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UntTED STATES PATENT OFFICE.

IRVING S. DAVIS, OF SCRANTON, PENNSYLVANIA.

STEAM-MOTOR.

SPECIFICATION forming part of Letters Patent No. 708,758, dated SePtember 9,1902.
| Application filed November 2, 1901, Serial No. 80,919, (No model

1o all whom 6 may co'ncerm -
Be it known that I, IRVING S. DAVIS, a clti-
zen of the United States, residing at Scranton,

in the county of Lackawanna, State of Penn-
sylvania, have invented certain new and use-
ful Improvements in Steam-Motors, of which

the following is a specification.

This invention comprises certain improve--

ments in steam-motors particularly adapted

for use on automobiles; and it relates to the
arrangement of the parts whereby a balanced

motor is produced and tothe arrangement of

valves and ports whereby the motor may be

driven in either direction and operated either
as asimple or compound motor.

Inthe accompanying drawings, which illlus—.
trate the invention, Figures 1 and 2 are plan

and side views, respectively, of the motor.
Fig. 3 is a view, on a larger scale, of one end
of the motor, showing the arrangement of ¢yl-
inders and valves. Fig.4isasectionthrough
” Fig. 518
a2 seetion on the line 5 5 of Fig. 3. FKig. 618
a plan view of the controlling-valve casing.
Fig.7isaverticallongitudinalsection through
the same and through the controlling-valve
and a portion of the eylinder-frame, the ar-
rangement of ports being such as to operate

the motor either compound orsimplein mov- |

ing forward and simplein moving backward.
Fig.8isa verticallongitudinalsection through
a reversing-valve and its casing, by which
the motor may be operated simple or com-
pound in either direction. Fig. 9 is a cross-
section through the controlling-valve, taken
through one of its ports; and Fig. 10isa front
end view of the motor with the caps of the
casing removed. - |

Referring to the drawings, A indicates the

cylinder-frame, which comprises the upper

portion @, having therein at its opposite sides
the high-pressure cylinders 1 and 2, between

which are arranged the piston-valve eylin- |

ders 3 and 4, adapted to control the admis-

sion of steam to and exhaust from said cyl-

inders, respectively, and to the upper por-
tion ¢ is bolted the lower portion o', having
the low-pressure cylinders 6 and 7 and the
slide-valve cylinders 8 and 9 arranged to con-
trol the admission of steam to and exhaust

N

_the low-pressure- cylinders.
of the cylinder-casing are secured together
by means of bolts 10, passing through lugs or

will be at half-stroke.

pp—— L

the cylinders are symmetrically arranged,the

high-pressure cylinders being directly over
The two parts

projections 11 at the meeting faces of the two
parts. Bolted to the forward end of the cyl-
inder-frame is a gear-casing B, which incloses
the working parts of the motor, this casing

| consisting of the bifurcated part 12, having
‘the caps 13.
‘the working parts of one high-pressure and
one low-pressure c¢ylinder, and upon the driv-
ing-shaft 14 a driving sprocket-wheel or gear 65
‘15 is arranged between the two arms of the
casing. The driving-shaft, as shown in the

Each arm of the casing incloses

drawings, is journaled within the casing cen-

trally, opposite the low-pressure cylinders, in

brackets 16, which are formed integral with

the cylinder-frame, and upon the opposite

ends of the driving-shaft are arranged gears
17, which mesh with gears 18, of a similar di-
ameter, mounted upon a shaft 19 in the cas-
ing opposite the high-pressure cylinders, said

‘shaft being journaled in brackets 20, similar to
the brackets 16. The gears 17 are provided
with crank-pins 21, which are connected by

connecting-rods 22 to the pistons 23 in the low-
pressure cylinders, the pins 21 being arranged
one hundred and eighty degrees apart.. The
pins 24 upon the gears 18, also arranged one

‘hundred and eighty degrees apart and at an

angle of ninety degrees to the pinson the gears
17, are connected by connecting-rods 25 to

‘the pistons 26 in the high-pressure c¢ylinders.

It will be seen that with this arrangement
when the high-pressure pistons are at the
end of the stroke the low-pressure pistons
_ _ The engine is single-
acting, and one piston atleast will be active
at all times. As the gears 17 and 18 inter-
mesh the eranks driven by the high and low
pressure pistons will always remain at right
angles to one another or at such angle as
they may be set, and the power applied to
both gears is transmitted tothe driving-shatt
14 and the sprocket-wheel or other gear which
is used to drive the vehicle or other ma-
chinery to which it may be geared. Thein-
termeshing gears of course move in opposite

from said eylinders, respectively. Asshown, | directions, and the connecting-rods of the
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high and low pressure pistons will therefore | The ports 59 and 60 at the upper side of the

move i opposite directions.
and 19 are journaled in bearings 27, which
are secured to the brackets 16 and 20 by suit-
able caps 28.
the admission of steam to and exhaust from
the high-pressure cylinders, are connected
by rods 30 to eccentrics 31 upon theshaft 19,
and piston-valves 32, controlling the admis-
sion of steam to and exhaust from the low-
pressure cylinders, are connected by rods 33
to eccentries 34 upon the shaft 14.  Remov-
ably secured in the central portion of the cyl-
inder-frame is a controlling-valve casing C,
sald casing being inserted fromn the rear end
of the frame and positioned and secured
thereto by means of bolts 35 and 36. This
valve-casing is further secured, by means of
bolts passing through a flange 37, upon the
outerend of the casing, which fits against the
cylinder-frame. . The valve-casing is pro-
vided at one side with a steam-inlet opening
38 and an exhaust-outlet opening 39 at the
opposite side in which are fitted the steam
and exhaust pipes 40 and 41, respectively.
Within the valve-casing is arranged a longi-
tudinally-movable hollow controlling-valve
42, (see Fig. 7,) to which is attached a valve-
rod 43, extending through a stuffing-box 44
at the outer end of the casing. This valve
controls the admission of steam to all of the
slide-valvecylinders 3,4, 8, and 9. Asshown,
the controlling-valve has annular ports or
openlngs 45 and 46 in its wall near its oppo-
site closed ends or heads 47 and 48, which
heads are connected to the central portion of
the valve by spiders ¢, and a portion of the
valve between said ports is reduced in di-
ameter in order to provide an elongated an-
nular steam-space 49 opposite the steam-in-
let port 50. (Indicated in dotted lines in Fig.
7.) Exhaust passage-ways 51 and 52 lead
from the opposite ends of the valve-casing to
the exhaust-ontlet 39, as shown in dotted
lines in Kig. 6. A passage-way 53 leads up-
wardly from the interior of the casing C, and
thence branches laterally in opposite direc-
tions, entering the rear ends of both high-
pressure valve-cylinders through ports 53
A passage-way 54 also leads upwardly from
the fore part of the casing and enters both
high-pressure valve-cylinders through ports
54* 1n front of the passage-wayvs 55 and 552,
which lead from said valve-cylinders to the
rear of the working pistons 26 in the high-
pressure cylinders 1 and 2. The course of
the passage-way 53 1s indicated in dotted
lines in Fig. 3 and that of the passage-way
54 1s parallel therewith., Iigs. 4, 5, and 7
show the passage-waysin full lmes Slmﬂm
passage-ways 56 and 57 lead from the lower
side of the casing C downwardly and thence
laterally into the slide-valve cylinders 8 and
9 on either side of the passage-ways 58 and
58*, which extend from said valve-cylinders

Piston-valves 29, controlling |
' the posmon which the controlling-valve ocecu-

{

)

The shafts 14 | controlling-valve casing are intermediate of

the ports 61 and 62 at thelowermde asshown
in Fig. 7.
Referrmﬂ' to Fig. 7, it will be seen that in

pies no steam can enter the engine-cylindm‘s
from the steam-port 50. When the control-
ling-valve is moved to the right, however, un-
til the ports 45 and 46 register with the ports
59 and 62, respectively, steam may pass from
the steam-port -50 through port 60 into the

| passage-way 54 and from thence to both high-
| pressure valve-casings.

The eccentrics areso
arranged astoadmit steam to the high-pres-
sure steam-cylinders alternately. After the
steam has entered one of the eylinders—forin-
stance, the cylinder 1—it will after the piston
26 has finished its stroke exhaust through the
passage-ways od and 53, ports 59 and 435, into
and through the controlling-valve, and thence
by way of the ports 46 and 62 and the passage-
way 57 into the low-pressure valve-cylinder 9,
from whence it will be admitted through pas-
sage-way 58* to the low-pressure cylinder 7,
which isdiagonally opposite the high-pressure
cylinder 1. After the steam has expanded in
said low-pressure cylinder 7 and driven the
piston 23 outward the forward movement of
the low - pressure valve 32 will permit the
steam to escape at the rear of said valve into
the passage-way 56, and thence through the
valve-casing C and exhanst passage-way 51
to the exhaust-pipe 41. When the piston in
the high-pressure cylinder 1 has completed
1ts outward stroke and has passed the dead-
center, steam will be admitted by the valve

in the valve-cylinder 4 behind the piston in

the high-pressure eylinder 2, from whence it
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will exhaust through the passage-ways pre-

viously mentioned, valve-cylinder 8, and pas-
sage-way 53 into the low-pressure c¢ylinder 6
upon the opposite side of the casing, and from
thence will pass outwardly through the pas-
sage-way 56, valve-casing C, and exhaust pas-
sage-way 51 to the exhaust-pipe.

In the position of the controlling - valve
where the ports 45 and 46 register with. the
ports 59 and 62, respectively, therefore,the en-
gines will run in one direction—forward-—as
compound engines. If the controlling-valve
be moved farther inward—that is, to the right

in Kig. 7--until the left-hand end 47 of the

valve passes the port59 and the ports 60 and 62
are both in communication with the steam-
space49,theengines willrunassimpleengines
in thesamedirection,steam at full boiler-pres-
sure being admitted to the high and low pres-
sure cylindersthrough the ports 60 and 62 and
exhausting through the ports 59 and 61 into
the left-hand end of the casing, thence pass-
ing into the exhaust passage-way 51. The
engine may therefore when considerable
power 18 required to start or operate the vehi-

110
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139'

cle be started and continue as a simple en- .

into the main low- -pressure cylinders 6 and 7. 1 gine, with full pressure in the high and low
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pressure cylinders, or it may with a slight
movement of the valve be operated as a com-
pound engine. | |

In order to reverse the motor, thé éontrol- 1

ling-valve is moved outwardly to the extreme
left in Fig. 7, when the port 59 will be In com-
munication with the steam-space49,the valve-

port 46 will register with the steam-inlet 50

and port 45 with port 61, and the ports 60
and 62 will both communicate through the
richt-hand end of the valve-casing with the
exhaust passage-way 52. Live steam will
then be admitted through said port 59 to the
high-pressure cylinders and through ports 46,
45, and 61 to the low-pressure eylinders, and
the exhaust.will pass through ports 60 and 62
tothe passage-way 52. Theengine will there-
fore run backward as a simple engine. -

Whilein the construction just described the
controlling-valves and ports are arranged to
operate the engines compound or simple 1n

one direction and as simple engines in the op-

posite direction, a slight change in the ar-
rangement of the ports will provide for oper-
ating the engines compound in both direc-
tions or simple in both directions. In Fig. 3
I have shown such an arrangement. 1
ficure the steam-inlet port 50 is located about
midway between the ports 59 and 60 of the
valve 42%, and the steam-space 49* is longer
than in Fig. 7 and extends to substantially
equal distances from the ports 45 and 46 in
the valve. When the valve is moved to the
right from the position shown, so that the

ports 45 and 46 register with the ports 59 and

62, respectively, the port 60 will be 1in com-
munication with the steam-space 49* and the
port 61 will be in communication with the
exhaust passage-way 51. Steam may there-
fore pass from the steam-space 49* through
the port 60 to the high-pressure cylinders,
thence through the valve 42* by way of the
ports 59 and 62 to the low-pressure cylinders,

and thence by way of the ports 61 and 51 to
the exhaust-pipe. The motor will therefore

be driven in one direction as a compound
machine. When the valve C is moved tothe
left until the ports 46 and 45 register with the

ports 60 and 61, respectively, the steam-space

49* will be in communication with the port
59, and the port 62 will communicate with the
exhaust passage-way 52, and the course of the
steam through the engines will then be re-
versed, the steam passing from the port 59
through the high and low pressure eylinders,
and thence to the exhaust by way of the port
62 and passage-way o2.

run compound in the opposite direction. If

the valve be moved far enough to the left or |

to the right, so that the ends of the cylinder
C clear the port 60 or the port 59, the engine
will then act as a simple engine. 1f the pis-
ton be moved to the left, for instance, until
the ports 60 and 62 communicate directly

with the exhaust-port 52 while the ports 59

and 61 communicate with the steam-space

In this

The motor will then |

|

through the ports 59 and 61 to the high and

low pressure cylinders,respectively,and from

thence will exhaust through the ports 60 and
62 into the exhaust passage-way 62. There-
fore the'engine will run as a simple engine,
the low-pressure pistons receiving the fall

boiler-pressure. Similarly, when the valve C

is moved to the right far enough to connect
the ports 60 and 62 with the steam -space
49* and the ports 59 and 61 with the exhaust-
port 51 the engine will run in the opposite di-
rection as a simple engine. .

The motor when applied to a vehicle may
be supported in any desirable way, and the
power may be transmitted from the driving-
shaft to the vehicle-wheels by any suitable
gearing. The arrangement of the engine 18
such that the moving parts will always be In
balance and the power applied to the driving-
shaft will be continuous. -

An important feature of the invention 1s
the arrangement of the controlling - valve,
steam-ports, and passage-ways, whereby the

°
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engine may be operated as a simple or com-
pound engine and may be moved in eitherdi- .

rection by a single controlling-valve.

Having thus fully deseribed the invention,

what T elaim, and desire

to secure by Letters
Patent, 18— | -' o

95

1. A steam - motor comprising a pair of

crank - shafts suitably geared to revolve in

unison, a pair of steam -cylinders opposite

each crank-shaft, pistons within said cylin-
ders, connecting-rods connecting each ¢rank-

I1CO

shaft with the pistons in the opposing pair of -

cylinders, a valve for each steam - cylinder
adapted to control the inlet and outlet of
steam thereto, and an adjustable controlling-
valve and portsleading therefrom to the sev-

eral ecylinders, said controlling - valve and

ports being arranged to cause the motor to

105

operate either simple or compound according

to the position of the controlling-valve.
2. A steam-motor comprising two pairs of

11O

eylinders, a crank-shaft opposite each pairof .

cylinders, said shafts being suitably geared
to revolve in unison, pistons within the cyl-
inders, connecting - rods connecting each
crank-shaft with the pistons in the opposing

115

cvlinders, a valve for each .cylinder adapted -

to control theinlet and outlet of steam thereto,
an adjustable controlling-valve and ports
leading from ‘the several cylinder-valves to
the controlling-valve, said controlling-valve
and ports being arranged to cause the motor
to move 1n either direction and to operate
either simple or compound, according to the
position of the controlling-valve.

L120

I25

3. A steam-motor comprising a cylinder- -
frame having two pairs of cylinders, a crank-

shaft opposite each pair of cylinders, said
shafts being suitably geared to revolve in
unison, pistons within the cylinders, connect-
ing-rods connecting each crank-shaft with

the pistons in the opposing cylinders, a valve

for each cylinder adapted to control the in-

49>, it will be evident that steam will pass i let and outlet of steam thereto, a controlling-

S

130
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valve casing removably secured within the | inder to the slide-valves of the low-pressure

cylinder-frame, a controlling-valve adjust-
able within said ecasing and ports in the cyl-
inder-frame leading from the several cylin-
ders to ports in the controlling-valve casing,
said valve and ports being arranged to cause
the motor to move in either direction and to
operate either simple or compound according
to the position of the controlling-valve.

4. Asteam-motorcomprising high-pressure
and low-pressure eylinders, a valve for each
cylinder arranged to control the inlet and
outlet of steam thereto, a controlling-valve
and passage-ways leading therefrom to the
cylinder-valves, sald controlling-valve and
passage-ways being so arranged as to cause
the motor to operate simple or compound, ac-
cording to the position of the controlling-
valve.

5. Asteam-motorcomprising high-pressure
and low-pressure cylinders, a valve for each
cylinder arranged to control the inlet and
outlet of steam thereto, a controlling-valve
and passage-ways leading therefrom to the
cylinder-valves, said controlling-valve and
passage-ways being so arranged as to cause
the motor to run in either direction and to op-
erate simple or compound, according to the
position of the controlling-valve.

6. In a steam-motor, the combination with
two pairs of cylinders, pistons within the cyl-
inders, a crank-shaft opposite each pair of
cylinders and connecting-rods connecting
each pair of pistons to the opposing crank-
shaft, of a controlling-valve arranged be-
tween the two pairs of eylinders, ports lead-
ing from said valve to the several cylinders,
said valve being arranged to control the di-
rection of the steam through the cylinders
whereby the motor may be operated either
simple or compound and in either direction.

7. In a steam-motor, two high-pressure cyl-
inders, two low-pressure ¢cylinders, a separate
valve-cylinder and a slide-valve therein for
each steam-cylinder, a controlling-valve cyl-
inder having a central steam-inlet and ex-
haust passage-ways leading from its opposite
ends, two passage-ways leading from said
controlling-valve cylinder to the slide-valves
of the high-pressure cylinders, two passage-

ways leading from said controlling-valve cyl- |

cylinders, and a controlling-valve within the
controlling-valve c¢ylinder arranged to direct
the steam through said passage-ways to op-
erate the engine simple or compound and in
either direction.

S. In asteam-motor, the combination with
a pair of high-pressure cylinders, a pair of
low-pressure cylinders, and separate valves
arranged to control the admission of steam
to said cylinders, of a controlling-valve cyl-
inder having exhaust-ports at either end, a
central steam-inlet, two ports on either side
of the steam-inlet leading to the high-pres-
sure-cylinder valves and two ports leading
to the low-pressure-cylinder valves and a
hollow cylindrical controlling-valve within
said controlling - valve cylinder, said con-
trolling - valve having heads at either end,
ports extending through its walls adjacent to
the heads, and anintermediate portion oppo-
site the steam-inlet of less diameter than the
heads. |

9. A steam-motor comprising two shafts
geared to turn in unison, each shaft having
two diametrieally opposite cranks and the
cranks of the two shafts being relatively
ninety degrees apart, a pair of steam-cylin-

| ders opposite each crank-shaft, pistons within

sald eylinders, connecting-rods connecting
sald pistons with the eranks on the opposing

i shaft, a slide-valve for each c¢ylinder and a

palr of eccentrics on each shaft arranged to
operate the valves of the opposing e¢ylinders.

10. A steam-motor comprising two shafts
geared to turn in unison, each shaft having
two diametrically opposite cranks, a pair of
steam-cylinders opposite each crank-shaft,
pistons within  said cylinders, connecting-
rods connecting said pistons with the cranks
on the opposing shaft, a slide-valve for each
cylinder and a pair of eccentries on each
shaft arranged to operate the valves of the

opposing cylinders.

In testimony whereof 1 affix my signature
in presence of two witnesses.

IRVING S. DAVIS.

Witnesses:
J. F. WILCOX,
M. K. SANDO.
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