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 UNITED STATES PATENT OFFICE,

EDWARD E. GRAY, OF PLANO, ILLINOIS.'

IIETHOD OF GENERATING POWER AND APPARATUS THEREFOR.

Do all whom it may concern: :

Be it known that I, Epwarp E. Gray, a

citizen of the United States, residing at
Plano, in the county of Kendall and State
of Illinois, have invented certain new and
useful Tmprovements in Methods of Gen-
erating Power and Apparatus Therefor, of
which the following is a specification.

This invention relates to methods of gen-
erating power and apparatus therefor; and
it comprises more particularly a method of
operating an internal combustion engine in
which during each stroke, or during certain

'strokes of a power piston, a plurality of
charges of hot combustion gases are caused

to impart impulses, in more or less rapid
succession to said piston, the number of such
impulses in any stroke being variable; and
the invention also comprises an engine in

“which such method may be carried out; the

invention being more fully set forth in the
claims,

A principal object of the invention is to
provide. for developing power by direct
combustion of suitable fuel and expansion
of the resultant’ cembustion gases 1n such
manner as to securs flexibility in operation
and -control of internal combustion engines
to a degree far beyond that heretofore at-
tainable.

- Another object of the invention is to' pro-

vide an internal -combustion engine espe-
cially adapted for use on automobiles -and
other motor vehicles, said engine to have
such flexibility of operation and contrél in
the matter of speed and power requirements
as .to render possible the elimination of
variable speed transmission gearing between
the engine ang the drive wheels of the vehi-
cle so universally employed heretofore.

Another object of the invention is to ac-

~complish the foregoing and other desirable

46

50

58,
' thug far proved of anv vractical vilue, the

results in a relatively simple manner while
attaining: high efficiency and’ consequent

‘economy in engine operation.

Other objects of the invention will ap-
pear as the description proceeds.’

Internal combustion engines have become
highly developed in many respects within
recent years, but no method has heretofore
been devised for controlling and varying
their speed of operation except within com-
paratively narvow limits. The difficulty has
been largely due to the fact thatin all types
of internal combustion engines which have

>

Specification of Letters Patent. [f Patented July 20, 1015.
Application filed Marck 23, 1914. Serial No. 826,647,

impulse for each working stroke of the pis-
ton is provided by the explosion or other
rapid combustion of a single combustible
charge, this charge being ignited usually
rather near the start of the working stroke
and the expansion of the resultant hot com-
bustion gases from this single explosion be-
ing relied upon to drive the piston to the
other end of its stroke. This method neces-
sarily results in wide variation in the in-
tensity of driving effort on the crank shaft
during the working stroke, varying from a
sharp maximum at the moinent of explosion
or ignition to a relatively low minimum at
the conclusion of the working stroke. The
result ‘is a jerky or non-uniformi thrust on
the crank; and anything more than the
roughest approximation to speed regulation
is obviously out of the question. Greater
smoothness of operation has been attained
to some extent by multiplying the number
of cylinders and arranging the relative an-

_gular positions of the several cranks in such
‘manner as to. secure a more constané re-
_sultant effort on the shaft.

Internal com-
bustion engines have also been proposed in
which a power piston uncovers. several ex-
plosion ports successively during its power
stroke and thus receives a plurality of im-

< pulses; but the number of impulses per

stroke in such engines remains constant.
But the question of accurate and flexible
regulation of the.spesd of the engine shaft
has remained to a large extent untouched.

"A certain degree of speed regulation has

been possible by the familiar expedient of
advancing or retarding ignition of the com-
bustible charge; bui, as is well known, this
method is effective only within relatively
narrow limits and is entively insufficient for
the wide range of speed variation requisite
in operating a motor vehicle, for example.

"It has therefore been necessary to- interpose

variable speed transmission gearing be-
tween' the engine shaft and the driving

wheels of the vehicle, thé engine being per--
mitted to.run at its slightly variable normal

speed, while the various component num-
bers of the transmission gearirg ave shifigd
as required to transmit modified motidn
from the engine shaft to the drive wheels:
Such transmission devices are of various

60
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types; but they are all more or less compli- .

cated and ave notoriously ‘troublesome and
unsatisfactory, as well as expensive in first
cost and up-keep. It is highly desirable,
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therefore, that such variable speed transmis-
sion gearing be eliminated, and that the
speec of the vehicle be controlled solely by
regulating the speed of the engine. The
attainment of this end forms, as stated, an
important object of the present invention.
Broadly considered, the invention contem-
plates driving a reciprocable piston or
equivalent power member by means of sep-
arate fluid pressure impulses, of which a

plurality may be applied to the power mem-

ber during a single working stroke or phase
movement thereof, and varying the number
and rapidity of succession of such impulses
per stroke or phase niovement without any
necessary fixed relation to the speed of said
power member. o
Especially marked advantages are real-
ized in applying the principles of my in-
vention to internal combustion engines; and
the invention thus finds its greatest utility
at present in connection with engines of this
general description. In the following dis-
cussion, therefore, the application of the
principles of the invention to internal com-
bustion engines, and more particularly to
engines of the reciprocating type, will be
referred to at length in illustrating the best
embodiment of the invention now  known
to me. -
According to. the present invention, the
force for driving the movable power trans-
mitting or motor element of the engine, as
for example the piston in the case of a re-
ciprocating engine, is derived not by ignit-
ing-a single relatively large charge of com-
bustible mixture at each working stroke or
analogous movement of the motor element,
but by igniting relatively small or fractional
charges of comhustible mixture and caunsing
them to act successively on the piston during
the working stroke, the number of charges
per stroke being capable of variation. In
other words, I make use of a plurality of ex-

plosions during each working stroke; and

the number of explosions per stroke may be
wvaried from zero to any desired maximum

in accordance with power requirements. :

That is to say, the range of variation
may, and ordinarily does, include different
pluralities of impulses per stroke. In this
way the amount of power necessary at

any given moment may be supplied with

substantially perfect” accuracy; and conse-

quently the speed of the engine may be con--

. trolled with similar accuracy. It is obvious

60
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‘that in.many cases under this mode of op-

eration, the charges exploded during the lat-
ter part of any working stroke do not ex-
pand to anything like the extent possible.

It is\therefore particularly advantageous in

the present invention to expand the exhaust
gases from g high pressure cylinder to a
Iow pressure cylinder in drder that they may
expand as far as is pradticable and thus

Jherein disclosed.
~however, that the invention is not limited 7¢
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utilize the energy of the gases as far as pos-
sible. I accordingly prefer to employ a
compound engine in carrying out the method
It is to be understood,

to a compound engine.

The successively acting' relatively small
charges may be caused to act on the piston
in any suitable manner. Thus, the charges
may be ignited in the high pressure cylin- 75
der itself, or they may be ignited outside
the cylinder and the resultant hot combus-
tion gases caused to enter the high pressure
cylinder in suitable succession. The impor-
tant point is that the rapidity with which so
these charges are ignited and consequently
the rapidity with which the successive re-
sultant impulses act on the piston shall be
variable at the will of the engine operator
to control and vary the speed of the engine 85
shaft as requirements may dictate.

In order to properly regulate cylinder
temperatures and also to obtain the full ben-
efits of compounding the expansion, it is ™
very desirable that a controllable amount of_ 90
water or water vapor be introduced into the
high pressure cylinder with each of the suc-
cessively ignited charges. Most advanta- -
geously a small amount of water is caused
to enter with each charge at the moment of 95
ignition, this water flashing instantly into
steam which, after acting in conjunction
with the hot combustion gases on the high
pressure piston, is exhausted therewith into
the lower pressure cylinder ‘where it does 100
further work. The absorption of heat by
the evaporation of the water thus introduced
aids materially in keeping the cylinder walls
at the proper working temperature.

'The essential principles of the present in- 105
vention may obviously be carried out in va-
riotus forms of engines differing from each
other in details of construction. In order to
illustrate more clearly the nature of the in-

vention, I have, however, shown in the ac- 110-

companying drawings one type of engine
embodying the principles of my invention.
In these drawings, Figure 1 1s a central

" longitudinal section through'the high pres-
-gure cylinder; Fig. 2 is an elevation show- 115

ing the mechanism for actuating the valvesj.
Fig. 3 is a.section through both cylinders on

" the line 3—3 of Fig. 1; Fig. 4 is a detail of

the ignition means; Fig. 5 1s a detail, partly

in section, of the mechanism for controlling 120

the rotation of the charging valve; Fig. 6

is a detail section of the admission valve on

the line 6—6 of Fig. 1, the parts being

shown on a somewhat larger scale; and Fig.

7 1s & detail illustrating one form of car- 125

bureting means. : . .
Referring to the drawings, 10 is the high

pressure cylinder, water jacketed at 11, with-

in which is arranged to reciprocate piston

12, connected by rod 13 to crank 14, the 130
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crank being fixed to the engine shaft 16
carried in-suitable bearings as at 17. 18 is

- the low pressure cylinder, water jacketed as
gt 19 within which reciprocates piston 20
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“connected by rod 21 to crank 22 on the en-
gine shaft: The eranks are best housed in
a casing 23 of any suitable type.  As shown,

the ‘displacement of the low pressure cylin-
der s materially greater than that of the
high' pressure” eylinder, and the cranks are

“set 180 degrees apart. The engine shaft is

best - provided with! & re
wheel 24 fixed théreto. .

In the example herp illustrated, air is
compressed to a suifable pressure, to as high
as 200 pounds. for example, otitside the en-
gine, and is carbureted af or just prior to

tively heavy fly

admission to the engine. - Beparate charges

of “combustible mixture thus formed - are
ignited prior to actual admission info the

high pressure. cylinder itself, the ignited

charges being then admitted in controlled
sequence - to the high pressure cylinder
through a suitabls inlet valve. As here
illustrated, the high pressure cylinder is
provided at one end with an extension or
housing 25, water {ixcketed -as at 26, and
provided with a slig

ranged to revolve & charging valve or mem-
ber. 28, provided: with a plurality of pock-
ets 29, in this instance three, extending lon-
gitudinally of the valve member. The bear-
ing faces 30 of the valve are suitably ta:
pered to conform with the tapering interior
of chamber 27 so0 as to.form a close Sliding
fit therewith. This charging member may
be, and advaniageously is, hollow as shown
at 31, to provide for internal water cooling.
Thes charging. valve is arranged to be.re-
volved by mechanism to be hereinafter fully
described. Chamber 27 communicates with
the interior of the high pressure cylinder by
way of a passage or combustion space 32,
opening into the cylinder through tapered
or conieal port 83 of ample width located

in the end of sald cylinder in the present
-example. This port 1s controlled by 2 coni-

cal inlet valve 34 whose stem 35 projects
with a sliding fit through the wall 36 into
a chamber 37 the purpoge of which will be
explained later. The valve stem may be
packed as at 38 to insure a tight joint. A
spring 39 under compression between a
collar 40 on the valve stem and the bottom
of ¢aid chamber normally holds the valve
firmly on its seat. A screw threaded plug
41 is arranged to tightly close the outer

“end of the chamber in which the valve stem

works. . -
Combustible mixture under pressure is
supplied to the pockets of the revoluble

charging valve through a conduit 42 -and a:

port 43 in the valve housing, the connection

tly tapered cylindrical
bore or chamber 27 within which is ar--

3

controlled By a revoluble member 44 pro-

“vided with a port or passage 45. By suit-

able rotation of this controlling velve mem-
ber, connection between 42 and 43 may be
established or cut off as required. Leading
into chamber 27 is a compressed air conduit
46, and adjacent thereto 1s a discharge out-
let 47, the inner ends of conduits 46 and 47
being so located that each of the pockets 29
at a certain point in its travel is open to
both conduits 46 and 47 simultaneously.
The purpose of this arrangement. will be

- explained later.

Opposite to the charging valve and at the
same end of the cylinder is arranged the
revoluble exhaust valve 48, contained in a
housing 49 which may be water cooled as at
50, the valve being slightly tapered to
closely fit a correspondingly shaped bore in

‘the housing. The exhaust valve has a lon-

gitudinal passage or port 51 from which
Iead branches 52 and 53 which are arranged
substantially paraliel to each other and ex-
tend radiaily from said central passage to
the periphery of the valve member. DBranch
52 is arranged to register at proper times
with exhaust passage 54 leading from the
high pressure cylinder, while branch 53 is
arranged to register simultaneously with in-
let 55, whereby the exhaust gases from the

“high pressure cylinder may be admitted to

~J
D

©

b3

the low pressure cylinder for further ex- .

pansion. . :

Leading from the low pressure cylinder is
exhaust port 56 with which is arranged to
register at proper times a passage 57 ex-
tending transversely through the "valve
member 48 and serving to connect port 56
with discharge outlet 58 through which the
exhaust. from the low pressure cylinder is
discharged into the atmosphere.

The exhaust valve is oscillated to bring
passages 52 and 53 into and out of registry
with ports 54 and 55, respectively and to
bring the passage 57 into and out of registr
with exhaust outlet 58, by means of cran
59 suitably keyed to the valve stem 60 and

_actuated by valve rod 61, driven by eccen-

tric 62 adjustably secured fo the engine
shaft. Means are also provided for prevent-

the pockets of the charging valve during the
exhanst stroke of the high pressure piston.
In the present example this is accomplished
through the agency of a crank 62¢ also keyed
to valve stem 60 and connected by link 63 to

-crank 64 keyed to stem 65 of the éontrolling

valve 44. The arrangement of parts is such
that when exhaust valve-48 is in proper posi-
tion to connect the ‘high and low pressure
cylinder, the controlling valve 44 is turned
conduit 42 and port 48.

The operation of the parts thus far men-

'to -cut off communication between charging

100

105

110

115

ing the passage of combustible mixture into “-

120

125

between said conduit and said port being - tioned may be briefly described as follows: 130
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The pocketed charging valve is arranged to
be rotated in clockwise direction. During a
working stroke of the high pressure plston,
each pocket as it passes port 43 receives a
charge of combustible mixture under pres-
sure; and then passing further, the pocket is
placed in communication with the space. or
passage 32, whereupon the charge is ignited
hy means to be described later. The pres-
»ure developed by the ignition of the charge
forces the valve 34 mwardly, the highly
heated explosion gases flashing past the
lifted valve into the high pressure cylinder.
__The pocket in questlon is next brought into
registry with scavenging ports 46 and 47,
compressed  air entering through 46 and
sweeping out any remaining combustion

gases In the pocket through port 47. The

valve pocket is then again presented to
‘charging port 43 and goes through the same
cycle of operations again. Each pocket of
the charging valve goes through repeatedly
the same cycle of operations just described,
receiving a compressed charge, igniting the
charge which then enters the high pressure
cylinder, and then being scavenged in the
third and last step of the cycle, The char -

- ing valve'is rotated at a rate sufficient fo

30

- ton during the downward or working stroke.

pr oduce the necessary or desired number of
explosion impulses on the high pressure pis-

under the particular conditions of operation
at any given moment. In other words the
frequency or rapidity of succession of these
impulses, that 1s, the number of impulses

- per stroke and the intervals between suc-

40

45

50

55
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ceeding impulses, may be varied at will by

rarying the speed. at which the charging

valve is revolved. There is no necessiry
ﬁ‘(ed relation between the speed or rate at
which this charging member revolves and
the speed of the engine. Thus the rapidity
of succession with which the combustible

charges are fired in impelling relation to a.
power-transmitting or motor element of the.

engine, in this instance the reciprocating
piston, may be varied asynchronously with
respect to the movement of said motor ele-
ment or member. It is not to be inferred,
however, that this method of operation nec-
essarily excludes automatic actuation and
control-of the revoluble charging member,
although for certain purposes, and espe-
cially where the engine is employed on an
auto vehicle, it is most desirable that such
control be effected at the will of the opera-
tor, rather than automatically.

In the specific embodiment of the inven-

tion here shown, the controlling valve 44 is-

turned to cut off communication between
ports 42 and 43 at or shortly before the end
of the weorking stroke of the high pressure
piston; and as long as the controlling valve
is in this ‘position, that ig, substantiallw
throughout the exhaust strokd of ©© hi

"~ of the controlhnfr valve is subjs

. 1110

‘primary ¢iror 'S o th

1,147,085

pressure piston, the charging member re-
volves idly, no charges being received by its
pockets and therefore none being fired into
the high pressure cylinder. This operation:
zet to medifi-
cation under certain condltmns
pear hereinafter.

cut off the charging ports, the

48 is rotated to open comxr,nzwcauon between -

the high pressure and low pressure cylin-
ders; whereupon, during the movement of
the. high pressure piston on its upward or
return stroke, the high pressure exhaust

gases pass over irito r,he low pressure cylin-
der where ‘they expand ‘further and drive
the low pressure piston downwardly. The
high Dpressure piston having reached the
limit of its return stmke and the-low pres-
sure piston having at the same time reached
the limit of its dow .u‘"nd or working stroke,
the controlling valve 44 1s
42 and 43, while valve 4§ is turned to cut of
communication between the high and low

pressure cylinders and to place the low cyl-

ndep exhaust - ~part 56 in communication
with exhaust pipe 58 through transverse
passage 57. ’Mwe high pressurs piston is
then driven dewnwardly by the Successive
explosion impulses impavted to it by the
continued rotation of the churging valve,
while the low pressure pisten moves up-
wardly and exhausts waste expanded gases
to atmosphere. The described movements
of the controlling valve and exhaust valve
are effected, as before explained, by means
of the eccentric 62 on the engine shaft act-
ing through the crank and link connections

'clef\rly shown in Tig. 2 and therefore occur

in timed relation to the piston strokes.
Means for igniting successively the charges

presented. to the wmtlon space 32 by the re-

volving Ch‘ll‘f"ln(" valve will now be more

Aully ‘described.  In the rear ond of the
or gtherw1sem

charging valve are screwed
smmbly secured spark plogs 66, une for each
salve pocket. The sparking terminals of

‘each plug are indicated at 67—68 in Fig. 1.
These plugs are electrically connected, re- -
-118

spectn'el‘y, as ab 69 to segments 70 of a com-
mutator (Fig. 4), the several segments be-

tnrned Lo connwt :

insulated from each other as at T1.”

as will ap- -
At about the same time, -
that the controlling valve is thus turned tov
whaust valve:

75
80
86
90
95,
-
100

105

This commutator and the spark plugs con-

nected thereto are mounted to revolve with
the charging valve. Mounted on the valve
housing is a brush holder 72 carrying a
brush 73, pressed against the commutator as
by spring 74. The brush holder is conngct-

o

120

ed in the present example to the live termi- -

nal of the secondary winding of a spark coil
(not shown) by a pair of branch leads 75
and 76 which unite to form a single lead 77
connected to the srarl-coil. The timer in the
spark coil makes the
cuaiacts per revolution of

8ione ﬂﬂ £

1258

130
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its revoluble member as there are charging

pockeis in the reveluble charging valve; in
this instance three. The revoluble member
of said timer is arranged to be positively

driven from the charging valve stem at the

saime number of revolutions per minute as
the valve itself. The timer mechanism may
be of any usual or snitable construction; and
since it may be of the ordinary commercial
type now in general use, it is deemned un-
to illustrate same here. The
branch lead 73 has & gap as at 78 which is
normally open, but which may be closed by
a switch 79. The other branch lead 76 may
be opened and closed at 80 by a circuit
breaker 81 arranged to be operated through
a suitable connection such as rod 82 actu-

ated by an eccentric {not shown) on the en-
© gine shaft,

The arrangement is such that
the circuit is open substantially throughout
each high pressure exhaust stroke and closed
during each working stroke. )

" From the foregoing it is evident that there
will be a spark across the gap bhetween the
terminals of each and every spark plug

for wariably
withous fized
muy . be dm-
be valve
i 83 connect-
cochain 84 to o sprocket
rod to be driven by a variable

electric motor 86 through s suitable
or ball cluteh 87 keyed fo the motor
The motor is energized in any. suit-

speed
roller
shaft.
able manner as, for example, by means of a
storage battery; and its speed may be- con-
trofled and varied in any suitable manner,
by any known or-suifable controller which

my
The

it is.unuecessary to illustrate here.

- charging valve may be rotated by means of

80

65

this wotor alone, i desired. T prefer, how-
ever, to employ the electric motor ounly in
starting the engine from rest, and to em-
ploy other variable speed ‘means to drive
the charging valve after the engine has
speeded  up. In the present ezample the
stem of the charging valve is shown as also

- provided with bevel-gear 88 which is. ar-
T ( 2 ;

ranged to meshewith a gear 89 carried by a
shaft 90, journaled as

like, 91 and 92, on the engine easing. On
this shaft is splined as at 98 a sleeve 94
which can move longitudinally on the shaft,
but which is arranged €0 drive said shaft.
This slesve-is provided with. a grooved
collar 95 with which is adapted to engage
the forked end or head of a lever or rod 96
to shift the slesve along said shaft. The

“tating friction disk 99 and transmitting ro-

in brackets or the

7,088 ' ‘ . =

rod 96 may be controlied and actuated: in
any suitable way as by means of a hand or
foot lever located in a position convenient
for the engine operator. Said sleeve ig also
provided with a {riction cylinder 97, the
purpose of which will presently appear.

A shaft 98 (Fig. 5) cavrying friction disk
99 is suitdbly Journaled as at 100 and 101 in
brackets or . the like, 102 and 108. This
shaft is movable longitudinally in its jour-
nals and is normally pressed toward the
right to force friction disk 99 aguinst fric-

70

78

tion cylinder 97 by a spring 104 abutting

against 100 and exerting thrust on a coliar
105 fixed to the slidable shaft. Shatt:98
also carries fixed thereto a sprocket 106, ax-
ranged to be driven through sprocket chain
107 and sprocket 108 carried by the engine
shaft. It is evident that rotation of the en-
gine shaft will drive shaft 98, thereby ro-

8¢

tational ‘movement through disk 97 and-
sleeve 94 to shaft 80, which in turn will ro-
tate the charging valve through the agency
of gears 89 and 83. The speed -at which
shaft 9C iz thus rotated may .obvicusly bé
varied by shifting sleeve 94 so as to move
countact cylinder 97 toward or from the cen:-
ter of friction disk 99, the speed diminish-:
ing to zero as the eylinder is moved toward
the center of the disk, and increasing as the'
cylinder is moved toward the disk periphery.

A forked lever 109, actuated in any suit--
able manner as by a convenient hand or foot
ever connection, is- avranged to engage’a’’
greove in collar 105 and to move said collar
and the shaft 98 toward the left, ~against
the action of spring 104, and thereby to
draw friction disk 99 slightly 'away from
disk or cylinder 97 when necessary.

1t is very desirable in the present inven-
tion to introduce water, water vapor or
stearn into the high pressure cylinder along
with the combustible charge.. The water
thus introduced serves a double purpose.
In the first place it prevents the ecyliuder
walls from becoming heated to an ineon:
venient high temperatare; and furthermdre
in thus functioning, it is transformed into.
steam which can be usefully employed in the
secondary - expansion in the low pressure
eylinder. The best results are obtained by
introducing 2 small quantity of water with .
each one OT the relatively small charges sub- -
stantially at the instant of igunition; and to 120

‘92

1L

115

“this end the inlet valve here illustrated is of

a_peculiar construction now to be described. -

The stem of the inlet valve is hollow as *
shown, to provide a water passage 110 from
the lower end of which extend a plurality

ek
o
o

“of radial branches 111 terminating. at the

conical peripheéral face of the valve head.”

The upper portion of the hollow valve stem

has sunitable lateral orifices 112 affording

- communication between passage 110 and the 1890
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cylindrical water chamber or reservoir sur-
rounding the upper part of the valve stem.
The combustion or ignition space 82 is con-
nected to the upper part of said water reser-
voir by means of a by-pass 118 provided
with a ball check wvalve 114 which is nor-
mally held on its seat by a spring 115, whose
degree of compression may be varied by ad-
justing threaded abutment 116. Water
preferably under pressure is supplied to the
water reservoir through a supply conduit
117 opening into passage 118 leading to the
reservoir and controlled by a ball check
valve 119 normally held to its seat by a
spring 120, having an adjustable threaded
abutment 121.

The operation of the charge inlet valve
above described will be readily understood
from the foregoing. As each charge is fired
into the chamber 32, an extremely high
pressure momentarily results, which allows
a small quantity of gas to pass around
through passage 113, and check valve 114,
into the upper part ot the water reservoir.
Almost simultaneously the gas pressure in
chamber 32 lifts valve 34 from its seat, al-
lowing the intensely hot explosion gases to
pass out into the high pressure cylinder

thereby decreasing the pressure in chamber.

32. At the instant that valve 84 is thus
lifted the high pressure gas trapped in the
water reservoir forces suflicient water out
through the passages in the conical valve
head to equalize the difference in pressures
between chamber 82 and the water reservoir.
It is apparent therefore that a sudden squirt
of water will take place through the inlet
valve 34 at the moment when the valve is
completely surrounded with a mantle of
burning gases rushing into the high pres-
sure cylinder. The water thus injected im-
mediately flashes into steam with the at-

- tendant advantages above set forth.
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Means should be provided for supplying
air under pressure to be carbureted and in-
troduced. into the high pressure cylinder by
way of the rotary charging valve; and com-
pressed air is also provided for scavenging
the pockets of the charging valve as above
described. Any suitable means for this pur-
pose may be employed. For example an air
pump may be driven from the engine shaft
to compress air in a suitable storage tank or
reservoir, from which the compressed air
may be led by suitable ducts to the charging
valve for mixture with fuel or for scaveng-
ing purposes. This pump may be conven-
iently arranged for automatic control like
a well known type of -compressor in com-
mon use.in connection with air brake sys-
tems, whereby the pump operates only so

. much of the time as is necessary to main-

65

tain a’ given desired
pressed air reservoir.

-+ /The reservoir should be of sufficiently

pressure in the com-
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large capacity to insure maintenance of a
substantial reserve of compressed air for
starting the engine from rest. The reser-
voir may also be provided with suitable
pressure regulating means so that pressure
of any desired degree may be maintained.
The specific forms of pump and reservoir
to be used constitute no part of the present
invention and do not require illustration.
The air may be carbureted..in Any con-
venient way to form a,combustible mixture.
In the present example the fuel is assumed
to be gasolene, for purposes of illhstration;
and it is introduced into the compressed air
just as the air enters a pocket of the charg-
ing valve. In Fig. 7 isillustrated one form
which the carbureting device may assume.
A gasolene supply pipe 122 enters conduit
42 near its discharge end and is provided
with a suitable atomizing jet or nozzle 123
which may be a needle valve provided with
suitable flow-adjusting means (not shown).

70

75

A valve 124 in the supply is normally held -

closed by a spring 125 acting on extension
126 of the valve stem. Cams 127 are car-
ried by a member 128 arranged to rotate
with the charging valve and to engage ex-
tension 126 of the valve stem successively as
the valve rotates; the number and arrange-
ment of the cams being such that the valve
1s opened just as the agvancing edge of each
pocket of the charging valve comes to the

charging port 42—45—44. Gasolene being .

supplied to the pipe 122 under suitable pres-
sure, gasolene is injected through the
atomizing nozzle as each pocket passes the

-charging port.

The operation of the engine is obvious
frem the foregoing description. Assuming
the engine to be at rest, the shifting fork.
109 is pulled to the left to disengage fric-
tion disk 99 from the friction cylinder 97.
By manipulating a suitable controller, cur-
rent is then passed through the small start-
ing motor which operates through its chain
and sprocket connections to rotate the charg-
ing valve. This causesa sufficient number 'of

100
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charges to be fired into the cylinder to start
the engine. After the engine has attained _

sufficient speed, the friction disk 99 is al-
lowed to contact with the friction cylindet
97, the shaft 98 of the friction disk being
now rotated, of course, through its sprocket
and chain connections by the engine shaft.
Current being now shut off from the motor,
whose sprocket collar 85 now runs idle shaft
90 is driven thereafter from the engine shaft
and rotates the charging valve through the.
bevel gear connections between the shaft and
the valve stem. The rapidity of succession

. or sequence with which the charges are firbd

into_the cylindar: may. be varied as desired
by . shifting sleeve*9¢ wlong, its shaft by
means of forked rod or lever 96 in the man-
ner -already described. Movement of the

115

120

128
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sleeve-toward the center of the friction disk
obviously diminishes the speed at which
friction cylinder 97 is rotated, this speed
being zero when the friction cylinder is at
the -center of the disk. Movement of the
sleeve in the opposite direction increasesthe
speed at which the friction cylinder is ro-
tated, a maximum being attained at the pe-
riphery of the friction disk. Evidently the
deseribed arrangement permits tne speed of

~ the charging valve, and hence the rapidity
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“employed in the single

30

35

40

oS
ot

50

of succession of the impulses supplied o
the piston, to be varied without fixed rela-
tion to the speed of the engine. This pro-
vides for substantially perfectly flexible con-
trol of the speed at which the charging valve
is rotated, and consequently of the power
and speed performance of the engine.

The operation of the high and low pres-
sure pistons in their respective cyclés has
been fully discussed above and does not need
to be described further.

It is.to be noted that the separate indi-
vidual charges introduced by the rotating
charging valve are best relatively small,
much smaller.than the charge ordinarily

engine. The number of such charges intre.

duced during any working stroke of the en-

gine varies of course with the varying re-
quirements to which a given engine is sub-
jected; and it may also obviensly vary in
different engines constructed in accordance
with the present invention even when such
engines are operating nnder the same condi-
tions. -Ordinarily the sequence ¢f charges

will be most rapid when the engine is being

started. ;

While I have illustrated in the preseni
example means for maintaining the ignition
eircuit open during the high pressure ex-
haust stroke, and in practice this is a con-
venient arrangement, it is not essential to
provide such means for the veason that in
the specific form of engine-here shown, the
charging port ‘is closed during the high
pressure exhaust and thus no charges arve
introduced inte the pockets of the charging
valve during this stroke. If the charging
valve is rotating very slowly at the moment
the high pressure piston begins its exhaust
stroke there may oceasionally be a residual
charge in one of the pockets not yet ignited

- which would be fired during the exhaust

ot
ot

60

stroke if the ignition circuit remained closed.
But this would do no special harm because
the ignited charge would simply expand
into the low pressure cylinder, the high and
low pressure eylincers being in iree commnu-

sieation during the high pressure exhaust '

stroke. - It is te be understood therefore that
means for periodically interrupting the igni-
tion, while convenient, are not essential and
may be dispensed with.

"If means for breaking the ignition cir-

explosiori type of.

7

cuit are.employed, as described, it is evident

that the charging port may remain open
continuously instead of being closed during
high pressure exhaust. In such case the
charges received by the pockets during ex-
haust would remain unignited and would
be scavenged to waste.. This would mean
uneconomical operation of the engine; buf
by providing means for cutting off com-
pressed air from conduit 46 during high.
pressure exhaust this waste can be avoided.
Furthermore, the engine will still operate if
the charging port always remains open and
the ignition is uninterrupted. Under these
conditions, charges fired mto the high pres-
sure cylinder during the exhaust stroke. of
its piston pass largely into the low pressure
cylinder at once. The fact that the low pres-
sure piston is of much greater area than the

7
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high pressure piston insures large excess of 85

pressure on the low pressure piston and
hence uninterrupted operation of the-engine.
Variations such as those just mentioned are
typical of many changes which may be made
within the scope of the present inveéntion.
In deseribing starting the engine, it was
assumed that the high pressuve piston had
stopped ab some point during its dewnward
or power stroke, the charging port being
open and the ignition circuit closed. With
the present type of engine, however, the
high pressure piston may come to rest at any
point in either stroke when the enginé stops.
It the piston comes to rest during ifs ex-

95

‘90"

haust stroke, it is evident that in the par-’ 1060
ticular embodiment of the invention here -

illustrated the charging port 42—43 will
be closed and the ignition circuit open; and

nnder these conditions rofation of the charg-

ing valve does not-suffice to start the engine, 105

unless auxiliary means of some nature are:
provided to introduce combustible mixture
into the pockets of the charging valve and
to insure ignition thereof. For this pur-

‘the present example I provide a secondary”

.

compressed air conduit 130 opening directly

into the chamber of the votary charging -

valve. This conduit has a valve 181, pro-

vided with an arm 132 secured to its stém. 115

The valve may be opened or closed by means
of a rod or the like 133 connected to said
arm and operated in any convenient way

“as by a hand lever or pedal, not shown. The

secondary.condiit isalso provided interiorly 12¢

near its discharge end with a nozzle for -

atomizing liquid fuel, said nozzle being
similar te that in the main charging con-
duit, and its fuel supply pipe 134 being pro-

vided with a valve 135 normally held closed 125

by a spring 136 acting on shouldered ex-
tension 187 of the valve stem. This valve
is arranged to be lifted Ly_anyv convenient
mechanism te spray fuel from the atomizer

as each charging pocket passes the end of 130

pose various expedients may be adopted. In 110
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the secondary conduit. This may be effect-
ed, for example, by a rotatable member pro-
vided with cams, said member being con-
-veniently mounted upon or otherwise driven
by the shafi-of- the electric starting motor.
This valve actuating mechanism may be

. gimilar to that operating the valve of the
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* af the opposite cylinderends in
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5 also applicable
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 invention is not restricted

main fuel supply pipe, and it is deemed un-
necessary therefore to illustrate it. .

In order to start the engine when the high
pressure piston has come to rest during its
exhaust stroke, it is only necessary to close
the switch 75, open valve 131 and start the

electric motor, all- three operations being

. conveniently effected by common actuating

means, if desired; whereupon the charging
valve rotates and fires successive charges
into the high pressure cylinder. Since the
high and low pressure cylinders are in free

communication in this phase, the low pres-

sure cylinder is forced down by reason of
its greater area, while the high pressure cyl-
inder completes - its exhaust ‘stroke. As
soon as the engine is well started, current is
shut off from the motor, switch 75 is opened
and valve 131 closed, the engine then con-
tinuing its normal operation. ,

No specific means Tor reversing the engine
is here illustrated; although the use of any
suitable mechanism, where necessary, ig con-
templated. When the single acting engine
here illustrated is used on an automobile

or the like, it is sometimes more convenient
to employ a reversing gear between the en-
gine and the driving wheels of the vehicle,
and to actuate the same by any suitable type
“of elutch device. )

“While I have illustrated a single acting
engine in the present instance, the principles
of the invention may of course be embodied
in a double acting engine by cemparatively
simple alterations in design. For example,
the arrangement of charging and exhaust
yalves here shown may be provided at both
ends of a closed cylinder; and in such an
arrangement, the engine may be readily re-
versed by shifting the positions of the valves
awell known
s also to be understood that the

to-compound en-
gines, although for many purposes, its ad-
vantages are realized to a greater extent
in a compound engine than in a simple en-
4gine. The principles of the invention are
to multicylinder engines,
either simple or compound.

The engine oftthe present invention as
here illustrated is adapted for use with prae-
tically any fuel which can be mixed.in the
form of vapor or gas with air to form acom-
bustible charge, such as gasolene, benzin, al-
cohol, fuel gas, etc. X or the sake of sim-
plicity, a7 single acting engine has been se-
lected to illustrate -the. principles of the
invention. .1t

. manner. 1it1i

is to be understood, however,.

1,147,085

that the same principles can be embodied
in a double acting engine by obvious modi-
fications in design.

While the invention has been described
more particularly in connection with inter-
nal combustion engines, and while, as stated
it is peculiarly adapted to and of greatest
present utility -in sich use, nevertheless in
its broader aspects the invention is not lim-
ited in its application to internal combus-
tion engines.

What T claim is: :

1. The method of generating power which
comprises subjecting o movable motor ele-
ment to successive fluid pressure impulses,
and varying the rapidity of - succession_ of
such impulses while said element is moving
and without fixed relation to the speed

_thereof, the range of variation including

different pluralities of impulses per phase

.movement of said element.

9. The method of generating power which
comprises expanding a plurality of separate
portions of hot combustion gases successively
in impelling relation to movable motor ele-
ment, and varying the rapidity of succession
of such impulses while said element is mov-
ing and without fixed relation to the speed
thereof, the range of variation including dif-

ferent pluralities of impulses per phase

movement of said element. )

3. The method of generating power which
comprises subjecting a reciprocable piston to
successive impulses derived from the expan-
sion of a compressed fluid, and varying the
rapidity of snccession of such impulses while
the piston is moving and without fixed rela-
tion to the speed thereof, the variation being
conducted in such manner as to subject said
piston to different pluralities of impulses
per working stroke.

4. The method of operating an internal
combustion engine which comprises igniling
separate combustible charges successively in
impelling relation to a reciprocable piston,
and varying the rapidity of succession of
guch impulses while said element is moving
and over a range of variation which includes -
different pluralities of impulses per phase
movement of said element.

5. The method of operating an internal
combustion engine which comprises firing

‘combustible charges successively in impel-

ling relation to a movable motor element of
said engine, and varying the rapidity of
firing in .accordance with power require-
ments while the engine is opeérating and
without fixed relation to the speed of the en-
gine, the range of variation including dif-
ferent pluralities. of impulses per. phase
movement of said element.

6. The method of operating an internal
combustion engine which comprises firing
relatively small combustible charges in very
rapid successionin impelling relation to a -

~1
<

80

85

90

100

105

110

115

120

125

130



- 10

i5

o
4

30

35.

40

5b

80

38

1,147,085

movable motor element of said engine, and
varying the rapidity of fiving in accordance
with power requirements while the engine
Is operating and without fixed relation to the
speed of the engine, the range of variation
including different pluralities of impulses
Per phase movement of sqid element.

7. The method of operating a reciprocat-
ing internal combustion engine which com-
prises firing a plurality of fractional com-
bustible charges sueeessively in impelling
relation to the engine piston during a work-
ing stroke thereof, and varying the rapidity
of succession while the engine is operating
and in such manner as to act upon said pis-
ton with diffevent pluralities of charges per
working strole. _ .

8. The method of operating a reciprocat-
ing internal combustion engine which com-
brises firing charges successively in impel-
ling relation to the engine piston, and vary-
ing the rapidity of firing in such manner as
to subject the piston to different pluralities
of impulses per working stroke in accord-
ance with power requireinents.

9. ‘An engine comprising the combination,
with a power evlinder and g piston recip-
rocable therein, of means operable to sub-
ject said piston to a plurality of separate
fluid pressure impulses during a working
stroke, and mechanism for regulating the
operation of said means in such manner as
to vary the rapidity of succession without
fixed relation to the engine speed and the
number of snch impulses per working stroke
over a snitable range of different pluralities
in aceordance with power requirements.

10.- An engine comiprising the combina-
tion, with a power cylindar and g piston re-
ciprocable therein, of mesns for subjecting
said piston to a variable plurality’ of ‘sepa-
rate fluid pressure impulses sticeessively per
working stroke, and mesans movable at vari-
able speed' to vary the apidity of succes-
sion of such impulses in such manner as to
stbject said piston to ‘different pluralities

. of impulses per working stroke.

11. In an internal combustion engine, the
combination, with a power cylinder and 3
piston reciproeable therein, of means for

igniting a plurality of combustible charges

stceessively in impelling relation to said pis-

ton during a single stroke thereof, and
means movable at variable speed to vary the
number of charges per stroke thus Ignited

-over a range of values including different

pluralities. _ .

12. In an internal combustion engine, the
combination, with a power cylinder and s
piston reciprocable therein, of means for
igniting a plurality of combustible charges
successively in impelling relation to said
piston during a single stroke thereof, means
for vavying the number
stroke thus ignited, and means for utilizing

i
I

“combination, with

igniting o

-adapted to be

~water

of charges per

9 .

the energy of the gases exhausted from said
power cylinder.

13. In an internal combustion sngine, the
combination, with a power cylinder and a

_piston reciprocable therein, of means for

igniting a plurality of . combustible charges
stecessively in mnpelling relation to said
piston during a single stroke thereof, means
for varving the nomber of charges per
stroke thus ignited, and a'second power cyl-
inder arranged to veceive the exhaust from
the first eylinder. . -
14 In an internal combustion engine, the
a power cylinder and a
piston reciprocable therein, of means for
igniting a Pplurality of combustible charges
stieeessively Jin impelling relation to said
piston during a single stroke thereof, meang
adapted to be operated during the opera-
tion of the engine for varying the number
of charges per stroke thus ignited, and
means for introducing water into said cyl-
inder. v
15, In an internal combustion engine, the
combination, with a power cylinder and 4
piston reciprocable therein, of means for
plurality of combustibie charges
in impelling relation to said
a single stroke thereof, means
operated during the operation
of the engine for varying the numbsr of
charges per stroke thus ignited, and means
for introducing water into said - cylinder
with each charge ignited. : v
16. In an.internal combustion engine, the
combination, with a power cylinder and a
pisten reciprocable therein, of means for
igniting a plurality of eombustible charges
successively in impelling relation to said
piston during a single stroke thereof, means
for varving the number of charges per
stroke thus ignited, means for introducing
into said cylinder, and -means for
turther expanding the exhaust from said-
cylinder to perform useful work. '
17. In an internal eombustion engine, the
combination, with a movable power-trans-
mitting element and g shaft arranged to be
driven thereby, of means for igniting sepa-
rate combustible cha stccessively in im-
pelling relation to said power-trahsmitting
element, and" variable speed transmission
mechanism connecting such igniting means
with said shaft, whereby the rapidity of
succession with which-_ such charges are
ignited may be varied without fixed rela-
tion to the speed of the shaft, '
i8. In an internal
combination, with a power cylinder and a
piston reciprocable therein, of a movable
admission  member operable to admit in se-
quence to said cylinder during any: working
stroke .a plurality of separate quantities of
combustion gases undes pressure in impel-
ling relation to said piston, and mechanism

successively
piston during
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ior controlling the rapidity of operation of
sald admission member, whereby the num-
ber of such quantities admitted per stroke
may be varied. .

19. An engine comprising the combina-
tion, with a power cylinder and s piston
veciprocable therein, of means operable o
subject said piston to a plurality of sepa-
rate successive fluid pressure impulses in a
single working stroke, and variable speed
mechanism cobperating with said means and
operable to vary the rapidity of succession
and_the number of impulses per working
stroke over. a range including different plu-
ralities. :

20. An engine comprising the combina-
tion, with a movable power-transmitting
member, of unitary means movable to sub-

‘Ject said member during a definite phase

movement thereof to a succession of sepa-
rate fluid pressure impulses, and mecha-
nism for controlling the speed of said means
and thereby varying the number of such
impulses to which said member is subjected
during any such movement.

21. In an internal combustion engine, the
combination, with a movable motor element,
of means for firing combustible charges suc-
cessively in impelling relation ¢o said motor
element, and variable speed mechanism co-
operating with said means and operable to
vary the rapidity of firing asychronously

with respeci to the movement of said ele-

ment.

22. In an internal combustion engine, the
combiration, with-a combustion cylinder, a
piston_reciprocable therein, and a shaft ar-

ranged to bedriven by said piston, of mecha-.

nism operable to fire a plurality of com-
bustible charges in. impelling relation to said
piston during a stroke thereof, and variable
speed gearing connecting said shaft with
said mechanism and arranged to operate the
latter. :

23. In an internal combustion engine, the

combination, with a cylinder and a piston

eciprocable therein, of movable admission
means connected to sald . cylinder, and
variable speed means for operating said ad-

mission means_to admit a plurality of -

charges ‘to said cylinder during a single

stroke of'the piston and at a rate bearing no

fixed relation to the speed of the engine.
24. In an infernal combustion engine, the

combination, with a cylinder and a pision.

reciprocable therein, of a revoluble charge
member having » plurality of charge pock-
sts adapted to be brought into operative re-
lation" successively with said cylinder as
said member is revolved, means for supply-
ing charges to said chambers, and variable
speed means for revolving said charge mem-

3

‘her and thereby delivering a variable plu-

rality of charges to said cylinder during a
stroke of said piston.
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25. In aninternal combustion engine, the
combination, with a cylinder, a piston re-
ciprocable therein and a shaft driven by
said piston, of a revoluble charge member
operable to supply a plurality of charges to
said cylinder during a single stroke of the
piston, and mechanism for driving said rev-
oluble charge member from the engine shaft
but at a raté variable without fixed relation
to the speed of said shaft, whereby the num-
ber of charges per stroke may be varied.

26. In an internal combustion engine, the
combination, with a cylinder, a piston re-
ciprocable therein ‘and a shaft driven by
said piston, of a revoluble charge member
operable to supply a plurality of charges to
said cylinder during a single stroke of the
piston, mechanism for driving said rev-

70

75

80

oluble charge member from the engine shaft -

but at a rate variable without fixed relation
to the speed of said shaft, whereby the num-
ber of charges per stroke may be varied,
and supplemental means for revolving said
charge member when starting the engine.
27. In an internal combustion engine, the
combination, with a cylinder and a piston
‘reciprocable therein, of a revoluble member
having charge pockets adapted to register
suceessively with a passage leading to said
cylinder, means for revolving said member

85

90

95

at a rate variable without fixed relation to -

the speed of the engine, meahs for charging
each pocket with combustible mixture prior
$o registry, with said passage, and means for
igniting the charge in.-each pocket when
such pocket is in registry with said passage.
. 28. In an internal combustion engine, the
combination, with a cylinder and a piston
reciprocable therein, of a revoluble member
having charge pockets adapted to register
successively with a passage leading to said
cylinder, means for revolving said member

‘at a rate variable without fixed relation to

the speed of the engine, means for charging
each pocket with combustible mixture prior
to registry with said passage, means for
igniting the charge in each pocket when
such pocket is in registry with said passage,
and an automatic valve controlling said pas-

sage and arranged to open toward said cyl-.
/

inder. /
29. In an internal combustion engine, the

combination, with a cylinder, a piston re-

ciprocable therein, and a shaft arranged to
be driven by said piston, of a housing
mounted on said cylindex, a revoluble charg-
ing valve fitting within sa’d housing and
having exterior pockets adapted as the valve
is revolved to register successively with a
passage leading to said cylinder, means for
supplying combustible charge to each pocket
prior to registry of such pocket with- said
passage, means for igniting the charge in
each pocket when in communication with
said passage, means for scivenging each
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pocket after it has passed bevond said pas-
sage. and meaus for revolving said charging
valve at a rate variable between apprepriate
limits but without fixed relation to the speed
of the engine. ' :

30. An engine comprising the combina-
tion, with a power cyhnder and a piston ar-
fanged to work therein. of admission means
movable to subject said piston to successive
fluid pressure impulses, and provision for
driving said admission means continnously
but at a rate variable without fixed relation
to the speed of the engine and over a range
of varviation giving different pluralities of
impulses for working stroke.

3l. An engine comprising the combina-
tion, with a power cylinder and a piston
arranged to work therein, of a member mov-
able to subject said piston to successive fluid
pressure Impulses, and means for driving
said member at different speeds without
fixed relation to the speed of the engine, in-
cliding a speed giving a plarality of im-
pulses per working stroke.

32. An internal combustion engine com-
prising the combination, with a power cylin-

der, a piston arranged fo work therein, and

a shaft driven by said piston, of o member

movable to subject said piston to succossive

impelling charges, mechanism for
said movable member from said shu
means for varying ihe speed of driving
withont fixed relation to the speed of the
shaft over a range inicluding a speed giving
a plurality of charges per working stroke.

33. An internal combustion engine com-
prising the combination, with a power cyl-
inder and a piston arranged to work therein,
of means movable to subject said piston to
successive impelling charges, and mechanism
for driving said means at different speeds
withont fixed relation tg the engine speed,
mcluding a speed giving n plurality of im-
pelling charges per working stroke. ’

3.An internal combnstion cogine com-
prising the combination, with a power eyl-
inder and a piston arranged to work therein,
of means movable at different speeds to sub-
jeet said piston to successive impelling
charges, the rapidity of succession being
proportional to the speed of said movable
means, and mechanism for varying the speed
of snid movable means without fixed relation
to the engine speed and ovver a range includ-
ing « plarality -of charges per working
stroke.

35. An internal combustion engine com-

St

3
eine

prising the combination, with a power cyl-
inder and 2 piston arranged tc work therein,
of means movable to subject said piston to
successive impelling charges, and mechs-

m For driving seid means a apesd
variable w to the sngine
gpeed, the iation being
ivinga plu- 85
working -

(0

at

rality of “imy
stroke.

36. An internal c
rsing the combination,
ngdsr and a ton ree
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pelling char
at the same
single wor
vigion for v
such movable )
alities of charges pe
37. The meth :
which comprises subjects
clement to successive
pulses, and vary
sion of such fmpul
moving and without fi
speed  thereof ange
clndi ; of 3

zad re
of

merating  power
z ing a plurality of

ms i hot combustion gases

+ in impelling velation te a mov-

able s velew at, and carying the rapidity |
of siceession of such impulses while said ele-
ment isamoving and without fixed relation to
the speed therveof, the range of variation in-
cluding a plurality of impulses per phase
wmoveinent of said element.

39. %he method of operating a recipro-
ating nternal combustion engine which
comprises fiving combustible charges suc-
cessively in ifmpelling relation to the piston
of said engine, and varying the rapidity of
fiving in accordance with power require-
ments while the engine is operating and
withont fixed relation to the speed thereof,
the range of variation including a plurality
of impulses per working stroke, - »

In testimony whereot I have signed this
specification in the resence of two subserib-
ing witnesses.
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EDWARD E. GRAY.

Witnesses:
Erp NerTER, ,
Inving P. Wrrmiveron.




