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This invention relates to internal combus-
tion engines.

The principal object of this invention is to
provide improved means for securing the cyl-
inders to the crank case of engines of the ra-
dial, opposed cylinder or related types. More
particularly tension band means encircling
the crank case in close proximity thereto are
provided to fasten the cylinders to the crank
case.

Heretofore in internal combustion engines,
particularly engines of the radial, opposed
cylinder and related types, where the cylin-
ders of the engine are generally separately

5 formed, bolts or similar threaded fastening

means have usually been employed for secur-
ing the cylinders 1ndividually to the engine
crank case. With this method of fastening
the cylinders to the crank case, however, the
stresses communicated from the cylinders
during operation of the engine, subject the
crank case to recurring tensile loads that are
more or less concentrated within an area
roughly defined by the fastening means of
each cylinder. While usually satisfactory
for engines having a relatively low compres-
sion ratio, such as carburetion engines, this

method of securing the cylinders to the crank,

case has not generally proven satisfactory for
engines having a relatively high compression
ratio, where the explosive pressures within
the cylinders are relatively very high, as in
compression-ignition or solid fuel injection
engines, unless the crank case is made unde-
sirably heavy to withstand the relatively
high tensile stresses referred to. But, where
the ratio of the weight of the engine to the
power developed thereby is of prime impor-
tance, as In aircraft engines, any unnecessary
increase in the weight of the engine parts is
to be avoided.

The band means of the present invention
eliminates the usual fastening bolts or simi-
lar threaded means and absorbs the recurring
tensile loads resulting from the expansion of
the explosive mixture during operation of
the engine thus relieving the crank case of
these relative high tensile stresses to which
it would be subjected were bolts used. These
loads are distributed uniformly around the

1928. Serial No. 287,963.

crank case which is
sion by the band means.

Two bands one on each side of the cylin-
ders are employed and they engage arcuate
surfaces on flanges which are rigid with the
cylinders and seat on the crank case.
placing the bands adjacent or in close prox-
imity to the crank case several important
advantages are attained among which may
be mentioned here the following: The bands
are of minimum length and weight. They
create practically no wind resistance. The
cylinders may be made light in weight as the
bands impose no stresses on them. The
flanges on the cylinders are held uniformly
against their seats on the crank case thus
maintaining the cylinders in exact radial
alignment and eliminating localized stresses
on the flanges.

Another object of this invention is to form
the tension bands in sections and connect the
same by adjustable means which permit the
bands to be properly tensioned and also af-
ford ready assembly and disassembly of the
cylinders and crank case. '

Other objects of the invention will appear
from the following deseription taken in con-
nection with the drawings forming a part
of this specification, in which:

Fig. 1 is a front elevation, with parts
broken away, of an internal combustion en-
gine embodying the present invention

Fig. 2 is a sectional view of the engine,
wfit% parts broken away, taken on line 2—2
of Fig. 1;

Fig. 8 is a sectional view taken on line 83—3
of Fig. 1;

Fig. 4 is a sectional view taken on line 4—4
of Fig. 8; :

Fig. 5 is a sectional view taken on line 5—5
of Fig. 8, and

Fig. 6 1s a sectional view taken on line 6—6
of Fig. 8.

Rei?erring to the drawings, 10 represents
generally a nine cylinder radial internal com-
bustion engine of the compression-ignition
or solid fuel injection type embodying the
present invention. As shown, the engine has
a crank case 11 of substantially cylindrical
form, provided with an integral diaphragm

placed under compres-
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12 and a removable diaphragm 13 secured
by suitable means on the inside of the crank
case. Mounted in suitable bearings in the
diaphragms 12 and 18 is a crank shaft 14,
having a crank 15 upon which are journalled
connecting rods 16 connecting the pistons of
the engine to the crank shaft. The dia-
phragms define a plurality of relatively iso-
lated compartments in the crank case, the
central one of which houses the crank- and
rods. A removable cover 17 secured in posi-
tion by any suitable means closes the open
anti-propeller end of the crank case, the cover
being provided with an opening 18 through
which the driving shaft of the engine starter,
not shown, projects. A propeller hub 19 is
non-rotatably secured in any suitable man-
ner on the forward end of the crank shaft.

In the form shown, the engine has sepa-
rately formed cylinders 20, each provided
with a laterally projecting flange 21 adjacent
its lower open end. The flange 21 is pro-
vided, on the side facing the cylinder head,
with opposed, relatively elongated, prefer-
ably arcuate grooves 22, as best shown in
Figs. 1 and 4, and is also provided with op-
posed projecting portions 23, preferably lo-
cated between the opposed arcuate grooves
22. The circumferential part of the crank
case is provided with spaced openings 24
adapted to receive the projecting ends 25 of
the cylinders and surrounding or adjacent
each of these openings 24, the crank case is
preferably flat to provide a plane seat 26 for
the cylinder flanges 21.

As shown, the cylinders are removably se-
cured in radial position on the crank case by
two continuous bands 27 of preferably circu-
lar cross section positioned 1n the grooves 22
of each cylinder flange and extending around
the crank case. Each of the bands 27 is pref-
erably formed in three sections, as shown, the
ends of the sections being threaded and con-
nected by suitable turnbuckles 28. The por-
tions of the bands 27 adapted to be posi-
tioned in the cylinder flange grooves 22 are
preferably arcuately formed to correspond
with the curvature of the grooves 22, and
those portions adapted to be positioned be-
tween the cylinder flanges 21 are preferably
formed straight, as shown.

In order to retain the cylinders in position
on the crank case during assembly of the en-
gine or during removal and repair of one or
more of the cylinders, an auxiliary fastening
means for the cylinders is employed. This
auxiliary fastening means comprises lugs 29
adapted to engage the projecting portions 23
of adjacent cylinders and to be removably se-
cured in position by bolts 30 or other suitable
means engaging the crank case.

In assembling the engine, after the cylin-
ders have been mounted on the crank case and
the lugs 29 secured in position in engagement
with the projecting portions 23 of the cylin-
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der flanges, the bands 27, the sections of
which have previously been connected by the
turnbuckles 28, are slipped over the cylinder
flanges 21, into the flange grooves 22, after
which the turnbuckles are rotated to contract
or tighten the bands about the cylinder
flanges and thus securely hold the cylinders
in position on the crank case. To remove the
cylinders, the turnbuckles are rotated in the
opposite direction to expand or loosen the
bands sufficiently to permit them to be
slipped off the cylinder flanges.

The diaphragms 12 and 13 are preferably
so located or positioned in the crank case that
their peripheries will lie in the plane of the
bands 27 when in position, although it will
be apparent that they may be positioned at
one side or the other of the planes of the
bands if desired. The bands, when in posi-
tion and tightened or contracted about the
cylinder flanges, preferably engage the cylin-
der flanges only, and are entirely out of con-
tact with the crank case, as shown. It will
thus be apparent that the bands form a secur-
ing means totally independent of the crank
case for securing the engine cylinders there-
to.

With this method of securing the cylinders
to the crank case, it will be clear that as the
bands are tightened or contracted about the
cylinder flange and the crank cane, compres-
sive stresses will be set up in the crank case,
or, in other words, the crank case will be
compressed, as the bands press the flanges
against the crank case which acts as a base.
The bands are preferably tightened about
the crank case until the tension in the bands
is considerably greatér than any pressure
that may be developed in the cylinders due
to the expansion of the explosive mixture
after combustion in order to hold the cylinder
flanges 21 against their seats on the crank
case under all conditions and with the desired
factor of safety. In this manner, the crank
case is entirely relieved of any tensile stress
resulting from the expansion of the explosive
mixture in the engine cylinders during oper-
ation of the engine, as the tendency of the
explosive forces to move the cylinders radial-
ly outwardly is not transmitted to the crank
case as would be the case with bolts securing
the cylinders in place. ’

It will be further seen that the compression
bands serve to absorb loads from the cylin-
ders and to distribute them uniformly around
the crank case, such cylinder loads being
caused during engine operation, and result-
ing principally from explosion forces in the
cylinders, side thrust of the pistons on the
cylinders, and vibration.

The diaphragms 12 and 13 serve to rein-
force the casing, and also to provide parti-
tions which divide the casing into a plurality
of isolated compartments. This manner of
forming compartments lends to compactness
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and ruggedness of an engine casing, while
the bands and the association therewith of
the diaphragms permit the casing wall to
be formed relatively thin and at the same
time rugged enough to withstand the high
pressures developed by engines of the com-
pression-ignition or solid fuel injection type.
Furthermore, this construction of a relative-
ly light casing makes it possible to successful-
ly use compression-ignition or solid fuel in-
jection engines with aircraft. Thus the
weight-power ratio of a high compression
ratio engine need not, necessarily, be mate-
rially greater than that of a low compression
ratio engine. In the engine shown, it has
been found that the crank case may satis-
factorily be an aluminum casting and the re-
movable diaphragm may be of duralumin.

While the present invention is shown and
described as embodied in a radial engine of
the compression-ignition or solid fuel injec-
tion type, it will be apparent that the inven-
tion may readily be adapted to other types
of engines, if desired.

The form of the invention shown and de-

scribed is to be considered as a preferred

form only and it is to be understood that
the invention is to be limited only by the
scope of the appended claims.

Having thus described the invention, what
is claimed and desired to be secured by Let-
ters Patent is:

1. In an internal combustion engine, in
combination, a crank case, a plurality of cyl-
inders, each of the cylinders having a flange
provided with a plurality of grooves, said
flange bearing against the crank case, and
means comprising a pair of continuous bands
in tension surrounding the crank case and en-
gaging the grooves in the cylinder flanges,
said bands tensionally securing the cylinders
to the crank case and distributing cylinder
loads to the crank case and being 1n tension
greater than that which is developed therein
by the maximum explosive force devcloped
in any cylinder.

2. In an internal combustion engine, a
crank case, a plurality of cylinders extending
radially from the crank case, flanges on the
cylinders and bearing against the crank case,
and a pair of tension bands encircling the
flanges on opposite sides of the cylinders and
securing them against the crank case, said
bands being placed in tension greater than
that which is developed therein by the maxi-
num explosion force developed in any cyl-
inder.

3. In an internal combustion engine, a
crank case, a plurality of cylinders extending
radially from the crank case, flanges rigid
with the cylinders and bearing against the
crank case, said flanges having arcuately ex-
tending grooves in their outer faces arranged
in circular relation on opposite sides of the
cylinders, and a pair of tension bands sur-
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rounding and seated in the grooves in the
flanges, said bands being secured in tension
greater than that which is developed therein
by the maximum explosion force developed
in any eylinder.

4. In an internal combustion engine, a
crank case, a plurality of cylinders extending
radially from the crank case, and cylinder se-
curing means closely encircling ‘and com-
pressing the crank case and engaging the cyl-
inders adjacent thereto, said means being in
tension in excess of that which is developed
therein by the maximum explosive force de-
veloped in any cylinder.

5. In an internal combustion engine hav-
ing a crank case and cylinders, tension means
for securing the cylinders to the crank case
comprising removable contracted band means
encircling the crank case and engaging the
cylinders adjacent that part bearing against
the crank case, said band means being in ten-
sion in excess of that which is developed
therein by the maximum explosive force de-
veloped in any cylinder.

6. In a radial internal combustion engine,
a crank case; a plurality of cylinders and
means securing the cylinders fo the crank
case including cylinder flanges bearing
against the crank case and circalar members
in tension engaging the flanges, said securing
means distributing substantially all forces de-
veloped in any cylinder during engine oper-
ation around the crank case and holding each
flange in uniform bearing contact with the
crank case.

7. In an engine, a substantially cylindrical
crank case, cylinders bearing against the
crank case and extending radially from the
crank case, band means surrounding the
crank case and engaging the cylinders adja-
cent the crank case, and reinforcing walls
within the crank case substantially in the
same plane with the band means, said band
means being in tension greater than that
which is developed therein by the maximum
explosion force developed in any cylinder.

8. In an internal combustion engine, a
crank case, a plurality of cylinders extending
radially from the crank case, flanges con-
nected to the cylinders and bearing against
the crank case, and a pair of tension bands, in-
cluding sections and adjustable connecting
means therebetween, encircling the flanges on
opposite sides of the cylinders and securing
them against the crank case, said bands being
placed in tension greater than that which is
developed therein by the maximum explosion
force developed in any cylinder.

9. In an internal combustion engine, a
crank case, a plurality of cylinders extending
radially from the crank case, flanges rigid
with the cylinders and having arcuate sur-
faces, and a pair of tension bands having
alternate arcuate and straight portions with
the arcuate portions seated on said arcuate
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surfaces, the bands being secured in tension
greater than that which is developed therein

by the maximum explosion force developed

in any cylinder.

10. In an internal combustion engine, a
crank case, a plurality of cylinders extending
radially from the crank case, and means in-
cluding bands in close proximity to and com-
pressing the crank case and connected with
the cylinders adjacent thereto to secure the
cylinders against the crank case, said bands
being in tension in excess of that which is
developed therein by the maximum explosive
force developed in any eylinder.

In testimony whereof 1 affix my signature.

LIONEL M. WOOLSON.



