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JOSEPH A. ARTHUR, OF COLUMBUS, ASSIGNOR, BY DIRECT AND MESNE AS-
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LEDO, OHIO.

STEAM-ENGINE.

SPECIPICATION forming part of Lett’ers Patent Wo. 375,689, dated December 27, 1887.
Application filed March 30, 1887. | Serial No. QBS;UU& (No nmdel.}_ |

To all whom It may concerwn:

Be it known that I, JOSEPH A. ARTHUR, &
citizen of the United States, residing at Colum-
bus, in the couuty of IFranklin and State of
Ohio, have invented certain new and useful
Improvements in Steam-Engines, of which the
following is a specification, reference being
had therein to the accompdnying drawings.

Figure 1 is a side view of an engine em-
bodying my improvements. Fig. 2 is an end
view. Fig. 3 is a longitudinal section on the
lines x z, Figs. 1, 2, and 4. Fig. 4 is a longl-
- tudinal section on the line y y, Fig. 3. Fig. b

is a section on the line z 2z, Fig. 4. Fig.61s a
longitudinal section similar to I'ig. 4, but with
the piston and its adjuncts in different posi-
tions. Tig. 71saview of the valve and valve-
cear., Fig. 8isanend view of the valve. Iigs.
9, 10, and 11 are views of the rockers G and
G’. Xig. 12 is a view of the eylinder-lining.

In the drawings I have shown an engine of
one of the numerous forms which can be con-
structed to embody my improvements, and
wish it understood that I do not limit myself
25 to all of the details which are shown, because

~of the fact thatthere can be modifications made

without departing from the spirit of the 1n-
vention. _ -
In the drawings, A represents a cylinder

IO

fer that the wall should not be continuously
circularin cross section, for reasons which will
appear from what issaid below. The part which
is cirealar in section is represented by A, and
thisletter will be hereinused toindicate the cyl-
inderasa whole. At A®a wall is cast with the
cylinder, it lying outside of the circle of the
cylinder and serving the purpose to be herein-
after described. Thecylinder is provided with
heads A" A% bolted to it in the usual manner.
In the wall A there is formed an aperture, «,
and in the wall A®there is formed an aperture,
a. In the top of the cylinder there is formed
an aperture, o*, adapted to be closed by a cir-
15 cular threaded cap, B. The apertures ¢ and
~ « are closed by caps C C, which provide a
support for the crank-shaft B, there being
hollow bearing-nuts ¢ ¢’ adapted to be inserted
into the cap-pieces C C'. The shaft is tapered

to at b b and the apertures in the bearing parts
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which'may be cast and planed, though I pre-’

wear on the shaft can be readily taken up.
It will be seen that the shaftt B passes trans-
versely through the center of the cylinder, it
being formed with a crank and wrist at B' of
any suitable character. =
F I represent the piston-heads. 'lhese are

but they are fitted to a tube or tubes, D D/,
inserted into the cylinder A, being turned so
as to fit the cylinder tightly and having true
eylindrical surfaces both inside and out. 1
prefer to form the parts D D’ in oune and the
same tube, so that the turning and f{itting can
be accomplished properly, and so that the
parts at both ends of the cylinder shall be
held uniformly.
interior cylinder-tube is partially separated

from the part D, the tube being cut away at

D? the edges being shown at d>. Through the
tube or tubas D D’ are formed the ports d d,
which in the construction shown are on one
of the sides vertically of the cylinder. By
having the operative part of the cylinder

can be comparatively thin, so that the steam-
ports are shortenedand can be readily turned,
as above set forth, whereas much difficulty 1s
experienced in thus manipulating, turning,
and fitting the ordinary cast portion of the
cylinder. | I |
The piston-heads I' F' may, so far as their
oeneral construction is conceruned, be of the
ordinary or of any suitable forms, and can be
packed in any preferred way, a packing being
indicated at f. The pistons are arranged one
upon one side of the shaft and the other upon
the other side. Heretofore in making engines
at all resembling mine it has been customary

the shaft either by means of a pitman, a slid-
ing box, or a rack. I have found objections

incident to each and all of the forms which.
' have thas been 1n use.

I aim to always main-

tain a constant driving-connection between
the pistons and the -cranks, as constant, 1n
fact, as is the case when connecting-rods are
used, and at the same time overcome the se-
rions difficnlties met with in using the engines

with connecting-rods, which difficulties are

not shown &s being fitted to the cylinder Aj

made of a tube or tubes of this character it

¢ ¢ are correspondingly tapered, so that the

[
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Asshown, the part D" of the

30

to connect the piston-heads with the crank of go
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mainly due to the fact that the application of |

the power to the shaft varies greatly in re-
spect to the different parts of the path taken
by the crank—that is to say, are due to what
Is commonly called the ‘“dead center” met
with in using such devices. |

1 employ means for connecting the piston-
heads to the crank which are adapted to vary
the points of bearing of the piston-heads and
vary the lines of thrust along which the pis-
tons exert their foree upon the crank. I pre-
fer to employ (for accomplishing this purpose)
what I term a ‘“‘rocker’’ connection. Such a
connection is shown in the drawings at G and
at . The part G consists of a plate or bar
of sufficient strength to attain itsend, it being
loosely interposed between the piston-head F
and the wrist B, It is formed with a cavity
or socket, g°, at the inner end, which surrounds
a part of the wrist, and at the outer end it has
a curved bearing-surface, ¢° in-contact with
the inner surface of the piston I, this bearing-

- surface being preferably provided by means
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of laterally-extending flanges ¢ ¢, which are
on curved lines struck from the center of the
wrist B'.  Asthe crank revolves the connect-
Ing part or rocker G follows it, always main-
talning a position such thatitis in contact both
with the wrist and with the piston. The part
" corresponds substantially to the part &,
though I prefer to have two inwardly-project-
Ing bearing-pieces, as shown at ¢*, Fig., 3, these
also having sockets at their inner ends fitting
part way around the wrist and having flanges
g, with curved bearing-surfaces. In order to
provide a bearing or support and a guide for
the rockers G and G, I provide inwardly-ex-
tending studs J J, preferably cast integral
with the piston-heads and having rounded or
beveled top and bottom surfaces, which per-
mit the parts G and G’ to rock freely up and
down. -

By examining and comparing Figs. 4 and 6

1t will be seen that the rockers G and G’ follow
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sultable shape and size.

the wrist-pin in all positions, one rocker ap-
plying a pushing force upon it during one half
of the revolution and the other rocker apply-
Ing such force during the other half. The pis-
ton-heads are held rigidly together by means
of connecting-bars F?, which may be of any
Still referring to and
comparing the last said figures, it will be also
seen that when the rocker-connection G is

pressing against the wrist-pin (the revolution

being 1n the direction of the arrow) the wrist
1s moving through the lower half of the revo-
lution, during which movement the part G
turns first so as to carry the points of bearing
downward along its bearing-surface, and then

turns so as to carry B, the said points of bear-

Ing, upward. Inasmuch as the piston brings
the line of thrust farther down as the wrist-
pin comes down, power is applied to the lat-
ter from the piston ina right line. When the

wrist i1s moving through the second quarter,
the part G rocks back into the position shown
in Fig. 4, the wrist-pin being, however, on the

375,689

opposite side of .the shaft B. When the end of
the third quarter of a revolution is reached,
the parts are in the position shown in Fig. 6,
full lines, the rocker-connection G’ Leing that
which 18 now pushing the wrist. In order to
insure that the crank shall pass the lines of
dead-center and overcome itstendency to stop,
I combine with the parts above described the
following: - " |

H H’ represent supplemental pistons re-
spectively mounted in aperturesin the piston-
heads F IF'. There may be variations in this
respect as to the size of these pistons H H’, as
to the depth of aperture in which they work,
as to the distance from the center of the main
cylinder, &c. |

I I' are links respectively connecting the
supplemental pistons H H’ with the rocker-

~connecting pieces G G/, these links being

pivoted to the pistons at 7 and to the rockers
at ¢

70
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g ¢ represent ears or lugs formed with or

secured to the rocker G and adapted to re-
ceive the pivot ¢/, the latter being preferably
threaded at the end and tapered at the bear-
ing part, so that the wear in the aperture in
the link can be taken up. The link I"is se-
cured In a similar manner by a pivot between
the inwardly projecting bearing parts ¢* of the

rocker G, . |
When the wrist is in the position shown in

Fig. 4—that is to say, on the axial line—the
parts are 1n such relation that steam is begin-
ning to enter behind the piston IF and itssup-

plemental piston H, the pressure of which re-
sults 1n an advance of the piston H, which in

turn, through link I and the rocker G, effects
a downward movement of the wrist B/, sothat,
although the wrisf is in the line of center from
the piston I, a downward movement of the
wrist 1s caused independently of the momen-
tum of the driven parts. The supplemental
piston H continues its advance relatively to
themain piston ¥ until the wrist B has reached
the end of the first halfof the stroke, although
the piston I also moves forward immediately
after the wrist has passed the position shown
in Fig. 4, the supplemental piston moving
thus with the main piston and also independ-
ently of it.

The position of the piston H' and link T’ in

the main piston F at the end of the first half

of their stroke is illustrated in Fig. 6.

It will be seen that the parts are so related
that the supplemental pistons H H’ are effi-
cient not only in throwing the shaft off from
the dead-centers, but alsoin assisting the main
pistons ¥ F in driving the shaft, The links

LI, the pivots ¢ ¢, the supplemental pistons

H H', and the rogker-connections G G’ are all
so placed and proportioned that even though
there 1s at times a backward motion of thesup-

plemental piston relatively to the main pis-

tons, yet this is merely relative, and occurs
ab such times in respect to the feed and ex-
haust that the supplemental pistons are nev-
ertheless assisting in the driving of the shaft.
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There may be variation in the relations of the | from their centers becoming deeper gradually

several devices forming this part of the mech-

“ism without departing {from the essential prin-

ciples of the construction and operation. The
supplemental pistons H H may be put ab
greater distances from- the axis of the main

cylinder, and the parts G G’ can be elongated
‘accordingly for providing a greater leverage

for throwing off from the dead-center, and
when so placed the area of the supplemental

pistons can be decreased.

One of the objects of the present invention

~ is to provide, where required, engines of high
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to the rocker-connection shown.

-adjacent to the said ports d d.

speed and shortstroke, which have heretofore
been found difticult to construct and operate,
but in which a throw-off mechanism of the
character 1 have indicated can be used with a

-powerful leverage. |

I prefer for most purposes about the relative
positions, dimensions, &ec., of the essential

parts, the main pistons, the supplemental pis-

tons, the rocker-connections, the links, and
their pivots, finding that I can thereby utilize
the power for the two purnoses of throwing oft
{rom the dead-center and driving in the ratio
of about one to two.

Of course that part of my invention which
relates to the supplemental piston as a device
for throwing off from the dead-center can be
applied in constructions more or less of the
ordinary charaecter, wherein use is made of
connecting-rods and the like, and I do not
wish this part of the invention to be limited
As to the
matters of the amount of steam supplied for
each stroke, the point of cut off, the degree of
expansion, &e., itwill be understood that these
may be regulated as may be dictated by pref-
erence or the character of the work to be per-
formed by theengine. The steam is guided fo
the aforesaid ports d @’ and its passage through
them regulated by the following devices:

L I/ are the valves, mounted in chambers

K K’ represent the steam-chests,
in ceross-section, and having a chamber of the
shape shown in Figs. b and 3. These chests
are cast and shaped separately from the cyl-
inder parts, and aresecured in place after the
proper surfaces havebeen turned and fitted by
bolts at %% By examining Fig. 3 1t will be
seen that these steam-chests are formed with
bearing-surfaces at %, to which are fitted the
valves L I/, the opposite bearing-surfaces be-
ing the exterior surfaces of the tubes D D" ad-

jacent to the ports d d'.

- The shape and constructions of the valves
will bereadily understood by examining Figs.
3,5, 7, and 8. They are curved to conform to
the surface of the tubes D )" and to the inner
surfaces of the valve-chamber at k—that 1s to
say, the inner and outer faces of the valves are
on arcs of circles, the depths of the posts d @'
being the same throughout their length. The
valves and the ports are thus readily distin-
guishable from those heretofore commonly in

they being

toward the ends, and the bearing-faces of the
valves and the valve-seats being planes and
not curved, as is herein shown—that 1s tosay,
in those constructions in which the valves re-
ciprocated rectilinearly in paths parallel to the
axis of the cylinder. By having the ports con-
structed as shown, and having the curved
valves, I can insure that the steam shall be
supplied to and exhausted from the cylinder
instantly—that is to say, in such way that all
of the steam admitted shall be immediately

exhausted after its work is done. A packing

is provided for the valve at [, it being of any

suitable material and held im place in any
preferred way. Itcan beforced automatically
against the opposing bearing surface by means
of the steam through suitable duets, or by any
of the ordinary springs, or even by devices to
be adjusted by hand. As wear occurs on the
inner surfaces of the valves, it is constantly
taken up by reason of the fact that the valve
is forced inward automatically, as just de-

seribed, the ends of the valve being shaped 1n

relation to the valve-seats, as is clearly shown
in Fig. 5, in such way as to insure the tight
fitting under all circamstances. In this re-
spect, however, there may of course be varia-

tion in ways readily suggesting themselves to

those acqunainted with such devices.
The valves T, and I/ may be made and fitted

separately from each other, so far as concerns

some of the features of the present invention;

bet I prefer to cast them integral, providing

connecting-bars L# one or more, inasmuch as
I can then turn up and true both of thevalves
together, thereby insuring a perfect uniforms-
ity in their sizes and fitting and making them

more easily and cheaply than when they are:

made and shaped separately. I prefer tohave
the are of each valve somewhat less than the
one-third of a circle, so that I can cast three

sets of valves and their connecting-rods inte-
orally in one piece, which can be manipulated

and turned in the lathe as readily as a com-

plete cylinder; but the devices and method of

turning and shaping the different parts need
not be here described in detail, the present

‘case relating to the finished engine.

Much trouble has been heretofore experi-
enced in engines of all kinds wherein use was
made of reciprocating oppositely-acting valves
by reason of the fact that the means for mov-
ing the valves have been of such character as
to eause one of them to move in relation to its

efficient in the cylinder and as immediately

3

70

75

GO

93

100
105

110

115

120

port differently, in the matter of speed of

travel, from the other, and this lack of simi-
larity of the movements of the valves relative
to their ports has made it impossible to accu-

rately regulate the feed, exhaust, and cut-off

for one valve exactly the same as for the other.
I obviate this by constructing and arranging
the valve mechanism as follows: M represents
an eccentric secured to theshaft Bin theplane
of the valves.. N N’ are arms or rods inter-

- usein engines wherein the ports vary in depth, | posed between the valves and the eccentric,

125
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- these being adapted to rock or oscillate in a

way similar to that in which the parts at G &
operate. At theirinnerends there are curved

arms or socket-pieces n, which are fitted to

the eccentric by means of tongues {itting in a
groove in the latter. At their . outer endb they

~are formed with somewhat elon gated curvilin-

ear bearing-faces, which bear wamsb the valve.
To prowde for tfthmg up wear, | interpose ad-

15 justable bearing-bars O, W’hIGl by means of

| .1'5 |
'"'_understood

set-screws o, can be adjusted towmd and from
the eccentrie, and ‘lﬂ'&lﬂbb these ba,r*s the curver
bearing par ts at 7’ rest. |

- The mode of operation of these dm ices in
moving the valves to and fro will be readily

~ordinary pitman, the eccentric always oper-

20

ates by a pushing thrust first upon one of the

rocker-bars and then upon the other. There-

fore in relation to the rotation of the shaft and

: eccentric 16 will be seen that the valve 1i al-

- 30

ways moves in respect to its port with the
same speed as does the valve L/ in relation to

1ts port, and these movements occur at corre-
sponding times in relation to the rotation of
the shaft. |

"What I claim is—

1. The combination, with the cyhndel the-

~piston, and the shafb of the two opposing
1oc,ker connecting demces the two supple-
mental pistons within the cyhnder on Oppo- -

: - 81te sides of the shaft, and means for connect-

35
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1ng each of the said supnlementa,l pistons with

the shaft, substantially as set forth.
2. The combination, with the shaft and the

piston, of the rocker- connecting device and

means, substantially as described, for throw-
ing the shaft from the dead - centers as seb

- for th.

3. The combmatlon with the. cylinder of

“the rectilinearly- rempmcabmn‘ valves having

curvilinear inner and outer edges and con-
verging end surfaces, of the paelung at the
outer edge and means for adjusting said pack-
ing, substantially as described. -

4. The combination,with the shdmrr valves
and the eccentrie, of the rocking connectmw
devices and means for adlustmo the valves

~relatively to the operating devwes substan-

S5

tially as described.

5. The combination, with a cylinder, two
pistons in the cylmder connected torrethel, Qs
described, a erank between said pistons, a

As the connection between the
eccentric and the valvesis a broken one, in |
‘contradistinetion to such a connection as the |

f
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rocker having rolling bearing against one of
the pistons, and baving arm G bearing cen- -

trally on the erank-pin, and a rocker having
rolling bearing against the other piston, and
having twoarms which bear on the erank-pin,
one at each side of arm G, substauti-ally as

shown

60 -

6. A steam cylmder a pisbton, and a erank-

shaft and a connecetbing-piece between said pis-

ton and shaft, in combitmtion with a supple-
mentary piston in the main piston and alink
joining thesame with the connecting- piece be-
tween the piston and erank.

7. The combination of a eylinder, plston

and erank, a bearing-piece interposed between

said plStOl] and erank and a supplementary

piston in the main piston connected to S’le |

vearing-piece at one side of its center.
8. The combination, with 2 steam-eylinder
‘having a steam-chest at the side thereof, of a

75

cylindrical lining forming a casing for the pis-.

‘ton and forming a bearing against which the

valve in the steam. chest worl-..& substfmtla,lly
as described. |

9. The cmnbm'mon with a steam- eylmﬂer

0

'}mvmg a steam-chest, as deseribed, of a eylin-

drical lining In WhICh the piston WOI‘kS and

a valve h%vmg a curved Inner sur face Wthh

{ works against said lining.

10. The combination,with the cylmder hav-
ing that part which eontams the piston made
.W}th curved outer surface, of a valve having
a curved innersurface of lesc-‘. than a half: circle

and mechanism for 1'eclproe;1t1nﬂ said valve
lengthwise of the eylinder.

of hollow eylindrical form, theeylinder proper
of similar form, an are- Sh"lped valve extend-

| ing less than half-way round the linifig and

beaung on the eylinder and lining, and mech-
anism for reciprocating said valve, substan-
tially as described.

12. The combination, with the two are-
shaped valves connected together,as deseribed,
of an eccentric between the valves and a rod
at each side of the eccentric bearing on the
same, said rod having a rocking bemmfr
qgmnsb the edge of the valve

In testlmony whereof I affix my signature i 1
presence of tno witnesses. |

JOSEPIT A. ARTHUP

Witnesses:
M. P. CALLAN,
H. ]?I._BLIES.

11 ‘I'he combination of the eghndeL lining
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