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4 Claims.

My invention relates to aircraft and more par-
ticularly to the assembly therewith of an air-
craft power plant, one assembly of which is here-
in {llustrated, same being especially adapied for
assembly with large bombing and/or transport
planes and other aircraft employing multiple en-
gines.

It will be realized that more ‘efficient aircraft
operation, higher speeds and greater carrying ca-
pacity may be had in the larger type of aircraft,
when the power plant is housed substantially
within the wing structure. Such an assembly is
particularly advantageous since there is a mini-
mum of resistance to the air stream and thus
there is attained a maximum of lift for a mini-
mum expenditure of power.

An object of my present invention is to im-
prove aircraft eficiency by providing an improved
assembly of the alrcraft power plant within the
aeroplane structure.

Another object of my invention is to improve
the operating characteristics of aireraft by pro-
viding a power plant assembly comprising means
for supporting the engines in such a way as to
facilitate servicing, by providing means which
vermit adjustments to be readily made, particu-
larly adjustments and regulation of the acces-
sories and connections while in flight.

A further object of my invention is to provide
an improved assembly of an aircraft power plant
%ith a heavier-than-air aircraft by providing an
engine constructed and arranged to be housed
substantially within the wing structure, which is
positioned to extend longitudinally of the wing
structure, and to drivingly connect the engine
with a propeller shaft extending at an angle to
the longitudinal axis of the engine, said propeller
shaft preferably projecting through the forward
or leading edge of the wing structure and in-
cluding a reduction drive mechanism.

A further object of my invention is to provide
a structural assembly of an angle propeller shaft
drive comprising gearing connecting driving and
driven shafts which extend at an angle, and to
accomplish this with a minimum of parts while
providing a rugged structure capable of giving
long life. The present construction is particular-
ly adapted for assembly within the wing structure
of a heavier-than-air aircraft, and provides im-
proved aircraft operating characteristics.

A still further object of my invention is to pro-
vide a transmission structure including a gear
box and an angle gear drive for driving the pro-
peller of an aircraft, which is mounted on a pro-
peller shaft txtending through the leading edge
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of the wing structure and which is connected
with an internal combustion engine of the type
having cylinders whose axes lie in a plane sub-
stantially parallel to the wing surface, and having
a crankshaft extending longitudinally of the wing
structure, by providing a structural assembly per-
mitting the use of one gear box for supporting
gearing adapted for assembly with engines rotat-
ing in reverse directions.

For a more detailed understanding of my in-
vention reference may be had to the accompany-

~ing drawings {llustrating in detail a preferred em-

bodiment thereof; and in which like characters
refer to like parts throughout the several views,
and in which:

Fig. 1 is a diagrammatic fragmentary view of
an aircraft showing an aircraft power pla.nt aend
propeller drive assembly,

Fig. 2 is a front elevational diagrammatic
fragmentary view of an aircraft structure in-
corporating the power plant and propeller drive
assembly illustrated in Fig. &,

Fig. 3 is a horizontal sectional vxew of the angle
gear drive mechanism for connecting the pro-

3 peller in driving relation with the engine and

taken substantially on the line 3—3 of Fig. 2,

Fig. 4 is a plan view of the gear casing asso-
ciated with my proposed angle gear drive, )

Fig. 5 is another plan view of the gear casing
having the angle drive, and which is assembled
with the engine shown on the right side as shown
in PFigs. 1 and 2,

Fig. 6 is an end view of thls gear: casing show-
ing the pump assembly and the identical con-
struction of the upper and lower gear casing
sections, and

Fig. 7 is.a detail eleva.tional view of the Sear
casing illustrating in detail the .lubricant inlet
and outlet ports.

Referring particularly to Figs. 1 and 2, it will
be observed that the aircraft A is of substan-
tially conventional construction and is provided
with a fuselage {0 and laterally extending wing
structures 1! and {la which are connected with
and supported by the fuselage 10.. The left hand
engine 12 is supported substantially within the -
wing structure ([ while the right hand. engine
12a is supported substantially within the wing:
structure fla. It will be noted that these engines
12 and {2a are supported within the wing struc-
tures so that the longitudinal axes I3 and {3a
of said engines extend longitudinally of the wing
structures. The engine cylinders (4 are arranged
to lie'horizontally, or in other words the plane
containing the axes of the engine cylinders ex-
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tends substantially parallel to the plane surface
1§ of the wing structure in which the engine is
housed.

If desired, additional engines {2c may also be
used, these engines being positioned to lie for
the most part within the wing structures and
connected with drive shaft 20a extending to a
point more remote from the fuselage 10. Be-
cause of the tapering construction of the wings
the engines 12¢ are preferably located closer to
the forward end of the fuselage and shafts 20q
lie closer to the forward or leading edge of the
wing structures than shafts 20.

It will be observed that this construction pro-
vides a compact assembly of the afrcraft power
plants, and that they are so supported as to
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facilitate engine maintenance while in flight.

This i{s made possible by positioning the rear-end
portion of each engine in such a way that same
1s preferably projected within the fuselage 10,
and it is this rear-end portion which usually
carries or supports the various accessory mech-
anisms 16. The engines project through an
opening {1 in the fuselage side wall, so that
access may be had to these engine accessories
from the interior 10z of the fuselage 0. It will
be obvious that the distance which said engine
may project within the interior of the fuselage
may be varied as desired, but I find it preferable
in most instances to project the rear part of the

"~ engine into the interior of the fuselage substan-

tially as shown in Figs. 1 and 2. The forward
portion -of the engine is, of course, supported
within the wing structure and the engine crank-
shaft 18 is in each instance operatively con~
nected with the driving shaft (9 by means of
any suitable shaft extension 20, thus permitting
the assembly therewith of a power drive con-
nection in any desired location, since the exten-
sion 20 may be constructed of various lengths.
It will be noted that the present assembly is very
compact and access may be directly had to the
engines even though the propeller shafts are
widely spaced for driving extra large diameter

propellers. In fact, in the present preferred as-.

sembly the engines 12 and (2a are supported
rather ‘close back to back as is iljustrated in
Fig. 1.

It will be apparent that this assembly is espe-
cially suited for assembly with an aircraft of
the type herein illustratéd since the relatively
thinner or minimum height portion of the engine
is the forward portion which is located the great-
est distance within the wing structure, remote
from the fuselage. One of the advantages noted
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My improved angle gear drive is {llustrated in
detail in.Pigs. 3 to 6 inclusive and it will be noted
that the driving shaft 19 and driven shaft 23
are housed within a two part gear casing, com-
prising an upper section 24 and a lower section '
28a. The plane of division of this two part gear
casing is preferably in the plane of the axes 25
and 26 of the driving and driven shafts respec-
tively and the two parts of this casing are pref-
erably secured together by suitable bolts 21 as
shown. ’

‘The driving shaft 19 is splined or otherwise
suitably connected as at 28 with the drive shaft
extension 20 and is supported In a suitable bear-
ing 28. A bevelled gear 30 is driven by this shaft
19 through a vibration damping device 31 and
the hub 32 of said bevelled gear is supported in
a bearing 33 carried by the gear casing structure.
The particular construction and cperation of the
damping devices illustrated herein are described
and claimed in my co-pending application for
patent, Ser. No, 354,715, filed August 29, 1940,
The bevelled gear 30 meshes with another bey-
elled gear 34 secured to the driven shaft 23 by
bolts or other conventiona, securing devices 35,
the driven shaft being preferably supported in
the casing structure by a bearing 36 at one end,
and by a bearing 37 adjacent the other end.

1t will be noted that the hup 32 is provided
with an open end bore 38 and that the driven
shaft 23 is provided with an annular rib 39 on

_ which is accumulated a certain amount of lubri-

35

53

with a construction such as I have developed,

is that it has been possible to use a wing struc-
ture which is of minimum thickness in the plane
of the propeller shaft, thereby making it possible
to provide an aircraft which may attain rela-
-tively high speeds because of the minimum air
resistance of the wing structure.

"This aircraft power plant assembly illustrated
in the accompanying drawings is drivingly con-
nected with a propeller 21 mounted on a pro-
peller shaft 22 which extends at an angle to the
crankshaft 18 of the engines (2 and {2a. In the
present instance the propeller shaft 22 extends
at substantially a right angle to the engine
crankshaft, the arrows in PFigs. 1 and 2 indicat-
ing the direction of rotation of the engine crank-
shaft and propeller. My driving mechanism in-
- cludes a reduction gear which is a unitary part
of my angle drive. ‘

0

4

cant, which is thrown off by centrifugal force
and caused to be thrown into the interior 40 of
the driving shaft portion 19a driven from said
driving shaft 19, The lubricant forced into the
interior of this driving shaft will find its way to
the bearings 28 since the same is thrown by cen.
trifugal force against the inner wall of this tu-
bular driving shaft and flows through the oil
ducts 41 into the bearing structure for lubricat-
ing same. .

The driven shaft 23 has an extension 42 pro-
Jecting through bearing 37 and is connected in
& conventional manner with the oil pump mech-
anism (not shown) which is contained within
the oil pump housing 43. The construction of
this oil pump forms the basis of my United States
Letters Patent, No. 2,278,110, dated March 31,
1942, and is therefore not described in detail in
the present application.

-It will be noted that if desired, the bevelled
gears 30 and 34 may be of different pitch diam-
eter so as to provide a speed change between the
driving and driven shafts 19 and 23 respectively.
A gear reduction mechanism ig preferably inter-
bosed between the driven shaft 23 and the pro-
peller shaft 22. I preferably employ a reduction
mechanism constructed as described in detail
and claimed in my co-pending application Ser.
No. 293,098, filed September 1, 1939, In general,
this reduction mechanism includes s driving
member 43 which drives through ring gears 44
and pinjons 45 mounted on a carrier 46 which
is in turn drivingly connected with a driven shaft
portion 41. The ring gear 48 is shown in my
co-pending application as being fastened to the
casing, but in the present instance this gear 48,
which is splined to the internally splined ring
gear 49, is connected to a torque meter structure
50 by means of arms 51. The shaft portion 41
may, if desired, carry a bevelled gear 53 which
engages with a gear 54 driving a timing device
or other suitable mechanism supported by the
reduction drive casing 55. The shast 41 is ex-
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tended as at 58 and is splined to a member 57
which is in turn splined with the sleeve 58 bolted
as at 59 to the flange 60 of the propeller shaft
22.  Preferably the casing §5 carries bearings 61
which supports the shaft 47.

It will be noted that the reduction drive casing
is secured or suitably bolted to the two part

gear casing and forms a unitary structure with .

said two part casing. . In fact the reduction drive
casing 55 is also preferably formed of two halves
and forms a gear box structure in assembly with
casing parts 24 and 24a. The timing device 90
may be mounted in either of the openings 91
or 8ia. '

Observing particularly Figs. 4, 5 and 6, it will

be noted that the upper and lower casing sec-
tions 24 and 24a are substantialiy identical in
design. The angle drive, which is shown as con-
nected with engine 12 in Fig. 1, is {llustrated in
Fig. 4 and it will be noted that this angle drive
means inciludes a gear case and internal mecha-
nism, thisg means comprising a unitary driving
structure. When the gear case and contained
mechanism is to be associated with an engine
operating to drive the crankshaft in a reverse
direction, such as is desired when using an as-
sembly as shown in Fig. 5, this unitary driving
structure is also adaptable for use with the re-
verse type of drive as well. The casing contain-
ing this gearing may be swung through an arc
of 180 degrees about the axis 25 (indicated as
A—A in Fig. 3) and thus what was the upper
casing section 24 in Fig. 4 becomes the lower
casing section in Fig. 5, and the lower casing
section 24a in Fig. 4 becomes the upper casing
section in Fig. 5. It will be noted that the ar-
rows 10 indicate the direction of rotation of the
crankshaft and arrows Tt indicate the direction
of rotation of the driven shaft and propeller
shaft in both assemblies illustrated in Figs. 4
and 5.

In Fig. 5 it will be noted that the rotation of
the engine crankshaft and bevelled gear con-
nected thereto are reversed with respect to the
same parts shown in Fig. 4, and likewise the ro-
tation of the bevelled gear 34 and propeller shaft
32 is also reversed with respect to the rotation of
the same parts as illustrated in Fig. 4.

It will be thus noted that my construction
makes it possible to use the same gear and gear
casing assembly for both engines 12 and 12q, this
gearing including the same angle drive and gear
reduction mechanism for either a right or left
hand drive. It will be obvious that certain mark-
ings may be placed on the casing so as to indi-
cate the right position of the casing when it is as-
sembled to the engine, This may be done in any
suiltable manner. .

The manufacture of the construction herein
illustrated is materially facilitated and same can
be manufactured with a minimum of expense be-
cause of the fact that the same gear box and in-
ternal gears and cther associated parts, are
adaptable for either a right or left hand engine.
This unitary construction including the angle
drive and gear reduction mechanism is employed
for both assemblies as illustrated in Figs. 4 and 5
without change. )

Although I have described in detail but one
application of my invention, it will be apparent to
those.skilled in the art to which my invention per-
tains, that various modifications and changes may
be made therein without departing from the spirit
of my invention or from the scope of the ap-
pended claims,
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Iclaim: ’ :

1. An angle gear drive transmission for inter-
changeable assembly with right and left hand air-
craft internal combustion engines and compris-
ing a drive shaft drivingly connected with the
engine, a driven shaft extending normal to the -
driving shaft, bevelled gears drivingly connecting
said shafts, a propeller shaft and other accessories
drivingly connected with said driven shaft, and a
casing structure for housing said transmission
and including means for supporting said driving
and driven shafts, said casing comprising upper
and lower sections constructed substantially iden-
tica] and arranged to be interchanged one with
the other for positioning the driven shaft in an-
other position 180 degrees removed as same is
swung about the driving shaft axis for operation
with an engine of reverse crankshaft rotation,
and supports for said accessories and propeller
shaft respectively secured to said casing sections
without being reversed in either of the inter-
changed positions aforesaid. ' '

2. An angle gear drive transmission for inter-
changeable assembly with right and left hand
aircraft internal combustion engines and com-
prising a drive shaft drivingly connected with
the engine, a driven shaft extending normal to
the driving shaft, bevelled gears drivingly con-
necting said shafts, a propeller shaft and other
accessories drivingly connected with said driven
shaft, and a casing structure for housing sald
transmission and including means for support-
ing said driving and driven shafts, said casing
comprising upper and lower sections identical in

5 construction and abutting in the horizontal plane

containing the axes of said driving and driven
shafts, sald casing rotatable 180 degrees about
the axis of the driving shaft to position same for
a reverse angle drive and thus positioned for op-
eration with an engine of reverse crankshaft ro-
tation, said casing sections interchangeably con-
nected with adjoining structures of the trans-
mission.

3. An angle gear drive transmission for inter-
changeable assembly with right and left hand air-
craft internal combustion engines and compris-
ing a drive shaft drivingly connected with the
engine, a driven shaft extending normal to the
driving shaft, bevelled gears drivingly connecting
said shafts, a propeller shaft and other acces-
sories drivingly connected with said driven shaft,
and a casing structure for housing said transmis-
sion and including means for supporting said driv-
ing and driven shafts, said casing comprising
upper and lower sections identical in construc-
tion and abutting in the horizontal plane con-
taining the axes of said driving and driven shafts,
said casing rotatable 180 degrees about the axis
of the driving shaft to position same for a re-
verse angle drive and thus positioned for opera-
tion with an engine of reverse crankshaft rota-
tion, said casing sections constructed and ar-
ranged to provide interchangeable securing means
and connections for selective connection with
adjoining structures of said transmission. .

4. An angle gear drive transmission for inter- -
changeable assembly with right and left hand
ajrcraft internal combustion engines and com- -
prising a drive shaft drivingly connected with
the engine. a driven shaft extending normal to
the driving shaft, bevelled gears drivingly con-
necting said shafts, a propeller shaft and other
accessories drivingly connected with said driven
shaft, and a casing structure for housing said
transmission and including means for support-




4 2,342,672

ing said driving and driven shafts, sald casing
comprising upper and lower sections identical in
construction and abutting in the horizontal plane
containing the axes of said driving and driven
shafts, said casing rotatable 180 degrees about
the axis of the driving shaft to position same for
a reverse angle drive and thus positioned for op-
eration with an engine of reverse crankshaft ro-

tation, said casing sections consiructed and ar-

- ranged to provide interchangeable securing means

and connections for selective connection with
adjoining structures of said transmission, at least

, some of said structures being relatively fixed in

posmlon and now reversible.

JAMES W. KINNUCAN
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