Nov. 27, 1923. 1,475,485
H. H. GORDON

Filed Aug. 11, 1918 4 Sheets-Sheet 1

LD
fo
7O '
&, ,
Y
=
TR
20,57) )
IE




Nov. 27, 1923. : 1,475,485
H. H. GORDON

STARTING MECHANISM FOR INTERNAL COMBUSTION ENGINES

Filed Aug. 11, 1919 4 Sheets-Sheet 2

\) Nl

AR \ N\ N
L TN
sVl A il
N\ —1 5 9| il § W

. \
R IE
| ke o | \J/ :/

A %R B

7
I 74
K

N ‘ TV
= < L OWN
‘§\ X3 %W\BK
N
l EM.UQM T
Sy ;

Attormey



1,475,485

H. H. GORDON

STARTING MECHANISM FOR INTERNAL COMBUSTION ENGINES

Nov. 27, 1923.

4 Sheets-Sheet 3

Filed Aug. 11, 1918

.

I LPFIAN LSV

& IWLy
NSO TAIE S

SEOLL PP/
T,

Ll /4
FNSDA LAY TSNS

LOSOTHA DD L K
wsigens Y B wim vop v
L R g
oo 22 _J #
Z24 .. PP,
NW& i 59 :\\ g9
225 5] G & w

I“m“u, 774 \=
, y=174 xAWv“ 4 Os7 MMR“

& 4/
K2t 4




Nov. 27,1923 11,475,485
H. H. GORDON :

STARTING MECHANISM FOR INTERNAL COMBUSTION ENGINES

. Filed Aug. 11, 1919 4 Sheets—Sheet 4
: ’ I .
7 y 77 7 ., €9,
. &7 v
S 67 69 A
C  w 66 \65 | 73 k
. o 3 Y
s e 2%
2t e | &2
!. ﬁlaz/uzﬁvléﬂ/ rrony

l . 70 vy EXHG N & Lo/ ryom
76 Y AW P EZEC THIC AIPCHINE

R s A
s LTINS
:;; A J _ﬂ_})&f?f:é =

' s 67 so
&3 ‘ 69 . .
&2 e 4.
_ . }(I 2

&J-
 wes o7 _
&3 1 7@ |
i ,
;'J‘ 70 5}9

Inventor .

o3 '
66 J
&7 = ) . M / ‘%246‘1

at&mnu,




Patented Nov. 27, 1923.

UNITED STATES
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PATENT OFFICE.

HAYNER H. GORDON, OF WASHINGTON, DISTRICT OF COLUMBIA, ASSIGNOR TO IN-
. DUSTRIAL RESEARCH CORPORATION, OF TOLEDO, OHIO, A CORPORATION OF DELA-

WARE.

STARTING MECHANISM FOR INTERNAL-COMBUSTION EﬁGmES.

Application filed August 11, 1919. Serial No. ‘316,862,

- T'o all whom it may concern: :
Be it known that I, Hayner H. Goroon,
a citizen of the United States, residing at
-Washington, in the District of Columbia,
5 have invented certain new and useful Im-
provements in Starting Mechanism for In-
ternal-Combustion Engines, of which the
following is a specification, reference being
had therein to the accompanying drawing.
10 This invention provides means for the
ready setting in motion of an internal com-
bustion engine and effecting its normal op-
eration. The internal combustion engines
“which are customarily used on vehicles and
15 in stationary power plants must be set in
motion prior to their normal operation, and
this invention includes means and methods

to accomplish this result. :

~As ordinarily set in motion from inde-
20 pendent motive plants, it has been neces-
. sary to utilize a starting unit which is ca-
pable of overcoming the.inertia of the in-
ternal combustion engine and its associated
parts, and this necessitates the use of a start-
25 ing unit of considerably larger size than is
ordinarily’ required for the generation of
electric current for lighting and ignition.
This invention makes possible the use of a
- unit of moderate size and one which, while

30 large enough to generate current for igni-

tion and lighting, need not be large enough
to deliver motive power capable of over-
coming the inertia of the internal combus-
tion engine itself. I have disclosed in this
35 invention means interposed between the
electrical starting unit and the internal com-
bustion engine adapted, when put in motion
by the electrical starting urit, to overcome
the inertia of the internal combustion engine
40 and set it in normal operation. This means
has been provided in the form of an auxil-
iary internal combustion engine of sufficient
size to set the main internal combustion en-
gine in operation. In this way the electrical
45 starting unit need be only large enough to
set in motion the auxiliary internal com-
bustion engine which, in turn, will start the
main internal combustion engine.
One of the advantages of using my start-
50 ing system will be a reduction in the load
imposed upon the storage battery in the

starting operation. Since it will be evident
that the small electrical starting unit has to
put in motion only the auxiliary internal
combustion engine, a distinct advantage re-

_sults over such systems of electrical start-

ing in which the load on the system and the
stora¥e battery is the full inertia of the in-
ternal combustion engine. -

Another advantage to be obtained by this
method of starting is an insurance against
the battery discharging continuously at a
high rate during the starting operation.

It will further be evident from the de-

scription of the mechanisms involved that
I have provided means for restoring the elec-
trical circuits to the normal running condi-
tion as soon as starting impulse has been
given. -
My invention further provides for re-
charging an exhausted storage battery with-
out the necessity of utilizing the main en-
gine. A consequent saving of energy and
fuel is therefore evident. :

The power plant of an automobile is fre-
quently relied upon to furnish comﬁe‘ssed
air for inflating tires and the like. My in-
vention includes means to accomplish this
end by the use of the auxiliary engine rather
than by the larger power plant.
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Where it is desirable to make use of one

form of fuel for starting the engines and a
second form of fuel of heavier nature for
maintaining them in operation, this is ac-
complished by providing two sourcesof fuel
supply and means to connect either source
with the carbureter. '

Other advantages will be apparent and
evident from the structure disclosed in the

following description by way of example.

Referring to the drawings:

Figure 1 1s a side view of an internal com-
bustion engine adapted for.use in a motor
vehicle and including one form of the start-
ing mechanism hereinafter claimed; .

Figure 2 is a vertical longitudinal section
through the starting mechanism shown in
Figure 1;

Figure 3 is an alternative form of the
cylinder head in the auxiliary engine:

Figure 4 shows a vertical cross section
along the line 4—4 of Figure 2;
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Figure 5 is a diagrammatic showing of
the electrical circuits and the control switch
and key; 5 .

Figure 6 illustrates a switch plunger in
position for use when the auxiliary engine
operates as an air compresser;

Figure 7 illustrates the switch contacts
when the auxiliary engine is used to re-
charge the storage battery. The circuits are
closed only when the key member 76 con-
nects the switch points 80;. )

Figure 8 shows the normal position of the
switch contacts during the normal opera-
tion of the main engine; )

Figure 9 shows the switch contacts in the
transition point, having closed the circuit to
the auxiliary ignition previous to starting
the auxiliary engine; )

Figure 10 shows the position of the switch
contacts during the initial starting opera-
tion. Provision is here made for the auxil-
iary engine and the main engine ignition
circuits to be closed. In this position of the
plunger the clutch 42 is in engagement with
the clutch member 43. , : :

By way of example the drawings show a
four stroke cycle four cylinder engine in-
dicated generally by the numeral 1. Asso-
ciated with this engine in convenient ar-
rangement thereto is the starting unit con-
sisting of the auxiliary internal combustion
engine 2 and the electric dynamo-motor 3.

Gearing 4 connects the moving parts of the'

dynamo and auxiliary engine with the crank
shaft of the main internal combustion
engine.

The auxiliary engine 2 is of the two
stroke cycle type, has a crank case 3 contain-
ing the crank shaft 4/, the crank 5 to which
is connected the piston 6. The upper end
of the cylinder is closed by the screw-thread-
ed top 7 cooperating with interior screw

threads, this being of breech block construc--

tion if desired. Centrally disposed in the
upper member 7 is found a jump spark plug
9 which, as shown, has a self contained in-
ductive coil integral therewith. This spark-
ing- device is electrically connected to the
timer 10 which is mounted directly on one
end of the crank shaft 4 and operates to
produce a spark at the proper interval in
the stroke of the piston 6. The intake port
for the gaseous fuel is shown at 11, this port
drawing the gaseous fuel from the car-
bureter 12. The port 13 permits the gas to
be pumped into the explosion chamber in
the usual manner in which two-stroke cycle
engines operate, the exhaust being provided
for through the pipe 14. Pipe 14 passes
through the intake manifold 15 of the inter-
nal combustion engine and includes within
said manifold a main heating coil 16. The
exhaust gases having passed through the
coil 16 are delivered into the exhaust mani-
fold 17 of the main engine.

1,475,485

As disclosed, the fuel supply for the aux-
iliary engine is obtained from an auxiliary
noz‘zYe and associated air inlet 12°, construct-
ed as part of the main carbureter. It may
be advisable, however, to supply the fuel to
the auxiliary engine by means of a separate
auxiliary carbureter entirely separate and
distinct from the main tarbureter. By this
construction it is possible to run the aux-
iliary starting engine on a “high test” fuel
and operate the main engine on “low grade’
fuel.

Since the two grades of fuel require ele-
vated temperatures for their effective vapor-
ization, this is accomplished by the main
heating coil 16. : _

In the event that it is desired to use a
heavier grade of fuel during operation and
after the initial starting with a lighter fuel,
Erovision may be made for continuously

eating the inlet of heavy fuel after the flow
of hot exhaust gases from the auxiliary
engine has stopped, by reason of the stop-
page of the latter. An example of such
provision is shown in Figure 1 where a two-
way valve is placed upon pipe 14 between
the auxiliary engine and the heating coil.
A tube leads from the main exhaust mani-

fold to the two-way valve. During the start-

ing operation the coil is heated from the aux-
iliary engine, but as soon as the main engine
functions, the coil is heated from the exhaust
of the latter. The operation of the valve
may be either manual or mechanical, or, in
certain circumstances, it may be omitted.
In Figure 3 is shown an alternative struc-
ture to be used in place of the cylinder head
of the engine shown in Figure 2. This head
18 screws into the cylinder 2 and is used, as
will be hereinafter described, when the
smaller engine is operated as an air compres-
ser. This head 18 is applied by means of the
handle 19. Centrally disposed in the mem-
ber 18 is the pipe 20 and fastening 21, to
which a conventional air line may be applied
for pumping tires or other analogous uses.
The forward end of the crank shaft 4 is
given a flange form 22. Mounted upon the
flange 22 is a field frame 23 at the opposite
end of which there is carried the. circular
casting 24. Carried on the cylindrical inner
surfaces of the frame 23 are the field poles
25 and field windings 26 of a dynamo elec-
tric machine. Centrally disposed in the end
of the frame 23 is the boss 27 containing
antifriction means 28. Similarly carried in
the boss 29 of disk casting 24 is the antifric-
tion member 30. A shaft 31 is journaled in
the antifriction members 28 and 30 and this
shaft carries in juxtaposition with the field
poles 25, the armature 32 and its winding
33. The commutator 34 is mounted upon
the armature and in contact with the brushes
36. These brushes 36 are held in mountings
35 oppositely disposed upon the frame 23.
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Mounted on the end of frame 23 will be
found two concentric ring commutators 37
and 37’ in contact with brushes 38 and 38,
respectively, the brushes being held in
mountings 39. Where not desired to use the
auxiliary engine as a pump, only one ring
commutator 37 and its coacting brush are
necessary. The mountings 39 are mounted
upon the outer wall of the auxiliary engine
crank case. The brushes 38 are connected by
wires to the outlets 40.

Keyed upon the shaft 31 by means of the
key 41 is the over-running clutch combina-
tion consisting of the outer member 42 hav-
Ing conical bearing surface 43 held opposite
a conical bearing surface 34 of the casting
24. On the inner periphery of the member
42 rides a plurality of clufch rollers 45 re-
cessed in the outer periphery of the disk
46. This disk 46 is keyed to the shaft in
the manner above mentioned and by reason
of the recesses in its outer periphery serves
as an overrunning clutch. The member 46
is slidable longitudinally of the shaft 31
and is held in position by thé spring 47 and
the opposing spring 48. The inner mem-
ber 46 of the clutch carries a grooved collar
49. A yoked lever 50 operates in the groove
of the collar 49, has its fulerum frame struc-
ture at 51 and its opposite end is connected
to the lever 58 with which cooperates the
controlling plunger 54. The outer end of
the plunger 54 extends through the switch

- box on the dashboard, or other convenient

40

GO

65

-made to hold the

part of the vehicle, and is equipped with a
handle 55 for its manipulation. The link 52
carries adjustably a collar 56 against which
rides a lever 57 pivoted at 58 upon the in-
take manifold of the auxilia engine or
upon some convenient part o? the frame.
’II})I(()B movement of the lever 57 is limited by
the stop 58 riding against the lug 59 on the
frame. The lever 57 is held in its rearward

Pposition by means of the spring 60.

A switch box 61, through which the
plunger 54 operates, carries a plate 62 from
which extend the insulated contacts 63, 64,
65, 66, 67, 68 and 69. The plunger 54 is of
non-conducting material and carries on its
lower surface the conducting plate 70. Op-
posite to this plate is carried the recess
member 71. Upon the adjacent wall of the
switch box 61 is found the spring pressed
member 72 which cooperates with the re-
cesses in the plate 71 to retain the plunger
in adjusted position. On the same side of
the plunger with the plate 70 is placed the
recess 73. A key 74, insertable through the
wall of the box 61, serves to rotate a locking
device 75, one projection of which, 76, co-
operates with' the recess 73 of the plunger,
while am opposite projection 77 may  be
tion by engagement with the recess 78.

The systems of electrical connections are

plunger in retracted posi-

8

illustrated in Figures 5 to 10 inclusive and
include a battery 78 connected to the con-
tact 64, The contact 63 is connected through
the resistance 79 and brush and ring 37, 38’
to the electrical unit in the manner illus-
trated in the diagram. This connection is
éstablished when the plunger is at its inner-
most position and provides for the slow ro-
tation of the field magnets around the sta-
tionary armature, thus operating the aux-
iliary engine as an air compressor. Con-
tact 64 is connected directly to one terminal
of a storage battery 78, the other terminal
of the same being grounded. This contact
is therefore the main battery contact but
connected thereto by a lead 64’ is a supple-
mental contact 69. Contact 66 is conne-ted
by a lead 66 to a thermal regulator 82 which

1s in turn connected through brush 38 and

copper split ring 37 to the series field of the
dynamo electric machine, the armature
thereof and thence to ground.

The thermal regulator 82 consists of a
coil 83 of resistance wire, such as iron, hav-

ing a high temperature coefficient, wound

upon a metallic core 84. The resistance
winding is preferably in the form of strip
and is insulated from a metallic core by a
very thin heat conducting insulation such as
mica. The core 84 is composed of material
having a high specific heat, the core there-
fore acting as a heat reservoir. The weight
of the core is so selected with reference to
the specific heat, the size of wire, average
amount of energy passing therethrough, etc.,
that at ordinary rates of current flow
through the resistance winding, the heat
radiation from the core will be greater or
equal to the heat received from the wire
and no
therefore, resistance of the wire will take
place. In order to provide this radiation,
an opening 85 may be provided centrally of
the core. While the metallic core is illus.
trated as a heat reservoir, a fluid medium,
such "as mercury, or even water, with its
high specific heat may be employed. At
ordinaxfily running speeds the current flow
is.insuflicient to cause a rise in temperature
and therefore a resistance in the coil.
When the generator operates to charge the
battery, the core radiates in proportion as
it receives heat and there is no rise in tem.
perature. During the starting eperation a
heavy flow of current passes through the
regulator. This lasts for a short duration.
The core forms a reservoir to hold the heat
and its capacity must be satisfied before the
resistance wire rises in temperature. The
rise in resistance is therefore delayed until
after the starting operation has been accom-

-plished.

At slow speeds and where the generator
motorizes for any period of time, the flow of
current in the regulator will be such as to

perceptible rise in temperature and, .
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increase the resistance and therefore auto-
matically prevent the motorizing.

By the use of this regulator in the above
operations, there is accomplished the avoid-
ance. of other forms of regulators necessi-
tating expensive contacts and arcing circuit
breakers.

Contact 67 is connected directly to the
main engine ignition coil 81, while contact
68 is connected to the auxiliary engine igni-
tion system. Contact 65 is adapted to be
placed in connection with contact 68 by
means-of a pair of contact springs 80 which,
when desired, may be connected by means
of the locking lug 73 carried by the barrel
75 and operated by the key 74.

When in its normal position, plate 70 con-
tacts with the element 64 only.

The following movements of the plunger
take place during the operation of starting
the main internal combustion engine. The
switch 75 is released by a quarter turn of
key 64 and the plunger 54 slowly withdrawn.
When the plunger reaches the position as
shown in Figure 7, contact 66 is connected
to battery contact 64 and the dynamo elec-
tric machine is thereby energized, function-
ing as a motor.

assing through positions shown, respec-
tively, in Figures 8 and 9, the main engine
ignition is first connected to the battery by
means of contact 67 and the auxiliary engine
ignition subsequently connected with the
battery by contact 68. At this point the
auxiliary engine takes up its function, being
rotated by the field which revolved about the
armature, the latter held stationary by the
torque of the main engine with which it is
in engagement by gear 4.

After passing the position shown in Fig-
ure 8, further outward movement of the
plunger 54 is obtained against tension of the
spring 60, collar 55having been up against
arm 57. This movement opens the throttle
of the auxiliary engine and, at the same
time, causes the clutch member 43 to engage
member 44. At this time the plate 70 is in
the position indicated in Figure 10, the
dvnamo electric machine being disconnected
from the battery and the ignition systems of
both the main and auxiliary engines receiv-
ing their current from the supplemental bat-
tery contact 69. When the clutch members
engage, as just stated, the field and armature

5 structure of the dynamo electric machine is

locked together as a solid unit, and the aux-
iliary engine functions through the gearing
4 to crank the main engine. As soon as the
main engine takes up its cycle, part 42 of
the clutch over-runs the hub member 46,
these elements functioning as an over-run-
ning clutch, thereby automatically permit-
ting the main engine to over-run the auxil-
ialX engine.

s soon as the main engine starts, the

‘turned to position shown in Fi

1,475,485

plunger is released and is automaticallg- ll')e,-
re y
means of spring 60, whereby the ignition of
the auxiliary engine is interrupted by the
plate 70 ceasing to make contact with mem-
ber 68. T
"During normal running the compression
in the auxiliary engine prevents the field
member of the dynamo electric machine
from rotating, and the armature is rotated
by the main engine. The dynamo now func-
tioning as a differentially wound generator,
furnishes current of approximately constant
potential to the battery. o

If the battery, by virtue of disuse or other
causes, has become too weak to carry out its
ordinary function, it may be charged di-
rectly by the operation of the auxiliary en-
gine. For this purpose the plunger is pulled
out to the position indicated in Figure 7
and the key 74 is given a half turn. The
dynamo electric machine is thereby connect-
ed to the battery and the auxiliary engine
ignition system is energized through contacts
65, plates 80 and projection 73. The auxil-
iary engine is thereby started and operates
the dynamo electric machine as a generator
with stationary armature and rotating field
to recharge the battery, the stop 58 being
adjusted against the lng 59, gives suitable
throttle opening for this purpose, while the
release clutch members leave the main engine
idle. In this position the auxiliary engine
supplies current to the battery and for its
own ignition purposes. Measuring devices
may, of course, be placed in the battery cir-
cuit to determine the length of time during
which this operation should be carried out.

The structure of the auxiliary engine is
well adapted for use as an air compresser,
and means are provided for its operation to
compress air for inflating tires, and other
obvious uses. To accomplish this result it
is only necessary to- push the plunger 54 to
its innermost position in the switch box.
The conducting plate 70 will then close the
circuit from the battery through the mem-
ber 64 to the member 63, thence through re-
sistance 79 and to the electrical unit. By the
interposition of the added resistance 79, it
is possible to so adjust the sped of the elec-
trical unit, that is, the rotation of the field
around the stationary- armature, that the
auxiliary engine can properly be used as an
air compresser. The cylinder head shown in
Figure 3 will be used on the auxiliary engine
and will serve to provide an outlet for the
compressed air. Suitable inlet ports for the
intake of the air will be used in place of the
gas inlet.

It will be obvious that the main engine
ignition circuit will be opened and the en-
gine brought to a stop by restoring the plun-
ger to its normal position. .

Throughout the specification and claims
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"the term “motor-generator” has been em-

ployed. In the employment of this term it

_1s intended that it should receive a broad in-

10

15

terpretation equivalent to the term dynamo

electric machine, as descriptive of an elec-
trical apparatus capable of use either as a
motor or as a generator and having a single
or double set

It will be clear to one skilled in this art
that thé above assemblage of devices com-
prises a system for starting an internal com-
bustion engine with the minimum expendi-
ture of energy and with a most convenient
engagement of parts. There is also provided
a means for recharging the storage battery
and for producing useful work, such as com-
pressing air, incidental to the main start-

" ing function and without the necessity of

20

30

40

setting in operation the main internal com-
bustion engine. :

What I claim as my invention is:

1. In a device for starting an internal
combustion engine, the combination of an
auxiliary engine, a source of electric current,
an electric motor-generator in circuit there.
with having two relatively rotatable mem-
bers, driving connection between one of said
members and the auxiliary engine, driving
connection between the otger of said mem-
bers and the internal combustion engine, and
means to cause the motor members to rotate
in unison. :

2. In a device for starting an internal
combustion engine, the combination of an
auxiliary engine, a source of electric current,
an electric motor-generator in circuit there.
with having two relatively rotatable mem-
bers, one of said members adapted for rota-
tion with a shaft of said auxiliary. engine,
the other of said members having a driving
connection with the internal combustion en-

ine, and means to cause the motor mem-
rs to rotate in unison.

8. In a device for starting an internal
combustion engine, the combination of an
auxiliary engine, a source of electric current,
an electric motor-generator in circuit there.
with having two relatively rotatable mem-
bers, one of said members adapted for rota-
tion with the shaft of said auxiliary engine,
the other of said members having a driving
connection with the internal combustion en-

of either armatures or field
~windings or actually separated units,

gine, and means to cause the second said
miember to rotate with a speed equal to the
first said member, :
4 In a device for starting an internal
combustion engine, the combination of an
auxiliary engine, a source of electric current,
an electric motor-generator in circuit there-
with having two relatively rotatable mem-
bers, one of said members adapted for rota-
tion with the shaft of said auxiliary ine,
the other of said members having a driving
connection with the internal comiustion en-
ine, and means permitting the latter mem-
r to overrun the former member.

5. In a devicé for starting an internal
combustion engine, the combination of an

auxiliary engine, a source of electric current,
an electric motor-generator in circuit there-
with having two relatively rotatable mem-
bers, one of said members adapted for rota-
tion with the shaft of said auxiliary engine,
the other of said members having a driving
connection with the internal combustion en.
ﬁeine, friction means to cause the motor mem-

IS to rotate in unison and an overrunning
clutch between said friction means and the
internal combustion engine, :

6. In a device for starting an internal
combustion engine, the combination of an
auxiliary engine, a source of electric current,
an electric motor-generator in circuit there-
with having two relatively rotatable mem-
bers, one of said members adapted for rota-
tion with the shaft of said auxiliary engine,
the other of said members having a driving
connection with the internal combustion en-
gine, an overrunning clutch in keyed engage-
ment with one of the members and a friction
device connected with the clutch and in en-
gagement with the other member,

7. In an electrical system for a power unit,
& main internal combustion engine, an aux-
iliary internal combustion engine, a motor-
generator operably connected therebetween,
1gnition circuits for said engines, regulating
means in circuit with said motor-generator,
a parallel resistance circuit in circuit with
said motor-generator and a common source
of current selectably connected with said
circuits. .

in testimony whereof I affix my signature.

HAYNER H. GORDON.
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