Dec. 29, 1942. J. W. KINNUCAN

SHAFTING - __ B
Filed April 11, 1940

74
/

2,306,960

A 74a. ) 3
'1? \ i : 1 .
—— s <
] £ . N N
v £

&1
£~

(=&

red

S

%
\-’, /
\\\\,

Pra NS P
20T 4 S0
43 -4 ALY ‘-\43
<6 SAOANANNNK
74 . o’ /‘\18
7> \ A6

75

- eSaines W Ainnccars
e g
' S T ATTORREY.

INVENTOR.




Patented Dec. 29, 1642

UNITED STATES

2,306,960

PATENT OFFICE

2,306,860
SHAFTING

James W. Kinnucan, Detroit, Mich., assignor, by
mesne assignments, to Continental Aviation
and Engineering Cerporation, a corporation of

Virginia

Application April 11, 1940, Serial No. 329,126

9 Claims.

My invention relates to shafting and more par-
ticularly to rotating shafts used in aircraft en-
gines.

One of the prime essentials in aircraft engine
design is to minimize on weight wherever possi-
ble. As a result, most all shafis employed in an
.~ gircraft engine are constructed of tubular ma-
terial, or are otherwise bored out to lessen the
weight of the shaft without decreasing its
strength in withstanding loads and other foreces
to which i} is subjected.
g tubuler shaft or sleeve may transmit torque
nearly as efiiciently as a solid shaft and it is well
known that a tubular shaft or sleeve will also
present maximum resistance to kending forces.

t is the practice, thersfore, to employ such tu-
bular shafts or sleeves in aircraft engines and
to construct such shafts with as thin a wall sec-
ticn as is consistent with good engineering prac-
tices.

Many applications of a tubular shaft are to be
found in aircraft engines, and one of said appli-
cations is the idler gear shaft employed in many
reduction drives. These shafts are preferably
constructed tubular with a relatively thin wall
section of sufficient strength to carry the torque
and to resist bending forces when mounted in
suitable engine bearings. In large aircraft en-
gines it is quite necessary to use shafts for sup-
porting such gears of relatively large diameter in
order to transmit the torgque from a high output
engine. Operation of these shafts in high out-
sub engines has shown that the excessive load-
ing of the shaft at the bearings makes necessary
the construction of a shaft with varying wall
thicknesses and with a particularly thick section
at the bearings in order to withstand compres-
sion loads which may reach as high as twenty
thousand (20,060) pounds per square inch.

An object of my present invention is to con-
struet a shafi, which is subjected to relatively
high compressicn loads, of a relatively thin wall
section for its entire length, but to eliminate the
dificulties aforesaid by providing means inserted
within the shaft bore to reinforee said shaft un-
der the bearings.

Ancther object ¢f my present invention is to
econsiruct an improved engine shaft element of
minimum weight and maximum strength by in-
serting a reinforcing plug within the shaft in the
radial plane of the bearing to provide a rigid
shaft structure resisting deflecticn under com-
pression loads.

A further object of my present invention is to

construct g shaft element of minimum weight 55
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and maximum strength, 2nd one which may be
supported in ordinary plain cylindrical bearings,
by providing a reinforcing plug which may be
inserted within the hollow interior of the shaft

5 and located in contacting relation with the in-

ner surface of that portion of the shaft underly-
ing the bearing, in order to reinforce the shaft
and minimize the tendency of such shafts to be
disterted out of round when subjected to relative-

10 1y high compression loads.

It will be observed that the present construe-
tion as hereinafter described in detail will elimi-
nate the necessity of providing expensive and
complicated bearing structures as are usually
employed in engines of this character, thereby,
providing a light-weight shafi structure for air-
craft engines which can be economically manu-
factured.

For a more detailed understanding of my in-

20 vention, reference may be had to the accompany-

ing drawing iliustrating a preferred embodiment
of my inventicn and in which: :

Fig. 1 is a longitudinal sectional view through
a shaft and bearing support illustrating my in-

8 vention,

Fig. 2 is a transverse sectional view through the
bearing and reinforced shaft section taken on the
section line 2—2 of Fig. 1,

Fig. 3 is a diagrammatic view illustrating the

30 deflection of a tubular shaft section under com-~

pression leads, and

Fig. 4 i3 a detailed sectional view illustrating a
moedified form of construction.

In the accompanying drawing; I have chosen
to illustrate my invention embodied in an idler
gear shaft, although it will be understood that
the principles of my invention may be incor-
porated in obther types of shafts if so desired.
The present shaft §0 is formed hollow and is

40 preferably provided with an internal bore {1 pro-

viding a wall section of minimum thickness,
which is capable of transmitfing the required
amount of torque and resisting bending stresses
because of the application of a lcad on an inter-

45 mediate seclion of the shaft between spaced

bearing structures.

The shaft in the present instance is provided
with an enlarged section {2 forming a gear mem-
ber (8, which is constructed for meshing engage-
with a gear (&8 A second gear f{da is
mounted on said shaft intermediate the shaft
bearings and is preferably secured or fastened
to the flange 14b ag shown in Fig. 1.

The engine structure includes certain struc-
tural frame members {5, which carry bearing
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supports 5 and {7. Plain cylindrical bearings
or bushings {8 and {9 are respectively supported
in these bearing supports 16 and I1. The shaft
{9 carries at each end thereof, the bearing por-
tions 28 and 21 which are respectively construct-
=d for mounting within the plain bearings 18 and
(8. Reinforcing plugs 22 and 23 are fitted in the
internal bore of the shaft 18 at each end thereof
and are respectively located to underlie the shaft
portions 20 and 2{. These plugs as shown in Fig,
1 comprise an annular channel shaped ring struc-
ture having webbed portions 24 and annular
flange portions 25. These annular flange por-
tions are constructed to ke located or positioned
within the tubular shaft in such a way as to
have surface to surface contact with the internal
surface of the tubular shaft portion, which is in
cperative engagement with the plain bearings
18 and f9. Preferably the internal bore of the
shaft I8 is machined to provide shoulders 25
against which the plugs abut and the outer pe-
ripheral rim of each plug is provided with a dis-
tortable annulus 27 which may be peened out-
wardly into an annular groove 28 carried by the
shaft, so as to permanently secure the plug
within the tubular shaft.

Referring particularly to Fig. 3, it will be noted
that this illustration shows an exaggerated de-
flection of the tubular shaft portion 28 under
compression loads, as diagrammatically indicated
by the arrows 28. The dotted line elliptical shaft
designated by reference character 38 illustrates
how this shaft is deflected or crushed under com-
pression loads resulting in a deflection as indicat-
ed by a. 'This defiection of the shaft under load
has been measured, and deflections as high as
.012 of an inch have been noted. Such deflec-
tions which tend to distort the shaft out of round
have a tendency to very quickly score or other-
wise ruin the bearing which supports the shaft.
Consequently it has been customary, hieretofore,
to provide strong expensive bearing structures
for supporting these shafts, so that any deflection
of the shaft into an out-of-round condition wiil
not destroy or unduly wear the bearing.

I have discovered, that by using a shaft of min-
imum wall thickness and which is not sufficiently

_strong to withstand these compression loads with-
out deflecting an excessive amount, the deflec-
tien of the shaft can be minimized by inserting
a reinforcing plug as herein illustrated to rein-
force that shait portion lying within the bearing
which supports same. After insertion of these
plugs measuremsnts were taken and a maximum
deflection cf .001 of an inch were noted and con-
sequently this has made it possible to provide or-
dinary plain bearings or bushings for supporting
this type cof shaft. The insertion of these plugs
has made it possible to machine or otherwise
construct the entire shaft of minimum wall thick-
ness to obitain & maximum saving in. weight.
The plugs are readily inserted and secured in
place with a minimum of labor and expense and
have added very little to the total weight of the
shaft. In fact, the total weight of the shaft and
plugs is much less than the shafts which have
heretofore been employed in aircraft engines for
similar applications.

In Fig. 4 I have illustrated a modified. shaft
construciion in which the shaft portion 2%a of
shaft i® is constructed to receive a pair c¢f cup
members 43 assembied back to back and abuited
against the shoulder 2§, and secured in place by
means of an expanding lock spring or washer &4.
These cup members each comprise a web portion
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42 and ahnular flange bortions 438 constructed to
fit snugly within the internal bore of the shaft
and to contact the internal surface of the shaft
portion 28a underlying the plain bearing 18.

It will be further noted that the web portions
of the reinforcing plugs are substantially po-
sitioned to lie in the plane of the bearing sup-
port, and these plugs are provided with annular
flange portions contacting the shaft, and together
have a length substantially the same as the
length of the shaft bearing.

It will be obvious that various types of plugs
may be embodied in various engine applications,
the particular design and structure of the plug
depending upon the total maximum compression
loads to which the shaft is subjected. Obviously,
one or more of these plugs may be employed as
desired to meet the various conditions encoun-
tered in aircraft engine construction.

Although I have illustrated but one form of my
invention and have. described in detail but a
single application thereof, it will be apparent to
those skilled in the art to which my invention
pertains, that various modifications and changes
made be made thérein without departing from
the spirit of my invention or from the scope of
the appended claims, : -

I claim:

1. A shaft structure comprising a.tubular shaft
member subjected to compression loads, a plain
cylindrical bearing for rotatably supporting said
shaft, and a continuous plug secured internally
of said tubular shaft and located in radial align-
ment with respect to said bearing, said plug com-
prising- a continuous annular channel member
having peripheral flange portions constructed to
provide a whole circle contact with the internal
surface of said shaft portion in operative engage-
ment with said bearing.

2. A shaft structure comprising a tubular shaft
member subjected to compression loads, a plain
cylindrical bearing for rotatably supporting said
shaft, and a plug secured internally of said tu-
bular shaft and located in radial alisnment with
respect to said bearing, said plug comprising a
web portion and an axially extending annular
flange portion constructed for surface to surface
whole circle contact with the internal surface of
said shaft portion in operative engagement with
said bearing. ‘ _

3. A shaft structure comprising a tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
prlug secured internally of said tubular shaft and
located in radial alignment with respect to said
bearing, said plug comprising a pair of cup mem-
bers assembled back to back and providing op-
positely extending annular flange portions con-
structed for surface to surface contact with the
internal surface of said shaft portion in oper-
ative engagement with said bearing,

4. A shaft structure comprising s tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
plug secured internally of said tubular shaft and
located in radial alisnment with respect to said
bearing, said plug including a cup member hav-
ing a web extending normal to the shaft axis
and an annular flange portion peripherally con- -
tacting with the internal surface of said shaft
underlying said bearing.

5. A shaft structure comprising a tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
plug secured internally of said tubular shaft and
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located in radial alignment with respect to said
bearing, said plug coaxially aligned within said
shaft and including a web portion extending nox-
mal to the shaft axis and a continuous annular
flange peripherally contacting with the internal
surface of said shaft underlying said bearing.

6. A shaft structure comprising a tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
plug secured internally of said tubular shaft and
jocated in radial alignment with respect to said
bearing, said plug comprising a pair of cup mem-
bers assembled back to back and providing op-
positely extending annular fiange portions con-
structed for surface to surface contact with the
internal surface of said shaft portion in oper-
ative engagement with said bearing, said annu-
lar flange portions extending to points substan-
tially radially aligned with the ends of said bear-
ing.

7. A shaft structure comprising a tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
continuous sleeve-like plug secured internally of
said tubular shaft and located in radial align-
ment with respect to said bearing, a bearing sup-
port, said plug comprising a member having =a
web portion stubstantially aligned with the plane
of the bearing support and a continuous annular
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flange portion constructed for surface to surface
whole circle contact with the internal surface of
said shaft portion underlying said bearing.

8. A shaft structure comprising a tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
continuous whole cirele plug secured internally
of said tubular shaft and located in radial align-
ment with respect to said bearing, said plug hav-
ing a web portion and an annular flange portion
in whole circle contact with the internal surface
of the shaft portion underlying the bearing, said
shaft internal bore having a shoulder forming
an abutment to locate the plug and means secur-
ing said plug in place.

9. A shaft structure comprising a tubular shaft
member subjected to compression loads, a bear-
ing for rotatably supporting said shaft, and a
plug secured internally of said tubular shaft and
located in radial alignment with respect to said
bearing, said plug having a web portion and an
annular flange portion in contact with the in-
ternal surface of the shaft portion underlying
the bearing, said shaft internal bore having a
shoulder forming an abutment to locate the plug
and means securing said plug in place, said means
comprising a distortable annular lip distorted in-
to locking engagement with said shafi.

JAMES W. KINNUCAN.
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