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PATENT OFFICE.

CARL P. BROCKWAY, OF TOLEDO, OHIO, ASSIGNOR TO INDUSTRIAL RESEAEC‘E: don-
PORATION, OF TOLEDO, OHIO, A CORPORATION OF DELAWARE.

ELECTRIC SYSTEM FOR GENERATING UNITS.

Application filed April 28, 1919. Serial No. 283,261.

To all whom &t may concern:

Be it known that I, CarL P. Brockway,
a citizen of the United States, residing at
Toledo, in the county of Lucas and State of
Ohio, have invented certain new and useful
Improvements in Electric Systems for Gen-
erating Units, of which I declare the follow-
ing to be a full, clear, and exact description.

This invention relates to improvements in
controlling means for electric generating
systems, in which electric current is drawn
from a dynamo-electric machine driven by
a gas engine, and the surplus current not
needed for the load is stored in a secondary

battery. When it is desired to start the en-.

gine, the dynamo-electric machine is used
as a motor to turn the crank shaft of
the engine, drawing current for the purpose
from the storage battery. In its more essen-
tial aspects, the system here shown is simi-
lar to that disclosed in my co-pending appli-
cation, Serial Number 288,570, filed April
8, 1919.

The principal object of the present inven-
tion is the provision of means for breaking
the main circuit between the battery and
dynamo-electric machine, when, after the
starting lever is moved to starting position,
the engine shaft fails to turn, as would occur
should the piston stick in the cylinder.

Another object of the invention is the pro-
vision of means for closing and opening the
switch rapidly, thus eliminating all unnec-
essary heating of the switch contacts.

Still another object of the invention is the
provision of a novel connection between the
switch operating means and the compression
relief valve of the engine. '

Other objects, and objects relating to de-
tails of construction and economies of manu-
facture, will appear as I proceed with the
description of that embodiment of the in-

vention, which, for the purposes of the pres-

ent application, I have illustrated in the
accompanying drawing, which is a dia-
grammatic illustration showing apparatus
and connections embodying my invention.

The system illustrated is semi-automatic,
that is, it is designed so that the engine must
be started by the operator, but will be
stopped automatically when the storage bat-
tery has reached a predetermined state of
There is a provision however, for

stopping the engine manually, should the

operator desire to do so. In the drawing, 10
indicates a dynamo-electric machine to
which the crank shaft 11 of a gas engine
is directly connected. A fragment of the
engine cylinder is shown at 12. The cyl-
inder head contains a compression relief
valve 13, mounted upon a valve stem 14,
which has fixed thereto a guide sleeve 15 for
the end of a valve operating rod 16, A
spring 17 mounted between the cylinder head
and the sleeve 15 tends to hold the valve 13
closed. A storage battery is diagrammati-
cally indicated at 18, while an electric load,
illustrated as a bank of lamps, is shown at
19. For accomplishing the automatic stop-
ping of the engine, when the battery is fully

charged, I may employ a measuring instru-

ment, which preferably is an ampere-hour
meter indicated at 20.

The control means, in which is to be found
most of the novel elements of the present
invention, will now be described. At 21 is
shown the core, and at 22 and 23 the pole
pieces of an electro-magnet. Just above
the pole piece 23 is located a pin 24, upon
which are separately pivoted an armature 25
of great magnetic permeability, and an
armature 26 of lesser permeability. Weights
97 and 28 tend to lift the forward ends of.
the armatures 25 and 26 respectively. Up-
on the forward end of the armature 26 is a
block 29 of insulation, which carries a pair
of spring contacts 30 and 31, adapted to
engage fixed contacts 32 and 33. The con-
tact 31 is bent down so as to reach contact
33 before the contact 30 reaches the con-

“tact 32.

Above the base of the sprin% contacts 30
and 31 is secured an upwardly extending
spring finger 34, which at its upper end
bears against the lower surface of a spring
metal arm 85, fastened at its rear end by
a screw 36 to the container for the control
apparatus. The arm 85 normally bears
against the flat face of a cam 37, which is
secured to a rock shaft 38, and thereby tends
to hold the rock shaft, together with its
handle 39, in the position illustrated in the
drawing. A stop arm 40 is secured to the
armature 25 and extends forward, and par-
tially above, a second cam 41, also secured to
the rock shaft. In the normal position of
the rock shaft, the stop arm 40 is not en-
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39 is thrown to either of its extreme posi-
tions, indicated by the dotted lines in the
drawings, one of the points of the cam con-
tacts with the under surface of the stop arm
40, and thereby holds the armature 25 in the
dlevated position shown in the drawing.
However, when the handle 89 is in the neu-
tral position, this armature may be depressed
manually by pressure applied to the top of
a push pin or button 42.

At the end of the rock shaft, opposite the
handle 39 is a short crank arm 43, in which
is pivotally carried the lower extremity of
the valve operating rod 16.
evident from an inspection of the drawing,
the movement of the handle 39 from the
neutral position marked “A” in the drawing,
to the position marked “B,” at the same time
that it depresses the contacts 30 and 31, holds
the armature 25 in elevated position, and
pulls downward uﬁon the rod 16, opening the
valve 13 against the action of the spring 17.
When the handle is moved back to neutral,
the valve is closed by the action of the
spring 17. As the handle is moved from neu-
tral to position marked “C” in the drawing,
the spring arm 85 is again depressed, again
rocking down the contacts 30 and 31, if they
have risen in the meantime, and the cam
41 raises stop arm 40, if it has been depressed
in the meantime, and the rod 16 is raised,
sliding freely in the sleeve 15, and not af-
fecting the valve. -

The principal electric circuit of the sys-
tem is that which connects the dynamo-elec-
tric machine 10 with the storage battery 18.
From the latter a wire 44 leads to a series
coil 45, surrounding the core 21 of the elec-
tro-magnet. Thence a wire 46 extends tq the
contacts 30 and 31. From the fixed contact
32, a wire 47 leads to the positive brushes
of the dynamo-electric machine 10. From
the negative brushes a wire 48 leads to one
terminal 49 of the ampere-hour meter 20.
The internal circuits of the meter are con-
nected between the terminals 49 and 50, and
from the latter terminal a wire 51 leads back
to the battery 18. The field 52 of the dyna-
mo-electric machine is connected by iive
53 to fixed contact 33, and by wire 54 with
the negative brushes of the dynamo-electric
machine. The electric load 19 is connected
between the wire 55, which extends to the
terminal 49 of the ampere-hour meter, and
wire 56, which is joined to the wire 44.
From the fixed confact 32, a wire 57 leads
to a coil 58, which in turn is connected at
59 with a coil 60, the latter being connected
to ground at 61. From the point 59 a wire
62 leads to a contact point 63, located on the
face of the meter dial at the point indicat-
ing a full charge of the storage battery.
The contact 63 is adapted to be engaged by a
contact 64 carried by the meter hand 65. The
pivot of the hand 65 is joined by a Short

As will be-

1,487,603

wire 66 with the meter terminal 49. Small
projections 9 of a non-magnetic material are
Interposed between the pole piece 22 and the
armature 26, to prevent them from coming
into close engagement with each other.
Ignition for the engine is taken from an
auxiliary or third brush, 67, through a wire
68, to Wﬁi(‘h the primary winding 69 of the
ignition coil is connected. The other end
of the winding is connected through a timer
70 to ground, and also through a con-
denser 71 to ground, for the purpose of re-
ducing sparking across the timer contacts.

-The secondary winding 72 is connected

through the wire 73 to ground through a
spark plug 74 in the engine, and at the other
end through a wire 75 directly to ground.

Operation.

Assuming that the ampere-hour meter
shows :hat the battery is in need of recharg-
ing, the operator grasps the handle 39 and
throws it to position B momentarily only,
or long enough simply to enable the machine
10, acting as a motor, to get under way
without the load made by the engine com-
pression. Then he throws the handle 39 to
position C, in which position the valve 13 is
closed, and here, if all conditions are correct,
the engine should begin firing, when the
handle 39 may be released, whereupon the
spring arm 35 acting upon the cam 37 will
return the handle to neutral position. The
contacts 30, 32 and 31, 33, will remain en-
gaged, however, because of the action of the
electro-magnet. If it should so happen that
for some reason the crank shaft of the en-
gine could not turn, as for instance because
of the sticking of the piston in the engine
cylinder, the unusually heavy surge of cur-
rent from the battery to the dynamo-electric
machine, which is always present at the be-
ginning of the starting operation, would
continue while the handle 39 was being held
in positions B and C. Now, the armature
26 1s so designed that while such a heavy
current is passing through the coil 45, the
magnetism induced is sufficient to oversatu-
rate the armature. Hence, the lines of force
seek another path, which they find in arma-
ture 25, which is of considerably greater
permeability than armature 26. As soon as
the operator releases the handle 39 and it
moves to neutral position, armature 25 is
free to move downwardly, which it does in
response to the heavy magnetic flux. There
being nothing in the way, the armature 25
moves into direct contact with the pole piece,
forming a nearly closed path for the lines
of force of the magnet. The lines which
theretofore threaded the armature 26 were
forced to pass through a gap caused by the
non-magnetic projections 9, and hence, they
at once take the easier path through the ar-
mature 25 after that armature comes into
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engagement with the pole piece. Thus the

armature 25 magnetically short circuits the
armature 26, and the latter armature tilts
upwardly at its forward end in response to
the action of the weight 28, thereby break-
ing the contacts 30, 32 and 31, 33 and pre-
venting further discharge of the battery
through the dynamo-electric machine. By
this means also, the operator is apprised of
the fact that the engine is not in working
order. _

However, the above conditions will seldom
obtain. If the engine has a supply of fuel,
and if the carbureting and igniting appa-
ratuseg are in proper order, the engine will
start. During starting, current flows from
the battery 18 through wire 44, coil 45, con-
tacts 30 and 32, and wire 47, to the machine
10, then acting as a motor, and from the ma-
chine 10 through wire 48, ampere-hour
meter 20 and wire 51 back to the battery.
Current for the field 52 flows from the bat-
tery 18 through wire 44, coil 45, wire 46,
contacts 31 and 33 and wire 53 to the field
coils 52, thence through wire 54 to the ma-
chine 10 and from the latter through wire
48, ampere-hour meter 20 and wire 51 back
to the battery. A fraction of the current
passing through contacts 30 and 32, passes
through the shunt consisting of wire 57, and
coils 58 and 60 to ground at 61, and from
ground at 80 or 81 through wire 48, ampere-
hour meter 20 and wire 51 back to the bat-

tery. A

Iguring the discharge of the battery the
magnetic effects of the coils 45 and 58 are
cumulative, and are opposed by the magnetic
effect of the coil 60. The latter coil is con-
siderably stronger than coil 58, but during
starting, the current passing through coil
45 is very heavy and is easily sufficient to
produce a magnetic effect overbalancing the
algebraic sum of the effects of the coils 58
and 60, and hence, holds the armature 26 in
attracted position. While the motor is get-
ting up speed, its load gradually decreases,
and the effort required merely to keep the
engine shaft turning at a given speed is so
much less than that required to start the
rotation, that the current passing through
the coil 45 after the motor is up to speed no
longer produces enough magnetism to over-
come the algebraic sum of the effects of coils
58 and 60, together with the effect of the
weight 28. Hence upon release of handle
39, if the engine has not by that time begun
to fire and to run under its own power, the
armature 26 rocks back on its pivot, break-
ing the electrical connections and terminat-
ing the discharge of current from the battery
through the motor. _

In case the engine starts properly, as it
will do in the great majority of instances
before the operator releases the handle 39,
the electric machine 10 will then become a

8
nerator and will send current back
through the main circuit, that is, from the
machine 10 through the wire 47, contacts
32 and 30, wire 46, coil 45, wire.44 to the
battery 18 and thence throughy wire 51,
ampere-hour meter 20 and wire 48 back to
the electric machine 10. Current for the
field will flow through wire 47, contacts 32,
30, 31 and 33 and wire 53 to the field coils
52, and thence through wire 54 to the elec-

-tric machine 10. Current for the shunt

coils 58 and 60 flows in the same direction
as before, going from the electric machine
10 to wire 47, contact 82, wire 57, coils 58
and 60 to the ground at 61, and from the
ground at 80 back to the machine 10. Igni-
tion current flows from the third brush 67
of the dynamo-electric machine through
wire 68, winding 59, timer 70 to ground and
from ground at 80 back to the dynamo-elec-
tric machine. Part of the current generated
may be used for the load 19 directly, and
without traversing the ampere-hour meter
20, its course being from the dynamo-elec-
tric machine 10 through wire 47, contacts
32 and 30, wire 46, coil 45, wires 44 and
56, to the load 19 and thence through wires
55 and 48 back to the dynamo-electric ma-
chine.

At this time, during charging of the bat-
tery, the current through coil 45 is in a
direction opposite that which it takes dur-
ing the discharging of the battery. Conse-
quently the magnetic effect of the coil 45 is
like that of coil 60 instead of like that of
coil 58, which is now opposed to that of
coils 45 and 60. These latter coils are much
stronger than coil 58 and hence, easily hold
in the armature 26, When, however, battery
18 is fully charged, and the hand 65 moves
around until the contact points 64 and 63
touch, a short circuit is formed around coil
60 by way of wire 62, contact points 63 and
64, meter hand 65, wire 66, meter terminal
49 and wire 48 back to the dynamo. When
this occurs the coil 45 not only loses the
assistance of coil 60, but a slightly heavier
current traverses the opposing coil 58, be-
cause of the lesser resistance. The magnetic
effect of the coil 45 is then not sufficient to
counteract both the effect of the coil 58 and
the effect of the weight 28. Consequently
the armature 26 tips back on its pivot 24
and the electric cirenit joining the battery
and dynamo is broken. At the same time
the field circuit of the dynamo-electric ma-
chine is broken, and hence the latter ceases
to generate current for the engine ignition,
and the engine necessarily stops. .

Should the operator desire to stop the
engine before the battery is completely
charged, he may do so at any time by merely
depressing button 42 until armature 25 con-
tacts with pole piece 22, whereupon arma-
ture 26 is magnetically short evircuited -and
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the electrical contacts 30, 32 and 31, 83
brolen.

Attention is called to the fact that when
the engine is being started and the operator
throws the handle 39 to the position B for
that purpose, the contacts 30 and 31 are
depressed until the contact 31 touches the
contact 33, when a current impulse passes
through the field 52, thus preventing too
great a surge of current through the arma-
ture of the motor, when the contacts 30 and
32 come into engagement. Also, this first
current impulse in passing through the field
52, threads the magnet coil 45 and induces
magnetism, which acts upon the armature
26 pulling it quickly down upon the mag-
netic insulation 9 and completing the tight
engagement of the contacts 30, 32 and 31,
33. This is an important feature of the in-
vention, in that it reduces heating of the
contacts when connection is made.

I am -aware that the particular embodi-
ment of my invention above described, and
illustrated in the accompanying drawing, is
susceptible of considerable variation with-
out departing from the spirit thereof, and
therefore I desire to -claim my invention
broadly as well as specifically, as indicated
by the appended claims.

I claim as my invention:

1. In an electric generating system, an
electric circuit, an automatic switch for
opening and closing said circuit, a gas en-
gine having cranking means operable by said
electric circuit and having a compression re-
lief valve, a switch operating handle capable
of limited motion in either direction, means
for manually closing the switch by moving
the handle to either extreme position, means
for opening said compression relief valve
operable by movement of the handle to one
extreme position only, and means for auto-
matically returning the handle to intermedi-
ate or neutral position whenever it is re-
leased by the operator.

2. In an electric generating system, an
electric circuit, an automatic switch for
opening and closing said circuit, a gas en-
gine having a compression relief valve and
cranking means operable by said switch, a
switch operating handle capable of limited
niotion in either direction, means for man-
ually closing the switch by moving the han-
dle to either extreme position, means for
opening said compression relief valve op-
erable by movement of the handle to one ex-
treme position only, means for automatically
returning the handle to intermediate or neu-
tral position whenever it is released by the
operator, and electro-magnetic means for
holding said switch closed. 4

3. In combination, a gas engine having
electric cranking means and a compression
relief valve, a current source for said crank-
ing means, an electro-magnet having a coil

1,487,893

and a pole piece, a pair of armatures in po-
sition to be attracted by said pole piece, one
of said armatures carrying an electric con-
tact, a fixed contact adapted to be engaged
by said armature when said armature is
shifted toward the pole piece, an electric cir-
cuit including said current source and elec-
tro-magnet coil, non-magnetic material in-
terposed between sald contact carrying ar-
mature and said pole piece, a rock shaft ca-
pable of limited motion in either direction
from a neutral position, a handle therefor,
a valve operating rod, means operated by
said shaft when thrown to one extreme posi-
tion to accomplish threé purposes, first, to
shift said rod longitudinally to open said
valve, second, to shift said contact carrying
armature towards said pole piece, and thirff,
to hold the other armature away from said
pole piece, and when thrown to the other
extreme position, to withdraw said rod, but
to keep the armatures in the positions afore-
said, and means tending to withdraw said
contact carrying armature, whereby, when
said handle is returned to neutral position,
a current of more than a certain predeter-
mined strength will oversaturate said con-
taet carrying armature, and cause said other
armature to be drawn into engagement with
said pole piece, thereby magnetically short
circuiting said contact carrying armature
and permitting it to be withdrawn.

4. In an electric generating system, a gas
engine and a motor operatively connected to-
gether, a storage hattery, a series circuit in
which said motor and battery are connected,
an electro-magnet having one coil connected
in said series circuit and a second coil con-
nected in a shunt across said series circuit, a.
pole piece for said magnet, a pair of arma-
tures adapted to be attracted by said pole
piece, an electric contact carried by one of
said armatures, a fixed contact in position to
be engaged thereby, said contacts being con-
tained in said seriles circuit, means tending
to retract said armature, the magnetic ef-
fects of said series and shunt coils being op-
posed during the discharging of said bat-
tery, the coils being so designed that dur-
ing the heavy discharging at the beginning
of the engine starting operation, the mag-
netic effect of the series coil overbalances
that of the shunt coil and maintains said
contacts together, while as the motor ap-
proaches its normal speed, this overbalanc-
ing effect is lessened and finally overcome by
the tendency of the switch to open, whereby
the series circuit is broken in case the engine
fails to start, means for preventing said con-
tact carrying armature from coming into di-
rect engagement with said pole piece, where-
by when said electro-magnet 1s energized
sufficiently, before the engine shaft begins to
turn, said eontact carrying armature will be
oversaturated and the other armature drawn
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into engagement with the pole piece, thus
magnetically short circuiting the contact ar-
mature and permitting it to be withdrawn.

5. In combination, a gas engine and an
electric motor operatively connected, a cur-
rent source, an electro-magnet, an armature
therefor, a switch controlled by said arma-
ture, said current source, electro-magnet
switch and motor being in circuit when sai
armature 1s attracted, means for manually
shifting said armature into attracted posi-
tion, said magnet being so designed as to

hold said armature in attracted position
while the heavy current necessary to bring
the motor up to speed is passing, but to re-
lease said armature because of the smaller
current passing when said motor attains a
predetermined higher speed and means for
magnetically short circuiting said armature
and opening the switch after said manual
means is withdrawn in case the engine fails
to turn. .

In testimony whereof, I affix my signature.

CARL P. BROCKWAY.
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