portion of the make 
Step can occur after the closing moment. As a result, 
the step interval which otherwise would have an un 
desirably long duration because of the low values of 
commutating voltage obtaining in this case, becomes 
effective only during an interval of the desired short 
duration. In both above-mentioned cases of mechanical 
voltage control the supply of a voltage area (voltage 
time integral) of invariable magnitude is generally in 
volved. In contrast thereto, the magnetic voltage con 
trol (involving a magnetic control of the commutating 
reactors) which operates with a make step of variable 
length, requires that the magnitude of the back-mag 
netizing voltage area (voltage-time integral) be regulat 
able to a large extent. 

It is advantageous to give the back-magnetization the 
character of a pulse of limited duration because, for in 
stance with respect to the break core, this magnetization 
must commence only after the cessation of the break step 
and should terminate before the closing moment, so that 
this pulse at that moment can no longer impose a voltage 
on the commutating reactor thus permitting the contact 
to close free of voltage. For that reason, only a portion 
of the cycle period of not much more than 60 electrical 
is generally available for applying the back-magnetizing 
pulse. 

In principle, any kind of pulse is suitable as a back 
magnetizing pulse provided it is capable of supplying the 
commutating reactor within the available cycle portion 
with a voltage area of the required magnitude, the par 
ticular wave shape of the pulse being not essential. 
During the back-magnetization, the current in the pulse 
circuit corresponds to the step current of the commutat 
ing reactor plus an amount required for compensating 
any additionally present opposingly directed premag 
netization. . 

One possibility according to the invention of producing 
Such back-magnetizing pulses consists again in the appli 
cation of anode currents from rectifier arrangements. 
Because of the limitation of the back-magnetizing inter 
val, a six-phase Y-connection of the auxiliary rectifiers 
is preferably applicable for this purpose. 
Another way of producing back-magnetizing pulses is 

offered by the application of the auxiliary devices accord 
ing to Figs. 7 and 9, permitting the production of pulses 
of a duration shorter than 60 electrical. 
The converter shown in Fig. 14 exemplifies the back 

magnetization features explained in the foregoing. The 
illustrated converter has a three-phase Y-connected cir 
cuit energized from the secondary winding 1 of a power 
transformer whose primary 1' has its terminals R', S', T' 
connected to a three-phase supply line. Connected to 
the secondary side are the three phases R, S, T of the 
converter circuit. The three phase circuits have the 
same design. For simplicity, the pertaining reference 
characters are indicated in only one of the phases. Each 
phase comprises the main winding 3 of a commutating 
reactor in series with a synchronous converter contact 4 
driven for instance, by an actuating device 10 from a 
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20 
synchronous motor 10a to periodically close and open 
in the rhythm of the alternating phase voltage. The load 
circuit is represented by a load device 5 in series with a 
smoothing reactor 5'. 

Each commutating reactor has a break core 2 and a 
separate make core 2'. The main reactor winding 3 is 
inductively coupled with both cores, and each core is 
additionally equipped with several auxiliary windings. 
While the magnet cores themselves are omitted from the 
drawing, a dot-and-dash enclosure shown for each re 
actor core of the phase S indicates which of the auxiliary 
windings are inductively linked with the break core 2 and 
which other auxiliary windings are linked with the make 
core 2'. Besides, the manner of illustration is so chosen 
that the current flow direction in the windings also indi 
cates the direction of the magnetomotive force produced 
in the pertaining cores. The downward direction on the 
drawing is taken as "positive.'' 

Four auxiliary windings 6, 6', 16 and 22' are linked 
only with the break core 2. Of these, the windings 6 
and 6' together supply an invariable component VA- of 
the break premagnetization and also the back-magnetiza 
tion WRA of the break core. The winding 6 is series 
connected with the active winding of an asymmetrical 
series transductor 26 which is attached to the energizing 
phase leads R, S, T through a phase-shift device here 
exemplified by an adjustable phase-shift transformer. 
The winding 6 is further combined with the correspond 
ing windings of the two other phases to form a Y-connec 
tion. The direct-current windings of the transductors, 
as apparent from the drawing, are series connected in 
pairs, the two windings of each pair having a mutually 
opposed poling. These direct-current windings are ener 
gized from a direct-current source 7 shown, for example, 
as a barrier-layer rectifier arrangement energized from 
phase leads R, S, T through an auxiliary transformer. 
The direct-current circuit is stabilized by a reactor 19. 
The two transductor portions of each phase have different 
ratios of winding turns (transformer ratios), this being 
indicated in the drawing by different lengths of the sym 
bols for the direct-current windings. In transductor 2i} 
the upper portion is positively pre-excited by the direct 
current to a larger degree than the negatively pre-excited 
lower portion. Consequently, this transductor supplies 
alternating pulses whose positive wave is lower and longer 
than the negative wave. The winding 6 is so connected 
that the polarities are reversed. Hence, winding 6 pro 
duces a short and high positive pulse which effects the 
remagnetization, and a long pulse which negatively pre 
magnetizes the break core during the predominant por 
tion of each cycle period and in the sense of readiness 
for break performance. By a suitable choice of the trans 
former ratio of the two transductor portions, the positive 
back-magnetizing pulse can be made to extend over only 
about 60 electrical. For this purpose, the transformer 
ratios must be related about 60:300=1:5. The phase 
portion (i. e. in the illustrated example the control of the 
phase-shift transformer pertaining to the device 20) is 
so adjusted that the back-magnetizing pulse is terrinated 
shortly prior to the contact closing moment (see Fig. 
15(f) explained below). The magnitude of the pulse 
is so chosen that the pulse suffices for completely back 
magnetizing the break core from positive to negative 
saturation. The adjustment is effected by changing the 
direct current with the aid of an adjusting resistor 18. 
This adjustment also determines the magnitude of the 
negative pulse in the premagnetizing winding 6. The 
latter pulse magnitude, in general, is not sufficient for the 
fixed component VA- of the break premagnetization 
which is supposed to correspond to the value Ho in Fig. 1. 
However, the missing amount of negative magnetomotive 
force is supplied by the auxiliary winding 6' which may 
also be connected to the direct current source 7 through 
an adjusting resistor 8 and a stabilizing reactor 9. The 
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positive back-magnetizing pulse must be adjusted by a 
higher amount equal to the magnitude of this continu 
ously effective negative magnetomotive force. 
The make core 2' receives the fixed component VE 

of the make magnetization through the windings 33 and 
33. Winding 33 is traversed by alternating pulses from 
the arrangement 40 of asymmetrical series transductors. 
The positive wave portion of these pulses is higher and 
shorter than the negative portion because the upper half 
of the transductors, which determines the positive pulse 
wave portion, is more strongly pre-excited than the lower 
transductor portion. In winding 33 the negative wave 
of this pulse is just balanced by an additional positive 
current through the pertaining winding 33. To secure 
this balance, the winding 33' is series connected with 
the direct-current windings of the transductor device 40, 
and the turn number of winding 33' is related to that of 
winding 33 in the same ratio as the direct-current to 
alternating-current transformation ratio of the lower 
transductor half-section to the corresponding transforma 
tion ratio of the upper transductor half-section. In this 
manner the resultant effect of the winding group 33, 33' 
is a unipolar, positive pulse, acting in the sense of the 
make performance and having a duration, with respect 
to the remaining length of a cycle period, determined by 
the above-mentioned ratio of the turn numbers, i. e. 
the transformation ratio of the two transductor half 
sections. The magnitude of the pulse is adjustable by the 
resistor 28 in the direct-current circuit. This direct-cur 
rent circuit is also equipped with a stabilizing reactor 29. 
The duration and the phase position of the make magnet 
ization are to be chosen so that the pulse extends at 
least over the range of phase positions that the make step 
may occupy during the normal operation of the converter 
(see Figs. 15(e) explained below). This is obtained by 
a corresponding dimensioning of the turn numbers of the 
transductor windings or/and a corresponding selection of 
the phase position of the supplied auxiliary voltage, for 
instance as illustrated, by means of the phase-shift trans 
former pertaining to the device 40. 

For back-magnetizing the make core 2' a unipolar 
pulse in the negative direction is applied with the aid of 
windings 23 and 23. Winding 23 receives alternating 
pulses from the transductor device 50. Winding 23 re 
ceives direct current, as it is series connected with the 
direct-current excitation windings of the transductor de 
Vice 50, and has its turn number dimensioned in the 
above-described manner relative to the winding 23. The 
phase position of the negative back-magnetizing pulse for 
make core 2' may be chosen that this pulse immediately 
follows the latest operationally possible time position of 
the break step. The corresponding direct-current circuit 
contains an adjusting resistor 38 and a stabilizing reactor 39. 

The voltage-dependent component V of the make 
magnetization is supplied by an auxiliary circuit with a 
valve 25 and an adjusting resistor 14. This circuit is 
attached to the midpoint of the main winding 3 of the 
commutating reactor and includes a decoupling winding 
22' disposed on the break core 2 and acting on this core 
in opposition to the magnetization effected by the upper 
half of winding 3. The valve 25 is shown as a grid-con 
trolled tube. The grid circuit 34 of tube 25 may have 
any suitable design, for instance, the one separately illus 
trated in Fig. 14a. The grid circuit, as shown, is con 
nected to a pre-closing contact 4' so that the voltage re 
sponsive component Vof the make magnetization com 
mences each time shortly before the closing moment of 
the main contact to act with a positive direction in the up 
per half of the commutating reactor winding 3. In the grid 
circuit design exemplified by Fig. 14a, a source 46 of grid 
bias voitage serves to apply a negative cut-off potential. 
Another source 48 of a higher voltage changes the re 
sultant grid potential to a positive magnitude for firing 
the tube 25 as soon as the contact 4a closes. The grid 
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circuit further includes a current limiting resistor 43, a 
capacitor 68 and a damping resistor 64. 

For producing the voltage responsive component VA a 
of the break magnetization, an auxiliary circuit with an 
adjusting resistor 11 and a preferably non-controllable 
(two-electrode) valve 12 is provided. This auxiliary cir 
cuit is also connected with the midpoint of the common 
reactor main winding 3 and extends through a decoupling 
winding 22 linked only with the make core 2. Due to 
the chosen flow direction of the valve, this auxiliary cir 
cuit comes into action during the break step. Further 
details of the functioning of the auxiliary circuits for the 
Voltage-responsive premagnetizating components VE a 
and VAO are presented below in conjunction with Fig. 15. 

Each of the two cores 2 and 2' may further be equipped 
with one of the above-mentioned shaping circuits. Such 
a shaping circuit is illustrated, by way of example, for the 
break core and is denoted by 17. This shaping circuit is 
connected to the auxiliary winding 6 of the commutat 
ing reactor. 

Figs. 16 to 18 show three respective modifications by 
partial illustrations. In these modifications each com 
mutating reactor has only one core for producing the 
current steps for the break performance as well as for 
the make performance. These modifications may not 
only be used in a three-phase Y-connection as illustrated, 
but are also applicable without change in a three-phase 
bridge (full-wave) connection with six reactors; and they 
are also adaptable for other converter connections with 
one contact per commutating reactor. The converter 
contacts may be driven by synchroncus motors or may 
be controlled electromagnetically as described in the 
foregoing. The modifications of Figs. 16 to 18 relate to 
converters for an exclusively magnetical voltage regula 
tion. Circuit adaptations for voltage regulation by mag 
netical and mechanical control will be referred to in a 
later place. The corresponding time characteristic of the 
voltages and currents in the illustrated converter circuits 
are schematically represented in Fig. 15. 
In Figs. 16 to 18, the means for supplying the fixedly 

predetermined components of the make and break pre 
magnetization for each phase are symbolically indicated 
as a Winding 60. The winding symbol 60 is meant to 
denote any of the previously described devices for pro 
ducing a resultant magnetomotive force of alternating 
direction with a preferably rectangular curve shape. As 
apparent from the foregoing, the production of such a 
magnetomotive force may require several auxiliary wind 
ings on the commutating reactor core. In this sense, 
therefore, the symbol 60 may denote a single winding as 
Well as a group of several coacting windings. 
The illustrated embodiments are further equipped with 

another premagnetizing winding or winding group 30 on 
the commutating reactor in each phase for controlling the 
back-magnetization as described in the foregoing. 

Before dealing with further details of the just-men 
tioned modifications, it appears preferable to first dis 
cuss the phase conditions of the premagnetizing com 
ponents in converter connections of the type shown in 
Figs. 14 and 16 to 18 will be further explained with ref 
erence to Fig. 15. Fig. 15(a) represents the time curves 
of the Y-voltages e1 e2, e3 in the respective phases R, 
S, T of the power transformer. Fig. 15(b) shows sche 
matically the typical wave shape of the load currents 
il, i2, is which pass through the commutating reactor 
main winding and the series-connected converter con 
tact in the respective phases. in the illustrated example, 
the voltage control angle ca, extending from the inter 
section of any two successive phase-voltage curves to 
the moment at which the two respective load currents 
commence to overlap, amounts to about 40 e1. In the 
case of a magnetic voltage regulation, the entire angle 
interval is occupied by the make step. In Fig. i5(a) the 
voltage area D1E is correlated to this make step in the 



23 
phase R. The direct-current voltage at that time still 
follows the curve e3. 

Immediately following the make step is the overlap 
ping interval of the lead currents. During this interval 
the direct voltage is in accordance with the middle 
curve between the voltages e3 and e1. The voltage area 
D1 remains maintained by the inductivity of the saturated 
Cornmiltating reactor of phase R, while the voitage area 
T1 is filaintained by the transformer and line inductivity 
of the same phase. Thereafter, the current is enters 
into the break step. From now on, the direct voltage 
corresponds to the curve e1. During the break step 
interval the voltage area D3A is effective at the commu 
tating reactor of phase T. During the subsequent cur 
rent continuiation from phase R to phase S, the same 
phenomena reocci Li in a corresponding cyclicai substi 
tution. The voltage areas D1 of the cominutating reac 
tor and T1 of the transformer phase R now lie below 
the middle curve of the direct voltage. While this is 
of no concern for the constant component of prernag 
netization, it is significant for the foliowing considera 
tion of the time course of the voltage-dependent break 
premagnetization. - 

Fig. 15(c) shows the curve of the magnetomotive 
force for the application of a symmetrical transductor. 
The interval of the invariable component VA- of break 
preimagnetization must begin not earlier than at 90° and 
not later than at 120. After a duration of 180°, this 
interval passes at 270 to 300 into the interval of the 
invariable component VE- of make premagnetization. 
Since the make interval begins ahead of the time point 
c=0, the magnitude of the fixedly predetermined mag 
netomotive force must not exceed the value required for 
the static remagnetization (Hs in Fig. 1) to prevent 
causing an undesired, premature back-magnetization. 
The back-magnetization should exclusively be con 
trolled by the back-magnetizing pulse WR which takes 
place in the time interval from the end of the break pre 
magnetization VA- to the time point as-0, as is repre 
sented in Fig. 15(f). 

Fig. 15(d) shows one of the possible courses of the 
fixed premagnetizing magnetomotive force for the case 
that in one of the above-mentioned converter connec 
tions an asymannetrical series transductor is used, possibly 
with an additional coinpensation of the illegative curve 
portions. The interval of the make premagnetization 
VE- in this case commences at the point C:-} or shortly 
ahead of this point, and terminates at about 90, then to 
be followed by the interval of the break premagnetiza 
tion VA- which occupies the entire rest of the cycle 
period. The back-finagnetizing pulse has the phase posi 
tion shown in Fig. 5(f) but, in this case, must be con 
siderably higher as corresponds to the case of Fig. 15 (c) 
because the pulse must now balance the break premag 
netization and inust additionally furnish the magnitude 
corresponding to the invariable nake preinagnetization. 
If, instead of a transductor circuit, a rectifier connection 
with 120° anode-current duration is employed for pro 
ducing the premagnetizing magnetomotive force, then the 
interval of the maise premagnetization has the course en 
tered in Fig. 15(d) by a broken line. 

Fig. 15 (e) represents the time curve of the invariable 
premagnetizing components VE- and VA- as they would 
occur when unipolar pulses of mutually opposing polarity 
are employed for the make and break perforinace as 
described in the foregoing. In this case, the back-mag 
netizing pulse VR need 33 longer baiance the coinpo 
nent break magnetization and hence may have a Sinaier 
magnitude than in the case represented by Fig. 15(d). 
The above-described behavior is common to the cir 

cuits according to Figs. 16 to 18. The differences be 
tween these circuits lie essentially in the arrangement of 
the devices for providing the voltage-responsive pre 
magnetizing components VE ~ and VA . In the circuits 
of Figs. 16 to 18, which as meationed apply to exclu 
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sively magnetic voltage regulation, the voltage-responsive 
premagnetizing circuits include only non-controlled (two 
electrode) valves i5 or no valves at all, as the inception 
of the current for the voltage-responsive make premag 
netization practically coincides with the contact-closing 
inclinent occurring at the time point c=0 or only a few 
degrees after that point. In circuit arrangements, how 
ever, which are also intended to operate with a voltage 
regulation by mechanical delay-angle control, the cir 
cuits for the voltage responsive make premagnetization 
illust be equipped with controlled valves in order to pre 
vent the premature expiration of the make step that may 
otherwise occur under the influence of both make pre 
magnetizing components VE- and WEa. 

In the embodiment of Fig. 16, two separate adjusting 
resisters 14 and 11 are provided for the voltage-respon 
sive Itaake pretagnetizing circuit and for the voltage re 
Spoilsive break premagnetizing circuit respectively. This 
is necessary if, for optimum adaptation, the components 
WE- and WA- have different magnitudes. The time curve 
of the currents in the two voltage-responsive premag 
netizing circuits is represented in Fig. 15(g). The make 
premagnetizing current, proportional to the component 
VE-, commences at the time point o=0 in which the 
phase voltages e3 and e1 are equal. Thence, this pre 
magnetizing current increases during the make step pro 
portionally to a sine curve (not separately illustrated) 
corresponding to the voltage difference e13 between el 
and e3. The pertaining voltage area is indicated in Fig. 
15a at D1E. it should be noted that only half of the 
voltage e13 occurs at the premagnetizing circuit here 
under observation if this circuit, as illustrated, is attached 
to the midpoint of the commutating reactor main wind 
ing 3. During the overlapping interval of the load cur 
rents, the premagnetizing current declines to a curve cor 
responding to the inductive voltage at the Saturated coin 
mutating reactor of phase R, the pertaining voltage area 
being indicated in Fig. 15(a) at D1. When the current 
commutation is completed, the premagnetizing current 
ceases because then no voltage remains effective across 
the commutating reactor winding 3 of phase R. 
The break premagnetizing current corresponding to 

component VA- commences at the moment when due to 
the current commutation of load currents i and i2 an in 
ductive voltage of the opposite polarity occurs at the com 
mutating reactor of phase R, the corresponding voltage 
area being denoted by D1 in Fig. 15(a). After termina 
tion of the current commutation, this premagnetizing cur 
rent rises to a value proportional to the commutating 
reactor voltage obtaining during the break step. During 
this step, the commutating reactor has a voltage drop e2! 
(not separately illustrated) between e2 and e1 corre 
sponding to the voltage area E1A in Fig. 15(a). Accord 
ingly, half of the voltage e2i is effective in the premagnet 
izing circuit here concerned. After termination of the 
break step, the premagnetizing current follows the course 
of Voltage e21, however with a doubled magnitude because 
now the ohmic resistance of the premagnetizing circuit 
is no longer impressed by half the cut-off voltage c21 but, 
upon saturation of the commutating reactor, is subjected 
to the full value of this voltage. The premagnetizing 
current then runs according to the carve of the voltage e21 
up to the end of the cycle period. During the last interval 
which is available for a back-magnetization, for instance 
according to Fig. 15(f), an additional voltage is Superim 
posed upon the sinusoidal basic curve of the cut-off volt 
age e21. The superimposed voltage corresponds to half 
the voltage occurring at the commutating reactor during 
the back-magnetization, assuming that the back-magnet 
izing pulse has the effect of anticipating part of the break 
interval prior to the moment g=0. The just-mentioned 
voltage superposition is indicated in Fig. 15(g) by a 
broken line. - - - - - 

The embodiment of Fig. 17 differs from that of Fig. 16 
in that only one resistor 11 is employed for the two volt 
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age-responsive premagnetization components VE - and 
VA^,and that the two valves 12, 15 of Fig. 16 are omitted. 
This is permissible if the components VE- and VA- have 
the same magnitudes corresponding to the value Ho in 
Fig. 1. This, in turn, requires that VE- commences only 
at the moment ox-0 as in Figs. 15(d) and 15 (e). With 
time curves of the invariable premagnetizing components 
as represented in Fig. 15(c), the magnetic-force value 
(He in Fig. 1) required for the static remagnetization 
must not be exceeded by the resulting total magnetizing 
magnetomotive force of the particular commutating reac 
tor prior to the moment c=0 if a premature back-mag 
netization is to be avoided. The operating character 
istics for the converter according to Fig. 17 correspond 
to those described with reference to Fig. 16. 

In the embodiment of Fig. 18, the circuit for the volt 
age-responsive break premagnetization VA-, instead of 
being connected as an along-phase circuit, is given a cross 
phase connection by attaching it to the circuit of the next 
incipient phase at a point between the transformer wind 
ing 1 and the commutating reactor winding 3. This has 
the advantage of Smaller premagnetizing losses as is ap 
parent from the current curve shown in Fig. 15(h). Al 
though the premagnetizing current in this case commences 
already at the moment o=0 and although it first follows 
a sine curve corresponding to the full interphase voltage 
across the resistance of the premagnetizing circuit, it 
thereafter assumes values during the overlapping interval 
of the load currents whose magnitudes amount to about 
three times the current values in the same interval of the 
current curve according to Fig. 15(g). Subsequently, the 
premagnetizing current, during the step interval and 
shortly thereafter, has at first the same course as the 
curve of Fig. 15(g) up to the beginning of the overlapping 
interval of currents i2 and is. From that point on the pre 
magnetizing current increases further only in accordance 
with the inductive voltage of the transformer winding in 
phase S. After termination of the current commutation, 
the premagnetizing current again follows the above-men 
tioned sine curve to its zero value. Thereafter the entire 
following interval up to the next zero moment (o-0) is 
free of current, provided the back-magnetizing voltage 
across half of the commutating reactor main winding does 
not now again exceed the positive voltage e12. 
The circuit for the voltage-responsive make premagnet 

ization VErin Fig. 18 is identical with the corresponding 
circuit shown in Fig. 16. Therefore the current curve in 
this circuit is in accordance with the make portion of the 
curve shown in Fig. 15(g). 
The effective value (average value) of the premagnet 

ization current according to Fig. 15(h) is smaller than 
the corresponding current value of Fig. 15(g), the differ 
ence increasing with a downward regulation of the recti 
fied output voltage. The resulting smallness of the losses 
makes this connection of the two voltage-responsive pre 
magnetizing circuits generally preferable, irrespective of 
other circuits for back-magnetizing or other premagnet 
izing components, for application in contact converters 
whose type of contact-actuating or contact-control means 
Secures an overlapping of the contact closing periods in 
Sequentially conductive phases, as is the case, for in 
stance, in converters with motor-driven contacts. This 
preference is not limited to bridge connections (full-wave 
contact rectifiers) as exemplified by the three-reactor con 
nection mentioned in the foregoing but applies generally 
to converter circuits whose operation always involves 
an overlapping of the contact closing periods. 

If, in accordance with Fig. 14, the two-electrode valve 
15 in the embodiment of Fig. 16 is replaced by a con 
trollable valve (25 in Fig 14) with a mechanical delay 
angle control for voltage regulation, then the premagnet 
izing current starts flowing at the closing moment E of 
the contact, which in this case is delayed by the control 
angle ca, or shortly ahead of this moment if a pre-closing 
contact is used for controlling the valve. The flow of 
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premagnetizing current terminates after cessation of the 
overlapping load-current interval, as is represented in Fig. 
15(h) by the cross-hatched portion of the make period. 

If, further, for instance in a three-reactor connection, 
the circuits for the voltage-responsive make premagnet 
ization are also equipped with controlled valves, these 
circuits being then cross-phase connected by attachment 
to the sequentially next-preceding phase, then the pre 
imagnetizing current at first follows the same course as 
in the make portion of Fig. 15(h). Thereafter, however, 
this current continues along the sine curve indicated by a 
broken line, until this curve reaches the zero value. It 
will be recognized that the power consumption of such 
an arrangement is larger than with an along-phase con 
nection of the voltage-responsive make premagnetizing 
circuits. The latter connection therefore deserves pre 
ference. 
A circuit design employing cross-phase connections for 

the voltage-responsive make premagnetization is possible 
only when separate reactor cores in the commutating reac 
tors are employed for the make step as is the case with the 
above-mentioned three-reactor connection. 
The design of the premagnetizing circuits with all four 

components (or with a fifth component for back-mag 
netization) satisfies the most exacting requirements. If 
lesser requirements are sufficient, the converter design 
may be simplified by eliminating some of the accessory 
circuits. This applies particularly to the circuits for con 
trol of the make operation because then a less accurate 
turning does not directly impair the reliability of opera 
tion. Even with respect to the break performance, an 
accurate tuning may be unnecessary in certain cases, 
namely when, for instance, additional shunt paths, known 
as such, are provided across the converter contacts. How 
ever, during break performance an accurate tuning assures 
a lesser transfer of contact material than can be achieved 
when the make step is raised above the Zero line and 
a shunt path lies across the contact. 

In some cases, for instance, with a voltage regulation 
by mechanical delay-angle control, the voltage-responsive 
make premagnetization component may be dispensed with 
if the make step has a sufficient duration and hence is 
accompanied by a small remagnetizing velocity. This is 
the case, for instance, with a conjoint application of a 
mechanical and magnetical voltage control. 

It should be noted that the magnitude of the resultant 
pulse of magnetomotive force is always given by the 
velocity of magnetization reversal in accordance with the 
characteristic shown in Fig. 1 and hence is affected by 
the voltages impressed upon the auxiliary windings of the 
commutating reactor, this being also true with respect 
to the above-described back-magnetization phenomena. 
Consequently, for instance, an increase in pulse magni 
tude by changing the exciting direct current in the trans 
ductor arrangement is effective only to such an extent as 
it is capable of producing an increase in remagnetizing 
velocity of the pertaining commutating reactor. This re 
quires selecting the auxiliary voltage for energizing the 
particular transductor arrangements with a sufficiently 
high magnitude and also giving the stabilizing reactor of 
the pertaining direct current excitation circuit a sufficiently 
ample dimensioning. 
The just-mentioned requirement arises from the fact 

that the coaction of several saturable series reactors al 
ways involves a reaction of these reactors upon each 
other, and that among these the reactance device of the 
largest Stiffness is predominantly controlling. The reactor 
stiffness is essentially determined by the stabilizing re 
actance in its direct-current excitation circuits. Each 
Stabilizing reactor is a storer for voltage-time integrals 
(voltage areas) and, by issuing these integrals, renders 
the pertaining saturable reactor capable of impressing the 
variation of its magnetic condition, and hence the cor 
responding current characteristic, upon the circuit con 
nected to the reactor, thus enforcing a corresponding mag 
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netic variation in the other saturable reactor cf the sarine 
circuit. This explains why a seemingly auxiliary circuit 
element in a direct-current circuit, namely the stabilizing 
reactor, may actually have an essential effect upon the 
behavior of the main reactor circuit and hence requires at 
tention for securing best results. 
As explained, a change in the pulse duration may be 

effected by changing the transformation ratio in one of 
the two half-sections of the asymmetrical series trans 
ductor devices. For the purpose of a Subsequent varia 
tion, therefore, at least one of the four wildings in each 
phase of a transductor device may be equipped with Se 
lectively switchable tap points. In this manner the flux 
ratio of one half-section of the transductor is made vari 
able. The same result can be attained by varying the 
pre-excitation in at east one of the transductor half-Sec 
tions. To this end, an additional circuit is to be parallel 
connected to one of the two series-arranged direct-cur 
rent windings of the transductor, or the direct-current 
windings of the same phase are to be connected parallel 
to each other instead of in series. In both cases, each of 
the respective parallel circuits should be equipped with an 
adjusting resistor and a sufficiently large stabilizing re 
actor. . . . 
The described variation in the duration or effective volt 

age magnitude of the back-magnetizing pulse, whose co 
action results into the voltage-time integral essential for 
the remagnetization, permits shortening the make step 
to an adjustable extent thus varying the length of the 
residual make interval occurring after the contact closing 
moment (the length of the step being here understood 
to mean the relative length referring to a definite volt 
age value, usually the peak value of the commutating 
voltage). Different lengths of the residual make step, 
of course, connote correspondingly different angles or : 
degrees of voltage control. Consequently, such a varia 
tion affords the possibility of voltage regulation by mag 
netic control. 
On the other hand, it is often desired, in connection 

with voltage regulation by mechanical control, to have 
a make step of the same absolute length regardless of 
changes in control angle. This requires that with full 
control (Zero control angle) a larger back-magnetizing 
voltage-time integral must be effective than with partial 
control (finite control angle) because of the only slight 
values of the commutation voltage prevailing at full con 
trol. An automatic regulation of this type, with the ap 
plication of the above-described control means, may be 
effected, for instance, by electrically or mechanically 
coupling these control means with the device for regu 
lating the voltage control angle, or by having these con 
trol means cperated by an electric circuit connection in 
dependence upon variations in the phase position of the 
contact closing moment. 

claim: 
1. An electric contact converter, comprising alternating 

voltage supply means, a converter circuit connected to 
said supply means, said converter circuit comprising con 
tact means synchronous with said alternating-voltage 
supply means and a saturable commutating reactor, the 
main winding of said reactor being series-connected with 
said contact means for producing in said circuit a current 
step near the current zero value, said reactor having pre 
magnetizing means comprising two component premag 
netizing circuits, one of said premagnetizing circuits 
being operative to provide a substantially constant direct 
current during said current step, and said other preinag 
netizing circuit being operative to provide a current pro 
portional to the voltage across said series-connected rain 
winding of said reactor, said two component premagnetiz 
ing circuits being so polarized with respect to each other 
that the magnetomotive forces produced in said reactor 
by their respective currents are additive. 

2. In a converter according to claim 1, said one pre 
magnetizing circuit comprising pulse generating lineans 
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connected with said alternating-voltage supply means and 
operative to provide a current-pulse wave synchronous 
with the alternating voltage of said supply means and 
having a substantially constant amplitude during said 
current step. 

3. In a converter according to claim 1, said one pre 
magnetizing circuit being connected to said alternating 
voltage supply means to be energized therefrom and com 
prising asymmetrically conductive means for conducting 
during each alternating-voltage period a current pulse of 
Substantially constant amplitude. 

4. In a converter according to claim 1, said one pre 
magnetizing circuit being connected to said alternating 
voltage means to be energized therefrom and comprising 
a unidirectionally pre-excited saturable reactor and a valve 
series-connected with each other for conducting during 
each alternating-voltage period a current pulse of Sub 
stantially constant amplitude. 

5. In a converter according to claim 1, said other pre 
magnetizing circuit comprising resistance means and being 
connected parallel to the series connection of the main 
winding of said commutating reactor and said contact 
means to be energized by the voltage across said series 
connection. 

6. In a converter according to claim 1, said other pre 
magnetizing circuit comprising a valve and a resistor series 
connected with each other and being connected parallel to 
a portion of said converter circuit including the main wind 
ing of said commutating reactor and said contact means. 

7. An electric contact converter, comprising alternating 
voltage supply means, a converter circuit having a plu 
rality of phase circuits connected to said supply means, 
said converter circuit comprising two direct-current buses 
of positive and negative polarities respectively, each of 
said phase circuits having a pair of contacts mutually 180 
electrical degrees phase displaced and connected to said 
two buses respectively, said contacts being adapted for 
synchronous operation with respect to said alternating 
voltage supply means, each of said phase circuits having 
a single saturable commutating reactor having a main 
winding series-connected with its respective pair of con 
tacts for producing a current step interval near the cur 
rent zero value, each of said reactors having two com 
ponent premagnetizing circuits, one of said premagnetiz 
ing circuits being operative to provide a substantially 
constant direct current during said current step, and said 
other premagnetizing circuit being operative to provide 
a current varying as a function of the voltage across the 
main winding of its respective reactor, said two com 
ponent premagnetizing circuits being so polarized with 
respect to each other that the magnetomotive forces pro 
duced in their respective reactor by said respective cur 
rents are additive. 

8. A converter according to claim 7, comprising a sat 
urable make core and a saturable break core, said main 
winding being inductively linked with said two cores, said 
two cores having separate premagnetizing windings re 
spectively, said two premagnetizing windings being series 
connected with each other in said one premagnetizing cir 
cuit so that the current in said latter circuit premagnetizes 
said make core as well as said break core, and two satu 
rable and opposingly direct-current excited reactors series 
connected with each other and in said one premagnetizing 
circuit. 

9. In an electric contact converter according to claim 8, 
said premagnetizing winding of said make core having a 
lesser number of turns than said series-connected premag 
netizing winding of said break core. 

10. In a converter according to claim 7, said commutat 
ing reactor comprising a make core inductively linked 
with said main winding and having a premagnetizing 
winding on said core, said other premagnetizing circuit 
having a portion which includes said premagnetizing wind 
ing and is connected to a point of said converter circuit 
between said main winding and said alternating-voltage 



2,756,881 
29 

Supply means, and said other premagnetizing circuit hav 
ing two parallel branches extending from said portion to 
the respective direct-current sides of said two contacts of 
said pair, each of said two branches comprising a con 
trollable valve and a resistor series-connected with each 
other. 

11. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected to 
said supply means, said converter circuit comprising con 
tact means adapted for synchronolis operation with said 
alternating-voltage supply means, and a saturable com 
mutating reactor having a main winding Series-connected 
with said contact means for producing a current step near 
the current Zero value, said reactor having premagnetiz 
ing means comprising two component premagnetizing cir 
cuits, one of said component circuits comprising a direct 
current Source of constant voltage operative to provide 
said reactor with a constant component magnetomotive 
force during said current step, and said other component 
circuit comprising supply means operative to provide a 
variable current proportional to the voltage across the 
main Winding of said reactor during said current step to 
provide said reactor with a variable component magneto 
motive force, said two circuits being so polarized with 
respect to each other that said two component magneto 
motive forces are additive during said current step. 

12. An electric contact converter, comprising an alter 
nating-voltage Supply means, a synchronous converter con 
tact synchronous with said alternating-voltage supply 
means, a commutating reactor having a saturable core 
and having on said core a main winding connected to said 
supply means in series with said contact to produce near 
Zero current a current-step interval for switching oper 
ation of said contact, said core having two premagnetizing 
windings, a first premagnetizing circuit including one of 
said premagnetizing windings and operative to provide a 
substantially invariable current during said interval, and a 
second premagnetizing circuit including said other pre 
magnetizing winding and being connected parallel to the 
series connection of said contact and said reactor main 
winding to be traversed during said interval by premag 
etizing current variable in dependence upon the voltage at 
said main winding, said two premagnetizing circuits being 
poled for cumulative premagnetizing action during said 
interval. 

13. An electric contact converter, comprising alternat 
ing-voltage Supply means, a Synchronous converter con 
tact synchronous with said alternating-voltage supply 
means, a commutating reactor having a saturable core and 
having on said core a main winding connected to said Sup 
ply means in Series with said contact to produce near zero 
Current a current-step interval for switching operation of 
Said contact, a premagnetizing winding on said core, a 
premagnetizing circuit including said premagnetizing wind 
ing and operative to provide during said interval a substan 
tially invariable premagnetizing current, said reactor main 
winding having a tap and having one winding portion be 
tween said tap and said contact and another winding por 
tion between said tap and said supply means, circuit 
IIleans connected to said tap and extending from said tap 
across the series connection of said first winding portion 
and said contact, said circuit means forming together with 
Said Second winding portion another premagnetizing cir 
cuit operative to provide during said interval a premag 
netizing current variable in dependence upon the voltage 
at Said main winding, said two premagnetizing circuits hav 
ing a poling at which the respective component magneto 
motive forces produced thereby are cumulative during said 
interval. 

14. An electric contact converter, comprising poly 
phase alternating-voltage supply means, a converter cir 
cuit having a plurality of sequentially operative phase cir 
cuits connected to said supply means and having synchro 
nous converter contacts synchronous with said alternating 
voltage supply means in said respective phase circuits, a 
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commutating reactor for each of said respective contacts, 
each of said reactors having a saturable core and having 
on said core a main winding connected in series with said 
contact to produce a break-step interval near the current 
zero value at the end of the conductive period of said 
contact, said reactor having two coactive premagnetizing 
circuits, one of said premagnetizing circuits being opera 
tive to provide during said break-step interval a substan 
tially invariable current, said other premagnetizing circuit 
having a resistor and a valve series-connected with each 
other and being operative to provide during said break 
step interval a premagnetizing current variable in depend 
ence upon the voltage at said main winding, said two pre 
magnetizing circuits having relative to said main winding 
a poling at which the magnetomotive forces produced in 
said core by said respective premagnetizing currents joint 
ly oppose during said break-step interval the magnetomo 
tive force caused by the flow of converter load current in 
said main winding. 

15. In a converter according to claim 14, said reactor 
main winding having a tap point, and said other premag 
netizing circuit being parallel connected to a portion of 
one pertaining phase circuit, said portion extending from 
said tap point to across said contact. 

16. in a converter according to claim 14, said valve 
being controllable and having a control circuit inductively 
linked with said reactor to release said valve at the be 
ginning of said interval. 

17. An electric contact converter, comprising polyphase 
alternating voltage supply means, a converter circuit hav 
ing a plurality of sequentially operative phase circuits 
synchronous with said alternating-voltage supply means 
connected to said supply means and having Synchronous 
converter contacts in said respective phase circuits, a com 
mutating reactor for each of said respective contacts, each 
of said reactors having a saturable core and having on 
said core a main winding connected in series with said 
contact to produce a break-step interval near the current 
zero value at the end of the conductive period of Said con 
tact, said reactor having two coactive premagnetizing cir 
cuits, one of said premagnetizing circuits being operative 
to provide during said break-step interval a substantially 
invariable current, said other premagnetizing circuit being 
operative to provide a variable premagnetizing current re 
sponsive to the voltage at said main winding and compris 
ing a premagnetizing winding on said reactor core, said 
other premagnetizing circuit extending from a point be 
tween the reactor main winding and the Supply means in 
one phase circuit to a point between the reactor main 
winding and the supply means in the next sequential phase 
circuit. 

18. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected to 
said supply means and having synchronous contact means 
operative to be close-circuited during a given half-wave 
period of the voltage cycle, a reactor device having Satu 
rable core means and having main winding means Series 
connected with said contact means for producing respec 
tive weak-current make and break steps at the beginning 
and at the end respectively of each close-circuited period 
of said contact means, and premagnetizing circuit means 
inductively linked with said core means and operative to 
provide during each of said make and break Steps a mag 
netomotive force comprising a substantially constant Com 
ponent and a variable component responsive to the volt 
age at said main winding, said circuit means having a pre 
magnetizing circuit connected parallel to a portion of Said 
converter circuit including the series connection of said 
contact means with at least part of said main winding. 

19. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected to 
Said Supply means and having Synchronous contact means 
synchronous with said alternating-voltage supply means 
and a saturable commutating reactor series-connected with 
said contact means for producing near the current zero 
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value a make-step interval at the start of the closing period 
of said contact, said reactor having two component pre 
magnetizing means operative to produce two respective 
component electromotive forces, one of said premagnetiz 
ing means being operative to produce substantially con 
stant ampere turns during said step interval, and said 
other premagnetizing means being operative to produce 
during said step interval variable ampere turns dependent 
upon the voltage obtaining at said reactor, said two pre 
magnetizing means having respective polings at which said 
respective magnetomotive force components during said 
make-step interval have both the same direction as the 
magnetomotive force caused by the converter load cur 
rent in said reactor immediately after cessation of said 
make-step interval. 

20. An electric contact converter, comprising poiy 
phase alternating-voltage supply means, a converter cir 
cuit having a plurality of sequentially operative phase 
circuits connected to said supply means and having syn 
chronous converter contacts synchronous with said al 
ternating-voltage supply means in said respective phase 
circuits, a commutating reactor for each of said respec 
tive contacts, each of said reactors having a saturable 
core and having on said core a main winding connected 
in series with said contact to provide a make-step interval 
near the current zero value at the start of the closing 
period of said contact, said reactor having two coactive 
premagnetizing circuits, one of said premagnetizing cir 
cuits being operative to provide during said make-step 
interval a substantially invariable current, said other pre 
magnetizing circuit having a resistor and a valve series 
connected with each other and being operative to provide 
during said make-step interval a premagnetizing current 
variable in dependence upon the voltage at said main 
winding, said two premagnetizing means having respec 
tive polings at which said respective magnetomotive force 
components during said make-step interval have both the 
same direction as the magnetomotive force caused by the 
converter load current in said reactor immediately after 
cessation of said make-step interval. 

21. In a converter according to claim 20, said other 
premagnetizing circuit being connected to the direct 
current side of said contact and extending therefrom in 
parallel relation to a portion of said phase circuit in 
cluding said contact and at least part of said reactor main 
winding. 

22. In a converter according to claim 21, said valve 
in said other premagnetizing circuit having a control cir 
cuit and providing a conductive period controlled by said 
control circuit and commencing at a moment at most 
shortly ahead, and not later than, the closing moment 
of said contact. 

23. An electric contact converter, comprising poly 
phase alternating-voltage supply means, a converter cir 
cuit having a plurality of sequentially operative phase 
circuits connected to said Supply means and having syn 
chronous converter contacts synchronous with said al 
ternating-voltage supply means in said respective phase 
circuits, a commutating reactor for each of said respec 
tive contacts, each of said reactors having a saturable 
core and having on said core a main winding connected 
in series with said contact to provide a make-step interval 
and a break-step interval near the current zero passages 
at the beginning and end respectively of the conductive 
period of said contact, said reactor having two coactive 
premagnetizing circuits, one of said premagnetizing cir 
cuits being operative to provide during said break-step 
interval a substantially invariable current, said other pre 
magnetizing circuit having a resistor and a valve series 
connected with each other and being operative to pro 
vide during said break-step interval a premagnetizing cur 
rent variable in dependence upon the voltage at said main 
winding, said two premagnetizing circuits having rela 
tive to said main winding a poling at which the magneto 
motive forces produced in said core by said respective 
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premagnetizing currents jointly oppose during said break 
step interval the magnetomotive force caused by the flow 
of converter load current in said main winding, and said 
reactor having additional premagnetizing means effective 
during said make-step interval to provide during said 
make-step interval a magnetomotive force in the direc 
tion of that caused by said load current. 

24. An electric contact converter, comprising poly 
phase alternating-voltage supply means, a converter cir 
cuit having a plurality of sequentially operative phase 
circuits connected to said supply means and having syn 
chronous converter contacts synchronous with said al 
ternating-voltage supply means in said respective phase 
circuits, a commutating reactor for each of said respec 
tive contacts, each of said reactors having a saturable 
core and having on said core a main winding connected in 
series with said contact to provide a make-step interval 
and a break-step interval near the current Zero passages 
at the beginning and end respectively of the conductive 
period of said contact, said reactor having two coactive 
premagnetizing circuits, one of said premagnetizing cir 
cuits being operative to provide during said make-step 
interval a substantially invariable current, said other pre 
magnetizing circuit having a resistor and a valve series 
connected with each other and being operative to pro 
vide during said make-step interval a premagnetizing 
current variable in dependence upon the voltage at said 
main winding, said two premagnetizing means having re 
spective polings at which said respective magnetomotive 
force components during said make-step interval have 
both the same direction as the magnetomotive force 
caused by the converter load current in said reactor im 
mediately after cessation of said make-step interval, and 
said reactor having additional premagnetizing means ef 
fective during said break-step interval to provide during 
said break-step interval a magnetomotive-force direction 
opposed to that caused by said load current. 

25. An electric contact converter, comprising alter 
nating-voltage supply means, a converter circuit con 
nected to said supply means and having Synchronous con 
tact means synchronous with said alternating-voltage Sup 
ply means and a saturable commutating reactor series 
connected with said contact means for producing a make 
step interval and a break-step interval near current Zero 
at the beginning and end respectively of the conductive 
period of said contact, said reactor having a plurality of 
premagnetizing means to produce two component mag 
netomotive forces during each of said two intervals, part 
of said premagnetizing means being operative to provide 
during said respective intervals a substantially constant 
magnetomotive force and another part of said premagne 
tizing means being operative to provide during said re 
spective intervals a variable magnetomotive force depend 
ing upon the voltage at said reactor, said constant and 
variable component magnetomotive forces having dur 
ing said make-step interval a direction coincident with 
the magnetomotive force caused in said reactor by the 
converter load current, and said constant and variable 
magnetomotive forces having during said break-step a 
direction opposed to the magnetomotive force caused by 
said load current. 

26. An electric contact converter, comprising alter 
nating-voltage supply means, a converter circuit con 
nected to said supply means and having Synchronous con 
tact means synchronous with said alternating-voltage Sup 
ply means and a saturable commutating reactor Series 
conflected with Said contact means for producing a cur 
rent-step interval tear the current Zero value, Said re 
acter having two coactive premagnetizing circuits, one 
of said premagnetizing circuits having a direct-current 
Scurce to be enargized thereby and comprising a stabiliz 

reactor, said other premagnetizing circuit being 
in said alternating-voltage Supply means to de 

to elergizing voltage therefrom and comprising a trans 
dictor asseinbiy having two Saturable reactors, said two 
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latter reactors being series-connected with each other and 
having mutually opposing direct-current excitation means 
respectively, whereby said 'yo premagnetizing circuits 
produce in said commutating reactor respective magneto 
motive forces cumulative during part of the cycle period 
and mutually opposed during the remaining part of said 
period. 

27. In a converter according to claim 26, said one 
premagnetizing circuit having a direct-current magnitude 
at which said magnetomotive force due to said one pre 
magnetizing circuit is substantially equal to the opposed 
magnetomotive force produced by said other premag 
netizing circuit during the remaining part of said cycle 
period, so that the resultant magnetomotive force has 
the shape of a unidirectional pulse of substantially con 
stant amplitude. 

28. in a converter according to claim 26, said two 
series-connected reactors of said transductor assembly hav 
ing different winding-turn ratios respectively. 

29. In a converter according to claim 26, said excita 
tion means of said two reactors of said transductor as 
sembly comprising respective excitation windings induc 
tively linked with said two latter reactors, said two ex 
citation widings being series-connected with each other 
in said cine premagnetizing circuit to be traversed by 
direct current from said source. 

30. An electric contact converter, comprising alter 
nating-voltage Supply means, a converter circuit connected 
to said supply means and having a synchronous con 
veter contact synchronous with said alternating-voltage 
supply means and a saturable commutating reactor series 
connected with said contact for producing a current step 
near the current Zero value, two premagnetizing means 
inductively linked with said reactor for jointly premag 
netizing it during Said step, a transductor having a main 
winding and a direct-current pre-excitation winding, a 
transductor circuit operative to provide a voltage syn 
chronous with that of said supply means and compris 
ing said main winding in series with one of said pre 
magnetizing means, and a direct-current circuit compris 
ing said pre-excitation winding in series with said other 
premagnetizing means. 

31. An electric contact converter, comprising poly 
phase alternating-voltage supply means, a converter cir 
cuit having a plurality of sequentially operative phase 
circuits connected to said supply means and having syn 
chronous converter contacts synchronous with said alter 
nating-voltage s!!pply means in said respective phase cir 
cuits, a commutating reactor for each of said respective 
contacts, each of said reactors having a saturable core 
aid having on said core a main winding connected in 
series with said contact to provide a make-step interval 
and a break-step interval near the current zero passages 
at the beginning and end respectively of the conductive 
period of said contact, said reactor having a plurality of 
coactive premagnetizing means, a first one of said pre 
magnetizing means having synchronous pulse-generating 
means, said pulse-generating means providing an alter 
nating pulse having a Substantially constant annplitude of 
one polarity during the operating time range available for 
said make-step intervai and a substantially constant am 
plitude of the cither polarity during the operating time 
range available for said break-step interval, and another 
one of said premagnetizing means having an asymmetri 
cally conductive circuit member and resistance means 
series-connected with each other and providing during 
one of said two intervals a premagnetizing current vari 
able in dependence upon the voltage at said reactor main 
winding, said two premagnetizing means having relative 
to said main winding a poling at which the magneto 
motive forces produced in said core by said respective 
premagnetizing currents jointly oppose during said break 
step interval the magnetomotive force caused by the flow 
of converter load current in said main winding. 

32. In a converter according to claim 31, said pulse 
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34. 
generating means being operative to provide a higher 
pulse amplitude during said make-step range than during 
said break-step range to pi 'duce in said reactor core a 
magnetomotive force of alternatingly different direction 
and different magnitude. 

33. In a converter according to claim 3i, said pulse 
generating means comprising a source of alternating volt 
age synchronous with the voltage of said supply means, 
a premagnetizing winding on said core of said commu 
tating reactor, and a series transductor connected to said 
so lice in series with said premagnetizing winding. 

34. in a converter according to claim 31, said first 
premagnetizing means comprising two premagnetizing 
circuits having respective premagnetizing windings on 
Said core of said commutating reactor, one of said two 
premagnetizing circuits having a constant direct-current 
Source, said pulse-generating neans being connected in 
said other premagnetizing circuit, and said other pre 
in agnetizing circuit being operative to provide during 
each alternating-voltage cycle a temporary pulse current 
of substantially constant amplitude and of a magnitude 
at which the resulting magnetomotive force is larger than 
the cpposing magnetomotive force caused in said core by 
said, one premagnetizing circuit, so as to produce a re 
Sultant magnetomotive force of alternating direction. 

35. In a converter according to claim 31, said first 
premagnetizing means comprising two premagnetizing 
circuits having respective premagnetizing windings on 
said core of said commutating reactor, one of said two 
premagnetizing circuits having a constant direct-current 
source, said pulse-generating means comprising a recti 
fier circuit anodically connected in said other premag 
netizing circuit and being operative to provide during 
each alternating-voltage cycle a temporary pulse current 
of substantially constant amplitude and of a magnitude 
at which the resulting magnetomotive force is larger than 
the opposing magnetomotive force caused in said core by 
said one premagnetizing circuit, so as to produce a re 
suitant magnetomotive force of alternating direction. 

36. In a converter according to claim 31, said first pre 
magnetizing means comprising two premagnetizing cir 
cuits having respective premagnetizing windings on said 
core of said commutating reactor, one of said two pre 
magnetizing circuits having a constant direct-current 
source, said pulse-generating means comprising a source 
of alternating voltage synchronous with said Supply means, 
a valve and a direct-current-excited saturable reactor 
series-connected with each other and connecting said 
alternating-voltage source with said other premagnetiz 
ing circuit, and said other premagnetizing circuit being 
operative to provide during each alternating-voltage cycle 
a temporary pulse current of substantially constant am 
plitude and of a magnitude at which the resulting mag 
netomotive force is larger than the opposing magneto 
motive force caused in said core by said one premag 
netizing circuit, so as to produce a resultant magneto 
motive force of alternating direction. 

37. An electric contact converter, comprising alter 
nating-voltage supply means, a converter circuit connected 
to said supply means and having synchronous contact 
means synchronous with said alternating-voltage supply 
means and a saturable commutating reactor series-con 
nected with said contact means for producing a make 
step interval and a break-step interval near current Zero 
at the beginning and end respectively of the conductive 
period of said contact, said reactor having a first pre 
magnetizing circuit including a source of premagnetizing 
current of substantially constant amplitude for producing 
in said reactor a constant magnetomotive force during 
at least one of said two intervals, and said commutating 
reactor having another premagnetizing circuit of a mag 
netizing-current characteristic variable in dependence 
upon the voltage at said reactor for producing a corre 
spondingly variable magnetomotive force during said. 

75 make-step interval as well as during said break-step inter 
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val, said other premagnetizing circuit having ohmic re 
sistance and being connected to the direct-current side of 
said contact and extending therefrom in parallel relation 
to a portion of said converter circuit, said portion includ 
ing said contact and at least part of said reactor main 
winding. 

38. An electric contact converter, comprising poly 
phase alternating voltage supply means, a converter cir 
cuit having a plurality of sequentially operative phase 
circuits connected to said supply means and having Syn 
chronous converter contacts synchronous with said alter 
nating-voltage supply means in said respective phase cir 
cuits, a commutating reactor for each of said respective 
contacts, each of said reactors having a saturable core 
and having on said core a main winding connected in 
series with said contact to provide a make-step interval 
near the current Zero value at the start of the closing 
period of said contact, said reactor having two coactive 
premagnetizing circuits, one of said premagnetizing cir 
cuits being operative to provide during said make-step in 
terval a substantially invariable current, said other pre 
magnetizing circuit being connected to the direct-current 
side of said contact and extending therefrom in parallel 
relation to a portion of said phase circuit including said 
contact and at least part of said reactor main winding 
So as to conduct a variable premagnetizing current de 
pendent upon the voltage of said main winding, said other 
premagnetizing circuit having a controllable valve and 
resistor means series connected with each other, said valve 
having a control circuit for releasing said variable cur. 
rent, and an auxiliary contact disposed at said converter 
contact and operative to close shortly prior to the clos 
ing moment of said converter contact, and said valve 
having a control circuit connected to said auxiliary con 
tact to be controlled thereby. 

39. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected 
to said Supply means and having synchronous contact 
means Synchronous with said alternating-voltage supply 
means and a saturable commutating reactor series-con 
nected with said contact means to provide alternately a 
make-step interval and a break-step interval near succes 
sive current Zero values respectively, premagnetizing cir 
cuit means inductively linked with said reactor and opera 
tive to provide a premagnetizing current during at least 
one of said intervals, and additional premagnetizing cir 
cuit means conductively linked with said reactor for back 
magnetizing Said reactor, said additional premagnetizing 
circuit means including premagnetizing-current supply 
means of a temporary current duration commencing after 
said break-step interval and terminating prior to the next 
make-step interval of said converter contact. 

40. In a polyphase converter according to claim 39, 
Said additional premagnetizing circuit means for back 
magnetizing said commutating reactor comprising an aux 
iliary premagnetizing winding inductively linked with said 
reactor, and a polyphase auxiliary transformer connected 
to said voltage-supply means and having a plurality of 
phase-Sequential anode circuits, one of said anode cir 
cuits being connected with said auxiliary winding to sup 
ply it with current pulses. 

41. In a converter according to claim 39, said addi 
tional premagnetizing circuit means comprising an aux 
iliary winding inductively linked with said reactor, and 
said current Supply means comprising an alterntaing volt 
age source and having an asymmetrically conductive cir 
cuit device connected to said source in series with said 
auxiliary winding to supply unidirectional back-magnetiz 
ing pulses to said winding, and an adjustable resistor series 
connected with said circuit device and said auxiliary wind 
ing for varying the degree of back-magnetization. 

42. An electric contact converter, comprising alternat 
ing-voltage Supply means, a converter circuit connected 
to said supply means and including a synchronous con 
verter contact synchronous with said alternating-voltage 
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supply means, a commutating reactor having a saturable 
core of substantially rectangular hysteresis characteristic 
and having a main winding on said core series-connected 
in said converter circuit to produce a current-step inter 
val for the break operation of said contact, premagnetiz 
ing circuit means inductively linked with said core for pre 
magnetizing said reactor during said interval, said premag 
netizing circuit means having a poling such that the pre 
magnetizing magnetomotive force of said circuit means 
is opposed to that caused by the converter load current 
flowing in said main winding, back-magnetizing circuit 
means inductively linked with said core and having cur 
rent supply means of a periodic current duration within 
a limited time interval commencing after said break-step 
interval and terminating prior to the next re-closing of 
said contact for producing a back-magnetizing magneto 
notive force in said reactor, said back-step premagnetiz 
ing circuit means and said back-magnetizing circuit means 
being operative to provide within said limited time interval 
a resultant magnetomotive force of the same direction as 
the magnetomotive force caused by said load current and 
of a higher magnitude than the magnetomotive force that 
corresponds to the static hysteresis characteristic of said 
COC. 

43. In a converter according to claim 42, said premag 
netizing circuit means comprising two premagnetizing 
windings on said core of said commutating reactor, a first 
premagnetizing circuit having a voltage derived from 
that of said alternating-voltage supply means and includ 
ing one of said premagnetizing windings and an asym 
metrical series transductor connected in series with Said 
atter winding to provide it with trapezoidal premagnetiz 
ing current of differently long positive and negative pulses 
respectively, said derived voltage having relative to said 
supply-means voltage a phase position at which the shorter 
one of said pulses coincides with said time interval for 
back-magnetization, said one premagnetizing winding hav 
ing a poling such that the direction of the magnetomotive 
force due to said shorter pulse coincides with the direc 
tion of the magnetomotive force due to the converter 
load current and the direction of the magnetomotive force 
due to said longer pulse is opposed to the direction of the 
load-current magnetomotive force, and a second premag 
netizing circuit including said other premagnetizing wind 
ing and having a stabilized direct-current supply, said sec 
ond premagnetizing winding having the poling required 
for the magnetomotive force to oppose that produced by 
the load cirrent. 

44. In a converter according to claim 42, said back 
magnetizing circuit means comprising pulse-generating 
means synchronous with said alternating-voltage supply 
means and having during said limited time interval a 
pulse-current polarity and amplitude corresponding to 
said magnetomotive-force direction and magnitude re 
spectively. 

45. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected 
to said supply means and having a synchronous converter 
contact synchronous with said alternating-voltage supply 
means, a commutating reactor having a saturable core 
and having a main winding on said core series-connected 
in said converter circuit to produce current-step intervals 
near current zero for make operation and break operation 
of said contact, premagnetizing circuit means inductively 
linked with said core for premagnetizing said reactor dur 
ing said interval, said premagnetizing circuit means hav 
ing during said break-step interval a poling such that the 
premagnetizing magnetomotive force of said circuit means 
is opposed to that caused by the converter load current 
flowing in said main winding, back-magnetizing circuit 
means inductively linked with said core and including 
current supply means of a periodic current duration with 
in a limited time interval commencing after said break 
step interval and terminating prior to the next make-step 
interval for producing a back-magnetizing magnetomotive 



2,756,881 
37 

force in said reactor, said premagnetizing means and said 
back-magnetizing means being operative to provide dur 
ing said limited time interval respective cumulative 
magnetomotive forces of the same direction as the mag 
netomotive force caused by the load current and of a 
resultant magnitude higher than the magnetomotive force 
that corresponds to the static hysteresis characteristic of 
said core. 

46. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected 
to said supply means and including a series connected 
synchronous converter contact synchronous with said al 
ternating-voltage supply means, a commutating reactor 
having a saturable core and having a main winding on 
said core series-connected in said converter circuit to 
produce current-step intervals near current Zero for make 
operation and break operation of said contact, premag 
netizing means inductively linked with said core for pre 
magnetizing said reactor during said intervals, back-mag 
netizing circuit means inductively linked with said core 
and including current supply means of a periodic current 
duration within a limited time interval commencing after 
said break-step interval and terminating prior to the next 
make-step interval for producing a back-magnetizing mag 
netomotive force in said reactor, said current-supply 
means including a source of alternating voltage syn 
chronous with that of said alternating-voltage supply 
means and having a series transductor connected in series 
with said source, said premagnetizing means and said 
back-magnetizing means being operative to provide during 
said limited time interval respective cumulative mag 
netomotive forces of the same direction as the magneto 
motive force caused by the load current and of a result 
ant magnitude higher than the magnetomotive force that 
corresponds to the static hysteresis characteristic of said 
CO. 

47. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit connected 
to said supply means and having a series connected syn 
chronous converter contact synchronous with said alter 
nating-voltage supply means, a commutating reactor hav 
ing a main winding connected in said converter circuit 
in series with said contact, said reactor having a first sat 
urable core inductively linked with said main winding 
to produce a break-step interval for the break operation 
of said contact, said reactor having a second saturable 
core of a substantially rectangular hysteresis characteris 
tic also inductively linked with said main winding to pro 
duce a make-step interval for the make operation of said 
contact, make premagnetization means inductively linked 
with said second core for premagnetizing said second core 
during said make-step interval in the magnetizing direc 
tion of the load current flowing in said main winding, 
back-magnetizing circuit means inductively linked with 
said second core and including current supply means of 
a periodic current duration commencing after each break 
step interval and terminating prior to the next make-step 
interval for producing during a limited time interval a 
back-magnetizing magnetomotive force in said second 
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core, said make premagnetizing means and said back 
magnetizing means being operative to provide in said 
second core during said limited interval a resultant mag 
netomotive force of a direction opposing that of the mag 
netomotive force caused by the load current and of a 
magnitude higher than corresponds to the static hysteresis 
value of said second core. 

48. In a converter according to claim 47, said back 
magnetizing means of said second core comprising a 
pulse-generating circuit having during said limited time 
interval a pulse-current polarity and amplitude corre 
sponding to said magnetomotive-force direction and mag 
nitude respectively. 

49. An electric contact converter, comprising alternat 
ing-voltage supply means, a converter circuit having a 
plurality of phase circuits connected to said supply means 
and having two direct-current buses of positive and nega 
tive polarities respectively, each of said phase circuits 
having a pair of synchronous contacts synchronous with 
said alternating-voltage supply means mutually phase op 
posed and connected to said buses respectively, each of 
said phase circuits having a saturable commutating re 
actor, said reactor having a main winding series con 
nected with said pair of contacts for producing a current 
step interval near the current zero value, two coactive 
premagnetizing circuits inductively linked with said re 
actor, one of said premagnetizing circuits being connected 
to said alternating-voltage supply means and being opera 
tive to provide a trapezoidal current for premagnetizing 
said reactor during one of said intervals by substantially 
constant current of one polarity and during the next inter 
val by substantially constant current of the other polarity, 
whereby said one premagnetizing circuit produces in said 
reactor during each of said intervals a constant magneto 
motive force, said other premagnetizing circuit being 
operative to provide during said intervals a current vari 
able in response to the voltage at said reactor to produce 
in said reactor a variable magnetomotive force, said two 
premagnetizing circuits having a poling such that said 
respective magnetomotive forces are cumulative during 
said intervals. 

50. In a converter according to claim 49, comprising 
a transductor series connected in said one premagnetizing 
circuit, said transductor having two series-connected sat 
urable reactors, and said latter reactors having opposingly 
related direct-current excitation means respectively. 
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