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This invention relates to a system for con- the preferred form of the system of control for a
trolling the starting and ignition means used in starting and ignition means used with internal
connection with an internal combustion engine as combustion engines.

is particularly directed to means for controlling The principles of the invention are herein illus-
8 the duration of application of power to operate trated as embodied in a control system for a stor- &
said means. age battery starting and ignition means for an

The invention embraces means operable to in- internal combustion engine, and it is to be under-
terrupt the application of power to the starting stood that I contemplate the utilization of the
and ignition system of an engine after a certain invention to control other types of engine start-

10 period of time. ing means including its use to control pneumatic 10
This invention also comprehends means to or fluid pressure operated starting means.
render ineffective the operation of the starting Referring to the embodiment illustrated dia-

means for an engine when the latter fails to start = grammatically in Figure 1, the control system of
under its own power and to re-establish said op- the invention includes a suitable source of energy
18 eration after a certain predetermined period of such as a storage battery 10 having one terminal 18
time. . connected by means of lead {1 to a ground or com-
One of the objects of the present invention re- mon return means 12 which in the present in-
sides in the utilization of time responsive means stance may be the engine frame. The cther ter-
for controlling the starting motor operation caus- minal {3 of the battery {8 is connected by means
20 ing the periodic actuation of the starting motor of lead 14 to the movable blade {5 or to the cir- 20
for a predetermined period of time, cuit closing means of a switch which may be the
Another cobject of the invention is the provisicn switch which ncermally controls the engine igni-
of means for automatically starting an engine and  tion system. The switch blade 5 is adapted to
when the same fails to start render the starting engage contact !7 which in turn is connected by
28 means ineffective and concurrently cause the ini- lead 18 to a circuit terminal or connecting post 25
tiation of the starting means associated with an- {9 insulatingly carried by and projecting through
other engine without requiring the presence of & one of the side walls of the casing 20. The casing
human agency. ) 20 encloses and supports certain of the eleciro-
Another object of the invention resides in the responsive devices which control the starting and
80 use of the production of a current controlled by Iignition circuits constituting one of the units of 30
the self-actuation of the engine for rendering the the control system of the invention.
starting motor circuit ineffective. . The connecting post {9 is connected by means
A further object of the invention is the provi- of lead 22 to 8 bus bar on current distributing
sion of means to place out of operating condition post 24 insulatingly supported by the casing 20.
85 an engine which fafls to start or is operating To the distributing post 24 is connected one end 3§
-+ under abnormal conditions giving a warning sig- of the heating coil 26 which surrounds the
nal, or if desired to initiate automatically the thermo-responsive or bimetallic contact carrying
starting operation of a stand-by engine. element 27 located in heat receiving relation to .
A still further object of the invention is the pro- coil 26. The other terminal of the heating coil
40 vision of means to render ineffective the control 28 is connected by means of lead 28 to a circuit 40
means operable to cause the periodic application terminal 23 insulatingly carried and projecting
of power to the starting means after a predeter- through one of the side walls of casing 20. 'The
mined number of power applications and concur- circult terminal 29 is adapted to be connected by
rently producing a warning signal. means of lead 30 to a suitable ground providing
48 Further objects and advantages are within the & return path to the grounded terminal of bat- 48
scope of this invention such as relate to the ar- tery i0.
rangement, operation and function of the related The current distributing post 24 is connected to
elements of the structure, to varlous details of the stationary or pivoted end of the bimetallic or
construction and to combinations of parts, ele- thermo-responsive element 31 which carries at its
80 ments per se, and to economies of manufacture free end a contact 32 normally in engagement 50
and numerous other features as will be apparent With a contact 34 carried by a thermo-responsive
from a consideration of the specification and or bimetallic member 35. The pivoted end of the
~drawing of a form of the invention, which may be bimetallic member 35 is connected by means of
preferred, in which: ’ lead 36 to one end of the energizing winding 38
'88 - 'The: figure is a diagrammatic view illustrating which in turn has its end connected by means of 58
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a lead 3! to connecting post 25. The windings 36
constitute the control means for the electro-mag-
netic switch 46 and are adapted to move 8 mag-
netic core 81 insulatingly carrying the contacting
bar 42. The contact bar 42 is adapted to engage
the spaced contacts 42 and 44 insulatingly car-
ried on the bottom wall of casing 28. )
The bus bar 24 is also connected by means of
lead 46 to one end of the relay energizing wind-

ings 41, the other end being connected by leed

48 to the insulated connecting post 28. The cas-
ing 20 also supports & second relay having suitable
energizing windings 50 having one end connected

by means of lead 5f to the stationary contact 44

of the electro-magnetic switch 48 while the other
terminal of the relay winding 50 is connected by
lead 52 to the circuit terminal 28. The stationary
contact 43 of the electro-magnetic switch £0 is
connected by means of a lead 53 to connecting
post or terminal 19,

The relay windings 50 are used to attract ar-
mature 54 carrying a contact 88 normally urged
into engagement with & stationary contact 58 by
means of & spring 57 which serves to hold the
armature away from the relay core.. The arma-
ture contact §5 is connected by s lead 58 to ter-
minal or post 58 insulatingly carried and pro-
jecting through the one side of walls of the cas-

_ing 28. The relay windings 47 are adapted when

energized to atiract armature 60 carrying & con-
tact 61 into engagement with a stationary con-
tact 62 insulatingly supported within the casing
20 which is connected by means of lead &3 to
the insulated contact 56 also carried by the hous-
ing walls. The armature contact 6{ is connected
by lead 65 to an insulated terminal or post 64
carried by and projecting through one of the side
walls of the casing 28. The contact 8! is normally
held out of engaging relation with contact 62 by
a suitable spring connected to the relay arma-~
ture 60.

Suitably spaced from the thermostatic element
27 is 2 bimetallic element 68 carrrying a contact
87 adapted to be engaged by contact 33 carried
by the bimetallic element 27. The bimetallic ele-
ment 66 is directly connected to the distributing
bar 28 while the stationary or pivoted end of
bimetallic element 27 is connected by means of
lead 69 to one end of a heating coil T8 surrounding
ithe bimetallic eleraent 385, while the other end of
coil 10 is connected by lead 71 to an insulated post
712 projecting through the upper wall of the cas-
ing 20.

The terminal {3 of battery (6 is also con-
nected by lead 13 to a terminal post 74 project-
ing through the side wall and insulatingly car-
ried by one of the side walls of the casing 75.
The casing 75 serves to enclose and support cer-
tain electro-responsive devices forming a second
unit for controlling the operation of the engine
starting and ignition means. The post 14 is in
engagement with a contact member 77 insulating-
ly supported upon the inner surface of the cas-
ing 15 and suitably spaced from an insulated
contact member 78. Contacts 1T and 18 are
adapted to be bridged by a conducting bar 80 in-
sulatingly carried by the magnetic core 81, which
is surrounded by the energizing winding 82, there-
by forming an electro-magnetic switching ele-
ment. One terminal of the electro-magnetic
switch winding 82 is connected by lead 84 to an

insulatingly supported terminal post 85 carried

by one of the side walls of the casing 18.
The terminal 85 is connected by means of a
lead 86 to the stationary or pivotal point 88 of
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a thermo-responsive element 89, carrying at iis
other free end a contact 98. The contact 90 is
adapted to engage a contact 91 carried by the
movable end of the bi-metallic member 83, the
latter being pivoted as at 94 and connected by
means of lead 96 to one of the terminals of the
winding 98 of the relay 180. The other terminal
of the winding 88 is connected by leads 102 and
{03 to the terminal post 104, the latter project-

ing through one of the side walls of the housing :

75 and being connected by leads 185 te a suitable
ground. '

The terminal post 104 is connected by means
of lead 187 tc one terminal of the heating coil
109 which surrounds the thermo-responsive ele-
ment 88, the other terminal of the heating coil
{09 . being connected by means of iead §§{ to the
electro-magnetic switch contact 18. The ter-
minal post {04 is connected by means of iead
{12 to a relay armature 113 carrying the contact
{14 normally urged into engagement with an
insulated stationary contact {15 by means of the
relay spring 117.

The relay 100 is also provided with & second
winding { {8 connected by leads 28 and (2§ to the
secondary winding 124 of a transformer (28, the
primary winding (2§ of this transformer having
one of its terminals connected to the ierminal
post 128 insulatingly carvied by the walls of the
housing 75 and having its other terminal con-
nected to the terminal post 85. The terminal- 130
of the electro-magnetic switch winding 82 is con-
nected by means of lead (32 %o insulated ter-
minal post 136 insulatingly carried by the upper
wall of the housing 5. The terminal post 36
is connected by means of lead {37 to the insu-
lated stationary contact {13 and by means of lead
£30 to the terminal post 72 of the first control
unit. The terminal post 84 of this unit is con-
nected to the terminal post 74 of the second unit
by lead i38, while the stationary contact 44 of
electro-magnetic switch 49 of the first unit is
connected by lead. 140 to terminal post 85 of the
second control unit. .

In the embodiment of the invention illusirated,
the engine starting means are electrically actu-
ated but I conteraplate to use engine siarting
means operated by other sources of power. The
electrically actuated means shown are in the
form of an electric motor having suitable me-
chanical connections for cranking the engine and
capable of being disconnected from the engine
when the engine becomes self actuated. The elec-
tric starting motor shown has one of its terminals

142 grounded while the terminal 143 is connected

by lead 144 to a binding post 145 passing through
the wall of the casing 75 and being in direct en-
gagement with stationary contact 18 of the elec-
tro-magnetic switch.

The ignition system disclosed which is asso-
ciated with the engine for producing the proper
spark for the combustible mixture includes pri-
marily an ignition coil 146 comprising a core 148
and a primary and secondary winding 149 and

150 respectively. One of the terminals of the pri- |

mary winding 149 is connected by means of lead
{52 to the terminal post 85 while the other ter-
minal is connected by lead 153 to a breaker arm
I55 carrying the contact 156 adapted to engage
the stationary contact 158 suitably grounded at
160, the breaker arm 155 being actuated by the
rotatable camming element 162 driven by the en-
gine in direct proportion to the engine speed and
in proper timed relation fto produce the inter-
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mary winding 148 for causing the proper spark
for igniting the combustible mixture in each of
the cylinders of the engine, constituting the
breaker mechanism of the ignition system.

The condenser 183 is connected across the
breaker contacts 156 and {58. One terminal of

. secondary winding (50 is connected to the central
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terminal of a current distributor (64. This dis-
tributor is operatively connected to the various
spark plugs (not shown) carried by each of the
engine cylinders. The other terminal of the sec-
ondary winding 150 is preferably connected to one
terminal of the primary winding (49. The break-
er arm 165 is also connected by means of a lead
166 to the terminal post 128, whereby the primary
winding 1268 of the transformer {26 is in parallel
with the primary winding {148 of the ignition coil
147 so that the breaker arm (85 also interrupts
the current flow in winding 126.

The system of the invention also includes
means to give an indication or alarm whenever
the engine is not actuating under its own power,
or if desirable to control the starting of a stand-
by engine. The Indicating means shown include
an audible signalling device such as a bell 16§
having one terminal grounded at 167 and its other
terminal connected by lead {69 to the terminal
post 59 which will become energized as will be
hereinafter described.

‘In addition, the system also includes means to
render the engine inoperative by disconnecting
the ignition means when abnormal conditions are
present in the normal operation, such as improper
temperature of the cooling medium used for the
engine or improper level of the lubricating me-
dium. These means are diagrammatically illus-
trated in the form of a movable switching element
170 connected by lead 174 to a suitable resistance
115 and by lead (76 to the connecting post T2.
The switching element 118 is normasily open and
is adapted to be connected to a grounded terminal
1712 when any of the engine abnormal conditions
take place.

The operation of the systenm1 hereinbefore de-
scribed can be summarized as follows:

When it is desired to start the engine, it will
only be necessary to move the swiich: blade (&
into engagement with contact {T whereby the
electro-responsive means forming the contirol
system are energized establishing an cperative
connection for the energization of the engine ig-
nition and starting means. The movement of
switch blade 1§ into engagement with contact {7
will serve to connect the battery to the distrizut-
ing bus bar 24 through lead {8, ierminal pest 9
and lead 22. The connection of the battery to
bus bar 24 will establish a current flow to the
energizing winding 38 of the eclectro-magnetic
switch 40. The circuit comprises bus har 24, bi-
metallic element 3{, normally engaging contacts
32 and 34, hence through the thermo-responsive

. element 38 by lead 36 to one terminal of the wind-
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ing 38 and from the other terminal of winding 3¢
by lead 31 to the binding post 2§ grounded by
lead 30 thereby completing the energizing circuit
of this winding to the battery. The energization
of winding 38 will cause the circuit closure 42 to
engage contacts 43 and 44 whereby the battery is
directly connected through these contacts by
means of leads 53 and 40 to the terminal post
85, thus establishing an operative connection to
the ignition system by connecting the battery to
the primary winding 148 of the ignition coil 146.
and at the same time establishing the flow of cur-
rent to the winding 82 of the electro-magnetic

3
switch located in the second control unit which
controls the energization of the starting motor.

The energizing circuit which establishes the
flow of current to winding 82 from binding post
85 includes the lead 84 connected to one terminal
of the winding and hence through the winding
82 to terminal 130 connected by means of lead
132 to post 136 connected by lead 137 to station-
ary contact 115 in engagement with armature
contact 114 and by lead {12 to the binding post
104 grounded through lead 105, thus providing a
complete path for the flow of current through
winding 82, )

The flow of current through the winding 82
will attract the core 81 moving bar 80 into en-
gagement with the stationary contacts 17 and 18,
thus connecting the battery to the starting motor
causing its energization and cranking the engine.
The circuit thus established comprises from the
terminal {3 of the battery the lead 13, binding
post 14, terminals 7T and 78 bridged by contact-
ing element 80 and through binding post {45 to
terminal 143 of the starting motor through lead
{44 and through the motor to terminal 142, the
latter being grounded, thus providing a complete
path for the flow of current through this circuit.

Concurrently with the energization of the mo-
tor and during the period of time that current is
flowing from the battery to the starting motor,
current is also flowing through the heating coil
108. The energizing circuit for the heating coil
109 comprises from the switch terminal 18 by
lead 111 to one terminal of the heating coil 108
and from the other terminal of heating coil 10%
by lead 107 to the grounded terminal 104, thus
producing a shunt branch circuit with the start-

~ ing motor circuit.

The thermostatic element 89 carrying contact
90 and the heating coil 109 which surrounds this
element constitute a circuit closer of a thermal
switch. This circuit closer is so calibrated that
a current flow during a predetermined period of
time will cause its movement towards circuit clos-
ing position so that the contact 90 will engage
the contact 91. In the form of the embodiment
shown, the thermo-responsive element 89 and
heating coil are so designed and arranged with
respect to the position of contact 81 that the
time element required by the action of heating
coil 109 to raise the temperature necessary to
cause the movement of the thermostatic element
89 to circuit closing position is approximately five
seconds. However, this time element can be
changed at will. The engagement of contact ¢¢
with contact 91 of the thermal switch will estab-
lish a circuit for the energization of relay wind-
ing 88 from the batiery. This circuit includes
battery terminal 13, lead {4, switeh blade {5 in
engagement with contact 17, lead 18, terminal
post 19, lead 53, contact 43 engaged by conduct-
ing bar 42 also engaging contact 48, hence by
lead 140 to terminal post 85, lead 86, thermostatic
element 88, through engaging contacts 90 and
91, thermostatic element 93, lead 96 to a terminai
of winding 98 and from the other terminal of
winding 98 by leads 182 and 103 to post (04
grounded by lead {65. The energization of wind-

-ing 98 will attract the armature (13 interrupting

the engagement of the contact {14 with station-
ary contact 115, opening the energizing circuit of
the electro-magnetic switch winding 82, whereby
the bridge contact member 88 will be moved
out of engagement with stationary switch con-
tacts 7T and 18, thus interrupting the flow of
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current to the starting motor, and to the heating
coil {08,

If the engine operates under its own power
before the time period has lapsed to which the
thermo-responsive element! 83 is calibrated I
heve provided means to open the circuit of the
electro-megnetic switch winding 82 whereby the
starting motoy is disconnected from the battery.
The type of apparatus and connections employed
o produce the disconnection of the starter motor
from the battery whenever the engine becomes
celf-sctuated or when the same reaches certain
predetermined speed is fully disclosed - in deteail
in my Patent No. 1,917,565, issued July i1, 1933,
and function generally as follows: The rotation
of the engine will produce & periodic interrup-
tion in the fow of battery current flowing through
the primary winding 128 of transformer 125 by
the action of the breaker srm 55. When the
engines becomes seli-actuated the rapidity of the

interruption caused by the breaker arm (58 is

such that an alternating current is induced in
the secondery winding 124 of sufficient value to
cause the energization of relay winding 118 di-

s rectly connected therewith to aitract the arma-

ture 148 overcoming the action of spring 117, thus
separating the contacts {16 and {5 and inter-
rupting the fow of curreni to the electro-mag-
netic switch winding 82 which in turn causes the
interruption in the current flow between the bai-
tery and starting motor. v

Tt is important to note that the ratio of turns
between the primary and secondary windings of
transformer (25 should be such that when the
engine is running under its own power or af any
speed above cranking speed, that the siternating
current induced in the secondary shouid be of
sufficient velue to cnergize the relay 118 so as
to keep apart the contacts 114 and {15, EHow-
aver when the periodicity of the interruption of
the breaker arm (5% falls below such predeter-
mined vaiue br the engine speed is below crank-
ing speed which may take place when the en-
gine stalls, the value of the alternating current
induced and flowing through the relay winding
118 should be insufficient to overcome the force
of spring {17, whereby the armature contact 114

will be urged into engagement with stationary

contact 118, thus re-establishing the connection
of the electro-magnetic switch energizing wind-
ing 82 with the grounded post [84 through con-
tacts 114 and ({5 causing the energization of the
starting motor to crank the engine.

The thermostatic element 89 and heating coil
109 serve as means to open the starting motfor
circuit and also re-establish the same after a short
timie interval whenever the engine does not act
under its own power after a predetermined period
of eranking of the motor.

The energization of the starting motor is pe-
riodically re-established due to the fact that the
circuit for the flow of current to the heating coil
{69 is dependent upon the position of bridge mem-
ber 80 so that during the time that the same
is out of engagement with contacts 11 and 18
or during the time that the starting motor is
not in operation no current is flowing through

" the heating coil 109 thereby no heat is applied

70

(4]

to the thermo-responsive element 89 permitting
its cooling and causing the disengagement of
contact 90 with the contact 91, thus interrupting
the flow of current to the winding 98. The
spring 117 will then cause the engagement of
armature contact {i4 with contact 15, re-estab-
lishing the current flow to the electro-magnetic

2,174,101

switch winding 82 for attracting the bridge mem-
. ber 80 into engagement with contacts 1?7 and

18, thus re-establishing a flow of current from
the battery to the starting motor for cranking
the engine. This cycle of operation or the auto-
matic periodic cranking of the engine if the
same does not become self-actuated, will take
place for a predetermined period-of time after
which the thermostatic elements forming a part
of the first control unit will operate rendering
the starting motor and ignition system ineffec-
tive, and producing a signal or alarm.

The operation of the means to render the
starting motor snd ignition system ineffective
after a predetermined number of cranking peri-
eds will ke described: The connection of the bat-
tery to bus bar 24 will cause a flow of current to
heating coil 26 connected thereto and having its
other terminal connected by lead 28 to grounded
terminal 29. The energization of heating coil
26 will raise the temperature adjacent tc ther-
mo-responsive member 27 whereby the latter will
move causing the engagement of contact 33 and
87 thereby closing a circuit to cause the ener-
gization of heating coil 70 associated with ther-
mo-responsive member 35. This energizing cir~
cuit comprises bus bar 24, through bimetallic
member 68, contacts 67 and 33 to thermo-respon-
sive member 27 hence by lead €9 to a terminal
of heating coil 18 and from the other ferminal
by lead 7! to post 12 connected by lead {38 to
terminal post 136 of the second control unit
which is connected by lead 371 to stationary re-
lay contact (5 normelly in engagement with
armature contact {14 connected by lead {2 to
terminal post 104 grounded by lead {05, thus
providing complete circuit for the flow of cur-

rent through heating coll 79.

It should be noted that this circuit of the heat-~
ing coil 718 is dependent upon the engagement of
contacts 67 and 33 and of relay contacts {{4 and
15, The engagement of the contact 33 with con-
tact 67 is dependent upon the increase in tem-
perature caused by the heating coil 26 and the
rate of this increase is so arranged that there is
a delayed action in the movement of. thermo-
responsive element 27 so as to permit a prede-
termined number of or af least the first crank-
ing period of the starting motor before the con-
tact 33 engages the contact 67.

The engagement of the relay contacts 114 and
{15 is dependent and only takes place during
the period of time that current is flowing to the
starting motor and therefore heating action of

coil 710 on thermo-responsive element 35 is de- ;

pendent upon the durstion of the flow of cur-
rent to the starting motor or in other words the
number of starting motor cranking periods are
registered by the heating coil 76. The value of
this current as well as the amplitude of movement
of thermo-responsive member 35 upon a definite
temperature rise can be regulated at will so
that upon g predetermined number of cranking
periods or upon a predefermined period of time
the thermo-responsive element 35 is deflected
causing the separation of contacts 34 carried
thereby and contact 32 opening the circuit of the
winding 38 of electro-magnetic switch 40 which
in turn interrupts the circuit of the ignition sys-
tem and of electro-magnetic switch winding 82
through the disengagement of contacting bar 42
with contacts 43 and 44, thereby rendering auto-
matically the engine starting and ignition means
ineffective.
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alarm indicating that the engine is not in opera-

tion whenever the starting motor and ignition
means are rendered ineffective. This indication
is produced as follows: Due to the connection of
relay winding 41 to bus bar 24 the same will be
energized whenever the battery is connected to
bus bar 24 as this winding is permanently con-
nected by lead 48-to the grounded terminal 289,
‘The energization of winding 471 will attract
armature 69 causing the contact 81 carried there-
by to engage contact §2, which is connected by
lead §3 to stationary contact 56 the latter beluig
In engagement with armature contact 55 whemn-
ever the relay winding 59 is not energized. The
engagement of contact 3§ and 62 will under such
conditions. establish a circuit for the energiza-
tion of the bell 185 or other suitable alarm. This
energizing circuit includes from the battery ter-
minal I3 by leads 73 and 39 to terminal post
&4 connected by lead .85 to contact 61 in en-

- gagement with contact 62, the latter being con-

nected by lead 63 to contact 56 in engagement
with contact 85 connected by lead 88 to post 59,
the latter connected by lead 169 to a terminal of
bell 165 having its other terminal grounded as
at 167. The circuit for the alarm or hell 55
being controlled by the engagement of contacts
85 and 56 as well as that of contacts 61 and §2.
It is important to note that the relay contact
85 will be held in engagement with contact §6
by the action of spring 57 whenever the electro-

~ magnetic switch 40 is in its open position, due to

the fact that the relay winding 50 which serves
to attract the armature 54 carrying contact 55
receives its current from the battery through the

" connection of lead 51 to the switch contact 44,

40

- 70
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so that no current is flowing through this relay
winding when the contacting bar 42 is out of
engagement with switch contacts 43 and 44.
The arrangement of connections described for
the energization of the relay winding §0, is such
that the contact 55 will be out of engagement
with stationary contact 56 whenever current is
flowing to the ignition system and to the electro-
magnetic switch winding 82, Thus, no alarm
or signal will be produced whenever the electro-
magnetic winding 50 is energized, as the other
relay contacts 61 and 62 forming part of this
circuit will be in engagement due to the contin-
uous flow of current through the relay winding
47 which is connected to bus bar 24 and to the
grounded post 29. In this embodiment of the
invention, I have used as a current source to
produce the energization of signalling device 165
the storage hattery 10. However, the terminal
post 64 could be connected to any other inde-

pendent source of current so that any other type

of indicating means can be used, such as visual
means as the invention is not limited to the use
of audible medns, as particularly shown by the
bell 165.

In certain types of installation where more
than one engine is used, the stationary post 59
is preferably connected to another set of con-
trolling units so as to initiate the operation of a
similarly arranged control system to the one dis-
closed for the purpose of starting a stand-by en-
gine. It will only be required to connect the
terminal post 89 to a post corresponding to post
19 of a similarly controlled system, so that the
relay contacts 55 and 56 will take the place of
the switch blade 18§.

The means to stop the englne or render the
same Inoperative, which are dependent for their
actuation upon improper temperature of the cool-

5

ing medium or 1mproper level of the lubricating
medium, by opening the operative connection of
the battery o lgnition system as well as to the
switch winding 32, funciion In the following man-
ner: The normally open switch element 170 wili
be moved fo iis clossd position by means respon-
sive to any of said abnormal condifions estab-
i i to the heating coi! 78 through
The flow of current through
ted, will producs sufficlent
ring-responsive clement 35
ing the contact 34 out of
ma*y contaci 32 opening
-magneatic switch wind-
ne Jectro«-'naﬂ'netlc core

he

contact bar 42 out of en-
gavnmom ,m._ b ionary contacts 43 and 44,
thus interrupting the How of current from the

battery to the zgniue system whereby the en-
gine will stop and alse to switch winding 82.
Concurrently with the opening of this circuit,
the current fow to ihe relay winding 50 will
be interrupted whershy engagement will take
place beiween contacts 35 and 56, thus produc-
ing the energization of the signalling device or
bell 185. It should be noted that the resistance
i15 will Hmit the current flowing through the
circuif including switch winding 82 which is also
established when the swiiching element 170 is
closed so that the magnetic fluz produced by
winding 32 wili not be sufficlent to move the core
81 for closing sald switch,

The energizing circwis for the bell 165 will
remain closed as long a8 any of these abnormal
conditions are present because the Sow of current
through the heating coll 13 retains the thermo-
responsive element 33 in its open vosition. How-

. ever movement of switch blade {5 fo open posi-

tion will serve to de-energize the relay winding
41 causing the disengagement of contacts 61 and
§2 which will open the circuit of the bell 165.
The movement of biade {5 to open position will
also open the circuit from the battery to the
controlling means of the invention.

In the form of the embodiment shown, a bi-
metallic element is sassociated with each of the
thermo-responsive elements for the purbose of
compensating for any changes in ambient tem-
perature, so that the movement of each of the
thermo-responsive elements is dependent entire-
Iy upon the rising temperature caused by the
heating colls, thereby increasing the reliability of
the controlling system disclosed under all temper-
ature conditions.

The control system of the invention by the
use of means dependent for its operation upon
the self-actuation of the engine, as hereinbefore
pointed out, also operates as automatic means to
crank the engine whenever the same stalls. In
this respect it is important to note that the wind-
ings of the transformer and relay associated
therewith are so designed that the same operate
when the engine becomes self-actuated, taking
advantage of the rapid rise in the voltage of the
battery 10 when the engine becomes self-actuated,
as the heavy load imposed by the starting motor
while cranking the engine is not present at the
instant the engine starts or becomes self-actuated.

The energization of the starting motor through
this control is such that unless the engine stalls,
the starting motor will not be connected to the
cranking engine, thus preventing the possibility
of applying the cranking motor while the engine
is rotating.

The arrangement of the control system of the
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invention is such that when the engine stalls,
after it has been in operation, the number of
cranking periods or power applications to the
starting means is less before the engine is put
out of operating condition, than when the en-

" gine is first started or when the control system

is first placed in operation. This feature of the
invention is accomplished due o the fact that
during the time thei the engine Is In operstion,
the heating coil 28 is connscied across the bat-
fery, whereby the contacis 33 and 67 are in en-
gagement and the number of cranking periods
before the engine is pui out of operablng con-
dition is entirely conirolled by the heating ac-
tion of coll 78 which serves o deflect the thermo-
respensive element 35 o open the cireull of the
switch winding 30 by cousing the disengagement
of the coniact 36 with conitact 32. The fow of
current through $he heating ccil 78, as herein-
before polnied oul, only takes place when the
reley conbects 114 and 115 are In engagement
which condition exists whenever no currend 1\,
fowing through the energizing windings of the
relay 188, or in other words, during the tlme
that power is applisd o the sbteriing motor
through the use of elecire-magnetic winding 82
which controls the bridging contact 80,

it {s imporiont fo note vhai when the engine
is first staried, % will reguive seversl cranking
perieds or epplications of power to the engine
starting mesns before the heating coll 20 couses
the deflectlon of the thermosiatic elemcm 27
30 produce the engagemend of contact 88 with
contacs 07 o cstablish the current fow to fthe
heating cofl 78,

in the form of the Invenilon lustraied, T hia
shown the bresker mechanism of a batbery 1gni~
tion system for the purpose of interrupting the
currens flow vhrough the primery winding (2C
of transformer 025, and I contempleis the use
of other circult inberrupting means funchtioning
in response $o the spaed of the englne for caus-
ing the perlodic interruption of this current flow,
so that the invention can be "veil adapied §0 con-
trol the starting means used for Diesel engines
wwherein this type of breaker mechanism iz not
employed, ag well as for use In connection with
engines willizing magneto ignition. In addition,
the embodiment shown ifllusétrates an cleciric
starting motor as engine siarting means, how-
ever, I contemplate the comirol system of the
invention to be utilized for governing the func-
tioning of valves or other apparatus which con-
trol the application of power to other types of
engine starting means, :

In the form of embodiment of the invention
illustrated, I have shown diagrammsatically three
relays constituting elements of the controlling
means of the invention. The relays can he of
standard suitable type, however, I prefer to use
a relay including a substantially balanced piv-
oted armature as particularly shown and dis-
closed in Willlams Patent No. 2,021,396, issued
November 19, 1935. I have found this type of
relay very effective and reliable under all condi-
tions of operation to which the system may be
put.

It is apparent that, within the scope of the
invention, modifications and different arrange-
ments may be made other than is herein dis-
closed, and the present disclosure is illustrative
merely, the invention comprehending all varia-
tions thereof.

‘What I claim is:

1. In combination, engine ignition means; en-
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gine starting means; electro-responsive means
for controlling the operation of said engine igni-
tion means and causing the periodic actuation
of engine starting means; an auxiliary electric
circuit normally open when said engine ignition
means are in operation; and means including a
thermo-responsive switch dependent upon the
operation of said starting means for rendering
said electro-responsive means ineffective to con-
trol the engine ignition means after o predeter-~
mined number- of periodic actuations of said
starting means and concurrenfly clesing said
auxiliary circuit.

2. In combination, & current supply; an en-

gine ignition means; connectlons for establishing
o current flow to sz2id engine ignition means from
said current supply; electro-responsive. switch-
ing means and circult connectlons therefor;
manual switching means operable to establish a
current fow to said clectro-responsive -switching
means causing the energizetion of said ignition
means through said connections from said cur-
rent supply; and clectro-actuated means associ-
ated with said cleciro-responsive swibching
means operable upon the presence of an shnor-
mal engme operating condition to rendey the ig-
nition means ipefeciive after sold abnormal
condition has been present for a predelermined
period of time.

3. In combingtion, cleciro-responsive means
operable to establish o Gow of current for caus-
inz the energization of engine storting and igni-
tion mesns from & source of current; swibtching
means for connecking sold olectro-responsive
meens (o & soures of current; mesns ncluging
thermo-responsive clement associated with seid
eleciro-responsive mesns and being dependent
upon the flow of current to seid starbing means
for rendering the engine sterting means ineffec-
tive after o predetermined pericd of time: and
thermo-responsive means controlled by the cp-
eration of said thermo-responsive element for
rcndering said ignition means incffective.

. In combination, clectro-responsive means
adapted to establish an operative connecticn and
eausing the cnergization of engine starting and
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ignition means from & source of current; rien-

ual switching means for connecting sald eleciro-
responsive means 1o 4 scurce of current; and
means including a timed element dependent upeon
the flow of current to said starting means for
rendering sald operative connection ineffective
after a predetermined period of time when the
engine Is first started and for a different period
of time when the engine is started after the same

‘has been in operation.

5. In combination, & current supply; an en-
gine starting means; normally open connections
for establishing a current flow to said engine
starting means from said current supply; elec-
tro-responsive means adapted to be connected to
said current supply; manusl switching means
operable to establish a current flow to said elec-
tro-responsive means whereby a flow of current

'is established-to starting means by closing sald

connections for a predetermined period of time;
and means operable to establish the flow of cur-
rent to said starting means for a shorter period
of time when the engine stalls.

6. In combination, a current source; engine
ignition means having conducting means for the
flow of current thereto from a current source;
an engine starting motor having conducting
means for the flow of current thereto from a cur-
rent source; an electro-magnet adapted to be
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energized from said current source for establish-

ing when energized an operative connection for
the energization of said starting motor and said
ignition means from said current source; means
assoclated with said electro-magnet dependent

" upon the flow of current to said starting motor
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including a timed responsive element for caus-
ing the periodic actuation of said starting motor
and rendering said operative connection ineffec-
tive after a predetermined number of periodic
actuations; and electro-responsive means asso-
ciated with said electro-magnet responsive to an
abnormal engine operating condition for discon-
necting said electro-magnet rendering said op-
erative connection ineffective and maintaining
the same in such condition.

7. In combination electro-responsive . means
and circuits therefor; switching means for con-
necting said electro-responsive means to a cur-
rent source whereby an operative connection is
established, causing the energization of a start-
ing motor from a current source; means in the
circuit of said electro-responsive means function-
ing in response to the self actuation of the en-
gine for rendering said operative connection in-
effective; and auxiliary means in association with
saild electro-responsive means including a plu-
rality of timed elements for rendering said op-
erative connection ineffective after different pre-
determined periods of time.

8. In combination, electro-responsive switch-
Ing means and circuits therefor; manual switch-

‘Ing means for connecting said electro-respon-

sive switching means to a current source where-
by an operative connection is established, caus-
ing the operation of an engine starting means:
means responsive to the self actuation of the en-
gine for disconnecting said electro-responsive
means from the current source rendering said
operative connection ineffective; and a thermo-
responsive switch. operable to disconnect said
electro-responsive switching means from the
current source after the starting means has been
in operation for a predetermined period of time
whereby sald operative connection becomes in-
effective, said thermo-responsive switch rendered
operable to disconnect said electro-responsive
switching means upon the presence of an ab-
normal engine operating condition whereby said
operative connection becomes ineffective.
9. In combination, an electro-magnet and cir-
cuit therefor, said electro-magnet operable to
close a normally open circuit; means for con-
necting sald electro-magnet to a current source
whereby the sald normally open circuit is closed
causing the energization of an engine starting
motor from a current source; means functioning
in response to the self actuation of the engine
for disconnecting said electromagnet from the
current source; auxiliary means including a
timed element dependent for functioning in the
flow of current to said éngine starting motor
for disconnecting said electromagnet from the
current source after a predetermined period of

5 time and re-establish the energization of said

electro-magnet; and means dependent upon the
function of said timed element to maintain said
electro-magnet in its disconnected position.

10. In combination, electro-responsive means
and circuit connections therefor: means for
closing ‘said connections producing the energiza-
tion of said electro-responsive means from a cur-
rent source whereby an engine starting means
is actuated to start an engine; and means asso-
ciated with said electro-responsive means de-
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pendent upon the actuation of the engine start-
ing means for causing the periodic operation of

‘said starting means for a predetermined period

of time. . .

1i. In combination, electro-responsive means
and circuit connections therefor: means for
closing said connections for causing the ener-
gization of said electro-responsive means from s
source of current; switching means operable by
sald electro-responsive means for causing the
energization of an engine starting means; and

means associated with said electro-responsive

means for causing the periodic actuation of said
switching means for a predetermined period of
time.

12. In combination, electro-responsive switch-~
ing means; normally open circuit connections
for said means; manually operable switching

means for closing said connections for energiz-

ing said electro-responsive switching means
from a source of current, whereby an operative

. connection is established causing the operation

of an engine starting means; means including
an electro-responsive timed switching element
assoclated with said electro-responsive switching
means for periodically interrupting said opera-
tive connection if the engine starting means fail
to start said engine; and a second electro-re-
sponsive means associated with said electro-
responsive switching means responsive to a pre-
determined speed of the engine for rendering
the operative connection for the engine starting
means ineffective,

13. In combination, electro-responsive means;
normally open circuit connections for sald
means; switching means for closing said con-
nections for energizing said electro-responsive
means from & source of current, whereby an
operative connection is established causing the
actuation of an engine starting means; thermo-
responsive means associated with said electro-
responsive means for periodically Interrupting
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sald operative connection; and a second means

associated with' said electro-responsive means
and being responsive to the self-actuation of the
engine for rendering said operative connection
ineffective. - .

14. In combination, electro-responsive switch-
ing means operable to establish a flow of cur-
rent for causing the energization of an engine
ignition means from a source of current; electro-
magnetic switching means operable by the actu-
ation of said electro-responsive switching means
for causing the energization of an engine start-
ing means; means responsive to the self actua-
tion of the engine for interrupting the energiza-
tion of the engine starting means; and tempera-
ture compensated thermo-responsive switching
means forming part of the circuit connection of
sald electro-responsive switching means and
being dependent upon the flow of current to sald
starting means for rendering the electro-mag-
netic switching means and ignition means in-
effective after a predetermined period of time
current has been flowing to said engine start-
ing means. . )

15. In combination, an electro-magnetic switch
operable to establish a flow of current for caus-
ing the energization of an engine ignition means
from a source of current; a second electro~-mag-

netic switch operable by the actuation of said

first electro-magnetic switch for causing the
energization of an engine starting means; means

_Tesponsive to the self actuation of the engine

for stopping the operation of the second electro-
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magnetic switch thereby inferrupting the ener-
gization of the engine starfing means; and
means associated with said electro-responsive
means functioning upon the flow of current to
said starting means for stopping the operation
of the first electro-magnetic switch thereby ren-
dering the ignition means ineffective.

18. In combination, electro-responsive means
operable to establish a flow of current for caus-
ing the energization of an engine ignition means
from a source of current; electro-magnetic
switching means operable by the actuation of
said electro-responsive means for causing the
energization of an engine starting means; means
responsive to a predetermined speed of the en-
gine for interrupting the energization of the
engine starting means; and thermo-responsive
means associated with said electro-responsive

2,174,101

means and being dependent upon the flow of
current to sald starting means for periodically
causing the energization of said engine starting
means and rendering the engine ignition means
ineffective after a predetermined period of time.

17. In combination an engine ignition mesans;
electro-responsive means for controlling the
operation of said engine ignition means; manual
switching means and circuit connections asso-
ciated therewith for causing the energization of
said clectro-responsive means; and electro-actu~-
ated mesns associated with said electro-respon-
sive means operable upon the presence of an
abnormsl engine operating condifion fo render
the engine ignition means Ineffective after sald
abnormal condition hes been present for a pre-
determined period of ilme.

STILLIAR J. WILLIAMS,
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