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To all whom it Mmay cONCerm: -

Be it known that 1, Jesse W. SUNDERLAND, &
citizen of the United States, residing at Chi-
cago, in the county of Cook and State of 11li-
nois, have invented a new and useful Improve-
ment in Engines, of which the following is a
specification.

My invention relates particularly to turbine-
engines for use in connection with steam or
other elastic-fluid; and my primary object is
to provide an engine of this character of im-
proved general construction, particular atten-
tion being paid to securing economy in steam
consumption, simplicity and durability of con-
struction, an advantageous arrangement of
reduction-gear, and simple and reliable con-
trolling means for the engine.

The invention is illustrated in one embodi-
ment in the accompanying drawings, in
which—

Tigure 1 represents a broken left-hand ele-
vational view of my improved engine, one-
quarter of the wheel-casing being shown in
section; Fig. 2, a broken view showing a por-
tion of the periphery of the turbine-wheel;
Fig. 2%, an enlarged broken section taken as
indicated av line 2* of Fig. 2; Fig. 3,a broken
plan sectional view at one of the nozzles; Fig.
4, a broken side elevational view of the wheel;
Tig. 5, a broken plan view showing the outer
end of oneof the nozzle-valves; Fig. 6, a verti-
cal longitudinal section taken as indicated at
line 6 of Fig.1, that portion of thesection at the
wheel being taken as indicated at the apper
lett-hand portion of Fig. 1 and rotated into
the plane of the vertical section; Fig. 7, aver-
tical section taken as indicated at line 7 of
Fig. 6; Fig. 8, an enlarged broken vertical
section showing the nozzle exposed by the sec-
tion in Fig. 1; Fig. 9, a broken section taken
as indicated at line 9 of Fig. 8; Fig. 10, a ver-
tical section taken as indicated at line 10 of
Tig. 6, the wheel-casing being removed; Fig.
11, a broken sectional view showing the con-
struction at the central portion of the wheel,
the section being taken at line 11 of Fig. 12;
and Fig. 12, a section taken as indicated at
line 12 of Fig. 11.

In the construction shown Lemploy a wheel-
casing provided with a plurality of admission-
nozzles arranged substantially tangentially to
the bore of the casing, a wheel having flexible
connections with its shaft to provide for un-
avoidable vibration, a series of valves control-
ling the admission- through said nozzles, a

hand-lever -through the medium -of-which-

said valves may be opened in succession ac-
cording to the power required, a governor-

“controlled main admission-valve governing
the common source of supply to said nozzles,

a series of sets of friction-wheels bearing pe-
ripherally upon opposite sides of an extension
of the wheel-shaft, a shaft in alinement with
the wheel-shaft and operated through the me-

" dium of a gear meshing with pinions on the

shafts of said sets of friction-wheels, change
and reverse gears operated through said last-
named shaft, and . friction - clutch mechan-
ism operated through the medium of any suit-
able single lever (not shown) providing for
the use of either of three speeds forward ora
reve(i'se corresponding with theslow speed for-
ward.

A description of the preferred construction
is as follows: A represents a frame; A, a
wheel-casing section fixedly secured thereon
at one end thereof; A% a wheel-casing section
firmly united to the first-named section by
bolts ¢; A% a ring-form frame member firmly
supported upon the casing-section A* and
equipped with journal-boxes Al

wheel shafts; A°, a ring-form frame member
provided with journal-boxes A°® for the oppo-
site ends of the friction-wheel shafts and hav-
ing a central bearing A" for an intermediate
speed-shatt in alinement with the shaft of the

turbine-wheel; A®, a frame member having a

bearing A* for the opposite end of said last-

named shatt; A, Fig. 1, a frame member for

supporting the speed. controlling and revers-
ing lever, (not shown;) B, a turbine - wheel

mounted within the casing A’ A*and provided

peripherally with vanes or buckets B'; B,
Fig. 12, a shaft provided with collars B® B,
between which the wheel Bissomewhat loosely
confined; B’, a series of flexible steel pins con-
necting the wheel with said collars and ar-
ranged in a circle concentric with the shatt
B* B, an extension of the shaft B?, provided
with circumferential grooves, Fig. 6; C, a
plurality of friction-wheel shafts parallel with
the shaft extension B’ and equipped with sets
of friction-wheels (', having circumferen-
tially - grooved peripheries contacting with

‘the shaft extension B% C°, bearings for the

friction-wheel shafts supported in the jour-
nal boxes or guides A* A% C, simultaneously-
adjustable cam-rings for adjusting the bear-
ings (% C', a shaft equipped near its ends
with pinions C°, meshing with cogs, Fig. 7,

'with.which the rings C* are equipped interi-
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orly, and provided at one end with a hand-
wheel C, Fig. 6; (7, pinions lying in a com-
mon vertical plane and secured on the shafts
C; D, an intermediate speed-shaft journaled
in the bearings A" A’ and equipped at its in-
ner end with a spur-gear 1), meshing with
the pinion C'; E, a-hollow shaft parallel with
the shatt D and journaled in bearings ¢’ &,
with which the frame members A® A® are
provided; K, a sprocket-wheel fixed to the
shaft E and serving to transmit motion from
the engine to the drive shaft of a motor-ve-
hicle, say; FF,G G/, and H H', speed-chang-
ing gears connecting the shafts D and E in
sets; J J', Figs. 6 and 7, reversing-gears, the
pinion J meshing with an extension 4’ of the
pinion H; F*, G°, and H? friction members
rigidly connected with the gears F’, &', and
H', respectively; K, Figs. 6 and 8, friction
members connected to rotate with the shaft
E and through the medium of which any one
of the gears I, G/, H', and J' may be con-
nected at will to rotate the shaft E; L, a lon-
gitudinally-shiftable shaft provided at its in-
ner end with reverse conical surfaces I/ L2
and which may be employed to connect either
the gear F' or the gear G’ to the shaft E at
will; M, a longitudinally-shiftable sleeve upon
the shaft L and provided with reverse con-
ical surfaces M’ M* and which may be em-
ployed to connect either the gear H' or the
gear J' to the shaft E at will; P, an annular
steam-passage with which the casing-section
A’ is provided near its periphery; P, a plu-
rality of nozzles communicating with the pas-

sage P; P, valves controlling the admission

to the nozzles; P?, bell-crank levers supported
on pivots ¢ on the casing-section A'; P*, a
cam-ring, through the medium of which the
levers P° may be operated; P°, a link con-
nected with the ring P*; P°, a lever for shift-
ing the cam-ring P* through the medium of
the link P°; Q, a valve through which steam
is admitted to the annular passage P, and R
a governor controlling said last-named valve.

The base of the engine-frame has a de-
pressed portion ¢ to accommodate the reduc-
tion-gears, Fig. 6. The wheel-casing serves
as a frame-standard and is secured to the base
in any suitable manner. Likewise the stand-
ards A’ and A® are secured to the base in any
suitable manner. (Not shown.) One end of
the turbine-wheel shaft B is journaled in a
bearing ¢, with which the casing-section A’
is provided, and the other end of the shaft
passes loosely through a bearing &, with which
the casing-section A* is provided, this end of
the shaft being practically supported by the
friction-wheels (. The casing - section A’
bears at its periphery the annular steam-pas-
sage P, and extending at suitable angles are
the nozzles P’, communicating therewith and
leading to the periphery of the wheel. Pref-
erably the nozzles are formed of independent
tube-sections 7, Figs. 8 and 9, of varying
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form of cross-section, as indicated by the dot-
ted lines on Fig. 21, said tube-sections being
received by cavities /' left in the casting of
the casing-section A’ and open at one side,
as shown in Fig. 9. The nozzles are prop-
erly centered and held in place by Babbitt
metal /*. The exposed lateral surface of the
Babbitt metal is turned down with the cor-
responding surface of ‘the casing-section A’
to receive the casing-section A% The outer
end of each tube-section S isof circular cross-
section and has secured thereto a tapered
valve-seat /°. Each valve P? is of conical
form and has a stem #* extending through a
stuffing-box /°, the outer extremity of which
passes through a perforation in the short arm
S°of the corresponding lever P°. The ex-
tremity of the stem is threaded and equipped
with nuts 7, and a spring #®, confined be-
tween the stuffing-box and the base of the
valve, tends to hold the valve in its closed
position. The long arm of each lever P is
provided with a cam-shaped end #°, which
bears upon the periphery of the ring P*, As
indicated in Fig. 1, the ring P* is provided
with a series of cams /™, which correspond
in general position with the position of the
levers P°, but are so arranged that, com-
mencing with the lower right-hand valve
shown in Fig. 1, the valves will be opened
in succession as the hand-lever P® is moved
to the left.

As indicated in  Figs. 6 and 9, the casing-
section A’ has an annular depression g, the
surface of which is turned to receive a flange
g', with which the casing-section A? is pro-
vided. In the operation of turning said sur-
face the corresponding surfaces of the Babbitt
metal are turned flush with the surface, as
appears from Fig. 22. The casing-section A’
is_provided with annular ring - sections 7%
which fit somewhat closely about the periph-
ery of the wheel and join the inner ends of
the nozzles. This provides spaces ¢°, which
permit .the steam to pass readily from one
side of the wheel to the other within the cas-
ing. It should be remarked that the section
shown in Fig. 1 is so taken that a portion g*
of the exterior surface of the casing-section
A” isshown at the section. The casing is pro-
vided with an exhaust- passage g°, which
should be of ample size to conduct the ex-
haust-steam and avoid back pressure.

The annular-form frame member A®, Figs.
6 and 10, fits snugly on the portion /4 of the
casing-section A®. It should be remarked
that the casing is shown broken at its upper
portion in Fig. 6 to indicate that the section
at the upper portion of the figure has been
rotated out of its proper plane. The shafts

C are preferably three in number, and each
shaft bears three friction - wheels provided
with circumferential grooves engaging the
.corresponding circumferential ribs .on the
shaft extension B’

Each shaft C is of tubu-
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lar form and is antifrictionally journaled upon | ably is controlled by the governor R, which

an inner shaft %, having its ends supported
by the bearing-blocksC®. The bearing-blocks
(? have grooved connection with the journal
boxes or guides A°, Fig. 7, and are yieldingly
confined by springs/%’, whose outer ends fitin
blocks 4%, grooved to receive the cam-ring C’.
Tt will now be understood that when thering
(¥ is moved about its axis the cam-surfaces

7# press the blocks #* inwardly and compress.

the springs#'. Inasmuch as both of the rings
(® are simultaneously moved through the me-
dium of the shaft C*-and the pinions C, all of
the bearings of all of the three shafts C are
simultaneously adjusted. It will be under-
stood the shafts are, in effect, bound together
by the spring - held bearing - blocks C*, and
consequently the shatt extension B® is pressed
upon from all sides equally.

The shaft D preferably has its inner end re-
cessed to receive the pointed extremity of the
shaft extension B’, asindicated by the dotted
lines Z in Fig. 6. The gears ¥, G, H, and &
are preferably formed integrally, as shown.
The friction member F* and gear F’ are op-
positely turned and rigidly secured together
in any suitable manner, and this is troe of
the friction member G* and gear G’ and of
the friction member H* and gear H'. The
gear J' is so positioned thatits flange 7 serves
as a friction member. One of the inner fric-
tion members K is shown in section in Fig.
6, and another of said members is shown
in elevation in Fig. 8. Hach comprises a
huab portion s/, fixed to the shaft E and hav-
ing radial arms s’ bearing circumferential
portions #° and radially - movable segments
m*, moving between guide-surfaces i’ at the
extremities of the sectors m°. The members
m* are equipped with lugs 7, against which
bear springs 7', having their extremities se-
cured at the extremities of the sectors m’.
Thus the sectors ' are normally held out of
engagement with the inner circumferential
surface of the outer friction member. The
hollow shatt B is provided with radial per-
forations through which extend members n,
having beveled inner ends- contacting with
the cones with which the longitudinally-shift-
able shafts 1. and M are provided. All but
the left-hand one of the inner friction mem-
bers have been omitted from Fig. 6. 1t will
be understood from the preceding descrip=
tion, however, that any one of said friction
members may be thrown into operative en-
gagement with the corresponding outer fric-
tion member by shifting either the shaft L
or the shaft M, as required.

The means by which either one of the shafts
L and M may be shifted in either direction
by the single lever are not shown, but any
suitable means may be employed.

The admission to the annular steam-passage
P is through the valve Q, which may be of
any suitable construction. The valve prefer-

is not shown in detail, but which has its op-
erative parts actuated by a pulley s*, belt s,
and pulley %, Figs. 1 and 6.

As shown in Figs. 11 and 12, the collar B*
of the shaft B® is provided with a series of
sockets # arranged concentrically with the
shaft, and these sockets taper, asshown. The
collar B* is formed -integrally with the shaft.
The collar B*is provided with a series of per-
forations #, which taper in a direction oppo-
gite the taper of the sockets 2. The wheel B
is provided with a series of perforations £,
which are cylindrical at their central portions
and flare toward their ends, as shown in Fig.
12. The pins B° extend through the perfora-
tions in the collar B? and the perforations in
the wall and into the sockets z. They are
confined against removal by a ring £, secured
by bolts ¢, which pass loosely through the
wheel and bind the collar B? to the collar B
From this description it will bé observed that
the wheel has yielding connection with its
shaft owing to the flexibility of the members
B?, which supportit. This permits the wheel
to adjust itself under the centrifugal force
developed in its rotation, it being understood
that it is impossible to so construct and bal-
ance a wheel as to overcome all lateral strain
under the high velocity at which the wheel is
rotated.

The construction st the periphery of the
wheel is illustrated in Figs. 2, 2%, 3, and 4.
As there shown the vanes of the wheel are
constructed by providing two series of pe-
ripheral pockets » ¢/, arranged side by side
and separated by a sharp dividing - wall 2
These buckets are provided by milling the
wheel, so that the bores produced intersect
at the meeting edge »* between two buckets.
The milling-tool may be located in the plane
of the wheel and of such form that it will
cut in under and leave an overhanging shoul-
der »*. The wheel is located so that the di-
viding-walls »* lie in a central vertical plane
through the inner extremities of the nozzles.
In plan section the buckets are concave, so
that the steam will enter along both sides of
the dividing-wall +* and be directed to the
right and left, somewhat as indicated in Fig:
3. The nozzles have a cross-section of vary-
ing shape, as indicated in Fig. 8, the shape
changing from a circle at the outer extremity
to an elongated oval shape at the inner ex-
tremity, the long axis of the oval lying in a
vertical plane. In setting the valves P* prop-

erly by means of the adjusting-nuts 7 the,

engine is tested for economy till the proper

opening for a given wheel velocity and given

pressure is secured. The inner -ends of the
nozzles are large enough to permit the noz-

-zle-valves to be adjusted so that the steam
will expand to a proper degree to acquire a

velocity which will bear the correct theoret-
ical ratio to the velocity of the wheel to insure
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the transfer of the greatest possible amount
of energy from the steam to the wheel. In
other words, the kinetic energy of the steam
moving as a mass is transferred to the wheel
and only sufficient residual velocity remains
in the steam to insure against back pressure.
The change in velocity of the steam in pass-
ing from the orifice at the nozzle-valve to the
buckets is roughly illustrated graphically in
Figs. 8 and 8 by the relative lengths of the
arrows. It follows that as the velocity de-
creases the area of the steam-passage should
increase to permit the steam to pass freely
from the engine, and this is provided for in
my construction.

An engine constructed in substantial accord
with the drawings and description here given
is well adapted for use in connection with
motor-vehicles. Thus the engine is designed
to work economically regardless of the num-
ber of nozzles which may be in use, and the
power of the engine may be varied over a
range of many horse-powers. The lever P*
is set to throw one or more nozzles into use,
as desired. When the engine attains a given
speed, the governor acts to close the admis-
sion to the annular steam-passage P, thereby
cutting off the supply to all the nozzles.
When the supply is so cut off, the engine con-
tinues to operate under its own inertia.
Thus it will be seen that the steam is not
throttled at any of the nozzles, and that hence
a given ratio of steam velocity and wheel ve-
locity are maintained, that ratio being the
ratio at which the greatest amount of energy
can be transferred from the steam to the
wheel.

It readily will be understood that changes
in details of construction within the spirit of
my invention may be made. Hence no un-
due limitation should be understood from the
foregoing detailed description, which has been
given for clearness of understanding only.

What I regard as new, and desire to secure
by Letters Patent, is—

1. In an engine of the character described,
the combination with a suitable wheel, of cir-
cumferentially-arranged nozzles, a plurality
of valves for said nozzles, levers connected
with said valves, and a shiftable cam-ring for
moving said levers.

2. In an engine of the character described,
the combination with a suitable wheel, of cir-
cumferentially-arranged nozzles, a plurality
of valves for said nozzles, bell-crank levers
supported on stationary pivots and having
their outer ends connected with the stems of
said valves and their inner ends provided with
cam-surfaces, and a shiftable cam-ring pro-
vided with a plurality of cam-surfaces ar-
ranged to engage said levers in succession, for
the purpose set forth.

3. In an engine of the character described,

802,129

the combination with a suitable wheel, of a
nozzle, a valve therefor, a valve-operating le-
ver provided with a cam-arm, a shiftable cam-
ring, and a hand-lever connected with said
ring and serving to shift the same, for the
purpose set forth.

4. In an engine of the character described,
the combination with a suitable wheel, of a
casing therefor comprising two sections, one
of said sections having a cavity with a lateral
opening, and an independently-formed nozzle
within said cavity and secured therein by Bab-
bitt metal, or the like, and the other section
bearing against the exposed surface of the
Babbitt metal.

5. In an engine of the character described,
the combination with a suitable wheel, of a 8o
casing provided with an external annular
shoulder, a cam-ring journaled on said shoul-
der, valve-operating levers controlled by said
cam-ring, valves connected with said levers,
and nozzles controlled by said valves.

6. In amachine of the character described,
the combination of a shaft having a collar
fixed thereon, a wheel loosely mounted on said
shaft adjacent to said collar and provided with
a series of bolt-receiving perforations and a
series of pin-receiving perforations, a second
collar adjacent to the opposite side of said
wheel, a plurality of flexible pins passing
through the wheel and into the collars, and a
plurality of bolts passing loosely through the
proper perforations of the wheel and connect-
ing said second-named collar to the first-named
collar, for the purpose set forth.

7. In a machine of the character described,
the combination with a shaft provided with 100
collars, of a wheel confined between said col-
lars and provided at its hub with a series of
perforations, and a plurality of flexible mem-
bers passing through said perforations and
into said collars, whereby the wheel is sup- 1og
ported and motion transmitted to the shaft
through the medium of said members.

8. Thecombination of ashatt provided with
an annular recess for receiving the hub of a
wheel and having a plurality of taper open- 110
ings, of a wheel provided with a plurality of
double taper openings and flexible pins, for
the purpose set forth.

9. The combination of ashaft provided with
a collar having a plurality of lateral sockets, 115
a second collar provided with a plurality of
perforations in alinement with said sockets, a
wheel provided with a plurality of perfora-
tions, pins extending through said perfora-
tions and into said sockets, and a collar con- 120
fining said pins.

JESSE W. SUNDERLAND.

In presence of—
L. HEIsLAR,
Warrer WINBERG.
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