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This: invention. relates to automatic starting
systems. for internal combustion engines such as
employed with automobiles, or other motor driven
vehicles; having; as a part of the system, a stor-

5-age battery, starter motor:and generator, and
motor- particularly -to relays for automatically
controlling .the cranking of the engine by the
starter motor-and also for controlling the battery
generator -charging -circuit- in - accordance with
10« the voltage déveloped by the generator.

An objeet of ‘this invention is. the provision o
an efficient, simple relay that shall be responsive
to generator voltage and designed to automati-
cally- control-the - cranking operations of the

15 starter: motor, and- the connection and discon-
nection of the generator to and from the battery
as the ‘voltage of the!generator rises to or falls
bhelow the battery voltage. :

Another object of the invention-is the pro-

20..vision of a relay, such as referred to above, that
shall ‘be adapted to perform a plurality of dif-
ferent ‘functions in- sequence as the generator
voltage rises or falls.

A -further object of the invention is the pro-

o5 vision of a magnetic relay having a plurality of
parallel magnetic circuits,:and for magnetically
energizing said circuits.in accordance with the
sequence -of the. multiple functions to be per-
formed ‘thereby -in accordance . with variations

30 in:the voltage developed by the generator.

A still: further object of the invention is the
provision of a generator voltage responsive relay
that shall be adapted to effect disconnection of
the starter motor from the-battery the moment

-the engine cranked by the starter motor is oper-
ating on its own power, and to prevent the con-
nection of the starter motor to the battery until
the engine has stopped.

While the invention to be hereinafter described
40in- detail, is particularly applicable to electrical

systems of automobiles, it will be apparent to

those skilled in this art that the invention is
alse applicable to other electrical systems where
it is desired to perform a number of functions or

45 to control a number of circuits by means of a

single relay.

Other objects of the invention will, in part,
be apparent and will, in part, be obvious from
the following description taken in conjunction

¢=with the accompanying drawings in which:—

Figure 1 is 2 diagrammatic illustration of cir-
cuits and ‘apparatus ‘comprising an automotive
starting system having-therein a relay arranged
and constructed in accordance with an embodi-

55 :ment of the invention;

&

<t

(C1. 200—98)

Fig. 2 is a view, in section, taken on line II—II -
of Fig. 3, of a relay embodying the invention;

Tig. 3 is a top plan view of the relay shown
in ®ig. 2;

Figs. 4 and 5 are sectional and top plan views,
respectively, of a relay embodying a modified form
of the invention, the sectional view being taken
on lne IV—IV of Fig. 5;

Figs. 8 and 7 are sectional and top plan views,
respectively, of a relay embodying a still- modi-

fied form of the invention, the sectional view

being taken on line VI—VI of Fig. 7;

Fig. 8 is a diagrammatic view in side eleva-
tion of a rélay embodying a further modified form
of the invention; and

Fig. 9 is a diagrammatic view in side eleva-
tion of ‘a relay embodying a still further modi-
fied form of the invention.

Throughout the drawings and the specifica-
tion, like reference characters indicate like parts.

The circuits and apparatus illustrated in Fig.
1 represent diagrammatically the so-called dual
unit electrical starting system for automotive
vehicles. The system comprises a generator 1,
a starter motor 2, which is utilized to crank an
internal combustion engine (not shown), and a
storage battery 3 to which the starter motor is
cornected while the engine is beirg cranked, and
to which the generator is connected when the
voltage therect is equal to or slightly above that
of the battery.

The battery is also utilized to supply current
to the ignition system and the lighting system
(not shown) as is common in the art. In Fig.
1, the ignition system is represented diagram-
matically at 4, and is connected to the battery
by means of the usual ignition switch or key 5.

In order that the starter motor 2 may be con-
nected to the battery in response to the closure
of the ignition switch, and disconnected from the
hastery the moment the engine starts and is
operating on iis own power, a ‘motor starting
switeh 6 and a relay 7 are provided.

The relay 7 is so constructed that it will dis-
ccnnect the starter motor from the battery, by
causing the starter switch to open, and to reclose
in case the.engine should stop or stall for any rea-
son, thersby reconnecting the starter motor to the
hattery te effect cranking of the engine automati-
cally without further effort or attention on the
part of the operater, provided the ignition switch
5 is ciosed. :

The relay is also provided with means, so comn-
structed that, when the generator voltage is equal
to or slightly above the battery voltage, the relay
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operates to connect the generator o the battery
to charge the same and to disconnect the generator
from the battery in case the generator veltage
falls slightly below the voltage of the battery. -
Thus, relay 7 performs two independent
functions, but beth functions are dependent up-
on the voltage developed by the generator. Since
the generator is connected to the engine and
driven thereby, it follows that the generator speed
and the engine speed will bear a definite ratio to

one another; therefore, the terminal voltage of '

the generator, until the generator is connected to
the battery, will be substantially directly propor-
tional to the engine speed.

The starter switch 6 comprises a solenoid 8 dis-
posed about a core 9, and a disc 10 of metal, such
as copper, which is attached to the end of a stem
11 carried by the core. When the solenoid is en-
ergized, the plunger is pulled upwardly causing
disc 10 to bridge a pair of stationary contact
members 12, thus connecting the motor 2. across
the battery. In order that the starter switch may
be positively opened when the solenoid is deener-
gized, a tension spring 13 is provided which is con-
nected to.the lower end of the stem and to a sta-
tionary or anchoring support 14.

Relay 7 comprisas a core 15 of E-shape. The
core being of E-shape it embodies a plurality of
legs 16, 17 and 18 on some or all of which coil
windings may be disposed. - As shown in Fig. 1,
coil windings 20 and 21 having substantially the
same number of turns are mounted on legs 17 and
18, and a coil winding 19 having approximately
half as many turns as the other two windings, is
disposed on leg 17 of the core. Coil windings 19,
20 and 21 are preferably connected in series cir-
cuit relation across the generator 1. 'The wind-
ings are so connected that the polarity or the di-
rection of flux in the middle leg 17 is opposite
to that in the outer legs 16 and 18.  The windings
being so connzcted, the flux in the middle leg acts
in the direction of arrow 22 and the flux in the
outer legs act -in the- direction of arrows 23 and
24,

The relay core being constructed, as shown, thus
provides two parallel magnetic circuits. Since
the middle leg of the relay carries the total flux
of both circuits, it necessarily follows that the flux
in this leg is materially higher than thz flux in
the other two legs. ~ Also since there are a larger
number of turns of coil winding on legs 17 and 18
than there are on legs 17 and 16, it will be appar-
ent that the magnetomotive force acting on the
circuit including the middle leg 17 and outer leg
18 will be greater than the magnetomotive force
acting on the other magnetic circuit comprising
the middle 1zg and the outer leg 16.

The relay also includes armatures 25 and 28.
Armature 25 is hinged over outer leg 18 and ex-
tends partly over the middle lez 17. A contact
member 27 is mounted on armature 25 which is
normally disposed to engage a stationary contact
member 28, a tension spring 29 being provided to
urge the armature upwardly so that these con-
tact members are normally closed. :

Armature 26 carries a contact member 30 which
is disposed to engage a stationary contact mem-
ber 31 when the voltage of the generator is equal
to or slightly above that of the battery voltage.
Armature 26 is urged upwardly by means of a
spring 32 so that if the generator voltage is below
that of the battery, contact members 30 and 31
will: be . disengaged from each other; in other
words, these contact members are normally open.

" In order that armature 26 may be released to .-
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that position in which contact members 30 and 31
are open, to thereby disconnect the generator
from the battery, when the voltage of the gener-
ator is slightly below that of thz battery, a reverse
current coil 33 is provided.

The reverse current coil is mounted on leg 16
of the core, preferakly on top of coil winding 19 so
as to be near to the air gap between the armature
26 and core leg 16 where it is most effective. Re-
cerse current coil winding 33 s0 wound that when
the generator is delivering charging current to the
battery, the fluxes developed by said coil 33 and
by coil winding 19 are additive and in the same
direction, thus increasing the total magnetic flux
in the magnetic circuit including legs 16 and 17
and the armature 26. However, when current
flows from the battery to the generator, the volt-
age in the generator being lower than that of the
hattery, the current in coil winding 33 reverses,
thereby demagnetizing the magnetic circuit in-
cluding legs 16 and 17 and armature 26 to such an
extent, that spring 32 will pull the armature up-
wardly and thereby break contact between con-
tact members 30 and 31, thus disconnecting the
generator from the battery. .

Armature 26 may be raised and lowered to make
and break contact between contact points 30 and
31, without interfering with or detrimantally dis-
turbing the flux traversing the magnetic circuit
including legs 17 and 18 and armature 25, be-
cause the reverse current coil is effective to de-
msgnetize only the magnetic circuit in which the
armature 26 is included.

In order to start an internal combustion engine
arranged to be cranked by the starter motor 2, the
ignition switch or key 5 is closed therehy establish-
ing a circuit for the solenoid 8 of starter switch 6,
that extends from the battery 3 through ignition
key 5 to a junction point 35. From the junction
peint current flows to the ignition cireuit in the
usual manner. Current for the starter solenoid
switch also flows from the junction point through
normally closed contact members 27 and 28, con-
ductor 36 and the solenoid 8 to ground at G and
thence to the ground side of the battery. When
the solenoid is energized, the starter switch closes
thereby establishing a circuit for the starter mo-
tor that extends from the battery, through con-
ductor 37, stationary contact members 12, the
bridging disc 10, and the armature of motor 2 to
ground at G, and thence to the ground side of the
battery. The starter motor will now operate to
crank the engine.

Where the starter motor is connected mechani-
cally to the internal combustion engine by means
of the so-called Bendix drive, the turning of the
starter motor advances the pinion into the fly-
wheel gear and thereby cranks the engine,  If
the engine fires and operates on its own power,
the pinion is thown out of mesh with the fly-wheel
gear. Simultaneously with the starting of the
engine, the normally cosed contact members 27
and 28 of the relay are opened because the voltage
impressed on the coil windings thereof by gen-
erator 1 will be sufficient tc magnetize the core
to that value required to pull armature 25 down-~
wardly and open the normally closed contact mem-
bers. When the normally closed contact mem-
bers are oven, the starter switch solenoid is de-
energized thereby causing the switch to open,
under the action of spring 13, and disconnect the
starter motor from the battery.

Under certain conditions of starting, as for
example when the internal combustion engine is
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cold, the-engine may fireon one.oritwo cylinders
and then stop or stall. However, the firing of
one.:or:two ¢ylinders ‘may:be sufficient to cause
the Bendix pinion to be thrown:out:of mesh with
the:fly=wheel :gear; and the voltage generated by
the generator as impressed on:the retay:ceil wind-
ings,:may have been sufficient :to:open the nor-
maslly:closed ‘contact members. and effect” deen-
ergizatioh -of :the starter switch ‘solenoid. ‘But,
since the contact members 27 and 28 are reclosed
when:the engine:stalls,.they may .close before the
starter . motor: armature .and ‘the pinion driven
thereby. have .come:to rest. : If such is the case,
and the starter motor is:connected to:the battery
while the pinion is spinning, the ‘pinion will not
advanceintomesh with the fly-wheel gear because
of “insufficient differential ‘between :the rotative
speed of the:pinion.and:the starter motor shaft.
Therefore, in-order to insure that:the starter mo-
tor shall ccome “to .rest the: momernt the :starter
switch is opened,.as in the case where.the engine
may five on one or:two cylinders and then:stall,
theistarter-switch may ‘be provided with a pair
of ‘back . contact. members :38° and:'39. which .are
bridged: by the starter switch disc 10 when the
starter switch opens. * When back:contact mem-
bers 38 :and: 39 are bridged by the-starter switch
disc 10, thie armature of motor 2 is short-circuited,
whereby dynamic -braking teakes place, causing
the'starter motor to stop almost instantly.
“1If the engine has-started and is operating on
its own power,:then when ‘the engine speed in-
creases to that value. at which -the voltage de-
veloped by the generator is:equal to or :slightly
above the voltage of ‘the-battery, armature 26 will
be pulled dewnwardly ‘to close the normally -open
contact ‘members 30: and 31 thereby connecting
the battery to the-generator so that the generator
may charge the battery. "Upon the closure of the
normally ‘open contact members, current flows
from ‘the generator through the reverse ‘current
éoil- winding 33, the normally open contact mem-
bers 30, 31 ‘which are now -closed, conductor 40,
through-the battery to ground; and ‘back to:the
ground -side of the generator.
~When the -engine speed falls to a value such
that-the voltage developed by the generator is be-
low that of the battery,:current flows:through-the
above described circuit in-the reverse: diréction
thereby causing the reverse current coil to develop
a flux 4in -opposition to. that developed by coil
windings 19 and 20 in‘the magnetic circuit with
which-they are associated. Such -demagnetiza-
tionof this circuit causes the armature 26 to'move
upwardly under the action of spring 32, thereby
opening the normally open contact members and
disconnecting the generator from the battery.

‘So.long as the ignition switch is'closed the above
described ‘operations will be repeated each time
the engine stalls, and the connection and dis-
connection of the generator from the battery will
take place in accordance with the voltage of the
generator as it rises above or.falls below that of
the battery. . : : .
In practice, the relay may be constructed as il-
lustrated in Figs. 2 and.3. The elements of con-
struction, embedied in the relay shown in Figs.
2 and 3 which are common to.those -described in
conné;ction with the relay, diagrammatically illus-
trated in Fig. 1, are designated by the same refer-
ence-charagters. , '

.As.shown in Fig. 2,-ceil-windings 19, 20 and 21
are mounted on the cere legs 16, 17 and 18, re-
spectively, and insulated therefrom .as indicated.

3

The-reverse current :coil winding 33 is mounted
on-core:leg 16 :on:top of coil winding .19, and:is
dlso:suitably:insulated from the core, as shown.

* As is:well. known in the art of winding coils, a

‘coil. has inside . and . outside leads. . Therefore <.

in ‘order to .obtain the proper flux relation be-
tween the two magnetic circuits described in con-
nection ‘with ‘Fig. 1, the outside lead of coil wind-
ing ‘19 is arranged to ‘be connected to the un-
grounded terminal of the generator, and the-in-
side lead -or terminal ‘thereof 'is connected to-the
outside terminal of coil winding 20. The inside
lead or terminal of coil winding 20 is connected
to.the- outside lead of coil winding 21. and the
inside lead of coil winding 21 is connected to the
ground .side ‘or ‘terminal of the generator.

Thus coil windings 19, 20 and 21 are connected
in series across the generator so that the direc-
tion of flux in -the middle leg 17 is opposite to the

irection of flux in the outer legs.

“When the-coil windings have been mounted
on the core they may be .secured .in place by
means ‘of vertically disposed :slabs or strips 42
and 43 of insulating material that extend across
the tops :of :the coil” windings as’ shown. The
slabs may be bolted to the upper ends of ‘the
core legs 16,'17.and 18, thereby securing-the slabs
in place and .also ‘providing means for holding
the coil windings in place on the core. The
slabs may be appropriately spaced, to provide
ample racm for the armatures, by means of 'spac-
ing -blocks 44 disposed between the slabs and the
sides .of the ‘core legs.

Armature 25 may, as.shown, be provided with
two upwardly extending lugs or ears 45 through
which a hinge bolt 46 may be passed. Thehinge
bolt as-shown extends through the side slabs 42,
43, thus supporting the armature in place there-
on. * As shown in Fig. 2, the hinge point of arma-
ture 25:s.to the right of outer leg 18, so that the
fiux-permeating said leg'may exerta turning force
on the armature. The freeend of the armature
is disposed over the middle:leg 17 :so that the
middle leg also exerts a turning force on the ar-
mature in the same direction as that exerted by
the outer leg 18. The stationary contact mem-
ber 28 is threaded into a support 47, preferably
of U-shape,. which is secured to the ‘side mem-
pers or slabs 42 and 43 by means of a screw or
rivet ‘48 and a binding post 49, which forms a
terminal to which the ignition switch may be
connected as'shown in Fig. 1. In order that the
staticnary -contact member 27 carried by arma-
ture 25 'may ‘be connected to the:starter switch
¢6lenoid ‘8, a-shunt 50 is secured to-the armature
and to a binding post 51 mounted on slab 43.

‘Spring 29 which is utilized to urge armature
25.t0 the position in which :contact: members 27
and 28 are normally closed, has one end attached
to the :armature by mmeans of ‘an eyelet 53, and
the other end to the outer end of a lever 54 which
is rigidly secured to a shaft 55 that extends
through the:side slabs of the relay. One end of
shaft 55 is threaded, and has a slot 56 formed
therein .so that by means of a screw-driver or
suitable tool, arm 54 may be turned in one di-
rection or another to vary the spring tension on
the armature. When - the proper spring tension
has been obtained, the shaft may be locked in
place by means of nuts 57 and 58 disposed one
on each side of the slab 43.

- By raising ‘or lowering the stationary contact
member 28 in its support 47, the air gap between
the middle leg of the core and the free -end of
the armature:may ‘he increased or decreased ac-
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cording to requirements. The length of the air
gap, when the contact members are closed, and
the force exerted thereon by spring 29 deter-
mines largely the voltage which the generator
must develop before the armature will be pulled
downwardly to break contact between contact
members 27 and 28. .

- By properly choosing the gauge of wire used in

winding the coils, the number of turns and shape"

of coil, armature 25 may be caused to open the
normally closed contact member the instant the
internal combustion engine starts and operates
on its own power. The voltage developed by the
generator at the instant of starting, varies with
the design but on the average this voltage is from
three to six tenths of a volt, and this voltage is
sufficient to open the normally closed contact
members.

Armature 26 is also provided with Iugs or ears
59 at one end through which a hinge pin 60 ex-
tends. The hinge pin 60 is mounted in the side
slabs 42, 43 as shown.

Armatures 25 and 26 may be held in alinement
with respect to the core legs by means of cotter
pins 61 disposed on the outside-of the lugs or ears
through which the hinge pins pass.

The spring 32 which is provided to actuate ar-
mature 26 to the position shown in full lines in
Fig. 2 is anchored at one end in an eyelet 62 at-
tached to the armature and at its opposite end
to the free end of a lever 64 which is rigidly se-
cured to a shaft 65. The shaft is constructed in
the same fashion as the shaft 54, previously de-
scribed, and is utilized for adjusting the tension
of spring 32.

In order to limit the upward movement of ar-
mature 26, a stop 66 is provided. - The stop may
take the form of a circular disc which is mount-
ed eccentrically on a shaft 67. The shaft extends
through the side slabs and is turnable so that
the upward limit of travel of the armature may
be regulated to suit operating requirements. In
practice, the tension of spring 32-and the air gap
between armature 26 and core leg 16 are so ad-
justed that the armature will not be pulled down-
wardly to close the normally open contact mem-
bers.30 and 31 until the voltage developed by the
generator is equal to or slightly above that of the
battery. The spring tension, it will be under-
stood, must be such as to positively withdraw the
armature to the position shown in Fig. 2 when
current is flowing from the battery through re-
verse current winding 33 to the generator.

Stationary contact member 31 is threaded into

“a support 638 of U-shape, which is secured to the

side slabs by means of a rivet 69 and a binding
post 70 to which the ungrounded side of the
generator is connected, as shown in Fig. 1. The
movable contact member 30 is connected by a
shunt 71 to the outside terminal of the reverse
current winding 33, and the inside terminal there-
of is connected to a binding post 72 secured to
slab 43 to which the ungrounded side of the bat-
tery is connected. Thus, when the relay 7 is con-
nected in a circuit such as shown in Fig. 1, and
contact members 30 and 31 are closed, current
will flow from the generator through support 68,
stationary contact member 31, contact member
30, the shunt 71, coil winding 33 to binding post
72 and thence to the battery. By properly ad-
justing contact members 30 and 31, the down-
ward limits of travel of the armature may be
limited to secure the best operation of these con-
tact members or cut-out points.

The inside terminal of coil winding 21 is con-
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nected to a binding post 74, which in practice is
connected to ground.

To connect the relay shown in Pigs. 2 and 3
to the starting system of an automobile, the re-
lay is mounted in a convenient place, the gen-
erator connected to binding post 70, and binding
post 74 connected to ground. These connec-
tions place coils 19, 20, 21 across the generator.
Binding post 72 is connected to the battery, post
49 to ignition switch 5, and post 51 to the starter
switch solenoid. When the starter switch has
been mounted in place, and the proper connec-
tions made, such as illustrated in Fig. 1, the
system is ready for operation.

Relay 7 may also be constructed as shown in
Figs. 4 and 5. The relay shown in Figs. 4 and
5 differs from the relay shown in Figs. 2 and 3
only in the form of construction employed for
holding the coil windings in place on the core
and for mounting the armatures 25 and 26, the
contact members and binding posts in operative
position. Since the relay shown in Figs. 4 and
5 is otherwise similar to the one shown in Figs.
2 and 3, similar and corresponding parts will
be designated by the same reference characters.

Instead of using the side slabs 42 and 43, a
rectangular panel or base 75 of insulating ma-
terial, may be mounted flatwise on top of the
coil windings, as shown, and secured in place
by means of rivets 76 that extend through blocks
77 and the tops of the core legs 16, 17 and 18,
respectively. The blocks 77, as shown, bear on
the base 75 so as to hold it in place. The base
is apertured, as shown, to permit the tops of the
core legs to extend therethrough.

Armature 25 is of somewhat T-shape at the
hinged end and is provided with upwardly ex-
fending lugs 78 to accommodate hinge pins 79.
The armature is supported by the hinge pins
on brackets 80 of substantially L-shape which
are secured to base 75 by means of rivets or
screws 81. Stationary contact member 28 is
threaded into a support 82 of substantially U-
shape having horizontally extending flanges 83
that rest on the base and through which screws
or rivets extend for securing the same thereto.
Shaft 55 on which the spring tension adjusting
arm 54 is mounted may be supported by L-
shaped brackets 84 secured to the base.

Armature 26 is substantially of the same shape
as armature 25 and is provided with upwardly
extending Iugs 85 through which hinge pins or
rivets 86 .extend, the hinge pins being supported
in L-shaped brackets 87 secured to the base.
Stationary contact member 31 is mounted on
base 756 instead of on the U-shaped support 68
such as employed in the form shown in Figs.
2 and 3. In other respects the relay shown in
Figs. 4 and 5 is similar to that shown in Figs.
2 and 3.

The binding posts described in connection
with the relay shown in Figs. 2 and 3 are desig-
nated by the same reference characters and
may be mounted directly on the base 75. The
same electrical connections are made to the re-
lay shown in Figs. 4 and 5 as described in con-
nection with the relay shown in Figs 2 and 3.

In Figs. 6 and 7, a still further form of relay
is shown. This relay differs primarily in the
method or manner of mounting the armatures
25 and 26. It will be noted that in the relays
shown in Figs. 2 and 3, 4 and 5 armature 25 is
hinged at a point to the right of core leg 18;
whereas in the relay shown in Figs. 6 and 7,
both armatures 25 and 26 are hinged over the
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middle : core : leg - 17." Instead -of placing the
support - for stationary contact member 28 over
the. middle leg of the core-as is done in the
relay: ‘shown in Figs. 4 and 5, this support -is
placed slightly to the right of outer core leg 13
and is secured to base 75. The inner end of
armature 25:is yieldingly mounted by means of
a spring 88, on. a support 89. The support, as
shown, comprises metal supporting members 8§
and 91 having ‘flanges 92 by means of which
they are attached to-the base. An insulating
block 93 is disposed between- supports VOO and 91
and may be secured thereto by means cf screws.
These screws also serve to- support the spring
88.:

“The metal support,s 980-and 91 may, as shown,
be: of. ‘substantially inverted U-shape with the
flanges formed thereon as-shown in Fig. 7. Bind-
ing. post 51 which is connected to the starter
switch solenoid- may be utilized to secure one
side: of support 88 to the base. Similarly the
battery binding post 72 may also- be utilized
to secure support 91 to the base. Other elements
in’‘common: to the relays shown in Figs. 4 and
5, 2 and 3 which are embodied in the relay shown
in ‘Figs. 6 and 7 are designated by similar and
corresponding- reference characters.

- Armature. 26 is similarly: mounted on support
89 by means of a spring 88.

In. Fig. 8 of -the drawings, a relay is shown
which'is adapted to effect automatic connec-
tion: and: disconnection of the starter motor to
and:from the battery in accordance with operat-
ing conditions: of -an internal- combustion en-
gine, while the ignition switch is closed. This
relay does not-embody the cut-out feature of the
relays shown -in Figs. -1 to 7, inclusive, but is
desighed to effect- disconnection of the starter
motor from. the battery the moment the engine
starts. - With the type-of relay shown in Fig. 8
any-standard form-of cut-out may be utilized
for: controlling - the - ba,ttery generator charging
circuit.

The relay shown in Fig. 8 comprises a core 95
of substantially U-shape having legs 96 and 97
on-which coil windings-98 and 99 are disposed.
The-core: is also provided with an extension 100
disposed ‘below -coil  winding "99. - The relay is
providéd with -an armature 101-which is hinged
atione‘end as at 102 on a hinge pin, and free
to-move at the other end. - The free end of the
armatiure carries’ a contact member 27 that is
normally:engaged by a stationary contact mem-
ber: 72 which ‘may be:mounted on a suitakle
support, iafter the-fashion indicated -in Figs. 2
to 7, inclusive: - The contact members 27 and

28:are-held normally closed when the coil wind--

ings-are: deenergized,- by- means of a tension
spring: 29 ‘the tension-of which may be adjusted

¥ to suit operating requirements by means of an

arm::59 which is securely fastened to a turn-
able:shaft such as the shaft 55 shown in Figs.
2 -and. 3. The stationary contact member is
arranged: to -be connected to the ignition switch
5 and:contact member 27: carried by the arma-
ture:is -arranged: to ‘be connected- to the starter
switeh: solenoid shown in Fig. 1.

‘During. starting ‘of the engine, that is, while
the-engine-is being cranked in response to the
closure of ‘the ignition switch 5, coil winding -99
is-short ¢ircuited and means are provided for so
short circuiting this coil.  “'When coil winding 99
is'short' circuited; winding 98 provides magneto-
motive force fof:a pair of parallel magnetic cir-
cuits -but such-foree is more effective on-one

5
circuit- than the other. The means is disposed
to connect coil winding 99 in series with coil
winding 98 across the generator when the en-
gine is operating on its own power and the speed
is such as will cause the generator to develop
a voltage of, for example, 2% to 3% volis.

The means illustrated for normally short cir-
cuiting coil winding 99 comprises an armature
134, preferably made irom spring steel. The ar-
mature may be of substantially L-shape, and
rigidly secured to the upper end of core leg 96,
insulation 105 being disposed between the arma-=
ture and the core leg so ag'to insulate the same
from the core. The free end of the armature is
provided with a confact member 106 that nor-
mally engages a stationary contact member 107
carried by a metailic support 108 which is se-
cured to the extension 100 of the core.

To insulate the support from the core, a strip
109 of insulation of suitable form and composi-
tion is inferposed between the support and the
core. The support 108 is connected to conductor
110 that connects coil winding 99 to winding 98,
and the armature, as shown, is connected by
means of a shunt 112 to the terminal 113 of coil
winding 99. Thus when armature 104 is in the
position shown in Fig. 8, and contact members
106 and 107 are closed, coil winding 99 is short
circuited, and coil winding 98 is connected di-
rectly across the generator,

The resistance of coil winding 98 is preferably
such that a relatively large current will flow
therethrough, while coil winding 99 is short cir-
cuited, so that the moment the engine starts
and operates on its own power, armature 101
will be pulled downwardly to break contact be-
tween contact members 27 and 28 thereby ocpen-
ing ‘the starter switch and disconnecting the
starter motor from the battery.

‘When the engine speed increases 1o a prede-
termined value, and the voltage developed by
the generator is somewhere between 2% and 3%
volts, the flux in the circuit including armature
104 will be sufficient to attract it to the core
extension 100, thereby opening contact members
106 and 107 and connecting coil winding 99 in
series with coil winding 98 across the generator.
The current will, therefore, be reduced in coil
windings 98, but the value of current flowing in
both windings will still be sufficient to maintain
armature 101 in that position in which the start-
ing contact members 27 and 28 are held open.

Instead of connecting the support 108 to the
conductor 110, the support may be connected
to the midpoint, for example, of coil winding 98.
In order to make such a connection, a tap would
be -formed on the coil winding, so that during
starting conditions when contact members 106
and 107 are closed, approximately one-half of
coil winding 98 will be traversed by current from
the generator. 'This alternative connection may
be made as indicated by the broken lines. With
either form of connection, the relay is rendered
highly responsive to the generator voltage at
low engine speeds, so that sufficient force will
be acting on the armature 191, to insure the
disconnection of the starter motor from the bat-
tery the moment the engine starts. Also this
form of relay will maintain contact members 27
and 28 open even at the lowest engine idling
speeds.

The form of relay shown in Fig. § also provides

a pair of magnetic circuits, the reluctances of

which are in parallel. One of these circuits in-
cludes core legs 96 and 97 and-the armature 101,
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and the other circuit includes core leg 96, ex-
tension 101 and the spring armature 104. Ag
in the case of the other relays shown and de-
scribed previously herein, the spring armature
104 may operate in its intended manner without
disturbing or detrimentally affecting the flux in
the circuit controlling the armature 101. Thus
armature 104 may move to and from the core
at the lower generator voltages without causing
armature 101 to be released before.the enging

" stops or stalls.
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~ An advantage to be gained by the type of re-
lay shown in Fig. 8 is that at the lower voltages,
which necessarily correspond to the low engine
speeds, the flux traversing the magnetic circuit
including core legs 96 and 97 and the armature
101 is increased materially with respect to the
value of flux that would obtain if coils 98 and 99
were continually connected in series circuit rela-
tion across the generator. )

Thus it will be apparent that the flux permeat-
ing core legs 96, 97 and the armature 101 will
be substantially constant over a wide range of
engine speeds and will be relatively high at low
engine speeds where it is necessary and important
that the armature 101 be held in a position to
maintain contact members 27 and 28 open.

In Fig. 9 a still further modified form of relay
is shown. This relay embodies the features of the
relay shown in Fig. 8 and the cut-out features
of the relays shown in Figs. 1 to 7, inclusive.
The relay shown in Fig. 9 comprises a core of
substantially E-shape having core legs 115, 116
and 117. A reverse current coil winding 118 is
mounted on leg 117, and generator voltage re-
sponsive coil windings 119 and 120 are mounted
on core legs 115 and 116. Coil windings 119 and
120 are connected in series circuit relation as
shown, the connection being such that the flux
permeating the middle leg is opposite in polarity
to the flux permeating the outer legs.

The relay embodies an armature 121 that con-

trols normally closed contact members 27 and 28

to which the starter switch 6 and the ignition
switch 5 may be connected, as in Fig. 1. The
armature is urged upwardly by means of a spring,
the. tension of which may be adjusted as in the
other types of relays heretofore described.

In order that coil winding 120 may be short
circuited .during the starting of the engine and
while the engine is operating at relatively low
speeds, an armature 122 is mounted at the bot-
tom of the core on a depending lug 123 disposed
beneath core leg 116. The armabure may be of
the preformed spring type and may be anchored
at one end to lug 123 by means of screws, and
insulated from the core by means of a strip 124
of insulation. The free end of this armature ex-
tends across a depending lug 125 and is provided
with a contact member 126 that normally engages
a stationary contact member 127 carried by a sup-
port 128 which is also secured to the core as shown
by means of screws. A strip 129 of insulation may
be placed between the support and the core to
insulate the same therefrom. The stationary
support is connected by means of a conductor 131
to a conductor 132 which connects coil windings
119 and 120 together. The anchored end of arma-
ture 122 is connected by a conductor 134 to one
terminal of the reverse current coil winding 118

' and the generator terminal of coil winding 120.

Thus during the starting of the engine and dur-
ing the time that the engine is operating at low
engine speeds, coil winding 120 is short circuited,

. 50 that coil winding 119 receives a high magnetiz-
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ing current at these speeds. As in the relay of
Fig. 8, coil winding 119, at low engine speeds
provides magnetomotive force for all of the mag-
netic circuits thereof so that the armatures will
function as described. )

The cut-out function of the relay shown in Fig.
9 is obtained by means of an armature 136 which
is hinged over the middle core leg in any suitable
manner and which carries a contact member 30
at its free end. Contact member 30 is disposed
to engage a stationary contact member 31 which
is connected to the other terminal of the reverse
current coil winding. Contact member 30 is ar-
ranged to be connected to the ungrounded ter-
minal of the battery, the same as in the relays
described previously herein. Armature 136 is
urged upwardly by means of a spring so that con-
tact members 30 and 31 are normally open,
Armatures 121 and 122 of the relay shown in Fig,
9 function in substantially the same manner as
the armatures 101 and 104 of the relay shown in
Fig. 8. The cut-out armature 136 functions in
the same manner as the cut-out armatures of
the relays described in connection with the relays
shown in Figs. 1 to 7, inclusive.

While the relays herein shown and described
have been illustrated in connection with auto-
motive starting systems, it will be appreciated by
those skilled in this particular art that the relays
may be applied to or utilized in other systems
where multiple functions are desired, and par-
ticularly where such functions shall take place in
a predetermined order or sequence in accordance
with the happening of certain conditions in the
system.

While certain practical forms of relay have
been shown and described it will be appreciated
that various modifications and changes may be
made therein without departing from the spirit
or the scope of the invention. Therefore it is de-
sired that only such limitations shall be placed
on the invention as are imposed by the prior art
and the appended claims. .

What I claim as new and desire to secure by
Letters Patent is:

1. A magnetic relay comprising a core having
at least two parallel magnetic circuits, inde-
pendently movable armatures in each of said
magnetic circuits, coil windings on said core for
magnetically energizing both of said circuits, said
windings being so distributed that one of said
circuits is energized to a greater extent than
the other, a pair of normally closed contact mem-
bers arranged to be opened by one of said arma-
tures when the current in said coil windings
reaches a predetermined minimum value, and a
pair of normally open contact members arranged
to be closed by the other of said armatures when
the current in said coil windings reaches a pre-
determined maximum value. .

2. A magnetic relay comprising a core having
two parallel magnetic circuits, an independently
movable armature in each of said magnetic cir-
cuits, a coil winding arranged to magnetically
energize both of said magnetic circuits, a pair of
normally closed contact members arranged to be
opened by one of said armatures when the cur-
rent in said coil winding reaches a predetermined
minimum value, & pair of normally open contact
members arranged to be closed by the other of
said armatures when the current in said coil
winding reaches a predetermined maximum
value, and a reverse current coil winding on said
core for effecting the release of the armature con-
trolling said normally open contact members

10

16

20

30

70

7%




10

15

20

1,008,683

when the current in said coil winding reaches a
predetermined value.

3. A compound relay comprising a three-
legged core having coil windings on each leg, the
number of turns in the coil on one of said legs
being less than the number of turns on the other
two legs, said coil windings being in circuit with
each other and so connected that the direction
of the flux in one leg is opposite to that in the
other legs, an armature arranged to be attracted
by the flux permeating the middle and one of said
other legs, when a voltage of a relatively low
value is applied to said coil windings, and to re-
lease said armature when the voltage decreases
to a predetermined value below said relatively
low value, an armature arranged to be attracted
by the flux permeating said middie leg and the
other of said legs when a voltage of a higher
predetermined value is applied to said coil wind-
ing, and circuit controlling devices arranged to
be operated by said armatures.

4. A compound magnetic relay comprising a

7

core having two independent magnetic circutts,
an armature movably disposed in each of said
circuits, a coil winding disposed on said core in
flux linkage relation to both of said circuits, nor-
mally closed contact members arranged to be
opened by one of said armatures when an elec-
tromotive force of a predetermined value is im-~
pressed on said coil winding, a pair of normally
open contact members arranged to be closed by
the other of said armatures when the electro-
motive force impressed on said coil winding is of
another predetermined value, and & reverse cur-
rent coil winding on said core, in flux linkage
relation with the magnetic ecircuit in which the
armature controlling said normally open contact
members is disposed, for causing the armature
controlling said normally open contact members
to be released by said core when the electromotive
force impressed on said winding falls to a value
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intermediate said first and second mentioned o4

values.
GERALD B. TJOFLAT.



