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To all whom it may concern:
Be it known that I, B
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disk 23 and the casing, a spring ring 25 dis-
posed at the back of each packing ring 24
and a retaining cap 26 adapted to keep the
packing in position. The packing ring 24
may be made in segments the ends of which
overlap as shown in Fig. 6 so as to break
joint and avoid gaps. The segments have
no resilience in themselves and are therefore
not liable to spring into the ports, hence
this form of packing is particularly ap-
plicable to engines made in accordance with
this invention. ' '

Means for scavenging the explosion cyl-
inder where no separate inlet valves are pro-
vided as shown in Figs. 1 and 4, comprises
the pumping piston 8 made with a chamber
27 and provided with ports 28 which are
coincident with ports in the pumping cyl-
inder when the piston is near the top of
the stroke. Said ports in the pumping cyl-
inder .communicate with the atmosphere,
ports 19 in the pumping cylinder commu-
nicate with the chamber within the cover
90 said chamber being in communication
with the explosive mixture, and a tube 29
leads from the hollow pumping piston to
the intervior of the sleeve 9. :

The action is as follows:—On the up-
stroke of the piston a partial vacuum is
formed beneath the pumping piston 8.
Near the top of the stroke ports 28 ceincide
with the pure air supply ports in the cyl-
inder thus admitting a charge of fresh air
to the interior of the sleeve 9; immediately
afterward the explosion mixture is admit-
ted by ports 19. The effect of this is that

the contents of sleeve 9 consists mainly of-

pure air so that before the charge of éx-
plosive mixture enters the cylinder 1 it*is
receded by a small charge of pure air,
orming 'a cushion between the burned
gases and the fresh explosive mixture.

The sleeve 9 may- be separately connected
to the piston 4 and sleeve and piston may be
cooled by water circulation or forced air

draft, as may be found desirable in large:

engines. One method of cooling the sleeve
and piston is shown in Fig. 10 diagrammati-
cally. Within the piston 4 and the lower
portion of the sleeve 9 is disposed a casing
31, leaving a space 32 connected to the water
circulating system by an inlet pipe 33 and
an outlet pipe 34. The path of the water
is indicated by arrows. The pipes 83 and
34 have hollow knuckle joints, 35, 36, 87,
38, 39 and 40 to allow for the movement of
the piston.

Means for lubricating the cylinder and
packing comprises an oil reservoir 41, in
which the pressure is maintained by the air
pressure in the pump chamber 42, a sup-
ply pipe 43 leading from the oil reservoir
41 to the top of the cover 20, a non-return
valve 44, and means for raising said non-
return valve to admit’ a drop of oil into
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the pumping cylinder at each stroke of the
engine or otherwise comprising a projection
45 on the piston 8. The-feed -may be regu-
lated by a needle valve in -the oil supply
pipe 43. The drainage from the pump
cylinder 7 is caught by a circular trough 46
and led by two or more tubes or gutters 47
to the upper surface of the stuffing box cap
48. The cap 48 is dished for the purpose
of retaining the oil the inner edge being
made higher than the outer edge. The
lower surface of the cap 48 is formed so
that only the outer portion bears on the
uppermost flanged disk 23. The inner por-
tion of the retaining ring is recessed so
as to provide a small clearance 49 which
communicates with the upper surface of the
ring by a number of holes or passages 50
whereby a film or small quantity of oil is
always in contact at its inner edge with the
sleeve 9 to be lubricated, and oil over-flow-
ing the outer edge of the retaining ring 48
falls into the sump of the pump-chamber
42 and is blown throungh the non-return
valve 51 to the oil reservoir 41

The engine may be started by compressed
air and the method of starting in either di-
rection is as follows: The comypressed air is
admitted to the combustion chamber 16 from
a receiver by suitable piping—not shown—
eitherthrough two valves disposed separately
as shown in detail in Fig. 7 or by a single
balanced valve, mechanieally operated. The
valve 55 is mechanically operated by a cam
on the countershaft 56 which is driven at
the same speed as the crank shaft, and
valve 57 is automatically opened by the air
pressure behind it. The valve 55 is timed
to open and admit compressed air a short
period atier the commencement of the down
stroke and elose hefore the exhaust ports
3 are ancovered. The pressure in the cyl-
inder then falls, and a charge is delivered
through the ports 15, On the upstroke the
charge is compressed and fired, ignition be-
ing preferably timed to take place ut a point
between the top of the stroke and the open-
ing of the valve 53 so that the valve 57 is
kept closed by the pressure in the cylin-

“der. When it is desired to start the engine

in the reverse direction, the counter shaft
56 is slid along by a lever and another set
of cams—not shown—brought into opera-
tion. When running under power, the valve
55 is normally befween the two sets of cas,
and inoperative.

The valves 55
may be disposed
shown in Figs. 8

of a multicylinder engine
in a separate casing «, as
and 9, and arranged radi-

ally in the same plane at equal angles, the

stems & pointing inward. In such an ar-
rangement the shaft 56 would be provided
witli two cams ¢ and ¢ only and would pass
through the center of the casing « and oper-
ate each valve 55 in correct sequence. The
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zir admission pipe ¢ would be led to the
casing ¢ and from thence the air would be
distributed by each valve 55 by suitable
piping f to its respective valve 57,

By another arrangement for starting the
engine by compressed air the cylinders 1

_are each provided with 2 mechanically oper-

ated valve 58 which is adapted to be re-
turned to its seat by the piston 59 and spring
80. Compressed air is admitted to these
vaives by & piping 61 from a conirolling

mechanism, the controlling mechanism Is

provided with an inlet valve 62 {ror. the
compressed air supply and an exhaust valve
83 and cams 64 and 65 on shaft 66. The

" cams are adapted te be slid inte or out
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of operative position to open and close the
compressed air inlet valves 58 in their cor-
vect sequence but normally said cams 64
are in inoperative positions. The cams may
be slid in unison with the opening and
closing of the valves of the controlling
mechanism or independently thereof and at
the same time the ignition may be cut out.
" In operation the cams 64 which are driven
at the same speed as the crank shait of the
engine are slid to operate the inlet valves
58, at the same time the inlet valve 62 of
the controlling mechanism is opened to the
compressed air supply. The engine iIs then
caused to rotate by compressed air the valves
opening and closing in their correct

se-

quence, the exhaust taking place through the
1 bJ o o

ordinary exhaust ports 3 of the engine.
For the purpose of utilizing the engine as
an-efficient brake another set of cams 65 i
provided in the shaft which ave adapted to
operate the air inlet valves 58 when the inlet
valve 62 of the controlling mechanism is
closed and the exhaust valve 63 thereof is
opened. :

In operation on the forward stroke of the
engine air is drawn in to the eylinder the
valves are shut near the end of the siroke
and the.air confined in the cylinder is com-
pressed until the top of the stroke is reached
when the air inlet valve 58 is opened and
the compressed air escapes through the ex-
hanst 63 in the controlling mechanisin, thus
producing a braking action during the oper-
ation the sparking device may be cut out.

The earbureter may be arranged to suppls
air only when the braking operation s in
158 .

The detail of course ba
modified in various ways while zeserving
the main features of my invention.
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cylinders, a casing adapted to inclose said-

inlet ports and all the back ends of the
pumping cylinders, forming a single closed
chamber which is/in communication with

the explosive mixture supply, an oil reser-
voir, connections between the oil reservoir.

and each pump chamber to maintain pres-
sure in the said reservoir, a branched supply
pipe leading from the oil reservoir to the
casing over the back ends of the pumping
cylinders, non-return valves in each branch
of the supply pipe, a projection on each
pump pisten to raise said valves, a circular
trough in each pump chamber, a dished

stufing box cap on each stuffing box, a gut- .

ter leading from each trough to the upper
surfaces of the respective stufling box caps,

and pon-return valves in said connections-

between the oil reservoir: and the pump
chambers for returning surplus oil from
each pump chamber to the reservoir.

5. An internal con.bustion engine com-
prising a plurality of working cylinders
and pistons, and an equal number of pump-
ing cylinders and pistons in alinement with
their respective working cylinders, a stuff-
ing box between each working cylinder and
respective pump cylinder, a sleeve connect-
ing each pair of pistons and working in one
of said stufing boxes, ports in said sleeves,
inlet ports in the walls of the pump cylin-
ders, and a casing adapted to inclose said
inlet ports and all the back ends of the
pumping cylinders, forming a single closed
chamber which is in communication -+with
the e)_iplosive‘gixture supply, said pump-
ing piston beifig hollow and having ports
therein, and said pumping cylinders having
corresponding ports in the walls thereof
communicating with the atmosphere, and
tubes leading from the hollow pump pistons
to the Interior of the sleeves.:

6. An internal combustion engine con:-
prising a plurality of working cylinders
and pistons, an equal number of pumping
cylinders and pistons in alinement with said
working cylinders, a stufing box between
each working cylinder and respective pump
cylinder, a sleeve commecting each pair of
pistons and working in one of said stuffing
boxes, ports in said sleeves for admitting
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the charge from each pump to the respec-
tive working cylinder und a casing adapted
to inclose all the back ends of the pumping
cylinders, means for admitting the explo-
sive mixture to the pumping cylinders from
said casing, and means for admitting air {~
the interior of sleeves for scavenging.

7. An internal combustion engine com-
prising a plurality of working cylinders
and pistons, an equal number of puwping
cylinders and pistons in alinement with said
working cylinders, a stuffing box between
each working cylinder and respective pump
cylinder, a sleeve connecting each pair of
pistons and working in one of said stuffing
boxes, ports-in said sleeves for admitting
the charge from each pump to therespec-
tive working cylinder, and a casiug adapted
to inclose all the back ends of the pumping
cylinders, means for admitting the explo-
sive mixture to the pumping cylinders from
said casing, a casing within the lower por-
tions of each sleeve and within each power
piston, and means for circulating water be-
tween the casing and the sleeve or piston.

8. An internal combustion engine com-
prising a plurality of working cylinders
and pistons, and an equal number of pump-
ing cylinders and pistons in alinement with
their respective working cylinders, a stuff-
ing box between each;working cylinder and
respective pump cylinder, a sleeve connect-
ing each pair of pistons and working in one
of said stuffing boxes, ports in said sleeves,
inlet ports in the walls of the puwp cylin-
ders, a casing adapted to inclose said inlet
ports and all the back ends of the pumping
cvlinders, forming a single closed chamover
which is in communication with the explo-
sive mixture supply, a casing within the
lower portions of the sleeve and within the
power piston and means for circulating
water between the casing and the sleeve
or piston.

In witness whereof, T have hereunto

_signed my name in the presence of two sub-

scribing witnesses.
BALFOUR READ.
‘Witnesses: ’
Roeerr MiLToN SPEARPOINT,
Hegrnert D. JaMESON.
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