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To all whom it may concern:

Be it known that I, HENRY D. DUNBAR, a
citizen of the United States, and a resident
of North Hartland, Vermont, have invented
certain Improvements in Compound Engines,
of which the following is a specification.

My invention relates to that class of com-
pound enginesin which the high and low pres-
sure cylinders are placed side by side or one
above the other and the two piston-rods are
connected to the same crank-pin; and the in-
vention relates especially to that form of such
engine which 1s shown in my Patent No.
502,956, dated August 8, 1893, and in which
the structure connecting the two piston-rods
to the crank-pin is in the form of a rigid tri-
angular frame connected at the apex to the

crank-pin and at the base to the piston-rods.

One object of my invention is to so modify
the construction of this friangular frame as

to provide for the use of a central slide and

guide instead of the top slide and guide of
the patented structure, a further object of
the invention being to provide for the ready

admission of alr to the low-pressure cylinder

when the steam is cut off and the engine is
running by gravity or momentum, and a still

- further object being to provide simple means
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tor admitting live steam to both cylinders
when more than the ordinary amount of power
18 required, as, for instance, in starting a
heavy train. These objects I attain in the

manner hereinafter set forth, reference being

had tothe accompanying drawings,in which—
Figure 1 is a view, partly in section and
partly in elevation, of sufficient of a com-

pound engine of the locomotive type to illus-
trate my invention.

Fig. 2 is a transverse
section of the same partly through the cylin-
ders and valve-chest and partly through the
connecting-frame and slide-bearing. Fig. 3
is a diagram illustrating the position of the

- pistons, piston-rods, and connecting-frame

when the crank-pin 18 on the center and the
pistons are at one end of thestroke; and Fig.
4 18 a diagram 1llustrating the position of the
parts when the crank-pin is at the top mid-
point of the throw and the pistons are at half-
stroke, ~ | - .

In Figs. 1T'and 2, A represents the low-pres-

sure cylinder, and B the high-pressure cylin-

and lower piston-rods A® B2

der, of the engine, A’ B’ representing, respec-
tively,thelow-pressure and high-pressure pis-
tonsand A*B*the low-pressure and high-pres-
sure piston-rods. The usual heads at the gs
outer ends of the piston-rods are connected by
pivot-pins a to a triangular frame comprising
the upper member b, thelower member b’, and
the short connecting member 62, all of these
members being rigidly secured together at 6o
their meeting points, and the outer end of the
member b having the usual bearing-box for re-
celving the crank-pin d of the driving-wheel.
The member 0% of the triangular frameis piv-
oted by means of a pin ¢ to a slide D, which 65
18 adapted to guides D', projecting forwardly
from the cylinder-head structure and occu-
pying a position midway between the upper
By thus piv-
oting the connecting member of the triangu- 7o
lar frame at its center I am enabled to employ
the central slide and guides instead of the
guide above the upper piston-rod, as in my
patented structure, so that the front end of
each piston-rod is comparatively close to the 7z
rigid guide, and is therefore more effectively

guaided.

Thisconstructionimplies, as did the former
one, a slight differential movement of the pis- |
tons, the three pins ¢ ¢ and ¢being vertically 8o
in line with each other when the crank-pin is
on the center and the pistons are at the end
of the stroke, as shown in Fig. 3, the upper
pin ¢ being in advance of the vertical line «
through the pin ¢ and the lower pin ¢ in the 83
rear of sald line when the crank-pin is at the
lower mid-position, as shown in Fig. 1, and a
condition of affairs the reverse of that shown
i sald Fig. 1 being the result when the crank-
pin 18 at the upper mid-position, as shown in go
Fig. 4. This provision for independent move-
ment of the upper and lower piston-rods, how-
ever, 18 not a disadvantage, but is, as set
forth in my former patent, attended with cer-

tain advantages in carrying the crank-pin g3

over the centers. The ends of the member 6?
of the triangular frame are offset or carried
forwardly beyond the central pivot of the
same to such an extent that the three pins
are directly in line vertically when the pis- 100
tons are in either extreme position. Hence

‘the arcs of circles traversed by the upper and
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lower pins @ a do not deflect the latter mate-

‘rially from horizontal lines, and there is no

objectionable vertical play of the piston-rods
in their stuffing-boxes and no injurious twist-
ing strain upon either of the pistons.

In engines of the class to which my inven-
tion relates an objectionable thumping or

pounding frequently occurs owing to the for-
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mation of a partial vacuum in the low-pres-
sure cylirder when steam is cut off and the
engine is running down a grade or by momen-
tum. This objection I overcome by provid-
ing an air-inlet valve for the low-pressure cyl-
inder independent of that which supplies air
to the high-pressure cylinder when the steam
is cut off.

The chamber within the steam-chest K isin
communication with the steam-supply pipe
through channels 7, the combined induction
and eduction passages for the high-pressure
cylinder being shown at ¢, the combined 1n-
duction and eduction passages for the low-
pressure cylinder being represented at A, and
the main exhaust-passage at I, thisbeing the
usual construction. o |

The valve G is a sliding D-valve having the

~ ordinary exhaust-chamber ¢, but having also
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a passage m, which serves to convey steam

from one or other of the passages ¢ to the op-
posite passage h, so that steam is exhausted
from one end of the high-pressure cylinder
into the opposite end of the low-pressure cyl-
inder, in order that the pistons of both cyl-
inders may be driven in the same direction.

On the top of the steam-chest cover I’ isa
small chest J, containing a check-valve n,
opening inwardly, this chest J communicat-
ing, through an opening n’ in the cover F' and

through an opening »* in the back of the valve

G, with the passage m of the latter.

When the engine is running under ordi-
nary conditions, steam under pressure from
the passage m of the valve G enters the
valve-chest J and closes the valve n against
its seat, so that no escape of steam there-
from is permitted, but when the steam has
been cut off and the engine is running down
a grade or by momentum, and the movement
of the piston A’ causes partial vacuum in
that end of the cylinder A which 1s in com-
munication with the passage m of the valve
G, the valve n will open and permit air to en-
ter the cylinder A through the valve-chest
J, openings n' n?, and passage m of the valve
G, s0 asto overcome the objectionable thump-

- ing or pounding due to the creation of this
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partial vacuum in engines as at present con-
structed.

Under the same conditions of working, air
is supplied to the wvalve-chest I, and thence
to the high-pressure cylinder B, by means of
the usual air-valve p at one end of said valve-
chest. | -

The valve G is provided on the back with
suitable packing-strips s s’ in order to pre-
vent the access of steam to the back of the
valve, thereby relieving the same from pres-
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sure. The packing-strips s are common in
this form of balanced valve, but I have added
the strips s', so as to cut off the opening n?
which leads into the chamber mof the valve,
thereby reducing the steam-pressure on the
back of the valve to a minimum. |
In order to prevent steam which may leak
past the packing-strips for accumulating be-
hind the valve and within the spaces inclosed

by said packing-strips, the valve has open-

ings?, leading to the main exhaust-chamber ¢’
from the chambers on the back of the valve.

The opposite ends of the steam-chest com-
municate with each other through passages

2w, formed in the cover F', and one of these

passages is in communiecation, through a
valved pipe w’, with the chest J.

The valve in the pipe w'is normally closed,
so that no opportunity is afforded for live
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steam to gain accessto the chestJ, but when -

it is desired to use live steamin the low-pres-
sure c¢ylinder in order to develop high power,
as, for instance, in starting a heavy train, the
valve in the pipe w’ is opened, so that live
steam can gain access to the chest J, and
thence, through the passage m of the valve
G, can enter the low-pressure cylinder, the
latter thereby becoming, for the time, a high-
pressure cylinder, the pressure in both ends
of the normal high-pressure cylinder B being
equalized. | -

Having thus described my invention, I
claim and desire to secure by Letters Pat-
ent—

1. The combinationin a compound engine,
of side-by-side eylinderseach with pistonand
piston-rod, a triangular frame connected di-
rectly to the outer unguided ends of the pis-

ton-rods and to the crank, and a guided slide

located between the piston-rods and carrying
a pivot for the short connecting member of
said triangular frame, substantially as speci-
fied. |

2. The combination in a compound engine,
of side-by-side cylinders each with piston
and piston-rod, the triangular frame con-
nected direetly to the outer unguided ends
of said piston-rods and to the crank, and a
slide adapted to guides between the piston-
rods, said slide carrying a pivot-pin for the
short connecting member of the triangular
frame and said pivot-pin being offset longi-
tudinally in respect to the points of connec-
tion of said short member with the other mem-
bers of the triangular frame, substantially as
specified. |

3. The combination in a compound engine,
of high and low pressure c¢ylinders, each with
its piston and piston-rod, a valve-chest hav-
ing a main valve for directing steam to the
high-pressure cylinder, from the latter to the
low-pressure cylinder, and from the latter to
the exhaust, a valved air-inlet, a passage lead-
ing therefrom to the low-pressure cylinder
through the main valve, and a valved pipe
whereby live steam from the steam-chest can
be directed into said passage and thence into
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the low-pressure cylinder, substantially as
specified. -

4. The combination in a compound engine,
of high and low pressure cylinders each with
plston and piston-rod, a valve-chest having a
main valve with exhaust-chamber, and above

the same a chamber for conveying steam from

a port of the high-pressure cylinder to a port
of the low—pressure cylinder, an opening from
this conveying-chamber to the back of the
valve, a live-steam passage leading through
the back of the valve-chest, and 101:1 0‘1tud1-
nal and transverse paeklnﬂ—stmps carmed by
the back of the valve and bearing against the
back of the valve- chest, the longitudinal
packing-strips comprising inner and outer
sets, the inner set being close to the passage
1n the back of the Valve chest whereby the
steam-pressure on the back of the valve is
reduced toa minimum, substantially as speeci-
fied.
5. T'he combination in a compound engine,

of high and low pressure cylinders each Wlth
plston and piston-rod, a valve-chest having a

main valve with exhaust-chamber, and above |

_31;

 the same a chamber for conveying steam from

a port of the high-pressure cylinder to a port
of the low-pressure cylinder, an opening from
this conveying-chamber to the back of the
valve, a live-steam passage leading through
the back of the valve-chest, lon n'ltudmal and
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transverse packing-strips C.:LI‘I'led by the back

of the valve and bearing against the back of
the valve-chest, the longitudinal packing-
strips comprising inner and outer sets, the
inner set being close to the passage in the
back of the Valve chest whereby the steam-
pressure on the back of the valve is reduced
fo & minimum, and drainage ports or pas-
sages leading from the e*;ha,ust chamber of
the valve to the spaces between the inner and
outer longitudinal packing g-stripsof the same,
substantlally as specified.
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In testimony whereof I have signed my '

name to this specification in the presence of

| two subscribing witnesses.

HENRY D. DUNBAR.

Witnesses: | |
FrRANK E. BECHTOLD,
Jos. H. KLEIN.
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