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MULTICYLINDER-ENGINE.
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SPECIFICATION fofﬁling’ part of Letters'Patent No. 532,856, 'da,ted_ January 22,1895,
Applic'a,tidn filed Octobei:,4,_1894. Serial No, 524,913, (Nomodel,) |

To all whom it may concerr:
Be it known that I, Luwis C. WORRON, a
citizen of the United bfa,tes residing at Hart-

ford, in the county of Hartford and State of

Lonneetlcut have invented certain new and
useful Impmvements in Multicylinder-En-
gines, of which the following is a specification.

‘Thisinvention relates to that class of multi-
cylinder engines having a series of single-
acting cylmders connected with- a single
crank-shaft through a rocking-beam or cross-

head common to all of the cy hnders

1The present invention is especially in-
tended as an 1mprovement upon that shown
and described in my prior patent No. 501 983 |

granted July 25, 1893.

The object of my pIesen't 1mpmvements IS

to furnish an engine of the class specified of

1mproved construetmn and organization, and

in which a more perfectand posmve control of
the rocking-beam isobtained with lessfriction

upon the operatlve parts of the engine, where-
by the efficiency of the same is increased, as

will be more partwularlv helemaftei de-
scribed. |

Inthedrawings accompauymw and for ming

part of this spemﬁeatmn Figure 1 is a S1de

elevation of a multi- cylmuer steam-engine
constructed in accordance with my present?
Improvements. Iig.21s atransverse section:
throughthe main bearing oftheengine. Fig. 3

isan enlarged, longitudinal section taken in a

line corresponding to line a—a, Fig. 2 and.
looking in the direction of the arrow. Fig.4is

a front elevation of a portion of the rocking-

beam or cross-head of the engine. Fig.51isa

rear elevation of the same. Iig.6isaside ele-
vation of the same. Fig.7isa sectlonal side

elevation of one membel of the socket of the
main bearing and the valve- Opera,tmrr stem
secured to Sald socket. Fig. 8 1is a front ele-
vation of the same, par tlally in section. Kig.
9 is a side elevation of the main bearing Of"_

the rocking-beam. Fig. 10 is a section in
line 6—0, Fln' 9. Fig. 11 is a rear elevation

of the se_cond or forward member of the socket
for the main bearing. Fig. 12 is a sectional

side elevation of the same. Fig.13 is a plan
of thestuds for supporting the main bearing.

5o Fig.14 is a frontelevation of the same. TFig..

15 is a plan of one of the tr unnions and shoes

| for supporting the lateral guides of the cross-

head of the engine. Fig. 16 is a section in
line c—c, Fig. 15.

Similar characters deswnate llke parts in 55
‘all of the figures.

ACCOI‘dlDU‘ to my present im provements the
connection of the rocking-beam or cross-head
to the main casting of the engine is by means
of a ball- and-socket joint, or prOt&l bearing, 6o
the pivotal axis of which is in line with the
axis of the main shaft of the engine, and in
which joint the spherical bearing is mounted
for rotation in a vertical longitudinal plane
and is fixed against movement in a horizontal 6;
plane while the socket surrounding said
spherical bearing is mounted for movement

| thereon in a horizontal plane, whereby a uni-

versal movement is obtained about a journal
surface wholly upon the rocking-beam or 7o
cross-head, and each thrust of the pistons is
‘received upon a substantially hemispherical
portion of the journal or its bearing, and,

in connection with sald cross-head, lateral
guides,acting in conjunction with corres pond- 75
ing ways upon the bed or frame of the engine,
are provided for supporting the cross-head

in vertical direction and thereby preventing
strains and unnecessary friction upon the
working parts of the engine. 8o

The framework of my improved multi- cyl-
inder engine may be of any construction
adapted for carrying and supporting the sev-
eral fixed and operative details. In the
drawings 1 have shown a preferred form of 8g
fr amework which 18 designated in a general
way by B and consists of a baae-plate, 9, the
rearward end wall, 4, the forward end-wall
5, a longitudinal conneotmn' bar or brace, 6,
ver tlcal braces, such as 6’ and homzontal 9o
ways, 6’7, It will be understood that said
several parts, while usually formed in one
piece or casting, may be made separa,tely and
secured in.their proper relative positions, if
desired, by any suitable means, as by con- g3
neetmu‘ bolts and securing nuts.

The main shaft, 9, is shown herein as ta-
pered and fitted within a correspondingly-
tapered, tubular bushing, 90, secured within
the bearing, 33, which is shown as fixed tothe roo
forward end-wall 5 of the engine by means of
‘suitable bolts, such as 8. Said bearing 33 is
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formed at its forward end with a reduced

serew-threaded portion 337, over which is fit-

ted an internally-serew-threaded adjusting-
collar 91, whose inner stop-wall engages with
and forms an abutment for the flange 90’ of
the bushing. . Said bushing is also shown
herein as screw-threaded at its forward end
and as carrying a check-nut, 92, for retaining
the adjusting collar in operative position with

respect to the bearing, the bushing and the

shaft. It will be evident that, by means of
this construction and orgamzatwn of adjust-
ing devices, a perfect adjustment of the shaft
within the bushing may be obtained to com-
pensate for wear between the journal surfaces.
The outer end of the main shaft 9 is shown
as of cylindrical form and carrying upon its
journal surface the hub of the main driving
pulley A, which may be secured to said shaft
in any suitable manner.

The inner end of the main shaft 9 is shown

as carrying a crank-disk, C, fixedly secured

thereto. This disk is also shown as having
on one sidethereof a journal or socket, sbowu
at 38’, and which is adapted to receive the
forward, spherical journal,such as 38, carried
by the 1001{1nﬂ'-beam

For the purpose of communicating power
from the pistons of the engine to the erank-
shaft C, I have shown herein a rocking-beam
or cross-head, designated in a general way by
E,and adapted to have the universal, rocking
movement common to engines of this type.
Said beam or cross-head is shown as carried
upon the driving spindle or shaft, 42, the for-
ward end 42’; of which engages and revolves
in a longitudinal bore in the aforesaid spheri-
cal journal, as shown in Fig. 3. The driving
spindle or shaft 42 is supported to have, to-
ogetherwiththe rocking-beam {o which it is at-
tached, a universal rocking motion by means
of the said spherical journal 38 at its forward
end, and by means of a universal joint, or
ball-and-socket connection, of the rocking-
beam or cross-head with the main frame or
casting of the engine. In the form thereof
herein shown and described this connection
comprises a main spherical bearing, 44, hav-
ing transverse, aligned, radial sockets or
journals, 44’, adapted to receive the inner
ends of suitable trunnions or studs, such as
93, which ‘are herein shown as secured by
means of bolts, 94, to the frame or casting of
the engine.
ing is located substantially in the plane of
the endsof the four radial beam-arms, 49, 497,
49’7 and 49’", of the main beam or cross-head
E and centrally of said arms and in line with
the main shaft. Thedriving-spindleorshaft
42 is shown herein as tapered at its rear end
and firmly wedged within a correspondingly-
tapered bore in the rocking beam or eross-
head, and as maintained in a fixed position

rela_tively to said beam by suitable securing

means, such as the bolt 42’7, At the rear side
thereof said beam is shown as provided with
lugs, 95, havmcr bolt holes, 96, drilled there-

As will be seen this main bear-

532,856

through and adapted to register with corre-
sponding bolt-holes, 97,1n peripheral lugs 98,
carried by a cap, 45, adapted to form one
memberof anadjustable gsocket for the recep-
tion of the main bearing 44. This cap or
socket 1s shown herein as aligned with the
driving-spindle or shaft 42, and as secured in
position upon the beam or eross-head by suit-

able fastening devices, such as the bolts, 99,

passed through the corresponding bolt-holes
or taps, 96 and 97 of the beam and cap, re-
spectively, the ceap, when in position, thus
forming a part of the cross-head. The inte-
rior of said cap is so shaped, as shown in Figs.
2, 3 and 7, as to form a hemispherical journal
for the main bearing 44, the other half of
said journal being formed by means of an
externally-screw-threaded cap or closer, 100,
adapted to be engaged by the corresponding,
interior screw-threads, 457, of theeap 45. DBy
means-of this construection the two halves of
the journal may be readily and positively
adjusted for any wear that may occur upon
the journal surfaces.

As shown herein it will be seen that the

cap 45 is provided with lateral openings, 45"/,

through which the trunnions or studs 93 sup-

‘porting the main bearing pass, and upon

70
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which studs said cap is adapted to have free

oscillatory movement transversely of the lon-
gitudinal axis of the cap and the cross-head.

The cap 100, which forms the forward half
of the journal for the main bearing, 1s shown
as having a central recess or countersink,
100”7, into which the rear, tapered end of the
driving-shaft 42 is adapted to be received, to
obtain greater solidity of the connected pmts

At 1ts extreme rear end the cap 45 is shown
as provided with a centrally-disposed stem,
50, which is in line with the shaft 42 and pref-
erably integral with the cap 45. This stem
is adapted for driving the valve-mechanism
of theengine,in a manner substantially simi-
lar to that described in my patent hereinbe-
fore referred to, and to which reference may
be had fora more detalled description thereof.
Said stem is shown herein as engaging an in-
clined borein the head, 65, of the valve-shaft,
or spindle, 64, upon which spindle 1s mounted
a suitable valve, such as N, fiiting between
the rear side of the end-wall 4, which forms
the cylinder-head of the engine, and between
the cover, 71, of the valve-chest and the
steam-chest cover 67. An outer cover, 68, is
shown as secured to the steam-chest cover

j and as closing the rear end of the exhaust-

chamber 83". The valve-spindle 64 is shown

! herein as having its prineipal journal in the

IOD

103

LIO

11§

L120

125

bearing 63, which is disposed centrally with

respect to the engine cylinders and is in line
with the main shaft 9 of the engine.

For controlling the movements of the rock-
ing-beam or cross-head K, and for supporting
tl1e same so that the Wewht thereof will not
be carried at any time by the piston-rods, or
connections to the pistons of the engine cvl-
inders, said cross-head is shown herein as pro-
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vided with oppositely - disposed guide-arins,
51, having transverse apertures or bores, 51’/
at their outer ends and passing through the
shoulders or lugs 51’. A journal member,
such as 101, is shown herein as connected
‘with said shonlder in the following manuner:
Sald journal-piece 101 is shown as having a
transverse rectangular guide-way, 101/, in
which is mounted the substantially square
shank 1027 of a connecting bolt, 102, an ad-
justing-serew, 103, being shown as passing
transversely through said squared portion of
the connecting bolt and as engaging at its
serew - threaded point the correspondingly
threaded hole or tap 101", in the journal
member. This screw is shown -herein as

threaded for but a short distance from its.

point, and as provided with a smooth shank
throughout the greater portion of its length,
so that when screwed into or out of the
threaded hole 101"/, there will be a corre-
spondingly greater or. less distance between
the lower side of the connecting bolt 102, and
the bottom wall of the guide-way 101/, where-
by the guide-arms 51 may be properly ad-
Justed In position relatively to the ways or
guides 6”7, with which they are in operative
connection. The journal member10lisshown
herein as held in position laterally of the en-
gine by means of the nut 104 which engages
the reduced, threaded end of the eylindrical
portion 102”" of the connecting-bolt, thereby
holding the boltitself in position, at the same
time, with respect to the guide-arms, through
the bores 51”7 of which the connecting bolts
are passed. In adjusting the journal mem-

~ber and conneeting bolt relatively to one an-

other the space between the under side of
said bolt and the bottom wall of the guide-
way In sald journal pieceis usually filled with
flat pieces of metal piled one nupon another,
in a well known manner, to prevent “pound-
ing’”’ between said connected parts. Each of
said journal members 101 is mounted upon
and within a corresponding journal of the

-shoe, 105, which is loosely mounted for recip-

rocatory movement upon the corresponding
way 6”7, said way being curved upon itsinner
side to provide for the oscillatory movement
of the cross-head in lateral direction.

It will be seen from the foregoing that each
of the journal members 101 constitutes a
vertically - adjustable trunnion adapted for
loosely engaging the shoe upon which it is
journaled, and for having an oscillatory move-
ment in said journal while said shoe recipro-
cates in a slightly ecurved path upon the hori-
zontal ways 6’/ of the engine. |

The cylinders of the engine may, if pre-
ferred, be constructed separately from the
framework and from each other, but I have
herein shown all of the cylinders 26, 26’, 27
and 27’ as formed integral! with the frame-
work, said cylinders being .preferably ar-
ranged with their axes substantially parallel
with, and at equal distances from, the axis

|

ders are shown provided with pistons, desig-
nated in a general way by 54, 51, 55 and 55,
respectively. All of said pistons are of sub-
stantially the same construction in the pre-
ferred form thereof herein shown, and are
substantially similarto the pistons shown and

described in my patent before referred to,

with the exception that the strains transmit-
ted through the piston rods, or connecting

ty

70
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devices, are taken up more directly by the

sald pistons. The piston 54/, for instance,
19 shown as formed with the usual head or
body-portion having suitable piston- or pack-

30

ing-rings, 106, and constructed for connec-

tton with the cross-head or rocking-beam.

For this purpose said piston-head is provided

with a transverse disk, 107, secured to the in-

Securing means, as the screws or bolts, 109,
and said disk is formed with a central, jour-

nal seat substantially hemispherical in form
opening intoasubstantially-cylindrical, cup-
shaped portion, 107/, serew-threaded inter-
1 nally as shown. Within the socket- formed

in said disk aspherical bearing 56, is mounted
and is held in place by means of a cap 57, ex-
ternally secrew-threaded to engage with re-
spect to the socket and the spherical bearing.
Sald spherical bearing is bored diametrically,
as shown, to receive the rearward, tapered
end of the piston-rod or connecting-rod, 58,
which is held in place within said bearing, as
by a cross-pin or bolt, 110. The cap 57 is suit-
ably slotted at its forward side to permit free
play of the connecting rod therein. It will,
of course, be understood that the connection
between each of the outer pistons and its rod
1S substantially the same as that just de-
scribed. At its opposite end the connecting-
rod is pivoted to the corresponding arm of the
cross-head or rocking-beam in asubstantially
similar manner. The arm 49’ is shown as
formed with a hemispherical socket, 111,

ternal flange, 108, of the piston by suitable

adapted to receive the spherical bearing 59,
which is secured to the forward, tapered end

of the connecting-rod 58, as before described
with reference to the bearing 56. A cap, 60, is

also adapted to maintain said bearing 59 in
position and to adjust it, as before described
with reference fo the cap 57. |

It will be understood from the foregoing
that, by means of the construction and organi-
zation of my present improvements, the rock-

ing-beam is mounted so that the main bear-

ingof theengineis substantially independent
of the frame thereof, and does not have to

| support the entire weight of the beam, but

that said beam is provided with guides work-
ing upon supporting ways whereby said beam
1s mounted for operation as a substantially-
independent cross-head. |

It will also be observed that, by means of
the spherical journal or socket entirely sur-

which faces toward the eylinder end of the

{ engine and is substantially a hemisphere in

(continued) of the main shaft. Said eylin- | extent is opposed to each thrust of an arm of
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rounding the main bearing, a journal surface
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the rocking-beam, and to each strain therecn,
from whatever direction said strain may be
exerted. The sockets and bearings for the

piston-rods or connecting-rods are also so or-

oanized that the thrusts of said rods are re-
ceived almost entirely by the corresponding
piston or arm of the cross-head, and not by
the cap for adjusting and maintaining the
bearings, carried by said parts, in position.

By the described construction and organi-
zation of the main shaft,its journal and bear-
ing, L also obtain a very perfect meansfor tak-
ing up the wear incident to the rotation of
said shaft and its fly-wheel, when operated at
a high rate of speed.

Having thus deseribed my invention, I
claim— | |
- 1. In amuiti-cylinder-engine, the combina-
tion with the main shaft, of a rocking beam or
cross-head in operative connection with said
shaft, means for conneeting said cross-head

~with the pistonsof the engine, a main pivotal
-bearing for the cross-head and having its axis

in line with the axis of said shaft and adapted
to partially supportsaid cross-head, and cross-

head-supporting means 1ndependent of said |
‘bearing

and adapted to form the main sup-
port for the cross-head whereby the friction at
said pivotal bearing is reduced to the mini-
mum, substantially as described.

2, In a multi-eylinder-engine, the combina-

tion with the main shaft, of a rocking beam or

cross-head in operative connection with said
shaft, means for connecting said cross-head
with the pistonsof the engine, a main pivotal
bearing for said eross-head and having its axis
in line with the axisof said shaft and adapted
to partially support said cross-head, oppo-
sitely-disposed lateral guides carried by the
eross-head, and fixed ﬂ'mdes or ways mounted
uponthe engine and adapted tocooperate with
said ﬂ‘llldeS upon the cross-head to form the
main suppmt for said cross-head whereby the
friction at said pivotal-bearing is reduced to
the minimum, substantially as described.

3. In a multi-cylinder-engine, the combina-

tion with the main shaft, of a rocking-beam or |

cross-head in operative connection with said

shaft, a substantially-continuous spherical

socket carried by said cross-head and axially
aliened with the main shaft, a main spherical
bea,lmw working in said socket and trun-
moned upon the frame of the engine and also

having its pivotal axis aligned w1th the axis

of sald shaft, means for conneetmg sald eross-
head with the pistons of the engine, oppo-
sitely-disposed lateral guides carried by said
cross-head, and fixed guides or ways mounted
upontheengineand adapted to cooperate with
said crmdes upon the cross-head whereby said
Cr oss-hea,d is supported independently of its
main bearing, substantially as described.

4, In a multi-cylinder—engine, the combina-
tion with the main shaft, of a rocking-beam or

cross-head in operative connection with said

shaft, means for connecting sald cross-head

with the pistons of the engine, and a main

-,

i
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bearing for the cross-head disposed centrally
of the engine cylinders and in line with said
shaftand adapted toreceive each thrust of the
piston upon a contfinuous and substantially

hemispherical bearing-surface facing toward
the cylinder end of the engine and irrespect-

ive of the direction of such thrust substan-
tially as described.

5. In a multi-cylinder-engine, the combina-

tion with the main shaft, of a rocking-beam
or cross-head in operatwe counectlou with
said shaft, means for connecting said cross-
head with ‘the pistons of the engine, a main
bearing for the cross-head dlsposed centmlly
of the engine-cylinders and in line with said
shaft and adapted to receive each thrust of
the pistons upon a continuous and substan-
tially hemispherical bearing-surface facing
toward the cylinder end of the engine and 1ir-

respective of the direction of such thrust, and

a main journal carried by said cross-head and
cooperating with said bearingandalsoadapted
to receive such thrust upon a continuous and
substantially hemispherical surface, substan-
tially as described.

6. In a multi-eylinder-engine, the combina-

tion with the main shaft,and with the engine

pistons, of a rocking beam or cross-head in
operative connection with said shaft and the
pistons, a universal bearing for said cross-
head and cooperating with the universal jour-
nal of the cross-head, a universal journal car-
ried by said cross-head and cooperating with
said bearing to partially support the cross-
head and adapted to receive each thrust of
the pistons upon a continuous and substan-
tially hemispherical surface, and cross-head-
supporting means independent of sald bear-
ing and adapted to form the main support
for the cross-head whereby the friction be-
tween sald universal bearing and its journal
is reduced to the minimum, substantlally a5
described.

7. In a multi-eylinder engine, the combina-
tion with the main shaft and with the engine
pistons, of arocking-beam or cross-head hzw-
ing a plurality of radial arms, an adjustable
£ Wo- part spherical socket disposed centrally
of said ceross-head and in line with the main
shaft and substantially in the plane of the
ends of said radial arms, & spherical bearing
journaled in said socket, Sllppﬂltlllf"-" trunnions
adapted to carry said bearing and prevent
lateral movement thereolf and means for
operatively connecting said cross-head with

the main shaft and with the pistons of the

engine, substantially as deseribed.
8. In a multi-cylinder engine, the combina-

tion with the main shaft and with the engine

pistons, of a rocking-beam or cross-head hav-

ing a plurality of radial arms, an adjustable

spherical socket disposed centrally of said
cross-head and in line with the main shaft
and substantially in the plane of the ends of
said radial arms and comprising connected
screw-threaded members adjustable toward
and from each other, a gpherical bearing jour-
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naledin said socket and having la,teral alwned [ cross-head having a plurality of mdml arms,

disconnected sockets, supportmﬂ' trunnions

engaging said sockets and adapted to carry

sald bearing and prevent lateral movement
thereof, meansfor connecting thelateral arms
of the eross-head with the pistons of the en-
gine, and means for operatively connecting

said cross-head and the main shaft, substan-g

tially as described.

9. In a multi- cylmdel enﬂ'me, the combina- |
I and substantially hemispherical surface; and

tion with the main shaft, the engine-pistons,
and means for conneeting said shaft and pis-
tons with the rocking-beam, of arocking-beam
or cross-head having an adjustable spherical
socket disposed centrally thereof and in line
with the mainshaft and comprising connected
secrew-threaded members adjuastable toward

and from each other, a valve-operating stem |

carried by one of said members, a spherical
bearing journaled in said socket, and means
for supporting said bearing and for prevent-

ing lateral movement thereof, substantially

as described.

10. In a multi- eylmder -engine,the combina-
tion with the main shaft, of a rocking-beam or
cross-head having a plurahty of radml arms,
means for connecting said arms with the en-
gine - pistons, means Tor operatively connect-
ing said cross-head with the main shatt,a main
universal bearing for said cross-head a,nd CO-

- operating with the universal journal of-the

35

40

.cross-head, a universal journal earried by the"

cwss-head and 000peratmg with said bearing

and adapted to receive each thrust of the pis- |

tons upon a continuous and substantially
hemispherical surface; a pair of oppositely-
disposed lateral guides carried by said cross-
head and each comprising a horizontally-dis-

posed oscillatory trunnion and a reciprocatory.

shoe having a journal adapted to receive said
trunnion; and waysor guides adapted tocarry

said reciprocatory shoe, substantially as de-

scribed.
- 11, Ina multl cvlmder—enﬂ*me, thecombina-

45 tion with the main shaft, of arocking-beam or |

means for conneetmﬂ' said arms with the en-
gine-pistons, means For operatively connect-
ing said cross-head with the main shaft, a

main universal bearing for said cross- head
and cooperating with the universal journal
of said cross-head, and a universal journal
carried by the cross-head and cooperating
with said bearing -and adapted to receive
each thrust of the pistons upon a continuous

means for supporting said cross-head inde-
pendently of said bearing, said means com-
prising a pair of oppositely-disposed lateral
guides carried by the cross-head, vertically-
ad;ustable horizontally - cllsposed oscillatory
trunnions carried by said lateral guides, re-
ciprocatory shoes having jour nals adapted to

b
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receive said. tlIllilﬂlOﬂS, and ways or guides

‘adapted to carry said reciprocatory shoes, sub-
stantially as deseribed.

12. Inamulti-eylinder engine, the combina-

tion with the engine pistons, of a rocking-

beam or c¢ross-head, means for connecting said

cross-head with said pistons of the engine, a

main bearing for said ceross-head, means for
supporting sald cross-head mdependently of
said bearing, a tapered main shaft, means for

operatively connecting said cross-head with

said main shaft, a cyllndrlcal internally ta-
pered bushing surrounding said shaft and ex-
ternally screw-threaded &t its end and having
a stop-flange, a bearing carrying said bushmg
and having an externally serew - threaded
end, an mternal]y threaded adjusting-collar

'a,dapted to engage said threads of the bear-

0
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ing and also engaging said stops of the bush-

ing and adapted to carry with it said bushing,
and means for locking said adjusting-collar
in position, bubstantla,lly as descnbed

LEWIS C. WORRON

Witnesses:
FRrRED. J. DOLE,
FREDERICK A, BOLAND
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