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To all whom it may concern:
Be it known that I, Cuarres F. Kerter-

ING, a citizen of the United States of Amer-

ica, residing at Dayton, county of Mont-

5 gomery, State of Ohio, have invented cer-
tain new and useful Improvements in En-
gine-Starting Systems, of which the follow-
ing is a full, clear; and exact description.

This invention relates to starting systems

10 for internal-combustion enginks, an? more
particularly to systems for use in connec-
tion with internal-combustion engines using
}flfalvy hydrocarbons, such as kerosene, for

tel.

15 «The principal objection to kerosene as a
fuel has arisen from its difficulty of vapor-
ization when cold, or at normel tempera-
tures, and especi from the apparent im-
possibility of obtaining sufficient vaporiza-

24 tion of such cold fuel to permit starting of

the engine. Many devices have been tried

for producing ready vaporization of this
fuel, and a number of these work success-
fully after the engine has been started upon

a high-grade 'fue%land operated until bot,

but no successful means for starting-an en-

gine on kerosene alone has been heretofdre
evised. - '

The object of the present invention, there-
fore, i5 to provide means for subjecting such
a heavy
liminary to operating the starting mecha-
nism, which will induce a sufficiently ready
vaporization to insure starting of the en-
5 gine without the ude of any supplementary
high gravity,fuel whatsoever, and to.auto-
matically delay functioning of the starting
apparatus-until such time as the prelimi-
nary treatment of the fuel has been com-
pleted. :

This invention has been especially de-
vised for use in connection with a lighting
S{stem, jn which a kerosene engine drives an
electric machine to charge a storage battery,
and it is therefore described and illustrated
in such connection. It is to be understood,
however, that my invention is by no means
limited in its applicability, but that it may
be used in connection with any type of in-
ternal-combustion e
character of the-fuel used or the purpose
. to which suchengine is put.

In the drawing, in which like characters
of reference designate like parts throughout
the various views, Fig. 1 is a diagrammatic
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hydrocarbon fuel to treatment pre-.

ine regardless of the

Serial No. 260,777,

view of a complete starting system compris-
ing my invention-and Fig. 2 is a modified

.form of circuit closing apparatus.

In the drawing, 21 is an internal-com-
bustion engine having an inlet manifold 22 60
for supplying the necessary fuel thereto.
Driven by this engine is an electric machine
23, having its positive terminal 24 connect-
ed by means of the conductor 25 to the posi-
tive pole 26 of the storage battery 27 and
adapted upon operation to charge this bat-
tery. This electric machine is a%so adapted
to act as a motor for starting pu s, the
operation being.such that when it is desired .
to start thflengm' eil:urrent from ‘the battery -
97 is supplied to the field magnets and arm-
ature thereof, causing a rotation of the arm-
ature which is operatively connected to the
driving shaft or flywheel of the engine.
Such rotation of the armature during the
passage of current through the field mag-
pets will start the engine. Operation of the
engine will in turn rotate the armature, and,
as soon as the speed of rotation thereof is
sufficient, the current-generated will start so
charging the battery. It is quite obvious.
that any other form of electric starter for
the engine can be used, if desired, ingsmuch
as the precise form of starter is immaterial
so far as concerns this particular invention.

Located in any convenient place is & meter
28, one terminal 29 of which is connected to
the negative pole 30 of the battery 27, by
means of the conductor 31. This meter 28
may be an ampere hour meter operable in
both directions to -indicate the state of
charge of the battery. The other terminal
32 of this meter is connected through the
conductor. 33 with one terminal 34 of the
controller 35. Another terminal 86 of the
controller is connected through the conduc-
tor 37 with the negative terminal 38 of the
electric machine 23, The controller 33 is

referably similar if structure ‘to that one
illustrated and described, in the co-pending 100
application. of Charles 'F. Kettering and’

illiam A. Chryst, filed Se_%tember 14, 1916,
Serial No. 120,088. Controller 35 includes a
magnet coil 130 connected between terminal-

34 and contact- 131 and magnet coil 132 of 105
relatively fine wire connected with terminal
133 and contact 134. ' Wire 135 connects con-
tact 134 with eontact 136 which is connected
normally. by a resilient contact 137 with
terminal 86, Contact 137 may be moved by 110

05

-y
L



2]

handle 39 but is insulated therefrom.- Con-
tact 138 is normally out of engagement with
contacts 131 and 134 but may be moved into
engagement therewith by handle 39. Ter-
5 minal 133 is connected by wire 141 with the
positive side of the-charging circuit. Con-
tact 136 is connected by wire 139 with ter-
minal 140 of the electric machine 23.
The actuator will now be described: Car-
ried by the meter 28 and movable across the
face thereof for indicating purposes is
hand 40. Rigidly attached to the face of
the meter is a contact element 41 connected
by means of the conductor 42 to the ter-
minal 43 of a switch operated by the ac-
tuator solenoid 46. Movably attached to the
face of the meter 28’is a contact element 44
‘connected by means ef the conductor 45 to
“the solenoid 46, which is in turn connected
20 :through the conductor 47 with the positive
pole 26 of the battery 27. As the battery

10
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" discharges or charges, the indicating hand -

40 will move to or from the contact 44. If

the battery discharges a sufficient amount,
25 this hand will move in contact with the con-

tact element 44 and force that element it-

self into.contact with the fixed element 41,

thus closing the circuit from the battery

-through - the -actuator solenoid 46 to ener-
30 gize the same.” : .

. . Positioned -adjacent the terminal 43 is a
corresponding - terminal 48, connected by
means of the conductor'49 and the heating
coil 50 to the conductor 47, and through that

35 conductor to the positive pole 26 of the bat-
tery 27." Located below the terminals 43 and

48 s the actuator dash-pot 51 having there:

in a‘ plunger 52. the upper end of which is
extended sufficiently to pass into the solenoid

40 46. ¢ Slidably surrounding this plunger 52
is a ring contact 53, normally held amainst.
the shoulder 54 of plunger 52 by means of
the spring 55. This ring 53 is so positioned
that normally it is held from contact with

45 the terminals 43 and 48. If, however, the
contact elements 44 and 41 are moved into
contact to thus close the circuit through the
solenoid 46 and energize that solenoid, the
plunger 52 will be drawn upwardly and the

50 ring t
spring 55, will be moved into contact with
the terminals 43 and 48, thus causing & cur-

~ yent to flow there-across and through the
heating coil 50. Because of the dash-pot 51,

s5 the upward movement of the plunger 52,
under the action of the solenoid 46, will be
gradual; the speed of movement being, of
course, entirely dependent upon the strength

of the solenoid and the rate of leakage into

6o the dash-pot below the plunger 52. As soon
as the ring 58 closes-the circuit through the
hesating coil 50,.across the contacts 43 and
48, the said coil. 50 will begin to heat up,
and inasmuch as it surrounds the intake pipe

65 through which fuel flows to the cylinder of

53, acting under the influence of the-
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the engine 21, it is evident tliat such pipe
will be also heated, so that any fuel flowing
therethrough will be more casily vaporized.
It has been found from experience that if
such a heavy hydrocarbon as kerosenc is
passed over or through a heating coil of
practicable dimensions as soon as current is
passed therethrough, the heat of the coil will
be dissipated by thie fuel as quitkly as gen-
erated and’ will be insufficient in amount to
vaporize the comparatively large quantities
of fucl passing to the engine. It is neces-
sary, therefare, to delay the passage of fuel
through the manifold until such time as the
coil has had an opportunity to heat the cn-
tive body of the manifold adjacent thereto,
so that ample heat will be stored up to cause
vaporization of the' fuel before undue cool-
ing of the manifold and heating coil can
ensue. Otherwise starting cannot be secured
by the use of a heavy fuel alone.

It is to give this opportunity for heating
of the manifold that the dash-pot 51 is
used. As is clearly shown in the drawing,
the plunger 52, when raised sufficiently by
the action of the solenoid 46, will' contact
with the handle 39 of the controller 35 to
cause the separation of contacts 136 and.137
and to cause contact 138 to move into en-

agement with contacts 131 and 134, there-
y permitting the passage of current from
the bagtery 27 to the electric machine 23
through the following circuit : wire 25, elec-
tric machime 28, terminal 140, wire 139,
contact 136, wire 135, contact 134, contact
138, contact 131, magnét coil 130, terminal
34, wire 33, meter 28 and wire 31. The elec-
tric machine is thus operatéd as a starting
motor, which, having a series field winding,
has strong “starting characteristics,. By
using the dashpot 51, the upward move-
ment of the plunger to move the handle
39 is delayed - sufficiently to permit of a

proper heating of the manifold 22. Con- -

séquently, when the handle 39 is moved to
start the engine, the manifold is heated to
such a temperature that the first kerosene
drawn therethrough is so vaporized as to
permit immediate starting of the engine.
As described abeve, the starting of the
engine is completely automatic and the ap-
peratus is so arranged. that such starting

_will take place before the battery has dis-
‘charged sufficiently to ceuse any injury

thereto. It is quite obvions, however, that
manual starting of the en%ine may be de-
sirable; as for instance, where the battery
is not discharged sufficiently to cause an
automatic starting, but where, nevertheless,
it is desired to renew the charge of the bat-
tery. In order to permit of manual start-
ing of the engine, a hand-operated switch
56 is provided, which is adapted to close
the circuit from the negative pole of the
battery 30, through the actuator solenoid 46,
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with the sume ensuing operations as are
present where the starting is automatic. It
is evident that to start the engine manually,
it is merely necessary to hold such switch
¢losed until the engine is started. This will
result in the passage of a current through
the solenoid 46 to move the ring 53 into
contact with- the terminals 43 and 48, with
a resulting passage of current through the
heating cotl 50. This will also, in due time,
cause the plunger 52 to move the handle 39,
“and thus start the engine. Starting of the
engine, therefore, either automatically or
manually, involves a definite sequence of
operations; in other words, closing of the
circuit through the solenoid 46, either manu-
ally or automatically, results in the passage
“of a current through the heating coil 50,
and, after a predetermined length of time,
in closing of the circuit supplying current
to the starter 23, to bring about-starting of
the engine. -
As soon as the engine attains a sufficient
speed of operation, the electric-machine 23
will begin to charge the battery 27. This
will result in a movément of the hand 40
away from the movable contact 44 to thus
break that contact and break the carrent
flowing. through the solenoid 46. "This will
in turn result in a return of the plunger 52

. to the bottom-of the dash-pot 51 to break

_ter, by engaging with contact 136,
ghort-circuit the series field winding dug--

40

the contact between the ring 53 and the ter-
minals 43 and .48, and to also permit of a
return movement of the controfler handle
39 and the resilient contact 137, which la.tﬁ
wi

‘ing the generating operation of the e ectric
_machine. . The controller handle 39 having
returned- to its original. position, the con-
troller will then be free to operate as a

_circnit breaker to automatically break the
-charging cireuit across the terminals 34

45 .
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and 36.. . "
As-described in the copending application
referred to, the contact 138 is maintained
magnetically in engagement with contacts
131 and 134 during the normal generafing
operation of dynamo 23. But, if forlany
reason, the generator voltage should : de-
crease below battery voltage, a reversal of
_current in magnet coil 130 will cause coils
150 and 132 to act differentially with the
-result that the contact 138, will drop-away
from the contacts 131 and 134 and the cir-
<iiit Between the battery and the generator
will bé broken. .Thus’it is apparent that
the return of the plunger 52 to the bottom
of the dash pot permits of the automatic
breaking of the charging circuit in the man-
ner described, '
Fig. 2 shows a modiﬁcati/gn.zof’ﬂle actu-
ating mechanism for the heating and start-
ing apparatus. _Contact of the terminals 44
and 41 causes a passage of current through

~drop away

by Letiers-Patent is:

with an,

the heating:.¢oil 50. This coil is adapted not -
only to heat the manifold with.which it is
associated, but, also, to heat the thermo-
static strip 60 and cause sufficient deforma-
“tion of that strip to close the switch 62, 70
which allows the passage of current through
the solenoid:63 and thus cduses’s closing of
‘the circuit through thei starting mecha-
‘pism. The salencid 63 may operate handle
39 of controller 35 in any suitable manner, 75
for example by drawing-down s plunger
63* which moves a lever 63° upwaré)ly into
engagement with handle 39. o

After the engine has been started and
the - battery charging operation continues, 80
the hand 40 moves away from contacts 44,
41 permitting them to -=separate and. to
break the circuit to the intake manifold
heater 50. Then thermostatic strip 60 will.
unbend’ and interrupt .the circuit between 85
the battery 27 and solenoid 63. Thereupon
controller handle 39 may peturn to niormal .

osition, and thereafter the contact 138 may
from contacts 131-and 134 when
the controller 35 operates automatjcally.to. 90
break the circuit. between the dynamo and.
battery. . - ' S~

While the forms of mechanisms herein
shown .and -described ‘constitute preferred
embodiments of one form of the invention, 83

it is to be understood rthat - other.forms
‘might be adopted, and various changes and .
alterations made in the shape, size;.and pro-
portiog of the elements therein. without de-
parting from the spirit and scope of the 100
inyvention. = . ‘ ' - .

What I claim ag new and desire to secure?

1. In a starting system, the combination .
with am 7nternal-combustion engine and .a 105
dynamo electric machine driven thereby - as
a generator, but operable a5 a motor to start
the engine; of a battery; a controller for -
connecting the dynamo with the.battexiy; ‘
an electric fuel vaporizer; an -electrically 110:
operated actuator for connecting seid vapor-
izer with.the battery and then, after a pre-
determined period, for rendering th¢: con-
troller operative, said actuator haying an
electromagnet and & movable member con- 115
trolling the vaporizer during. the first part -
of its movement and then the starter con--

. troller during a predetermined later part of

its movement, said actuator having means

to retard the movement of said movable 120
meinber toward the magnet; and means for
connecting said magnet with the battery.

9. In a starting system, the combination .
internal-combustion engine and a
dynamo electric machine driven thereby as 125
a generafor, but operub]e as a motor to start
the engine; of a battery; a controller for
connecting the dynamo with the battery; an
electric fuel vaporizer; an electrically oper-
ated actuator for connecting said vaporizer. 130
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,}vijﬂ the battery and then, after a predeter-
‘mined period, for rendering the controller
operative; said actuator having an electro-
magnet and-a movable member controlling
§ the vaporizer during the first part of its
movement and then the staiter .controller

during a predetermined latter part of its.

movement, said actuator having a dash pot

" to retard the movement of ssid movable
10. member toward the magnet; and means for
" coniiecting said magnet with the battery.
3. In a starting system, the combination

- with an internal-combustion engine and a
-starting device therefor; of a_fuel vapor-
izer; a-current source; an actuator having
an eleitromagnet and a movable member
. for rendering-the fuel vaporizer operative

" during the first part of its movement, and
. then for rendering the starter operative dur-
20 ing a predetermined later pnart of its move-
- ment, said actuator having dash-pot provi-
‘sions to-retard the movement of said mov-
able member; and weans for connecting the
magnet with the current source. .
’4, In-a starting system, the combination
-with an internal-combustion éngine. and 2
- dynamo electric machine driven thereby and

" operable’as a- generator or asa motor to
- start the engine; of a battery; a controller
3q¢" for connecting the battery and dynamo to-
*.‘gether to operate the latter as a motor, said

15

controller: having' provisions for maintain--

* -ing said connections between the battery and
* dynamo.during the generating operation of
the latter, said provisions. automatically
" breaking said connections when the battery
tends to discharge through the dynumo; a

35

. fuel vaporizer; an actuator operable to ren- . q
der. the: fuel vaporizer operative and' then,

40 after a predetermined period to render the
"> _controller operative; and means for control-
. ling said actuator, the release of said means
. permitting the said automatic operation of
id controller. o
5. In a starting system, the combination
with an internal-combustion engine and a
dynamag electric machine driven thereby and
operable as a generator or as a motor to

1,501,852

start. the engine; of a battery; a controller
for connecting the battery and dynamo to-
gether to operate the latter as a ‘motor, said
controller ‘having provisions for maintain-
ing said connections' between the battary
and dynamo during the genciating opera-
tion of the latter, said provisions sutomati-
cally breaking said connections when the
battery tends to discliarge through the dy-
namo; a fuel vaporizer; and means for ren-

dering the vaporizer operative and then, .
after a predetermined period for rendering:

the controller -operative, said means being
dependent on the state of battery ‘charge,
the release of said means permitting the
said automatic operation of ‘said controller.

6. In a starting system, the combination
with' an internal-combustion engine and a

50
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dynamo electri¢ machine driven thereby and -

operable as a generator or as a motor to
start the engine; of a battery; a controller

for connecting the battery and dynamo to--
-gether to operate the latter as a motor, said

controller having provisions for maintain-
ing said connections between the battery and
dynamo during the generating operation of
the latter, said provisions automatically
breaking said connections when the battery
tends to discharge through the dynamo; an
electrical fuel vaporizer; an electrical -actu-
ator operable to render the fuel vaporizer
operative and then, after a predetermined
period - to, render the controller operative;
and a meter connected with the battery and
adapted at a predetermined battery dis-
charge to connect the actuator with the bat-
tery, said meter operating after -a subse-
uent certain battery charge to disconnect

release said actuator to permitthe said auto-
matic operation of the controller. .

In testimony whereof I affix my signa-
ture. \ :

CHARLES F. KETTERING.

Witnesses:
J. W. McDonaLy,
M. A. Peare.
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said actuator from the battery, whereby to



