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ISAAC NEWTON TFORBES, OF LAWRE’SCE COUNTY, DAKOTA TERRITORY.

ROTARY-ENGINE LOCOMOTIVE.

SPECIFICATION forming part of Letters Patent No, 274,480, dated March 27, 1883,
Application filed July 26,.1882. (No model.)

To all whom it may concern:

Beit known thatI,IsAsc NEwTON FORBES,
of Lawrence county, in’ the Territory of Da-
kota, temporarily residing at Washington, in
the Districtof Columbia, have invented certain
new and usefnl Improvements in Rotary-En:
gine Locomotives, of which the following is a
gpecification. ' ‘

" Theleading object of my invention is to pro-
duece a new and improved locomotive capable
of ranning at higher speed with less danger of

aceident and with less wear and tear to the

track and the running-gear and at less expense
than locomotives now in use. To this eud I
have devised a trochilic or rotary engine of
new and improved construction, having re-
eessed abutment-rollers geared to rotate in uni-
gon with the piston-wheel. Oue or more of
these improved rotary engines I mountdirectly
on an axle or axles of the locomotive, so as to
apply thepower directly thereto, thereby avoid-
ing the loss of power and other injarious ef-
fects which result from change of momentum
and the indirect application of foree in the nse
of reciprocating engines. I am also enabled,
while increasing the speed of the engine, to re-
duce the size of the driving-wheels, thereby
bringing the center of gravity mueh nearer to
the track, and econsequently reducing the lat-
eral rocking or swaying movement to which
iccomotives of ordinary counstruction are sab-
jeet, especially at high speed, redacing strains
in passing around cuarves, and eliminating a
great cause of accident, - The engine cylinder
is suspended from the locomotive-frame by

“elastic supports, relieving theaxleof the weight

thereof aud the bearings from vertical press-
ure. The steam and exhaust pipes are fitted
with flexible or jointed couplings to permit
relative vertical movement between the boiler
andtheengine. My trochilicengine is divided
longitudinally for convenience of application
to and removal from the driving shaft or axle
while the wheels are fixed thereoun. The cyl-
inder is also transversely divided into two or
more parts for convenience of manufacture.
The eylinder-heads are likewise divided, and
their parts are held together by threaded rings,
embracing semi-annular flanges prepared to

receive them, and by a main band around the

outside thereof. The rotary piston-wheel is
constructed with two or more rigid teeth and

»

with abutment-rollers of hall the diameter of
the piston-wheel geared thereto, so as to ro-
tate in unison without slip, and recessed to
permit the passage of the piston-teeth. Four-
fold oscillating valves perforated for the pas-
sage of steam for the purpose of balancing the
pressure on their opposite sides are employed
for starting, stopping, and reversing the en-

gine, said valves being actnated, through the

medinm of rigid arms on their shafts, by a ring
concentric with the eylinder, carrying cogged

segments gearing with the segment-arms of

the valves and operated by a segment-lever
under control of the engineer. The abutment-
rollers are mounted in adjnstable bearings, and
are pressed in contact with the piston-wheel
by springs supported by hollow set-screws.
The trochilic engine oceupies almost the entire
length of the axle between the journal-bear-
ings of the locomotive, and in order to afford
additional room and area for steam-pressure
on the teethor pistous, aud to economize space,
the piston-wheels are concaved ateach end and
the heads are made convex tofit, thus affording
room for the end of the pistou-wheel and teeth
to extend over the inuer portion of the main-
shaft engine-bearings, which are located in the
heads, thus affording additional length, aund
henceareaof pistonandcapacityofengine,with-
ont increasing the diaweter or length thereof,

To afford additional length of engine and
sufficient space for locomotive-bearings, if re-
quired, where the driving-wheels are vot of
sufficient width apart, then their inner surfaces
are ‘concaved and outer surfaces convexed,
whieh afford the additional length of bearings.
To afford sufficient length and area of abut-
ment-roller bearings consistent with room, as
stated, between the wheels, the gear-wheels
upon the abutment-roller journals which gear
with the main-shaft gear-wheel for driving the
abntment-rollers in harmony with the piston-
wheel are made concave or cup-shaped to cor-
respond with the main gear, which are set in
next the heads, so as not to interfere with the
main locomotive-bearings. The receive and
exhaust openings are located in the upper por-
tion, at one side of the engine-cylinder casing,
leaving the top, bottom, and ends free. To
balance the internal pressure on the opposite
sides of the cylinder-casing and preveut the
tipping effeet which would be produced on the
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casing by unequal pressure, pistotis are intro-
duced opposite the steam supply and exhanst
openings, and of equal area thereto, the press-
ure on these pistons being sustained by a bar
connected by rods at each end to the locomo-
tive-frame. The top of the engine is formed
with a recess or concavity concentric with the
bottom of the boiler, thus economizing vertical
space and bringing the boiler nearer to the
track. The bottom of the engine is provided
with a protecting -casing coutaining elastic
substance, if desired, which may e a non-
conductor of heat. Within this is a chamber
containing- asbestus, plaster-of-paris, or other
suitable uon-condueting material.  Suitable
lagging of non-conductor of heat is also pro-
vided on top of the engine, and in some cases
in other parts also. ~The bearings of the en-
gine-shaft in the eylinder-hieads are formed of
segments having inclined or wedge-shaped
projections upon their backs, which projections
extend through mortises in their casing or
housing. Thesesegmentsareadjusted radially

ring rotated by means of a pinion and work-
ing on serew-threads formed on the supporting
frame-work of the bearing-segments, so as by
imparting longitndinal movement to the eyl-
inder or ring to force the bearing-pieces in-
ward, as required. The pinion is operated by
a screw-gear permitting the adjustment of the
bearings from the outside. . The ehambers or
cavities within the cylinder-heads are filled
with oil or other lubricant, either with or with-
out cotton-waste or other capillary material.
The oil or lubricant is prevented from escap-
ing at the joints by external covers to the

heads and by collars on the axle, having cavi.

ties on their inner faces to accommodate the
heads of the keys by which the connecting-
gears are fixed to the axle, and carrying spring
packing-rings on their outer faces, forming
oil-tight joints against the covers of the heads,
The steam-supply pipes extend from within
the dome to the outside of the boiler and
around each side thereof, uniting at the bot-
tom, and thence running longitudinally to the
inlet-ports of the engines. ILxhaust-pipes are
located on each side of the steam-pipe and
along the sides of the boiler and connect with
blast-nozzles in the stack, or discharge the
steam in any preferred way. Cocks for dis-
charging water of condensation from the cyl-
inders are operated simultaneously from the
cab of the engine by means of suitable levers,
rods, shafts, and gearing.

In order to afford room for the steam-supply
pipes around the boiler, the equalizing-bar be-
tween the two drivers to which rotary engines

‘are applied are located underneath the top or

main bar of the frame, on each side, and are
connected by hangers with springs, which con-
nect the spring in the usual way. The hang-

ers may pass through mortises in the frame, or
upon the inner side thereof, or both ‘sides, if
desired, and connect with the equalizing-bar
below. The mode.of suspending the eylinders
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of the rotary engines from the frame is by

crank-arms or torsion-shafts held by spiral or - -

other springs or other elastic foree connected
with said shafts by ratchet-wheels or-other-
wise, by means.of which the strength: of the
springs or force may be accurately adjusted to
the weight of the engine. The driving-wheels
on the same side-of the locomotive are con-
nected by coupling-rods mounted on hollow
wrist- pins containing oil, whichis received
from an oil-cup on top, enters the axial cavity-
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in the pin through a radial opening, and is .

supplied to the surface throcugh a circumferen-
tial groove. The wrist-pinsarearrangedninety
degrees apart on the respective wheels on the
same axle.” The:coupling-rods are elliptic in
cross-section, or-of any shape desired, and are
connected together by flanged clamp-platesand
through-bolts, confining between their endsthe

| two parts of the wrist-pin box, which are ad-
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justed to the journal of the pin by keys set ap. *

and seeured by serews and nuts in-customary
manner, excepting that they are upside down.
By using on two conpled axles single rotary
engines, baving the piston-teeth of one engine
at an angle of forty-five degrees from those of
‘the other,as in the présent case, and at ninety.
degrees if but two teeth for each piston-wheel,
with cut-off valves applied, so that the piston-
teeth of one engine will be between the ports
and under full head of steam while those of
the other engine are passing the inlet-ports,
the effect ot a double engine is produced and
dead -centers entirely avoided, the same- as
though each were double engine.

Parts of-my invention which are applicable
in common to locomotive and stationary tro-
chilic or rotary engines are made the subjects’
of other applications. ' :
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In the accompanying drawings, Figure 1is -

a side view of a portion of a locomotive illus-
trating the invention. " Fig. 2 is a side eleva-
tion, partly in section, of the driving-gear of
the same, with the near wheels and most of the
frame removed. Fig: 28 isasimilar view with
the frame in position and one axle-box in see-
tion. TFig. 2Pisan elevation of the frame, illus-
trating a modification in its construction. Fig.
3 is a vertical section of the said locomotive
on the line 3 3, Fig. 1. Tig. 4 is a plan view
of the running-géar and boiler connections.
Fig. 5 is a horizontal section of a rotary or
trochilic engine applied to the axle of -a loco-
motive, showing portions of the connecting-
rods. = IFig. 5*is an enlarged view of a portion
of the outer cover and packing-ring in which
it fits and collar or ring which is fitted tight
to the main shaft against the hub of the gear-
wheel, in which ring the packing-ring is fitted
and secured firmly. Fig.6 is a vertical sec-
tion of Fig. 5, including a portion of the boil-

I1o
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er, the plane of section being longitudinal to -

.the engine proper and transverse to the loco-
motive. Iig.6%is a section in the same plane
of the upper portion of the engine-cylinder;
illustrating a modification in the steam-pas- -
sages with the non-conductorcovering in place,
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Fig. 7 is a transverse section of the engine
proper in the plane of the induction-pipe,on
Tig. 8 is a vertical sec-
tion of the same in the plane of the exhaust-
pipe, on the line 8 8, Fig. 12. 'Tigs. 9 and 10
are vertical transverse sections on the lines 99
and 1010, Fig, 13,in the planes of theinduaction
and exhaust pipes, respectively, illustrating a
wodification in the steam-passages in the up-
per portion of the cylinder-casing. Fig. 11 is
a view in plan_and in elevation of a bar em-
ployed to sustain the pressare of equalizing

_or connterbalance pistons, as hereinafter de-

“.seribed, to prevent uneqnal lateral pressure
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within the eylinder-casing. Tig. 12 is a hori-
zontal section through the supply and exhaust
steam-passages on the line 12 12, Figs. 7 and
8. Fig.13 is a horizontal section through the
supply and exhaust steam-passages on the line
1313, Figs. 9 and 10, illastrating the modifica-
tion before rveferred to. Fig. 14 is an eleva-
tion, partly in section, of a divided head bolted
and banded with reversing valve-gears and ad-
justable gear, thecapot thelatter being broken.
Fig. 15 is the same as Fig. 1L with the bolts
left out, with a part of the maiu gear shown
on main shaft and abutment roller-gearonone
abutment, with half of main shaft-gear in sec-
tion and part of the head. Fig. 16 is an outer
view of the opposite head divided vertically,
showing the reverse valve-gear and adjustable
worm-shaft. Fig. 17 is a section on the line 17,
Tig. 15,0ofadevice foradjustingorsettingupthe
adjustable portion of the abutment-roller bear-
ings. Fig. 17%is a section of the same on the
line 17+, FFig. 15, showing the screw-cap.in full.
Fig. 18 is an elevation of the ontside cover of
one of the heads divided vertically and banded.
Fig. 19is a vertical longitudinal section on the
line 19, Fig. 14, of one of the heads, showing
the adjustable bearing segment of the main

shaft, &e. Fig.201is a longitadinal section on .

the line 20, Fig. 15, of the shell or bearing case
in whichthe bearing-segments are held.  TFig.
21 is an end view of the assembled bearing-
segments. Tigs, 22 and 23 are longitndinal
sections of two of the said segments under dif-
ferent modifications. Fig. 24 is a plan view
of a worm-shatt and gear employed for ad-
josting the bearings, as hereinafrer described.
Fig. 25 is a view of a valve, partly in longi-
tudinal section, with two of the packing-strips
or working-faces thereof separated. Fig. 26
is a longitndinal section on the line 26, Tig. 28,
of an.oscillating - valve within its chest or cas-

ing. Tig. 27 is a longitudinal section of the

sane on the line 27, Fig. 28. Fig, 28 is a
transverse section thereof. Tig. 29 is an end

~ view of the same,showing the steam-ports and
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valve-frame in dotted lines. Fig. 30 repre-
sents details of the valve and its accessories.
Fig. 31 is a section of a portion of the valve-
reversing-gear on the line 31 Tig, 16. Tig.
32 is a section of the opposite head of the en-
gine, showing different forms of lever 236 on
the line 32, Figs. 14 and 15, than that shown

in Figs, 14,15, and 31, Fig.33 is a section of

a portion of the head and one of the valves
and reversing-gear on the line 33 of Fig. 14.
Tig. 34 is a transverse secction of the center
bearing of the main shaft with a different nam-
ber of bearing-pieces from those previously
shown in Figs. 14, 15, and 16. Fig. 35 is a
vertical longitudinal section of a portion of the
engine, showing the cocks for discharging wa-
ter of condensation. Figs. 36 and 37 are un-
der side views of the boiler-pipe connections
with boiler under different modifications. Fig.
38 is a longitudinal section of the steam sup-
ply and exhaunst-pipesof the locomotive. TFig.
39 is a perspective view of a torsion-shaft for
sustaining the engine and relieving the axle
of its weight, showing a portion of the frame
on which said torsion-shaft is mounted and
the suspension arms and rods by which the
engine is connected therewith, as hereinafter
described. TFig.40 is a longitadinal section of
a portion of said shaft, showing ratchet-collar
271, ratchet-wheel 270, spring-connections, a
portion of shaft in section, and part of shaft
in fall lines. Fig. 41 is a face view of a ratch-
et-wheel, 270, for connecting the said shaft
with its torsion-spring. Fig. 42 is a horizon-
tal plan of oue end of the torsion shaft, frame,
and spring,showing the bearing and a portion
of the arm in section. TPig.43is a plan of the
other end of the torsion-shaft and its accesso-
ries. Tig. 44 is a vertical transverse section
on the line 44, Fig. 43, of a helical spring em-
ployed in addition to the torsion-shaft springs
shown in Fig. 39. Fig.45 is a horizontal sec-
tion of the same on the line 43, Fig. 44. Fig.
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46 is an elevation of a device for commanicat- .

ing simunltaneous rotation to the water-cocks.
Tig.46% is a vertical section of a portion of the
same. TFig. 47 isa vertical section on the line
47, Fig. 46, showing also a transverse scetion
of the equalizing-bar by which the locomotive-
frame is supported from its springs. Fig.48is
an inside view of the deviee shown in Fig. 46
for operating the water-cocks simultaneously.

The boiler 201 of the locomotive may be of
the castomary tubular type,with a steam-dome,
202,and steam-pipe extending outside, &e. The
supporting-frame is shown at 203 204, consist-
ing of an apper and lower bar or nember on
each side of the engine, connected by legs 205,
which, as illustrated in Fig. 2%, may be in one
piece with the parallel bars 203 aud 204 of the
frame where but two pairs of driving-wheels
are used in connection, clamp-bars 206 being
applied beneath the pedestals and bearings

11O

secured by bolts to the brace-bar 204, Where .-

more than two pairs of driving-axles are used
in connection the frame may be made as illos-
trated in Tig. 2% if desired, as it is an easier
method of construction, with the brace-bar
204" in separate pieces, to ba bolted together
with the elamp-bars 206 to horizontal feet at
the lower ends of the legs 205, The separa-
tion of the brace-bars 204*is for faeility of
manufacturing. An equalizing-bar, 207, is se-
cured to the upper or main horizontal bar 203,
between the two parallel bars of the frame,
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; of the axles 212,
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and connected at its ends by hangers 208 to
springs 209, which may be of customary eon-
struction, and unite with the springs, the same
as usual. The hanger may pass through the
npper portion ot the main frame, mortised to
suit and welled out, or the hangers may pass
around inside or both sides, if necessary, and
connect with the eqaalizing-bar. The springs
rest in standards 210 on the main bearings 211
The driving-wheels 213 are
seeared to the axles 212, as -usual. On the
central part of each axle a piston-wheel, 214,
is secured by a key, 214% The said piston-
wheel carries teeth 215, provided with pack-
ing-strips 216, which are pressed outward by
springs 216* in contact with the inner surface
of the eylinder 218, in which the piston-wheel
is fitbed to revolve. "On the axle are also keyed
cog-wheels 217, preferably of helieal form,
geared with corresponding pinions 2182, on
abntment-rollers 219, which abatment-rollers
have recesses 219% to receive the piston-teeth
215 and allow them to pass in their revolution,
aud by the geared connections arve cansed to
rotate in unison with the piston-wheel withount
slip between their peripheries. The abutment-
rollers are preferably one-half the diameter of
the piston-wheel, and the gear-wheels corre-
spoudingly proportioned, so that the abut-
ment-rotlers will make two revolatious to one
of the piston-wheel, adapting two recesses in
the abutment-rollers to pass four teeth on the
jriston-wheel at eacl revolation of the latter.
The speed of the peripheries of the piston-
wheel and the abutment-rollers must be ex-
actly the same, though in this case the periph-
ery of the former is twice that of the latter.
Tue abutment-rollers are pressed forward in
contact with the periphery of the piston-wheel
by followers 220, acting on the movable por-
tions 221° of the bearings 221 of the abut-
ment-rollers,which followers are provided with
collars 222 to receive the pressure of springs
2323 and 223?, which have their rear bearing
or abutment in screw-caps 224, screwed in
from the outside and held from unscrewing by
spring-catches 225. . » :

Renewable surface-pieces 226 are inserted
crinthe abatment-roller cylinder-casings. These
surface-pieces may be of Babbitt or other saig-”

able metal poured in,’or of steel or other metal
dressed to suit and pressed in endwise.

‘The top of the engine-cylinder casing 227 is
caucaved parallel with the convex under sur-
face of the cylindrical boiler 201, as illustrated
in Fig. 6.1in order to bring the center of grav-
ity as near the track as possible. To give suf-
ficient length to the journal-bearings of the
abutment-rollers—depth of pinion—consistent
with the space allowed, the pinions of the abut-
ment-rollers are made concave or cup-shaped
on their inper faces. This form allows the
main gear-wheels to be placed closer together,
amd thusaffords, in connection with the concav-
ity of the inner surtace of'the driving-wheels,
additional room for the external or main bear-
ing of the axle of the locomotive, "

The engine is provided with fourfold paired

reversible valves, 228 228 228 2283, each hav--

ing four steam-cavities, 229 230 229 230%, and
arranged in close proximity to the abutment-
rollers 219 on each side thereof, and in dia-
metrically-opposite pairs connected by radial
openings 229* 230°, Figs. 25 to 29, for the pur-
pose of balancing the. pressure on opposite
sides of the valve. “The valves are oscillated
or rotated one-eighth of a revolution for the
purpose of reversing the engine.

The live-steam passages are shown at 2752,
the exhaust-passages at 280%, '

Fig. 7 is a transverse section in the plane of
the inlet and upper live-steam passagesat 77,
Fig. 12, and Tig. 8 a similar section in the

plane of the upper exhaust-passages, 8 8, Fig..
.12, representing the preferred arrangement of

said passages,  Figs, 9and 10 are cosrespond-
ing sections ou thelines Y and 10, respectively,
Fig. 13, illustrating a modification. Fig. 121y
a longitudinal section (at 12 12) of the form of
eylinder-casing shown in Figs. 7 and 8. Tig.
13 is a section at 13 13 of the form of eylinder-
casing shown in Figs.9and 10.  The constroc-

 tionrepresented in Figs. 7,8, and 12ispreferred

on account of being more easy to cast, where-
as the construction shown in Figs. 9, 10, and
13, while more difficult to cast, possesses the
advantage of avoiding loss Ly radiation by
having thelive-steam passages covered to a
greater extent by the exhaust-passages. In
the position shown in Figs. 7, 8,9; and 10, the
opposite valves 228, through their cavities 229,
atford communication from thelive-steam open-
ings 275° to the interior of the cylinder, while
the valves 228 through their cavities 2292
open communication from the interior of the
cylinder to the exhaust-passages 2802, where-
as one-eighth of a revolution imparted to ail
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the valves simultaneously will reverse them, -

80 that the-pair of valves 228 become the ex-
haust - valves and 228 the induction - valves,
thus reversing the engine. The oscillating

movement or partial rotation is imparted to

all the valves simultaneously by gearing, such
as illustrated in Figs. 14, 15, and 16, in which
231larearmsprojecting inward from the valves,
carrying cogged segments 232, gearing with
a cogged ring, 233, concentric with the piston-
wheel and moved by a cogged segment and
arm 234, keyed on a shaft, 235, extending lon-

‘gitudinally from end to end of the engine, and

connecting similar valve-gear on the two ends
of the cylinder. A shifting bar or lever, 236,

‘being an extension of the lever 234, which

passes through recess in the head beneath the
outer cover, torming a close joint, in which-it
plays, the upper end being connected and op-
erated by a rod, 297, as hereinafter deseribed.
A different form of lever for the same purpose
is shown upon the opposite head in Fig. 16.
The lever is fized to the shaft 235, and oper-
ated by a connecting-rod, 297, from the cab of
the engiue, as hereinafter described, :

The upper surface of the engine is provided
with a protecting-casing, 247, containing a
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non-conductor of heat. "A protecting-casing,
248, is applied to the under sarface, forming
a fender, and had better contain an elastic
substance for the Detter protection of the en-
gine,andlikewise containing an internal cham-
ber, 249, for the reception of a body of any
suitable non-conducting material—as, for ex-
ample, asbestus, plaster-of-paris, or the like.

In order to hold and brace the engine-eyl-
inder against turning by the powerapplied to
turn the axle, and at the sane time relieve'the
axle of the weight thereof, it is supported from
the locomotive-frame by elastic connections,
which will now be deseribed.

Parallel horizontal suspension -shafts 261
are secured to the sides of the cylinder-casing
by clasps 262, which extend over the flanges
or projections of the longitudinal joints 243,
the whole being firmly secured together by
through bolts and nuts 263. To the ends of
the borizontal suspension-bars 261 are pivoted
hangers 264, jointed at the upper ends to the

extremitiés of crank-arms 265,projecting hori-

zontally from a torsion-shaft, 266, which is
adapted to turn in bearings 267, securely
bolted to the frame 203, as shown in Figs. 4,

- 41, Spiral springs (which may be of any pre-
ferred form) are shown at 268 and 269, each
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secured at one end to the shaft bearings or
brackets-267 and at the other end to ratchet-
wheels 270, the teeth of which ratchet-wheels
engage with corresponding ratchet-teeth on
collars 271 on the shaft 266, so as fo secure
and hold the same. In the periphery of the
ratchet-wheels 270 are holes 272, to receive a
spanner, by which the said ratchet-wheels may

" be turned, as required, to set the springs 268

40

269 to any necessary tension. .In practice, the
weight of the engine being known, a spanner
is used with an arm bearing a certain ratio in
length to the erank-arms 265, when, by apply-
ing a definite draft or force to the end of said
spanner, determined by a common spring-bal-

- ance or dynamometer, the springs are readily
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set to a tension exactly corresponding to the

-weight of the engine. Suapplementary springs.

may be applied to the shaft, as shown at 273,
Figs. 4 and 49 and 50; or either form of spring

or other saitable form of spring or elastic sub-

stance may be used alone, as preferred,

The steam-supply pipes are shown at 274
connecting with the dry-pipe or steam-dome
202 of the boiler. The said steam-supply pipes
974 extend to the outside and down on either
side of the boiler and pass along the centerto
as many of the rotary engines as may be em-
ployed beneath the boiler on the axles of the
locomotive—one or more. In practice I em-
ploy two (2) engines, one on each axle, and
couple together the wheels of these axles and
of two other axles, one in front and one be-
hind those to which the engines are applied.
More or less of the wheels may manifestly be

* coupled to serve as drivers, if desired. The

steam enters the engine-casing through a pas-
sage, 275, at, the top of one side of the eylin-
der-casing, the natural effect of which wounld

be to apply an unbalanced internal pressure
at the opposite side of the engine-casing equal
to the pressure of steam on an area equivalent
to that of the steam-passage 275. To elimi-
nate this unbalanced pressure, which would
tend to tip or tarn the-cylinder on the shaft, I
employ a counterbalancing-piston, 276, Fig.
9, connected by a piston-rod, 277, to a hori-
zontal bar, 278, attached at each end to a tic-
rod, 279, on either side of the locomotive,
which tie-rods from the two enginés are united
together and to the frame of the locomotive
by a transverse bolt, 279%, permitting the an-
gular movement demanded by the vertical
motion of the locomotive-frame relatively to
the rnnning-gear. The exhaust is delivered
through openings 280 on about the same level
as the induction-passage 275, and the said
pressure, which would be represented by the
area of the exhaust-openings 280, is counter-

balanced by pistous 281, similar to the pistons

276 described for counterbalancing the press-
ure with relation to the steam-passages, and
connected by rods 282 with the same horizou-
tal bar 278. The pressure against the pistons
276 and 281 is thus sustained completely out-
side of the engine-cylinders aud without any
tipping effect thereon.

In order to permit the necessary relative
movement between the boiler and engines,
the steam and exhaust pipes ave furuished
with the coupling-joints illustrated in Fig.
38, in which 274 represents one of the steam-
pipes before deseribed, and 283 exhaust-pipes

‘leading from the engine-cylinder and conduct-

ing the discharged steam to exhaust-nozzles
in the stack of the locomotive, or to any pre-
ferred place of delivery. 284 285 represent
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pipe-sections introduced in the steam and ex- -

haust pipes, respectively, and counected there-
with by ball-and-socket joints 296, to permit
the relative movement, already referred to, be-

‘tween the two parts of the respective pipes.

Cocks for the discharge of water of conden-
sation are shown at 286 in Fig. 2 and at 286
2862 on each side of Fig. 35. These are op-
erated by shafts 287, furnished with sliding
couplings 238, to permit the relative vertical
movement already referred to between the lo-
comotive-frameand therunning-gear,and hav-
ing on their upper ends beveled pinions 289,
gearing with a beveled wheel, 290, one of which
wheels 290 is keyed on each end of a horizontal
shaft, 201, extending from side to side of the
engine,and baving a crank-arm, 292, connected
by rod 293, lever 294, and Tod 295, with the
cab of the locomotive, so that all of said cocks

286 286° on both sides of the engine may be

opened or closed.simunltaneously by the engi-
neer. - The cocks 286 on one side of the loco-
motive communicate with the exhaust-pas-
sages of the cylinder, while those 286* on the
other side ecommaunicate with the live-steamn
passages. The exhanst-water cocks 286 have

through-ports, as shown in Fig. 35, s0 as to be
opened by one-half’ a revolution in either di-
rection, whereas the live steam water cocks
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286* have ports only on one side. Tig. 35
shows the discharge-cocks 286 and 286* both
open. - It will now appear that one-quarter of
arevolution applied simultaneously to the two
cocks will close them both, or that a half-revo-
lation from the position shown in Fig. 85 will

open the cock 286 and close the cock 2862 This:

provision for opening the water-discharge con-
nected with the exhaunst-passages while those
connected with the live-steam passages are
kept closed is for the purpose of discovering
a possible leakage of steam in the engine,

~which would result in the direct and continu-
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ous passage or escape of live steam through the
exhaust-passages and cock 286.
at once be detected by the engineer, and would
enable him to obviate the difficulty by tight-
ening up the abutment-rollers.

For stopping, starting, or reversing the mo-
tion of the locomotive, the required movement
is communicated to the valves ot the engines
simultaneously by means of a rod, 297, extend-
ing from the cab of the engine to arm or le.
ver 236, Figs. 14,15, and .32, which is an ex.
tension of the arms 234 past the fulernm or
shaft 235, thence through the recess in the pro-
jection of the head under the cover out to re-
ceive the rod 297, whereas the lever 236% is a
separate lever and connects to the reversing-
shaft 235 outside of thie outer cover through
which the shaft passes. ' (See Fig. 31.). In or-
der to carry the valve-operating connections
past the steam-pipe projections at the central
part of the boiler, supplemental levers 299 are
employed, projecting downward and econnect-
ed at their lower ends by a rod, 300. By coup-
ling together two shafts, with a single rotary
‘engine mounted on each, with the piston-teeth
of the respective wheels alternated in posi-
tion, so that the teeth in one eylinder will be
under the full head of steam-pressure while
those in the other cylinder are passing their
ports, the effect is produced of a double en-
gine without the necessity of constructing the
double engine for that purpose, effectually
avoiding dead-centers. The crank-pinson the
respective wheels of each axle are set ninety
degrees apart for the same purpose.

The mode of coupling together tlie wheels on
one sideof thelocomotive isillustrated in Figs.
1, 4, 5, 6, 39, and 40, the last two figures show-
ing the coupling devices in detail on a larger
scale. Hollow wrist-pins are employed hav-
ing shoulders 302, fitting in a rabbet or recess
in the outer face of the wheel. The open in-
ner end of the hollow wrist- pin receives a
screw-plug, 303, the head or flange of which

_ rests on a shoulder; 304, ou the inner face of
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the wheel, so as when turned in to draw the
wrist up firmly to-its Seat. A longitudinal
key, 305, holds the wrist-pin against rotation,
and a spring cateh or bolt, 306, in the head or
flange of the serew-plug 303, engaging with a
notch or aperture prepared for it in the inner
periphery of the plng-seatin the driving-wheel,
secures the said plog against loosening. The
axial opening in the wrist-pin 301 communi-

This wonld.

sired shape,
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cates:through a radial hole; 307, with or with-
out a circumferential groove, 308, in the pe-
riphery of the wrist, and with-an oil-cap, 309,
mounted in. the upper. elamp - plate, 310, by

.which the coupling-rods 311 312 are connected

together on the box of the wrist-pin.- The two
clamp-plates 310 310* are formed on theit in-
ner faces with tongues or projections 313 314,
fifting in corresponding grooves in the apper

and lower faces of the coupling-bars 311 312,

the tongues or projections 313, which arenear-

70

est to the extremities of the conpling-rods 311 -

312, being of greater depth than the tongues

‘314, so that the grooves to receive the latter

may not cut away so mueh of the metal. The
clamp-plates 310 310® are securely fastened by

-throngh-bolts passing throngh the tongunes 313

314, respectively. The bolts 315, near the ex-

tremities of the coupling-reds, are of larger

diameter than the bolts 316, which are more
remote from the extremities of -said coupling-
rods. By thusemployingtonguesand grooves

-of greater depth and clamp-bolts of larger di-

ameter near the extremitiesof therods, Iavoid
unnecessary cutting away of metal and conse-
quent weakening of the rods at points more
remote from their extremities.. The coupling-
rods are made elliptical in cross-section, with
their major diameter vertical,as plainly shown
in Figs. 39 and 40 ; or they may be of any de-
They are brought out to rectan-
gular form at their ends, where they are held
by the clamp-plates 310 310* and bolts 315 316,
affording sufficient increase in metal to com-
pensate for the metal bored out for the bolts

-316, 80 tliat these bolts leave the rod of its full

strength between -the clamp-plates. It will
further e seen that where the largeropenings
are bored in the clamp-plates 310 310* to re-
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ceive the bolts 315 theloss of metal is compen- - .

sated by the extra depth of the tongues 313,
so that the strength of the clamp.plates is not
impaired. The endwise strain is taken by the
tongues 313 314, the bolts 315 816 serving to
keep the.clamp -plates firmly in their seats,
while the tongues 313 314 relieve the bolts of
any transverse strain, -

The box 317 of the wrist-pin is made in two
parts, and is set up to the flange, journal, or
wrist-pin by the action of keys 318 bearing
against steel-plates- 319, and provided with
screw-shanks 320, extending upward through
a yoke, 321, above and below which are lock-

rio
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nuts 322 323 on the screw-shanks 320 for tight- -

ening and securing the keys., The shanks 320
of the keys are preferably placed above the
clamps and Dboxes, as bLerein shown, as the
downward projection of said shanks.and of
the yoke 321 underneath coupling-rods would
be impracticable or nndesirable with the small
driving-wheels employed in my improved lo-
comotive. A fender for the protection of the
heads of the keys may be applied, if desirable,
below the lower clamp-plate, 310%, secured by
bolt-heads or nuts, and having mortises,
through which the keys.318 may pass.

Thedriving-wheelsaredish-shaped, asshown -
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in Figs. 5, 6, and 40, in order to afford the
greatest possible room for the rofary engine
lengthwise of the axle,and to afford the great-
est possible area for pressure on the piston-

teeth, and the requisite length of locomotive-

bearings. Key-boxes receive the keys 217> for
seeuring the gear-wheels 217 on the axles.
Rings 324 are recessed in their inner faces at
217% to accommodate projecting heads of the
keys. This ring fits tight on the main shaft
and against the gear-wheel hub, forming an
oil-tight joint therewith. Upon the outer sar-
face is a spring packing-ring similar to that
ot the lread, for the rim of the piston-rim to
work against. This packing fits the surfaces
of the outer cover of the head and forms oil-
tight joints at each end of the engine. The
ring aund-a portion of the outer cover are
shown in detail on a larger scale in Fig. 5%
The axie-bearings within the eylinder-heads
are constructed, as shown in Figs.5and 6 and
19 to 23 inclusive, with segments 325, having
wedge-shaped or inelined projections 326 on
their backs, engaging in radial openings 327
in a casing 328, Figs. 19 and 20, within which
the said bearing-segments 325 are held and
gnided. A wedge-shaped ring or eylinder, 329,
sarronnds the easing 328, having converging
faces which bear on the wedge-shaped projec-
tions 326, so that a longitudinal movement of
said ring 320 will foree all the bearing-seg-
ments 325 radially isiward. To impart this
longitadinal movement of the ring, 329, it has
an internal serew-thread, as shown in Iig. 19,
engaging with an external serew-thread, 330,
Fig. 20, on the casing 328, and said ring is
farthermore provided with a cogged rim, 331,
whieh has a pinion, 332, said pinion being
keved or otherwise secured to a short shaft,
333, the inner jonrnal of which rests in a bear-
ing in the ring 330" (see Figs. 19 and 20,)
whieh shaft is provided with a worm-pinion,
334, which derives rotation from an endless
serew, 333, on the shaft 336, Fig. 24, extend-
ing to the exterior of the casing, so that by
meaus of a suitable key or wrench the entire
series of bearing-segments 325 may be set up
to the journal from the outside. ‘The bearings
are thus adjusted as they wear,and when nece-
essary are readily renewed by rebabbitting
them on their faces, if babbitted segments are
userl, or made solid of the best box-metal, and
replaced by new pieces when worn too much.

- All should be renewed or replaced at the same

55

. hollow to a limited extent to add efficiency

03

time, in order to maintain an exaect and con-
tinuens central position of the piston-wheel to
the eylinder.

The main shaft or axle is preferably made

thereto, and, if desired, the hole therein may Le
supplied with oil and bave fine radial holes to
lnbrieate the engine-bearings.  If oil or other
lubricant is used, theendsof theopening should
be plagged and a radial hole provided at each
end extending through the hubs of the wheel
or diagonally outside, with small removable
loek-serew plugs, both on the same side of the

~1

wheel, the one to receive the oil and the other
at the opposite end to discharge the oil and
when the wheels are the opposite side up the
plags may be removed and the axie cleaned
oy force-pump, it desired, and reoiled, ready
for use.

The piston-wheels are convex at each end,
as represented in Figs. 5 and 6, in which the
main shaft bearings of the engine'are juserted
in their respective heads, the object of which
is to extend the length of the piston-teeth as
much as possible with the least length of en-
gine, and thus allow for the greatest piston
area with the least diameter of piston-wheel,
and so bring the center of gravity of the loco-
motive as low as pessible, and give just sufii-
cient space to clear the engive from obstruce-
tions on the track. The heads contain all the
bearings of the engine, and being cast hol-
low for reservoirs for oil or other lnbricant,
which can be continually supplied, insures con-
stantly-lubricated bearings. The inner pro-

jeetions of the heads, which sustain the ends

of the main bearings, fit the main shaft and
the recess in the end of the piston-wheel. The
rim of the piston-wheel fits a recess in the head,
which may exteund a short distance in, or may
come flush therewith,in which is fitted a spring
packing - ring, forming a steam-tight joint
against the rim of the wheel. This ring isal-
lowed a play beneath, which preveuts the possi-
bility of end-binding of the piston-wheel. Re-
newable end surface-pieces for the piston-teeth
to work against are inserted in recesses in the
heads,in which they fit,with tongues or grooves
iu both to fit each other. (See Figs. 5 and 6
for the illustration of this.) These surface-
pieces are doweled to the head to prevent
them from turning. The heads are also dow-
eled to the respective cylinder or casing to
assist in securing correet position. This en-
gine, being divided through the center to
enable it to put on and off the axle when the
wheels are on it, therefore differs in that
as well as in other respects from those de-
seribed and claimed by me in other applica-
tions of even date herewith. The head-covers
and the bearing-casings are divided,as shown
in Figs. 5, 6, 14, 15, 16, and 17. The parts of
tbese heads are all bonnd together with heavy
bands 344, as are also the outer covers by their
heads 334 They may all be divided either
longitudinally or vertically and bolted, if de-
sired. 'The heads ave also banded inside and
bearing-casing outside, 330° being the ounter
band, which screws on the tlauge of the bear-
casing 228 and sustains its outer surface. This
band also formns a bearing for the reversing-
ring 233 and holds it in position.
low at one end, with a serew-ihread therein to
enable it to be withdrawn, is inserted through
the casing-flange and into the ring to prevent
it from unserewing. (See Fig. 6.) The inner

projections of the heads are held together by
a ring, 330¢, which serews upon the projection
or flange thereof and holds it firmly. The rim
is held from nunserewing by a hellow plag

A pin hol-
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threaded inside to enable it to be removed
when required. (See Fig.6.) This plag is
upon the upper side of the flange, and preveuts
the ring from unscrewing. The heads having
been put in position upon the shaft, with the
engine thereon, when the bearing-casing with
all the bearing, adjusting-band, and revers-
ing gear complete thereon, is fixed in the head
in which it fits—the outer portion being firmly
serewed in the head—it is held from unsecrew-
ing by a similar plug threaded inside to the
casing and passing through the outer surface
of the casing in the ring 330* just beneath the
liub of the main gear: (See Fig. 6.)

The main pipe extends from the dome within
the boiler opposite the space between the
engines, if two are employed, or to the same
relative position for either, as may be re-
quired, out of the boiler, around the bottom of
the same, in oue or more pieces, as may be re-
quired, and then unites with one or more
branch pipes, (according to the number of en-
gines employed, as may be required,) for con-
ducting steam to the engine or engines. These
live-steam pipes are provided with two short
pipes each, 274% - (See Fig. .38.) They are
connected with the main pipe 274 and with

the engine-connection 294" by ball-and-socket -

joints. (See TFig. 38.) The ends connecting
in the center are united with stuffing-box upon
oue, the rim of the other fitting therein in the
deep recess extending beneath the bog, to per-
mit of ‘end plug and not permit the packing to
get beneath, where packing is inserted in the
box and the gland serewed np, which permits
of end motion as well as vertical and lateral mo-
tions without leakage.

which form protection of steam from radiation
ot heat, are all screwed in their relative posi-
tion to each by the lock spring-bolt,(see Fig. 38,)
which passes through them. The collarof the
bolt fits the hole in the.flunge upon the onter
port of the stuffing-box, the inner end being
tarned smaller, upon which a coiled spring fits,
which sits in the hole and permits end-play to

.the bolt, the hole being of safficient depth.

The gland being screwed in, the spring and
Lolt are inserted, when the pipes, which are
telescoped, are pulled ont and screwed togeth-
eér, threads being upou the outside of one and
the inside of the other for that purpose, and a
hole provided to fit the outer end of the spring-
plug which passes therein up against its shoul-
der and secures all in their relative positions;
and as a further protection a canvas covering,
2744, isprovided forthebetter protection of heat.

The socket-joints are ‘made of two pieces,
the end of the main pipe 274 or the end of
engine-conuection 274%, as the case may be,
with a nut, 274, fitted to each, and bored out

the proper size and shape to fit the balljoint .

296 upon the respective end of the two pipes,
water-grooves being turned in each surface
of the joint to aseist in holding condensed wa-
ter for labricant and securing tight joints.

The short pipes and.
gland, also the two short pipes 274¢ outside, |

These pipes 274* had better be of good brass
or other suitable material to prevent rusting

of joints which have but little play. A recess--

may be cut in the center where the nut joins
upon the flange-connection, to take off neces-
sary friction. These nuts are held from un-
serewing by spring-catches 2748 and 274" at
the respective ends, all of which'are shown in
Fig. 38. 4

The exhaust-steam pipes, extending from
the engine back to the outer surface of the
main pipe 274, are similarly constructed in all
particulars to the main steam-pipes 274 and
274¢,just deseribed, except there being no gland
in the center connections of one, there being
an ountside piece, 274%, which extends farther
along the pipe, and is serewed and héld firmly
thereto, formning a deeper recess than the other
method. In the recess is acoiled spring, over
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which aring fits, with packing above thering, *

which the end of the pipe rests against and
allows of end-play:  This may be sufficient
joint for the exhaust-pipe, and Dbe a .little
cheaper in construction. It shows modifica-
tion of eonstruction of the stuffing-box ouly.
(See Tig. 38.) : K

The connection-pieces 274° to the ends of the
engines are covered- with metallic or canvas
casings, which are secured to the engineunder
the turned-up edges of the onter non-conductor

covering, (shown in Figs. 7 to 10, inclusive,)’

and to the steam - connections 274, by sta-
ples in the flanges, in which they are fitted,
(shown'in Tig. 4 and in detail in Fig. 38,)
which staples pass through slots inthe cover-
ing, and ‘then, passing through thé staples,
holds the casing in position, thus protecting
steam from loss of heat. The exhaust-pipe
returns from the engine to the outer sur-
face of the main pipe 274, thence along its
surface a short distance, and branches off each
side of the boiler, to which it is riveted or se-
cured, as shown in Figs. 1, 2, 22, 3, 36, and 37,
to the nozzle in the smoke-stack, &c.; to pre-
ventloss of heat from the boiler by the exhaust-
stean, a thin sheet, beneath the exhaust-pipes,
respectively, between their langes, which are
secured to the boiler, is placed, which sets a
little ont trom-the boiler in the pipe, and may

have, if desired, a little non-conductor of heat

between them and the boiler, to prevent loss
of heat from the boiler by the exhaust-steam.
(Shown in the broken euds of exhaust-pipes in
Figs. 1, 2, and 2»)

A single engine may be used on one axle of
the loecomotive for light draft, or a double en-
gine, with teeth alternately arranged, may be
used, the teeth being two to each piston-wheel
where a cut-off is employed, so as to work the
steam expausively, or four on each wheel
wherea cut-off isnotemployed ; orsinglecat-oft
engines may be used on two or more shafts
coupled together. The details of my cut-off
engines I havedeseribed in other applications
of even date herewith. : ' ’
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‘claim as new, and desire to secure by Letters

Patent, is—

1. In combination with the frame, axle, and
driving-wheels of a locomotive, a toothed pis-
ton-wheel keyed or fixed on said axle, a cylin-
der or casing attached fo said frame by elas-
tic connections, two abutment-rollers running
in bearings in said casing, geared to the pis-
ton- Wheel 80 as to rotate in unison therewith,

‘and recessed for the passage of the teeth there-

of, and snitable reversing-valves,substantially
as and for the purposes set forth.

2. In combination with the frame, axle, and
driving-wheels of a locomotive, a toothed pis-
ton-wheel keyed or fixed on said axle,and a
bisected or divided easing inclosing the same,
bisected heads, and recessed abutment-rollers
operating in unison therewith,substantiallyas
and for the purposes herein set forth.

3. In a locomotive having a rotary éngine

with counterbalancing - ])1st0n arran; ged to
‘counteract the pressure of the steam from the
inlet and exhaust pipes on the opposite sides

thereofy corresponding in areas to the areas of
the respectlve pipes, substantlally as and for
the purpose set forth.

4, In a locomotive having a rotary engine
with counterbalancing-pistons,arrangedas de-
scribed, in combination with the. piston-rods
282 and 277, and bar 278, and keyed pin and
rods 279, and pivot or hmged bolts, substan-
tially as and for the purpose set forth.

5. In a locomotive having a rotary engine
with bisected bearing-housing, secured as de-
seribed, in combination with the -adjustable
segmental main-shaft bearing 323, toothedring
331, and pinion 332, and operated by means of
a worm and gear, substfmtlally as and for the

‘purposes set forth.

6. The combination, with the drwm«r -axle,
toothed piston-wheels rece&sed mblltmeut roll-
ers and casing, and With the body of a loco-

‘motive, of the reversing-valves 228 2282, seg-

ment-arms 231 232, toothed ring 233, concen-
tric with the axle and having toothed arms,
with which the toothed valve-levers mesh, seg-
ment-arm 234, rock-shaft 235, levers 236, and
sunitable connections to enable the simultane-
ous operation of the valves from the cab of the
locomotive, snbstantially as set forth.

7. The eombination, in a locomotive, of two
or more axles and their driving - wheels, con-
nected by suitable eoupling bars or rods, and
toothed piston-wheels fixed on the respective
axles, recessed abutment-rollers geared to said
piston - wheels, . casings, within - which' said
toothed piston-wheels and recessed abutment-
rollers rotate in unison,andsnitablereversing-
valves, the teeth of one of said piston-wheels
being arranged to pass the abutment-rollers
and steam-inlet ports while those of another

- or other of the piston - wheels are under full

steam - pressure, snbstantially as and for the
purposes set forth.

8. In combination with the boiler and one
of the axles of a locomotive, a piston - wheel

keyed or fixed on the axle, and a casing there-

for, connected to the frame and Laving a con-
cave upper surface parallel, or nearly so, with
the under surface of the boiler, sv as to reduce
the vertical space ecccupied by the rotary en-
gine and bring the boiler or body of the loco-
motive nearer the track, substantially as set
forth.

9. In combination with a rotary engine
mounted on the axle and secared to the frame
of a locomotive, the fender 248, incasing the
bottom of the engine-cylinder and seecured
thereto at front and back, substantially as and
for the purposes set forth.

10. In a locomotive, the combination of a
driving-axle, a toothed piston-wheel keyed or
fixed thereon, abutment-rollers geared to the
piston-wheel to rotate in unison therewith and
recessed for the passage of the teeth thereof,
and a casing containing eylinders for the said

piston-wheel and abatment-rollers connected”

to the running-gear frame, and having steam
intet connections 275 and exhanst eonnection
280 at front or back of the easing, tangen-
tially, or nearly so, to the piston-wheel, sub-
stantially as set forth.

11. A locomotive with a rotary engine hav-
ing a bisected casing, constructed asdeseribed,
with projections for securing suspension-bars
261 by meansof clasps 262, substantially asand
for the purposes set for th

, In combination with a locomotive, a tro-
chlhc engine or engines having piston wheel
or wheels and abutment—rol[ers, with adjusta-
ble bearing-pieces for their jonrnals, withanto-
matic followers and springs for securing the
surfaces of the abutment-rollers to the piston-
wheels, for the purposes set forth.

- 13, The bisected and banded outside enid

covers for the c¢ylinder-heads, for protecting.
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gearing therein and forming oil-chambers, in -

combination with a locomotive rotary engiue,
substantially as set forth.

14. A locomotive having a rotary engine
with bisected heads, made hollow to form closed
chambers for oil or other lnbricant, substan-
tially as and for the purposes set forth.

15, The combination, in a locomotive, of an
axle and its driving-wheels, a toothed piston-
wheel keyed or fixed on said axle, recessed
abutment-rollers geared to rotate in unison
with the piston-wheel, and a casing contain-
ing eylinders for the said piston-wheel and
abatment-rollers supported from the lecomo-
tive-frame, so as to relieve the axle of the
weight of the engine, exceptinng the piston-
wheel, substantially as set forth.

16. The combination, in a locomotive, of an
axle and its driving-wheel, a toothed piston-
wheel keyed or fixed oun said axle, recessed
abutment-rollers geared to rotate in unnison
with the piston-wheel, a casing eontaining eyl-
inders for the said piston-wheel and abut-
ment-rollers, suspension -bars 261, and suit-
able springs, 268 269 273, forming an - elastic
connection for snspeLdlmT the engine from the
locomotive-frame independently of the axle,
substantially as and for the purposes set forth.
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17, The combination, with the frame and

one or more axles of a locomotive and a ro-
tary engine or engines operating directly on

such axle or axles, of a torsion shaft.or shafts,

266, sustaining.the position of the engine upon
the locomotn e-frame to keep it from tipping,
substantially as and for the purposes set forth.

18. The combination, with a locomotive-

{rame, one or more driving-axles, and a rotary

engine or engines operating directly-on said
axle or axles, of suspension-bars 261, hangers
264, arms 265, torsion-shafts 266, attdchmeuts
‘)64 and one or more springs, 268 269, or 273,
bubstantlallv as and for the purposes set for th

19. The combination of the torsion-shafts
266, suitable splmgq, 268 269, ratchet-wheels
270 and collars 271, for reguhtmg the strength
of . the springs, as and for the purposes set
forth.

20. In combination with a driving-axle of a
locomotiveand atrochilicorrotary engineoper-
dting directly thereon, driving-wheels formed
with concave inner faces and convex outer
faces to afford greater length to the engine
and space for the locomotive-bearings between
the-ends or heads of the engine-casing and the
inner faces of the said driving-wheels, substan-
tially as set forth.

21. In combination with a locomotive hav-
ing a trochilie or rotary engine,a hollow wrist-

‘pin secured to the wheel and held in position

by a countersunk lock-bolt, substantially. as
set forth. v : -

22. In a locomotive provided with a rotary
engine, the concaved abutmeunt-roller pinions,
in combination with the main gear-wheels and
main shaft of a rotary engine and driving-
wheels, substantially as and for the purpose
set forth.

23. The ring 324, containing a recess,- 2177,
for the head of the key 2172 of the main gear-
wheel, and a recess for the packing-ring, form-
ing an oil-tight joint for the outer cover of a
rotary-engine head, in combination with the
driving-axle of a locomotive, substantially as
and for the purpose set forth.

24, A locomotive having a rotary engine or

- engines operating directly on one or more of

271,480

its axles, and one or more live- Steam pipes ex-
tending from the steam dome or domes par-
tially around the exterior of the boiler between
the locomotive-axles and connecting with the
engine cylinder or cylinders, substuntially as
shown and deseribed.

25. In a locomotive having one or more ro-
tary engines provided with a main steam pipe
or pipes which have branch connéctions with
said engines and boiler, pipe-connections pro-
vided with ball-and-socketand telescopic JOl[ltS,
substantially as specified.

26. In a locomotive having oune or more ro-
tary engines, a main steam pipe or pipes hav-
ing branch connections with said engines, pro-

vided withball-and-socketand telescopicjoints, '

and secured in position by lock-joints and cas-
ings, substantially as set forth.’

27. In a locomotive - having one or more ro-
tary engines, the exhaust-pipes with branch
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connections from the engines, provided w1thf

ball-and-socket and telescopic joints, connect-
ing with pipes leading to the nozzles in the
smoke-arch, substantially as specified.

28. In combination with a locomotive hav- .

ing one or more rotary engines, of cylinder
water-cocks 286 286* and suitable shafts, 287,
gearing 289 290, and connections 292 293, for
operating them simultaneously, subsmntlally
as set forth.

29. In combination with a locomotive hav-
ing one or more rotary engines, of cylinder
water-cocks, suitable shafts and gearing for
operating the same, and sliding coupling or
couplings.to compensate for motlon between
the body of the locomotive and the running-
gear, substantially as specified.

30. The combination, with the driving-
wheels and axles of a locomotive, of rods coup-
ling the wheels and trochilic or rotary engines
mounted on the axles, with their teeth or pis-
tons arranged alternatingly with respect to
the steam-ports, so as to operate in conjunc-
tion as a double engine.

g 1. N. FORBES.

In presence of— '

ERNEST ABSHAGEN,
FRED. L. FOSTER.
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