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To all whone it f}z;m/ COTVCCT IS

Be 1t known that I, THOMAS 1. III(JIKS a
blleCCL of the Queen of Great Britain, resid-

ing at Fort Wayne, county of Allen, State of

Indiana, haveinvented a certain new and use-
ful Improvementin Controlling and Regulat-
ing Mechanism for Engines; and I declare the
following to be a full, clear, and exact de-
scription of theinvention, suchas will enable
others skilled in the art to which it appertains

to make and use the same, reference being had

to the accompanying drawm% which form a
part of this speelﬁedtlon

This invention relates to new and useful-

improvements in controlling and regulating
parts of engines, and more particularly of
gas -engines for driving electric generators.
By the term ‘“‘gas-engine” I include all en-
gines which are opem,ted by exploswe mix-
bmes for producing power. -
My invention is especially intended to pro-—
duce a gas-engine which will be automatie in
its_regulation dnd at the same time be suit-
able for driving either constant- potentml or
constant- curr‘ent electric generators. |

My invention admits of and includes cer-

tain modifications to suit both constant-po-
tential and constant-current systems of clec-

trical generation and electrical and electro-

centrifugal governors, and that, too, without
departing from the spirit of the invention.
In the drawings I illustrate the application
ol my invention to both constant-current and
constant-potential systems, and 1 also illus-
trate both electrical and electrocentrifugal
governors. In one application of my inven-

tion the engine will maintain constant speed
upto1ts maximum power, and in another ap-

plication the speed of the engine will vary
with the load on the electric frenera,tor
latter application is spemally suitable for
arc-lamp systems of electric lighting; but it
will also prove to be equally useful in appli-
cation 1o constant-potential systems where
the field-magnets of the generators are only
shunt-wound—z. ¢., not compound wound.

The constructive parts embodied in my in-
vention may aiso be changed to suit engines
having either one, two, or any number of ex-
p]osmm of gas t0 each cyele of the engine- |

other parts.

2, and 3.

— —

piston, and also to suit engines having either
one, two, or any number of separate cylin-
ders and their pistons. My scheme may alse
be applied to steam-engines, and the various
parts may also be changed in form to suit va-
rious conditions, which wiil be readily under-

stood by any person skilled in this art.

- To these ends my invention consists of the

construction, combination, arrangement, and

application of the various parts which are

illustrated in the accompanying drawings,

and hereinafter desceribed and claimed.
The drawingsare largely diagrammatic, va-

rious part not embodied in myinvention and

unnecessary to the full understanding there-

~of beingomitted—such, forexample,as brush-
‘holders, journal-bearings, &ec.; but they will
be readﬂy understood by persons skilled in
these lines of art.

In the accompanying drawings, Figure 1 is

‘a view in diagram showing in combination
‘an engine, electrical generator, and my con-
“trolling and operating devices as applied to a

constant-potential system, the case of the

valves B and B® being shown in section. Fig.
2 1s also a diagam view showing a modifica~

| tion of some parts of Fig. 1, together with
3 is a diagram view show-
ing parts of Fig. 1 and the application of my
| Seheme to a eonstzmt current system.
of the engine and electrical geneérator are
‘shown to be cut away in this ﬁfrure
is a view, partly in diagram, showing a modi-
fication of a part of my invention which may
‘be applied to
tem of lighting.
showing parts in section.
‘also a mOdlﬁGELthIl in which I use an electro-
‘centrifugal governor as a means of regula-
This | tion 1nstead of solenoids, as shown in Fig. 1

‘Fig. 6 is a perspective view of .:L_
'Short -¢ir cultmﬂ‘ commutator, which is shown
‘also in a dif
Fig. 7is a detall view 1n &ectmn Showmﬂ the

rings Q Q' in section upon the %hd,ft P,

Fig.
Parts

Fig. 4

engines opemtmw either s SyS-

ThlS ﬁﬂ'me shows

er ent view in Figs. 1, 2, 3, and 3.

The parts in detail are indicated as follows:
A indicates one cylinder-head of a 0as-en-
A’ is the E‘\plOblO]l chmnbel for Lhe engine.

A*isasupport, preferably cast with th_e cyl-

Fig. 5 1s a diagram view
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1t descends far enough to make contact be-

2 _ 632,

inder, for supporting a hinged arm A3, which ]
1s actuated in its movements by a rotatable
cam A’

A® indicates the top of the erank-shaft of
the engine.

A° 1s the engine’s drive-wheel.

I5 1s a starting-valve which is operated
through the plunﬂer 3. Thisvalve Bisonly
mtended to be in use until the eleetric gen-
erator B~becomes generative of sufficient elee-
tric pressuve, after which the valve is thrown
out of commission, which I further explain
hereinafter. D7is a similar kind of valve to
B; but instead of being operated by electro-
magnetic means which may be varied in the
form of construction, as I show in Figs. 1 and
9, the valve I3® is provided with a plunger B,
carrying a valve-disk 0 for opening and clos-
ing a valve-seat 0.

I3* 1s a lever fulerumed intermediate its
ends, having a counter-pulling weight I3 at-
tached to one of its ends.

C is an electromagnet for operating the
valve D3

D and D', Fig. 2, are solenoid-governors for
actuating the movements of the valve :J
through its electromagnets N N'. D2 Fig. 5
1S an electmeentl IfLmaI governor for perform-
ing the same function as the solenoids D and
D’. The solenoid-governors D and D’ are
constructed alike in PIDS 1,2,and 3; but they
operate differently. In [ [‘ws 1 and 2 the plan-
ger D of the solenoid throws the electromag-
neb C Into action when the plungers ascend
tar enough to malke contact between the con-
tact- poiuts K and I, which closes the circeunit
through the electromagnet C; but in Fig. 3
the phmﬂel performs the same funetwn W hen

tween the points E E'. Thus the movements
of the plungersin the two cases are in reverse
directions to perform the same function.

I, I, I'*, and I¥¥ are four metallic pieces
Jformmn a frame-support for the plunger D? of
the solenoid.

I is a spring for supporting the solenoid-
plunger.

I°is a binding-post in metallic contact with
the frame of the solenoid.

(x 18 an armature of the dynamo D2 G’ is
1ts commutator.

> and G® are brushes.

Il 18 a driving-belt.

J, I'ig. 1, is a constant-potential work-cir-
cuit, and I, Tig. 8, isaconstant-current worlk-
circutt.

I is a ‘““closing-circuit” commutator for
causing the electronmn*net C to become oper-
ative in opening the Valve B% when the pis-
ton of the engine is in a favorable position
for recelving an explosion of gas. The valve
B3¢, therefore, is a timing- lev and operated
eon;|0111tly' b} the 001111111113&’&01‘ Liand solenoid
D, or solenoids D and DY, if two explosions
are to oceurinstead of one. The commutator
L, as shown in I'ig. 6, consists of three seg- |

716

ments 1, 2, and 3. There are two brushes M
and M, forming sliding contacts on the com-
mutator L; but current only flows from one
brush to the other when the two brushes are
on the segment marked 3. "T'he valve 13° is
only open to admit gas to the engine while
the brushes M and M are on the segment 3.

N and N'1in Fig. 2 are two sets of electro-
magnets for operating the valve B electro-
magnetically. When these magnects N and
N’ are used, then the valve 3% will not be nee-
essary. The engine will operate the valve I3
by the eam A* until the dynamo picks up.
Then by suitable means the cam can be re-
leased from acting upon the plunger of the
valve I3 and the latter themafter be operated
by the solenoids D and D', fig. 2, the solenoid
D controlling gas for one ‘end of the cylinder
and the solenoid D' controlling gas for the
other end of the cylinder or for Lwo separale
cylinders

N*is a bar of iron attached to the plunger
B’ of the valve B for lifting the plunger
through the influence of the mﬂjmets N N';
but instead of using these electromagnets
N and N’ for said purpose they may be Tused
for the purpose of holding the valve I open
after the dynamo picks up. I show this ar-
rangement in Fig. 4, where the magnets are
connected in a closed circuit with the gener-
ator B% Insuch a case these electromagnets
N N’" would simply take the place of the nut
O upon the plunger B’, Figs. 1 and 3, which
18 for the same purpose of holding the valve B3
open. after the valve B” begins to work, by
screwing thenut O downso as to lift the plun-
ger B’ and arm A’ up above the action of the
cam A*as Ishowin Fig. 3. Whenthe plunger
18 thus held up, the valve B is out of commis-
sion; but instead of arranging the magnets
N N'inaclosed circuitwith thedynamo forthe
purpose of lifting the w,lve I automatically
as soon as the valyve B° ] yegins to become op-
erative the circuit may be closed manually
by the switeh e.

In Figs. 1, 3, and 4 I show the valve B for
use in st.:wtmfr the engine only. Thereafter
the valve B® becomes the timing and only op-
erating valve to control the supply of gas for
the engine.

In Ifig. 5 I show what I designatean ‘“elec-
trocentrifugal” governor D- Any suitable
kind of a centrifugal governor can take the
place of the one I show. So long as the cir-
cuit through the electromagnet C is opened
and closed by the centrifugal action, to take
the place of the solenoid D, then the spirit of
this part of my invention is manifest. This
governor D~ consists of a rotatable shaft di-
vided into two portions P P’, the two parts be-
1ng insulated from each other, as I show at
P=  Upon the shaft P are two rings Q Q', Q
being in metallic contact with the shaft I’; but
Q" is insulated therefrom, as shown in Fig. 7

R is a mercury-cup, and R’ indicates mer-
cury.
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S'is an adg ustable screw passing through
the coverS', which latterisinsulated from tho
lower part of the cup R. |

T 1s the insulation for Sepambmﬂ' the two
named parts of the cup.

The cover of the cup S'is couneeted to the
ring Q' by the conductorT'. Duringrotation
of the governor the mercury recedes from the

center of the cup when the speed is sufficient,

and thereby breaks the circuit between the

lower end of the serew S and the mercury, and

when the speed slows down sufficiently the
circuit is again closed in a manner which will
be readily understood. A governor of this
kind has no other work to perform than to
simply make and brealk contact through the
mercury, and it is therefore very sensitive as
compared with a centrifugal governor which
would be required to operate the valve 1B3? di-
rectly.

In Fig. 5 I show a different kind of electro-
magnet C for operating the valve B? to that
shown in IFig. 1,1n Fig. 5 it being a combina-
tion of a solenoid and an electromagnet, the
plunger B* being divided into two portions,
B being a fixed pmtlon thewof and the coil
being shown in section.

In 1 I‘lbs 1, 4, and 51 show the case of the

valves I3 &nd % in section, so as to expose the
interior of the valves. The casings of two
valves BB and I3° can either be formed of one
casting, as I show in Figs. 1 and 3, or they

can be made of sepmwte parts smtdbly eon-'
‘nected together,

In Fig. 3 U and U’ indicate two fiéld-mag-
net wmdmfrs for the armature G, the coil U’
being

it.  The differential coil U’ may be cut out of
circuit by suitable contacts Vand V', and the
coll U may be short-circuited, either in all or
in part, as 1 indicate by the contacts V2 V2
and V4 V°,

Having thus referred to the various parts

shown in all of the figures, I will now explain
the manner in which my scheme may be oper-

ated to suit both constant-potential fmd con-

stant-current systems.
In an application for United States Letters

Patent filed by me September 13, 1895, Serial

No. 562,370, I disclosed a scheme for throw-
ing a valve similar in function to my pres-
ent valve B out of commission to prevent

gas-explosions in the engine. In that case
i operated the valve by 11110wmﬂ* the plunger
of the valve in or out of oounecmon with the
arm operated by the cam; but in this my
present case I throw both the plunger B’ and
the arm A® out of action together when I
wish to throw the valve B out of commission
for the purpose of having the valve B? con-
trol the supply of gas thereafter. It may
thus be seen that the two cases differ widely
from each other, for in that case the valve
I was used continuously to operate the en-
gine; but in this case it is only used to start

| which I disclose in Fig,
18 also different from the scheme disclosed

‘held open by the nut O, as shown in Fig. &,

o 4 diﬂ‘erential winding for demagnetiz-
mn'the field-magnets when neces&lty domandm-

1 clently.

2, which, however,

in the application referred to, inasmuch as

in that case the valve BB was opemted by the -

engine, while in this case the valve is to be

0pemted by electromagnetic means. In that
case, also, I show two setsof magneticdevices,

one being for sensitiveness and the other for

power, as I do in my present case; but in that
case the solenoid, which was marked G in
the drawings, Glosed the circuit through the
second mag meb when the potentml of the
electric euuentbe(,mne sufficiently increased,
while in this my present case the 19\?‘6186
occurs, the plunger of the solenoid closing
the ec¢ircult of the magnet as it ascends
by the potential of the current becoming
weaker, and the valve IC in that case (B in
this case) was only out of commission when
the cirenit was closed by the governing solen-
oid. Thereforeifanvthing Went Wrong, So as
to throw the dynamo out of use, the engine
would then receive the maximum number of
explosive charges, which would cause the
engine to begin at once to race, and damage
to the engine would also be likely to result.
Of course the former scheme could be sup-
plemented with extra devices to cut off the
gas in case the current gave out; but that
means trouble and expense. Now from what
has been said the constant-potential system
which I show in Fig. 1 will be readily under-
stood from the following deseription:

To start the engine, 1f the valve B has been

)

then the nut O must be turned towa,rd the

end of the plunger, soas to bring the arm A?®

in a favorable position for being acted upon
by the rotating cam A% as I show in Fig. 1;

butif the valve B be thrown out of use by
electromagnets, which I show in Fig. 4, then
the engine will always be ready tostart with-

out requiring to first arrange the valve B. We
will suppose that the engine is supplied with
a properignition device. Then when a charge
of gas and air has been forced into the igni-
tion-chamber by turning the drive-wheel AS,
which will open the valve at the proper mo-
ment for admitting gas to the engine, an ex-
plosion will occur, which will start the en-
gine running by its own power, and explo-
sions will then continue to occar at every
proper cycle of the engine-piston until the
dynamo B* gives out sufficient pressure to
operate the solenmd D, aiter which the solen-

oid will throw the cleebromagnet C into use,

50 as to open the valve I3° automatically by
the current and also allow it to become

¢losed by the counter-pulling weight B when

the speed of the engine has increased suffi-
The valve B is then to be thrown
out of use either by the magnets N N', or by
the nut O, or in any other equivalent man-
ner. When starting the engine, the valve B3
must. be held open until the magnet C be-
comes operative, after which the counter-

the engine, unless I resort to the seheme | weight BPand said magnet will open and close
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the valve; but the time when the valve B? | erning devices to operate a constant-current

must be opened to admit a charge of gas tothe
engine 1s governed by the act of the closing-
circuit commutator L, which of course oper-
atesin conjunction with the solenoid D, the
solenoid-plunger D° closing the circuit of the
clectromagnet C by the contact-points E K’
when the voltage of the generator I3* hasfallen
suificiently to allow the plunger to rise far
enough to bring the contact-points together.
Of course the contact-points are always to-
gether when thecurrent is off from the solen-
oid D, so as to be ready for operation when
the current is turned on. DBy properly con-
structing the solenoid D it will open and
close the circuitof the electromagnet C when-
ecver the current rises in pressure one-fourth
of a volt. I am therebyenabled by this com-
bination scheme to hold the voltage of the
worlk-circuitl J within a very small electric
pressure variation, and if the dynamo B> be
compound-wound thespeed of the engine will
then remain practically constant.

YWhen oper atmg an electric generator, the
voltage will always drop pro portmnally to the

heat of the field-magnet windings, and this

1s where my scheme beautifully cauutel acts
such a defect, for when the voltage drops the
valve B will be kept open until the voltage
rises to suit the adjustment of the solenmd
D. Therefore my scheme is well adapted to
operate electric generators which are only
shunt wound when supplying constant-poten-
tial work-circuits or generatorssupplying are-
lamps where the potential rises proportionally
to the number of lamps arranged in series.
I show this latter application in Fig. 3. In
this case the current of the work-circuit I
flows through the coil of the governing-solen-
old D, thereby causing the solenoid D to be
operated by variations in the volume of cur-
rent instead of by variations in the current-
pressure. In this case the circuit of the elec-
tromagnet C 1s always closed, except when it
1s opened by the timing closing-circuit com-
mutator L, the current being only diverted
from the said magnet by a by-pass.shunt J?,
FFig.3. YWhenthe volume of currentincreases,
the solenoid - plunger D® is thereby drawn
down, so as to make contact between the
pomts EE', which diverts all the current prin-
cipally throu gh theshuntJ* In thisway the
sald magnet i1s thrown out of use, so as to
allow its plunger to descend, and thereby
close the valve B~
In the application of my scheme to a Sys-
tem of are-lighting in which the work-cir-
cuit is traversed by a current of ten amperes
if only one lamp be turned on the engine will
then run just fast enough to cenerate the
needed pressure suitable for the one lamp.
If, however, ten hmps be then thrown on, the
speed of the engine will then i Increase enmwh
to generate an eleetue pressure sufficient for
the ten lamps, and 1n this way it will vary in
speed to suit any number of lamps. It may

therefore be secen that I need no other OV - |

work-circuit than the solenoid D and mag-
net C. However, in case the work-circuit
should become short-circuited I provide the
field - magnets with a differential coil T,
which may be cut in or out of circuit by any
suitable automatic device, or instead of us-
ing the coil U’ the exciting field-coil U may
be cut out by suitable portions, as I indicate
at V* Viand V*V° Vand V' indicate where
the differential coil U" may be cut out orin
CIreuit.

The speed of theengine will vary inversely
proportional to the variations of potential in
a. constant-potential system; bub In a con-
stant-current system the speed of the engine
will vary inversely proportional to any varia-
tions in the volume of current. "Thisis due
to the fact that in either case of increase the
valve B° will always become closed and there-
by cut off the supply of gas from the engine.
Changing the speed of the engine to suit the
electric pressure of the work-circuit 1s there-
fore a novel feature
portant feature of my invention.

In Figs. 1 and 3 I have shown the magnet
C to be operated by a solenoid D; but in Ifig.
5 I show how the solenoid may be dispensed
with and a centrifugal governor be used In
place thereof, If the centrifugal governor he
used, then the current would flow through the
ooverning parts as follows: IFrom the brush
* to the brush ¢ to ring Q', thence through
conductor 1", cover §', screw S, mercury R/,
shaft P, ring Q, brush ¢', brush M, segment
3, brush M', helix of magnet C, thence to dy-
namo G° in the direction of the arrow-head.
In the system shown in Fig. 1 the current
flows as follows: IFrom dynamo-brush G*
through conductor 4, thence through the coil
of solenoid D, conductor 5 to dynamo-brush
G Thisconstitutes the cireuit of the solenoid
D. Starting again at brush G® the current
flows through conductor 4, thence through
conductor 6, frame I’ and spring B, plunﬂer
D3, contact- pomts ‘K E', conductor 7, thence
Lhrounh the coil of the electvomwnet C,
thence through conductor 8, brush M", seg-
ment 3, brush M, conductor 9, back to dy-
namo through brush G*. In Fig. 3 the cur-
rent starts from brush G3, field-coil U, work-
circuit K, thence through the helix of the
solenoid D, and thence through either the
conductor 7, helix of magnet C, conductor 5,
brush M', segment 3, brush M, and back to
dynamo through the brush G*, orelse from the
helix of D, through the contacts E E', spring
4, frame F? and I and conductor J* to brush
G*to armature again. YWhen my devices are
used on an engine having two explosions to
one cycle of the piston, as I show in Ifig. 2,
then the two solenoids D D’ are adjusted so
that one of the solenoids does not begin to
operate the contacts K E' until after the other
solenoid is doing its maximum amount of
work.

As regards the two electromagnets C C

and constifutes an im-
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(shown in Figs. 1 and 5) I will add: The con-

struction of the magnet C (shown in Fig. 5)
requires no stuffing-box to be attached to the
valve forthe plunwer to pass through. There-
fore this form of combination of the magnet

C with the valve I3° is decidedly better as re-

gards friction with the stuffing-box.
Ilaving thus described my invention, and

in accordance therewith, I claim as new and

desire to secure by Letters Patent—

1. In asystem of power operation and reﬂfu-
lation, the combination with a gas-engine pro-
vided with a gas-supply valve, of a llmgnetie
device for controlling said valve, a source of
electricity for supplying said magnetic device
with current to operate said valve, and a cen-
trifugal governor for throwing said magnetic
dewce In and out of electmeal circuit 1:0 oP-

erate said valve for controlling the speed of

sald engine, substantially as described.

2. In a system of gas-engine operation and
regulation,the combination with a gas-engine,
of two gas-valves,and electromagnetic means,
oneof said valves being operated by said elec-
tromagnetic means,
means being thrown out of action to check the
speed of said gas-engine, the other of said
valves being used to operate the engine until
the valve, which is operated by electromag-
netic means,becomes operative, substa’ntially
a8 deserzbed |

3. Inasystem of power operation and regu-
lation, the combination with a gas-engine pro-
vided mth two gas-supply valves one of said
valves being 11sed only to opemte the engine
until the Second of said valves becomes auto-

matically operative, of electrically-operated
means for automatically throwing the start-

ing-valve out of action when thesecond valve
becomes operative,substantially as described.

4. In a system of gas-engine operation and
regulation, the combination with a gas-engine

and a source of electric supply, of avalve for

controlling the amount of gas for said engine,
an electromagnetic dewce for operating smd

valve 10 adrmt gas to saild engine, a close-cir-
cuiting commutator for timing the action of

said valve to suit the requirements of the en-

gine, and means for supplying said electro-

magnetic device with a current of electrieity

in a manner suitable to the speed of the en-
gine, substantially as described.

5. In a system of gas-engine operation and
regulation, the combination with a

sald electromagnetic

gas-en oine |

provided with a valve for regulating the sup-
ply of gas to operate said engine, and witha
source of electric supply, of an electromag-
netic device for opening said valve to admit
oas to the engine, and mechanical means for
closuw the VELIVG wheu the said electromag-
netic device ceases to become effective, sub-—
stantially as described.

6. In a system of gas-engine operation and
regulation, the combination with a gas-engine
and a source of electricity, of a valve B° for
controlling the supply of gas to operate said
engine, an electromagnetic device to operate
said valve, and an electrocentrlfu gal gov-
ernor for regulating the current of elecbmelty
from said source to operate said electromag-

netic device, substantially as described.
7. In asystem of gas-engine operation and-

regulation,the combination with a gas-engine,
of a valve B for starting the engine into ac-
tion, a valve B®for operating theengine there-
after, and clectromagnetic means for aunto-
matically throwing the valve B out of use
when the valve B® becomesoperative in a man-

‘ner substantially as desecribed.

8. In asystem of poweroperationandregu-

lation, the ecombination with a power-engine,

of a Valve B3, an electromagnetic device to
operate said valve an electric oenerator for

supplying satd elecbromawnetle device with

current, a by-pass circuif J , and an electric

| device for throwing said-eleetromagnetie de-
i vice in and out of cireuit by diverting the cur-
‘rent through said by-pass circuit J*, substan-

tially as described.

9. Inasystem of power operation and regu-
lation, the combination with a power-produc-
ing engine, of an engine-controlling valve B9,
an electromagnetic device for operating sald
controlling-valve, an electriec generator pro-
vided with field-magnet coils, means for cut-
ting said coils in or out of circuit to control
said electrie generator, and means for cutting

said electromagnetic device in and out of cir-

cuit to control the speed of said power-pro-
ducing engine, said engine being caused.to
vary in speed according to the work it per-
forms, substantially as described.
In testimony whereof I sign this specifica-
tlon in the presence of two witnesses.
| THOMAS H. HICKS.
‘W1tnesses:
THOS. A. PARISH,
HFLORENCE BUCKHURST,
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