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This invention relates to engine starter con-
trol apparatus by which an engine ecranking
electric motor is caused to operate by closing g
manually controlled switeh and by which opera-
tion of the motor is prevented while the engine
is self-operative..

An object of the present invention is to provide
improved means whereby the starting motor
cannot be operated while the engine is self-
operafive. In the disclosed embodiment of the
invention, this object is accomplished by the use
of a closed switch which is moved to an open
position, but which is normally held in g closed
position by a relatively strong spring in order
that the starting motor circuit will be completed
by closure of a manually operated switeh. 'The
closed switch remains in a closed position dur-
ing engine cranking and is opened in response
to self operation of the engine and remains open
so long as the engine is self-operative.
closure of the switeh is accomplished by the
relatively strong spring and is maintained closed
during cranking of the engine as the engine suc-
tion is insufficient to open the switch. The
openiing of the switech is effected by an engine
suction responsive means which operates in op-
position to the relatively strong spring. When
the engine becomes self-operative, engine suc-
tion becomes sufficient to overcome the relatively
strong spring and the switch is moved to open
position and the operation of the starting motor
ceases. So long as the engine remains self-
operative, even though the engine suction may
decrease substantially as when operating at full
load and wide open throttle, this switch, nor-
mally held closed by the spring, does not close
until suction is reduced to a value lower than
occurring at any time during self-operation of
the engine. |

In case the self-operation of the engine is only
temporary, such as a false start, a means is pro-
vided for delaying the closure of the switeh by
the strong spring. The operation of the strong
spring to close the switch is retarded by a restric-
tion in the vent of the diaphragm chamber of the
suction responsive means.

Further objects and advantages of the present
invention will be apparent from the following
description, reference being had to the accom-
panying drawings wherein a preferred embodi-
ment of the present invention is clearly shown.

In the drawing: g |
- The figure of the drawing is g diagrammaitic
view of an engine starter control system embody-
ing the present invention. |
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Referring to the drawing, g generator 20,
grounded at 21, is connected by a wire 22 to a
cut-out relay 23 which operates automatically to
connect the generator to g battery 24 grounded at
25. The field winding 26 of the generator is con-
nected to a voltage regulator 27 grounded at 28.

The starting system for the internal combus-
tion engines includes g, starting motor 3¢ ground-
ed at 3. The motor 30 has a field winding 32
connected by a wire 33 to a fixed contact 34 of q,
switch 35. The switch 35 has a. movable contact
36 normally maintained out of engagement with
fixed confacts 34 and 31 by 1 spring 38. The fixed
contact 37 is connected by a wire 40 with the
storage battery 24.

The switch 35 is automatically moved into g
closed position by an electromagnetic means in-
ciuding an armature 40 surrounded by a winding
¢{ of fewer turns of relatively coarse wire and a,
winding 42 of relatively large number of turns of
fine wire., One end of winding 42 is srounded
at 43 and one end of winding 41 is connected with
the wire 33 which is on the starting motor side
of the starting switch 35.

The energizing circuit for the coils 41 and 42
of the electromagnetic switch 35 is completed by
closing an ignition switch 45, a neutral safety
switch 46, and an electromagnetic relay switch
41 including a core 48 and g coil 49 surrounding
fhe core. One end of the coil 49 is connected by
a wire 50 to the wire 22 while the other end of
the coil is connected by a wire 51 to a fixed con-
tact 53 of the neutral safety switch 46. 'The relay
switch 47 includes a support 54 to which one end
of a leaf spring 55 is fixed. An armature 56 is
fixed to the free end of the leaf sSpring 55 above
the core 48. The leaf spring 55 supports a con-
tact 1. A fixed contact 58 is Supported in align-

“ment with the movable contact 81. The contact

98 is connected by a wire 58a to the battery 24.
The leaf spring 55 of the relay switch 47 is
connected by a wire 59 to a self-biased switch 60

Including a support 61 to which one end of a leaf

sSpring 62 is fixed. The free end of the spring

b2 supports a contact 63 which is in alignment
with a stationary contact 64 corinected by a wire
65 at the junction point between the coils 41
and 42.

The switch 60 is normally held in a closed posi-
tion by a suction device §5 which includes cup-
shaped shells 66 and 61. The shell 66 is provided
with a tubular flange 68. The shells 66 and 67
are flanged at their peripheries and are secured
together by bending over the peripheral flange of
shell 66 to clamp the periphery of a flexible dig-
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vhragm 69 between the flanges. The central por-
tion of the diaphragm has a plunger 70 attached
thereto which extends out of the shell 66 and is
slidably supported in the flange 68. The lower
end of the plunger has a button 711 of insulating
material attached thereto which engages the leaf
spring 62: The upper.end of the: plunger is-pro-
vided with a:collar 12 against which a: washer. 13
rests. The upper end of the plunger is provided

with a reduced portion which extends througlt. 10z
tomatically the contact 63 from engagement with

apertures provided by the diaphragm. B9 and the

0,654,036

cup-washer 14 and riveted together~ to form &
unitary diaphragm assembly. The-parts of the. -

diaphragm assembly are fabricated: separately:
and assembled in this way forreasonsof economy: 15

The cup-washer 14 receives one end of & spring 198

which surrounds a tube 16 attached to.a flange. -
11 of the shell 61. The spring T5 urges the dia~-

‘phragm down until the plunger causes:the:leaf.
spring 62 to move contact 63 into engagement 20

with fixed .contact 64, The upward movement of
diaphragm- 69 is:stopped-oy: engagement of washer
14 vrith - the lower: end-of: the:tube:- 16 which 1s
notched:at 18 so that suetion.on the-diaphragm
continues after-saidengagement. =

The tube 16:-is connected:with-a  junction block
&&rconm_cted-mith:af':-suotion-operated-Windshield
wiper-81. The block 80-is.connecied: with: a. tube
82 containing: a length of porous fibrous material,
for-an: example .a: smoking pipe cleaner 83. The
block- 80: is~ also connected:by pipe 84 which In
turn is connected with s vacuum booster pump 83.
A tube. 86. connects the pump with-the engine
intake manifold;. not:shown. The pump 85-com-
prises a chamber 81 connected: with:the tubes 84
and .88 by biased check.valves: 88 and 88 respec-
tively. The.chiamber 81:is closed on one side- by
a° diaphragm 84 carrying:a stud:92: A spring 93
ureges: the stud 92:against.a:bar 94:attached to an
eccentric strap 95 surrounding an' eccentric: 89
driven: by the cam:shaft 81 of:the engine.

25
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When the engine is noti rurming the spring 139 |

urges-the diaphragm:assembly dowl, as viewed:n
the drawing, causing the plimgers:i0; 11:{o. move
the:leaf spring 62:in.a direction ggainst:its:own
resiliency so. that: the .contacts §3; 64:are 1. en-
ocagement: The operation: oi: the present:inven-
tion is as follows: The" closure of: the. ignition
switeh 45-and the:neutral safety: switch: 467 com-~
pletes: a-circuit through: the:battery: 24, switches

45, 46; wire 51; coil 49; wire:88; wire 22, generator
20; and ground 24 whereby:the coil:49:is:-energized

to: attract armature 56 to: close: contacts: 5T1..58.

F

4.

o0

When that occurs; current will fiow.-from thebat=-

tery: 24, wire 58a, contacts .58 87, leaf spring 56,
wire 59: contacts 68, 64, wire:85, coil 42:to-ground
43 and- coil . 41> through: motor 30 to:ground: 31.

The: energization:of:the coils: &1 -andi42>closes the

switeh:35: The starting circuit-isithen completed,

 thereby causing: the starting motor:307t0: crank
the engine. . R . S

When- the engine becomes  self-operative: and

drives the generator- at such: speed that: the

counter voltage opposes- the battery: voltage 1m-
pressed: on-the relay- coil £9-the-coil-will  be: de-

60
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~energized :and. the contacts-51, 58 will separate. -

Therefore, the operation.of the. starting motor
~ will cease even if there were no other means.ior
effecting cessation. The presentdnvention, how-
ever provides means for effécting.discontinuance

' ently of the status of therelay-coil 48

" Duringthe-cranking-of-the: engine, the-suction

~ produced: in:the-intake manifold will-not:be-suf-

~ fieient - to- elevate-the: diaphragm.- 69-against . the

4

force of the spring 15, thus the plungers 10, T4
are held under pressure against the leaf spring
82 to maintain the contacts 63 and 64 in engage- .
ment. When the engine starts there is & falling
of pressure within the intake manifold below
atmospheric pressure which resulis in a pressure
upon thre upper -side of:the:diaphragm 69 com-
pressing the spring 15, moving theplungers 10, 14
away from the leaf spring 62. This allows the
leaf spring 62, due to its own resiliency, to lift au-

contact’ 64° to open the starting motor circuit.

~Upward-moevement-of-the diaphragm 69 is stopped

by: engagement: of: the washer 74 with the lower

ehd of:tube:16; thenotches 18 permitting suction

to continue on:the: diaphragm after the washer
engages.the tube 16.

151 case of a false start the present invention
provides a time delay in lowering oi the vacuum
above the diaphragm 69. ‘When the engine stoDs,
the-vacuum. booster. pump 85-stops: with -its-valves
88:and-90 closed. -Air is.permitted-to.enter-slows-
ly-in:the-pipe 82-past the fibrous member-83:whese
length included:with the:pipe 82-is sueh that-the
lapse.of.5-seconds;.for-example, is-required-before

‘the spring 15 returns the diaphragm. @9- and

plungers.-108; T4: to-the positien- which-causes -the
switch 68-to-close.. The fibrous. material.or- pipe
cleaner 83-is-adjustedlongitudinally-to-eil ect-that
time: delay- required for.-a-pinien; not shown,.as-
sociated: with-the -starting motor 38-to- coast- to
a- stop: after: a- false: start:.- This-time- delay, is
an-importantifeature in case of wide openthrottle
to- accelerate- accompanied: by- an inadverient

‘movement of the selecting; lever-from-the “drive”

position-to: “neutral’” position- instead .of- “drive”
to-“lowy” the switch 64 would-not-close-for 5.sec-
onds:. At-sueh-times; rowever; the operator. may
have time-to-diseover-his mistake and shift:from
“peutral” to“lows” - - - o T s -
Tt .is poeirited.ous-thav the: switeh: 45 - may: bera

- manuallyyoperated: switcin located-on-the-instru-

ment panel .of: the -vehicle-or it-may-bhe-a neutral
safety. switeh under:control by- atransmission:.se-
lectine lever: not. shown. Vhen . the-engine-1s
propelling: the-vehiele; . the neutral.safety- switch
48-is° opened: because: itris> under: control: of: the
transmission seleeting-lever which:on being.shift-
edfrom: “neutral? to-“drive” or “reverse’ causes
theropening-of thesswiteh-46. lhereiore -coilk- 43

of: relay-switeh: &% is deenelf.g-ized;z - If-the. trans-

Frissions seleeting: lever is moved: to: “neuntral”

"W’hﬂﬁ’ﬁﬁ‘éﬁ&ﬁgiﬂ&t‘isz?l‘unhin:g?;1311e¥zstal‘-.‘tinngFJ;?itE:h;ﬁ 3

canniot: ber closed: because “the: suetion: device: 6o

Tolds the plungers.18; T4in a:gosition sc.that the

1o sprihg §2will be:biased to a position to main-
tain the’contaets 63, §8iseparated. oL
The-cranking starting moetor 38 is caused-to'op-
erate by closing the ignition switch 45*provided
the’ transmiission selecting- lever- ig-in “meutral”
or “park™ position: Tlie sclection of any other.
position renders the. starter motor cortrol’ in-

effective. If the.engihe stops while: the trans-

mission is in-one.of" ifs driving. positions. with
the ignition switch turned.to “onZ position, the

~engine is.started-merely by-moving: tHe transmis-

ol B ol ~ LOLLLIMUAALE 70
of-the.operation .of the stariing motor. independ~

75

sion-selecting lever to.“neutral’ or: “park? posi-
tion. This application is an-improvement-of the

copending:application-of Paul L, Schneider; Ser.

While the embodiment of the";presaiiﬁ--. mventlon

as-herein-disclosed,. constitutes: e-preferred form,

it:is-to -be understood-that-other: forms mightbe
adopted. U |
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What is claimed is as follows: |

1. In an engine starting system including g
starting motor and controls therefor, the com-
pvination comprising three independent electrical
circuits, each being separably connectible to a
common source, the first of said circuits, inelug-
ing the starting motor, and an electromag-
netically operated normally open switch therefor:
the second of said circuite comprising an eleetro-
magnetically operated normally open switch, a
normally closed switch responsive to engine op-
eration in series with the second electromag-
netically operated switch, and electromagnetic
means Tor operating the starter switeh, said thirgd
circuit including two normally open control
switches in series with the electromagnetic means
for operating the normally open electromagnetic
switch in the said second circuit, the sequences
of operation of said circuits being a three, two,
one, order.

2. In an encine starting system including a
starting motor and controls therefor, the com-
bination comprising three independent electrical
circuits, each being separably connectible o g3
common source, the first of said cireunits includ-~
Ing the starting motor, and an electromag-
netically operated normally open switch therefor;
the second of said circuits comprising an elec-
tromagnetically operated normally open switch, a
normally closed switch responsive to ensine op-
eration in series with the second electromag-
netically operated switeh, and electromagnetic
means for operating the started switch, said third

10
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circuit including two normally open controi
switches in series with the slectromagnetic means
for operating the normally open electromagnetic
switch in the said second circuit, said system be-
Ing rendered operative by closure of both of said
normally open control switches in the third cir-
cuit whereby the electromagnetically operated
swltch in the second circuit closes to energize said
circuit for closing the starter switch to ener-
gize the starting motor, said system remaining
operative until said switch responsive {0 engine
operation is opened.

PAUL L. SCHNEIDER.

HAROLD J. CROMWELL.
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