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Flexible Coupling

This invention relates to a flexible coupling, and in particular to a flexible coupling for
use in the transmission of torque between a pair of rotatable components such as drive
shafts, wherein the flexibility of the flexible coupling accommodates limited angular

misalignment between the axes of rotation of the rotatable components.

One application in which a flexible coupling is used is in interconnecting the drive
shafts used in the transmission of drive to the actuators associated with aircraft flight

control surfaces such as wing mounted slats and flaps.

One type of flexible coupling that is well known comprises a series of mounting fingers
formed on one of the rotatable components, the fingers each defining a fixing point to
which a torque transmission disc is secured. By way of example, three such fingers
and fixing points may be provided. The disc is conveniently secured to the fingers
using bolts or other fasteners which extend through the openings formed in the fingers,
the bolts or other fasteners being secured to respective parts of the torque
transmission disc. The other of the rotatable component is similarly provided with a
series of mounting fingers defining a series of fixing points to which the torque
transmission disc is mounted. The parts of the disc secured to the fixing points of one
of the components alternate with those by which the disc is secured to the other of the
components.

In use, rotation of one of the rotatable components is transmitted to the torque
transmission disc, and from the torque fransmission disc to the other of the rotatable
components. Any slight angular misalignment of the axes of rotation of the rotatable

components can be accommodated by limited flexing of the torque transmission disc.

A number of different materials and designs of torque transmission disc are known. 1t
is desirable to use composite materials for this purpose as they may be of reduced -
weight compared to other materials whilst being able to transmit the required level of

torque.

One disadvantage of composite material torque transmission discs is that if the disc is

subject to a relatively large out of plane flexing load, such as may occur during
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handling or during installation, or, for example, where installed between a pair of
elongate drive shafts and work is being undertaken at the other end of one of the shafts
requiring movement of that shaft, the degree of flexing which may take place may
result in delamination, or partial delamination, of the torque transmission disc. Such
delamination or partial delamination may result in the torque transmission disc being
weakened. There is a fear that such weakening may not be noticed prior to installation,
or during servicing, and that an installed torque transmission disc may fail, in
subsequent use. The weakening may be such that the failure may occur some time
after installation. The risk of the presence of such a latent fault may, depending upon
the application in which the coupling is used, be unacceptable.

US6200223 illustrates a coupling of the general type described hereinbefore and in
which the means by which the torque transmission disc is secured in position are such
that drive may continue to be transmitted even in the event of a failure of the torque

transmission disc.

It is an object of the invention to provide a flexible torque coupling in which the risk of
damage to parts of the coupling is reduced.

According to the present invention there is provided a flexible coupling comprising a
flexible torque disc having a first plurality of fixing points whereby it can be mounted
upon a first rotatable component, in use, and a second plurality of fixing points whereby
it can be mounted upon a second rotatable component, in use, a support ring, and
mounting means whereby the flexible torque disc is secured to the support ring, the
mounting means restricting deflection of the flexible torque disc relative to the support
ring.

The mounting means conveniently further serves to secure the first fixing points of the
flexible torque disc to the first rotatable component. The second fixing points of the
flexible torque disc, and support ring, are preferably secured, for example by means of
bolts, to the second rotatable component at locations remote from the mounting

means.
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Such an arrangement is advantageous in that the support ring and mounting means
serve to limit deflection or flexing of the flexible torque disc, thereby avoiding excessive
flexing which could cause damage to the flexible torque disc.

In one embodiment, the flexible torque disc includes three equiangularly spaced first
fixing points and three equiangularly spaced second fixing points, the second fixing

points each being located midway between a respective pair of the first fixing points.

The mounting means may each comprise a bush attached to a respective first fixing
point of the flexible torque disc, the bush extending through an opening provided in the
support ring, the bush defining a stop engageable with the support ring to limit
movement of the part of the flexible torque disc adjacent the mounting means away
from the support ring.

The mounting means and flexible torque disc are conveniently bolted to the first

rotatable component.

In use, as with a conventional flexible coupling, flexing of the torque disc can
accommodate limited angular misalignment between the axes of rotation of the first

and second rotatable components.

The bush may be of one piece form, arranged to be fitted through an opening of non-
circular shape formed in the support ring, and moved angularly relative to the support
ring to prevent withdrawal of the bush from the opening.

Alternatively, the bush may be of two part form, holding the support ring captive
therebetween, in use.

The bush is conveniently designed to hold a nut captive thereto. By way of example, it
may include a diametrically extending passage into which the nut can be fitted.

The invention will further be described, by way of example, with reference to the

accompanying drawings, in which:
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Figures 1 and 2 are perspective views, from above and from below, respectively, of a

flexible coupling in accordance with one embodiment of the invention;

Figures 3 and 4 illustrate part of the coupling of Figures 1 and 2;

Figure 5 is a sectional view illustrating part of the coupling of Figures 1 and 2;

Figure 6 is an exploded perspective view of the coupling of Figures 1 and 2;

Figure 7 illustrates part of an alternative embodiment;

Figure 8 is a view similar to Figure 7 illustrating another alternative embodiment; and
Figure 9 illustrates part of the further alternative embodiment shown in Figure 8.
Referring firstly to Figures 1 and 2, a flexible coupling 10 is illustrated whereby torque
can be transmitted between a first shaft 12 and a second shaft 14. The first and
second shafts 12, 14 are approximately aligned with one another, but need not be
exactly aligned. Rather, the axis of the first shaft 12 may be slightly angularly
displaced relative to that of the second shaft 14. The first shaft 12 includes, at its end,
three equiangularly spaced mounting fingers 16, each of which is provided with an
opening receiving a bolt 18.

The second shaft 14, like the first shaft 12, is also provided with three equiangularly
spaced mounting fingers 20. Each finger 20 is formed with an opening through which a

respective bolt 22 extends.

Located between the fingers 16, 20 of the first and second shafts 12, 14 is a forque

transmission disc 24. The disc 24 is of composite material form. By way of example, it

“may comprise layers of a carbon fibre material which have been impregnated with a

suitable resin. The disc 24 is formed with six equiangularly spaced openings, alternate
ones of the openings 24a of the disc 24 aligning with the openings of the fingers 16 and
defining a first series of fixing points, the remaining alternate ones of the openings 24b

of the disc 24 aligning with the openings of the fingers 20 and defining a second series
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of fixing points. The bolts 18, 22 extend through the respective ones of the openings
243, 24b.

An annular support ring 26 is sandwiched between the disc 24 and the second shaft
14. The annular support ring 26 is formed with openings which align with the bolts 22,
and through which the bolts 22 extend. Nuts 28 cooperate with the respective bolts 22
to securely attach the second fixing points of the disc 24, and the support ring 26, to
the fingers 20 of the second shaft 14.

As shown in Figure 6, bushings 30 are conveniently press fitted into the openings 24b
formed in the disc 24 to assist in the transmission of torque to or from the disc 24,
spreading the load over a relatively large area and reducing the risk of contact between

the bolts 22 and the disc 24 causing wear and damage to the disc 24.

It will be appreciated that the support ring 26 is rigidly mounted upon the fingers 20 of

the second shaft 14 and substantially no movement occurs therebetween, in use.

The bolts 18 extend through the holes formed in the respective fingers 16, through
associated holes or openings 24a formed in the disc 24, and through associated holes
32 formed in the support ring 26.

Mounting means 34 in the form of bushes 36 are each press fitted into respective ones
of the openings 24a formed in the disc 24. Each bolt 18 extends through a respective
one of the bushes 36, and the bushes 36 are secured in position by means of nuts 38
held captive to the respective bush 36. As shown in Figures 3 and 4, each bush 36
includes a pair of outwardly extending stop flanges 40, 42, defining a space 44
therebetween. The flanges 40, 42 are not of circular form, but rather are generally
elliptical in shape. Likewise, the openings or holes 32 formed in the support ring 26 are

generally elliptical.

During assembly, each bush 36 is orientated such that the flange 40 thereof can pass
through the respective opening 32 formed in the support ring 26. After insertion, the
bush 36 is moved about its axis through an angle of about 90° with the result that the
bush 36 cannot be withdrawn through the opening 32, but rather the bush 36 and
support ring 26 are held captive to one another, the support ring 26 being trapped
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between the flanges 40, 42. The space 44 between the flanges 40, 42 is greater than
the thickness of the support ring 26 with the result that limited axial movement of the
bush 36 relative to the support ring 26 is permitted.

The operation of mounting each bush 36 to the support ring 26 may be undertaken
either before or after press-fitting of the bushes 36 to the disc 24. Where the press-
fitting operation is undertaken after the mounting of a bush 36 to the support ring 26,
the part of the bush 36 which is press-fitted to the disc 24, and the opening in the disc
24, may be of non-circular shape so as to resist subsequent rotation or angular
movement of the bush 36. As shown in Figure 5, the nuts 38 and bolts 18 serve to

clamp the fingers 16, disc 24 and bushes 36 to one another.

In use, it will be appreciated that rotation of one of the shafts 12, 14 is transmitted to
the other of the shafts 12, 14 via the disc 24. Flexing of the disc 24 accommodates
slight angular misalignments between the axes of the shafts 12, 14. The amount of
flexing of the disc 24 is restricted by the bushings 36 and the support ring 26. If a load
is applied in a direction urging part of the disc 24 away from the support ring 26, flexing
of that part of the disc 24 is permitted until such time as the flexing results in the flange
40 moving into engagement with the support ring 26. Once such engagement has
been established, the cooperation between the bush 36 and the support ring 26
prevents further movement of the bush 36. As the bush is clamped to the disc 24, it
will be appreciated that further flexing of the disc 24 is thus resisted. The risk of

damage to the disc due to over flexing thereof is thus reduced.

Similarly, if a flexing load is applied in the opposite direction, urging the disc 24 towards
the support ring 26, engagement between the flange 42 and the support ring 26 limits
this movement and so prevents over-flexing of the disc 24,

Whilst the description hereinbefore is of the disc 24 and support ring 26 fitted to the
shafts 12, 14, the fit of the bush 36 to the disc 24 is such that the support ring 26
provides support for the disc 24, preventing or resisting over flexing thereof both prior
to installation and during the installation process, as well as when servicing or

maintenance operations are being undertaken.
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Where the flexible coupling is used in the transmission of drive to wing mounted
components such as the actuators used to drive flight control surfaces for movement,
in addition to accommodating slight misalignments as mentioned above, the coupling
can also accommodate relative angular movement between the shafts such as may
arise in the event of flexing of the wing, whilst continuing to guard against damage due
to over flexing of the disc 24 in the event that the wing flexing were to become extreme.

Conveniently, as illustrated, the support ring 36 is of larger diameter than the disc 24.
As a result, the likelihood of the edge of the disc 24 being impacted during storage,
handling, installation and servicing is reduced. Again, this reduces the risk of failure of
the disc 24.

In the arrangement described hereinbefore, the nut 38 is held captive to the bush 36,
this being achieved by the provision of a pair of tangs 46 formed integrally with the
bush 36. Figure 7 illustrates an alternative design of bush 36. The bush 36 of Figure 7
is shaped to define a diametrically extending passage or slot 48 within which the nut 38
is located, a retaining clip 50 being provided to securely clamp the nut 38 in position
and reduce the risk of release thereof. In this design, only the flange 40 is of non-

circular shape. Assembly is substantially as outlined hereinbefore.

Figures 8 and 9 illustrate a further alternative design of bush 36. The bush 36 of
Figures 8 and 9 is of two part form, including a lower part 36a including the flange 42,
and a separate upper part 36b including the flange 40, and through which the passage
or slot 48 is formed. In this arrangement, during assembly, the lower part 36a is press
fitted to the disc 24, the support ring 26 is positioned adjacent the flange 42, and then
the upper part 36b is positioned to the opposite side of the support ring 26 and
extending through the hole 32 thereof. Subsequently, the bolt 18 is threaded to the nut
38 located in the slot 48 and is fastened to securely clamp the two parts of the bush 36
and the disc 24 to the fingers 16 of the first shaft 12. As the two parts of this two part
design of bush 36 can be assembled to the support ring 26 from the opposite sides
thereof, there is no need for the opening or hole 32 of the support ring 26 to be shaped
to permit the flange 40 to pass therethrough. As a result, a simple circular opening or
hole 32 may be used instead of an elliptical or other non-circular shape. Furthermore,
the step of adjusting the angle of the bush 36 to prevent withdrawal of the bush 36 from
the opening 32 can be omitted, thereby simplifying the assembly process.
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Whilst several specific embodiments of the invention have been described
hereinbefore, it will be appreciated that a number of modifications and alterations may

be made thereto without departing from the scope of the invention as defined by the
appended claims.
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CLAIMS:

1. A flexible coupling comprising a flexible torque disc having a first plurality of
fixing points whereby it can be mounted upon a first rotatable component, in use, and a
second plurality of fixing points whereby it can be mounted upon a second rotatable
component, in use, a support ring, and mounting means whereby the flexible torque
disc is secured to the support ring, the mounting means restricting deflection of the
flexible torque disc relative to the support ring.

2. A coupling according to Claim 1, wherein the mounting means further serves to
secure the first fixing points of the flexible torque disc to the first rotatable component.

3. A coupling according to Claim 1 or Claim 2, wherein the second fixing points of
the flexible torque disc, and support ring, are secured to the second rotatable

component at locations remote from the mounting means.

4, A coupling according to any of the preceding claims, wherein the flexible torque
disc includes three equiangularly spaced first fixing points and three equiangularly
spaced second fixing points, the second fixing points each being located midway

between a respective pair of the first fixing points.

5, A coupling according to any of the preceding claims, wherein the mounting
means each comprise a bush attached to a respective first fixing point of the flexible
torque disc, the bush extending through an opening provided in the support ring, the
bush defining a stop engageable with the support ring to limit movement of the part of
the flexible torque disc adjacent the mounting means away from the support ring.

8. A coupling according to Claim 5, wherein the stop is defined by a first flange
formed on the bush.

7. A coupling according to Claim 6, wherein the bush further includes a second
flange spaced from the first flange by a distance greater than the thickness of the
support ring, part of the support ring being located between the first and second
flanges.
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8. A coupling according to any of Claims 5 to 8, wherein the bush is of one piece
form, arranged to be fitted through an opening of non-circular shape formed in the
support ring, and moved angularly relative to the support ring to prevent withdrawal of
the bush from the opening.

9. A coupling according to any of Claims 5 to 8, wherein the bush is of two part
form, holding the support ring captive between the parts thereof, in use.

10. A coupling according to any of Claims 5 to 9, wherein the bush is designed to

hold a nut captive thereto.

11. A coupling according to Claim 10, wherein the bush includes a diametrically
extending passage in which the nut is fitted.

12. A coupling according to any of the preceding claims, wherein the mounting
means and flexible torque disc are bolted to the first rotatable component.



WO 2015/107321

\\_/\\

14

N

\ 20 28

PCT/GB2014/050098

&

26

D
10”7 d @ =4

\ 20 24 4\\.;‘ 2
= — 22

22 36 32
121 18
~




WO 2015/107321

PCT/GB2014/050098

2/5
38 46
4)6 58 46
< D ~
3, - 40 - \ 1o
44 44
1~42
367 2 36
FIG. 3 FIG. 4
28
\v 134
i r-—;%*’/%ﬁ
7 7
I\
L e
Y Z «26
I \—I L l 24
t b § %H SN B
| —
% /




WO 2015/107321 PCT/GB2014/050098

3/5




WO 2015/107321 PCT/GB2014/050098

4/5
50 38
40
36/ 42
48
FIG. 7

50 38
48
40

42

FIG. 8



WO 2015/107321 PCT/GB2014/050098

5/56

48

40 ©




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2014/050098

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16D3/78
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AUTOMOBILES SA [FR])
25 January 2008 (2008-01-25)

13 March 2001 (2001-03-13)
cited in the application
column 6, line 29 - Tine 61

» <

12 October 1999 (1999-10-12)
abstract; figures 5-10

figures 3-5

X FR 2 904 070 Al (PEUGEOT CITROEN

X US 6 200 223 B1 (MARTENS WILHELM [DE])

4
column 7, line 12 - line 15; figures 2,4 8
Y US 5 964 662 A (HORAK JAMES M [US] ET AL) 4

1-3,5,6,
10,12

Y page 16, line 1 - line 8; figures 2,3,4,9 4

A DE 296 23 369 Ul (ATEC WEISS GMBH & CO KG 10
[DE]) 2 April 1998 (1998-04-02)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 September 2014

Date of mailing of the international search report

18/09/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Van Overbeeke, Sim

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2014/050098
Patent document Publication Patent family Publication
cited in search report date member(s) date
FR 2904070 Al 25-01-2008 NONE
US 6200223 Bl 13-03-2001 DE 19724772 Al 24-12-1998
us 6200223 Bl 13-03-2001
US 5964662 A 12-10-1999  NONE
DE 29623369 ul 02-04-1998  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

