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1

My invention relates to relay apparatus which
trigger a load or relay circuit by abruptly chang-
ing a circuit condition when a controlling condi-
tion passes through a predetermined ecritical
value.

In one of its more specific aspects, my invention
concerns overload relays and other relay appa-
ratus of an inverse time delay characteristic
which actuate a contact device s period of time
after the controlling condition has passed through
the critical value, the delay period being longer
at small departures of the triggering control con-
dition from the critical value than at larger de-
partures so that the response of an overload re-
lay, for instance, is more delayed at small over-
load currents than at higher currents,

It is an object of my invention to devise relay
apparatus of the above-mentioned kind that af-
fords a wide-range selection of the tripping con-
ditions as well as an inverse time delay perform-~
ance of high accuracy and stability while elimi-
nating the need for producing or controlling the
time delay by movable armatures or other mech-
anisms -customary in known adjustable time de-
lay relays. ‘

Another object of my invention is to provide
relay apparatus suitable for time delayed opera-
tion of any standard solenoid or other electro-
magnetic contact relay. o

Still another object of my Invention, in con-
junction with those mentioned, is the provision
of a readily and accurately adjustable timing re-
lay of sturdy design and long useful lifa virtually
without maintenance requirements, ‘

Another object of my invention is the provision
of a condition-responsive, adjustable time delay
device of only static components, which is capable
by adjustable and delayed trigger performance
of directly controlling an electromagnetic con-
tactor or circuit breaker of a power circuit with-
out requiring the intermediate electromagnetic
relay heretofore customary for such purposes.

I secure the desired objects of my invention
‘with the aid of an overexcited magnetic amplifier
in combination with condition-responsive satura-
tion control and cireuit means as set forth in the
annexed claims and the following description in
conjunction with the drawings, in which:

Figure 1 shows the circuit diagram of relay ap-
paratus according to the invention for the pro-
tection of a load from excessive overloads;

.Fig. 2 shows the input-output current charac-
teristic or transfer curve of the magnetic ampli-
fler appertaining to the apparatus according to
Fig, 1; and
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Fig. 3 shows schematically the timing charac-
teristic of the same apparatus, and :

Figs. 4, 5 and 6 are diagrammatic showings of
three modefications of my invention having per-
formance characteristics similar to the embodi-
ment illustrated in Fig. 1. .

According to Fig. 1, the load 4 is shown con-
nected to the alternating current supply termi-
nals | by leads 2 and 3 through the main con-
tacts 5 of a circuit breaker. The contacts 5 are
biased by a spring 6 to the circuit opening posi-
tion but are secured in the circuit closing posi-
tion by means of a latch T controllable by a mag-
net coil 8.

The control circuit of coil 8 is energized from
a magnetic amplifier, denoted as a whole by (0,
which has two saturable reactors with respective
main windings I{ and 12. The saturable magnet
cores of these reactors are each equipped with
three direct-current saturation coils denoted by
13 through 18. The reactor main windings (1
and 12 are connected with rectifiers 19 through
22 in a bridge circuit which is energized from
leads 2 and 3 and provides its output circuit with
rectified current to be applied to the contactor
control coil 8. The saturation coils 13 and (4 are
series-connected in the output circuit and poled
to magnetize each reactor core in the direction of
the self-saturation due to the rectified current
that traverses the main winding 11 or 12 of the
reactor through the series-connected rectifiers.
In this manner the reactors are magnetically
overexcited, that is, they have more than 1009%
feed-back excitation. The coils 5 and 16 receive
normally constant excitation from g rectifler 28
through a calibrating resistor 24, in order to pro-
vide the reactors with a desired bias. Coils {1
and 18 represent the amplifier control coils prop-
er and are energized in dependence upon the load
current flowing through the leads 2 and 3. To
this end, the circuit 25 of coils i7 and 18, which
represents the direct-current input circuit of the
amplifier, is connected in series with an adjust-
ing rheostat 26 to a current transformer 21
through a rectifier 28. Interposed between rec-
tifiers 28 and the amplifier input circuit is a re-
sistance bridge 30 composed of four resistors 31
through 34. The diagonal points of the bridge
are denoted by 35, 36, 37 and 38. Resistors 31 and
32 have each a relatively low resistance value
which may be the same for both resistors.  Re-
sistors 33 and 34 have a relatively high resistance
value. The resistance relation, for instance, is
such that if resistors 31 and 32 each have a value
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of 10 ohms, the resistors 33 and 34 each have a
value of about 1,000 or more ohms. Resistor 34
is adjustable, thus permitting any desired degree
of bridge unbalance so that a corresponding pro-
portion of the current responsive voltage from
rectifier 28 can be imposed on the amplifier in-
put circuit of control coils {7 and 18.

The resistor arrangement of bridge 38 is such
that the low ohmic resistors 31 and 32 lie in
series across the amplifier input circuit. Conse-
quently, the input circuit faces always a low
total bridge resistance whose value is virtually
not affected by changes in adjustment of re-
sistor 34. The rheostat 25 has a total resistance
in the order of magnitude of the high-resistant
bridge resistors, for instance equal to 1,000 ohms.
A capacitor 40 is provided across coils 17 and i3
as a shunt path for harmonics generated in the
control windings.

A typical transfer curve of an overexcited mag-
netic amplifier of the type shown in Fig: 1 is
schematically represented by the curve C in the
coordinate diagram of Fig. 2. The abscissa in
Fig. 2 represents the control.current applied
-aeross the control windings 17 and 18, while the
ordinate represents the rectified output current
‘passing through the contactor control coil 8 and
the feed-back windings {3 and 14. The effect of
+the bias imposed on the amplifier by means of
the constant excitation coils 15 and 16 is to
shift the transfer curve C toward higher positive
values of control current so that the trip cur-
rent of the amplifier can be adjusted to a desired
value. Due to the overexcitation of the amplifier,
the output current in the contactor coil 8 rises
from a negligible amount to its full value with
rio intermediate stable values as soon as the crit-
jeal trip current is exceeded. Consequently, the
contactor or relay controlled by the amplifier is
forced to operate with positive action, or sub-
stantially a trigger action.

The typical time characteristic of the ampli-
fier operation is represented in the coordinate
diagram of Fig. 3 by the curve T. The abscissa
denotes the per cent of trip current, while the
ordinate indicates the time in seconds elapsing
from the currents of the trip current to the
actuation of the controlled relay or contactor.
At values of load responsive control current just

below 1009 of the adjusted trip value, ne relay ;

action oceurs. When the overload exceeds the
adjusted trip value, the relay operation follows
with more delay at lower overload values than
at higher values, thus securing the desired re-
verse time characteristic. For instance, in the
example represented by Fig. 3, at a particular
value of control circuit resistance, about 5 sec-
onds will elapse when the apparatus is tripped
by overload current slightly higher than the trip
‘value, while about 2 seconds will elapse when the
overload current is 2009 of the crifical value.

" The current applied to the control windings
17 and 18 of the magnetic amplifier is a function
of the resistance adjusted at rheostat 28 and of
the resistance setting of the bridge circuit 38.
The resistance values of the bridge circuit can
be chosen so that the amplifier input current
through control windings 17 and {8 can be con-
trolled over a wide range while the resistance of
the control circuit from the control coils 11 and
18 ‘is approximately constant. The time delay
characteristic of the device can be shifted toward
smaller or higher trip current values by adjust-
ment of the rheostat 34, while adjusting the
rheostat 28 jointly with rheostat 34 will shift
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the characteristic up and down, thus permitting
a, selection of the period of time delay.

Apparatus according to the invention permits
a direct contrcl of the contactor or circuit
breaker of a power circuit without need for an
intermediate relay in the contactor or breaker
control ecircuit. It will be understood, however,
that if desired, such an intermediate relay may
be provided.

For increasing the range of adjustable delay
periods, the rheostat 26 may be replaced by an
inductive device, such as the tapped inductance
ceil shown in Fig. 4. Fig. 4 also illustrates a dif-
ferent design of the magnetic amplifying devices.

According to Fig. 4, alternating current sup-
plied from terminals { through leads 2, 3 to a
load 4 is controlled by the contacts § of a con-
tactor whose control coil 8 is energized from a
magnetic amplifying device designed as follows.

The amplifier has two saturable reactors with
respective main windings 41 and 42 connected in
parallel relation to each other and in series with
a full-wave rectifier 52 across the leads 2 and 3.
Fach reactor has a feed-back coil 43 or 44, a
bias coil 45 or 43, and a control coil 47 or 48.
Series-connected with the reactor main wind-
ings 41 and 42 are respective half-wave rectifiers
49 and 51 of mutually opposed poling. The input
terminals of rectifier 52 are supplied with alter-
nating current through the alternately conduc-~
tive rectifier-reactor circuits, and the output
voltage of rectifier 52 is applied to the contactor
control coil 8 in series with the feed-back coils
43 and 44. The feed-back excitation of coils 43
and 44 is cumulative to the self-saturation due
Conse-
quently, the two reactors of the amplifier are
overexcited, and have a performance typified by
Figs. 2 and 3.

Time excitation for coils 45 and 46 is supplied
from a rectifier 5T and a rheostat 58 which per-
mits selecting a desired bias. The control coils
47 and 48 are energized from a current trans-
former 21, rectifier 28, and a resistance bridge
30 in the same manner as explained above with
reference to Fig. 1, except that, as mentioned, the
tapped inductance coil 56 is provided in the am-
plifier control circuit for securing an increased
range of timing adjustment.

In the embodiment according to Fig. 5, the
magnetic amplifier for controlling the control coil
8 of a contactor in the circuit 1, 2, 3 of an alter-
nating-current load 4 is designed in the following
manner.

A transformer 19 energized from leads 2 and 8
has s midtapped secondary, which forms part-of
a full-wave rectifier cireuit. The ends of the sec-
ondary are connected to the respective main
windings Ti.and 72 of a saturable reactor in series
with respective half-wave rectifiers 79 and 81.
The reactor is shown to have a three-legged
saturable coil whose center leg is provided with
s feed-back coil 73, a bias coil 75 and a control
coil 17. The feed-kack coil 13 is series-connected
with the reactor control coil 8 between the mid-
tap of the transformer secondary and a circuit
point between the reactor main windings 71 and
72. Feed-back coil 73 is poled so that it pro~
vides magnetization cumulative to that due to the
rectified current flowing through the main wind-
ings 11 and 72. Consequently, this amplifier is
also overexcited to provide operating character-
istics of the type shown in Figs. 2 and 3. The bias
coil receives constant excitation from another
secondary 86 of transformer 70 through a recti-
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fler 87. A commutating rectifier 90 is connected
- across coil 8 and poled to short circuit the self-
induced current of the coil.

The load responsive control circuit for coil 17
is- energized from a current transformer 27
through a rectifier 28 in the same manner as in
the preceding embodiments. However, the re-
sistance circuit interposed between rectifier 28
and control coil 1T has a simplified design which
is satisfactory for many applications connected
across the output terminals of rectifier 28 and a
resistor 91 for a potentiometric rheostat §2. The
control coil 1T is connected across a selectively
tapped-off portion of rheostat 92 through an ad-
justable series rheostat 86. The total resistance
values of resistors 91 and 82 are relatively small,
for instance, 100 ohms in comparison with the

resistance value of rheostat 96, in.the order of.

1,000 ohms., Consequently, a change in the ad-
justments of rheostats 82 and 95 does not appre-
ciably vary the effective total resistance seen from
the control coil 11. Consequently, sufficiently
stable operating conditions will prevail if the set-
ting of rheostat 96 is changed, in order to select
the trip current and timing period within the
available range. The embodiment of Fig. 6 ex-
emplifies the -application of the invention for
overload protection of a direct-current load. The
direct current is supplied at terminals 100 through

leads 102, {03 to the lcad (04, under control by 3

the contacts 5 of a contactor or circuit breaker
whose control coil is denoted by & Series-con-
nected with the load 104 is a resistor 127 to pro-
vide a voltage drop proportional to the load cur-
rent.

Coil 8 is controlled by a magnetic amplifier
110 which is designed and functions in the same
manner as the amplifier {0 shown in Fig. 1. The
individual ecircuit elements i1 through 122 of
amplifier (1§ are similar to respective elements
i1 through 22 of the amplifier shown in Fig, 1.
The amplifier {10 is normally equipped with bias
windings corresponding to the windings {5 and
18 in Pig. 1, but these windings are not illus-
trated in Fig. 6. Amplifier {19 is energized from
alternating-current terminals 1081, Its feed-
back saturation windings 113 and (14 are series-
connected with coil 8 in the amplifier output cir-
cuit. The current responsive control windings i 17
and 118 are series-connected with an adjustable
rheostat 198 across a tapped-off portion of a rheo-
stat 192 which is parallel connected to the above-
mentioned series resistor (21. As regards ar-
rangement, resistance, rating and funection, re-
sistors (92 and 196 are similar to resistors 92
and 96, respectively, of the embodiment shown in
Fig. 5.

It will be apparent to those skilled in the art
upon a study of this disclosure that relay appa-
ratus according.to the invention can be modi-
fied in various respects and may be embodied
in designs and circuits other than those specifi-
cally shown and illustrated, without departing
from the objects and essence of the invention

and within the scope of the claims anriexed

hereto.

I claim as my invention:

1. Load responsive relay apparatus, comprising
an alternating-current supply circuit, contactor
means having normally closed contacts in said
supply circuit and having a control cpil for con-
trolling said contacts to open, a magnetic ampli-
fier having an output circuit connected to said
control coil and having saturable reactor means
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nected in series with each other to said supply
circuit to be energized therefrom, said reactor
means having saturation controlling direct-cur~
rent coil means having a part interconnected with
said output circuit and poled to provide feed-
back saturation cumulative to saturation due to
current flowing through said main coil means,
and current-responsive voltage supply means in-
terconnected with said supply circuit through
another part of said direct-current coil means
for triggering said amplifier when the current of
said supply circuit exceeds a given value.

. 2. Load responsive relay apparatus, compris-
ing an alternating-current supply circuit, con-
tactor means having normal closed contacts in
said supply circuit and having a control coil for.
controlling said contacts to open, a magnetic am--
plifier having an output circuit connected to said.
control coil and including a saturable reactor
having a main coil and a valve connected in
series with each other to said supply circuit to
be energized therefrom, said reactor having di-
rect-current saturation coils, one of said satura-
tion coils being connected in series with said out-
put circuit and poled to provide feed-back satu-
ration cumulative to saturation due to flow of
current through said valve and main coil,
current-responsive direct-current volfage supply.
means connected with said supply circuit and
having an output voltage dependent upon the.
current of said supply circuit, another one of
said saturation coils being connected to said di-
rect-current voltage supply means to trigger
said amplifier when said current exceeds a given
value. '

3. Load responsive relay apparatus, compris-
ing an alternating-current supply circuit, con-
tactor means having normally closed contacts in
said supply circuit and having a control coil for
controlling said contacts to open, a magnetic
amplifier having an oufput circuit connected to
said control coil and including a saturable re-
actor having a main coil and a valve connected
in series with each other to said supply circuit to
be energized therefrom, said reactor having di-
rect-current saturation coils, one of said satura-
tion coils being connected in series with said out-
but circuit and poled to provide feed-back satu-
ration cumulative to saturation due to said-main
coil, current-responsive direct-current voltage
supply means connected with said supply circuit,
adjustable resistance means connected with said
direct-current voltage supply means to provide
a voltage varying in accordance with the current
in said supply circuit, a control circuit having a
resistance higher than that of said resistance
means and connecting another one of said satu-
ration coils across said resistance means for trig-
gering said amplifier when the current in said
supply circuit exceeds a given value determined
by the adjustment of said resistance means.

4. Load responsive relay apparatus, compris-
ing an alternating-current supply circuit, con-
tactor means having normally closed contacts
in said supply circuit and having a control coil-
for controlling said contacts to open, a magnetic.
amplifier having an output circuit connected to
said control coil and including a saturable re-
actor having a main coil and a valve connected
in series with each other to said supply circuit
to be energized therefrom, said reactor having
direct-current saturation coils, one of said satu-
ration coils being interconnected with said out-
put circuit and poled to provide feed-back satu--

including main coil means and valve means con- 76 ration cumulative to saturation due to said main:
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éoil, current-responsive: direct-current. voltage:

supply means connected with said supply: circuit,
a; control circuit connected. with another one. of
said saturation control coils to trigger said ampli-
fier when said control .circuit is sufficiently ex-
cited, a resistance bridge having four loop-con-
nected resistors and having four diagonal points

between said resistors, said voltage supply means
being: connected across two mutually epposite

ones of said points; said control circuit. being

connected across- said other two. points; two of
said four bridge resistors: having a resistance:
lower: than that of the other two. resistors and

lower than the resistance. of said control circuit,

said: two low-resistance resistors being- series-
connected -with each other across said other two.
points, at least one of said resistors being adjust-

able for adjusting the unbalance of said bridge
in aceordance with a desired trigger value of
current- in said' supply: circuit.

5. Load responsive relay- apparatus, compns-

ing an alternating-current supply circuit, con-.
tactor means having normally closed contacts.

in said supply circuit and having a control coil
for-controlling said contacts to open, a.magnetic
amplifier having an output ecircuit. connected

with said control coil and including a saturable.

reactor having:a main coil and & valve connected

in series with. each other to said supply circuit
t;o be- energized: therefrom, said. reactor having
dlrect-current saturation coils, one of said satu-
ration coils being connected with said output
cireuit- and poled to: provide feed-back satura-

tion cumulative to saturation due to said main

coil, current-responsive direct-current voltage
‘supply means connected with said supply circuit,
a control ecircuit eonnected with another one of

said saturation eontrol coils to trigger said am-

plifier when said control circuit is sufficiently ex-
cited, an adjustable series resistor connected
in said control circuit, a resistance bridge having
four leop-connected resistors and having four
diagonal points between said resistors, said volt-
age supply: means being connected across two
mutually opposite ones of’ said points, said con-
trol-circuit being connected across said other two
points, two-of said four bridge resistors having a
resistance lower than that of the other two bridge
resistors and lower than the resistance of said
series resistor, said two low-resistance bridge re-
sistors being- series- ~connected across said other
two points, and one of said other two bridge. re-
slstors being adjustable for adjusting the un-
balance of said bridge: in accordance with a de=
sired trigger value of current in said supply cir-
cuxt

6. A magnetic’ amphﬁer cireuit, comprising al-

ternating current supply leads, a device to be

controlled, a magnetic amplifier including a sat-
uraple reactor, and a main coil and valve means
connected with each other between said leads
and said device, said reactor having a direct-
current saturation control coil, condition-re-
sponsive voltage supply means, & control circuit
connected to said control coil and having an ad-
justable series resistor, & resistance bridge hav=
ing four loop-connected resistors and having four
diagonal points between said resistors, said volt-
age supply means being connected across two
mutually opposite ones of said points, said con-
trol circuit being connected across said other two
points, two of said four bridge resistors having a
resistance lower than that of the other two bridge

resistors and lower than the resistance of said
series resistor. said two low-resistance bridge re-.
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sistors being seriss-connected across: said ofher-
two.points, and one of said other two bridge. e~
sistors being adjustable for adjusting: the unbal-.
ance of said bridge in accordance with a desired
trigger value of the voltage of said supply: means.

7. A magnetic amplifier circuit, comprising al-
ternating-current; supply leads, a device: to be.
controlled, a magnetic amplifier including: a sat-
urable reactor having a main coil and valve con-.
nected in series with each other across said leads:
and having s direct-current. cutput: circuit; con-
neeted to said device, said reactor having a direct-
current: feed-back coil and a direct-current sat-
uration control coil, said feed-back coil being:
connected in circuit with said output circuit and
poled to provide saburation cumulative to. that,
due to said main coil, condition-responsive volt~
age supply means, a control circuit connected to.
said control coil and having an adjustable series,
resistor, a resistance bridge having four loop-
connected. resistors and having four diagonal
points between said resistors, said voltage sup-
ply means heing connected across two mutually:
opposite ones of said points, said control circuit,
being connected across said other two pomts,
two of said four bridge resistors having a re-
sistance lower than that of the other two brldge,
resistors and lower than the resistance of said
series resistor, said two low-res1stance bndge re-
sistors being serlns-conneCued across said othel
two points, and one. of said other two bndge Te-.
sistors being adgustable for- adjusting the un-
balance of said bridge in accordance with a de-
sired trigger value of the voltage of said supply
means.

8. In a system of control, in combmatlon, al-
ternating curreng supply termmals, and mag-
netic amphfymg means including, a reactor core,
a, main winding on said eore supphed w1th cur-
rent from said terminals, a half-wave rectlﬁer in
the circuit of the main winding for causing the
main winding to he energized by pulses of cur-
rent in the same direction during alternate half
cycles of the alternating current, further recti-
fying means and a direct- current positive feed-
back coil on the core and 1nterconnected w1th
said further rectifying means and. the main coil
to provide a cumulative magnetizing effect in the
core proportional to the current in the main coil,
a direct~current bias coil on the core acting: in
opposition to the main coil, & direct- current con-
trol coil, responsive to some control functmn, for
controlhng the output current of the magnetlc
amphfymg means, and an output circuit con-
nected in series with the posmlve feed-back coil,

9.In a sys’nem of contro in combination, al-
ternating current supply termmals, and magnetic
amplifying means including, a reactor core, a
main winding on said core supphed with current
from said terminals, a half-wave rectlﬁer in the
cireuit of the main winding for causing. the main
winding to be energized by pulses of current in
the same direction during alternate half cycles
of the alternatmg current, further rectifying
means and & direct- current posmve feed-back

~ coil on the core and interconnected with said fur-

70
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ther rectifying means and the main coil to pro-
vide a cumulative magnetizing effect in the core
proportional to the current in the main coil, a
direct-current bias coil on the core actmg in
opposition to the main coil, means for adJust-
ing the magnetizing effect of the bias ‘coil, a di-
rect-current control coil, responsive to SOme con-
trol function, for controlling the output current
of the magnetic amplifying means, and an out-
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put circuit connected in series with the posi-
tive feed-back coil. .

10. In a system of control for controlling the
output of a magnetic amplifier, in combination,
alternating current supply terminals, a magnetic
amplifier including magnetic circuit means, a
main coil for energizing the magnetic ecircuit
means, a half-wave rectifier in series with the
main coil, both the main coil and the rectifying
means being connected to said terminals to thus
effect energization of said main coil with pulses
of unidirectional current during alternate half-
cycles of alternating current supplied to said main
coil from said terminals, an output cireuit in-
terconnected with said main coil, said output
circuit including a load unit and a positive feed-
back coil and rectifying means for cumulatively
energizing said magnetic circuit means with sub-
stantially continuous direct current proportional
to the current supplied to the load unit, a bias
coil energized with direct current of a selected
value and wound on the magnetic circuit means
to act in a sense opposite to the magnetizing ef-
fect of the feed-back coil to thus shift the satur-
ation point with reference to the output cur-
rent, and a control coil energized with direct cur-
rent as a function of an electric circuit the op-
eration of which is to be controlled, wound on
the magnetic circuit means to produce an effect
in the same sense as the effect produced by the
feed-back coil.

11. In a system of control for controlling the
output of a magnetic amplifier, in combination,
alternating current supply terminals, a magnetic
amplifier including magnetic circuit means hay-
ing a very steep saturation curve, a main coil for
energizing the magnetic circuit means, a half-
wave rectifier in series with the main coil, both
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10
the main coil and the rectifying means being
connected to said terminals to thus effect ener-
gization of said main coil with pulses of unidi-
rectional current during alternate half-cycles of
alternating current supplied to said main coil
from said terminals, an output circuit intercon-
nected with said main coil, said output circuit
including a load unit and a positive feed-back
coil and rectifying means for cumulatively en-
ergizing said magnetic circuit means with sub-
stantially continuous direct current proportional
to the current supplied to the load unit, a bias
coil energized with direct current of a selected
value and wound on the magnetic circuit means
to act in a sense opposite to the magnetizing ef-
fect of the feed-back coil to thus shift the steep
portion of the saturation curve with reference
to the output current, and a control coil ener-
gized with direct current as a function of an
electric circuit the operation of which is to be
controlled, wound on the magnetic circuit means
to produce an effect in the same sense as the ef-

.Tect produced by the feed-back coil, whereby the

output current will rise sharply when the cur-
rent in the control coil rises above a selected
value.

WILLIAM F. HORTON.
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