_- 9’ 2. |
No. 889,62 E. H. ENAPP,

- STEAM ENGINE.
- - APPLIOATIOX FILED JUNE 1@, 1907,

PATENTED JUNE 2, 1008,

6 SEEETS—SHEET 1.

> N '

//
/2

WITNESSES: — . INVENTOR
| — E'.H“QQPP |




No. 889,692, ] PATENTED JUNE 9, 1908. .
A E. H. KNAPP. 5 2 1908.
STEAM ENGINE.

~ APPLIOATION FILED JUNE 10, 1807 L |
' - § SEEETS—SHEET 2.

'
_— le— — — g - - - — - - — — = — —

L3

e ”

- WITNESSES.:

. INVENTOR

I r{rﬁ_‘ﬂpp

.  THE NORRI3 PETERS 0., WASHINGTON, D. C.



rrcy s

Fl
‘ |

N
A,
D Atto

y

5 SHEETS—SHELET 3.

e

— 1857 &£

> r//////ﬁ? r////rm,ﬂ: SNNANANNNYY

- BATENTBD JUNE 2, 1908,

ﬁr////éfuﬁ.r///é NN R N ,u.auz,_r//f/ﬂ

- i é ..\L\km_‘ Pﬂ.nu_h\..l 777 (7
| | .l.’h \h_ \\\\\ /
f gL \\\k\\\b@&“: \\.\

E. H. KNAPP,
'STEAM ENGINE.
"APPLIOATION FILED JUXE 10, 1807,

- e rd
I \/AV///////”//////////////

kadl” \u////////////.,m,//////////

2L\ *a ZR

7z

k\\\\\\\\\\\\.&.\\ P

- WITNESSES:

~ No. 889,622.



o3
g
(]
s
s
g
=
oo
—
-
g
=
]
=i
=
P.
)
o4 =
e
&
=l
i
T2l
o
CN
<
I
o0
o
5
=

APPLIOATION FILED JUNE 10, 1907,

6 SEEETS—SHEET 4.

[NVEA;’TOR '
N -

////

| /// —r

q//////// NN

AV} ,I.///V/////
gt Ve

\s\\\

A h\\\;\\i\\n\\

4o

SL hnmJ

\\\\\\\\\

WITNESSES -

; AR, - — =
h._ S . /s L4 G f =12 hM\mv\ _
O8N~ Z I INNVNNN SRRV -3
s == - - 2/ _ vy iniill B | |
—7 - S |1l . o /7
< \\ ) 7 5




No: 889 22 | . o PATENTED JUNE-2 -1908.:';
- STEAM ENGINE.

APPLIOATION FILED JUXE 10, 1007, . 5 SHEETS—SEEET 6.

F Sl
=1 {3
—

S
&
.

12
EAN &

/0

NN t\
s

AL
26 27
/

\WJW//I

F5 F6 43 K% 74

-y// '
-‘

l
Ni?
10
\

W\
B2
\
1R N =
BN |
\ I \

W]TNESSES S /T \ C/NVENTOR

W sy E-‘;Hi‘h'ﬁ{'—“q PP

\\\1&.

NSNS

7.

AL
NN




10

20

30

30

4.0

49

o0

29

UN ETED STATES PATENT OFFICE

ERVIN HARM KNAPP, OF GODDARD, KENTUOKY

STEAM-ENGINE.

No. 889,622.

Sp ecification of Letters Patent.

Patented June 2, 1908.

Application filed June 10, 1907, Serial No.-378,677.

To all whom 1t may concern: -

Be it known that 1, Krvix Hary KNAPP,
a citizen of the United States, residing at
Goddard, in the county of I‘lemmﬂ' and
State of
new and
omes; and I do hereby declare the following
£o be a full, clear, and exact description ot
the nwention such as will enable others
skilled in the art to which it appertams to
make and use the same.

My invention relates to new and useful
mmprovements in engines, and more particu-
larly to that class adapted to be operated by
steam and my object 1s to provide means for
increasing the driving capacity of the engines
without materially increasing the size of the
¢ylinder.

A further object is to providé means for
employing the expanded steam as well as
live steam for driving the pistons, and a still
further object 1s to provide means for start-
ing the engine when the crank, and parts car-

ried thereby, are on a dead center.
20

Other ob]ects and advantages will be here-
mafter referred to and more particularly
pointed out in the claims.

In the accompanying drawings which are
made a part of this application, I‘w‘um 11s a
top plan view of my improved form of en-
gine, showing the valve chest in section.
1*10' 2is a top plan view of the cylinder por-
tion of the engine, showing the chest and
valves therein removed. Tlﬂ 3 18 a sel-
tional view as seen on [ine 8——3, Fig. 2. Hig.
4 1s a sectional view through one of the pis-
tons. Fig. 5 1s a longitudinal, sectional
View thrOUDh the engine showm0 the same
on 1ts rearward stroke. Fig. 6 1s a detail,
sectional view through the :;mxﬂla,ry V&lve

chest with the parts thereof in the position

when the pistons are on thewr rearward
stroke. Fig. 7 is a central, sectional view
through the engine, showmo* the pistons on
thelr forward stroke. Iig. S is a detaill, sec-
tional view through the auxlhary valve chest
showing the p081t1011 of the parts thereof
when the pistons are on their forward stroke.
Fig. 9 is a central, sectional view through the
engine, showing ‘the position of the pa,rts
thereof when the crank is at a dead center.
Fig. 10 1s a detail, sectional view through the
aumhary valve chest showing the position
of the parts thereof when the crank of the

engine 1s on a dead center, and, Ifg. 11 1S & |

Kentucls:yJ have invented certain
usetfu! Improvements in Steam-Kn-

| detail, plan view of the pistons removed from

the cyhnder

Referring to the drawings in which similar
reference numerals designate corresponding
parts throughout the several views, 1 mndi-
cates the base of my improved engme which
may be constructed in the usual, or any pre-
ferred form, upon which 1s mounted a cyl-
inder 2, to each end of which is secured a
head 3, said heads being extended below the
Cy linder 2 to form supports 4, said supports
restmg on the base 1 and bemg secured there-
to in any preferred manner.

Rotatably mounted in bearings 5
forward end of the base 1 is a driving shaft 6,
that portion of the shatt 6, between the bear-
imgs 5, being provided with cranks 7
while the ends of the shaft are extended be-
yond the bearings 5 to receive a pulley 9 at
one end, and & powel wheel 10 at the Oppo-
site end. |

Secured at one end to the cranks 7 and 8
are arms 11 and 12, respectively, the oppo-
site ends of said arms being pivotally con-
nected to piston shafts 13 and 14, respec-

tively, said piston shatts ex:tendmg through

openings 1n one end of the cylinder 2 and
parallel with each other. The piston shaft
13 has fixed thereto a pair of pistons 15 and
16, the
inner end of the shaft 13, while the piston 15
is at a distance therefrom and is provided
with a bearing, through which the shatt 14
i1s adapted to 1e01p100ate The shaft 14 1s
of less length than the shaft 13 and is so ar-
ranged that the inner end thereof will always
remain between the pistons 15 and 16, a pis-

7 and 8,

piston 16 being fixed to the extreme
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ton 17 being fixed to the inner end of the pis-

ton 14 and provided with a bearing 18,
through which the shalt 13 reciprocates the
bearings in the pistons 15 and 17 having the
usual, or any preferred form of packing 19,
to prevent leakage of steam thr ough the

| plstons

The cranks 7 and 8 rest at different angles,

- and are at an angle of substantially 45° from

each other, so that when the pistons 15 and
16 are traveling in one direction, the piston
17 is traveling in the opposite dlrectlon the
pistous 15 and 16 being separated a sufficient
distance to allow the piston 17 to make 1its
full stroke, and by properly directing the
steam into the cylinder, pressure may be ap-
plied simultaneously to the two pistons 15
and 16 to drive them in one direction and to
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the pistoni 17 to drive the same in the OPPO-

~site direction, thereby causing one of the

Sy

arms to pull upon its respective crank, while
the opposite arm is giving a thrust to the
opposite crank, thereby increasing or dou-
biing the driving capacity of the engine
without increasing the cylinder space or em-

ploying more than one cylinder:.
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In directing live steam into the cylinder, a
steam chest 20 1s mounted above the cylinder,
and that portion of the cylinder inclosed by
the steam chest is flattened to form a seat 21
for a steam valve 22, said valve having a
pitman 23 pivotally secured to the upper
surface thereof and extended through the

usual form of stuffing box at one end of the

steam chest. -‘

The outer end of the pitman 23 has se-
cured thereto an eccentric shaft 24, which
extends forwardly from the pitman 23 and
is secured to an eccentric 25 carried by the
driving shaft 6, and it will be seen that as the
shalt 6 1s rotated, the valve 22 will be moved
longitudinally over the seat 21, and in order
to properly conduct the steam into the cyl-
inder, so that the pistons will be recipro-
cated, 1 provide ports 26 and 27, said ports

- being located at opposite ends of the steam
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chest and are so arranged that when one of -

the ports 1s open, the opposite port is closed
by the valve 22 and the pistons 15 and 16 are
arranged to travel between their respective
ports and the ends of the cylinder, while the
piston 17 is adapted to travel between the
two ports, and as shown in Figs. 5 and 7,
when the live steam is entered into the cyl-

inder, 1t passes between one of the end pis-

tons of the intermediate piston, thereby
driving said pistons in opposite directions.
In Fig. 5 of the drawings, the live steam
18 entering through the port 27 and between
the pistons 16 and 17, thereby driving the
pistons 15 and 16 towards the rear end of
cylinder, while the piston 17 is driven in the
oppostte direction, thereby causing the arm
11 to pull upon its respective crank 7, while
the arm 12 is given a forward thrust, and
thus driving the crank 8. At the same time
that the live steam is entering between the
pistons 16 and 17, the expanded steam be-
tween the pistons 15 and 17 will pass through
a port 28, through the seat 21, and into a
cavity 29 formed in the lower face of the

valve 22, a bar 30 being extended from side

to side of the valve so that the expanded
steam, in its course through the cavity will
pass over the bar 30 to gain the opposite end
of the cavity, and in order to utilize the ex-
panded steam In operating the pistons, an
auxiliary steam chest 31 is provided, which
is located at one side of the steam chest 20
and 1s placed in communication therewith
through the medium of a duct 32, said duect
extending below the partition wall 33 of the

889,622

| chests through the seats 21 and 34 of the

chests 20 and 31, respectively, that end of

‘the duct entering the auxiliary steam chest

31, bemng covered by a flap valve 35, pivot-
ally mounted upon the seat 34 and the

welght of the outer end of the valve being
suflicient to normally hold the same over
the end of the duct, so that as soon as the

pressure of the expanded steam is removed,
the valve will seat itself over the duct and
prevent the return of the steam to the cyl-
inder through the duct.: The expanded
steam, therefore, when passing through the
port 28 and through the cavity 29 will enter
the duct 32 and be conveyed to the auxiliary
chest 31, the pistons 15 and 17 moving to-
wards each other, serving to force the ex-
panded steam through the port and duct.

The auxiliary chest 31 . has " slidably
mounted therein a cut-off valve 36, which
moves over the seat 34 and has pivotally
secured to its central portion, an auxiliary
pitman 37, said pitman extending through
a suittable bearing in the forward end of the
auxiliary chest 31 and has pivotally secured
to its extended end, an auxiliary, eccentric
shaft 38, the forward free end of which is
mounted upon an auxiliary. eccentric 39,
sald auxiliary eccentric being in turn fixed
to the shaft 6.

A pair of passages 40 and 41 are provided
for the auxiliary steam chest 31, said pas-
sages extending downwardly and outwardly
from the seat 31 to opposite ends of the cyl-
inder 2, and by properly arranging the cut-
off valve 36, one of the passages will be open,
when the other passage is closed, so that
the expanded steam entering the auxiliary
steam chest may again return to the cylinder
2 through one end thereof, and in the rear
of the pistons 15 or 16, and, in this instance,
the passage 40 is open, thereby conducting
the expanded steam from the auxiliary
steam chest to the forward end of the cyl-
inder and between the cylinder head and
the piston 15, the force of the steam thus
assisting in propelling the pistons 15 and 16
through the cylinder. As this operation is
taking place, the piston 16 is traveling to-
wards the rear end of the cylinder, which will
result in foreing the exhaust steam in that
end of the cylinder through the passage 41,
from whence it enters an exhaust port 42
communicating with the seat 34 of the aux-
liary steam chest, the cut-off valve 36
bemg provided, in its lower surface, with a
cavity 43, through which the exhaust steam
1s conveyed from the passage 41 into the
exhaust port 42. |

The exhaust port 42 is provided with a
branch port 44, which extends below the
wall 33 and enters the steam chest 20 and
the bar 30, extending through the cavity,
13 so arranged that it will cover substan-

two chests and communicating with the | tially one-half of the branch port 44 when
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the valve 22 is in the position shown in Fig."

5, thereby allowing a portion of the steam
to-exhaust on 1ts passage through the cavity
29 and duct 32, as the volume of the ex-
panded steamis greater than is required to op-
erate on the pistons, in the manner described.

In Iig. 7 of the drawings, the position of

‘the parts of the engine are shown when the

opposite stroke from that shown in Fig. 5 1s
being made, and, in this instance, the valve
22 has been moved to the opposite end of the
steam chest 20, thereby closing the port 27
and opening the port 26, the live steam being
thereby directed between the pistons 15 and
17, this operation also closing the port 28 and
opening a similar port 45 at the opposite side
of and adjacent to the duct 32 and as the pis-
tons 16 and 17 are traveling towards each
other, the expanded steam between said pis-

) tons will be directed through the port 45 and

into the auxiliary steam chest through the
duct. As the port 45 is in juxtaposition to
the duct 32, the expanded steam will enter
directly into the duct, thereby necessitating

that the duct be partially closed to equalize

the amount of the expanded steam entering
the auxihary chest with the different strokes
of the valve 22 and by referring more par-
ticularly to Ifig. 7, it will be seen that the bar
30 will be partially disposed over the end: of
the duct 32 and partially over the branch
port 44, thereby reducing the mouth of the
duct when the expanded steam is entering
through the port 45 and equalizing the flow
ol the expanded steam through the duct and
the exhaust port, when the valve 22 is on its

rearward stroke, with the flow from the port

28 through the cavitv 29 and into the duct 32.

By referring more particularly to Fig. 8 of
the drawings, i1t will also be seen that when
the valve 22 1s on 1ts rearward stroke, the
cut-ofl valve 36 will move forwardly on its
seat and connect the passage 40 with the ex-
haust 42 and open the passage 41, thereby di-
recting the expanded steam from the auxil-
1ary chest to the rear end of the cylinder 2
and 1n the rear of the piston 16, thereby as-
sisting 1 giving the pistons 15 and 16 and

arm 11 a forward stroke, while the piston 17

and arm 12 are being given a rearward
stroke. If, when the engine stops, the parts

should be in the positions shown in Figs. 9

and 10 of the drawings,sit will be seen that
the valve 22 1s in such position as to close

both of the ports 26 and 27, so that when

steam 1s directed into the chest 20, through-
the steam pipe 46, the steam cannot enter
the cylinder, and in order to cause the engine
to start without employmg manual labor to
rotate the driving shaft to uncover one of the
inlet ports 26 or 27, a valve stem 47 is direct-
ed through a threaded opening extending
through the side wall of the auxiliary steam
chest 31 and has on its mner end a tapered
valve 48, which is adapted to enter a tapered

3

bore, or seat 49 in the wall 33, said bore ex-
tending entirely through said wall, so that by
turning the valve stem 47 until the tapered
valve 48 1s removed from the bore, the steam
will pass from the steam chest 20 into the
auxiliary chest 31 and ‘thence through the
opening 41 mto the rear end of the cylinder,
which will result in moving the pistons 15 and
16 a sutlicient distance to throw the cranks 7
and 8 off of the dead center, and at the same
time opening the port 26, when the engine
will operate in the usual manner, and as soon
as the engine has started, the tapered valve
48 1s returned to the bore 49 and the flow of
steam through the bore stopped, the stem
being exteriorly threaded and readily oper-
ated through the medium of a hand-wheel 50.
The valves 22 and 36 are so timed as to
have a phase difference in their strokes,
whereby when the parts of .the engine are in
the positions shown in Fig. 9, or on a dead
center, the valve 36 will have completed its
rearward stroke and started on its forward
stroke, so that the opening 41 will be par-
tially uncovered when the valve 22 1s in the
position shown, the phase difference of the
strokes of the two pistons being thus ar-
ranged to allow the steam passing through
the bore 49 to readily enter the opening 41
and accomplish the result above described.
- The pistons 15, 16 and 17 are provided on
their peripheries with a plurality of packing
rings 51, so that leakage of steam between
sald pistons and the wall of the cylinder will
be prevented, thereby dividing the cylinder
mto four distinet steam chambers. It will
thus be seen that 1 have provided econom-
ical means for employing a multiplicity of

pistons with a single cylinder, and by ar-

ranging the pistons as shown and providing
the auxiliary steam chest, I am enabled to
employ the expanded steam for additional
driving purposes without increasing the num-

ber of cylinders or providing a separate ex-:
pansion cylinder, and it will further be seen

that by providing a phase difference in the
stroke of the valves in the main and auxiliary
steam chests, the engine may be started from
a dead center without employing manual la-
bor 1n rotating the driving shaft. It will
further be seen that by employing the same
cylinder for utilizing the expanded steam, I
am able to produce a very compact form of
engine and at the same time greatly enhance

the driving properties of the same.
What I claim i1s:

1. In an engine of the class described, the

combination with a cylinder, and a driving
shaft; of a plurality of pistons in said cylin-
der two of which are fixed together and the
other movable independently between the
fixed pistons, and means to direct steam into
sald cylinder, whereby the live and expanded
steam may be employed to drive said pistons
and rotate the driving shaft. ' |
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2. In an engine of the class described, the |

combination with a cylinder, a driving shaft
and cranks on said driving shaft; of a plu-
rality of pistons m said cylinder two of which
are ixed to move together and the other to
move Independently between the fixed pis-
tons, means to connect said pistons to the
cranks, means to direct steam between said

- pistons and additional means to direct ex-

10

15

20

25

20

39

490

495

o()

sald steam chest adapte

panded steam mto each end of said cylinder
and against the end piston. _

3. In an engine of the class described, the
combination with a cylinder and a driving
shaft; of a trio of pistons in said cylinder, one
of which is movable independently of the re-
maining pistons, means to operatively con-
nect sard pistons to the driving shaft, a
steam chest above said cylinder, a plurality

of ports between said steam chest and cylin- |

der, means to Intermittently direct steam
through said ports and between the two end
pistons and the intermediate piston, an aux-
1iary chest, a duct between said first-men-
tioned chest and auxiliary chest to convey
the expanded steam into the auxiliary chest
and means to alternately convey said ex-
panded steam to opposite ends of the cylin-
cder and mmto engagement with the end pis-
tons.

4. In an engine of the class described, the
combination with a cylinder; of a pair of pis-
tons adapted to reciprocate in opposite ends
of sald cylinder, an independently movable
piston between said end pistons, a steam
chest for said cylinder, means to alternately
direct live steam to opposite sides of the cen-
tral piston, an auxiliary chest, means to
convey the expanded steam from opposite
sides of the central piston to the auxiliary

chest and additional means to alternately

direct the expanded steam from the auxil-
1ary chest to opposite ends of the cylinder.

5. The combination with a cylinder; of a
palr of pistons fixed together and adapted to
reciprocate In opposite ends of said eylinder,
an mdependently movable piston between
sald end pistons, a steam chest for said cylin-
der, a port adjacent each end of said steam
chest adapted to direct steam between the
two end pistons and at opposite sides of the
independently movable ]i)iston and a valve in

C

to alternately open |

880,622

and close said ports and means to convey the
expanded steam from between said pistons
to op}It)osite ends of the cylinder. -

6. In an engine of the class described, the
combination with a cylinder, a pair of pis-
tons dadapted to reciprocate in opposite ends

of the cylinder and fixed with relation to
each.other, an immdependently movable piston

‘between the end pistons and means to alter-

nately direct steam to opposite sides of the

independently movable piston; of an auxil-
1ary steam chest, means to convey the ex-
panded steam from between the pistons to

the auxiliary steam chest and additional

means to alternately direct the expanded
steam from the auxiliary steam chest to op-
posite ends of the cylinder. | '

7. In an engine of the class described, the
combination with a cylinder; of a plurality of

pistons 1 said cylinder, a steam chest for

sald cylinder, ports connecting said, cylinder
and steam chest, a valve adapted to alter-
nately open and close said ports, an auxiliary

steam chest at one side of the first mentioned

steam chest, openings extending from said
auxiliary steam chest to opposite ends of the

cylinder and means to direct live steam from

the first mentioned steam chest to the auxil-
1ary steam chest and into the cylinder, where-

by the engine will be started from a dead

center.

8. In an engine of the class described, the
combination with a cylinder having a plu-
rality of pistons therein; of a steam chest, a
valve slidably mounted in said steam chest,
ports connecting said cylinder and steam
chest, an auxiliary steam chest, a duet con-
necting said first mentioned steam chest with
the auxiliary steam chest, means to convey
the expanded steam from the cylinder to
sald duct, and a valve in the auxiliary chest
adapted to automatically close said duct and
prevent the return of the expanded steam to
the first-mentioned steam chest. '

In testimony whereof 1 have signed my
name to this specification in the presence of
two subscribing witnesses.

"ERVIN HARM KNAPP.

Witnesses:
Geo. W. Roysg,
J. W. MciInTYRE.
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