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UNITED STATES

PateEnt OFFICE.

GEORGE A. BARNARD, OF NEW YORK, N. Y.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No. 571,740, dated November 24, 18986.
o Application filed November 13,1895, Serial No. 568,754, (No model. -

To «ll whony it maly conceri.: S
DBe it known that I, GEORGE A. BARNARD,
of the ecity, county, and State of New York,
have invented a certain new and useful Im-
provement in Steam-Engines, of which 1m-
nrovement the following is a specification.
My invention relates to steam or other

fluid-pressure engines of the various typesin

which a reciprocating piston imparts, through
intermediate connections, rotary motion to a
shaft. | | S

The object of myinvention is to provide an
engine which shall be of simple and compact
construction and in which a complete revo-
Intion of the crank-shaft will be effected in
and by each single stroke of the piston, there-
by doubling the number of revolutions of the
crank-shaft relatively to the ordinary con-
struction without increasc of piston-stroke or
piston-speed. | |

To this end miy invention generally stated |

consists in the combination of a fluid-pressure

¥

i

::.30

cyvlinder, a piston working therein, a cross-

“head fixed to the rod of the piston, a member

or connecting part vibratory in a direction
transverse to the traverse of the cross-head,
and links coupling said vibratory member
with the cross-head and with a erank-pin on a
rotatable shaft. ' |

The improvement claimed is heretnaftter |
| 13, aplan or top view; Fig. 4, an end view of

fully set forth.

My invention employs an ordinary stean-
eylinder fixed to or upon a suitable bed-plate
or base and provided with the usual piston,
piston-rod, eross-head, and cross-head guides.

The reciprocating parts are actuated in the

ordinary manner, and by means of a link or
connection coupled to the cross-head and fo
a lever-arm, cross-head, or other vibratory or
reciprocating member a vibrating or oscilla-

tory movement is imparted to the lever-arm,

cross-head, or other vibratory or reciprocat-

ing membeyr in a direction transverse to the

_50

axis of the eylinder, the vibratory lever-arm

or member making a donble traverse or eycle !
during each single stroke of the piston 1n

either direction. A connecting-rod coupled
at one end toa pinon thelever-arm or vibra-
tory member or to a pinon an independent
arm fixed to the shaft thereof, and coupled at
its opposite end to a erank-pin on a main ot

said shaft during each single stroke of the
piston. - e '
The transmitting mechanism is of a char-
acter which admits of material struetural va-
riation, as may be required under different
conditionsof application,without variation of
operative principle. Thus, for example, two
or more cylinders, either simple or multiple
expansion, may be employed, their cross-
heads being connected by links to the vibra-
tory member. DBy the use of two connecting-
rods leading in opposite directions two crank-
shafts may be driven, and by making the
connections of the cross-head and crank-shatt
to independent lever-arms, set at an angle
upon a common vibratory shaft, the crank-
shafts may be located as desired relatively to
the cylinder and independent of the position
of its axis. The cylinders may be either ver-

- tieal, horizontal, or inclined, as preferred, the

use of two vibratory arms set at an angle, or,
equivalently, of a crank-disk having two pins
in different positions circumferentially, per-
mitting the erank-shaft to be located at any
desired radius from the center of motion of
the vibratory lever-arm. | |

In the accompanying drawings, Ifigure 1 1s
a side view, partly in section, of a steam-en-
oine, illustrating an application of my inven-
tion; Fig. 2, a front view of the same; IFig.

the vibratory shaft and its lever-arms; Iig.
5, a side view of the same; Fig. 6, a partial
side view of an engine having a single vibra-
tory lever-arm; ¥Fig. 7, a side view of the le-

iJe

S0

ver-arm of Fig. G; Fig. 8, a side view in ele-

vation of a two-cylinder engine embodying
my invention; Fig. 9, a similar view of the
vibratory shaft and its lever-arms, and Kig.

QO

10 a diagram illustrating the movements of

) ’b » - L L
the transmitting elements in the construction

of Fig. 1.

‘Reterring first to Figs. 1 to 5, inclusive, and
Fig. 10, my invention is exemplified in an en-
aine of the vertical double-acting type, hav-
ing a steam or other fluid pressure cylinder

1, which-is supported by a framing composed

of a vertical casting 2 at the rear and in-

clined rods or standards 3 at the front of the

engine, these being connected at their lower
ends to a bed-plate £ and at thelr upper ends

driving shaflt, elfects a complete revolution of { to the eylinder. A piston 5, of the ovdinary

120
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construetion, is fitted to reciprocate in the |

- eylinder 1

_and is secured to a piston-rod 6,

- the loaver end of which is secured to a CIOSS-
- head 7, which is. fitted to slide on n"mde& S,

10

fixed to the rear casting 2 of the frame.
“tive fluid is admitted to and exhausted- fmm’
ralve 9, con--
-t ollmﬂ‘ induction and eduction ports at OPPO-
- site ends of the eylinder and reciprocating in
a valve-chest 10, movement being imparted
to the dlstubutlon valve by av lee-stem. 11,

Mo—

the cylinder by a distribution-

L &ctuated through intermediate connectwns

axial line of the cylinder, has fixed uponone-
- of its ends a lever-arm 14 and-another lever--
armdd; of greater length, is fixed upon its-op- |
Thearms 14and 15 are vibratory
- 1na ('_1.11*egt1011 transverse to the traverse of the

‘piston and cross-head, and their center lines
¢ in this instance set at an angle one to the |
~other; buttheircenterlinesmay,if preferred,
‘be in the same. plane, as in-the construction
A pin 16 on the-arm 14 is
- coupled by a link or connecting-rod 17 to a
- pin 18 on the cross-head 7
cross-head andlever-arm pms beingsuch that-
when the cross-head is at the mlddle of its
- traverse the lever-arm will be at the extrem- -
1ty of - its traverse farthest: from- the cross-
~ head, and when the cross-head is at either:
- the upper or the lower extremity of its trav-
erse-the lever-arm will be at the e\tremlty_;'
of its traverse nearest the cross-head.

- are

- shown in Fig. 8.

30
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' "-be seen that the lever-arin 14 nwves f1 om the
-nhearerto the farther e\tmml‘[y of 1ts traverse

40-
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posite end

by the main or duwnﬂ shatt of the engine,

as presently to be decscrlbed
A vibratory shaft 12
bearings 13 on the bed plate, exterior to the

, the r elatmn of the

By reference tothe diagram, ig. 10, 1Ll will

while the cross-head is moving in either direc-

tion from one end to the 1111(:1(:116 of its trav-
~erse, and moves inthereverse direction, from
1he mrther tothenearerextremity of 115 trav-

erse, while the cross-head-is moving thr ough
the 1“'6111:1111(101' of the stroke of the plston

-that is to say, from the middle to the e\trem—-

ity -of its traverse in either direction.

The longer lever-arm 15, whiclh is fixed on

the opposite end of the Vlbmtory shaft 12,
carries, near its outer end, a pin 20, the dlb-
tance of the axis of which from the axis of

‘the shaft isin this instance, although not nec-
essarily, equal to twice the distance of the .
-~ ax1s of the pin 16 of the arm 14 from the axis

of the shaft. The pin 20 is coupled by alink
or connecting-rod 21 to a pin 22 on a crank-
arm, or, as sh(}wn, & crank- dlsk 23, fixed on
& m.min or crank shaft 24, journaled in bear-
ings 25 on the bed-plate L7 A spur-pinion 26

on the crank-shaft engages a corr esponding

gear 27, the pitch-ecir cle of which is double

the dmmetel of that of the pinion 26 and
which is fixed on a counter-shaft 28. - A crank-
pin or eccentric 29 on the counter-shaft 28 is
connected by a rod or link 30 with the stem
11 of the distribution-valve 10, the connection

, which is jour lmled in

-1

lever-arms 14 and 15 are et
‘ing each single stroke of the plstou and ¢ross-

| normal relation of thespeed of the piston a:
cross-head and thatof the vibratory shaft a
connected crank:shaft,which might otheiw
be disturbed by the momentum of the fly-
-wheel when steam is shut off from the cylm- :
~der or from other causes, the cross-head may
‘be-connected 'with the emnk mdependemlv |
of the vibratorylever-arm and its connecting-

- BY1,w40

being in this instance made, for convenience,

1 through a double-armed lever-or rocker 31.

As. mdlcated by the diagram, Ifig. 10, the

| cerank-shaft 24 makes a h&lf 1evolut10n dm-

ing each traverse of the lever-arm 15, and, as

directions, of the Vlbmtory shaft 12 and its
fected by and dur-

head A 1*ev01u1310n, of the cranlk-shaft will

| bemade by and duringeach sald singlestroke,
| thus doubling the number of revol utwns rela-

‘tively to an engine of the ordinary eonstrue-

tion. |
In order to insure the nmmtenmme of the

ise

rod. A constr uetion Smted to 'this end 1S

shown in Figs. 1 and 2 2, in which a vibr atory

shaft 32 is Journqled in bearings on the bed-

plate and carries a short arm 33, which is

‘the cross-head 7.

i coupled by a link or connecting-r od- 54 with

a pin on the gear 27 of the eou11tm*~51mft and.

70

‘before explained, two traverses, in opposite

75
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by a link or Connectmmmd 36 with a pinon

The cross-head will thus

-be reciprocated by and in time with the reve-

| with.
-with that of the constl*uetlon shown in Ifigs.

“arms and their connections.

Iutions of the ecrank-shafi when steam is shut
off and the source of motion is the ﬂv—wheel

land cduring the working of the engine will
‘lmpart 1’-013&1,1011 to the erank-shaft of the en-

gine through the connectionsabove deseribed
and the -geari.ng, as well as through the lever-
The independ-
ent connections afford-means for driving a
valve-actuating shaft at proper speed inde-

'pendently of the gearing and provide for the

conditions of qmck stoppage and reversing
when r equired.
As shown in Figs. 6 and 7, the lever-arm

1 14 1s prolonged Sufﬁcmnﬂy £0 carry the pin

20 of - the connecting-rod 21, and the second
lever-arm 15, before described, is dispensed
- The operatmn 18, lmwever 1dentical

1 to o, inclusive.

I‘Iﬂ. 8 illustrates-an application of my in-
vention 1n connection with a two-cylinder
compound engine, and, further, as emploved
to rotate two independent crank-shafts. The
high-pressure cylinder 1 and the connections
of 1ts cross-head 7 to the crank-shaft are simi-
lar to the construetion first described. The
piston-rod (* of the low-pressure cylinder 1°

1s fixed to a cross-head 7%, fitted to slide on

guldes 5" and coupled by a link 17 to a pin
16"' on the arm 14, the cross-heads 7 and 7* of
the high andlow pressure cylinders being set
SO th@t when one is at the middle of its BI‘ELT
erse the other will be at one end of its trav-

I00
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571,740 ' 3

erse. 'The arm 15 is coupled, as in the in-

stance first deseribed, to a crank-shaft 24,

~ and also carries a pin 20* which is coupled
by a eonnecting-rod 21* to a pin 22° on a

10

crank-disk 23, fixed on anindependentcrank-
shaft 24°, whieh is journaled in bearings Zo®
on the bed-plate, on the opposite side of the
engine from the crank-shaft 24

‘\While the double-cylinder engine has been
shown as of the compound type, two single-

‘expansion cylinders may be gimilarly em-
ployed, and it is also to be noted that two

- eranlk-shafts are not an essential of the dou-

ble-cylinder construction, as the pistons of

two eyvlinders, either in a single-expansion or

“a compound engine, may be connected, 1n

the manner substantially as described and

“shown, with a single crank-shaft and effect

the rotation of the same under the same op-

erative principle exemplified in the instances

- having a single ¢ylinder.

Among the structural features of my in-

~ ventionmay be noted that the vibratory shaft,
~whether provided with one or with two lever-

-~ axisof the crank-shaftt.

-~ ftions.

S
tn

4.0

arms, may have any desired relation to the
. The extended throw
of the longer lever-arm or of the pin farther

from the axis of vibration when only one le-

ver-arm is employed is provided for the pur-

pose of fixing the length of the crank as may
be desired. In theinstancesshownthe crank

is one-quarter the length of the piston-stroke
instead of one-half, as in ordinary construc-
This length, however, 1s not an essen-
tial one and may be varied in the discretion
of the constructor.

By the employment of two lever-arms set
at proper angles on the vibratory shaft the
crank-shaft may be lecated in any desired
angular relation to a plane passing through
the axis of the vibratory shaft and wholly

independent of relation to the axial line of

the eylinder. Thiseapability is of advantage
ander frequent conditions, as, for example,

in driving an overhead line-shaft directly,

and thus dispensing with belts, &ec. |

I am aware that various mechanisms have
been heretofore proposed, as intermediate
connections from a piston to a crank-shaft,
for the purpose of increasing the number of
revolutions of the latter relatively to the

‘strokes of the former, and I do not therefore

broadly elaim a mechanism for effecting such

Go

result. *

T claim as my invention and desire o se-
cure by Letters Patent—

1. The combination, substantially as set

forth, of a fluid-pressure cylinder, a piston
“working therein, a eross-head fixed to the rod

of the piston, an arm or connection adapted
to vibrate in a dirvection transverse to the

traverse of the piston, and to effect two trav-
erses,in opposite divection,during each stroke

thereof, a link coupling said vibratory mem-
ber directly to the cross-head, a rotatable
crank-shaft, and a connection coupling said
crank-shaft with the vibratory member.

traverse of the piston,andftoe

]

9. The combination, substantially as set
forth, of a fluid-pressure eylinder, a piston
working therein, a cross-head fixed to the rod

' of the piston, an arm or connection adapted

to vibrate in a direction transverse to the
Tect two trav-
erses,in opposite direction, during each stroke
thereof, a link coupling said vibratory arm or
connection directly to the cross-head, a rota-

table erank-shaft, and a connectioncoupling

said crank-shaft with the vibratory member,

at a greater distance from the axis thereot

than the cross-head connection. |

3. The combination, substantially as se
forth, of a fluid-pressure cylinder, a piston
working therein, a cross-head fixed to the rod
of the piston, a shaft journaled to vibrate at
richt angles to the traverse of the piston, and
to effect two traverses, in opposite direction,
during each stroke thereof, lever-arms fixed
upon the vibratory shaft, a rotatable crank-
shaft, a connection coupling one of the lever-
arms with the cross-head, and a connection
coupling the other lever-arm with the crank-
shatt.

4. The combination, substantially as set
forth, of a fluid-pressure cylinder, a piston
working therein, a cross-head fixed to the rod
of the piston, a shaft journaled to vibrate at
right angles to the traverse of the piston, and
to effect two traverses, in opposite direction,
during each strolke thereof, lever-arms fixed,
at an angle one to the other, upon the vibra-
tory shaft, a rotatable crank-shaft, a connec-
tion coupling one of thelever-arms directly to
the cross-head, and a connection coupling the
other lever-arm with the crank-shaft.

5. The combination, substantially as set
forth, of two fluid-pressure cylinders, pistons
working in said cylinders, cross-heads fixed
to the rods of said pistons, a shaft journaled
to vibrate at right angles to the traverse of
said pistons, and to effect two traverses, in
opposite direction, during each stroke there-
of, connections coupling said vibratory shaft
directly to the cross-heads, a rotatable cranik-
shaft, and a connection couplingsaid crank-
shaft with the vibratory shaft.

6. The combination, substantially as set
forth, of two fluid-pressure cylinders, pistons
working in said cylinders, cross-heads fixed
to the rods of said pistons, a shaft journaled
to vibrate at right angles to the traverse of
said pistons, and to effect two traverses, in
opposite direction, during each stroke there-
of, connections coupling said vibratory shatt

' directly to the cross-heads, two rotatable

crank-shafts, and connections coupling said
cranlk-shafts with the vibratory shatt.
7. The combination, substantially as set

forth, of a fluid-pressure cylinder, a piston

working therein, a eross-head fixed to the rod
of the piston, a shaft journaled to vibrate at
right angles to the traverse of the piston, a
connection coupling said vibratory shatft with

the cross-head, a rotatable crank-shatf, a con-

nection coupling said crank-shaft with the

70

&80

90

95

100

105

110

115

120




4 S srLm40

vibratory shaft, a counter-shaft geared to the
crank-shaft, and independent connections

coupling the cross-head with the counter-
shaft.

& The combination, substantially as set

- torth, of a fluid-pressure cylinder, a piston

- working therein, a distribution-valve con-
- trolling the supnly and exhaust of the cylin- |
.. der, a cross-head fixed to therod of the piston,

‘a shaft journaled to vibrate at right angles

. to the traverse of the piston, a connection |

. coupling sald vibratory shaft with the eross-

-~ Witnesses: . |
O'II-X‘TEEI{SJ
A, W. BURFORD.

i head, a rotatable crank-shaft, a connection .
coupling said crank-shaft with the vibratory =
shaft, a counter-shaft geared to the crank- 1g
shaft, independent connections coupling the
cross-head with the counter-shaft, and con-' =
nections for actuating the distribution-valve

by the movement of the connter-shiaft.

~ GEO. A. BARNARD.
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