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The present invention relates to such coupling
arrangements whose current or voltage regula-
tion is effected at least partially by means of di-
rect current magnetized reactors or transformers.

Coupling systems of this kind have found con-
siderable use as amplifiers. In certan cases, use
has been made of them to amplify a weak elec-
trical impulse, e. g. from a photocell to a relative-
ly high strength, so as to make it possible to set
a relay in operation. In other cases, the am-
plification has been utilized in control devices in
order to control and maintain a certain current
or voltage within certain limits, e. g. for main-
taining a network or battery voltage substantial-
ly constant.

However, arrangements of the indicated kind
have thus far had certain drawbacks. On ac-
count of the known inertia in the operation of
reactors, slight oscillations occur in the control
devices for keeping the current or voltage con-
stant. In magnetic amplifiers in general, fur-
ther variations occur due to the sensitivity vary-
ing with different working fields or different loads.
In other words, the working characteristics of
the reactors are not quite linear. Some of the
coupling elements which form part of a coupling
arrangement according to this invention e. g.
rectifiers, are subject to aging, to alterations and
deteriorations in the course of prolonged opera-
tion.

One object of the invention is to eliminate these
drawbacks.

A further object of the invention is to improve
amplifiers and control devices which use reac-
tors and in which a control effect in the form of
a varying direct current is supplied to the reac-
tors. et

Another object of the invention, is to supply the
reactors with an additional confrol effect that
counteracts the normal control effect, at least
within certain time periods. This may be
achieved preferably by means of one or more
phase changing elements.

Still another object of the invention is to pro-
vide a negative feed-back coupling to obtain
quick-acting regulation and to improve the elec-
trical properties of the amplifiers or control de-
vices.

The invention is explained with reference to
the appended drawings:

Fig. 1 is a block circuit diagram of an am-~
plifier of the so-called four pole type and with
negative feed-back coupling;

Fig. 2 shows a one stage amplifier. with nega-
tive feed-back coupling; .

Fig. 3 shows a voltage control arrangement
with negative feed-back coupling and quick-act-
ing regulation; and .

Figs. 4 to 6 reproduce curves representing the
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course of the regulation in the control arrange-
ment shown in Fig. 3.

The amplifier | in Fig. 1 is assumed to have an
amplification P. The damping set 2 for nega-
tive feed-back coupling has a damping D. The
voltage E3 back coupled from E2 via the damping
set is assumed to be inverted, i. e. in 180° phase
displacement with respect to El. From this we
get (E1—E3)F=E2 and E2.D=E3 or, if E3 is
eliminated,

1
E2=E1 Dl
1=pF
If, for example, F=10t and D=10-%, then
1 —_ —2
¥ ) 10
so that the term
1
DF

may be neglected. The effective amplification is
accordingly about

From this it can be seen that it is chiefly the
damping set which determines the properties of
the amplifier. In other words, by means of nega-
tive feed-back coupling, the amplification can be
effected substantially independent of aging
phenomena in the members that form part of
the amplifier, and also of lack of linearity of the
same, and finally of variations in the supply volt-
age (network voltage). Fig. 1 illustrates back
coupling of the voltage. Of course the same cir-
cumstances apply to back coupling of the cur-
rent or fleld.

Fig. 2 shows how the invention may be applied
to obtain negative feed-back coupling in an am-
plifier stage with reactor 3. This reactor is mag-
netized from the alternating current voltage E4
by means of the windings 4 and 5. The voltage
El which is to be amplified has changes occurring
at a considerably lower frequency than E4 and is
fed to a winding on the input side of the amplifier.
The amplified voltage (or effect) E2 is tapped in
the known manner on the amplifier’s output side
in series with the magnetizing windings 4, 5 and
is rectified by the rectifier 1. A portion of the
amplified and rectifled energy is fed to a winding
8 which is coupled so as to counteract the wind-
ing 6, thus producing negative feed-back cou~
pling. On account of a certain displacement in
time between Ef and E2, it is not possible to ob-
tain exact counteraction between the currents in
the windings 6 and 8. In the case of a single am-
plifier stage however, the time lag that occurs.
is s0 slight that good negative feed-back cou-
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pling can usually be obtained without employ-
ing extra measures for obtaining exact counter~
action, If, on the other hand, several amplifiers
are connected in cascade and negative feed-back
coupling is to be provided jointly for several am-
plifiers, so-called phase compensation must be
made use of for obtaining good or perfect nega-
tive feed-back coupling. Phase compensation
can be effected in the known manner by means of
capacities or coils or both of these. If phase com-
pensation is used for a single amplifier stage, it
may be obtalned, for example as shown at 8 in
Fig. 2, by a condenser coupled in series to the
coil 8.

In Fig. 2 the effect for negative feed-back cou-
pling to the winding 8 is tapped parallel to the
output circuit at E2. The effect for the feed-
back coupling winding may however be tapped
Just as well in series with the output circuit at
E2. Furthermore, the reactor 3 may be pro-
vided with additional windings, e. g., direct cur-
rent windings of the known kind.

Fig. 3 illustrates a voltage contro} arrangement

in which the invention is adapted for maintain-
ing the voltage as constant as possible over a
consuming apparatus 10 fed from an alternating
current network E4, when the output currents are
of varying strength.

The feed voltage E4 is rectified by means of a
rectifier 12, while the current to the output cir-
cuit is controlled by a main reactor 14. The main
reactor is provided with magnetizing windings 13
and 14, a regulating winding 18, and eventually
other windings in a known manner. Number (6
is an amplifier of any known type, preferably with
reactors, The amplifier 16 which may be of the
type shown in Fig. 2 obtains its input voltage from
the reactors {8 and i9 which are magnetized with
alternating current by means of the windings 21
to 24. A voltage corresponding to the voltage
drop over reactor (8 is obtained from the wind-
ings 26 and 26, and this voltage is inverted in ac-
cordance with the voltage from windings 27 and
28 of reactor 19. The two inverted voltages are
rectified by rectifiers 31 and 32 before being for-
warded together and they are then tapped over
resistances 33 and 34, the resultant from them
Leing fed to the amplifier (6. The rectification
may suitably consist of full wave rectification, but
for the sake of simplicity it has been shown in
Fig. 3 as half wave rectification. Reactor 18 is
provided with a winding 29 which is magnetized
by a substantially constant direct current. The
actual control windings 30 and 37 on the input
side of the control] system belong to the reactor
10. According to the invention, the last-men-
tioned windings receive their magnetizing current
from the charging circuit via a control arrange-
ment, as will be described more in detail here-
under, rthermore, the reactors (8, 18 may be
provided with direct current windings and feed-
back coupling windings (not shown), e. g. con-
nected at point 35 to the amplifier 16, in the same
manner as shown in Fig. 2.

The resulting ampere turns from the windings
on the middle of reactor I8 should be of about
the same magnitude as the resulting ampere
turns from the windings on the middle of re-
actor 18. This means that the voltage drop over
the two reactors is of approximately the same
size, and accordingly the voltage to the amplifier
16 is nil when the voltage is normal over the load
t0. Only variations of the voltage over 10 will
upset the balance between the reactors 18 and
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19 and produce a resulting voltage which is sup- (]

4

plied to the amplifier and consequently to the
main reactor (| as well.

In the embodiment shown in Fig, 3, the control
arrangement consists of a phase changer 20 which
may include only a condenser 33 coupled in series
with the winding 37. The winding 31 thus re-
ceives current oscillations resulting from varia-
tions of the voltage over the load i0, while the
winding 30 receives direct current directly from
the voltage over load 10.

First of all, it will be assumed that the winding
31 is disconnected and that the regulation is ac-
cordingly effected in the known manner, i. e.
with the usual control effect supplied to the regu-
lating winding 30. If an increased load occurs
at a certain moment, there will be a drop in volt-
age over load 10 owing to the voltage drop in the
rectifier 12, the reactor {3 and the network. This
will cause the current through the coil 30 to de-
crease. In this way a regulating current is ap-
plied via the amplifier 16 to the main reactor 8.
Before this regulating current reaches the re-
actor ii, a certain time will have elapsed, since
the reactors have quite a considerable inertia.
Due to this time lag, increased current from the
network is not supplied directly to the output
circuit, but the voltage drops to a relatively low
value and thereby the regulating current as-
sumes a relatively high value. This in its turn
causes the output circuit to reach too high a volt~
age. This causes the voltage E5 to oscillate in a
manner such as shown in Fig. 4, where the varia-
tions of load are assumed to take place in the
time to.

As shown in Fig, 3, the oscillation is counter-
acted and quick-acting regulation is obtained
through a certain control effect being supplied
from the output side to the input side of the con-
trol device by means of a condenser 36 and being
impressed on the winding 37, which is now as-
sumed to be connected in circuit. As is known,
the current through the condenser 36 is a func-
tion of the derivatives of voltage E5 in depend-
ence upon the time. If it is now similarly pre-
sumed that an increase of load occurs, then in
the first moment, as shown in Fig. 5, the altera-
tions of the currents i; and iz will be brought ap-
proximately into phase, thus furnishing a power-
ful regulation. At the next moment the current
i2 to the winding 31 through the condenser 38
becomes an inverted current through the wind-
ing 30, thus counteracting the oscillation and
providing a course of regulation as shown in Flg.
6. For the course of the regulation to be correct,
condenser 35 and winding 37 should have such
dimensions that not only a somewhat powerful
regulation is obtained but that also approxi-
mately the same time constant is obtained as in
the entire control arrangement, thus causing the
component that counteracts the oscillation to
come into play at the right moment. Condenser
36 may suitably be of the electrolytic type.

Practical tests were made with g regulating
arrangement substantially like that illustrated in
Fig. 3. It showed a regulation free from oscilla-
tion when the winding 37 had about % the num-
ber of turns of winding 30 and the condenser 36
was equal to about 200 uf, Purthermore, for ob-
taining good sensitivity, the reactors {8 and (9
of the test apparatus were provided with positive
back coupling.

When a certain weak oscillation, e. g. a pair of
oscillations is allowed to pass the positive back
coupling of the reactors, regulation is effected in
the manner shown in Fig, 6, and thereafter is in-
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creased still further to some extent when the
oscillation again begins to become noticeable. In
this way, an improved constancy of the voltage
is obtained. Before the last-mentioned increase
in the positive feed-back coupling occurred, it was
found possible to maintain the voltage constant
within a few per cent, and after the increase to
less than 1 per cent. This improvement is made
possible because, by means of the coupling ar-
-rangement, in addition to quick-acting regulation,
negative feed-back coupling is obtained just at
the critical frequency for self-oscillation.

The oscillogram in the drawings show the
correctness of this state of affairs,

If the winding 37 is disconnected after a com-
pleted course of regulation, the self-oscillation
will begin to occur again.

By means of the connection arrangement ac-
cording to the invention in the embodiment shown
in Fig. 3, there is obtained not only quick-acting
regulation but also negative feed-back coupling,

thus the regulating sensitivity of the arrangement ‘

is increased by 2 to 3 times.

It is evident that in practice the arrangement, -

which is the object of the invention, may be de-
signed in many ways other than those illustrated,

without departing from the scope of the inven-

tion. A few examples of possible modifications
are given hereunder,

In the embodiment of Fig. 3, both control ef-
fects are fed to reactor {9. The normal control
effect as well as the extra control effect may be
. divided and fed partially to reactor (8 and par-
tially to reactor 19. Furthermore, it is not neces-
sary to use two separate reactors in balanced
connection on the input side. The control effects

occur in the right sequence and magnitude. In
'Fig. 3, such a component is obtained by means

. of a condenser-and a winding. ' It is evident that
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may be supplied to a reactor designed as a con-

ventional amplifier stage or arranged in any other
known manned. Furthermore, the extra control
effect may be fed to a quite different reactor than
that to which the ordinary control effect is sup-
plied, e. g. to a reactar belonging to a subsequent
amplifier stage. Besides, instead of in the man-
ner shown in Fig. 3, the extra control effect may
be tapped over the rectified voltage from one of
the amplifier stages.

_ The negative feed-back coupling may be ef-
fected either in each stage separately or in two
or more or all the stages jointly. By use of suit-
able coupling elements in the feed-back coupling
circuits, the back coupling may be made de-
pendent upon frequency, if so desired.

Strong negative feed-back coupling may be used
in reactor amplifiers for instruments or the like
where considerdable magnetizing but no sensitiv-
ity losses may be allowed and where specially
good amplifying properties are required.

In control arrangements similar to that illus-
trated in Fig. 3, where constant voltage or cur-
rent is desired, in a charging circuit, such as a
lighting network, over a battery or the like, the
negative feed-back coupling should however not
be used too long, because this leads to too many
amplifier stages and poor efficiency. Instead, at
least in one partial amplifier stage, use is made
of positive feed-back coupling and the negative
feed-back coupling is Iimited to counteract the
system’s tendency to oscillate at a certain fre-
quency and in particular is designed, as men-
tioned above, in such a way as to cancel the oscil-
lation, i. e. as to obtain the components counter-
acting the oscillation within a certain space of
time,

Different methods may be employed for the'

purpose of having the counteracting components

40

45

a similar characteristic (or time function) may
be obiained if the condenser is replaced by a
transformer: Of course, use may also be made of
both a transformer and a condenser

What is claimed is:

1. In a magnetic amplifying system a reactor
carrying a number of winding means, an alternat-
ing current input circuit connected to a first one
of said winding means, an output eircuit con-
nected with the second of said winding means in .
series with said first winding means, a source of
current of a periodicity substantially below that
of said alternating current input circuit, a third
of said winding means connected with said source
to control the output of said output circuit, eir-
cuit means for deriving part of said output and
comprising rectifying means, and phase changing
means, and a fourth of said winding means con-
nected with said last circuit means to co‘unteract
said third winding means for at least a part of
the time of control.

2. In a masgnetic amplifymg system, a reactor
comprising a centef core carrying a winding sup-
plied with & relatively slow changing current and
produeing a magnetic fleld, and two side cores

‘symmetrically arranged with respect to said

center core, one core carrying a winding con-
nected with an input circuit containing a rela-
tively quick changing current and the second
core carrying s winding-connected in series with
said input winding and connected with an output
circuit and controlled by said field, means in-
cluding a full wave rectifier for deriving from said
output circuit a portion of its output and feeding
back said portion through phase changing means
to an additional winding arranged on said center
core to counteract said field at least for the time
following the first moment of control.

3. In a magnetic amplifying system, a reactor
having a center core carrying a winding supplied
with a relatively slow changing current and
producing a magnetic field, a second reactor for
supplying said current, and two side cores sym-
metrically arranged with respect to said center

" core, one core carrying a winding connected with
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an input circuit containing a relatively quick
changing current and the second core carrying a
winding connected in series with said input wind-
ing and connected with an output circuit, and
controlled by said fleld, means including a full
wave rectifier for deriving from said output cir-
cuit a portion of its output and feeding said por-
tion, at least in part through phase changing
means, to additional windings arranged on the
center core of a third reactor having side core
windings coupled to counteract said field at least
for the time following the first moment of control.
' PER O. AHLEN.
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