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~ WILLIAM M. HENDERSON, OF PHILADELPHIA, PENNSYLVANIA.

Lo .0 - Letters Patent No. 105,941, dated August 2,1870.
~ IMPROVEMENT IN DIRECT-ACTING COMPOUND ENGINE.
', Tne Schedule reforred to in these Letters Patent and making pat of the same

I WILLIAMM HEHDER&ON of Plnladelphm State]
e --..-.,ot‘ Pennsylvama have mvented certain. unpmvements-'
R Dlrect—Actlou ‘Compound- Steam-—Enrrmes, of which |

- .the following is a specification. - |

. This mventlon is intended as an unplmemeut upﬂn,"

o tlu.. patent: gmnted to myself by the United States
',--,?i'-_-'_-.Patent Office, dated _Apul 5, 1870,"No. 101,617, for
Ceoan “Imp:mementm Dnect—-Actlon Compound btemm-._,_
~ . Engines,” the 1mpwvementrufemnfr exclusively to the | -

| - mode of: opumtmg the stemn-mlves when it is dusuud-_i’ |

" .to work the engines singly, and not in pairs, as set

- forth in the patent ’l,bwe 1eferr(,d 10, the same being
| :_duectly apphmble to.the’ construcmon of single direct-
- ‘action; engines, as commonly employed for pumpmn".'
- purposes; which engites invariably take full-plessure'
- "steam throughout the entire stroke, a consequence at- |
- “tendant upon the geneml means emp]ayed to operate
© the: steam-valve, which is Mterna,tely reversed by a
L _-'-nmtmn cmnmumc&ted ﬁom the steam-plston or its rod,
.4t o’ about, the termination of each stroke, in a var let;y |
S of Ways, e%h the” suhjeet of an' 1ndn«1dual pa,tent
" The result of the whole is identical in the.one fea-
~ .. ture, that no gain from e'{pa,nsmn can ever be obtained,
. a matter-overlooked as of minor importance, so lontr_'
~ as the valve can be reversed, but in reality of great
e jslgmﬁca.nce, especially so. when an engine of .consider-
ol able size is required, where economy of fuel isa desid-
L eratum, In this engine the means employed toeffect
-~ this end is by the use of ¢combined high and low press-
oure steam-cylinders, fitted with slidé-valves of a pecu- |
- Har form, connected with small steam-pistons, which
. valves: are entirely free fiom contact with the main:
" pistons or rod, and moved exclusively by the flaid em-
.- ployed as a motive power, the valves controlling the
7' “motion of the main. pistons,and said pistons centrol-
SR --_'=_11ng the necessary motion of the valves at the right’
~ time, to cause-the whole to opérate. mtoma,twa,lly wnsh
- any degree of ‘detérmined expansion, all of which will .
" be hereafter more ful]y described, reference being had
+ to-the accompanying. dmwmg, ‘and to the letters of
‘reference marked: there¢on, which shows a longitudinal
- gection of this 1mp10vement ex:hlbltmg the combined-

BB, and dividedinto t\w equal parts by an abutment,”
B formed into a stuﬁﬁg—boxx and packed mth metal—
S illc packmg—ungs as shown..
o :D’is a hollow: trunk turned to suit the bore of thns |
o stuﬁ'mg-box its extremitles fitted with plston-hea,ds;_{_q
- E-Ejata dlstame apart equal to the length of the
‘stroke of the engine, added to the width of the central
- ¢ abutment; and" the clea,mnce allowed.  Each plston-
. head of- the trunk is furnished with packing-rings in
- o the usual manner, turped to fit the bore of the eylin-
A der A, whwh is about t'.mce the usual length of' single- |

1 pl&y

cvhnder engmes in Ul‘l.lel to’ permlt each plston, E E o

-'to have the stroke deter mined upon.

‘Tlie piston-rod Fis- attached to t'he.' t: unk D, as
shown, and passes: throutrh a stufﬁnﬂ-b{m in: Lhe fr onb f

chlmder-head B’

" G G’ are ports for admitting the lwe stesm from thie-

-'&.tea,m-chest to the annular cylmders HH, formed by .

thie above-described combination of - parts. | |
T I* are transfer ports for condacting the qte&m flom' |

_the annular-or hvrh-plessure cylmders to the low

pressure cylinders A A',’and J J” are eductton ports .

,' _'tor exh&ustlng the spent qtmm ‘.' -

;fnwvnd torrbthel by a rod L, Whlch is S fur nished W1t11 a
30ke, as tﬂmwn ﬁtteﬂ Wltll. a sliding block, into which

a wrist-pin of A crank-arm, M, projects;. the shiaft of

this crank passes. through a stuffing-box to thie outside -

of the chest, where a star tlllﬂ'-bﬁl‘ is connected tu

move ‘the mlves by hand, when necess'mry

In each'end of the mlve chest ‘is formed 2 Shl nall

| eylinder, bored true in line with each other, and fitted
~with steam-pistons N N, packed with mestallic pack-
ing-rings. - The inner ends of tliese cylinders are open :
- to. the steam within the valve:-chest, and consequently
--ba,la,nce ea(,h other, being botl exposed to the same
pressure.  The outm cnds of the cylinders are closed

by heads 0.0/, as shown.  These pistons are attached

o the valves K K’ by rods P P, and ‘constitute the
. mechamsm by whicl the shde—mlves are operated..

- Steam-passages, Q Q’, are cut through from these -

‘small eylinders into the transfer-potts I I"' as indicated.
The rods P P’ are coutinued through stuﬁincr-bﬂxes in
the heads O O, and their extremities fitted with dash- E

- pots, to break the force of the movement of the valves,
‘by cushioning, in any of the well-known ‘methods. 5

Bach shde-mlve has a steam-passage or port cored
thrmwh it, to establigh, at the proper.time, a commu-"

.lllcatlon betweeri the ports G and 1, for the purpose
of conducting the live steam from the high-pressure

to “the ]ow-pressme steam-cylinders, as before de-

.scubed - In other respects the faces of these valves
~are made to. comclde wwh the. ports mfer whlc.h they N
-~ eylinders, with the general arrangement of the: plstons,*" ' '
o _-pOI‘i}S, and valves, and means for operating-them. . 7|
- CAldsa steam-03 linder, closed at each ‘eud: by he'LdS'

R R are small V-sha,pe"l cavities arra.nged at eaclt’ |

j.--'fend ‘of the bore of the cylinder A, cat down to the
‘level of the counter-bove, the apex of the V of each
| -pointing ' toward each other these are cushioning-
| passages for arresting the plstons ‘E E'at the ends of"
their stroke, and at the same time are also the steam«

porfs for a,dmlttm g the. steam to the Yalve—plstons, to

......

_the main pIStOI]S 'tctmg at tlmt tlme as the shde—va:lm
for the small pistons. -

‘W is where the stea.lipl' enters the chest from - the
boﬂel and its distribution is effected as follows; *
Referrmg to the dmwmg, we ﬁnd the plston an ha'ac




“ing just completed the stroke to the left. Live steam
has been admitted by the port G, while the spent

"steam from the other side of the piston E has been
exhausted through the port J into theexhaust-cham- -

ber S, thence conveyed away by a pipe, T, in the usual
~ manner, to the condenser, or discharged into the at-

mosphere, as the case may be. - -

- It will at the same time be observed that the charge

of live steam from tlie previous stroke, after impelling

the piston E’ to the right, has been transferred by the
ports G, K, and I, to the low-pressure cylinder A,

where it bas been assisting the-efforts of the live steam

pressing upon the piston-head B, by exerting its ex-
pansive force upon the greater area presented by the
- faee of the piston E'. Lo R
. Theé effective area afforded here js reduced to that
of the trunk only, as the steam, in expanding within
the low-pressure cylinder, reacts with a back pressure
upon the annular or high-pressure cylinder, as will be
at once apparent by an -examination of the action of
the valve K’. This, however, does no harin; nothing
is lost in consequence, and we. only require to make
the low-pressure cylinder somewhat Jarger to compen-
sate for it. | | | - |
The present position of the ports shows that the
piston K has just passed over the exhaust-port J, ef-
fectually shutting off all communication between the
end of the.cylinder A and the condenser or atmosphere,
' the engine being condensing or non-condensing, and
that, immediately following upon this, the inner edge
~ of the same piston-head passes over the ciishioning-

passage R, permifting the live steam to flow to the
areater area presented by this piston, as indiecated by
“the arrow, thus bringing.the stroke to-an end. This’
" game steam immediately rushes up the transfer-port I,

- and through the passage Q,*to the end of piston N.

- Now, by virtue of the fact that the steam contained |-

within the eylinder A’ has become reduceéd hy. expan-
sive working, in the proportion.of the relative capa-
citles of the annular cylinder H' to that of the low-
pressure cylinder A’, the pressure acting upon the

other piston, N, is inferior to that just admitted to |
piston N, consequently the slide-valves must be car-
ried to the right by this superior forcé, which, chang-
ing the direction of the currents of the steam. by a
reversion of position of the slide-valves, the return
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J J', and steam-passages Q Q'

.the valves, as described.

stroke will be made, afterward to be arrested, and-the
valves again reversed precisely in a similar manner to
that just described, which, being repeated-at the end
of each strokeé, will cause alternate reciprocation of
the pistons and valves ad infinitum, so long as the
steam is admitted.to the engine. s
- Tt is obvious that the exhaust-ports should be surely

closed by the piston-heads before the established cush- -

ion-passages pennit the steam to pass to the ends of
the “cylinders, otherwise there would be a waste. of

‘steam ; as it is, no loss is entailed, as the little steam -
that is passed to perform the functions of ‘arresting

the piston. and reversing the valve is merely an ad-
vance of the main body, which, immediately after the
valve is reversed, pours over, by the port in the valve.
K, to continue its further service of expansion. .. =
By arranging the V-shaped passages as described,
with the apex of each pointing toward each’other,
the cushioning is effected in a very gradual manner,
and the pistons will not be so suddenly checked, as
would be the case if these passages-opened abruptly.

| With a further view of regulating the "cushioning-

norts to a greater degree of nicety,the "steam might
be conveyed by a closed passage, fitted with a valve,
in place of the countersunk V-passage just described.
I claim as my jnvention— - .
1. In a componnd engine, as described; where the
opposite faces ofeach piston presents an unequal area,
the arrangement of the passages R R, eduction-ports |
or their equivalents, in
combination with the main pistons E K and valve-.
pistons N N, in. such manner that the live steam,
upon. the completion of each stroke, will pass directly.

from the annular cylinders to the valve-pistons N, by

the passages R and Q, for the purpose of operating:

2, The slide-valves, admitting the iipeliing agent

| employed to the m™"a pistons, which, in-turn, and at

|

the proper time, become valves for controlling tlie ac- .

tion of the slide-valve pistons, the one admitting the

impelling agent to the other alternately, substantially -

in-the manoer and fot the purposes represented.:
| - WILLIAM M. HENDERSON. .
Witnesses: o |
JOSEPH H. WARRINGTON,
. Rosr. F. LYTLE.
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