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[SAAC NEWTON FORBES, OF LAWRENC I COUNTY, DAKOTA TERRITORY.

ROTARY ENGINE.

SPECIFICATION forming part of Letters Pafent No. 274,477, dated March 27, 1883.
o application filed July 26, 1822, - (No model.) | | |

To all whom it may concern: .
Beitknown thatl, ISAAC NEWTON FORBES,
of Lawrence county, in the Territory of Da-
kota, temporarily residing at Washington, in
the District of Coliumbia, haveinvented a new
and Improved Trochilic or Rotary Engine, of

‘whieh the following is a specification.

Phe subject of my invention is a double re-

versible cut-off trochilic or rotary engine ad-

mitting steam or other motor-flnid into the
eylinders at the most desirable points between
the heads thereof. - BRI

The main features of this invention cons!st
in the construction of a double engine with
twoceylindersand three heads, with two piston-
wheels upon the-same shaft, and two piston-
teeth at diametrically opposite points from

each othier on the same piston-wheel, in com--

‘bination with four abutment-rollers, two for

each respective piston-wheel, which abutment- .

rollers are recessed for the passage of the pis-

- ton-wheel teeth, and four fourfold cut-oft

23

40

 of the engine. TFig. 4 illnstrates a top view of

SO.

valves for each cylinder. The positions of each

pairofteethin the respective wheelsareatright
angle to each other. Steam is admitfed iuto
an. annular space in the cylinder, in which the
piston-teeth rotate in close proximity to the

abutment-rollers, and isexhausted at diametri-

callv-opposite points from each other. |
In the acecompanying drawings, Figure 1 1s

a longitudinal section throngh the valves on

the linel 1, Fig. 2. Fig. 12 to 1h, inclusive,

~illnstrate detail views of the valves used in

‘this engine. Tig. 1¥ is a full face view of the
nut securing the piston-wheel to its'longitadi-
“nal position upon the main shaft.
eross-section throngh the casing and cylinder,
illustrated partly in full, with abutment-rollers,

piston-wheels, valves, &e.  Fig. 3 1s a cross:
section, partly in full, through the center head

the same, partly in section. Fig. 5 is an -out-
side view of one of the outer heads, illastrating
the reversing-gearand the valve-stemsin place,
partly in section. Fig. 6 is an outer view ot
an outer head, with a part of the cylinder be-

neath, with valves in position, piston-wheel,
“and abutment-roliers and their fappets and

their valve-lever arms in position relative to
the valves and the parts in the eylinder, with

.the head over two valves broken through
- downintotheeylinder,showingthe steam-ports

1P

|

and valves in position and the valve and valve-
casing in section. Fig.7isa planview of the
iston-wheels complete, with abutment-rollers
and helical gearing upon one end illustrated
in section. Tig. 8 isalongitudinal section, on
the line 8 8, Fig. 10, of mechanism for throwing
the cut-off-valve levers in and ouf of gear in
reversing the engine, as hereinafter described,
the mechanism being here shown out of gear.
Fig. 9is a longitadinal section of the same
parts on the line 9 9, Fig. 11, showing the
mechanism in gear, Figs, 10 and 11 are trans-
verse sections of the same partsin the position
shown in Figs, 8 and 9, respectively. Iigs.
12 and 13 are elevations of a cam -sleeve
clateh for throwing the valves in and out of

oear, showing the cam-pins in the different

positions which they occupy in throwing the
valves in and out of gear, Iig. 12 being viewer
at right angles to dotted lines 14 14, Fig. 10,
and Fig. 13 being viewed at right angles to
dotted lines 15 15, Fig. 11. Figs. 14 and 1o
are longitudinal sections of the same parts in
the position shown in Figs. 12 and 195, respect-

ively. TFig. 16 is a longitudinal section of the

reversing toothed gear on dotted lines 16, I'ig.
10, of the reversing-gear case 13* Fig. 1713
a top view of the clutch-sleeve 272, Kig, 1813
a bottom face view of the clutch-sleeve 27. Fig.

6o
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18*is a feathered ring fitting on the sleeve part

of the cluteh 29, TFig.19is a sectional view of
‘the ends of the valve-stems, showing portions

of the two kinds of frames, valve-journals and

their bearings, packing-rings, springs, and a
‘broken portion of the center head. IFig.19%1s

a sectional view of the end of the valve-frame
broken away, valve and stem and bolt, with
bearings, packing-ring, spring, and part of the

outside head. Fig. 20 is a detached vertical

central sectional view of one of the end heads

with main shaft bearing eomplete, and a por-

ion of the main shaft broken, in position, re-
versing-gear aund adjustable bolts, and maln

gear, which connects the abutment-roller gears

and drives them, also the surface-bearing pieces

and packing-rings. Fig. 2018 a full view of-

a toothed gear connecting the two adjusting

‘serew-bolts for turning both by the applica-

tion of the wrench to oune, if desired, thus 1u-

85
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‘suring the equal draft upon both sides of the

adjusting-ring for pressing the bearings alike

| upon each side of the main shaft at the same
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time, shown in position in Fig. 20. TFig. 20° ].tions upon their inner surfaces, which extend
18 a section of the same on dotted.line 20 in | into the opposite concaved ends of the piston-

‘Fig. 202 in position in a broken portion of the

bearing-case. Ifig. 21 is a plan view of the
removable surface-piece constructed in one

part. Ifigs. 22 and 23 are sectional views of

the same on the lines .22 23, respectively, Fig.

21, Ifig.24 is a plan view of the surface-piece -

~constructed intwo parts, designed for the same

IO

I g

purpose.

To the main shaft 1 are secured two piston-

wheels, 2 2%, each provided with two diametri--

~ cally-opposite piston-teeth, 3, rotating within

cylinders 4, separated by a central head, 5, so

as to form a double engine, the teeth 3 on one-
piston-wheel being arranged opposite the cen-.
terof the spaces between the teeth of the other

wheel, o |
6 6 are abutment-roliers, provided with a re-

- cess, 9, topermit-the passage of teeth 3 in each

SIO
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- movable part is held: from turning by pins ex-

one, respectively. The said abautment-rollers
are connected by gearing 168 169 with the pis-

ton-wheels 2 2%, s0 as to rotate in unison there-
- with, avoiding slip between their peripheries. |
- Oneof the piston-wheels, 2, is preferably keyed |

firmly to the shaft, while the other, 22, is being

pressed.-upon a tapered part of the shaft, be-
ing properly fitted and grooved -at the inner

end, which fits on stops secured in the shaft.
The shaft is provided at the small end of the
tapered portion with a serew-thread,and a nat
(see I'igs. 1 and 1%) is.screwed on the thread
against the head of the piston-wheel, - The pis-
ton-wheel is provided with a boss inside corre-
sponding with the recess for the nut outside,
and, being properly tapered, will fit tightly
upon the shaft. Thenut1*is prevented from
unscrewing by means of a‘hollow pin, 1%, which

its a hole through the nut, passing into the

wheel. This pin is provided with a thread in-
side, by which it is withdrawn when required.
The inlets 12 admit steam to the induction-pas-
sages 12 at points in the respective cylinder-
casing 4 4 midway or at other desirable points

between the central and end heads thereof.

The center head is cast hollow for the recep-

tion of oil or other lubricant, the outer surfaces

being properly connected within, asillustrated,.

thus affording strength. These connections

are more fully shown and deseribed in other
applications of even date herewith. - One of
the convex surfaces of this head is formed of
a separate piece for the purposeof inserting the
enter bearing, after which the separable con-
vex piece o (see I'ig. 1) is screwed in-the head
on the end of the bearing-case, thus complet-
ing the head as though cast in one piece. The

tending into the head. The bearing-case is
also held from turning by pins in the head, as
shown in Fig. 1. The convex projections on
each face of the center head extend in the con-

caved ends of the piston-wheels. The outer

Figs. 26 and 26 are sectional views:
of the same on lines 25 and 26, respectively,
Kig. 24. Ifig. 27 is a plan view of one of the
‘main packing-rings, showing water-creases.

wheels,

and consequently the greatest possiblecapacity

of engine, without incereasing the diameter or
length thereof. N | |

The surface-pieces 142, 1422 1495, and 149¢

vary a little in their construction, as shown in
¢, They form surfaces for the
ends of the teeth to work against, and are fit-
‘ted in their respective heads, and project in

Figs. 1, 21, 24, &e.

the eylinders beyond the surfaceof their heads,
and form concentric guides for the heads in

relation to the cylinders, which insures for the

shaft a central position thereto, without which
1t wounld Dbe difficult. to produce such resalts.
Two classes of end suarface-pieces are illus-

trated - Kigs., 21 and 24, The end surface-

biece, 142%, is illustrated in Fig. 1 in its posi-

‘tton in the-engine, and in IFigs. 21, 22, and 23

s shown in detail detached. The surface:piece

fits 1n respective-grooves in the heads, and is
made of one piece, 142" and 142¢, as shown in

IFFig. 1 in its connection with the engine, - as
itlastrated 1n I'igs. 24, 25, and 26 in detail de-
tached, and is constructed of two parts, and is
so arranged as to serve the same purpose as
the surface-piece 142+, (shown in IFig, 1.) To
prevent displacement, these surface-pieces are

| secured to the respective heads by means of

dowel-pins 5°, connecting the same. L
o2 represents movable portions of the head

extending radially from the outer surface to

the abutment-bearings, as shown in Ifigs. 3

and 4, for the purpose of permitting the cen-

ter journals ot the abutment-rollers to be. in-

‘serted, after which the pieces 32 32 .are re-

placed in their position, and secured to the
head by bolts 33 33,as ' shown in the respective

IFigs. 3 and 4. These pieces 32 may have

tongues upon each side, which fit correspond-

1ng grooves in their respective seats in the

heads ; or they may each be grooved, receiving
a separate tongue inserted therein, which se-

“eures them in their proper positions laterally.

This head is also doweled, as the end heads are,
to the respective cylinders-and -casings, thus
securing a central lateral position to all the

| respective bearings therein, except the main
‘shatt, relative to the cylinders. _
all provided with automatic followers for set-

The headsare

ting up the adjustable bearing of the abat-
ment-rollers, thus securing: steam-tight joints
between the abutment-rollers and piston -
wheels, which i1s more fully described in other
apphications of even date herewith.

" Fourtold oscillating valves1010,10°,and 109,
which belong to each cylinder, vary a little in

construction, as illustrated in Fig. 1 and in
detail in Figs. 1* to 1", inclusive, and may be
used collectively, or either constrnction may

be used, as desired. Theyarearranged in pairs

in eylindrieal seats 10", two opposite valves for

heads are provided with like convex projec- | each cylinder being at one time for induction

1

The main-shatt bearings are-located.
1n the respective heads, and extend in the con-.
vex portions of the heads, thusallowing length
of bearings and length and area of piston-teeth,

7C

75

8o

gQ

100

1073

110

Ilb :

132

oty

A




294,477 . | B : 3 .

~and the other two opposite valves at the sane

Lot

time for exhanst. The valve-journals 16* with-

in the center head are arranged in a bearing
eud - to- end, as shown in Tig. 19. Packing-

rings 10f, pressed ontward in opposite direc-

tions by springs 108, form tight joints with the
In like mannerthe

collars of the valve-shafts. .
end journals tarn in bearings in theend heads,

~as shown in Pig. 19?8, and are packed by rings

10

Tw
4y

30

40

35

60

forming steam-tight joints.

10® aund springs 10L. The valve-seats, when
too small, or when desired for dressing the
ports accurately, are bored out larger for the

parpose of reeeiving bushings therein for form-
ports are cut

ing the valve-geats, These
throueh corresponding with the ports of the
engine and. valves, with bridges connecting

thie bushing together at opposite sides of the
ports corresponding with those in the main .
casing, thus uniting the bushing completely.

The bridges will assist the ring in sustaining
it to the bed in whieh it fits, preventing leak-

age between it and the eylinder-casing proper.

Tuese bushings may be removed and replaced
by new ones when required, They should be
\ | ..

of sufficient thickness to sit firmly npon theéir .
seats.  Rucireling each port in the valve-seat
and the outer surface of the valve casing | i
which is provided with recesses which engage
with the arm of each respective dog, which
extends in a nearly opposite direction from ifs
‘hinge or fulernm toward the center ot the

shonld be creases or water-cuts, to assist in
Iy would be well,
also, to insert water-creases in the valve-seats,
at least one or two, near the edge of each port.

For the purpose of reversing the motion of

the engine, all the valves are first moved by &

simultaneous motion of the reversing-gear.
The outer ends of the valve-stems 10® are ta-

pered, and provided with segment-pinions 13,

vearings, with cogged segmeunts 14 on the arms

147, which are parts of aring, 15. The ring

is provided with an arm having a toothed seg-
ment, 16, which gears withi-a pinton-segment,

17, on the rock-shatt 18, operated by a hand-
Jever, deseribed and claimed in another appli-

cation for patent of even date herewith desig-

nated ¢ Case A,"so as to impart a simultaneous

pscillating movement to the necessary extent

of all the valves. The pair of valves which
are for the time being induction are provided
with an independent automnatic movement, to
¢ut off the steam at the required proportion of

the revolution of the piston-wheel for which

they may be construeted. This movement .is
imparted by a tappet-wheel, 24, secared to the.
under or in side of the main gear-wheel, having
on each face tappets 25, which engage with
arms 26 26° as required, which are conuected
to theirrespeetive valves by automatic clutches
27, (illastrated in Figs. 5 and 6 and in detail m

Fies. 8 to 18¢, inclusive,) so that the opposite

nairs of valves, which are for the time being |

used for induction, may bLe connected with

their cut-off arms—26 for example—while the

intermediate valves, which are for the time

‘being used for exhaust, are disconnected from

their eut-off arms—262, for example.

The abutment-rollers 6 carry reversing-tap-
nets 28, which at the proper moment engage

with arms 29 to reopen the valves. - In Fig. 6

the relative positions of tappets 25 are shown
in full lines, and piston-teeth 3 shown in dot-
ted lines in position in the eylinder, and stand
at richt angles to each other, while the tap-
pets 28 upon the abutment-roller gearing are
in line with the recess of the respective abut-
ment-rollers, recesses being shown in dotted

lines and tappets 28 in full lines. The arms

26 and 29 constitute rigid members of the same

. elateh-conneetion, 27. They are held in posi-

tion by means of the main bolts of the engine,
extending through recesses in the frame-work
thereof at each end, and allowing jnst the play

‘sufficient for the valve In cutting off and let-
ting on steam, and a bushing 18 slipped apon
the end of the bolt to prevent it from wearing.

‘Dogs are shown at 30 in IFig. 5, to assist the
limiting of the cut-off movement of the induc-
tion-valves, there being one for each valve,
which regulates the cutting off and letting on
of steam. Those dogs belonging to the cut-

off valves are in use ouly while those of the

exhanst-valves are out of use for the time be-
ing, and when the valves are reversed for re-
versing the engine the dogs are also reversed

by the rim or Hange 15* of the armed ring 15,

which extends inward toward the head, and

main shaft, the ends of the arms being in their
respective positions in the recesses of the rim
or flange of the ring, with the end striking

either one or the other.side of the rim. This

moves the dog 1n or out, respectively, of the
recesses of the valve-case gearing as they be-
coine induction or exhaust, as the case may be:
" The motion of the valves either for cutting
off or letting on steam, as shown herein, i3
twenty-two and one-halt degrees, while the
full motion of the valves for reversing the en-
gine is forty-five degrees; or as the full mo-

tion of each respective valve-stem-gear casing
- for reversing the engine and throwing the

valves in and out of gear (which is required
for induction and exhaust valves) is ninety de-
grees, forty-five degrees are allowed for play

| in the cam-sleeve cinteh, twenty-two and one-

half degrees play of the valve in letting on
and - eutting off steam, and twenty-two aund

one-half for end motion of the elutech for throw-

ing the previous exhaust-valves in gear for re-
ceiving, and vice versa

The relative distance of motion of either
valve or valve-gear may be varied, if required,

being governed by the relative size and loca-
tion of ports and size and make of valves and
- valve-gear. |

The mechanism for throwing the clutches
carrving the arms 26 and 29 in and out of
N

‘gear with tappets 25 and 23 is shown in de-

tail in Figs. 8 to 183, inclasive, one member,

7@

8o

90
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-

the former receive- .
‘valves becoming exhanst-valves.

125

130

27, of the clateh being secured - by means of

| pins and cap-bolt to the stem 10 of the valve,
| the valve-stem being tapered and the clateh
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tapered t_6 fit, by which means they are se-

cured in position and removed with ease, while

the other member, 272, constitntes a sleeve

- 274,477

are then acted ﬁpon by the reverse movement

of theopposite pair of automaticclutch-sleeves.

The above-described reversing-gear.and cut-

sliding longitudinally on the cluteh 27, and to | off-valve gear is placed in both outer heads of

assist in -holding it in gear therewith. -

The coil-spring 351 between the two clateh-
sleeves 27 272 is employed 1o assistin holding
It ip position daring the operation of cutting
off and letting on steam, and yields for a lon-
gitudinal motion, throwing it out of gear
when the valves are reversed. Each end of
this spring rests between two rings, 13* and
15¢% which oscillate with the valve, the upper

one, 13 Fig, 18% has two feathered keys in

1t for sliding in corresponding grooves on the

outside of clutch-sleeve 27 to carry it with the

clateh,
To permit the independent movement of

the inlet steam-valve, and to impart a longi-

tudinal movement to theclutch-sleevein throw-
ing the cut-oft tappets in and out of gear, pins
or studs 352 are employed, projecting inwardly
through the outer clatch-sleeve, as illustrated
in ¥igs. 5 and 6 in full and in detail in Figs.
8 to 18% inclusive, engaging with regular cam
slots or openiugs 333 in the sliding c¢lateh-
sleeves, as illustrated in Figs. 8 to 15, inclu-
sive. ‘I'he said cam slots or openings are of
such forms as to permit the oscillating move-
ment imparted to the inlet-valves by the cut-
off arms 26 and inlet-arms 29 without moving

~the sleeve longitadinally; butin the eveut of a

33
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rotary movement being imparted to the re-

versing-pinion segments 13, so as to carry the

pins 352 beyond the straight portion which

they for the time being oceapy, the pressure
‘of sald pins against the oblique portion of the

cam slot or opening imparts the reqaired lon-
gitudinal movement to the clutch-sleeve 272 to

place 1t in or out of gear, as the case may be,
with the valve-sleeve clateh 27.

The operation of this mechanism may be

described as tollows: Taking, for example, the

position of the valve-connection when thecut-
off apparatus is in gear, as illustrated in Figs.

9,11, 13,15, and at 26 and 29 in Fig. 6, it will
‘be evident that the clutch-sleeve 272 can oscil-
late freely under the action of the. cut-off

mechanism toadistanceequal to one-sixteenth
of a revolution, which is required to cut off

‘and let on the steam at each passage of the

- respectivetappetsin connection with the valve-

6o

levers, and that this movement does not

change longitudinally the relative positions of
the two ports 27 27* ot the clutches; but if
now the pinion-segments 13 be moved by the
action of the reversing-gear so as to canse the
clutch-sleeves to bear and ride up on the. pins
392, the cluteh-sleeve 27* will be drawn down

to the position shown in Figs. 8, 10,12, and 14,

the effect of which is to remove the arms 206

29% out of the way of the tappets 25 28, thus
throwing the cat-off mechanism out of gear
with this pair of valves, which now constitute
the exhaust, and remain constantly open for
thig purpose. Simultaneously the other pair
of valves are turned into receiving-valves,

theengine,and reversed by the samerock-shaft.
This mechanism for reversing is deseribed in

another application for patent filed by me of

even date herewith, designated ¢ Case A.”
Having thus described my invention, what I

claim as new, and desire to secure by Letters

Patent, is— | | |
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1. A double reversible cut-off trochilic or ro-

tary engine having two piston - wheels pro-

vided with two teeth upon each and secured

to a main shaft, two abutment-roliers to each
having recesses for the passage of the piston-
teeth in their revolutions by the abutment-
rollers, forming steam-tight joints between the

-surface of the piston - wheels and abutment-

rollers, and eight reversible ent-off valves with

8o

operating-gear, two main casings, three heads,

substantially as specitied.

and two outside covers-for the end: heads, all

S, . 90
2. The combination, with the toothed piston-

wheel and the eylinder-head, of the concentric
annular surface pieces 142@ 142 1432¢, against

which the ends of the piston-teeth work, said
surface-pieces being renewable when worn, as

described.” | | -
5. In a trochilic or rotary engine, a ring, 15,
having a flange, 15% provided with recesses to
engage with the dogs 30, to assist in limiting
the motion or play of the cut-off valves, sub-
stantially as set forth, e L
4. In a trochilic or rotary engine, the oscil-
lating valves having live-steam passages lead-
Ing to opposite recesses, and also passages to
opposite recesses for exhaust-steam, and pro-
vided with adjustable packing-pieces, substan-

-t1ally as specified. -

-0.1n a trochilie or rotary engine, the tapered

95
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valve-stem 10% frame 13% ring 13¢, clutch 27,

bolt having lock-washer, and pins for securi ng
the valve-stem to the reversing-connections,
sabstantially as set forth. -

6. The valve-stem 10% bolt and its lock-
washer, pins for securing the stem in position,
sleeve - clateh 27 and 27% rings 13¢ and 13V,

spring 351, segmental gear 13, bolts 352, and"

valve-levers 26 29, substantially as specified.
- 7. The valve-stem 10* and its connections,

110

(16

as described, with the valve-levers 26 29, in

combination with the double-faced tappets 25,

secured to the main shaft, and double - faced

tappets 28, secured to the abutment-roller jour-
nals, snbstantially as and for the purpose set
forth. - . : o
- 8. The combination, with the end head and
the valve-stem passing through_the sawme, of
the packing-ring and spring, substantially as
herein shown and described. =~ . .
). The combination, with the center head, of
the valve-stems, meeting-end to end, the bear-
ings in which they work, and the packing-

rings and springs, substantially as set forth.

10. In a trochilic or rotary engine, in combi-

and | nation with t_he ring and main shaft bearing in

120
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end head. of the two pinion - bolts, and cear | justable bearings within said convex heads,
connecting them together, said gear secured the concavity of the piston - wheels giving -
to the end of the bearing-case for operating.| greater length and eonsequent area to their
 said pinion-bolts simultaneously, and thereby  piston-teeth, and the convexity of the heads
¢ adjusting the said ring and bearing, substan- affording greater length for the bearings, sub- 15
stantially as speecitied. = | stantially as set forth. | N |
~11. In a rotary engine, one or more toothed | | 1. N. FORBES,

piston-wheels with concave end faces, in com- In pbeséuw of—
 bination with heads having convex faces, be- ~ ERNEST ABSHAGEN,
ro tween which the said wheels rotate, and ad- |

FreD. L. FOSTER.

A—
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