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To all whonv 1t may concern:

Beit known that I, Epwin L. RusserLr,a citi-
zen of the United States, residing at Dallas,
Texas, have Invented a new and Improved

5 Multiple-Cylinder Hydrocarbon-Engine, of
which the tollowing is a specification.

This invention relates to engines provided

with a plurality of cylinders, the cylinders

being fed by a common rotary valve and the

1o pistons of the e¢ylinders being adapted to drive
a common crank-shaft which isprovided with
gearing tfor driving the rotary valve, and to
means tor starting and reversing the engine.
The object is to construct an engine which

15 18 light and compact and which gives a steady

power for driving purposes and which may
be started or reversed or stopped with little
effort. -

Other objects and advantages will be fully

20 explained 1n the following description, and

the invention will be more fully pointed out

in the claims.

Reference is had to the accompanying draw-

Ings, which form a part ot this application
25 a.nd %pGCIhC‘LtIOI}

Figure 1 is a front elevation of the engine,
pmtly 1n section, a section being made along
the line & # of Fig. 3. Fig. 2 is a broken
rear elevation. Fig.

30 tion practically ‘llOHO the line y y of Fig. 1.
Fie. 418 adiagrammatic view in per Spectwe of
the cylinders and the rotary valve-seat for con-

venlence 1n showing the arrangement of the

cylinders and explaining the operations that
35 take place in the cylinders.
view of the rotary valve, the valve being cut
1n half and both half-sections being turned to
view, and the connecting teed and exhaust
pipes being indicated. Fig. 6 is a longitudi-
40 nal section of the rotary valve, showing the

oscillating valve and the governor in place.

Figs. T and 8 are cross-sections of the engine
through the explosive-mixture cylinders be-
tore the engine has been reversed, the sec-
45 tions being made respectively, through the
oTOOVES ¢/, ia and 7y and &, £, m, zmd n of
Flg. 5, showmﬂ relative 1)051t10ns of iIntake
anc exhaust grooves in the oscillating valve |

ply of compressed air.

ernor, the views being

3-1s a longitudinal sec-

Fig. 5 1s a plan

to ports in rotary valve and in the eylinders.
Figs. 9 and 10 are similar views showing the 3o
relative positions of intake and exhaust
orooves In the oscillating valves to ports in
the rotary valve and the cylinders after the
engine is reversed, the sections beinﬂi magle,
IeSpectwely, thr ouoh grooves ¢, /, ¢, and j, 55
and A, [, m, and » ot Fw' 5. FIO 11 1s a
Cross - Spctwn through groove # of Kio.

Fig. 12 is a cross-section through groove « ot
Fw 5. Fig. 13 is a cross-section through
OTOOVES ¢ and d of Fig. 5. Fig. 14 1s a view 6o

| from the bottom of the hill- chmblng gear or

back gear and the pump which 1s operated au-
tomatically by the engine for securing a sup-
Fig. 15 1s a horizon-
tal section of the four-way valve. Fig. 16 1s 053
a side elevation of the four-way valve and the
means for operating the same. Figs. 17 and
18 are cross-sections ot the oscillating valve,
1lustrating the manner of mounting the gov-

at right ancrles to ea,ch 70
other. TFig. 191isa me view of the oscillat-
ing valve, the valve being cut in half and the
entire surtface being shown. IKig. 20 1s an

enlarged cross-section ot the rotary valve,

bhOWlIlG the manner of locating the igniter. 75
Kig. 91 is a detall view of the 1gniter.
Sl[]flll‘tl characters of reference indicate the

same parts throughout the several views.

The engine 1s pr rovided with four cylinders,
(mdm%ed by 1, 2. 8, and 4 in Fig. 4.) DLch 8o

cylinder is prov ided with a piston. The pis-

tons for eylinders 1 and 4 are mounted on a

common piston-rod 7 and the pistons for cyl-
inders 2 and 3 are mounted on a common rod

8. The rods 7 and 8 are provided with suit- 85

able connecting-rods 9 and 10, respectively,
which connect w1th a common crank-shaftt 11.

A rotary valve 12 is mounted under the cyl-

inders. This valve feeds all the cylinders 1,

2. 3, and 4 with explosive mixture. Partition- 9o
packing 13 is mounted, respectively, between
the cvhndnrs 1 and 4 ‘md 2 and 3, the piston-

rods 7 and 8 running through these packings.

- The two piston- _rods are connected to the
crank-shaft 11 and the crank-shatt is oper ated 95
A worm-gear 28 1s also

by the piston-rods.




o
mounted on the crahk—éhaft 11 and drives a

worm-gear 29, which is mounted on shaft 30.
The worm-gear 28 drives the worm-gear 29

‘and the worm-gear 29 drives the shaft 30. |
The rotary valve 12 is mounted riﬁ‘idly on

~ shaft 30. In this manner the pistons, with

10

20

their connections through the worm-gear and
shaft 30, drives the rotary valve 12. The
power of the engine is applied or derived from

the shaft 30. The valve 12 is provided with
a seat 14, and the seat 14 is formed integral

with each pair of tandem cylinders. There

are four cylinders arranged adjacent to. the

valve-seat 14, cylinders 1 and 4 being tandem
relative to each other,and soare 2and 3 tandem
relative to each other
cyhnders is separated by the partition-pack-

ing 13. The grooves formed in the periph-

ery of the va,lve 12 and the ports in the valve

.and in the cylinders are so arranged that the
feeding and exhausting of the cylmders will

be accomphshed Successwely in each cylinder.
Each operation is fully explained below. |

In order to give an idea of the general
working of the engine, a brief comprehenswe

description will be oiven here.

Assume that the rotary Valv'e 18 d1v1ded

~into four segments I, 11, 111, and 1V, as shown

30

35

40

55

in Fig. 4, and these Roman numerals repre-
sent the fo ur operations—intake,compression,
expansion, and exhaust. In each cylinder
there are four operations during each revolu-

tion of the valve 12. In any cylmder opera-
tion' I is the intaking of explosive mixture.

The intake-port is 1mmed1ately closed by the

'revolvmg of the valve, and operatmn 11, com-
‘pression, commences.

(It is assurned that
each operation lasts or continues during one-

quarter of a revolution of the valve 12.) -
After compression commences the valve turns

one-quarter of a revolution. The height of
compression is reached at this point and ex-

plosion takes place, (explosion is caused by .

the ignition of the mixture or gas,) and op-
eration 111, expansion, beﬂ'ms Another turn

of a quar_ter of a revolution of the valve com-:
pletes the expansion and brings the valve to

operation IV, the exhaust. Then a new

revolution begins with intake, and so on..
The explosion in any cylinder furnishes en-

ergy for operating all moving parts in or
connécted to the other three cylmders The
operations in any cylinder are mdependent of
or separate from the opera,tlons in any other

-cyhnder but the expansion in each cylinder
gives energy for the operation of each other

cylinder. One revolution of the valve com-
pletes four operations in any one cylinder.

- Consequently during one revolution of the

6o

valve sixteen operatlons take place in the four
cylinders.

The simultaneous operations going on in
each cylinder may be stated as follows:

In cylinder 1 intake operation 1 is going on

- 65 whilé exhatst operation 1V is taking place in

Each pair of tandem.

758,854

cyhnder 2: compressmn, operatlon 1T, is going
on in cylmder 3, and expansion, operatlon III
is taking place in cylinder 4.

In c:vlmder 9 intake operatlon I is going on
Wh]le expansion, operation 111, 1s ta,kma' place
in cylinder 3; exhaust, operatlon 1V, is going

onin cyhnder 4, and compression, operatlon

I1, is going on 1n cylinder 1.

In cylmder 3 intake operation I is going on

while compression, operation 1I, is t&kmﬁ‘

“place in cylmder 4; exhaust, operation IV, is

70

73

ooing on in cvlmder 1, and expansion, opera-

tion III, is going on in cylinder 2.

In cyhnder 4 intake operation 1 1s goma" on

while expansion, operatmn I, is going on 1n
cylinder 1; compression, opera,tmn 11,18 going
‘on in cylinder 2, and exhaust, operatlon 1V,

1S goIng on In cyhnder 3.

The Valve 12 1s provlded with a casing or
seat 14, and this seat is provided with ports
15, which open into the cylinders 1, 2, 3, and
4. Ports 15 are for the admission of ‘the ex-
plosive mixture. The rotary valve is tubular

and conical. The valve 12 bemcv' tubular only

one intake from the carbureter or gas- supply
source is necessary. The exploswe mixture
enters the seat 14 through pipe 16 and passes
to the interior of Valve 12 by means of the
aroove 7 and the holes sin the groove.  From
the interior of valve 12 the exploswe mixture

the ports 15 of vlmders 1 ind 2. The ex-
plosive mixture is compressed by the closed

space about groove ¢, the hole u in the groove

g being closed by the blank space w on the 0s-
0111&131110' valve 17.
sion the exploswe mixture is 1gn1tec1 by the

igniter « in the expansion-space ¢, and the mix-

ture expands during the time that it takes
space + on the rotary valve to pass below the
port 15 of either cylinder which is kept closed
by this space. At the end of expansion-space
¢ exhaust-space 7 (which extends practically

one-fourth around therotary valve)allows the

spent explosive mixture to pass out through
the hole 7 into the groove z in the oscillating

oroove p, which connects mth exhaust -pipe
0, and on to the atmosphere.

- Explosive mixture for cylinders 3 and 4 en-
ters the rotary valve 12 throuo*h hole s from

oroove #, which runs over the mouth of the
mtake—plpe 16, which ¢onnects with the car-

bureter. From the interior of the rotary
valve the explosive mixture enters or passes
into the ports of cylinders 3 and 4 by means
of the hole 19 which is in groove m. Ix-

plosive mixture (when the cylmder is filled)

18 compres:,ed while space about groove 7 1s
passing below the port 15 of either cylinder
3 and 4, the port 20, which is in space », be-
ing closed by the blank space » in the oscil-
latmcr valve 17. At the height of compres-
sion eXplOSive mixture 1s ignited by the 1g-

At theheight of compres-

30

90

95

“enters cylinders 1 and 2 through the opening
or hole £ into intake-groove /L which passes

JOO

105

T1IO

valve 17, thence on out through'the hole 18 to -

115

120

1285
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niter 21, which is located and insulated in the
expansion-groove 4. This groove 4 opens to
the port of the cylinder with compressed mix-
ture just as the height of compression IS
reached, which allows the explosive mixture
to come in contact with the igniter 21, which
issituated in the groove 2. The explosive mix-

ture expands while the space about groove 4
18 pausgsmo below the port 15 of either cyhn-

der 3 and 4. Then the portof either cylinder
1S opened by the groove 1, and the spent ex-
plosive mixture passes out through the hole

2, which 1s located 1in exhaust-groove 1, and

thence on to hole 23 1n groove ¢ by means ot the
croove 24 in the oscillating valve 17, which ex-

tends below hole 23 and hole 22 of the rotary

valve. Fromoroove gthespent explosive mix-
ture 1s exhausted through exhaust-pipe o. It
will be seen that the two cylinders, which are
laterally adjacent to each other, havea common
intake and a common exhaust. A tabulated
statement may make the operation clearer.
In the statement below the numbers indicate
the cylinders, and for the cylinders in which
simultaneous operations are taking place read
from left to theright. The names of the op-
erations are in line above cylinder numbers.

et =n N DR Rl NE LT . Lk M

below the required pressure in the a

. -
Cylinders, | Intake. | GD;?GIEES' Expansion. | Exhaust.
| |
Cyl . ... | 1 | 3 4 )

| —

| |
Cyl o0 2 1 j 3 }
Cyl._ ... ___. 3 | 4 2 1
Cyl .. ... 4 2 1 3

The means for controlling the explosive
mixture is fully described above. The means
tor controlling the compressed air tor revers-
ing and starting the engine will be described
next. |

The grooves ¢ and # connect with the four-
way valve 37 by means of the pipes 50 and
51, respectively. Groove ¢ 18 connected to
orooves ¢ by means of grooves ¢, and groove
/18 connected to grooves ¢ by means of the
orooves /. The grooves ¢ are the air-inlets
to the ports 25 of the cylinders 5 and 6. The
alr  1s exhausted through the same ports
through grooves « and 7 to groove & and out
pipe 51 to four-way valve 37, and thence to
the alr-reservoir through pipe 49 until the de-
sired pressure is secured. It exhausts into
the reservolir until the desired supply is se-
cured and then exhausts through the intake
of the four-way valve until the pressure of
the reservoir 1s reduced below the desired
pressure and also exhausts to the atmosphere
through the intake of the four-way valve
while the engine 1s belng run by compressed
alr tor reversing or starting purposes. The
engine thus acts as a pump for securing a

supply of compressed air, and the compressed
air 1s stored in the reservoir automatically.

[ =

The ecylinders J an(‘“_, 6, hereinafter called
““ compressed-air” cylinders, are formed be-

tween the partition-packing 13 in the cylin-

ders and the pistons in cylinders 3 and 4, and
are formed alternately with each other when
the engine 1s in operation. When the air 1s

r-reser-
voir, the cam-roller 100 on the cam-lever 40
is lowered (by means hereinafter described)
and engages the cam 27, which 1s mounted on
the shatt 104. The cam 27, when the gear-
ing 1s 1n motion, will turn the lever 40 far
enough to open the valve 37-—that is, to turn
the plue 94 so that air will flow from the at-
mosphere to the air-cylinders 5 and 6 through
the pipe 48, which is screwed into the valve 37.
The air goes to the cylinders 5 and 6 by means
of the pipe 50 and i1s then exhausted back
through the valve 37 and through pipe 49 to
the air-reservoir. This operation goes on un-
til the desired pressure is reached. When the
alr in the reservoir reaches the desired pres-
sure, the air in the reservoir raises the lever 40
by means of the connecting-rod 103, which 1s
connected to the piston-rod 102. The piston-
rod 102 carries a piston 101, which operates
in a cylinder 106. The cylinder 106 may be
formed integral with the casting of the valve
37. The compressing of the air in the reser-
voir goes on until the pressure becomes strong
enough to raise the lever 40 high enough to
raise the roller 100 above the cam 27.
as the roller 100 misses the cam 27 the compres-
sion of air ceases until the airisused or exhanst-
ed enough to let the piston 101 down, and con-
sequently the roller 100 down, so that it will
again engage the cam 27. The pistons 26 and
the cylinders of the engine are thus used auto-
matically to pump alr into the air-reservoir.

The cam 27 is kept constantly in motion by
the energy of the engine transmitted through

the gearing 28 on the crank-shaft 11, the gear-

ing 29, mounted on shaft 30,and the cog-wheel

31, also mounted on shaft30. The crank-shatt

11 is driven by the pistons through the pis-

ton-rods and their connections to the shaft 11.
The worm gear-wheel 28 drives the worm
gear-wheel 29 and the shaft 30, which 1s ro-
tary valve-shaft 30, and the cog- wheel 31.
Cog 31 drivescog46,which is mounted on shatt
110. Cog4d6drivesthe cog 47, which 1smount-
ed onshaft 104. Thisshowshow theshaft1041s
driven by power tr: ansmitted from the engine,
the gearing referred to being mounted I‘IU]{“V
on the Shaits referr ed to. lhe gearing Shown
in Fig. 14 is herein called the “hill- chmbmu

oear or — back” gear.
for concentrating the power or Speedmg up
the power, whereby greater power is oained:

but the speed of the carriage or otherobject be-

This gear-
The cam-

ing driven by the engine 1s slowel
:',ng will be E‘:h[)ld.l_?{led tfarther on.

X

As soon.

This gearing 1s used-

lever 40 is normally drawn down by means

75

80
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100

105

110
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120

1“'25 _
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- of the spring 105. The tension of the spring
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105 is adjusted by a screw 114. The lever 40

being drawn down, the roller 100 will engage

the cam 27 and will continue to engage the
cam 27 until the pressurein the reservoir be-

comes strong enough to raise the piston 101
in the cylinder 106, to force the lever 40 up-

As

ward agalnst the tension of spring 105.

‘soon as the pressure become great enough to
raise this lever 40 high enough to raise the

roller 100 above the cam 27 the compression
of air in the reservolr ceases.
how the tension of spring 105 will govern or
determine the pressure of the air-reservoir.
When the desired pressure is obtained in the
alr-reservoir, additional pressure will over-
come the tension of the spring 105 by means
of piston 101 and rod 102 and connecting-rod
103, thus causing the roller 100 to rise above

and miss the cam 27 as said cam is turning

| | carries the clutch-yoke 55.
55 carries antifriction-rollers 56, which bear
against the walls of the groove 57 in the.

on the shaft 104. - '
The valve-plug 94 is shown in its normal

position—that is, when the engine is not

pumping air from cylinders 5 and 6 to the air-

reservoir. This may be either when the cam -

97 has just passed beyond the roller 100, thus
allowing spring 107, which engages cam-lever
40 by means of a slotted stud 108, (which 1is
integral with lever 40,)to bring cam-lever 40
in position to engage cam 27 again (which po-
sition is parallel with the pipe48, screwed 1nto
valve 87, and with the valve-pipe 109, which
is a part of the casting of valve 37) or when
the air in the reservoir has overbalanced the
tension on the spring 105 by means of the
piston 101, &c., whereby the cam-roller 100
is raised above the cam 27. When the cam-
roller 100 is once disengaged from the cam

97, the piston crank-shaft 11 will make eight

revolutions before the cam - roller 100 en-
oages the cam 27 again, because the crank-
shaft gear-wheel 28 makes two revolutions to

- one of the rotary-valve gear 29. This speed

45

is transmitted through cog 31 to the hill-elimb-
ing gear 46. Thus the speed of the rotary-

valve gear 29 is transmitted through gear 46

to gear 47, which is of the ratio of one to four

- of gear 46, the gear 47 being keyed to the

55

shaft 104, on which cam 27 is mounted.
The valve 837 1s provided with four openings.

Three—111, 112, and 113—are threaded for re-

ceiving threaded pipes 51, 50, and 48, respec-
tively. The pipe49 is screwed into L-pipe 109,
whichisintegral with the valve-seat casting 37,

the pipe 49 being connected with the air-reser-

voir. Thecylinder 106 1s integral with the L-
pipe 109 and constitutes the air-cylinder 1in
which piston 101 ismounted for controlling the

- pressure of theair-reservoir. Thespring 107 is

6o

~ holding the roller 100 against either side of
the cam 27. When the cam 27 engages the
roller 100 of the lever 40,the plug 94 is turned
crosswise, the four openings of valve 37, as
shown by dotted lines in Fig. 15, thus con-

65

mounted in the stud 32. This spring 1s for

It is thus seen

758,854

necting the openings 112 and 113 of the valve
37 with the pipes 50 and 48 for taking :air

from the atmosphere to cylinders 5 and. 6 and
connecting the openings 111 and 109 with
pipes 51.and 49, whereby the air is forced
from cylinders 5 and 6 to the air-reservoir.
The power of the engine is applied through
shaft 110, beveled gear-wheel 35, which 1s rig-
idly mounted on said shaft, the beveled gear-
wheel 84, which is rigidly mounted on the
shaft 88, and through the knuckle-joint 52;
but the power may be applied in any other suit-
able manner. Greater speed may be secured
for the shaft 110 in the following manner:

"The cog 46 is mounted loosely on the shaft

110 and is normally made rigid therewith by
the clutch 43, the clutch-jaw of clutch 43
meshing with the clutch-jaw 42 being thrown
in mesh therewith by means of thelever118,
which is attached to the pivot-post 120,which
The clutch-yoke

clutch 43. Cogs 47 and 44 are keyed to the

shaft 104, and cog 45 is loosely mounted on

the shaft 110. Power is transmitted to the

cog 46 from the rotary-valve shaft 30. When

it is necessary to use greater speed,the clutch
43 is shifted from clutch-jaw 42, which 1s in-
tegral with cog 46 to clutch-jaw 41, which 1s
integral with the cog 45. Power 1s trans-
mitted to the cog 46 from the rotary-valve
shaft 30, but not directly to the shaft 110, as
it is normally done, but through the cog 47,
shaft 104, cogs 44 and 45 to shaft 110. The

speed is gained by reason of the difference in.

the size of the gearing. |

- The drawings show the rotary valve 12 pro-

vided with a seat or casing 14, which is shown
integral with the cylinders 1 and 2 and 3 and

70

75

80

e

95

LOC

Ios

4. The casing is shown beneath the cyl-

inders, which are adjacent to each other; but

the arrangement may be different, as the

valve and the casing may be placed above

the eylinders. The cylinders and the valve-

I1IC

seat 14 are provided with radiating flanges 58

for cooling purposes. The caps 59 may be
bolted or otherwise attached to the cylinders
3 and 4. The rotary valve 12 is provided
with a cap 60, which is secured thereto by
serew-bolts. This cap is provided with a

‘sleeve 61, in which is secured the rotary-valve

shaft 30 by means of the screw-bolt 62.

" The engine is provided with a frame con-
sisting of the base 63, the side walls 64, and
the top of the frame 66. The front end of
the engine is provided with an offset or ledge

65, which is for supporting the bearing 67 for
the rotary-valve shaft 30. The bearings 63

for the crank-shaft 11 are mounted on top of
the frame. The back wall 69 of the frameis
made in two parts and provided with hinges
70, by which the upper and lower parts are
secured together and by which the engine may
be tilted back for convenience in making ex-

ITEG

I2C

I2¢
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amination, cleaning, &c. The base 63 may
be attached to any suitable support.

The engine is provided with an oscillating
valve 17, mounted in the tubular rotary valve
12 for reversing purposes.
valve carries the governor for controlling the
supply ot exp]oqwe mixture. The governor
consists of two blocks 71, having each acurved
surface for closing the ports s in the rotary
valve 12 or partly closing said ports. These

blocks are attached to theoscillating valve by

means of spring-arms 72, these arms being se-
cured to the oqcﬂhtmﬂ valve by means of
screws 73 and to the blocks or wewhtg 71 by
means of staples 74. With the w elghts thus
arranged on spring-arms the centrifugal force
will cause the blocks or weights 71 to ap-
proach more or less near the-ports s and more
or less close these ports, and thus regulate the

amount of exploswe mixture that 1s passing

from the interior of the rotary valve to the
cylinder.
trolled by the yoke 75. This yoke isslidable
be set closer
to the weights 71 or farther from these weights
by means of the rod 150, which passes throu oh
the screw 79. If the yoke is placed near the

weights, they will not be thrown outwardly

toward the ports s, butif placed tarther away

from the weights there will be more ot the
arms feft to spring and allow the weights to
be thrown outwardly toward the ports s. The
means for permitting the valve 17 to oscillate
within the valve 12 are shownin Fig. 6. The
oscillating valve has a groove 76 therein and
the rotary valve carries a set-screw 77, which
nrojects in the groove 76, so that the oscillat-

ing valve can oscillate only to the length of

the groove 76, which groove extends practi-
cally one-quarter around the oscillating valve.
The screw 77 prevents longitudinal motion of
the oscillating valve within the rotary valve.

The OSCIH‘Ltl].’lD‘ valve 17 conmstq of a single
A kert 78 is cut in each end |

plece of metﬂ.l.
of the oscillating valve 17, and the ends of the
;'alve may be expanded by means of screws

9.
part of the oscillating valve two cut-outs 80
are made, in one of which the weights T1 op-
erate. The oscillating valve 17 is made ad-
justable in the rotary valve 12 by means of
rod 150, and the rotary valve is made adjust-

able in the seat 14 by means of the nuts 81.
The valve 17 is not oscillated relative to the

engine-cylinders, but relative to the rotary
valve. The oscillating valve is provided prin-
cipally for reversing purposes. The valve is
not really oscillated, but only held stationary
for a short time until the rotary valve turns
practically one-quarter around. Thisisdone
by means of a gripping device. (Shown in Fig.

9.} A casting or frog 82 is bolted to the ﬂfmue

54 on the end of the mlve—seat 14. 'This tfrog

has a clamp 83, and one end of a band- clamp
R4 is secured in this clamp and passed around

The oscillating

The weights are themselves con-

On each side of the longitudinal central

the end of the oscillating valve 17 and then
secured pivotally to a lever 85, which 1s ful-
crumed on the end wall 69 of the frame for

the engine, the strap, band, or clamp passing

through the clamp 83 on the frog82. A pull
on the lever 85 will cause the band-clamp to
orasp the oscillating valve and hold the same
stationary. An arm 86 is pivotally mounted
on the frame for moving the oscillating valve
axially or giving lineal motion to the valve.

S5

70

75

This arm 1s convement for adjusting the os- -

cillating valve.
carries two rollers 87, which prevent friction

on the oscillating ;Valve, the rollers resting 1in

a groove in the oscillating valve.
To reverse the engine-valve, the end of the

oscillating valve is gripped by the band-clutch
This holds the oscillating valve station-

84.
ary while the energy of the engine drives the
rotary valve a fraction of a revolution far

enough to convert the exhaust-spaces 1nto

compression -spaces, and vice versa. 1This is
accomplished in the first instance by the ex-

Thaust-port ¥ in the rotary valve shiding over

the blank space 83 of the oscillating valve,
which changes the exhaust-space in the rotary
valve 1nto the compression-space. Thisstate-
ment is relative to the cylinders 1 and 2.
During the same time the exhaust and com-
pression spaces for cylinders 3 and 4 on the

other end of the rotary valve change by the

exhaust port 22 assuming position over the
blank space 89 in the oscillating valve.

Fig. 7 the compression-space or the space

“about groove ¢ is converted into the exhaust

by the port « being opened by the exhanst-
oroove 90, as shown 1n FKig. 9.
thing is accomplished in eylinders 3 and 4 by
the other end of the valve, as shown by Figs.

8 and 10. The port 20 in the compression-

space on and about groove » assumes position
over the exhaust-groove 91. The intalke-
oroove 92 of Figs. T
valve connects with the explosive mixture 1n
the rotary valve and reaches far enough around
the oscillating valve to allow port ¢ in intake-
oroove A of rotary valve to remain open after
the rotary valve has changed 1ts position.

The same is true of eroove 95 of Figs. 8 and

0. - The expansion-spaces about groove 2 in
Fio. T and er 001*@7 in Fie. 8 remain the same
Whlle the engine is running in either duec—

tion.

The igniters«and 21 are located in the por-
tions of the wall of the rotary valve repre-
senting expansion-spaces, and the orooves 93
of Figs. Tand 9 and 94 of Figs. 8 and 10 al-
low free movement in changing for reversing
purposes—that is, allow free movement of
the rotary valve relative to the oscillating
valve without injuring the 1gniters, the igni-
ters being located in the grooves : and £ of
the rotary wvalve. The 1gniters consist of
platinum wires, one end of which is fastened
to the rotary valve 12 by means of a screw 96

The arm is bifurcated and

In

The same

and 9 in the oscillating
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consists of some insulating material.

M

e T

Rt

. T
1

(th1s connects the wire with the entire frame
of the engine) and the other end secured be-
tween the nut 97 and the bushing 98, which

nut 97 is screwed on a conductor-rod 99,
which connects with an insulated ring 115,
mounted on the oscillating valve 17. A spring-
pressed brush 116 is prowded for connecting

 the ring 115 with the frame of the engine.

10O
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This brush is mounted in a casting 117, which
is bolted to the end flange 54 of the Valve-seet
14. . Conductor-rods 09 connect both 1oniters
with the insulated ring 115, the grooves 93
and 94 in the oscillating valve allowing or af-
fording a passage-way for the rods. - The cen-
tral part of the oscillating valveis made smaller
than the parts toward the ends thereof. Con-

sequently no groove in the oscillating valve

at the central part thereof is necessary for the

passage of the conductor-rod from the 1gniter

2, which is located in the rotary valve at the

opposﬂ:e end from the insulating-ring 115. .
The changes of the mechamsm for control-—

ling the exploswe mixture which take place

-_ When the engine is reversed have been de-

scribed ab_ove The changes which take place
in the mechanism for controlling the com-
pressed air are simple. The engine ceases to

- explode the gasolene or other exploswe mix-
ture as soon as the oscillating valve is checked

long enough for the rotary valve to turn the
requisite distance about the oscillating valve,

because this operation cuts out the igniters.

The explosive energy. of the engine being

dead, the air when suitably directed will cause -

the engine to run in the opposite direction.

- Before reversing, the air has been going from

40

45

50
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- From pipe 51 the air enters groove 6, thence

6o

65

atmosphere through pipe 48, through valve 37,
~through pipe 50 to g

roove @, and thence
through grooves ¢ and ¢ to cylinders 5 and 6,
through ports 25, thence back through ports
25, throucrh grooves @ and’f, throuﬂ“h oTO0VEe

b to pipe 51 and thence on throu O’h Valve 37

and pipe 49 to air-reservoir. As soon as the
valves have been shifted, as above described,

the four-way valve 37 is opened by means of.
This opening of the Valve 37
causes the lever 40 to set the roller 100 in a

a lever 121.

position over the center of the shaft 104 of the

hill-climbing gear slightly beyond the center

of cam 27, which is the same relative distance
from the pomt of the cam before the engine

was reversed, but on the opposite side of the

cam. - This will allow the air from the reser-
voir to pass back through the pipe 49, valve 37,
and pipe 51, (just the opposite of the direction
and throuﬂ*h the same course it was passing a
moment before the engine was reversed. )

to # and & to cvlinders 5 and 6 through ports
25. It is immediately exhausted through the
same ports 25, through grooves ¢ and ¢, and
through groove « and on through pipe 50,
valve 37 “and pipe 48 to the atmosphere. In

this operatlon the openings 113 and 111 of the

The

‘plosive mixture.

758,854

valve 37 become intake for the cylmders 5 an”d 6 |

and opening 112 and pipe 109 become. exhaust
to the air-resérvolr.

the compressed air.

enough to expose the igniters to the explosive

mixture there is no necessity of any power
75

from the compressed air.

The compressed air may
‘be used in the same way for starting the en-
gine, the pistons being moved by theforce of
- As soon as the pistons
have operated to rotate the rotary valve far

70

The lever 118 for operating the cluteh 4:3 181 ‘_

fulerumed on a pivot-post 120, being made

rigid with said post, and arm 55 is I’]G’ICUV.

mounted on said post and provided with arms
which carry the rollers 56. Any suitable ar-

rangement of levers may be provided for op-

erating the clutch 43.

The ring 115 1s insulated from the rotary |
valve 12 b means of insulation 122 and from
the oscﬂlatmcv valve 17 by means of insula-
A ¢ oroove 124 may be made near
the end of the oscillating Valve 17 for the

tion 123.

strap-clutch 84; and a groove 125 may be made

in this valve for the rollers 87 of the arm 86.
9o

The operation seems to be. sufficiently de-
seribed above.

Theignitersaretobecharged
with electricity from any suitable battery, and_'

50

the pipe 16 is to be connected to a suitable

carbureter for supplying the engine with ex-

When there 1s no supply
of compressed air, the engine will have to be
started by rotating the valve by hand by‘
some suitable crenk or by sm]ply orasping

95

the drive-wheel and mOVmO'_the same with the

hand. ~When there is a supply of compressed
alr, the engine may be started by opening the.
four way valve as above described. Pe-
ripheral grooves are made in the surface of.
the rotary valve for controlling the exploswe
mixture and controlling the compressed alr.
Peripheral grooves are “made in the surface of
the oscillating valve for controlling the flow
of exploswe mixture. The eompressed air
runs in grooves prepared in the surface of

the rotary valve, but does not go to the 1 1n-

terior of the rotary valve.

Various other changes may be made Wlth-
out departing from my invention.

Hevmg fully described my invention, what
I claim as new, and desn'e to secure by Letters
Patent, is—

1. A mult1p1e-cylmder engine comprising a

plurality of cylinders each being provided

with a piston and a piston-rod, a common
crank-shaft operated by said plstons a rotary

valve provided with a suitable shaft, oper-

ative mechanism by which said Valve 1S ro-
tated by said crank-shaft and a gear-wheel
mounted on said valve-shaft for transmlttmcr
the power of the engine.

2. An engine comprising a plurehtv of cvl-
inders, each eylmder beingprovided with a pis-

ton-rod and a piston, a common crank-shaft

operatively connected to said piston-rods, a
valve-seat integral with said cylinders, a ro-
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tary tubular v
ing by which said valve is rotated, and means
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alve mounted 1n said seat, gear-

b,; which said cvlinders are fed with explo-
sive mixture from the interior of said valve.

. An engine comprising a plurality of cyl-
inclers provided with suitable pistons and pis-
ton-rods, a rotary valve in operative connec-
tion with said cylinders provided with a seat
integral with said cylinders and a suitable
shaft, a common crank-shaft operated by said
pistons, gearing by which said valve is ro-

 tated by caid bhatt, and gearing mounted on

20
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said valve-shaft t01 transmitting the power ot
the engine.

4. An engine comprising a plurality of cyl-
inders provided with suitable pistons and pis-
ton-rods, a rotary tubular valve provided with
a seat adjacent to sald cylinders and a shaft-
operative means by which sald valve is ro-
tated by said pistons and gearing mounted on
said valve-shaft for transmitting the power
of the engine; said cylinders hwma suitable

ports communicating with said valve- -casing

and sald valve being tubular and having suit-
able intake and exhaust groovesand ports for
feeding said cylinders with explosive mixture
fr om the interior of said valve. -

An engine comprising a plumlity of cyl-

1nde13 pmmded with suitable piston and pis-

ton-rods, a rotary tubular valve for feeding
sald cylinders, a seat for said valve having a
port to each of said cylinders and intake and
exhaust ports to said valve, said valve having
a groove and anintake-porttherein for receiv-
ing explosive mixture within said valve and
suitable intake oroovesand ports and exhaust-
orooves wher ebw. explosive mixture 1s fed to
said cylinders and spent mixture is exhausted
from said cylinders, all of said grooves being
in the periphery of said valve, and means
whereby said valve is rotated by said pistons.

6. An engine comprising a plurality of cyl-
inders provided with suitable pistons and pis-
ton-rods, a rotary valve tubular and conical
1n shape, a seat for said valve adjacent to said
cylinders having ports in communication with
sald cylinders, and operative means by which
said valve 1s rotated by said pistons, said valve
having a groove and a port for recelving ex-

plosive mixture therein, common intake and

exhaust ports and grooves being provided 1n

saicd valve whereby the eylinders laterally ad-

jacent to each other are fed with the explo-
sive mixture from the interior of said valve
and whereby said valve exhausts said cylin-
dels

. An engine comprising a plurality ot cvl-
indeL,. S Pr ovided with suitable pistons and pis-

ton-rods, a rotary tubular valve for feeding

sald C\"hﬂd@l a seat for said valve adjacent to
said eyl
formed integral, operative means for connect-
ing said valve and said piston-rods whereby
sald valve 1s rotated by said pistons means
mounted 1n said rotary valve for controlling

verting the intake-ports

suppl

linders said eylinders and said seat being

the supply of explosive mixture to said cyl-

inders and 1gniters mounted in the periphery
of sald valve for igniting the explosive mix-

tme in said cylinders.

5. An engine comprising a plurality of cyl-
inclers pr ovided with suitable pistons and pis-
ton-rods, a rotary tubular valve adjacent to

all of said eylinders and provided with a shaft,

ancd operative means for connecting said valve-

shaft and said pistons, said valve being pro-

vided with intake and exhaust. ports commu-
nicating with said cylinders, means for con-

reversing the engine, and means for automat-
lcally maintaining a supply of compressed air
to be used for reversing and starting purposes.

9. An engine comprising a plurality of cyl-
inders provided with suitable pistons and pis-
ton-rods, a rotaryv valve provided with suit-

able gearing by which said valve is rotated by

said pistons, said valve being provided with
means for feeding and exhausting said cylin-

cers, and an oscillating valve mounted in said

rotary valve for reversing the engine.
10. Anengine comprising a plurality of cyl-
inders provided with suitable pistons and pis-

ton-rods, arotary tubular valve provided with

sultable gearing whereby said valve is rotated
by said pistons a valve-seat integral with said
cylinders, means for feeding said cylinders
with explosive mixture through said valve,
means carried

v of explosive

ried 1n

inclers in succession whereby the energy cre-

ated by explosion in each cylinder is utilized

to drive the sald valve for feeding the next
cylinder. .

11. An engine comprising a plurality of
tandem cylinders arranged in pairs, pistons
forsaid eylinders, piston-rods for said pistons,
the pistons of the tandem cylinders having
their pistons mounted on a common piston-
rod, a crank-shatt engaged by said piston-rods,
a rotary valve for feeding said cylinders, a
valve-seat integral with all of said cylinders,
ancd gearing by which said valve is rotated by
sald pistons.

An engine comprising
cylinders in pairs, a rotary tubular
feeding said cylinders, a seat for
integral with said cylinders, the cylinders lon-
gitudinally adjacent to each other having a
common piston-rod and each having a piston
mounted on said rod, a single crank-shaft
having suitable bearings, all of the piston-rods

a plurality of
alve for

being connected to said crank-shaft, gearing

by which said shaft drives said rotary valve,

and means for supplying said valve with ex-

plosive mixture.

13. Inanengine composed of a plurality of
cylinders plOVldbd with suitable pistons, and
piston-rods: a valve-seat 1n operative connec-
tion and integral with said c¢ylinders, a rotary

e

to exhaust-ports for

in sald valve for controlling the
mixture and means car-
the penphen of said valve for ignit-
Ing the explosive mixture in each of said cyl-

sald valve
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tubular valve mounted in said seat, operative
means by which said valve is rotated by said
pistons, and means for supplying said valve
with explosive mixture, said valve having

suitable intake-grooves and exhaust-grooves

in the periphery thereof and suitable ports in

said groovesin communicative relation to ports

in sald cylinders. - |
‘14. In an engine composed of a plurality of
cylinders provided with suitable pistons and

- piston-rods; a-valve-seat integral with and

I5

having ports to said cylinders, a rotary valve |

tubular in structure and mounted in said seat,
means for rotating said valve, means for di-
recting explosive mixture to the interior of
said valve, said valve having intake and ex-

- haust grooves in the periphery thereof and

20
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intake and exhaust ports in said grooves, and
exhaust-pipes for discharging the spent ex-

plosive mixture.

~ 15. In an engine composed of a plurality ot

cylinders provided with suitable pistons and
piston-rods; a tubular valve-seat adjacent to
and integral with said cylinders and having
ports tosaid cylinders, a tubular valve mount-
ed in said seat and constructed with suitable
agrooves and ports for feeding and exhausting
said cylinders, means for feeding and exhaust-
ing said valve, operative means by whichsaid
valve is rotated by said pistons, and means
carried in the periphery of said valve for 1g-
niting the explosive mixture.

16. In an engine composed of a plurality of
cylinders provided with suitable pistons and
piston-rods; a tubular valve-seat adjacent to
said cylinders provided with ports to said
cylinders, a tubular valve mounted in said
seat provided with suitable ports and grooves
for feeding and exhausting said cylinders,
means carried by said rotary valve for ignit-
ing the explosive mixture in said cylinders,
and an oscillating valve mounted in said ro-
tary valve for reversing said engine. |
- 17. In an engine provided with a plurality
of eylinders provided with suitable pistons and
piston-rods, a rotary valve and means for ro-
tating said valve by said pistons; a valve-seat
for said valve having ports leading to said

cylinders and suitable ports for supplying

and exhausting said valve, said valve having

ports, leading from the interior thereof to

 grooves in the periphery thereof for supply-

Py
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ing said cylinders with explosive mixture and
similar ports and grooves for exhausting the
spent mixture from said cylinders and means
carried in the periphery of said valve for 1g-
niting the explosive mixture.

18. In an engine provided with a plurality
of cylinders and a rotary tubular valve for
feeding said cylinders with explosive mixture
and for exhausting the spent explosive mix-
ture: a pipe for supplying said valve with
explosive mixture, and means mounted in said
valve for regulating the amount of explosive
mixture fed by said valve to said cylinders.

v58.854

19. In an engine provided with a plurality
of cylinders and a rotary tubular valve adapt-
ed to feed said cylinders with explosive mix-
ture and to exhaust said cylinders of spent
explosive mixture; means for supplying said

valve with explosive mixture, an oscillating

valve carried in said rotary valve for revers-

ing purposes, and means carried by said oscil-

lating valve for regulating the supply of ex-
plosive mixture fed to said cylinders by said

rotary valve.

90. In an engine provided with a plurality
of cylinders and a rotary tubular valve adapt-
ed to feed said cylinders with explosive mix-
ture and to exhaust said cylinders of the spent
mixture; means for supplying said valve with

75
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explosive mixture, an oscillating valve car-

ried in said rotary valve for reversing pur-

poses, means carried by said oscillating valve

for governing the supply of explosive mix-

ture fed tosaid cylinders by said rotary valve,
and means carried in the periphery of said ro-
tary valve for ignitingsaid explosive mixture
in said cylinders. o

91. In an engine provided with a plurality
of cylinders and a rotary tubular valve adapt-
ed to feed said cylinders with the explosive
mixture and to exhaust said cylinders of spent
mixture; means for supplying sald rotary
valve with explosive mixture, and means car-
ried in said valve for igniting the explosive
mixture in said cylinders consisting of a wire

mounted in the periphery thereof for carry-
ing a current of electricity, an insulated rod’

mounted within said valve and connected to
one end of said wire, the other end of said
wire being connected to said valve and conse-
quently to the entire engine, and means for
making electrical connection with said rodand
the engine. T o -

99. In an engine provided with a plurality
of eylinders and a rotary tubular valve adapt-
ed to feed said cylinders with explosive mix-
ture and to exhaust said cylinders of spent
mixture; means for supplying said valve with
explosive mixture, means carried by said

go
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valve for igniting the explosive mixture in

said cylinders, means for - shifting the posi-
tion of said valve long enough to cut off ex-
plosive mixture from said igniting means
whereby the energy of the engine ceases and
means operated by said valve for reversing the
engine.- . o
23. In an engine provided with a plurality

of eylinders and a rotary tubular valveadapt-

ed to feed said cylinders with explosive mix-
ture and to exhaust said cylinders of spent
mixture: means for supplying said valve with
explosive mixture, means carried by saild
valve for igniting the explosive mixture 'in
said cylinders, an oscillating valve mounted in
said rotary valve, means for shifting the po-
sition of said valves relative to each other
whereby the explosive mixture is cut off from
said igniting means and in consequence the
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enerey of the engine is checked, and means
for reversing the engine.

94. In an engine provided with a plurality

of cylinders anda rotary tubular valve adapt-
ed to feed said cylinders with explosive mix-
fure and to exhaust said cylinders ot spent

mixture: means supplying said valve withex- |
compressed-air cylinders for reversing pur-

plosive mixture, an oscillating valve mounted
in said valve, and means for regulating the
supply of explosive mixture, ted
inders by said rotary valve consisting of
weiohts for closing the intake-ports and
spring-arms for attaching said weights to said
oscillating valve.

25. In an engine provided with a plurality
b': L ¥

of cylinders and a rotary tubular valveadapt-
ed to teed said evlinders with explosive mix-
ture and to exhaust said eylinders of spent
mixture: means for supplying said valye with
explosive mixture, an oscillating valvemount-
ed in said rotary valve, and means for regu-
lating the supply of explosive mixture fed
to said eyvlinders by said rotary valve con-

sisting of weights for closing or partly clos-
ing the intake-port from said rotary valve to

said evlinders, spring-arms attached to said
oscillating valve and carrying said weights

and a voke mounted on said arms tfor regulat-

ino the motion of sald weights.

96. In an engine provided with a plurality
of eylinders and a rotary valve adapted to
feed said cylinders with explosive mixture
and to exhaust said cvlinders of spent mix-
ture: means for igniting the explosive mix-
ture in said eylinders consisting of a wire car-
ried in the periphery of said valve and hav-
ing one end thereof connected to said valve
and consequently to the engine-frame, an 1n-
sulated rod mounted within said valve and
connected to the other end of said wire, an in-
sulated ring to which said rod is connected,
and means for making electrical connections
with said ring and the frame of the engine.

27. In an engine provided with a plurality
of evlinders and a rotary valve adapted to
feed said cylinders with explosive mixture
and to exhaust said cylinders of spent mix-
ture; means carried in the periphery of sald
valve for igniting the explosive mixture in
said evlinders, means for cutting the explo-
sive mixture off from said 1gniting means,
suitable compressed-air cylinders, and means
for admittine compressed air through said
valve into the compressed-air cylinders for
reversing the engine.

98. In an engine provided with a plurality
of tandem cylinders provided with suitable
pistons and a rotary valve adapted to feed

said eylinders with explosive mixture and to

exhaust said cylinders of spent mixture; 1n-
termittent compressed-air cylinders in each
rear cvlinder in front of its piston and means
or admittine compressed air to sald com-
nressed-air eylinders for reversing the engine.

29. In an engine provided -with a plurality

to said cyl- !

of cylinders and a rotary valve adapted to feed
said eylinders with explosive mixture and to
exhaust said eylinders of spent mixture; com-
pressed-air cylinders adjacent to said valve
and in front of the pistons ot the rear cylin-
ders and means for admitting compressed air
through the periphery of said valve to said

poses.

30. In an engine provided with a plurality
of tandem cylinders partition - packing be-
tween the front and rear cylinders and a ro-
tary valve adapted to feed said cylinders with
explosive mixture and to exhaust said cylin-
ders of spent mixture; a compressed-alr cyl-
inder alternately formed between the parti-
tion-packing and the piston in each rear cyl-
inder, means carried in the periphery of said

alve for igniting the explosive mixture 1n

said evlinders, means for cutting the explo-

sive mixture off from said igniting means, and.

means for admitting compressed air through
the periphery of said valve into said compres-

“sion air-cylinders.

31. In an engine provided with a plurality

of tandem ecylinders partition - packing be- -

tween the front and rear eylinders and a ro-
tary valve adapted to feed said cylinders with
explosive mixture and to exhaust said cylin-
ders of spent mixture; means for forming
compressed-air cylinders between the parti-

tion-packing and the piston of the rear cylin-

ders: means for accumulating a supply of com-
pressed air automatically by the energy ot
said engine, and means for admitting com-
pressed air to said compressed-air cylinders
through the periphery ot said valve for re-
Versing purposes.

39. Anenginecomprisinga plurality ot tan-
dem eylinders for receiving explosive mix-
ture, means for forming compressed-air cyl-
inders between the partitions, & rotary tubu-
lar valve for feeding and exhausting said cyl-
inders, means for supplying explosive mix-
ture to the interior of sald valve, an oscillat-
ing valve mounted in said rotary valve, sald
-alves having peripheral grooves therein and
said rotary valve having suitable ports for
feeding explosive mixture to the explosive-
mixture cylinders and similar grooves and
ports for exhausting spent mixture, sald ro-
tary valve having peripheral grooves for teed-
ino and exhausting compressed air to and
from said compressed-air cylinders, means tor

rotating said rotary valve, a shatt keyed to

said valve and suitable mechanism for trans-
mitting the energy of said cylinders to said
shatt, means carried by said rotary valve for
igniting the explosive mixture in said cylin-
ders and means for reversing said engine con-

sisting of a clutch for shifting the positions

of sald valves relative to each other and a
valve for turning compressed air to said ro-
tary valve.

33. Anenginecomprising a plurality of cyl-
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inders, a tubular rotary valve for feeding ex-
ploswe mixture to said cylinders and exhaust-
ing spent mixture from said cylinders, means

for supplying explosive mixture to the inte-

r1or of said valve, means for rotating said
valve, said valve

having intake-groovesin the
periphery thereof and ports from the interior
thereof to sald grooves whereby explosive

mixture 1s fed to said cylinders, said cylin-

ders being provided with suitable ports, said

rotary valve having suitable ports and grooves
fTor exhausting spent mixture from said cyl-
inders, an oscillating valve mounted in said
- rotary valve and provided with grooves to -
complete the passage for explosive mixture
through said rotary valve, means carried by
sald rotary valve for igniting the explosive

- mixture in sald cylinders, and means for shift-

20

1ng the position of said valves relative to each
other whereby the intake ports and grooves

1n sald rotary valve are converted to oxhaust
grooves and ports and vice versa. '

34.. Anengine comprising a plurality of cyl-
inders arranged in a quadrangle, a valve-seat
having ports communicating with said .cylin-

ders, a rotary tubular valve mounted in said
seat and adapted to feed said cylinders with

explosive mixture and to exhaust spent mix-

735
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ture from said cylinders, means for driving
sald valve whereby said valve delivers explo—
stve mixture to said cylinders in succession,
means for forming compressed-air cylmdels
‘between the packmcr and the pistons in the

rear cylinders for starting and reversing pur-

‘poses, sald valve being adapted to feed com-
‘pressed air to said compressed -air cylinders
‘and: to exhaust air from said cylinders, an os-

cillating valve mounted in said rotary valve

‘and provided with means for directing and
regulating the supply of explosive mixture
fed to said cylinders by said rotary valve, said
‘rotary valve carrying means for igniting the
‘explosive mixture insaid cylinders, and means

-:.for shifting the positions of said valves rela-

758,854

tive to each other Whereby' the engine may be 45

reversed, by compressed air.

35. An engine provided with a plurahtv of
cylinders, a rotary valve for feeding said cyl-
incders with explosive mixture, said cylinders
being provided with suitable pistons and pis-

ton-rods, a crank-shaft, said piston-rods con-

nected to said crank-shaft, a worm gear-wheel
mounted on sald shaft, a shaft connected to
sald rotary valve, a worm-gear mounted on
said shaft and meshing Wlth sald first-named
gear, whereby said valve is driven by the en-
ergy from said cylinders, said valve being

tubular and conical in shape, a seat for said

valve, means for adjusting said valve in said
seat, gearing for transmitting the power of
sald engine from said mlve—%hatt and means
for varying the speed of said gearing.

36. An englnecomprisinga plurallty of tan-
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dem cylinders provided with suitable pistons -

and piston-rods, a rotary valve for feeding

said cylinders with explosive mixture, a com-

mon crank-shaft, said piston-rods bemo‘ con- -

nected to said shaft, a valve-shaft connected
to said valve, suitable gearing by which the
energy of sald cylinders 1s transmitted to said
valve-shaft for rotating said valve and for ap-
plying to the object to be driven, gearing for
transmitting the power of the engine, means
tor varying the speed of said gearing, a pump
for compressing air, suitable gearing for au-
tomatically operating said pump by the en-
ergy of the engine, means for forming com-
pressed-air cylinders between the packing and
the pistons in the rear cylinders and means
for admitting compressed air to said cylinders
for reversing and starting purposes.

In testimony whereof I set my hand, in the
presence of two witnesses, this 5th daV of

April, 1901.
EDWIN L. RUSSELL.
Witnhesses:

J. B. WENSLETT,
A. L. JAcKson.
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