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do all whom 1t may concern:

Be 1t known that we, Jasus Porrnocg and
Warter F. Lumuyxceurn, citizens of the
United States, residing at Wilkes-Barre ‘and
Dorranceton, respeciively, in the county of
have in-

£

~ vented certain new and useftil Improvements

10

in Rotary Gas-Engines, of which the follow-

ng 1s a specification..

~ This invention comprises improvements

. in explosive engines having rotary pistons of
~the type illustrated in the patent to Walter

. Leibenguth No. 773,401, dated October

25th, 1904.

~In the present invention a series of pairs of

~segmental pistons are arranged in compart-

ments of an engime cylinder and cqually

spaced around the shafis so as to preserve the

~balance and et in succession, and the pistons

in ene or more of these compartments serve

‘a8 pumps to compress the gas or mixture
“mmbo a valve chamber, from whenee 1t is ad-

- mitted in regulated quantitics at proper in-

tervals to the explosion chambers of the re-
“maining compartments and there exploded
~agamst  the pistons therein. |

ri
i

he valve

- mechanism regulates the quantity of explo-

30

sive muixture passing from the valve chamber

~into the explosion chambers, and » pressure-
controlled valve regulates-the admission of
the mixture to the
" the engine.

pup compartments of

In the accompanying drawing, Figure 1 is

- a vertical section through the engine, taken
_ 1 of Ifig. 2, the pistons being -
- shown 1n side view, partly broken away; Fig.

on the line 1

©21sasection on the line 2—2 of Fig. 1 g, 3

- is & section on the line 3—3 of Fig. 1 Fig. 4 is

40

‘a section on the line 4—4 of Fig. 1; ¥ig. 51is a

section on the line 5-—5 of Fig. 1; M. 6 is a

~seetion through the admission valve and cas-

valve.

suitable-base and B indicates the engine :

ing taken on the line 6—6 of Fig. 1; . 7 is

& plan view of the valve casing partly in cen-
- tral horizontal section; Fig. 8 1s 4 similar view
5 of the admission valve; Fig. 01s a side view

of one of the partitionsin the engine eylinder;

~INg. 10 18 a section on the line 10—10 of Fig.

9; Fig. 11 is'a side clevation of the gears

- which connect the shafts of the engine, and
50

Figs. 12 to 16, inclusive, are detail views

lustrating the operation of the adwission

- Referring to the drawing, A indicatds a

‘another.
the speed of the shafts 3 and 4 by means of a

i frame or casing which comprises a double

cyhinder, consisting of the two connected
nalves, b and &, having heads 1 and 2 at their
endsand having transverse partitionse, ¢” and
¢* which divide the cylinder into four com-
vartments d, d’, 4%, and d°. The cylinder is

Cprovided with a suitable water jacket, not

shown., Parallel shaefts 3 and 4 extend lon-

gitudinally through the cylinder and upon

these shatts, within the compartments, are
arranged pairs of codperating semi-circular
segmental pistons, e—e’, f~—~f", ¢—¢ and
fi—Ah'.  ach piston i1s mounted upon a cylin-
drical hub 5, which is secured to the shaft.
The pistons of eacly pair are arranged rela-
tively to one another so that the periphery
of one of the pistons will always be alinost in
contact with the hub of the other.

The pairs ol pistons f~—1” and A—7/4n the
compartments @' and *, which are the ex-
ploston compartments of the engine, are ar-
ranged respectively 90 degrees apart on the
shafts, and the pairs of pistons e—e’ and g—¢’
m the compression compartments d- and ¢

are arranged 90 degrees apart, the arrange-

ment being such as to preserve a good me-
chanical balance. Valve mechanism, here-

matter described, is arranged to admit ex-
plosive mixture into combustion chambers 6.

and 6* (Figs. 1, 3 and 5), alternately at each

quarter revolution of the piston shafts 3 and
Gears 7 and 8 (Figs. 1 and 11) of equal

4.
diameters are secured to the shafts 3 and 4,
respectively, and these gears mesh with one
another, so that the shafts rotate in unison
and keep the pistons in fixed relation to one
A valve shaft 10 is turned at twice

gear 11 upon the shaft 3 which drives a gear
12 upon the valve shaft, through an inter-
mediate gear 128, _
ciosed within a suitable gear casing 13. The
piston shaft 4 is mounted in bearings K, one
of saxd bearings being s¢cured to the cylinder

Thesc gears-are all in-

2§

e
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head 2 and the other being secured to the .

goar casing.  The piston shaft 3 is mounted
1 simiar bearings, not shown in the draw-

mg, and the valve shaft is mounted in bear-

100

tugs 7 and 3" secured to the piston head 2 and

the gear casing, respectively. o
Kach of the bearings K for the piston

shalts comprises an outer sleeve 17, secured:

to the {rame, and an inner sleeve 18, which

is threaded into the outer sleeve. The inney

105
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~point than another, the sleeve may he turned

99

Cand 7).which register with slots 23, 25%, re-

25

30
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_ing suitable openings in its ends 29 and 30

40

50

59

- 80
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omne side, 27, in a plane at right angles to the
axis of the evlinder, and the opposing side 28 |

casing.

valve to slide alone the valve shaft. The

40, and 41, which are in line with the ports

>3 _ ' . 871,628

sleeve has a lining 19 of anti-friction metal. |
The portions of the shafts within the bear-
ings are made tapering, as shown, the inner
sleeve being correspondingly tapering. It
is important to provide accurately fitting’
bearings in an engine of this class, in order
to keep the pistons in close relation to the

adjacent parts without friction. The mmner

gleeve may be adjusted longitudinally n or- |

der to take up general wear in the hearings,
or, if a bearing should wear more at one

so as to present another portion of its sur-
fauce at the point of areatest wear,

No packing is used on the pistons except
on those faces of the pistons which adjoln
the cylinder heads 1 and 2, where rings 20
are fitted into the piston faces. |

" A storage chamber N is suitably secured
upon the top of the cylinder, and betwcen
the storage chamber and the cylinder Is ar-
ranged a cylindrical valve casing L, having
lone circumferential slots 24, 242 (Igs. 1, 6
spectively, of ‘corresponding - length, in the
lower curved wall 26 of the storage chamber.
The valve casing remains stationary, its ends
abutting against the heads 1 and 2, which
are extended above the eylinder, as shown 1n
Fig. 1. The valve casing has mn its lower
wall, over the explosion chambers 6, 6% two
series Hf circumnferentially extending wedge
shaped slots or ports x, o/, each slot having

st an angle to the axis of the cylinder.
Within the valve casing 13 arranged a
valve M. consisting of a hollow cylinder hav-

for the valve shaft 10 to extend through.
The valve is connected:to the valve shalt by
a key 31 so as to rotate with the shaft, but 1t
is free to move longitudinally on the shalt.
The valve shaft is held against longitudimal
movement by the conical bearings j° and g,
and stuffing boxes 32, 32* are provided to
mrevent the escape of gas from the valve

-—

The valve stem .33 extends through the
stulfineg box 32* and into an axial opening i
the adjacent end of the valve shait and 1s
conmected to a crosshead 34 arranged withim
a cavity 35 in the shaft. A pin 36 extends
throueh the crosshead and through a slot 37
in the shaft and into the head 30 of the

-alve eylinder, so that a longitudmal move-
ment of the valve stem 33 will cause the

= =l

outer end of the valve shaft has a pin and
slot connection with one arm of an operating
lever 362, which may be connected to a
suitable governor, or moved by hanc.

The valve has two circular series ol ports,

24 and 24 i the valve casing, respectively, |

Jlrr

when the valve is at the left hand Imit of

chamber or reservoir N through the ports
n the valve casing and valve into the m-
terior of the valve at all times except when
the valve is at the right hand limit of its
movement, when the ports 40 and 41 will be
out of the line with the ports in“the valve
casing. - At intermediate positions of the
valve the admission of gas through the ports

40 and 41 will be more or less throttled. The

valve also has two series of outlet ports, m,
m’ arranged to admit gas from the interior
of the valve through the ports xz, and &

in the valve casing and thence through the

noris ¥, i in the cylinder into the explosion
chambers 6, 6* of the several compart-

‘ments alternately. The outlet ports in tue

valve are wedge-shaped and of the same
size and foim-as the. outlet ports in the
valvecasing, but reversely arranged; that 1s,
the slpts in'The valve diverge circumferen-

its movement, as shown in Fig. 1, so that
the gas can pass directly from the storage.

70

75

80

85

tial in'the gpposite direction from the slots -

in the valve casing, as will be noted by com-

¥armg the slots  In Fig. 7 with theslots m n
‘ig. 8, or by comparing the slots z and m 1
Figs. 12 to 16, and the sTanting walls 42 of the
slots in the valve are at the left while the wails
43 which are at right angles to the axis of the

valve are at the right, whereas in the valve

casing the inclined walls 28 are at the right
and the walls 27 which are at right angles to
the axis are at the left.

The valve rotates within the valve casing
in the direetion indicated by ths arrows and

the two series of outlet ports in the valve are
arranged 180 degrees -apart around the
cylinder, so that as the wvalve rotates one

series of outlet ports in the valve will come
op{mmte onc scries of outlet ports in the

valve casing at cach half revolution of the

valve. As the valve rotates twice for -cach

revolution of the piston shafts, gas 1s ad-.

mitted to each explosion chamber of the
cylinder twice during each revolution of

the piston - shafts. Thus referring to Figs.

3 and 5, when the ports 7 in the valve come

opposite the ports « in the valve casing gas

s admitted to the explosion chamber 6 of

a0

99

100 .

110

115

the cvlinder and exploded against one of the -

pistons, f, in the compartment d'. “After
the piston shafts have turned through one-
fourth of a revolution, or an angle of 90 de-

orees, the piston, h, in the compartment

- d* will be in position to be acted upon, and
by this time the valve -will have made onc-
half of a revolution, and gas will pass from

the ports o’ through the ports o’ imnto the
explosion chamber 6°. After the shafts

have made another one-fourth of a revolu- .

tion and the valve another cne-half of 4
revolution, gas is again admitted through

- the ports m and xinto the chamber 6, and the

piston 17 will then be m position to be agted

120

125

130



-~ generator and timing deviee,

-up&n &md after the. plstou shafts have made
“another one-fourth of a mfolutum and

the
valve has made another half revolution, the
piston & will be in position to be acted upon,

“and gas will be udmlttul to the (*hfun.)er ok
thmun'h the

orts m’ and 2’. The four pis-

tons, f, h, {7 and &' are thus sue cossively

__&Ltbd upon by the explosions during eac h

_-g_rev{:slutwn of  the ;[)15*011 shafts. b]}ml
plugs s are arranged 1 the b\plosm L chiat-

bers ~and (um}mted to o sultable electric
HDNECeSSary

to-llastrate.

._dlk(,haﬂwl throueh. emuuht ports »,

The spent frubeb are capried around be-
tween the ene ls of the seginental p[blt)llq ancl
1 to

Cexhaust pipes p* and p® leading 1o the atmos-

.3:0___

85

,tlm melm., through. a supply
18 cmmwtci’ to an inlet port o passageway
50 1 the upper part of the engine casing,
-~ midway between the piston %ilaitb, imdm:r.
 into the (GIIIIHLIMHEH(’. d of the engine.

A COTresponing Passagew

phew |
The gas or Lx}}luwm nxture 1s carried o
mpe ‘I whieh

branch pipe ¢ leads {rom the aupph’ 1)1130 £o
r LHEULL 5{.]}. tl-i ’UI.L*'

ting the mixture to the (*mnpmtnw i P

- In the main supply pipe T is arranged a
‘__valve 51 which 18 normally held oDeiL hv 8,
_SPImD‘ 52, arranged within a casiiig 53 hr&
neath s pmton or -a plunger 54 which is
“eocured to the valve stemn.

from the casing or cylinder 53 to t
. chambeor. or reservoir N, the mmlwement
being such th&* the ¢

A plpe 55 loads
he sior Qe

as pressure 1n the

storage reservoir will wwulate the position

‘0

of the throttle valve 51, m1d thus the supply

- of miixture to the {‘Ol’ﬂpl"t ssion compartments
of the cylinder will be regulated by the pres-

sure in the storage chamber. |
- As the engine “rotates the pistons in tiw
| compm%bmn ¢ mnpartlmnm d and d* draw in

the gas or explosive mixture through ports
. 1

45

50 and 50* and foree it through ports 56 and
562, respectively, from whenee the mxture

s carried through pipes 57 and 58 to a trunk

. “pipe 59 above the reservoir N.

This trunk

- pipe is connected by s branch 60 Lo the reser-

S yolr.
50
~ being dmwn into the mm]}mlmunt d.by the

N ~ to the e.xlmus,t port 5
~ piston ¢’ is conimencing to draw in a charge

55

60

In the pmnluu% of the pistons repre-
sented in Fies, 2 and 4, a charee of eas is

pl:aton ¢/, and a charge is being carried around
56 by the piston ¢; the

om the inlet port 500 and is forcing &
~ charge out through the exhaust port .,16“-
aud the piston ¢ is carrying ! ('hili‘“‘t‘ around
© to the exhaust port.

- While we have veferred to :;h{, chamber N
as a storage reservorr, 1t will be understood
that the pipes l(,&dmn from the check-valves
- 61+to said dmmber and also the hollow
valve M, which is 11{}1111&113} In. communica-
twn ‘Wltf

J

871,598

il

A

] and narrower

on of the valve,
throughout the entire movement of a series

_01 Ko,

oas euntering

3 H&ld chamber may be {,onalderad .

&

b B dy.

narts of the reservolr {or storing gas or ex-

‘plosive mixture umh] pressure.
1t 1s not essential to the Huv{:@balul Opera-

 {1om ui our invention o make the ouilet

ports m the valve casing Lfand valve M
wedee-shaped, but we preterably make them
We due shaped heeause with this construetion
Q (*l-:)»«"*l regulation of the amount of oas
passing UIIUIIU‘]L the ports is obtained than
1l the ports (‘Unshl o thtlﬂhi slots.

The operation of the valve M is illustrated
by the detail views, Figs. 12 to 16 inclusive,
in which a portion ﬁf the vanlve Mis indicated
as moving in the direction of the arrows over
the pulh x in the valve casing.- Pigs, 12
13 apd 14 lustrate successive relative 110*-4—
tions of the outlet }wna I ihc valve and
casing when the ‘vgmv 15 1 the left hmd
pmﬂwn shown n l* w. 1, mowhieh the ports
are in register, and Fles. 15 and 10 11[1%[1&&
successive relative pusitmnb ol said poris
when the

lmml |
As shown in Fig. 12, when the velve is in
s left hand position, as Lhe valve rotates the
1\.1{]91 ends or 1}ﬁw-- of the slots m 1 the
valve approach and pass over the wider ends
or bases of the slots & m the valve casing,
the wider ends of the slots m (".."'Lttiluljl?_, on-
tirely across the slots z, forming wide recian-

cular openings. L!m)unh the I)mta at the
0111111{'_-_11(.01_1_1@11* of the movement, whieh
admis o free {low of gas. As the valve

moves to the position 111Llit-atvd 1 1110' 13,
wherein, the ends of the ports in the valve
and valve casing are coincident, the open-
ings for the adimission of oas to e ey linder

thmwr} said ports become gradually longer
but still have I \;TUe areas,
As the valve moves from bhe ]}n‘nitlull sllown
in g, 13 to that shown in Fie. 14, 316 will
he noted that the valve fmultmil\’ throttles
the oas; the openings Hllf}ll“ll the ports he-
coming narvower as the ine lined sidos
28, respectively, of the ports approach one
another, and shorter as the narrower ends
of the ]}mta or slots 7 approach the narrower
ends of the ports @ In the feft hand posi-
thervetore, gas 1s admitied

of outlet ports m the valve past the mupvh
ating sevies of outlet ports m the valve eas-
Ing. \\Thml the valve 1s moved to the lwht
L, to a greater or less extent, the
inlet pmla 10 and 41 in the valve move out
of register with the pmta 24 and 24", respec-
Liwlg, i the valve casing, thus {hmttimw
tihroueh suid norts into (e
interior of the anuﬁ At the same time the
outlet ports m in the valve ave shifted later-
ally 1'0{

valve easing.

In Fig. 15, the valve ] M is r(,ple-wemed 03

ralve has been-shifted to the rivht
i Vig. 1 by the aetion of a covernor or Lﬂ,

32 anud

atively to the outlet ports /i the
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 tion indicated: in Iig.

rower until

10

- other.

15

20

29

30

39

40

45

-00

<%

~quantity o

the valve casing, the point of
regulated by the

r

having been shifted to nearly the limud of its
movements to the right, and it will be noted
that as the ports 7 pass over the ports x only
a small opening is left for the passage of gas
through said ports when they first overlap,
and as the valve moves onward to the posi-
16, the openings
through the ports become longer and nar-
in the latter position, the gas 1s
cut off entirely, the inclined sides of the ports
i1 said latter figure being in line with one an-
_ Tt will be seen therefore that 1n this
right hand position of the valve, only a small

E ¢as is admitted when the ports
first overlap and that the gas is cut oft at or
vefore the time when the ports in the valve
have moved halfway past the ports in the

valve casing.

Owing to the peculiar form and arrange-

ment of the ports in the valve and valye cas-
ing, the openings through said ports, In any

position of the valve, grow Joneer and nar-

Tower and are then closed by the approach

of the inclined sides of the ports, and when
the valve is moved from its extreme feft hand
position; the gas is cut ofi before the ports n
the valve have passed beyond
cut off being
position of the valve which
in turn is reg:lated by the load on the engine
and the speed, when an automatic governor
s used. |

‘As the valve rotates at a relatively high
rate of speed, it may be moved, longitudi-
nally with very little frictional resistance and
a5 the-e are a large number of outlet ports in
the valve and valve casing, a very slight

‘movement of the valve causes a compara-

tively large increase or decrease, as the case
mav be, in the combined areas of the outlet
openings through the vaive and casing. At

the same time, the admission of gas through
interior of the valve 1s
position of the valve. and it ' twice during each revolution of the shafts.
will be seen that this wvalve mechanism

makes the engine sensitive to very shight ad- ~ ‘ng an explosion compartment and- a com-

the inlet ports to the
varied by the

justment of the valve. Any suitable form

of centrifugal governor may he used to oper-
ate the valye, or it may be operated manu-
ally when the engine 1s used on automobiles
or for other purposes where a Zovernor is not .

required:

1¢ the admission valve M 1s moved to re-

‘n the reservoir will cause the pressure con-

trolled throttle valve 51 to move towards 1ts

60

6o

cpat thus throttling the supply of gas flowing
to the compression compartinents, so, that a,
smaller quantity of gas will bhe foreed, into
qlve Mis moved
to admit a greater quantity of Zus to the ex-
plosion compartments, the recduction 1 pres-
allow the valve 51 |

the reservoir, and when the

sure 1n the re servolr will

the ports m

compression

duce the supply of compressed gas flowing . valve geared to one

from the reservoir to the explosion compart-

ments of the engine, the increased pressure , voir to said explosion compartment twree

~during each revolution of the shafts

871,523

to open wider and admit more gas to the

compression compartments.

All the parts of the engine are accurately
fitted. The partitions between the
each, as shown in kigs. 9 and 10, consist o

fwo similar parts having a lap joint ¢’ be

tween them. The hubs 5 for the pistons are
preferably cast hollow, as shown 1n Fig. 2,

and are accurately turned, and the pistons

are accurately turned on their inner faces to.
i {it the hubs and holted thereto by counter-

<unk bolts. The arrangement of the pistons

on the shafts gives the engine a perfect me-,

~hanical balance, and this, with the admis-
sion -of ¢as to the four pistons i SUCCOSSION
during each revolution makes the engine run
smoothly. o I

What we claim 15—

1. In a rotary gas engine & evlinder, a
pair of parallel piston shafts extending there-

_ Thus a prac-
ticallv constant gas pressure is autom aticaky
‘maintained in the reservoir. N

70
pistons, .

15

%5

through and geared together, a pair of codp-
erating semi-ecircular pistons upon sald

shafts, a reservolr, means for compressing

oas 1nto said reservoir, and a rotary valve
ceared to one of said shafts and having ports
arranged to admit gas iTom sald reservolr
into said eyvlinder
tion of the piston shafts.

5> 1In a rotary gas engine, a cylinder hav-

twice during each revolu-

90

ing several explosion compartments, a pair

shafts extending threugh said

of parallel
compartments
cobperating semi-circular. pistons on sald

tons in said compartments being arranged 1

and geared together, a pair of

_ 10¢
shafts in each compartment, the pairs of pi1s-

Jifferent angular positions on the shafts,

means for storing a supply of gas under pres-

sure, and a rotary valve oeared to one of said

109

<hafts and having ports arranged to admit

cas {rom said .
compartments of the engine. suceessively,

3. In a rotary gas engine, & cylinder hav-

pression compartment, a pair of parallel

chafts extending through said compartments
a pair of codperating

and geared together,
semi-circular pistons
of said compartments,

on said shafts in each

of said shafts and having
ports arrangpd to admit cas from sqld reser-

4. In a votary gas engine, a cvlinder hav-
ing several explosion compartiments and a
compression compartment, a pair of paraliel
shalts extending through sad’ compatts
ments and genred together, a
atine semi-cireular pistons on s shafts i

cach compartment, the pairs of stoNs 1

the explosion conipartiments heine arranged

| | a storage reservoir for
“eas connected to the exhaust port ol <aid
compartment, and a rotary

nair of codper--

storage means to the explosion

il

11

12

12:

Pomd
C=
—



:n different angular positions on the shafts, a
- sétorage reservolr for gas connected to the ex-

~ each revolution of the shafts. .

o

- pression compartment, a palr of parallel
~shafts extending through said compartments
and geared together, & pair. of co{perating
~semi-circular pistons in each of sard com-

ST ™
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rient, and a rotary valve geared to one of
~sa1d shafts and having ports arranged to ad-
- nub gas from sald reservoir to said explosion

and a plurahity of compresson conipart-
~ients, a pair of parallel shafts extending

‘gether, a pair of codperating semi-circular

‘the pairs o. pistons in the explosion com- |
- partments -being arranged in different angu-

voir for gas connecicd o the exhaust port of
-each. compression compartment, an
~vary valve geared to one of said shafts and
~having ports arranfed to admit gas from
- said rveservoir to said explosion compart-
. mexnts, successively, twice during each revo-
2D

~nected to the exhaust port of said compres-
-sion : compartment, valve mechanism ar-

cach revolution of the shafts; a supply con-
- duit leading to the inlet port of the compres-
~ ston compartment, & normeally open valve in'|

871,528

aaust . port of sald compression compart-

sompartments, successively, twice during

5.- In a rotary gas’engine, a cylinder hav- |
g a plurality -of explosion compartments
through said compartments and geared to-

pistons on said shafts 1n cach compartment,

iar positions on the shafts, a storage reser-

a I'o-

lution of the shafts. |
6. In a rotary gas engine, a cylinder hav-
ng an explosion compartment and a com- |

partments, a storage reservoir for gas con-

ranged. to admit gas from 'said reservoir to
said explosion compartment twice during

connections

~ Witnesses:

o

said conduit, and connections for moving
sald normally open valve toward closed posi-
tion by the gas pressure In the reservoir.

7. In a rotary gas engine, a cylnder hav-
g an explosion compartment and a com-
pression compartment, & pair o“ parallel
shafts extending through sald compartments
and geared together, a pair of codperating
semi-circular pistons in each of said compart-~

40
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ments, a storage reservoir for gas connected

to the exhaust port of said compression com-
artment, a valve arranged to admit gas
}rom sald reservolr to sald explosion com-
partment twice during each revolution of the

shafts and adjustable to vary the quantity of

cas admitted, & supply conduit leading to the
inlet port of the compression compartment,
o normally !
or moving sald normall
valve toward closed position by the gas
pressure In the reservoir.

8. In a rotary gas engine, an explosion
compartment, a compression compartment,
a reservolr connected to the outlet port of the
compression compartment, a valve adapted
to regulate the supply of gas rom said reser-
voir to the explosion compartment, a throt-

tle valve for controlling the admission of gas

to the compression compartment, and means

50
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ofpen valve in said conduit, and .
open
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for regulating the position oi said latter

valve according to variations in the pressure

1n the reservolr., |

- In testimony whereo! we affix our signa-
tures, in.presence of two witnes es.

JAMES POLLOCK.

WALTER F. LEIBENGUTH.

Joan T. KILLEEN, .

W. ¥, Bagrry.
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