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1

The present invention relates to a ‘backfire

protective device for engine starters, and more
particularly to a mechanically actuated switch

mechanism for preventing actuation of the
starting mechanism while the engine is rotating
backward. | o

It is an object of the present invention to
provide a novel mechanism for preventing actu-
ation of an engine starter while the engine 1S
rotating or rocking backward.

It is another object to provide such & devme
which may be arranged to prevent actuation

of the starter whether the engme is rotatmg |

backward or forward.
It is another object to prev1de such a devme
which, after cranking has commenced, wiil not
interrupt the cranking operation.
. It is gnother-ebjeet—to—provide ‘such a dev1ce
which may be actuated by any exposed moving
part of the engine or its auxiliaries.
It is another object to provide such a device
incorporating a two-stage starter control.
Further objects and advantages will be 2~
parent from the following description taken in

connection with the accompanying drawing, in

which: |

Fig. 1 is a semi-diagrammatic illustration of a
preferred embodiment of the invention, the
starting switch and control mechanism being
shown partly broken away and in section;

Fig. 2 is a side view of the starting switch

and control mechanism partly broken away and

in section, showing the parts in idle position;
~ Pig. 3 is a detail of the control mechanism
showing the parts in cranking position;

Fig. 4 is a view similar to Fig. 1 showmg a
second embedlment of the invention;

Fig. 5 is a side view of the starting switch
and control mechanism shown in Fig. 4, the
parts being shown in the positions eseumed
when the control switch is initially clesed while
the engine member ig stationary;

Fig. 6 is a detail similar to Fig. o showing.

the parts in the positions assumed when the
control switch is actuated during backward ro-
tation of the engine part;

| Fig. 7 is a view similar to Flg 1 of a thlrd em—-
 bodiment of the invention; and |

10

1D

20

30

45

" Pig. 8 is a detail in side elevation, partly :

broken away and in section, of the contact
mechamsm of Fig. 7 in cranking posﬂslen

In Fig. 1 of the drawing, there is 111ustreted a,
starting system comprising a battery | grounded

at 2 and connected by a lead 3 to a magnetic

b

2 |
4 A lead 5 connects the starting switch with

the starting motor SM which 18 greu'lded at 6
to complete the starting circuit.
The starting switch 4 is provided with a

- solenoid 1, energization of which is. controlled

primarily by the operator, and secondarily by
an automatic means for preventing such ener-

oization when the engine to be started is ro-

tating backward. As here shown, this 15 ac-
complished by means comprising a manual
switch 8 connected to battery { by a lead 9, and
connected by a lead Il to a backfire protectwe
device indicated generally by numeral 12. This
device comprises a casing 13 containing a sole-
noid 4, with a magnetic plunger 5 slidably
mounted therein within a bearing member 16.
The plunger (5 is normally maintained in its
upper position as shown in Fig. 1 by means of
a spring 171, and carries on its lower end an
insulated eontact 18. A yoke member {9 is slid-
ably mounted on the magnetic plunger 15 ad-.
jacent its lower end being retained thereon by
a cap 21 which serves as the mount for the.
contact 18. A pin 22 is arranged to traverse'
the yoke {9 and is slidably mounted at its ends
in guideways 24, 25 formed in the lower end of
the casing I[3.

An arcuate contact carrying member 23 of
suitable insulatine material such ag fiber is piv-

otally mounted on the pin 22 and carries on 1ts

arcuate surface a curved contact element 26
which is normally spaced slightly from the con-

" tact 18, but may be engaged therecby when the

plunger moves downward through the yoke 19.

The yoke is normally held in extended relation

to the plunger by means of a spring 27 located
on the plunger above the yoke {9, so as to main-
tain contacts 18, 26 disengaged.

Means for normally maintaining the contect.
carrying member 23 in alignment with the
plunger 15 is provided in the form of a tension

spring 28 attached as indicated at 29 and. 31

to the contaet carryineg member and the yeke
{9 respectively.

The lower end of the contact earrymg mem--
bher 23 has a block 32 of suitable frictional ma-
terial such as fiber fixed thereto as by means
of a coupling member 33. The block 32 is ar-
ranged to project beyond the housing {3 and a
flexible diaphragm or boot 34 is plefembly em-

- ployed to close the lower end of the casing while

permitting longitudinal and pivotal movement

of the coupling member 33.

The casing 18 is provided with a bmdmg post-

startmg sw1tch mdmated generally by numerel 58 35 to which the lead (1 ef the eontlol elrcult. .
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is attached, and this binding post is connected
by a lead 36 to one end of the solenoid (4. The
opposite end of the sclenoid is connected by =
lead 37 to a binding post 28 which is grounded
as Indicated at 39 to complete the circuit for
energizing solenoid {4. Binding post 85 is also
connected by a lead 41 to the contact #8, and
the arcuate contact 2§ is connected by a lead
42 to a binding post 48 which is connected by
a lead 44 to one end of solenoid 7 of the mag-
netic starting switch 4, the opposite end of
which Is grounded as indicated at 45 to com-
plete the control circuit for the starting switeh.

The backfire protective device {2 is mounted as
llustrated adjacent a moving part 45 of the
engine to be started or of an auxiliary mechanism
actuated thereby, so that the fiber block 32 will
engage the moving part 45 when the magnetic
plunger 5 is actuated. The device {2 is so
mounted that the axis of the pin 22 forming the
pivotal mount for the fiber block 32 is parallel
to the axis of the engine part 48, and rotation
of the engine part in & forward direction as indi-
cated by the arrow in Fig. 3 thus causes the CO1-
tact carrying member 23 to be rotated in a clock-
wise direction as there shown. The contact 25
Is arranged to extend from the upper portion of
the contact carrying member 22 a sufficient dis-
tance to maintain its engagement with the con-

tact {8 during such clockwise movement of the

contact carrying member. Counterclockwise
movement of the member 23 due to backward
rotation of the engine part moves the contact 28
out of the path of contact 18, however, so as to

hold open the control circuit for the magnetic -

starting switch 4.

In the operation of this embodiment-of the in-
vention, starting with the parts in the positions
illustrated in Fig. 1, closure of the manual switeh
8 causes energization of the solenoid {4 which
pulls the plunger {3 downward. This motion is
transmitted through the spring 27 to the yoke
member {9, thus moving the fiber block 22 into
engagement with the engine part 46, If the

engine is stationary at the time, the upright .

position of the contact carrying member 23 is
maintained and further downward movement of
the plunger 15, after the movement of the COon-
tact carrying member 23 is thus arrested, causes

the contact 18 to engage the contact 25, thus

completing the control cireuit for the starting
switch 4, causing closure thereof io actuate the
starting motor. The consequent rotation of the
engine part 46 causes the contact carrying mem-

ber 23 to swing around its pivot pin 22 in a clock-

wise direction as shown in Fig. 3 but this pivotal
movement does not interrupt the control cireuit,
s0 that the cranking operation is continued.
When the engine starts, opening of the control

switch by the operator causes the parts to return
to normal position.

If, when the control swtich 8 is closed, the

engine part 46 is rotating backward due o 3
backfire or for any other reason, when the fiber
block 32 engages said part, the contact carrying
member 23 is rotated in a counterclockwise direc-
tion thus moving the contact 25 out of the path
of contact {8 whereby the control circuit for the
starting switch is held open. As soon as the
backward movement of the engine parts ceases,
a reactuation of the starter control will cayse
energization of the starting mechanism in the
usual manner. | |
In the embodiment of the invention ustrated
In Figs. 4, 5 and 6, means are provided for Pre-
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in Pigs. 4 and 5.

4

venting actuation of the startine mechanism
while the engine to be started is rotating or rock-
ing in either direction, and additional means are
incorporated to prevent interruption of the
cranking operation after it has commenced.

As shown in Fig. 4, the starting system com-
prises a battery 51 grounded at 52 and connected
by a lead 53 to a magnetic starting switch 34
which in turn is connected by a lead 55 to tha
starting motor SM which is srounded at 55 to
complete the starting circuit. The backfire pro-
tective device indicated generally by numeral 57
comprises g casing 58 containing a solenoid 59
and a magnetic plunger 6! slidably mounted
therein. The plunger is normallv maintained in
Its upper position as shown in Fig. 1 by a sprin
62 and carries on its lower end an insulated con-
tact 63 by means of a spring arm §4. A voke g5
is pivoted on a pin 68 which is slidably mounted
in slots 67, 68 in the lower end of the casing 58.
The upper portion of the yoke 65 is sttached as
indicated at 89 to a pin 70 slidably mounted in
the lower end of the plunger 8{ and retained
therein by suitable means such as a cotter pin 71
traversing slots 72, 13 therein. The pin 10 1S
normally held in extended relation to the plunger
5! by means of a spring 14. |

A contact carrying member 15 is pivotally
mounted on the pin 66 within the yoke 85 and
has on its upper end a contact 15 which is in
the path of movement of the contact §3 when
the member 7% is in upright position as shown
Means for normally holding
the member 15 in such upright position is pro-
vided in the form of a coil sprine 1T anchored at
its ends to the member 15 and the voke 65

-respeetively.. .

T A e

The backfire protective device 57 is mounted
adjacent a moving part 78 of the engine in such
manner that when the solenoid 59 is energized
the movement of the plunger 61 causes the con-
tact carrying element 15 to engage said moving
part, and to be rotated thereby, if the engine is
In motion at that time, so as to move the contact
16 out of the path of contact §3.

The starting switch 54 is arranged to be actu-
ated by an electromagnet 719, and a control cir-
cuit therefor is provided comprisine a manual
switch 80 connected by a lead 81 to the hattery
ol and by a lead 82 to a binding post 83 mounted
on the casing 58. A lead 84 connects the binding
post 83 to one end of the solenoid 59, the oppo-
site end of the solenoid being connected by a
lead 83 to a binding post 86 which is srounded at
87. Lead 84 is also connected by a lead 88 to the
contact 63, and the contact T8 is connected by a
lead 89 to a hinding post 90 which is connected
by a lead 81 to one end of electromagnet 79, the
opposite end of which is grounded as indicated
at 92 to complete the control circuit for the
starting switeh.

In order to prevent interruption of cranking
due to the forward rotation of the engine part
i3 by the starting motor, a holding resistor 83
is bridged acress the leads 82, 91 of the control
circuit, the value of the resistor being such as to
pass suilicient current to hold the starting switch
closed, such current being insufficient however ta
efizet initial closure thereof. | |

In the operation of this embodiment of the in-
vention, closure of the manual switch 88 effects
energization of the solenoid 59, causing the
plunger 6f to move downward, bringing the con-
tact carrying member 715 into engagement with
the engine part 18, If the engine is stationary at
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the time, the upright position of the contact
carrying member 15 is maintained, and further
movement of the plunger 61 causes the contact
63 to be brought into engagement with the con-
tact 76, thus completing the control circuit for
the startmg switch which is thus actuated to

energize the starting motor. The consequent
rotation of the engine part 18 by the starting
motor causes the contact carrying element 15 to
be rotated on. the pin 66 so as to disengage the
contact 16 from the contact 63. Energization of
the electromagnet 719 1is, however, maintained
sufficiently by the current flowing through re-
sistor 93 to hold the starting switch 54 closed and

prevent interruption of the cranking operatmn-

When the engine starts;, opening of the control
switch 80 by the operator causes the parts to
. return to idle position.

~ If, when the control switch 80 is initially closed -

the engine is rotating or rocking in either direc-
tion, such motion of the engine part 18 will cause
pivotal movement of the contact carrying member
15 as soon as it engages said part, thereby moving
the contact 16 out of the path of contact 63 so
ac to hold open the control circuit and prevent
actuation of the starting mechanism,

The contact carrying element 15 is preferably
shaped as illustrated so that when it has been
swung out of its upright position by motion of
the engine part 18 in either direction, it will
maintain its displaced position irrespective  of
reversals of movement of the engine part 18, so
that actuation of the starting mechanism can-
not take place until the operator has deenergized
the solenoid 59 and then caused reenergization
thereof. This is desirable since it prevents the
possibility of the actuation of tr the

el e ——

6 |
spring 119. 'The lower end of the plunger (1T

hag fixed thereon a cup member. 121 carrying an
insulated contact 122. A yoke member (23 is

~ slidably mounted on the plunger I 1T and is nor-
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anism during- a*back‘rﬁék “of the engme dfterm_"

fm ward rotation thereof has ceased.
In Fig. 7 of the drawing, there is 111ustrated an
em bodiment of the invention incorporating a two-

stage starter control, that is, one in which the

starting motor is initially energlzed by a reduced

~voltage from the battery, the full voltage of the_

haitery being applied to the starting motor after

such initial energization thereof. As illustrated, -

the starting circuit comprises a battery (81

erounded at 182 and connected by a lead 103 toa

- magnetic starting switch 104. Switch 104 is con-
nected by a lead {95 to a resistor 106 having such
o, value as to reduce the voltage of the batiery
sufficiently to properly control the initial actua-
tion of the starting motor. Resistor- 106 is con-

nected by a lead {07 to the starting motor SM
which is grounded at (08 to comnlete the starting

circuit.
- A second electromagnetic switch | 09 is provided

for short-circuiting the resistor 106 as well as the

startineg switch 184, and for this purpose is con-
- nected by a lead {11 to the battery lead 103, and
hy a lead 112 to the starting motor lead IDT
- Starting switch 104 is arranged to be actuated
by a solenoid 113, and the second magnetlc switch
109 is similarly provided with a solenoid 114.
- Means are provided -for controlling both these

sclenoids so as to prevent energization of the

starting circuit when the engine is rotating in
either direction, and further to secure closure of

- the second magnetic switch hy the initial rota~

tion of the engine after ¢losure of the starting
switch 184. For this purpose, a solenoid 115 is
mo mted in a casing {16, and a magnetic plunger

117 is slidably mounted in the solenoid by means.
; _oF a- hearing 118 in position to be drawn down- -

ward into the.s,_ole_nmd against the pressure of a

50

- O
Gt

" mally pressed against the contact carrying cup

{2f by a compression spring 124. A pin 125
traverses the lower ends of the yoke arms and Is

‘slidably mounted at its ends in guideways 126, 12T

formed in the interior of the casing 116.

A movable contact carrying member 128 is
pivotally mounted on the pin 125 and carries on
its upper end a contact 129 which is normally
maintained in the path of the contact 122 by
means of a tension spring 131 attached at its ends
to the contact carrying member 28 and the yoke
(23 as indicated at 132 and (33 respectlvely The
contact carrying member 128 also carries adja-~
cent its upper end a second contact 134 which
is movable into the path of the contact 122 when
the contact carrying member 1is rotated in pzh
clockwise direction as shown in Fig. 8. --

A friction block 135 of suitable material such-
as fiber is mounted on the lower end of the con-

tact carrymg member 128 as by means of a con-
nector 36 in position to project out of the cas-

ing 116, and the lower end of the casing is pref-

erably closed by means of a flexible boot (31.
The casing 116 is mounted adjacent a movable

part 138 of the engine to be started, in such posi~

tion that the friction block (35 will be moved into
engagement with the engine member by the ini-
tial movement of the plunger 11T when the sole-
noid {15 is energized, whereby the contact carry-
ineg member 128 will be moved about its pivot 125
in a clockwise direction when the engine is rotat-

ing forwardly as indicated by the arrow in Fig. 8.
- Means under . the.control.of the. operator. for
energlzmg the solenoid {15 is provided compris-
ing a manual switch {39 connected to the battery
lead 103, and by a lead 141 to a binding post 142

on the casing 116. Binding post 142 is connected

by a lead 143 to one end of the solenoid 119, the
opposite end of which is connected by a.lead (44
to a binding post 145 whmh is grounded as 1nd1-'

- cated at 1486,

In order to provide a control 011 cmt for sole-

" noid 113 of the starting switch 104, one end of

the solenoid is connected by a lead 141 to the

battery lead 103, and the opposite end is con-

nected by a lead 148 to a binding post 148 on the
casing 116. Binding post 49 is connected by a
lead 151 to the contact 129. Contact 122 is con~
nected by a lead 182 to the grounded bmdm post
1425 to complete said control circuit. N
Similarly, solenoid 114 for the second '*ﬂagnetlc
switch 109 is connected by a lead {33 to the
starting circuit lead 105, and by a lead 154 to a
binding post 155 on the casing 116, which binding -
post is connected by a lead 156 to the contact I34

GO on the contact carrying member 128.

70

In operation, closure of the manual swzltch l39- |
completes the circuit through the solenoid 115
whereby the plunger. i17 is drawn downwardly,
the yoke 123 with the contact carrying member.
128 being connected to move with the plunger
by the spring 124. When the friction block {35

engages the engine member 138, the downward

movement of the contact carrying member 128
and the voke 123 is arrested whereby the further

downward movement of plunger #i71 brings the

contact 122 into engagement with the contact
carrying member 128. If at this time the engine

‘Imember is stationary, the contact 129 is in the

path of contact 122, arid the control circuit for

75 the solenoid 113 of the starting switch is com-
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pleted through contacts 29, 122 i5 the ground
whereby the starting switch 182 is caused to close
and energize the starting motor from the hattery
10! at a reduced voltage by virtue of the re-
sistor i106. Initial rotation of the engine mem-
ber 138 by the starting motor causes the friction
block 135 to swing the contact carrying mem-
ber 128 in a clockwise direction as shown in Fig.
8 thereby bringing the contact 124 into engase-
ment with contact 122 thus completing ¢he con-
trol circuit for the second magnetic switech 109
which thereupon closes and connects the starting
motor directly to the battery thus utilizing the
full battery veoltage to crank the encine. It will
be understocod that the space between the con-
tacts 129 and 134 is Iess than the width of the
cooperating contact {22 whereby the Ilatter
bridges said space and causes closure of nag-
netic switch 169 priosr to the opening of the start-
ing switch 104, After the starting switch opens,
the control circuit for the magnetic switch 09
Is maintained fully energized by current supplied
to the starting mector lead {05 through the mag-
netic switch 189 and resistor 105, Since the cur-
rent drain through this confrol circuit is very
small compared to the cranking current, the volt-
age drop through the resistor (88 under these
circumstances is negligible, and the solenoid 114
is maintained fully energized as long as the man-
ual switch 138 is held closed. When the engine
starts, the manual switch {39 is opened and the
parts returned to their idle positions as {llus-
trated in Fig. 7.

If, when the manual switch (39 is first closed,

the engine is rotating rearwardly because of a

previous backfire, or for any other reason, when
the friction bBlock 135 engages the moving engine
member 138, it will cause the contact carrying
member {28 to swing in a counterclockwise di-
rection, thereby moving the contact (28 out of
the path of contact {22. The further movement
of contact 122 thus causes it to engage the con-
tact carrying member {28 without completing the
centrol circuit for solenoid (13 through contact
129, whereby the starting mechanism is prevented
from being energized. Likewise, if when the
manual switch 139 is closed, the engine is rotat-
ing In a forward direction, the block 135 will
swing the contact carrying member (28 in g
clockwise direction so that when the contact 122
engages the contact carrying member, it makes
connection with the contact 134 instead of the
contact 129. Inasmuch as contact 134 is at this
time dead, since the starting switch (84 has not
closed, the starting mechanism is agaln prevented
from being energized. |

Although certain embodiments of the invention
have been shown and described in detail, it will
be understood that other embodiments are pos-
sible and that various changes can be made in
the design and arrangement of the parts illus-
trated without departing from the spirit of the
nventicn gs defined 1*1 the claims appended
hereto. |

What is claimed is: |

1. In an engine starting system, agn electrical
clrguit, closure of which causes actuation of the
starting mechanism, -said ecircuit comprising a
air of normally open contacts, means under the
control of the cperator for moving one of the
contacts toward the other and means actuated by
s, moving part of the engine for displacing the
second mentioned contact flOIIl the path of the
movaizle cantact.

2. In an engine starting system, a starting cn‘-‘

oy |
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cull including a magnetic starting switch, a con-
trol circuit for the starting switch including a
palr of normally open contacts, means under the
control of the operator for moving one of the
contacts into engagement with the other to close
the control circuit, means responsive to move-
ment of a member of the engine to be started for
moving the second contact out of the path of the
first contact, and means for preventing the auto-
matic deenergization of the starting switch by
forward movement of the engine member.

3. In an engine starter, a starting circuit in-
cluding a battery, a starting motor, manually
controllable means for applying part of the volt-
age of the battery to the motor, and means re-
sponsive to initial forward rotation of the en-
gine for applying the full voltage of the battery
to the motor.

4. In an engine starter, a starting ecircuit, a.
battery, a starting motor, manually controllable
means for applying a part of the voltage of the
battery to the motor, and unitary means respon-
sive to backward rotation of the engine to pre-
vent energization of the starting motor, and re-
sponsive to forward rotation of the engine for ap-
plying the full voltage of the battery to the start-
iIng motor.

9. An engine starter as seft forth in claim 4 in-
cluding further, means responsive to forward ro-
tation of the engine, for preventing initial ener-
gization of the starting motor.

6. In an engine starter, a starting circuit in-
cluding a battery, a starting motor, a starting
switch, and a resistor for reducing the voltage
from the battery applied to the starting motor
upon closure of the starting switeh, and means

- responsive-to- initial forward rotation of the en-

gine after closure of the starting switch for
short-circuiting said resistor.

7. An engine starter as set forth in claim 6 in-
cluding further, means responsive to rotation of
the engine in either direction for preventing clo-
sure of the starting switch.

8. In an engine starfer, a starting circuit in-
cluding a battery, a startineg motor and electro-
maghetic starting switch, and g resistor for re-
ducing the voltage from the battery applied to
the starting motor by closure of the starting
switch, a control circuit for the starting switch,
a second electromagnetic switch for connecting
the starting motor directly to the battery, a con-
trol circuit for the second electromagnetic switeh
including said starting switch, means responsive
to rotation of the engine in either direction for
preventing closure of the control circuit for the
starting switch and means responsive to forward
rotation of the engine for completing the control
circuit for the second electromagnetic switch
through the starting switch.

9. An engine starter as set forth in claim 8
comprising further, means including a manual
switch for controlling the energization of both
control circuits.

DONALD 1. MIT.L.ER.
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