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UNITED STATES

FRANK M. MACKEY, OF PHILADELPHIA, ASSIGNOR OF FOUR-FIFTHS TO
CHARLES C. GIBSON AND DANIEL F. RING, OF WILLIAMSPORT PENN-

SYL.VANIA.

'ROTARY ENGINE.

SPECIFICATION forming part of Letters Pa_,tei:_lt” No. 525,558, da.ted:' September 4, 1894,
Application filed March 3, 1894, Serial No. 502,201, (Nomodel.)

To all whom it may concern:

Be it known that I, FRANK M. MACKEY, a
citizen of the United States, residing at Phila-
delphia, in the county of Phlladelphm and
State of Pennsylvania, have invented a new

and useful Rotary Engine, of which the fol-

lowing is a specification.

My invention relates to 1f0tary en ﬂ'mes, par-
ticularly of the compound type, and it consists

In an improvement upon the construction
shown and described in my former applica-
tion, Serial No. 509,275; and the objects in
view are to pmwde an engine having high
and low pressure cylinders of different areas
and equal sections; to provide an arrange-

ment of cored channels and ports WherebV:
the different parts of the construction are in-
‘terchangeable; to provide means for a con-

tinuous movement of the reciprocating
valves; to provide variable cut-off mechan-
ism for operation in conjunction with the re-

ciprocating valves; to provide similar and

direct means for exhausting from the high
to the low pressure cylinder; to provide a

construction whereby both cylinders may be
employed as high pressure ecylinders and
‘whereby either cylinder may be used inde-

- pendently of the other; to provide means for
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ing my invention.

centric-operated yoke and attachments.
6 1s a detall view showing the face, side, and

cushioning the reciprocating valve; and to
provide means for holding the operating valw e
snugly to its seat.

Further objects and advantages of the . in-

vention will appear in the following descrip-
tion, and the novel features thereof will be

partmula.rly pointed out in the appended
claims.

Referring to the dra.wmﬂ's —--qure 1lis a

perspectiva view of a mta.ry engine embody-

tion taken trausversely through the main or
drive-shaft through the high pressure cylin-
der upon the line 2—2 of Fig. 4. Fig. 3 is a

horizontal section showing the valve operat-

ing mechanism in plan. Fig. 4 is a vertical
section taken parallel with the axis of the
drive-shaft.  Fig. 5 18- a rear view of the ec-
- Fig.

a transverse section of the adjustable ring

fOl‘ the attachment to thé yoke of the osecil-

“lating valve connecting-rods. Fig.7isasimi-

'"GELSID“'

from the latter.

Fig. 2 18 a vertical sec-

 lar view showing the front, "plan, a,nd_ trans-

‘verse section of the yoke. FKig. 8 isa similar

view showing the front and a tmnsverse SeC-
tion of the eceentrlc

Fig. 9 i8a similar view
showing the front and a transverse section of

PATENT OFFICE. '
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the eccentric strap or block and a front view

of one of the adjustable keys. |

-Similar numerals of reference indicate cor-
responding parts in all the figures of the draw-
1ngs.

The casing 1 as in the construction shown

in my former apphcatmn above referred to,

1s formed in two separable parts, respectwely

designated as 2 and 3, which combine toform
the shell 4 and the eoncentrlc core 5. Be-

tween the core and the shell are the annular
“high andlow pressure cylinders 6 and 7, which
are separated by a rotatable disk 8 ﬁxed to

the drive shaft 9 which is mounted in suit-

‘able registering bearings in the parts of the

core o and projects beyond the faces of the
In the construction illustrated in the
dra,wmﬂ's the high and low pressure cylinders
6 and 7 are made of corresponding eross-sec-
tions, but the diameter of the low

pressure

6o

cylinderis greater than that of the high press-
ure cylmder thereby providing greater area,

of the steam which is exhausted thereinto
The disk 8 is arranged be-
tween the planes of the inner sides of the

and low pressure cylinders.

The casing is extended laterally at opposite.
sides of-the cylmders as shown clearly at 11
in Fig.2, andin these enlargements are formed

in the former to permit of greater expansion '
8o

core sections and slightly exceeds in diame-

ter that of the low pressure cylinder in order
to form, 1n connection with the packing-rings
10, a steam- tight joint with the casing and pre-
| vent direct commumcatlon between the hlgh

90

the horizontal oscillating valve chambers 12 -

‘containing the oscllla.tluﬂ' valves 13, which

may be of the ordinary or any preferred con-

struetion, and corresponding exhaust cham-

95

bers 14. The inlet valve-chambers 12, as

snown in the drawings, are located respect-'

ively below and above the horizontal plane of
the drive shaft at opposite sides of the eylin-
ders and communicate by means of the cored o
channels 15 with the operating valvechamber

16, which is preferably located below the cas-
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ing instead of above as in the construction
illustrated in my former application. The
steam-inlet or supply pipe 17 communicates
with the operating valve chamber, preferably
at the side asillustrated. The exhaust cham-
bers 14, which arefitted with the outlet valves
14*, communicate by means of the cored chan-
nels 18 with the operating valve chamber, and
the main exhaust chamber 19 communicates
by means of a port 20 with said operating
valve chamber, whereby when the Operatinﬂ'
valve 21 is in the position shown in Fig.
the cored exhaust channels 18 commumcate
throughthe operating valve chamber with the
main exhaust chamber 19.
and relative disposition of the inlet and ex-
haustchambers and the communicating chan-
nels correspond upon the high and low press-
ure sides of the casing, and therefore the
above description is sufficient for both, but
the main exhaust 19 of the high pressure cyl-
inder 18 connected by means of a suitable
conducting pipe 22, with the operating valve
casing of the low pressure cylinder, whereby
the exhaust steam from the high pressure
cylinder after passing into the main exhaust
19 of the high pressure cylinder i1s conveyed
to the operating valve casing or main inlet of
the low pressure cylinder, whereas, the ex-

"-"1

haust steam from the low pressure cylinder
after leaving said low pressure cylinder and

passing to 1he main exhaust chamber thereof
is conveyed by means of a suitable conductor

23 to the atmosphere or to a condenser (not |

shown).
The operatmﬂ' valve is formed in two sec-
tions, as clearly shown in Fig. 4, of which

. the 'section 24 arranged in the operating
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:'*_-;a--valve casing of the high pressure cylinder
18 provided with a conical terminal 25 ar-

ranged in a correspondingly shaped seat 26
in the inner end of the valve casing and the
operating valve stem 27, which 1s Journa,led
in the walls of the valve casing and passes
at the high pressure side of the cylinder
through a stuffing-box 23, projects at the
other end, namely, the low pressure side of
the engine, beyvond the face of the casing,
and is fitted with a coiled tension spring 29,
which bears against the face of the casing at
one end and against an adjustable collar 30
at the oppositeend, such collar being held in
place by a tension nut 31, which is threaded
upon the extremity of the valve stem. This
tension device comprising the spring 29, col-
lar 30, and adJustmD' nut 31 1s arranﬂ'ed In a
cup 32 which is secured tothe end of the op-
elatmfr valve casing. T'he function of this
teusion device 18 to “hold the conical end of
the high pressure operating valve section
snufrly in contact with its seat to prevent the
excess of pressure in the high pressure cyl-
inder from belng eommumcated to the low
pressure cyhnder

The reciprocating valves 33, which are
preferably arranged in a horizontal position
at opposue sides of the cylinders and be-

The construetion

| packing 42.

:eccentt‘le—strap or block 44 fitting slidably for 1*"’
vertical movement between the parallel side

| rods 47 to the extremities of the transverse .

| cating valve stems.

fitted ad;lustably in longitudinal slots 64 in

tween the planes of the oscillating valve
chambers, are adapted to extend across the
sections of the cylinders and fit at their in-
ner ends into seats 34, which are formed in
diametrically opposite sides of the cross-

sections, said inner ends of the valves being ™ ..":
provided with cavities 35, whereby the valves = .
are cushioned by the confined steam in the 3§ ..
seats 34 at the limit of their inward or for-

ward movements. The reciprocating valve ...
stems 36 pass through stuffing boxes 37 and "
are secured at their outer ends to the ecross
bars 38, whereby the reciprocating valves of 8¢
the hlﬂ'h and low pressure cylinders operate ’“
&multaneously

The disk 8 is prowded at its opposite sides .
at the proper distances from its axis with . -
piston-head seats 39 formed in crescent- 8g * .-
shaped webs 40, and the piston-heads 41, ",

which are alranﬂ'ed in said seats 39, may ba -

of any preferred construction and may be i
provided with any suitable means for main- - i

‘taining an even steam-tight contact with the go - : ;

inner and outer walls of the cylinders. Im =

thedrawings the piston-heads are constructed - =
of parts sepamted by interposed Bxpanmbl o

Fixed to the drive shaft, preferably adja-
cent to one head of the cylmder-casmg, 1S an
eccentric 43, which operates revolubly in an

flanges 45 of the horizontally movable yoke
46, this yoke being connected by means of the = -~
bars 38 to which are connected the- recipro-
Between the side edges
of the vertically slidable eccentrie-strap or
block 44, and the contiguous side flanges of
the yoke 46 are arranged the adjustably ta-
pered keys 48 having parallel inner surfaces -
and inclined outer surfaces toagree withthe . =%
correspondingly inclined inner surfaces of
the flanges 45 and these keys are capable of -
adjustment to take up wear by means of the
adjusting screws 49, which are swiveled in - =

ears 50 of the keys and engage threaded - - -
sockets 51 in the upper ends of the flanges rxg i
45. The yoke is provided upon its outer or - : %
front side with a ring 52, upon which is rev- . =
olubly mounted the adjustable ring 53, the - i
connection being by means of a feather 54 .. ;&
formed upon the periphery of the rim and s iis
fitting in a corresponding groove 55 in the i
inner surface of the ring, the latter being ...
formed in separable sections which are se- I
cured together when applied to the rim by
means of bolts 56 engaging perforations in zegiat
the terminal ears 57 of said ring sections. ;= 4
The oscillating valve stems 58 terminate in . &4
rock-arms 59, the extremities of which are . : Ed&
connected by means of rods 60 to wrist-pins %28
61, which are fitted in perforations 62, formed ey#iit
in the ring, the crank-pins 63 at the outer ex- s
tremities of said rock-arms and upon which - %
the connecting rods 60 are swiveled being

am -.'_.l;Il
B ]
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the rock-arms, whereby the throw of the
rock-arms may be varied by the point of at-
tachment of the rod 60. The connecting rods
60 are sectional in construction and the parts
thereof are connected by means of right and
left threaded adjusting nuts 65, by which the
lengths of the connecting rods may be ad-
justed to secure the proper opening and clos-
ing of the valves.. - -

From the above description it will be un-
derstood that the horizontal reciprocation of

the yoke by means of the eccentric above de-

scribed causes an oscillation of the vaives 13 |

and 14*, whereby the ports 66 and 67 which
connect the oscillating valve.chambers with
the ecylinder are alternately opened and
closed to admit steam at one side of the re-
ciprocating valves 33 and exhaust at the op-
posite side through recesses 68 which are
formed respectively in the upper and lower
surfaces of said reciproecating valves. In or-
der to vary the period of eut-off to avoid the
use of an unnecessary quantity of steam I
have provided means for adjusting the rela-
tive points of attachment of the connecting
rods 60 with the yoke, and such means com.
prise the ring 53, which is held at any de-

sired adjustment, by means of the adjusting-

lever 69 fulerumed by means of the ring 70
upon the drive shaft and pivotally connected
at 71 to the ring. The outer end of this le-
ver 69 18 provided with a head 72 provided
with a key 73, which fits slidably in a seg-
mental guide 74 fixed in any suitable manner
to the casing. The handle 75 is threaded
upon the outer end of the key 73, whereby
adjusting-lever 69 may be locked at any de-
sired adjustment. When desired a governor
of any suitable construction may be attached
to this adjusting
have shown the lower end of a conneetin g rod
76, whereby the lever may be connected to the
governor device. |

The operating valve stem 27 projects be-
yond the front end of the operating valve

casing and is fitted with an operating lever 77

arranged toswing in contact with a segmental |

guide 78. The connecting rods 47 which are
attached at their inner en®8 to the sides of
the yoke and at their outer ends to the termi.-

‘nals of the transverse bars 38, extend at in-

termediate points through horizontal guides
79 having adjustable bushings 80 to compen-

sate for wear.

From the above deseription in ‘connection
with that included in my former application
above referred to, the operation of the mech-
anism will be clearly and briefly stated as
follows:—The steam which is admitted to the
operating valve casing passes through the

cored-channels in the casing into the inlet os-

cillating valve casings from which it proceeds
through the ports 66 into the cylinder when the
reciprocating valves are extended across the
cylinder sufficiently to open communication
between the recesses 68 in the surfaces of the

reciprocating valves and the cylinder. Such

hand outlet oscillating

lever, and in the drawings T

} than when the

communication is not established until the in-
ner ends of the reciprocating valves have en-
tered the seats 34 in the opposite sides of the
core section and have formed a steam-tight
Joint at that point. Referring to Fig. 2, it will
be seen thatthe reciprocatin gvalvesareat the
center of their movement, at which time the
inner ends thereof have entered the seats in
the core-section, but communication has not
been established between the cylinder and
the recesses 68. 'With the partsin these po-
sitions the piston-head is located between the
reciprocating valves or at the top of the cyl-
inder; as shown in Fig. 2, and any further
movement of the piston in the direction in-
dicated by the arrow in said figure will be ac-
companied by an outward or retracting move-
ment of the right hand reciprocating valve
and an inward or forward movement of the
left hand reciprocating valve, and at the same

time by an opening of the left hand inlet 08S-

cillating valve and the corresponding or left
. valve. The move-
ments of the reciprocating valves are con-
tinuous by reason of the regular movement
ot the yoke, which is actuated by the eccen-
tric, and therefore when the piston head
reaches the plane of the reciprocating valves
the adjacent valve will be in its retracted po-
sition while the opposite or remote valve will
be in its extended position, and when the pis-
ton head reaches its lowermost position, or
the position oppositeto thatindicated in Fig.
2, the reciprocating valve will have assumed
the same position 'as shown in said figuare, but
the right hand valve will be advancing while
the left hand valve will be retreating to allow
the piston head to pass. Thus it will be un-
derstood that steam is admitted and ex-
hausted at the same side of the cylinder at
one time through the recesses which are pro-
vided in the upper and lower surfaces of the
reciprocating valves, and inasmuch ag both
reciprocating valves arein the position shown
In Fig. 2 when the piston-head is at the quar-
ters of its revolutions, it is obvious that the

8 ,
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Steam contained in one-fourth of the eylinder

18 confined by the forward movement of the
reciprocating valve

Just passed by the piston,

whereby when steam is again

way ol the reciprocating valve Just passed,

rrs

admitted by

this confined steam will assist in the opera-

tion of the piston. |
Fromtheabove description it will be under-
stood that the engine is reversible by means

~of the operating valve, in which case the ex-

haust valves 14* become the inlet valves.
Farthermore, angular adjustment of the
lever 69 in either direction causes the oscil-
lating valves to open and close at relatively
different moments, whereby as the Speed of the

120

125

piston increases the oscillating valves may be’

caused to admit steam and exhaust sooner
piston is moving more slowly,

to avoid back presstire.
It will be understood, urthermore, that the

and loyv-

difference of areas between the high
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~ pressure cylinders may be attained, as shown |

~ and described in my former application; by
inereasing the section of the low-pressure cyl-
inder, but by ‘the arrangement. herein de-

s scribed consisting in inereasing the diameter
instead of the seetion of the cylinder, 1 am
- enabled to employ interchangeable valves for |
_ the high and low pressure cylinders, and 1
find in addition thereto, that the sections of |
the casing may be bored with greater facility.
" In the accompanying drawings the valve
‘operating mechanism upon the high pressure
gide of the casing only is illustrated, but 1t
will be understoo¢ that when the cylinders |
‘are of different diameters, as shown, this |
mechanism is duplicated upon the opposite
or low pressure side of the casing.
Various changes in the form, proportion,
and the minor details of construction may be
resorted to without departing from the prin-
any of

26
- ciple of this invention or sacrificing
the advantages thereof. o
“Having described my invention, what 1
claim 18— A
1. In a rotary engine, the combination of
contiguous annular high and low pressure cyl-

 inders of equal sectional areas and different |

 diameters, pistons operating in the cylinders,
~valves, and operating connections, substan.
30 tially as.specified. - o -
- 9."A rotary engine having an annular cyl-
- inder, and a concentric core provided with
geats equal in depth to a eross section of one
side of said cylinder, reciprocating valves
adapted to span the cylinder and fit in said |
seats when extended, means for imparting a
continuous reciprocating movement to sald
valves, cut-offs, and operating connections,
substantially as specified. -

3. A rotary engine having an annular cyl-
inder, and a concentric core provided with
seats, reciprocating valves adapted to span
the cylinder and fit in said seats when ex-
tended, said valves being provided with ter-
minal cavities to cushion the steam in said
seats, cut offs, and operating connections, sub-
stantially as specified.

4. A rotary engine having an annular cyl- |
inder, a piston, reciprocating valves, cut-offs
located adjacent tosaid valves and provided
with rock-arms, an eccentric-operated yoke
provided with a rim, a ring fitted upon said
rim, connections between the ring and the
rocl-arms of the cut-offs, and means for ad- |
¢z justing the ring, substantially as specified. I

5. A rotary engine having an annular cyl-

35
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50

| nected to the stems of the valves and to the

“centric carried by the shaft of the piston,an

“adjustable keys

| of the yoke, substantially as specified.

ure cylinder with the casing of the operating &g

_eylinder cut-offs, substantially as specified.

525,563

inder, a piston, reciprocating valves, cut-offs
arranged adjacent tosaid valves,a voke con-

rock-arms on the stems of the cut-offs, an ec- 6o

eccentric-strap or block fitting uponthe eccen- .

tric and connected slidably to the yoke, and |
located between the sides of

. "y

6. A rotary engine having an annular eyl- -

the strap or block and the contiguous portions

‘inder, a piston, reciprocating valves,adjacent T
eut-offs, an eccentric-operated yoke provided L

with a rim and connected to said reciprocat- o |

ing valves, a ring revolubly mounted upon

said rim and connected to the rock-arms of

7. Arotaryengine having annalarhighand. . =
-low pressure cylinders, pistons mounted in. - - -

'said cylinders, opposite recessed reciprocat-

ing valves, cut-offs arranged adjacent to said . =

- ?aIVQS,_'and' _Operatiljg' c.OllllﬁctiOnS-. betwmn “ H
| the piston-valves and cut-offs, in combination " .
with main exhaust chambers comi unicating ~

with the chambers of the cut-offs, an operat- -
ing valve having its casing in communication - . .
with said main exhaust, and a conductor con- 8§ -

| necting the main exhaust of the high press--

..

valve in communication with the low pressure - =
"8, Arotaryengine having a casing formed go.: .-
in separable sections, each section being pro-
vided with a core and an eccentric shell to .7
form an intermediate annular cylinder, the . -
eylinderin one of the sections being of greater - - (18
diameter than thatin the other, a rotary disk gg: s+
arranged between the core sections and seated SRS
at its periphery in the inner surfaces of the .. o
sections of the shell and covering the joint m

[

between the sections of the casing, pistom- %'

heads arranged upon and carried by the disk tos
and disposed at different distances from the % =
axis thereof to operate independently in the . -
annular eylinders, valves, and operating con- %3
nections, substantially as specified. |

In testimony that I claim the foregoing as o8
my own I have hereto affixed my signatare in s
the presence of two witnesses. i

FRANK M. MACKEY.

-

YVitnesses:
H. C. PRICE,
J. HARRY BROOKE._

| the cut-offs, and a lever fulecrumed concentric . -
with the piston and loosely connected to the =
‘ring, substantially as specified. |
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