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To all whom Tt may concerw:

Be it known that I, DANIEL E. KEMPSTER, -

a citizen of the United States, residing at 150s-
ton, in the county of Suffolk and State ot

g Massachusetts, have invented certain newand
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piston,

useful Improvements in Steam-Engines; and

I do declare the following to be a full, clear,

and exact deseription of the invention, such

as will enable others skilled in the art to which

it appertains to make and use the same, refer-

ence being had to the agecompanying draw-
ings, and to the figures of reference marked
thereon, which form a part of this specifica-

tion.

My invention relates to direct-acting en-
gines of that class in which the main valve

is actuated by steam or other fluid under

pressure through the medium of minor pis-
tons working in minor cylinders, which are

controlled by an auxiliary valve operated by

the main piston of the engine.
My invention has for its object to improve
and simplify this class of engines; and it con-

sists in the hereinafter-described construc-

tion and arrangement of the valves and their
actuating mechanism, whereby both the
main and auxiliary valves may be flat slide-
valves moving in parallel lines with the main
and mechanically connected thereto,
so as to be controlled thereby, and both
valves, together with the mai n-valve-actuat-
ing pistons may be readily inspected without

disconnecting any part of said valve mechan- "

“ism by simply removing the cover of the
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steam-chest. |

My invention also consists in other minor
details of construction, and in the vArious
combinations of devices, which will all be fully
described hereinafter, and the special fea-

tures thereof clearly pointed out in the claims

at the end of this specification.

In the accompanying drawings similar fig-

ares of reference indicate corresponding parts:

wherever they occur thereon.

Figure 1 represents a side elevation of a
steam-pump embodying my invention. Fig.?2
is a longitudinal section of the steam end of
said pump. ¥ig.81sa central cross-section of
the same. Fig.4is a top or plan view of said
steam end with the cover of the steam-chest

removed. Fig. 5 is a cenfral cross-section of |
the intermediate frame, looking toward the |

valves shown in Fig.2,

i ey ——

the waste-water-valve device for carrying the

water of condensation from the steam-cham-

steam end of thepump and showing thereon '

55

ber of thesteam-chest into the exhaust-cham- -

ber thereof.
waste-water drip-valve, shown partly in lon-
gitudinal section. Fig. 7 is a similar view of
o little different construction of the same.
Fig. 8 is a cross-section of said latter con-
struction.
tion of the steam end of my invention when
using ecylindrical valves instead of the flat
and also showsanother
style of lever mechanism for. operating the
auxiliary valve.
of one end of the main slide-valve and one
of its actuating-pistons, showing the groove-
and-tongue connection and holding-screw.
Fig. 11 is a detailside view of the same, show-
ing a different connection or .arrangement,

whereby the groove and tongue and holding-

screw are dispensed with and
cheaper device made use of.

" In the drawings, 2 represents the main
water-cylinder. - | |

a simpler and

"3 represents the main ste&m_-éylinder, and

4, 5, and 6 its steam-chest. o _.

The main steam-cylinder is provided with
the piston 7 and 1its piston-rod 8. Said piston
is preferably provided with '

Fig. 9is a centrallon gitudinal sec-

Fig. 6 is a detail view of said '

6o

Fig. 10 is adetail plan view
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the usual spring- .

packing rings, and its rod extends through

the stuffing-boxes on |
inders, and has upon its water end the usual

the steam and water cyl-

piston or plunger. Sald water-cylinderis pro- .

vided with valve and alr

chambers, and 1S~

constructed in the usual manner with water, o

ends of steam-pumps. |

The steam and water cylinders are sepa-
rated by the intermediate frame 9, preter-
ably provided with a projection 10, having a
cavity or device for holding the lower end of
the usual hand-lever, which engages the stud

or pin12 in the cross-head 13 by a slot in said

lever, thereby admitting of operating the
pump by hand in a well-known manner. -

" The piston-rod has fastened upon it about
midway of itslength the cross-head 13, before
mentioned.. Said cross-head preferably ex-

tends downward, and its lower end forms a
bearing which runs in a groove or slot in the -

bottom of the intermediate
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frame 9, thereby

holding said cross-head and its piston-rod
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from revolving.

The upper end of said eross-
head is forked and provided with a projec-
tion, or, preferably, an anti-friction roll 14,
held so as to revolve therein by the screw stud
or pin 12. Above said roll 14 is adjustably
pivoted the rocker-lever 15 in a suitable Po-
sition to be rocked or tilted by the reciproca-
tion of said roll, so that the upright arm of
the rocker-léver will be vibrated back and
forth intermittently by the movement of the
maln piston-rod. To the upper end of said

lever 15 is pivoted a connecting-rod 16, said

I5

20

rod being made in two parts and econnected
by aright and left nut having suitable check-
nuts, so as to be readily adjusted as to length.
The other end of said connecting-rod is piv-
oted to the auxiliary-valve
passes through its stuffing-box on the steam-
chest and connects with the auxiliary valve
fo be described hereinafter. -

~ The rocker-lever 15 is pivoted on a stud or

' bearing 18, and held in place thereon by a

30

suitable collar and nut provided therefor.

“Thestud orbearing 18 is squared or flattened,
and said flattened portion extends through

the slotted bracket or stand 19, fast on the
side of the frame 9, and is held therein by a
suitable nut and washer., A vertical adjust-
ing-secrew 20 passes through the squared or

flattened portion of the pivotal stud 18, and

is held from longitudinal movement by the
respective ends of said screw engaging the
frame -and slotted stand. The screw 20 is

. provided with a suitable head, so as to be re-
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volved by a wrench or pin, and thus raise or
lower the rocker-stud 18 in the slotted stand
19, said vertical adjustment of the rocker de-
termining the point in the stroke of the anti-
friction roll 14, at which said roll shall ‘tilt

said rocker and reverse the auxiliary valve, .

thereby changing the motion of the main pis-
ton. The vertical adjustment of said rocler-
lever, together with the adjustable connect-
ing-rod 16, is used to regulate the length and

~position of the stroke of the engine, as will

be readily understood without further expla-
nation herein. |
The steam-chest comprises all that portioL.

of the steam end above the main cylinder,

the part-4 of said chest being preferably cast
integral with said main cylinder,and its upper
face provided with the main-valve seat hav-

Ing steam-ports 21 22 and exhaust-ports 23

24. Said steam-ports extend downwardly into
opposite ends of the main cylinder, and the
exhaust-ports extend down into an exhanst-
chamber 25 within said steam-chest, said ex-
haust-chamber being provided on each side
with an outlet 26, to either one of which the
exhaust-pipe may be connected. The steam-
chest has upon each side, just above said out-

lets for the exhaust- pipe, the inlets 27 to

elither one of which the steam-supply pipe

may be connected, said inlets entering into .
‘the sides of the part 4 of

sald chest, and then
turning upwardly, opening through the face

thereof into the valve-casing orpart 5of said |

stem 17, which

tion 28, and is constructed

433,068

| steam-chest, said valve-casing 5 and its cover

b6 being secured fast upon the part 4 of said

| steam-chest by suitable screw-bolts in the

usual manner.

The part 4 of the steam-chest is provided
with the upwardly-extending portion 28, hav-
ing formed therein the minor cylinders 29 and
30 arranged in line with the main cylinder
and separated from each other by a central
head or partition, the outer ends of said cyl-
inders being preferably left open, thus avoid-
ing the disadvantage of any stuffing - boxes
therefor,and said eylinders are provided with
suitable pistons 31 and 32, preferably having
sultable spring packing-rings arranged in the
ordinary manner with steam-pistons. Said
pistous are attached to the main slide-valve
55 by vertical grooves and tongues and held
togetherbysuitable serews 34, passingthrough

slots 35 in said valve and screwing into said

pistons, so as to connect said pistons to op-
posite ends of said valve in such a manner as
to allow the valve a certain amount of verti-
cal movement or play, whereby as the valve
and valve-seat wear away, the valve may fol-
low down and keep tight upon its seat; also,
when water from condensation in the steam-
chest or otherwise is forced by the steam
through the main cylinder into the exhaust-
pipe, the main valve isfree to rise from its seat
and releaseitself from the water, thusavoidin o
danger or breakage of the valve or its con-
nections. The main valve is preferably a flat
slide-valve of a double D-pattern and covers
the ports at opposite sides of the central por-
with side. arms,
which encircle said central portion of the
steam-chest and connect the two endsor faces

of the valve together, said faces being pro-

vided with the usual exhaust-cavities for co-
operation with the steam and exhaust ports
in the ordinary manner with this class of
valves, - .

The main valve is provided with one or
two—in the present instance two—un pwardly-
extending projections or

of the same and in a central line therewith.
Said pins pass through slots 87 in opposite
ends of the flat auxiliary slide-valve 38 on
the auxiliary valve seat or face of the central
portion 28 of the steam-chest, and hold said
valve 38 centrally upon said seat, 30 as to be
free to adjust itself thereon to compensate
for any wear between said valve and its seat.
~ The auxiliary-valve seat on the part 28 of
the steam-chest is provided with small steam-
ports 39 40, extending through the same into
the minor cylinders 29 and 30, said steam-

ports being located therein at one side of a

central longitudinal line and close up to the

central head, which separates and forms the
inner ends of said minor ¢ylinders.  The
sald auxiliary-valve seat is also provided
‘with the small exhaust-ports 41 49 43, and
said exhaust-ports are located therein at the
opposite side of a central longitudinal line
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pins 30, fast in said -
| valve at each end thereof justabove the faces
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from that of the small steam-ports 39 and 40,
the exhaust-ports41 and 42 extending through

into the minor cylinders, and are situated a

sufficient distance from the central head form-

ing the ends of said cylinders to insure a |
proper amount of cushion for the minor pis-

tons reciprocating therein, as will be more
fully explained hereinafter. The small ex-
haust-port 43 opens into a passage extending
from the auxiliary-valve seat downwardly
through the central head between. the two
minor cylmdels and into the exhaust-cham-

ber 25.
The auxiliary slide-valve 38 is provided

with an aperture 44 of suitable size and

adapted to intermittently and alternately
register with the auxlllary steam-ports 39
and 40. Said valve 38 is also provided on its
under or face side with two exhaust-cavities
45 and 46 of suitable size and adapted to
intermittently and alternately register with
and connect the small exhaust-ports 41 and

42 with the central exhaust-port 43, and thus

30
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as said valve 38 is reciprocated back and
forth upon its seat by the valve-stem 17,
which connects with said valve by suitable
ears 47 on the back thereof, and is operated
by the connected rocker-lever and its actuat-
ing roll through the movement of the main
plston steam is admitted and exhausted to
and from the minor cylinders, and, actuating
the minor pistons therein, opemtes their con-

‘nected main valve 35 and causes it to recipro-

cate and admit and exhaust steam to and
from opposite ends of the main cylinder
through the main ports 21, 22, 23, and 24, as
will now be more fully explained.

The operation of my invention 1s as fol-
lows: Referring to Figs. 1, 2, 3, and 4 of the
drawings, steam enters through one of the
inlets 27 and fills the valve-casing or steam-
chest 5, passing down through the main port
21 into the main cylinder 3, where it forces
the main piston 7, together with 1ts-rod 3, to
the left, as indicated by the:arrow thereon,
the steam or other vapor on the opposite side
of said piston passing up through the main
port 22, and turning in the exhaust:-cay ity of
the main valve passes down through the ex-
haust-port 24 into the exhaust-chamber 25,
and thence through one of the outlets 26 into
the exhaust-pipe. As shown in Figs. 2 and

- 4,the valve 33,thevalve 33, andits connected

55
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actuating minor pistons 31 and 52, stand fo
the left of their stroke, and the auxiliary
steam-port 40 and the main steam-port 21 are
both wide.open to the direct steam or other
pressure. Asthe main piston 7 travels
to theleftand approaches the end of its stroke,
the roll 14 on the piston-rod 3 engages the
under side of the left-hand end of the rocker-
lever 15 and gradually raises 1t until the up-
right arm of said lever,through its connected

_valve stem 17, has moved the aumlmry valve

38 to the rw*ht thereby admitting steam
through 1its aperture 44 and the port 39 into
the minor eylinder 29 behind 1its piston 31,

el

and at the same time the cavity 46 in said

auxiliary valve connects the exhaust-port 42

with the central exhaust port or passage 43

the exhaust-chamber, thus instantly moving
the minor pistons 31 and 32, together with their
connected main valve 33, to the right. As
the minor piston 32 travels to the right, it
passes and covers the inner end of the ex-

haust-port 42, and then cushions on the vapor

shut up within its ¢ylinder 50 as the other or
steam port 40 of said cylinderis tightly closed
by the face of the auxiliary valve, and thus

the said main valve 18 quickly actuated by
direct steam-pressure and properly cushioned

at the end of itsstroke. The above-deseribed
movement of the main valve to.the right es-
tablishes communication between the main
ports 21 and 23 and thus opens the exhaust
to the right-hand end of the cylinder, and at
the same time steam or other motive fluid is

admitted through the main port 22 into the

left-hand end of said cylinder, thereby re-
versing the movement of the main. piston,
and as said piston travels to the right the
movement of the main valve to the left into
its original position (see Kig. 2) to reverse
the stroke of said piston 18 a,ccomplished by
a precisely identical operation of the aux-
iliary-valve mechanism as just described with
relation to the movement of the main pis-
ton to the left, and therefore a redescription
of the movement of the parts in the opposite
stroke of the engine would seem superfluous.
The object of the projections or pins 36 on
the ends of the main valve 53 entering into
slots 37 in the auxiliary valve 38 are not only
for holding said auxiliary valve.centrally
upon its seat, as before stated, but are prin-
cipally for the purpose of establishing a posi-
tive mechanical connection between the main
valve and the auxiliary valve and main pis-
ton of the engine, whereby if at any time, by
reason of the small auxiliary ports or pass-
ages becoming clogged up, or by reason of a
very great spe9d of the engine occasioned by
suddenly relieving 1t of Lhe load againgt
which it was working—as, for mqtance, when

70
and exhausts the steam from eylinder 30 inté-
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a pump loses 1ts water and the steam did not

act upon the minor pistons to reverse the
main valve quick enough to prevent the main
piston from striking the cylinder-heads—one
or the other ends of the slots 37 in the said
auxiliary valve would engage the projections
or pins 36 in the main valve and reverse it
mechanically in the proper time to absolutely

prevent the main piston from ever striking

the cylinder-heads at any speed of the en-
gine. The contacting parts on the two valves
are so located with 1"ela,ti0n to each other as
to positively engage after the auxiliary ports
have opened to admit steam to the minor
pistons and the maln valve has not been
moved In proper time thereby. The reversal
of said main valve is then assured by the op-

120

I25

130

eration of the mechanical eonneetlons be- -

tween said valve and the main piston-rod,
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backed by the full power of the engine. The | The Wéste-water valve 55 is preferably con-

or.othetwi:?,e, in the usual manner.

| eentral slot 37 in the main valve 33, holding

- steam acting on the minor plstons will ordi- | structed as shown in Fig. 6, in which a suit-
‘narily oper &te the main valve as required, | able hollow casting 56 is provided with two 7o
in which case the projections on the two | hollow serew-threaded nipples or fittings 57

5 valves will never come in contact with each | and 58, adapted to fit the inlets 27 and out-

- other,theiroffice being simply a positive safe- | lets 26, respectively. The nipple 57 is con-
guard against accidents which might odccur | structed with a suitable valve 59, provided
under some such circumstances as are 'mefe with a suitable screw-stem, stuffing-box, and 75
mentioned. | hand-wheel, as shown. Said nipple is also

to It is evident I may connect the minor pis- { provided with a suitable collar, which clamps
tons to the ends of the main slide-valve by | and holds the hollow fitting or casting 56
other means than are shown in IFigs. 2 and | against the side of the steam-chest when said
10, and FKig.11illustrates onevery simpleand | nipple is passed through said casting and 8o
cheap construction, in which the main valve | screwed tightly into one of the inlets 27 in

15 1s formed with ears 64 at each end, and the | said chest. The nipple 58 1s closed at its
pins 36 extend through and are fast in said | outer end and is also provided with a suit-
ears, and their lower ends enter holes drilled | able collar which clamps the lower end of the
in a projection or lug 65 on the back of the | casting 56 when passed through the latter and 8s

- minor pistons, the upper ends of the pins 36 | screwed tightly into one of the outlets 26 in

20 entering the slots in the auxiliary valve, as | the steam-chest. Both of said screw-nipples
before described. This construction is very | 57 and 58 are provided about midway of their
convenient, as by removing the steam-chest-| length with perforations on all sides,-so as to
cover (6 the auxiliary valve, the main valve, | give a free passage to the Watel, as plainly go
and the minor pistons may all be quickly shown in the drawings.

25 removed from the steam-chest, aswill readily | Figs. 7 and 8 show the waste-water valve
be seen and understood by any mechanic. 59, constructed with a tapering plug in the

Itisevident I may reciprocate the auxiliary easting 56, like a stop-cock, instead of the
valve by other mechanism than that hereinbe- | valve and valve-seat shown in Figs. & and 6, 93
| fore described, and I have shown in Ifig. 9 | and this construction may be p1eferred under

30 one other form of sald connecting and operat- | some circumstances.

- ingmechanismasarranged betweensaid auxil- In Fig. 9 I have shown my invention con-
iary valve and the main piston-rod. In this stracted in a littledifferent manner from that
case a lever 48, forked at both of its ends, is | herecinbefore described, and in which I use 1oo0
pivotedon a stand or bracket 49 on the side of | cylindrical instead of flat valves, although

3z the frame 9. The lower forked end of said | the general and essential prineiple of my in-
lever straddles the main piston-rod 8§ and is | vention is clearly retained in my said latter
pivotally connected to a collar 50 fast on said | construction. In this case the upwardly-ex-

- piston-rod by the short connecting-rod 51. | tending portion 28 of the part 4 of the steam- 1cjs
The upper forked end of said lever 48 strad- chest, and which 1s preferably . cast:in one

4o dles the valve-stem 17, and 1s pivotally con- | piece with the main eylinder 3, 1s formed 1n
nected to a sliding collar 52 loose on said | two parfs instead of one, as in the first in-
valve-stem by two short-connecting-rods 53 | stance, and said two parts are also formed in-

53. The collars 54 54 on said valve-stem are { tegral with the valve- casing or part 5.of said 110

. adjustably held by set-screws, and thelir posi- steam-—ehest-, said chest 4 5 being provided

45 tion thereon regulates the length and position | with the cover 6, held thereon by suitable

- of the stroke of theengine. 'I'he continuous | screws. The portions 28 28 of said steam-

| reciprocationof the piston-rod produces a like | chest are bored to form the minor cylinders
movement of the sliding collar 52, and the | 29 30, which are closed at their outerendsby 115
- engagement of saild collar at or mnear the | the screw caps or heads 60 60 and their inner

go limit of its stroke in both directions with | endsleft open, said cylinders being separated
the properly-adjusted collars 54 54 on the | by a central space 61, as shown. The minor
valve-stem produces an intermittently-recip- { pistons 31 32 are formed in one plece with the
rocating movement of said valve-stem and its | main valve 33, which is cylindrical in form 120
connected auxiliary valve, as must be clearly | and provided with suitable ports 62 63 and

55 understood without further description. | the usual D-shaped exhaust-cavities in the

| As shown in Figs. ), 6,7,and 8,1 provide a | outer face, said cavities in this case extend-
suitable waste-water valve 85, which I con- | ing -entirely around the valve. Above the
nect to the side of the steam-chest so as to | main valve within the upper part of the por- 125
draw the water from condensation or other- | tions 28 28is formed the cylindrical auxiliary-

6o wise out of the valve-casing or part .5 and | valve-seat provided with the auxiliary steam-
pass it into the exhaust-chamber 25 of said | ports 39 40 and exhaust-ports 41 42. Thecy-
chest, thereby avoiding when first starting | lindrical auxiliary valve 38, having the ex-
the engine forcing &.ald water through the haust-cavities 45 46, is connected to.thevalve- 130
main pmts into the ecylinder, said cy 111](161 stem 17 and reciprocates within its cylin-

65 being also provided with suitable drip-cocks | dricalseat. Adownwardly-extending pin36in

- for removing the water from condensation | the center of said valve 38 passes.through the
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 said valve from revolving, and said pin and ] to always lead said piston, so that it is im-
slot perform the same office and operate in | possible for said piston to ever strike the cyl-
- substantially the same manner to mechan-
ically connect the main valve with the aux-

- T0O

20

30

35

“ber 25.

iliary valve and main piston,and thus insare

the operation or reversal of said main valve,
so as to absolutely preclude the possibility of

the main piston ever striking the cylinder-
heads at any speed of the engine, as before

deseribed with relation to the first construc-

tion having flat valves.

The operation of this construction of cylin-
drical valve mechanism, shown in Fig. 9, is
as follows: The main piston in its former
movement to the right through its mechan-
ical connections between the piston-rod and
the auxiliary valve moved said valve 33. to
the left, as shown, and steam from the chest
passed into the right-hand open end of the
valve-seat through the small steam-port o9
and behind the minor piston 31, thereby mov-

ing the minor pistons 31 32 to the left, the |

auxiliary exhaust-cavity 46 having connected
the small steam-port 40 with the exhaust-port
42, so as to freely exhaust thesteam from the
minor cylinder 30 through the exhaust-cav-
ity of the main valve 33 and through the
main exhaust-port 24into the exhaust-cham-
The movement of the minor pistons,
together with the mainslide-valve 33, of which
it forms a part, totheleft connects the valve-
port 62 with the main steam-port 21, thereby

“admitting steam from the central chamber 61 |

of the chest into the right-hand end of the
maijn cylinder 3 and reversing the movement
of the main piston, causing it to travel to the
left, as shown. The steam in the left-hand

~ end of the main cylinder escaping through

40

45

60

the main steam-port 22 and turning in the
exhaust - cavity of the main valve passes
through the main exhaust-port 24 intothe ex-

‘haust-chamber 25 and thence into the ex-

haust-pipe. Asthe main piston nearstheend
of its stroke to the left, the sliding collar 52
strikes the right-hand collar 54 on the valve-
stem17,and movessaid stem and itsconnected
auxiliary valve to the right, when the steam
effects the reversal of the main valve and
main piston in a precisely similar manner to
that just described with relation to the oppo-
site stroke of the engine. |

In my invention the auxiliary and main | p

valves are preferably flat slide-valves, easily
reseated in case of wear, and moving 1in
straight parallel lines, and the arrangement

of said valve mechanism is such that both of

said valves,together withthe main-valve-actu-

‘ating pistons, may all be readily inspected or

quickly removed from the steam-chest with-
out disconnecting any of the pipes or outside
joints or connections by simply removing the
cover 6 of said steam-chest. These features
are great advantages, and together with the
deseribed feature of the mechanical connec-
tion between the main piston and its valve,

| inder-heads under any speed at which the en-

gine can be run, will be understood and ap-

preciated by engineers and others familiar

with this class of engines. '
It will beof course evident toany mechanic
that, if preferred, the auxiliary slide-valve 53
and the valve-seat and ports therefor may be
located upon the side of the minor cylinders
instead of above them; and furthermore, if

| preferred, the entire steam-chest 4 5 6 may be.

arranged upon the side of the main cylinder
instead of upon the top of the latter, as now
shown.
the main slide-valve 33 might be fast in the
auxiliary slide-valve 38 and engage with the
outside of opposite ends of the said maln
valve 33 and operate equally as well asin the
former case. | | o

The invention is of course applicable toany

scope of mechanical skill without departing
from the essential spirit of my invention.
Having thus fully described the nature and
construction of my invention, I wish tosecure
by Letters Patent, and claim— - .
1. Inadirect-acting engine, the combination
of the main cylinder, the main piston and pis-

ton-rod, the steam-chest on said cylinder hav-

flnid-pressure engine, and is susceptible of
minor changes and modifications within-the
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It is also evident that the pins 86 In
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ingmotive fluid supply and exhaustpipeopen-

ings, the two minor cylinders and pistons
therein, the main-valve seat having induction
and eduction ports for said main ecylinder,
the flat reciprocating main slide-valve there-
on having the projection or pin 35 and con-
trolling said ports, suitable connecting devices
between said minor pistons and said main
valve, the auxiliary-valve seat having sult-
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able ports for said minor ecylinders, the flat |

auxiliary slide-valve thereon having the slot
37 and reciprocating parallel with said mailn
valve, but on a different plane and control-
ling said ports, and the connected auxiliary-

valve-actuating mechanism connecting with

and operated by the main piston of the en-
oine, substantially as described. | |

9. In a direct-acting engine, the combina-
tion, with the steam-actuated mainslide-valve
and the auxiliary slide-valve reciprocating

and actuated by the main piston of the en-
oine, of the pin 36, and the slot 37, or equiva-
lent mechanism, adapted to operate substan-
tially as and for the purpose set forth.

3. In a direct-acting engine, the steam-act-

nated flat reciprocating main slide-valve 33,

having the projecting pins 36 36, in combina-
tion with the flat auxiliary slide-valve 33,
having the co-operating slots 87 37, and the
connecting valve-actuating mechanism, sub-
stantially as deseribed.

4. Tn a direct-acting engine, the combina-
tion, with the piston and piston-rod thereot,

whereby the said valve is absolutely certain i of the cross-head 13, projection or roll 14, piv-

arallel therewith, but on a different plane-
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~ bined with the adjusting-screw 20, substan-
tially as described, and for the purpose set
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oted rockerlever 15, conneeting-rod 16, valve. | plston-rod, of the parts 4 5 6 of the steam-

stem 17, and a reciproeating valve, subatan.-
tially as deseribed, |

9. In a direct-acting engine, the intermedi-
ate frame 9, the slotted stand 19, and the
rocker-lever stud or bearing 18 therein, com-

forth. o

6. In a steam-engine, the combination, with
the steam-supply inlet 27 and the steam-ex-
haust outlet 26, of the waste-water valve 55,
substantially as described.

7. The waste-water valve comprising the
hollow casting orfitting 56, the two perforated
screw-threaded nipples or fittings 57 58, and
the valve 59, all substantially as and for the
purpose herein set forth.

8. In a direct-acting engine, the valve-act-
uating minor pistons 31 32, and their cylin-
ders 29 30, provided with the auxiliary-valve
seat having the auxiliary ports, substantially
as described, combined with the auxiliary
slide-valve 38, reciprocating on said valve-
seat and controlling the passage of the motive
fluid through said ports, and actuating mech-
anism connecting with said auxiliary valve
and the main piston of the engine, all sub-
stantially as deseribed.

9. In a direct-acting engine, the combina-
tion, with the main cylinder, its piston, and

chest affixed centrally to said main cylinder,

the main-valve seat on said part 4 having
ports 21 22, leading into said cylinder, and
the ports 22 23 into the exhaust-chamber 25,
between said main cylinder and said steam-
chest, the flat main slide-valve 33, controlling
the motive fluid supply and exhaust of said
malin c¢ylinder and constructed with two end
faces connected by arms, substantially as de-
scribed, the part 28 of the steam-chest 4 en-
circled by said arms, the minor cylinders

‘therein having a central separating-head, the
auxiliary-valve seat thereon having the ports

39 40 41 42 leading into said minor cylinders,

and the companion port or passage 43,leading

from said valve-seat through the central head

into the exhaust-chamber, the minor pistons

51 32, within said minor eylinders, connected
with and reciprocating the main slide-valve,
the auxiliaryflat slide-valve 388, controlling the
motive fluid supply and exhaust of the minor
cylinders and eonnecting actuating mechan-
ism.operated by the main piston of the engine,
substantially as deseribed. |
In4estimony whereof I affix my signature in
presence of two witnesses.
| . DANIEL E. KEMPSTER.
Witnesses: - . - '
HENRY CHADBOURN,
FRANK K. GREENWOOD.
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