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UNITED STATES

| Re. 16,909

PATENT OFFICE.

ARTHUR JACKSON WEST, OF BETHLEHEM,

PENNSYLVANIA, ASSIG‘NOR TO BETHLEHEM

STEEL COMPANY, OF BETHLEHEM, PENNSYLVANIA, A CORPORATION OF PENN-

SYLVANIA.

INTERNAL-COMBUSTION ENGINE,

Original application filed ﬂovember 9, 1920, Serial
No. 1,602,089, dated October 5, 1926. Applieation

My invention relates broadly and gener-
ally to new and useful improvements in in-
ternal combustion engines, and more par-
ticularly. to that type wherein fuel for com-
bustion is injected into working cylinder and
ignited by heat in the eylinder, for example,
that heat resulting from compression of a
gaseous component of combustion in the cyl-
inder, although it will be understood that
in its broad aspect the invention embodies
many features applicable to all type of in-
ternal combustion engines. o ]

Engines of the general type mentioned in
existence prior to my present invention, so

far as T am aware, have been objectionable

from a commercial standpoint because of
certain inherent structural defects and limi-
tations which my present invention obviates,
Among such defects and limitations are the
following : In 4-stroke-cycle engines operat-
ing on said principle, the weight of the en-
gine, and the space occupied by it, are nec-
essarily objectionably large, due to the fact
that. cach eylindér makes only one power
stroke in four, and consequently the weight
per horse-power developed is unduly large
and out of proportion to any supposed ad-
 vantages gained by the use of such an en-
gine. In order to overcome.this difficulty
numerous attempts have been made to con-
struct engines operating on said principle
so as to function on a 2-stroke cyele, but
these (oo - have not proved commercially
available, especially when designed to pro-
duce lavge herse-powers at comparatively
slow speeds, for example, an engine such as
might be required to furnish power in a
large power plant, or to drive ships of con-
siderable size. These prior 2-stroke cycle
engines have heen only partiaily successful,
due to the fact that the heat effects in the
power cylinder and adjacent pavts, resulting
from the cxplosion of the combustible
charge, were not properly . controlled, thus
resulting in cracking and destruction of
such cylinders and parts, which of course,
means the incapacitating of the engine for
any useful purpose. This has been due to
the Tact that in large engines working at
comparatively slow speeds, the cylinder, or
cylinders, is nccessarily of - considerable
length, requiring the admission of scaveng-

"No.'422,753. Renewed December 29, 1925. Original

- for reissue filed July 13, 1927. Serial No. 205,471,

ing air at the top or that end of the cylinder
opposite the exhaust ports, in order to pro-
vide for complete scavenging and in engines
of this type the cylinder, cylinder heads and
other parts exposed to the highest heat ef-
fects have been necessarily so constructed
that deterioration and failure of the metal
of thecylinder and parts has resulted usually
from such heat effects, which could not-be
efficiently controlled or prevented, so that
the life of the cylinder and heated parts has
-been shortened to such an extent as to pre-
vent commercial success of snch engines.
Another inherent objection has been that
efficient means have not been provided for
controlling or preventing deleterious heat
effects resulting from the wide differences
of temperature between that portion of the
cylinder which is exposed to the greatest
heat, and that external portion which is in

contact with the cooling medium for the-

cylinder. These large differences in temper-
ature have resulted in differences in the ex-
tent of expansion and contraction between
the inner and oufer portions of the cylinder
wall, therebv resulting in internal stresses
in the cylinder wall, causing deterioration of
the metal and cracking of the ecylinder.
These prior constructions have also been ob-
jectionable and have failed because of in-
adequate provision for profecting or reliev-
ing the cylinder wall of stresses diie to the

forces resulting from the explosion, or from

expansion and contraction of the cylinder
under heat cffects. Furthermore; 1t has been
impossible to keep the temperature of all
- portions of the eylinders or other heated
parts sufficiently near to the average tem-
perature of the whole cylinder or heated
parts to prevenl deterioration and conse-
quent failure of an everheated portion, due
to the unequal heat effects in the local area
which fails, in other words to prevent the
possibility of certain areas becoming heated
~to such an extent in.excess of the average
temperature of the cylinder as to result in
hot spots. , :
One object of my invention, among others,
* to be more fully described hereinafter, is to
-provide an engine commercially available
for the generation of large horsepower at
compartively slow speeds, in which the ob-
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jections above set forth will be obviated,
and in which the heat effects may be effi-
ciently controlled within the limits of safety
in such an engine necessary to its commer-
cial success. Other objects will appear in
the following detail description of the in-
vention.

The invention consists in the Tmproved
construction and combinations to be more
fully described hereinafter, and the novelty
of which will be particularly pointed out
and distinctly claimed. ‘

I have fully and clearly illustrated my
invention in the accompanying drawings to
be taken as a part of this specification, and
wherein :

Fig. 1 is a longitudinal vertical sectional
view of a portion of an engine made in ac-
cordance with my invention;

Fig. 2 is ajtransverse sectional view of my
improved engine;

Fig. 3 is a side elevation of a section of
my improved engine with the valve mecha-
nisms removed ;

Fig. 4 is'a plan view of the apparatus -

shown in Fig. 3; ,

Fig. 5 is a fragmentary sectional view
showing my improved scavenge and fuel in-
jection valve mechanisms;

Fig. 6 is an elevational view of one of
my improved engine cylinders;

Fig. 7 is a sectional view of one of my
improved engine c¢ylinders;

‘Fig. 8 is a plan view viewed from the top
of the cylinder shown in Figs. 6 and 7;

Fig. 9 is a plan view viewed from the bot-
tom of Figs. 6 and 7;

Fig. 10 is a fragmentary sectional view
showing a modified type of cylinder con-
struction; ’

Fig. 11 is a detail plan view of the ex-
haust collector;

Fig. 12 is a sectional view taken aleng the
line XIT—XTIL of Fig. 11 viewed in the
direction of the arrows;

Fig. 13 is an elevational view of the ex-
haust celiector;

Figs. 14 and 15 arve detail views showing
pedestal members for the ends of the en-

ne;

Figs. 16 and 17 are detail views of pedes-
tal constructions for adjacent two-cylinder
engine structures;

Figs. 18 and 19 are detail views of inter-
mediate pedestal members; .

Fig. 20 is a detail sectional view showing
packing for interfitting jacket and exhaust
collector portions.

Referring to the drawings by characters
of reference, 1 designates generally the bed
of the engine, the same being preferably
cast in an integral structure for each pair
of cylinders as a suppart for. the engine
frame, and alsc with bearings for the crank
shaft. This bed consists preferably of lon-

16,909

gitudinal flanged side members 2, 2 (see
Fig. 2), a trough member 3, and end mem-
bers or walls 4, said members 2 —8—and 4
constituting a casing for the crank shaft of
the engine. Within the crank casing and

'integral with the walls of the latter, are

transverse supports.5 (see Fig. 1) for the

‘bearings 6 for the crank shaft 7. The crank

casing is provided with transverse housings
8 (see Figs. 1 and 2) receiving transverse
tension members, preferably in the form of
bolts 9, extending through said housings,
said bolts being each provided. on its ends
outside of the casing and abutting the oppo-
site sides of the latter with nuts 10, 11, by
means of which nuts the members 9 may be
placed under tension, opposing the forces to
which the crank casing may be subjected,

- due to the operation of the engine tending

to rupture the crank casing. These bolts §
are adjusted to an initial tension in excess
of any tension to which that part of the
crank case is subjected, so that the crank
casing is relieved of transverse disrupting
tension. The side members 2 of the crank
case or bed of the engine are adapted to
rest upon any - suitable foundation - (not
shown}, and to sustain the weight of the en-
gine in such manner that the trough 3 of
the crank case is not directly supported by
the foundation.

Supported on the bed just described, are
the side frames or standards 12, 13 arranged
in groups of three pairs, each of which
groups supports two power cylinders. At
their upper ends the pairs of each group
are connected and rigidly braced by means
of horizontal girders 14, arranged between
the frames, and having flanges 14 secured
thereto, in any suitable manner, for example
bolts 14, The pairs of frames at the ex-
treme ends of the engime frame structure
each support a pair of vertical, hollow pedes
tals 16, connected by transverse, vertical
webs 17, while the pairs of frames-at the ad-
jacent ends of said groups support pedestals
18, the pedestals on the frames of one gronp
being connected to the pedestals of the ad-
jacent group by vertical webs 19 and upper
and lower horizontal webs or flanges 20, (see
Figs. 16 and 17). and said pedestals being
further braced by transverse, vertical webg
21, said pedestals and webs being preferably
cast in a rigid, integral structure, as shown
in Figs. 16, 17.. The connectors formed by
the pedestals 18 and their connecting webs
constitute a lateral and transverse brace be-
tween adjacent groups of said frames. Be-
tween the pedestals 16 and 18, just described,

are intermediate hollow pedestals or col- |

umns 22.

Upon the upper ends of the pedestals 16,
18 and 22 on each group of frames is sup-
ported a cylinder support 23, the same be-
ing shown in plan view in Fig. 4, and in
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elevation in Fig. 3, said cylinder supports
and pedestals being connected to the engine
frames by vertically extending tie-members
or tension-members 24 extending through
vleeves or hollow columns 25 formed in the
evlinder support, sleeves 26 on the side
frames 12 and 13 and through the bottom
of the crank case 3. The tension-members
24 carry nuls 27, 28 threaded. respectively,
on the lower and upper ends thereof and
abutting the upper surfaces of the members
23 and the hottomn of the crank ase, said
nuts being operable to place said rods under
tension thus rigidly securing together the
intervening parts. ‘Tt will be ceen that the

pedestals 16, 18 and 92 constitute spacers

between the upper ends of the standards 12,
13 and the cylinder supports 23. The meun.
bers 24 are placed under initinl tension
greater than the working stress due to the
operation of the engine, thus relieving the
mtervening parts from all tension stresses,
The members 23 are each provided with two
circular spaces 29 therethrough, in each of
which spaces is located one of the working

“cylinders 30 of the engine. These evlinders

are of a_novel construction which will now
be deseribed :

Fach eylinder | (see particularly Tigs. 6
and 7) consists of an annular wall 31 of
such Iength and dianeter as the power out-
put of the engine may require. At its up-
per portion the inner cylindrical wall of the
engine cylinder is merged into a tapered

5 or contracted portion 32 having a down-

wardly flaring surface 33 lerminating at the
upper extrenuty of the eylindrical bore, said
tapered surface performing a function to
he presently deseribed, and forming pirt of
the combustion space of the cylinder. From
the contracted portion 32 the shell of the
eylinder s extended upwards, as at 34,
where at its upper end portion it connects
with an overhanging wall or jacket member

35 extending downward to a point prefer-
ably below the point at which the eylindri-

al hore of the evlinder merges with tlie con-
tracted portion 32, said overhanging wall
35 being spaced from the evlinder wall
proper in order to provide a space 36 for the
cireulation  of a suitable cooling medium
suclt as water.” In the construction, the an-
nular overhaneing wall 85 is not connected
to the cylinder wall proper at any point, ex-
cept at the extreme upper end. thereby pro-

viding an unobstructed. annular space be-

tween the exvlinder wall or jacket menmber
and said overhanging wall for the cirenla-
tion of the cooling medinm. and to allow
expansion and contraction of said wallg in-
dependently of each other. While T have,
in the preferred construetion, shown the
overhanging wall or jacket member cast in-
tegral with the upper end of the cvlinder
structure. T may if desived, make said wall

or jacket member in a separate casting and
bolt the same to the cylinder head, as shown
in Fig. 10. The lower edge of each of the
overhanging walls 85 is provided with an
outwardly extending circumferential flange
37 resting upon the member 23, whereby the

eylinder is supported on the member 93 by

sald overhanging wall or jacket meémber, and
the wain body portion of the cylinder is
frec to expand and contract longitudinally
front its extreme upper end to its extrenje
lower end. The wall 85 is also provided
with an upper flange 38 having openings 39.
through which, and openings 40 in the said
flange 37, extend securing studs or bolts 41,
the lower ends of which are threaded into
the =aid member 23, and the upper ends of
which are provided with heads 42 which en.-
unge the upper face of flange 38. whereby
the upper end of the cylinder 30 is rigidly
connected to the cyvlinder support 23, Tt
will be ceen that by this arrangement the
cylinder wall is free to expand lengthwise
toward the crank shaft without regard to
the support on or connection to the member
23, 1t will be seen that my improved engine
evlinder is substantially bottle-shaped in
outline, that is, it has a eylinder portion 30
defining the piston bore and a flaring or
contracted portion 82 which merges into the
contracted or neck portion 34, the latter por-
tion heing connected to the overhanging sup-
porting wall or jacket member 85 ,
In Fig. 10 the upper end of the cylinder
proper is provided with an annular latersl
flange 36° yeceived in an annular recess 36°
beneath an inwardly directed annular flange
36" formed integral with the part 35, the
evlinder being secured to said part 35 by
means of stud holts 412 corresponding to
the valve cage holding and clamping studs
hereinafter mentioned. and passing through
openings in the flange 369 and threaded, as
at 41° into the flange 86" said bolts each -
havine a fixed shoulder 41° integral there-
with. and engaging the top of the flange
36 whereby the parts are clamped together.
Suitable fluid-tight packing 36° may be in-
terpored between a shoulder 365 on the outer

face of the flange 36" and the bottom of

the recess 36" The upper and lower flanges
37. 38 are connccted by integral ribs 43.
prefevably also integral with the member 35,

The evlinder walls are relieved from lon-
gitndinal strains by the following structure,
which. .as_a_longitudinal strain opposing
structure, T Lelieve to be new.  Surrounding
that portion of the eyvlinder containing the
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may term a eireular or annular truss con-
struction, consisting of overhanging wall 85
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through flange 37, and are preferably in
cireular arrangement. This -truss structure
extends above, and preferably below the top
of the combustion space of the cylinder, as
shown, and forms a support for the cylinder
which is rigid against explosion stresses, but
sermits free expansion and contraction of
the cylinder resulting from changes in tem-
yerature. ,

The water jacket wall 35 extends -from its
junction with the cylinder above the top of
‘he combustion chamber downward to a
point below the top of the piston stroke. It
thus encloses the Initial combustion occur-
ripg within the tapered portion of the cylin-
der. 'This construction possesses the advan-
‘ageg that the connection of the water jacket
with the cylinder is removed from the lo-
cality of the greatest heat, and the tapered
wall of the cylinder, the water cooling out-
side thereof and the air cooling inside
thereof, as hereinafter described, all con-
tribute to most favorable temperature con-
ditions. The cylinder wall proper is of
‘greater thickness at the upper or explosion
end, the thickness decreasing gradually to-
ward the exhaust end. This reduction in
thickness.is permissible, due to the decrease
in pressure between the upper end of the
cylinder and the piston as the latter de-
scends, and is advantageous in increasing the
cooling’ effect, and decreasing the weight of
the cylinder.. The lower end of the cylinder
is provided with an upwardly directed wall
or jacket member 44 spaced from the main
cylinder wall and forming an annular space
15 for the circulating of cooling medium.
The upper end of said wall or jacket member
44 terminates a distance from the lower edge
of the wall 35, the space between the same
being bridged or closed by a cylindrical
jacket member 46 rigidly supported on the
inember 23 in the space between the latter
and the main cylinder wall, and together
with the walls or jacket members 35 and 44
forming an annular cooling space for the
cirenlation. of cooling medium.
noted that this cooling space extends from a
point above the contracted space 32 to the
extreme lower end of the cylinder. The
upper edge of the wall of jacket member 44
is provided with an outwardly directed
flange 47 (see Figs. 1, 2 and 7) between
which, and an inwardly directed flange 43
on the member 46, is suitable packing 49 to
prevent leakage of the cooling medium be-
{ween the parts, while at the same time al-
lowing movement of the wall or jacket mem-

_ber 44 longitudinally of the member 46, due

to expansion and contraction of the cylinder
under heat effects. A great advantage of
having the cooling space extend entirely to

It will be”

16,900

the lower end of the cylinder resides in the
fact that any sediment, such as mud, salts,
ete., which may be deposited from the cool-
ing’ medium will drop to the lower. portion
of the annular space 45 and out of the area
where it is necessary that cooling medium be
present at all times. o

The water jacket wall comprises three sec-
tions, two of which join the cylinder walls
at opposite ends, and ‘the third of which
forws a telescopic joint with one of said two,
and extends to the other of the two, the two
end sections surrounding, respectively, the
combustion space above the cylinder stroke
and the exhaust openings. '

The wall of the water jacket is connected
to the cylinder above the combustion space

and extends downwardly to enclose the com-
bustion space above the cylinder stroke be-

ing substantially free of the cylinder wall
opposite the combustion space.  Any suitable
means may be provided for circulating a
cooling medium, preferably water, in the
cooling space surrounding tlie engine cylin-
der, said means. preferably consisting of an
inlet pipe or pipes 30° sealed in an opening
30 in the wall 35, and connected to a down-
wardly directed pipe 30°, the lower open end

of which terminates closely adjacent  the .

bottom end swall of the cylinder cooling
space, as at 30% The water or other cooling
medium circulated in the cooling space rises
in the upper portion thereof and flows out
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through one or more connections 30°, tle

upper end of which is located adjacent the
point of union between the wall 35 and the
part 33, and the lower end of which is con-

‘nected to and communicates with an outlet

coupling 801, suitably sealed in an opening
305 in the wall 35. Tt will be understood
that the cooling medium may flow from any
suitable supply and be circulated in any

suitable manner. By ' the - arrangement
shown, the' cooling medium circulates

throughout the entire cooling space, and by
locating the inlet and outlet, in the manner
described, vapor pocketing in the upper end
of the cooling space is prevented.. Tt is pref-
erable to locate the couplings for the inlet
and outlet connections adjacent the lower
end-of the part 35 so as not to weaken the
truss structure, which would result if con-
nections were made at points higher in said
member 35, At the lower end portion of the
cylinder are a plurality of radially arranged
exhaust ducts 49%, preferably formed integral
with the evlinder wall proper and the up-
wardly ‘directed wall or jacket member 44.
These ducts arve preferably cast integral with
said walls =o that all possibility of leakage
of the cooling' medium into the exhaust
ducts, or of gas into the cooling medium
space is cffectively prevented, while at the
sanie time the desired flexibility of the cyl-

inder wall is retained. The exhaust ducts:
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49 are preferably arranged as a circumfer-
ential belt near to the lower or exhaust end
of the cylinder so as to divide the cooling
space into annular portions arranged above
and below the exhaust belt which portions
communicate - with each other through the
spaces between the duct walls. - In this way,
circulation of cooling fluld may be had to an
adequate extent throughout the cooling
space and the exhaust end structure of the
cylinder may be sufficiently cooled. = As
shown, the ducts are elongated in the dirvec-
tion of length of the cylinder. This feature
affords adequate exhaust arvea without hav-
ing ports too wide in a circumferential di-
rection, thereby resulting in the retention
of suflicient strength in the material of the
cylinder between ducts and also a large ratio
of exhaust port wall area to exhaust port
cross sectional area in order that adequate
cooling surfaces for the exhaust ports may
be provided. The exhaust ports are inclined
outwardly and dewnwardly so that the ex-
haust gases may leave the cylinder with a
minimum degree of turning, thereby facili-
tating the passage of the exhaust gases to
the exhaust collecting apparatus to be de-
scribed. - The bridging jacket member 46

engages the lower jacket member externally’

for the reason that, in practice, the lower
end of the cylinder construction, including
the jacket member 44 and the ports 49, tend
to be maintained at higher temperatures

than the bridging jacket member 46. There-

fore, by having the bridging jacket member
arrvanged as an outer telescoplng member, a
tight joint is at all times assured and expan-
sion of the outer member away from the in-
ner member avoided. Surrounding each
power cylinder at the lower end portion of
the latter is an exhaust collector 50 consist-
ing preferably of a water-cooled annulus 51
supported from the lower portion of the
cylinder support 23, and secured to the lat-
ter by studs or bolts 52 passing through a
flange 53 and entering said element 23. Each
of ‘these exhaust collector members is pro-
vided with an annular exhaust-receiving
chamber 54 surrounding the eylinder at that
area of the latter at the exit of the exhaust
ducts 492, previously described. The exhaust
from these ducts 49* passes into the annular
chamber 54 and thence through an outlet
duct 55 into the exhaust pipe 56. The lower
end of the cylinder 30 extends below the
lower edge of the exhaust collector and may
slide relative to the latter when expanding
and contracting due to heat effects. A pack-
ing consisting of a stufling-box 57 (Figs. 1
and 2) is carried by the exhaust collector
and engages the lower end of the cylinder to
) The web
connecting the lower end of the cylinder
with-the upwardly directed wall or jacket
member 44 is provided with a plurality of

annularly arranged clean-out openings 58
which are closed by an annular closure plate
or ring 59 secured to the lower end of the
cylinder by any suitable screws or studs fit-

ting openings 60 (Fig. 9) at the lower end

of the cylinder, said openings 58 being lo-
cated below and in line with the spaces be-
tween the exhaust duets. '

The upper end of the exhaust collectcr is
provided with an annular recess 61 which
receives the flange 48, and between which
Hlange and the base of the recess is fire-pack-
ing 62, for example, asbestos (Fig. 20),
which engages the outer surface of the wall
44 and prevents escape of hot gases at this
point, said five-packing also serving to pro-
tect the fluid-packing 49, which may be of
rubber  or other suitable material.

The piston is indicated generally at 412
(Figs. 1 and 2) and includes a head 63 and
a barrel portion 64 constituting a piston
guide the lower end of the said barrel por-
tion being commected to a cross-head 65,
which in turn is connected to the upper end
of a connecting rod 66, the lower end of
which is provided with a bearing-box 67
on the crank pin 68 of the crank shaft
7. The cross-head is provided with end
extensions 69 carrying slide members 70
-(Fig. 1) which slide on the cross-head guides
71 bolted to the members 12, 13 of the main
frame of the engine.

The fuel and air injection ‘valves will
now be briefly referred to. ‘

Referring particularly to Figs. 1, 2 and
5 of the drawings, 72 designates an annu-
lar shoulder in the upper end of the cylin-
der wall structure above the tapered portion
33, heretofore described, and seated on this
shoulder is an annular valve-supporting
member or cage 73, said cage being prefer-
ably cylindrical in form, and having at its
upper end an outwardly directed flange 74
resting on a chamber 75 which is supported
on the upper end of the engine cylinder, as
at 76 (Fig. 5), and rigidly secured thereto
by bolts -or studs 77 passing through said
flange and chamber and threaded into the
upper end of the cylinder, as at 78, said cage
extending downward through said chamber.

The thoulder 72 constitutes a joint beyond

which the heated gas cannot pass, and there-

fore no part of the interior surface of the

cylinder wall 33 above this joint can receive
heat from the combustion. It is to be noted
that the cooling space 36 extends well above
the joint 72 so that there is no possibility
of a hot spot at this portion of the cylin-
der. The upper end of the valve cage is
closed by a cap-piece 79 secured to the body
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of the cage, while the lower end of said cage .

is left open in order to communicate with

the upper end of the engine cylinder, such

communication being controlled in a man-
ner to be presently described. At ite lower
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end the cage is provided with an inward-
ly directed flange member 81, preferably
east integral with the body of the cage, said
flange providing sufficient metal for a sur-
rounding cooling space 82, and the inner
edge 83 constituting a valve seat for an air
admission valve, to be presently described.
The flange member 81 also provides for cer-

tain ducts for air admission for air start-

ing valves, and a safety valve, to be de-
scribed later.

Within the cage 73 adjacent the lower end
thereof, is a bearing member 84 having a
circular opening 85 constituting a guide
for the stem of scavenging valve, and sup-
ported by arms 84* connecting the same
with the cage. This valve is shown at 86,
and is preferably circular in form and ar-
ranged concentrically with the cylinder bore
to cooperate with the seat 83 to control com-
munication between the interior of the valve
cage and the upper end of the engine cyl-
inder. This valve is carried by the lower
end of a sleeve stem 87 sliding through the
said opening 85, a bearing sleeve 88 surround-
ing said stem 87, if desired. The stem 87
is preferably integral with the valve and
the two are joined on a downwardly and
outwardly flaring face 89 against which air
from the cage is directed by a downwardly
and inwardly inclined annular face 90 on
the said flange 81 thereby cooling the valve.

The parts just described are so propor-
tioned that air flowing inward and strik-.

ing said face 90 will be deflected upon the
face 89 and finally issue in annular ex-
panding form concentric with the cylinder,
and which is double cone form in cross-sec-

tion, as indicated in Fig. b, against the face:

33 of the cylinder and also toward the axis
of the cylinder, by which means the valve
and the adjacent taces of the cylinder are
subjected to the most efficient cooling effects
of the entering air, and the cylinder is
cleared of burnt gas. At its upper end por-
tion the stem is provided with a cross-head

- 91 surrounding said stem and held there-
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on between a flange 92 on the stem and a
clamping nut 93 threaded on the upper end

of the stem as at 94. This cross-head car-

ries a bearing ring 95 (Fig. 5) which slid-
ably engages the inner surface 96 at the up-
per end of the valve cage, said ring 95 and
the said guide surface 96 serving to properly
center the valve stem within the cage, and
to guide the stem during its reciprocations.
Air is admitted to the interior of the valve
cage from the scavenging air supply cham-
ber 75 mounted on-the top of each of the
cylinders of the engine, and held between
the flange 74, heretofore described, and the
top. of the cylinder by means of the said

bolts 77 (Fig. 5). This air chamber 75

communicates with the valve cage through
a plurality of ports 97 (see Fig. 5).

16,9090

In the cap-piece 79 are a pair of guide
orifices 102 (Fig. 5), in each of which slides
a plunger 103, preferably carrying packing
104 cooperating with the inner bore of the
opening 102 to scal the same against leakage
of scavenging air. At its lower end each
plunger 103 is provided with a threaded ex-
tension 105 passing through openings 106 in
the said cross-head 91, and an opening 107
in the said ring 95, the lower end of said ex-
tension carrying a clamping nut 108 which
is operable to clamp the ring 95 against the
drosshead 91, and the latter against the

shoulder 109 on the said extension 105,

whereby the parts are rigidly connected.
At its upper end, each of the members 103
15 connected by a pair of links 110 to one
end of each of the levers 111, the same being
fulcrumed at an intermediate point 112 on a
bracket 113 secured to the upper wall of the
member 75, heretofore described. The op-
posite ends of the levers 111, from those
lLeretofore described, are connected by a
¢ross-pin 114 carrying a roller 115 which is
adapted to be engaged by a cam 116 on a
cam carrier 184* keyed on a shaft 117 driven
from the crank shaft and operating said cam
to engage the said roller to exert a down-
ward movement on the scavenging valve to

‘open communication between the interior of

the valve cage and the power cylinder. The
scavenging ‘valve is normally urged toward
closed position by means of an expansion
spring 118 surrounding the said stem 87, and
af its lower end abutting a collar 119 on the
sleeve 88, and at its upper end exerting its

“force against the cross-head 91.

Through the bracket 84 is an opening 120
registering with an opening 121 in the sleeve
88, and connected to said opening 120 is a
pipe 122 connecting with a duct 123 in the
upper end 74 of the valve cage, which duct
is 1n turn connected by a pipe 124 with a
source of lubricating oil supply, by which
arrangement proper lubrication is provided
for the reciprocating movement of the scav-
enging valve sleeve, ' :

.Briefly my improved fuel injection valve
comprises a valve stem 130 slidable axially

‘of the scavenge air valve stem 87, the stem

130 having a conical valve 131 at its lower

end cooperating with a valve seat 132 car-

ried by stationary sleeve structure:133 fitting
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within the stem 87 and suspended from the -

top of the cage structure. At its upper end,
the stem 130 1s adjustably connected to suit-
able operating mechanism including journals
134 fitting in bearings 135 of a %e,ver 136
which is operated from the cam shaft 117.
Fuel oil is supplied from an inlet 187 to the
annular space between the valve stem 130

and an intermediate sleeve 138, the oil pass-"

ing through such annular space, down the

stem 130, and through the openings 139 in’
the lower end of the sleeve to the atomizer
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140." Injection air:enters the inlet opening
41 above the cage and passes to the annular
space between ﬁle intermediate sleeve 133
and the stationary sleeve- structure 133 from
which is passes to the atomizer. It will

therefore, be apparent that the fuel oil in

passing through the atomizer will be thor-
oughly divided by the air and discharged
into the combustion space of the engine cyl-
inder in finely divided state when the valve
131 is opened.

As the scavenge air valve 86 and the fuel
valve structure are arranged at the top of
the combustion space, it will be apparent
that they are located adjacent to the region
of highest temperature ranges in engine op-
eration. Hence, in order to avoid possible
cracking of oil 1mmediately above the valve
131, I provide the stationary sleeve structure
with suitable water-cooling means, water be-
ing supplied to the channel 145 of such sleeve
passing to the bottom of the sleeve structure,

around the valve structure, and then out of

the passageway 146 to a suitable outlet not
shown. Heat resistant packing 147 is in-
terposed between the lower end of the sta-
tionary sleeve structure 133 and‘the hollow
interior of the stem 87 of the scavenge air
valve in order to effect a thorough geal be-
tween these parts.

From the foregoing, it will be apparent
that my improved engine possesses several
important advantages from the standpoints
of removahility of parts, cooling, resistance
to working streesses, and capability of with-
standing high temperatures. ‘
~ Each cylinder and its valve cage may be
placed in position or removed with respect
to the tabular support by upward movement
of the cylinder jt being necessary only to
screw up or remove the-bolts 41. Each of
the cages is readily removable from its cyl-
inder.

Owing to the fact that each of the cylin-’

ders is imperforate from end to end, with the
exception of the exhaust ports at the lower
end, it is possible to provide a cooling jacket
which envelops the cylinder, particalarly the
upper or combustion portion thereof, with-
out the cooling space being interrupted by

spacing or supporting webs, whereby the en--

tire outer surface of the cylinder may be en-
veloped by cooling fluid.” To this end, the

~ends of each cylinder have jacket members
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joined thereto and a third jacket member is
connected to one of the first jacket members
and has a telescopic fluid-tight fit with re-
spect ‘to the other jacket member, whereby

the jacket construction will accommodate if--

self to the length of the cylinder Céoling
water is supplied near to the hottom of the
jacket space, and then it passes upward as a
continuous and uninterrupted annular sheet
bathing the. entire surface of the cylinder
from a point well below the exhaust open-

ings to a point well above the valves con-
struction. ] ]
Each of -the cylinders is provided with

a piston bore portionand a contractedportion

which has & convergent combustion space;
and, above the combustion space; the con-
tracted portion has an axial opening to re-
ceive a valve cage having all of the neces-
sary valves. In other words, each cylinder
is Dottle-shaped, the cylindrical portion af-
fordiiy the piston bore, the flaring portion
providing the convergent combustion space,
and the neck portion having the valve mech-
anism therein.” As the neck portion is im-
perforate from end to end, the cage is pro-
vided with the necessary valve-controlled
passages for the admission of fluids ‘to the
cylinder. This results, not only in a cylin-
der construction which may be readily cast,
but also one in which cooling to the best ad-
vantage where most required is obtained.
Also, as there are no openings extending
through the cylinder wall, the danger of
heat eracks is avoided.

The upper jacket member is joined to the
upper end of the neck portion, surrounds
the latter, the flaring portion, ahd the upper
end of the piston bore portion; and the lower

end of such jacket member rests on and is

secured to the horizontal support as. else-
where more particularly herein set forth.

Owing to the fact that all admission of
fluid takes place.through the valve cage, it
is possible to cast a cylinder with the ter-
minal jackets as a symmetrical eonstruction
whichh has the advantage of greater uni-
formity of contraction and expansion and
consequently the tendency to distortion or
the development of internal stresses is re-
duced. :

As each cylinder is supported by a mem-
ber joined to the outer end of the neck por-
tion, the working forces are applied directly-
through the upper jacket member to the
supporting structure and the cylinder is re-
lieved of axial stresses due to engine opera-
tion. By having the wall enclosing the com-
bustion' space flared, the unit stresses ave

“reduced over what such stresses would be if

the combustion was defined by a portion of
the piston bore portion. ' '

Air is supplied to each cage by a cham-
ber which is clamped in place hetween a
peripheral flange on the cage structure and
the outer end of the cylinder structure, the
cage having an inlet port communicating
with the chamber. T »

It will be noted that each of the tabular
supports 23 sustains the weight of a pair of
cylinders, their jacket constructions, and the
exliaust collectors therefor.

Furthermore, with my improved type of -
engine, the tension bolts 24 are adapted to
resist working forces of the engine in order
to avoid possible vibration and loosening of
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various engine parts. Also, the transverse
bolts 9 below the crank shaft bearings and
terminating outside of pairs of upright belts
24 serve to reinforce the engine structure be-

neath the bearings. As hereinbefore pointed:

out, the bolts 24 extend from the bottom of
the crank case beneath the crank shaft bear-
ings and terminate at the top of the sup-
porting member- 23. The nuts 27 and 28
are screwed up on the bolt ends until the
long bolts are placed in tension to an extent
greater than the maximum stx*gsses_encourx—
tered in operation of the engine,” whereby

there will always be residual tension in the

bolts tending to hold the parts of the engine
firmly together.. Also, the reaction of the
crank shaft in its bearings is effectively re-
sisted by the vertical rods or bolts 24 to-
gether with the transverse fension rods or
bolts 9, the latter having their nuts 10 and
11 screwed up so as to place them under ini-

.tial tension. - Tt will, therefore, be apparent

that the crank shaft bearings are supported
not only by the casing structure but also by
the vertical rods or bolts 24 and by the trans-
verse rods or bolts 9. The transverse rods
or bolts 9 resist deflection due to the re-
action at the bearings incident to engine

ratisn. The long rods 24 resist forces
applied in opposed directions to the head
ends of the cylinders and to the crank shaft
bearings and the rods 9 resist deflection due
to bearing reactions. - Hence it will be seen
that the %r

ing subjected only to compression
stresses, the working forces of the engine

. manifesting themselves as tension - stresses
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which are resisted by the bolts 9 and 24.

By the use of tension rod members made of

high class materials and_ disposed in the

advantageous manner herein disclosed, it will
be apparent that the frame members and the
casing structure may be made lighter, there-

- by. efiecting a considerable saving in weight

of the engine. . i
. The engine being in operating by fuel
combustion, the cycle of the piston and the

‘operation of the fuel inlet valve and the

scavenging valve are as follows: Referring
particularly to Fig. 1, the left-hand piston is
shown in position at which its cylinder is
about to receive, or is receiving the charge
through the fuel inlet valve, and the right-
hand piston is shown in the exhaust position,
the scavenging valve of its cylinder being
cpen to permit scavenging air to blow the

. products of combustion downward through

the exhaust .ducts 40*, When the piston is

ition shown in the left-hand cylin-
der in %(;sg 1, the spring 118 exerts its force
to maintain the scavenging valve 86 closed,
and a cam shaft 117 and the intermediate
connections operate to move the valve 131 to
open position, permitting the fuel mixed

amework of my engine acts as a
5 spacingestructure various parts, such frame-
- work
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-with the atomized injection air to enter the

cylinder space above the head of -the piston.

:‘The fuel valve then closes and the heat in

the cylinder ignites the fuel and causes the

samé to burn, thereby exerting its force to

propel. the piston toward the exhaust- end-
of the cylinder. When the piston reaches
the exhdaust end of the cylinder, it clears the
exhaust ducts 49 ‘and permits the burned
gases which are at '40 pounds pressure per
square inch, or thereabouts, to pass through
said ducts 49* to the exhaust chamber 54,
and thence to the exhaust pipe 56, thus re-

ducing the pressure within the engine cylin-

der to substantially atmospheric pressure.
As soon as the cylinder pressare is thus low-
ered, the cam 116 acts on the roller 115 to
thrust the scavenging valve 86 inwardly
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away from its seat, whereupon the com-

“pressed air in the chambers 75 rushes down

past the scavenging valve and drives before
it the column of spent gases remaining in
the cylinder, these gases, together with the
scavenging air, passing outward through the
exhaust ducts 49*. Preferably the supply of
scavenging air is such as to insure complete
scavenging of the cylinder, and a little excess
of scavenging air after the last of the
burned gases has been expelled. The pis-
ton then starts upon its return stroke, and
since it has covered the exhaust ports 49* to
close the same, and preferably soon after
such ports have been closed, the scavenging
valve is permitted to close by the cam 116,
and the cylinder charged with pure air is
then compressed until the piston reaches the
gqs‘ition shown in the left-hand cylinder in
1g. 1, whereupon, the inlet fuel valve 131
is again operated, as heretofors described.
The diameter of the opening for the
scavenging air, and the location of the
scavenging valve is such that the scavenging
air strikes the vale and is deflected in a hol-
low cone-like form into contact with the ta-
pered portion 33 of the upper portion of
the cylinder so that the scavenging air not.
only 1s spread over the entire transverse area
of the cylinder so as to completely scavenge
the latter, but serves to cool the scavenging
valve, and also by its contact with the cylin-
der walls to exert its cooling effect thereon.
What I claim and desire to secure by Let-
ters Patent of the United Statesis: =~ .
‘1. In an internal combustion engine, the
combination of a cylinder. structure having
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& piston bore portion and a laterally im-

perforate contracted - portion- extending to

one end of the structure and single support-

ing means for the cylinder connected “only

‘to the contracted portion beyond the com-

bustion space for supporting the engine

cylinder and for resisting axial ‘working

forces, whereby the piston bore portion and
the part of the contracted portion between
the supporting means and the- piston bore
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portion are free to expand and to contract
relatively to the supporting means and
whereby said portion and part are relieved
of tension stresses due to axial working
forces. ‘
2. The combination, with an internal com-
bustion engine cylinder structure including
contracted neck and piston bore portions
joined by a flaring portion, of cooling jacket
means for the cylinder structure including
a member joined to the neck portion beyond

the junction of the latter with the flaring

portion and. constitutirig the sole supporting
means for the c¢ylinder structure.

3. The combination, with an internal com-
bustion engine cylinder structure including-
contracted neck and piston bore portions
joined by a flaring portion and the piston

ore portion having exhaust port means ex-
tending through its wall near to the end
thereof opposite to the neck and flaring por-
tions, of cooling jacket means for the cyiln-
der structure including a member joined to
the outer end of the neck portion, whereby
the cooling space extends beyond the com-
bustion zone, and said member constituting
the sole supporting means' for the cylinder
structure. '

4. A one-piece, cast, cylinder construction
comprising a piston bore portion, a converg-
ing portion defining a combustion space and
joined to one end of the piston bore por-.
tion, an imperforate cylindrical wall por-.
tion joined to the converging portion and
defining a space communicating with the
combustion space for the reception of valve

" mechanism, an overhanging member joined
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to the outer end of the cylindrical wall por-
tion and having outwardly extending cir-
cumferential flanges adjacent to the ends
thereof together with strengthening webs
joining the flanges and the overhanging
member and extending substantially axially
of the cylinder.

5..In an internal combustion engine, the
combination of a cylinder structure having
a piston bore portion and a contracted por-
tion extending to the outer end of the struc-
ture and a supporting member overhanging
the cvlinder structure and.joined to the
outer end of the contracted portion for sus-
taining the weight of the cylinder struc-

~ ture and for resisting working forces, where-
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by the -cylinder structure is free to expand

and to contract with respect to the sup-

ported end and whereby it is relieved of
axial working stresses, the surfaces of the
cvlinder structure and of the supporting
member being surfaces of revolution abouI,
a single axis. . . _
6. In an engine, the combination of a.cyl-.
inder construction including piston bors and
contracted portions and supporting-jacket-
forming means connected to the contracted
portion of the cylinder construction beyond

©

its combustion space and defining, with re-

spect {o the construction, an uninterrupted

annular cooling space extending beyond the
combustion space, said means constituting
the sole support for the cylinder construc-
tion, whereby the latter is free to expand
and to contract and is relieved of axial work-
ing forces in service. ' '

7. In an engine, the combination of a cyl-
inder construction including piston bore and
contracted portions, said contracted portion
defining a convergent combustion space, a
supporting jacket member connected to the
contracted portion beyond the combustion
space, and means cooperating with the sup-
porting jacket member to define a cooling
space with respect to the cylinder construc-
tion extending beyond the combustion space,
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said jacket member constituting the sole sup-

port for the cylinder construction, whereby
the latter is free to expand and to contract
and is relieved of axial working forces in
service. .

8. In an engine, the combination of a cyl-
inder support having an opening therein, a
cylinder construction extending threugh the
opening and spaced from the wall of the
latter and including piston bore -and con-
tracted portions, a jacket member connected
to the support, extending outwardly from

‘the latter and joined to the contracted por-

tion of the cylinder construction beyond the
combustion space of the latter, means ex-
tending through the opening and cooperat-
ing with said jacket member and with the
cylinder construction to define an annular
cooling space which extends beyond the com-
bustion space. - :

9. In an engine, the combination of a sup-
port, a-¢ylinder construction including pist-
ton bore and contracted portions and the
contracted portion defining a convergent
combustion’ space, and an overhanging
jacket member having its outer end extend-
ing inwardly and forming -an annular con-
nection with the contracted portion beyond
the combustion space and having its other
end connected: to the support and constitut-
ing the sole supporting means for the cylin-
der construction.

10. In an internal combustion engine, the

combination of a horizontal tabular sup-

port having a vertical cylindrical opening
therein, a vertical cylinder construction in-
cluding piston bore and neck portions joined
by a flaring portion, said piston bore por-
tion extending through said opening and
above and below the upper and the lower
sides of said support, being spaced from the
walls of the opening, and having exhaust
ports below the support, an overhanging
jacket meémber connected to the upper side
of said support; extending upwardly from
the latter “and then inwardly to form an
annular conmection with the neek ‘portion.
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spaced outwardly from the junction of the
neck and flaring portions, and means includ-
ing a tubular member extending through
said opening and cooperating with the jacket
member to define a cooling space exteriding
above the flaring portion.

11. In. an internal combustion engine, the
combination of a cylinder having a piston
bore portion and a contracted imperforate
tubular portion defining a convergent com-
bustion space and defining a cylindrical
space above the combustion space for the re-
ception of a valve cage, a valve cage in said
cylindrical space and having fluid passages
having inlets beyond the outer end of the
contracted portion and outlets for discharg-
ing into the convergent combustion space,
means for supporting the cylinder connected

to the contracted portion thereof, whereby

the cylinder is free to expand and contract
with respect to the point of support, a jacket
construction for the cylinder including
mweans whereby it may accommodate its
length to that of the cylinder and including
a member integral with the end of the piston
bore portion remote from the contracted por-
tion, an annular series of conduit members
integral with the piston bore portion and

-with said jacket member and bridging the
space therebetweeen to provide for the dis-

charge of products of combustion from the
cylinder. '

12. In an internal combustion engine, the

combination of a-cylinder including a pis-
ton bore portion and a contracted imperfo-
rate tubular portion, the contracted portion

" defining a converging combustion space,
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means connected to the outer end of the con-
tracted portion' and -constituting the sole
support for the cylinder, whereby the oppo-
site end of the piston bore portion 'is free
to move incident to expansion and contrac-
tion of the cylinder, a valve cage fixed with-
in the contracted portion, said cage having

_an opening substantially coaxial with the

cylinder bore, said opening having an. in-
let beyond the outer end of the contracted
portion and having at its outlet a conical
seat whose direction of flare is.substantial-
1{ the same as that of the inner surface of
the flaring portion of the contracted por-
tion, a valve having a conical portion co-
operating with said seat and the valve
and the seat cooperating to direct air pass-
ing through said opening into contact with
the surface of said flaring portion, and a
circumferential series of exhaust openings
at the other end of the cylinder. ’
18. In an engine, the combination of a
one-piece, -bottle-shaped cylinder, jacket

-members connected to. the ends of the cyl-

inder and extending toward each other, a
jacket. member bridging the space between
the first jacket members, and cylinder sup-
porting means carried by the jacket mem-
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ber which is connected to the neck portion
of the cylinder.

14. In an internal combustion engine, the
combination. of a cylinder construction com-
prising a one-piece cylinder member hav-
ing sleeve members joined to the ends of the
Iatter, surrounding the, cylinder member,
spaced therefrom, and extending toward
each other, and a. jacket member secured
in place with respect to one sleeve mem-
her and having a fluid-tight sliding fit with
respect to the other sleeve member.

- 15. In an internal combustion engine, the
combination of a support. a hottle-shaped
cylinder including neck and cylindrical bore
portions joined by a flaring portion,. said
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flaring portion defining a converging com-

bustion space and the neck portion being
constituted by an imperforate sleeve-like
member, a jacket member connected to the
support and to the outer end of the neck
portion bevond the combustion space for
supporting the cylinder, whereby the latter
is free to expand and contract with respect
to the point of support and whereby the cyl-
inder is relieved of axial working stresses,
and means separate from the support and co-
operating with said ‘jacket member to con-
stitute a cooling jacket for the cylinder.
16. In an internal corbustion engine, the
combination with a cylinder support, a cyl-
inder, a jacket member jointed to the com-
bustion end of the cylinder, surrounding a

_portion of the latter, and connected to the

support, a jacket member joined to the other
end of the cylinder and surrounding a por-
tion of the latter adjacent to that end, and
a third jacket member connected to the
first jacket member and having a telescopic

‘fit with respect to the second jacket mem-

ber. S
17. In an internal combustion engine the

‘combination of a cylinder, an outer wall in-

tegral with one end of the cylinder, an outer
wall integral with the other end of the cyl-
inder, said walls being spaced from the cyl-
inder, a jacket member secured rigidly in
place with respect to one of said walls and
telescoping the other wall to bridge the space

between the said outer walls and constituting
‘therewith a cooling jacket, and means for

supporting said cylinder at one end where-
by it is free to expand and contract at-the
other end. o

18. In an internal combustion engine, the
combination of 4 cylinder support having an
opening, a cylinder extending through the
opening, an annular overhanging wall hav-
ing one terminus fixed to the combustion end

of the cylinder and having its other terminus.

fixed to the support and cooperating with the
cylinder to define a cooling space for the
latter, a wall member connected to the other
end of the cylinder and defining a cooling
space with respect thereto, and a ‘tubular
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jacket member arranged within the opening
in the support and bridging the space be-
tween said overhanging wall and said second
wall. )

19. In an internal combustion engine, the
combination of a cylinder support having an
opening, a cylinder extending through the
opening, a jacket member having its outer
terminus fixed to the combustion end of the
cylinder and having a peripheral flange at its
inner terminus fixed in position with respect

to the support and constitutipg a sole sup-

porting means for .the cylinder,.a jacket

- member joined to the other end of the eylin-
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der and surrounding a portion of the cylin-
der at that end, and a third jacket member

extending through the opening and having

. at one end a peripheral flange disposed be-
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tween the peripheral flange of the first jacket
member and the support and having its
other end telescopically engaging the second
jacket member. ;
20. In an internal.combustion engine, the
combination of a cylinder construction com-
prised by piston bore and neck portions
joined by.'a conical portion, said neck por-
tion being constituted by a cylindrical wall
which is 1mperforate throughout its length
and which defines an axial opening for the
reception of valve mechanism, o' conical
sleeve for supporting the cylinder construc-
tion, joined to the outer end of the neck por-
tion and spaced from the latter and from
the conical portion, a second sleeve member
carried by and joined to the end of the pis-
ton bore portion opposite to the conical por-
tion, said second sleeve member surrounding
and being spaced from the piston bore por-
tion, and a third sleeve member connected
to the conical sleeve member and having a
telescopic fluid-tight f{it with respect to the

- second sleeve member.
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21.-In an internal combustion engine, the
combination of a bottle-shaped cylinder con-
struction comprising piston bore and neck
portions connected by a flaring portion, the
neck portion consisting of an imperforate
cylindrical wall which defines an opening

disposed axially of the construction for the -
reception of a valve cage, a sleeve member

for supporting -the cylindér construction
joined to the outer end of the neck portion

and surrounding the latter and the flaring-

portion and spaced therefrom-to. define a

‘cooling space, and a valve cage in the axial

opening of said neck portion, said cage pro-
vided with fluid passage means having inlets

“arranged above the outer end of said neck

portion, extending through the portion of
the cage within the neck portion, and having
outlets at the lower end thereof for the dis-
charge of fluids into the flaring portion.

99 In an internal combustion engine. the
combination of a eylinder construction com-
prising a piston bore portion and a neck por-

tion joined by a flaring portion, said neck
portion being imperforate throughout its
length and having an axial opening for the
reception of valve mechanism, a valve cage
in said opening and having fluid passages
provided with inlets beyond the outer end
of the neck portion and with outlets at the
lower end thereof aranged to discharge into
said flaririg portion, a sleeve member joined
to the outer end of the neck portion and sur-
rounding and spaced from the neck and flar-

ing portions and provided with means for

supporting the cylinder construction, a sleeve
member joined to the other end of the piston
bore portion and surrounding and being

_spaced from the piston bore portion adjacent

that end, and a jacket member having one
end secured in place with respect to the first
sleeve member and having a telescopic fluid-
tight fit with respect to the second sleeve
member.

. 23. In an internal combustion engine, the
-eombination of a one-piece, cast, cylinder con-

struction having overhanging sleeve mem-
bers joined to the ends thereof and extending

toward each other, a jacket member having-
. one end secured in place with respect to one

sleeve member and having its other end tele-
scopically engaging the other sleeve member
with a’ fluid-tight fit, and conduit means
joined to the eylinder construction and to
sqid last-named sleeve member and bridging
the space therebetween to provide for the
exhaust of products of combustion from the
cylinder construction,

24. In an internal combustion. engine, the
combination of a eylinder support, a cylin-
der connected at. its explosion end to said
support and having its other end free to
move to provide for longitudinal contraction
and expansion of the cvlinder, a sleeve mem-
ber connected to the other end of the eylin-
der and surrounding and spaced from the
portion of the cylinder adjacent to that end,
a jacket member secured in place at one end
with respect to the cylinder at the explosion
end.of the latter and having a telescopic fit
with. respect to said sleeve member at its
other end, conduit means joining the cylin-
der and the sleeve member and bridging the
space therebetween to provide for the ex-
haust of products of combustion from the
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cylinder, and an exhaust collector surround- -

ing and slidably engaging said sleeve and
having communication with said conduit
means. :

25. In an internal combustion engine, the
combination of a cylinder support, a one-
piece cvlinder construction connected at one
end to the support and free to expand and
contract lengthwise with respect to the point
of support, exhaust ports near the other end
of the cvlinder construction. and an exhaust
collector having walls which engage the
cylinder-construction at opposite sides of
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the exhaust ports and which define a sub-

stantially annular exhanst collection cham-

ber. :

26. In an internal combustion engine, the
combination of a horizontal support for a
cylinder, a vertical one-piece cylinder con-
struction connected at one end to said sup-

- port and free to expand and contract length-
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wise with respect to the point of support,
exhaust ports near the other end of the cyl-

‘inder construction, and an exhaust collector

suspended from the lower side of the sup-
port and having walls which slidably engage
the cylinder construction above and below
the exhaust ports to define a substantially
annular exhaust collection chamber.

27. In an internal combustion engine, the

_combination of a cylinder support, a cylin-
der connected at its explosion end to said”

support, and free to expand and contract
relative to the support, an external wall

integral with the lower end of the cylinder

and surrounding the latter, a member with
which sald wall cooperates to provide a
space for cooling medium, conduit means
integral with the cylinder and with spid
wall, bridging the space therebetween, and
communicating interiorly with the cylinder
and exteriorly of the wall to provide for the
egress of products of combustion from the
cylinder, an exhaust: collector -surrounding

-sald wall and having communication with

sdid conduit means and slidably engaged by
said wall.

28. In-an internal combustion engine, the
combination of a crank shaft casing, a frame

supported on the casing, a cylinder support’

on the frame, a cylinder, means for connect-
ing the cylinder to the support, and tension
members connecting the cylinder support
with the crank shaft casing.

29. In an internal combustion engine, the
combination of a crank-shaft casing, a cylin-
der support on the frame, a cylinder, tension
means connecting the cylinder to the sup-
port, and tension members connecting the
cylinder support with the crank-shaft cas-
ing, said tension members being normally
under an initial tension in excess of the
stress resulting from fuel combustion in the
cylinder, . ~ v :

30. In an internal combustion engine, the
combination of a hed, a frame, -a cylinder
support on the frame, a cylinder, a member
having a wall defining a surface of revolu-
tion which is spaced from the cylinder to
define a cooling space, means for connecting
the cylinder to said member, roeans for con-
necting the member tc the cylinder support,
and tension means for connecting the bed,
frame, and cylinder support. =~ - -

81, In an internal combustion engine, the
combination of a bed, standards on the bed,
lateral braces connecting the- standards,
spacers on the upper portion of the stand-

16.900

ards, a cylinder support on the space.
tension members connecting said bed, stand-

ards, spacers and cylinder support, and a

cylinder supported at its head on said cylin-
der support and free to expand and contract
longitudinally with, reference to the cylinder
support.. I :

70

32. In an internal combustion ehgfne, the

combination of a bed, standards on the bed,
lateral braces connecting the  standards,

-spacers on the upper portion .of the stand--

78

ards, a cylinder support on the standards,

tension members connecting said bed; stand-

ards, spacers and - cylinder support; and a
cylinder extending through an opening in
the. cylinder support and having -an over-
hanging external flange connected by tension
devices to said cylinder support. ,
33. In an internal combustion engine, the
combination of a bed, groups of standards on
the bed, spacers on the upper portions of the

said standards, cylinder supports on ‘the

spacers, means connecting the spacers of ad-
Jacent groups, tension members connecting
said -bed, standards, spacers and cylinder

supports, and c¢ylinders supported at their

heads on said cylinder supports and free to

‘expand. and contract longitudinally with

reference to the cylinder supports. :
34. In an internal combustion engine, the
combination of a bed, groups of standards
on the bed, spacers on the upper portions of
the said standards, cylinder supports on the
spacers, web members connecting the spacers
of adjacent groups, tension members' con-
necting said bed, standards, spacers and cyl-

‘inder- supports, and cylinders supported at

their heads on said cylinder supports. and
free to expand and contract longitudinally
with reference to the cylinder supports.

35. In an internal combustion engine, the

combination of a bed, groups of standards on
the bed, pedestals on the upper portions of
the said standards, cylinder supports on the
pedestals, web members connecting the ped-
estals of adjacent groups, tension members
connecting said bed, standards, pedestals and
cylinder supports, and cylinders suported at
their heads on said cylinder supports and

.free to expand and contract longitudinally

with reference to the cylinder supports.
36. In an internal combustion engine, the
combination of a bottle-shaped cylinder hav-
Ing neck, flaring, and cylindrical bore por-
tions, a cylinder support, a supporting mem-
ber connected to the outer end of the neck
portion, tension means for holding the sup-

porting: member to the cylinder support, a

valve cage fitting in the neck and having a
flange at its outer end, and tension means
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of less total strength than the first tension

means for holding the cage in place with re-

.spect to the cylinder.

37. In an internal combustion engine, the
combination of a cylinder having a con-
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tracted combustion space at the outer end of
the piston bore and communicating with an
axially-disposed valve-cage-receiving open-
ing, supporting means connected to the outer
end of the cylinder, a cylinder support, ten-
sion bolts for connecting the supporting
means to the cylinder support, a valve cage
in said opening, and tension bolts of less
total cross-sectional area than the first bolts
for securing the cagein position with respect
to the cylinder. ' .

38. In an engine, the combination of a cyl-
inder having an opening to receive valve
mechanism in the head thereof, a valve cage
in the opening, a fluid supply chamber sur-
rounding the cage, a flange carried by. the
cage, and means for clamping the chamber
between the flange and the head of the cyl-
inder. L ‘

39. In an engine, the combination of frame
members, pedestals carried by the frame
members, a cylinder support carried by the
pedestals and having an opening for a cyl-
inder, a cylinder in the opening, support-

5 ing means connected to the upper-side of said

support and joined to the upper end of the
cylinder, exhaust ports extending: through
the cylinder wall and disposed below the
lower side of said support, and an exhaust
collector communicating with the exhaust
ports and connected directly-to the lower
side of said support between the latter and
the frame members and in the space defined
by the pedestals.

40. In an internal combustion engine, the
combination of a cylinder support having a
plurality of openings therein for cylinders,
cylinders in the openings and connected to
one side of the support, -exhaust means for
the cylinders at the other side of the support,
and exhaust collecting apparatus carried-di-
rectly by the latter side of said support and
communicating with the exhaust means of
the eylinders. ‘ . '

41. In an internal combustion engine, the
combination of a cylinder support having a

plurality of openings therein for cylinders,

cglinders in the openings, exhaust means for
the cylinders below the support, and substan-

tially annular exhaust collecting chambers.

surrounding the cylinders, communicating

with said exhaust means,-and carried direct-’
1y by said support. '

492, In an internal combustion engine; the
combination of a horizontal support for a

cylinder, and having an opening for a cyl-’

inder, a jacketed vertical. cylinder in the
opening, flanged supporting means connected
to the cylinder and resting on the upper side
of the support, exhdust ports for the cylinder
arranged near the end of the latter opposite
to the end connected to the flanged support-
ing means and extending across the jacket
space, and exhaust collecting means sur-
rounding the jacketed cylinder, communi-

cating with said exhaust means, and carried
by the lower side of the support.

43. In an internal combustion engine, the
combination of a cylinder, crank shaft bear-
ings, spacing means between' the outer end
of the cylinder and the crank shaft bearings,
and tension means cooperating with the
spacing means adjacent to the outer end of

- the cylinder and below the bearings to hold

the intervening structure under compression
to resist working forces of the engine,

44. In an internal combustion engine, the
combination of crank shaft bearings, a cyl-
inder, a cylinder support, a frame interme-
diate said support and said bearings, means
for fastening the cylinder to the support,
tension members connecting said support to
said bearings, and means to tension said
members uniformly throughout substantially
their entire length.

45. In an internal combustion engine, the
combination of engine supporting means, in-
cluding a crank shaft casing, an engine cyl-
inder, a support for the cylinder, a frame
between the engine supporting means and
the cylinder support, means for connecting
the cylinder to'its support, bearing supports
extending transversely of the “crank shaft
casing, crank shaft bearings carried by the
bearing supports, tension rods extending
through the cylinder and bearing supports
and arranged at each side of the axis of the
bearings, and means cooperating with the
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ends of the rods above the cylinder support °

and below the bearing supports and the
crank shaft casing to place the rods under
initial tension in order to clamp thé inter-
vening structure together under compression
during engine operation.

46. In an internal combustion engine, the
combination: of an engine support, an en-
gine cylinder, crank shaft bearings, means
for spacing the outer end of the cylinder
and the bearings from the support and for
spacing the bearings from the outer end of
the cylinder, and ' tension rods passing
through the spacing means and terminating
in the zone of the outer end portion of the
cylinder-and below the bearings.to hold the
intervening structure together under com-
pression for resisting working forces of the
-engine, - :

"~ 47. In an internal combustion engine
structure, the combination of a horizontal

. cylinder support, a vertical cylinder con-

nected to the support at a plane between the
upper and lower ends of the cylinder, crank
shaft bearings, means for spacing the bear-
ings from the support, tension rods terminat-
ing abgve the support and below the bear-
ings and disposed on each side of the axis
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of the latter, and means cooperating with

. the ends . of the rods and accessible exter-

nally of the engine structure to ‘place the
rods under initial tension in order to main-
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tain the support, spacing means, and bear-
ings clamped together under compression
during engine operation.

48. In an internal combustion engine, the
combination of a horizontal support, a ver-
tical cylinder connected to the support,

crank shaft bearings, supports for the crank.

shaft bearings extending transversely of the
latter, means for spacing the cylinder and
cylinder support from the bearings and their
supports, means for reinforcing the bearing
supports below the bearings, tension rods
disposed at each side of the axis of the
crank shaft bearings and extending above
the upper side of the cylinder support and
below the bearing supports, and means co-
operating with the ends of the rods to place
the latter under initial tension in order to

‘maintain the cylinder - support, spacing.

meahs, and bearing supports clamped to-
gether under compression during engine op-
eration,’

49. In an internal combustion engine, the
combination of a support, a cylinder, crank
shaft bearings, means for spacing the cylin-
der and the bearings from the support and
for spacing the bearings from the cylinder,
means for securing the cylinder to the spac-
ing means, tension rods extending through
the spacing means at the side of the bearings
opposite to the cylinder and transversely
with respect to the cylinder axis, means co-
operating with the ends of said rods where-
by the latter may be placed in tension to re-
inforce the spacing means below the bear-
ings, tension rods disposed laterally of the
bearings, extending parallel to the cylinder
axis and through the spacing means, and ter-
minating adjacent to the connection of the

'cglinder and the spacing means and below
t

e first tension rods and inside of the ends
of the latter,- and means cooperating with
the ends of the second tension rods whereby
the intervening engine structure may be held
together under compression to resist work-
ing forces of the engine. )
50. In an engine structure, the combina-
tion of a horizontal support, a horizontal
cylinder support, frame members between
the cylinder support and the first support,
crank shaft bearings, means for spacing the
crank shaft bearings from the frame mem-
bers, vertical rods passing through the cyl-
inder support and the spacing means, and

means cooperating with the ends of the ver-.

tical rods below the spacing means and
above the cylinder support for placing the
rods in tension, opposed frame members di-
verging downwardly to afford lateral sup-
port to the engine structure.

51. In an internal combustion engine, the
combination of a cylinder support, a cyl-
inder connected to.the support and having
means. for admitting combustible constitu-
ents and scavenging air thereto, an external
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wall joined to one end of the cylinder and
surrounding and spaced from the cylinder,
means slidably engaging said wall and co-
operating with the latter to provide a space
about the cylinder for cooling fluid, a cir-
cumferentially-extending belt of separated
and radially-disposed conduit members in-
tegral with the cylinder and with said wall,
bridging the space therebetween, and com-
municating interiorly of the cylinder and
externally of the wall to provide. for egress
of products of combustion from the ¢ylinder,
said conduit members being disposed inter-
mediate the ends of the cylinder so as to
divide the cooling space into annular por-
tions at both sides of the-belt and the spaces
between the conduit members providing for
communication between said annular por-
tions of the cooling space; whereby cooling
fluid may freely pass from end to end of
the cooling space and whereby the conduit
members are enveloped by the cooling fluid,
and an exhaust collector cooperating with
said wall to receive products of combustion
from the conduit members.

52. In an internal combustion engine, the
combination of a horizontal cylinﬁer sup-
port, a vertical cylinder connected to the

support and having means for admitting

combustible constituents and scavenging air
to one end thereof, an external wall joined
to the end of the cylinder opposite to the
combustion end and surrounding and spaced
from the cylinder, means slidably engaging
said wall and cooperating with the latter to
provide a space about the cylinder for cool-
ing fluid, a_circumferentially-extending belt

‘of separated and radially-disposed conduit

members integral with the cylinder and with
said wall; bridging the space therebetween,
and communicating interiorly of the cylin-
der and externally of the wall to provide for
egress of products of combustion from the
cylinder, said conduit members being elon-

gated transversely in the dirvection of length.

of the cylinder, being inclined downwardly
and outwardly from the cylinder, and being
disposed intermediate the ends of the cylin-

f the belt

der so as to. divide the cooli%ﬂspac‘e into
S

annular portions at both side

_and the spaces between the conduit members

providing for communication between said

annular portions of the cooling space,

whereby cooling fluid may freely pass from
end to end of the cooling space and where-
by the conduit members are enveloped by the
cooling fluid, and an exhaust colleétor co-
operating with said wall to receive products
of combustion from the conduit members.
53. In an internal combustion engine, the
combination -of a horizontal cylinder sup-
port, a vertical cylinder connected to the
support and having means for admitting
combustible constituents and scavenging air
thereto, an external wall joined to the lower
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end of the cyinder and spaced from the lat-
ter, a tubulaer member slidably engaging the
exterior of said wall and cooperating with
the latter to define a space about the cylin-
der for cooling fluid, a eircumferentially-ex-
tending belt of seiar&t’ed and radially-dis-
posed conduit mem

inder and with said wall, bridging the space
therebetween, and communicating interiorly
of the cylinder and externally of the wall to
provide for egress of products of combus-

* tion from the cylinder, said belt of conduit
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meinibers being located above the lower end
of the cylinder so as to divide the coolin

space into anpnular portions at both sides o

the belt and the spaces between the conduit
members providing for communication be-
tween said annular portions of the cooling
space, whereby cooling fluid may freely pase
from end to end of the cooling space and

‘whereby. the conduit members are enveloped

by the cooling fluid, and an exhaust collector
cooperating with said wall to receive prod-
ucte' of combustion from the conduit mem-
bers, »

54. An engine unit comprising a tabuler
support, having a pair of openings therein

for cylinders, a pair of cylinders secured ip,
‘place” with respect te the support and ex-

tendin,
terminal pairs of -6pposed
supporting members connected tethe tabular
support, & crank case portioni connected to
the supporting members, bearings carried by

‘the crenk case portion and aligned with ths

supporting members of each pair, a crank

‘shaft fitting the bearings and having crank

portions therebetween, pistons in the cylin-
ders, and connecting rods between the pis-
tons and the ¢rank portions.

55. An engine unit comprising a crank
case portion, pairs of opposed standards

resting on the crank case portion, spacing
members on the standards, a horizontal tab-
ular support for holding the crank case, the
standards, the spacing members, and the tab-
ular support together, the tabular support
having a - plurality of openings for cylin-

ders, said tabular support having openings

therein for engine-cylinders, cylinders se-

_cured to the top of the tabular support and

L1

extending through - the openings, bearings

carried by the crank case and in alignment
with the standards of opposed pairs, a crank
shaft fitting in the bearings and having a
plurality of erank portions, pistons in the
cylinders, and connecting rods for connect-

‘ing the ‘pistons to the crank portions.

56. An engine comprising a plurality of

- units; each unit including a tabular support

having an opening therein for a cylinder, a
cylinder extendin% through the opening end
secured to the ta

the cylinder, a crank case element, means

- for supporting the tabular support from the

ers integral with the cyl-

throggh the openings thereof,” in-.
" termediate an

ular support, a piston in’

framework, the spacing members, and the
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crank case element, crank shaft bearings
carried by the crank case element, a crank
shaft fitting the bearings and having a crank
portion, & connecting rod for connecting the
piston to the crank portion; means for con-
necting adjacent supporting means of ad-
joining units; couplhing means for conneet-
g adjacent crank shaft ends; and means

for connecting adjoining crank case element -

ends. - S A E

57. An engine. comprising a plurality of
two-cylinder - units; each unit including a
tabular support having a

the tabular support, a piston in each ¢ylin-
der, s crank .case element, means for sup-

-porting the tabular support from the crank
case element, crank shaft bearings carried by
the crank case element, a-crank shaft fitting

the bearings and having two crank portions,
connecting rods for comnecting the pistons
to the crank shaft portions; means for con-
necting adjacent supporting means of tabu-
laridupports of adjoining units; a coupling
fop/ connecting adjacent crank shaft ends;

d  means for connecting adjacent crank
case element ends. o IR

58. An engine comprising a plurality: of
multiple cylinder units; each unit including
g tabular support provided with a plurali-
ty of openings for engine cylinders, a cylin-
der in each opening and seécured to the tabu-
lar support, a piston in each cylinder, a crank

.case element, 3 frame structure for connect-

ing the tabular support to the crank case
element, tension rods extending through the
crank case element and the tabular support

for holding the crank case element and the"
" tabular support with the intervening frame
structure together under compression, crank:

shaft besrings carried by the crank case ele-
ment, & crank shaft fitting the bearings and

having. crank ‘portions for the cylinders;.

means disposed adjacent to tasbular supports
of adjoining units for holding adjoining

frameworks .together ; means for connecting
adjacent crank case elements; and coupling

means for connecting adjacent crank sha:
ends,’

59. An engine comprising a plurality of.
‘multiple vertical cylinder units; each unit -
‘including -a horizontal tabular sui)port pro-

openings
120

vided with a })lurahty_of vertica
for engine cylinders, a cylinder extending
through each opening and secured in place
with respect to the tabular support, a piston
in each cylinder, a crank case element, a
framework resting on the crank case ele-
ment, spacing members between the frame-

~work and the tabular support, tension rods

passing through the crank case element, the

spacing members, and the tabular support

for holding the crank case element, the

1 air of openings
therein for cylinders, a cylinder extending
through each of the openings and secured to
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tabular support together, bearings carried
by the crank case element, a crank shaft fit-
ting the bearings and having crank por-
tions, connecting rods for connecting the
pistons to the crank portions; means for con-
necting adja¢ént spacing members of ad-
joining unis; means for connecting adja-
cent crank case elements; and means for
coupling adjacent crank shaft ends.

60.- An engine comprising a plurality of
vertical two-cylinder units; -each unit in-
cluding a crank case element, crank shaft
bearings carried by said element, a crank
shaft fitting the bearings and having a pair
of crank portions, a vertically-disposed
frame structure resting on the crank case
element, spacing members on the frame
structure, a horizontal tabular support rest-
ing on the spacing members and having a
pair of cylinder openings therein, a pair of
vertical cylinders fastened to the upper side
of the tabular support and projecting down-
wardly through said openings, pistons in the
cylinders, connecting rods Detween the pis-
tons and the crank portions; means for con-
necting the spacing members. of adjacent
units; means for connecting adjacent crank
case elements; and means for coupling adja-
cent crank shaft ends.

61. An engine comprising a plurality of
vertical two-cylinder units; each unit in-
cluding a crank case element, crank shaft
bearings carried by said element, a crank
shaft fitting the bearings and having a pair
of crank portions, a vertically disposed
frame structure resting on the crank case
element, spacing members on the frame
structure, a horizontal tabular suport rest-

ing on the spacing members and having a

pair of cylinder openings therein, a pair of
vertical cylinders fastened to the upper side
of the tabular support and projecting down-
wardly through said openings, pistons in

the cylinders, connecting Tods between the

18,009

pistons and crank portions, tension rods
passing through the crank shaft; the spac-
ing members, and the tabular support for
holding the crank case, the framework, the
spacing members, and the tabular support
{ogether; the spacing members of ad-
joining unmits being connected together,
whereby adjoining units may be tied to-
gether in assembly by placing a bridging
spacing member over tension rods of adjoin-
ing units; means for connecting adjacent
crank case elements of adjoining units; and
means for coupling adjacent crank shafi
ends of adjoining units. _ '

62. An engine comprising a plurality of
vertical two-cylinder units; each unit in-
cluding a crank case element, terminal and
intermediate opposed pairs of standards
resting on the crank case element, means for
connecting the standards to constitute, a
framework, pedestals resting on the stand-
ards, a horizontal tabular support resting on
the pedestals and having a pair of openings
therein for cylinders, a vertical cylinder in
each opening and secured to the upper side
of the tabular support, pairs of opposed ten-
sion rods extending through openings in the
crank case, the pedestals, and the tabular
support, and aligned with the pairs of op-
posed standards, bearings -carried by the
crank case element and aligned with said
pairs of opposed rods and standards, a crank
shaft element fitting the bearings and hav-
ing crank portions therebetween, connecting
rods for connecting the pistons to the crank
shaft portions, web constructions for join-
ing pairs of opposed pedestals; web con-
structions for joining adjacent opposed pairs
of pedestals of adjoining units; means for
connecting adjacent crank case elements;

and coupling means for connecting adjacent

crank shaft ends.
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