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One aspect of the present invention relates to a diaphragm coupling having first and second diaphragm plates (15, 25) that are
Jjoined together around their outer edges. Each diaphragm plate 15, 25 has a central, axially-extending hub (11, 21). The hub (11)
of the first plate (15) supports within it a pin member (30) having an outwardly projecting shoulder (31, 36) at each end adapted to
engage an internal shoulder (117) on the hub (11) of the first plate (15) at one end and an internal shoulder (215) on the hub (21)
of the second plate (25) at the other end so as to limit axial separation of the two hubs (11, 21) from one another.
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(57) Abstract: One aspect of the present invention relates to a diaphragm coupling having first and second diaphragm plates (15,
25) that are joined together around their outer edges. Each diaphragm plate 15, 25 has a central, axially-extending hub (11, 21). The
hub (11) of the first plate (15) supports within it a pin member (30) having an outwardly projecting shoulder (31, 36) at each end
adapted to engage an internal shoulder (117) on the hub (11) of the first plate (15) at one end and an internal shoulder (215) on the
hub (21) of the second plate (25) at the other end so as to limit axial separation of the two hubs (11, 21) from one another.
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DIAPHRAGM COUPLINGS

This invention relates to diaphragm couplings.

Diaphragm couplings are used to provide a constant velocity joint between two
rotating members that allows for a small amount of angular displacement between the
members. The couplings comprise two parallel, flexible plates joined together around
their outer edges and joined to the respective rotating members at central mountings.
Alternatively, the plates could be joined together centrally and coupled to the rotating
members at their outer edges. When there is an angular displacement between the two
rotating members the two plates flex to accommodate this. These couplings have
various advantages in that they have no moving parts and require little or no
maintenance. Examples of diaphragm couplings are described in US4133188,
US3959988, US4802882, US6394387, US4191030, US4411634, EP0627571,
US6183317, US6050865, US5755622 and US5407386. |

Diaphragm couplings do, however, have various disadvantages. Couplings capable of

handling high loads and operating in adverse environmental conditions tend to be

relatively complex, heavy and expensive.

It is an object of the present invention to provide an alternative diaphragm coupling.

According to one aspect of the present invention there is provided a diaphragm
coupling having first and second diaphragm plates joined together around their outer
edges, each diaphragm plate having a central, axially-extending hub, the hub of the
first plate supporting within it a pin member having an outwardly projecting shoulder
at each end adapted to engage an internal shoulder on the hub of the first plate at one
end and an internal shoulder on the hub of the second plate at the other end so as to

limit axial separation of the two hubs from one another.

The hub on one plate preferably extends within the hub of the other plate to detine
therebetween an annular gap that permits angular displacement between the two hubs

up to a predetermined angle and prevents angular displacement in excess of the
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predetermined angle. One end of the pin member is preferably swaged outwardly

against the internal shoulder on the hub of the first plate.

According to a .secc;nd aspect of the present invention there is provided a diaphragm
plate for a diﬁphragm coupling, the plate having a central hub member and an outer
edge adapted to be joined with another diaphragm plate, the diaphragm plate tapering
in thickness from the hub member to the outer edge and being thinner at the outer
edge, at least one side of the plate having a profile that is curved in a first region
adjacent the hub member with a first radius of curvature and is curved in a second

region adjacent the first region with a second radius of curvature larger than the first.
Preferably both sides of the plate have a substantially similar profile.

According to a further aspect of the present invention there is provided a diaphragm

coupling including at least one diaphragm plate according to the above second aspect

of the present invention.

A diaphragm coupling according to the present invention will now be described, by

way of example, with reference to the accompanying drawings, 1n which:

Figure 1 is a perspective view of the coupling;
Figure 2 is a cross-sectional side elevation view of the coupling;
Figure 3 is a cross-sectional side elevation view of a part of a diaphragm plate of

the coupling to an enlarged scale;

Figure 4 is a cross-sectional side elevation view of a part of the coupling at a

limit of angular displacement;

Figure 5 is a cross-sectional side elevation view of the pin member of the

coupling before assembly; and

Figure 6 is an enlarged side elevation view of a tool used in assembly of the pin

member in the coupling.
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With reference first to Figures 1 and 2, the coupling comprises two diaphragm plate
components 1 and 2 having central hub members 11 and 21 respectively. The hub
member 11 on the right-hand component 1 is generally cylindrical and provided with
externally-splined portion 12, The hub member 21 on the other component 2 has a
cylindrical portion 22 extending axially and terminated by a laterally-extending
mounting flange 23 having four mounting holes 24 at its corners. Each component 1
and 2 also includes an integral diaphragm plate 15 and 25 respectively extending
radially outwardly of the respective hub 11 and 21 and joined together around their
outer edges. In use, the splined portion 12 is inserted in a drive input of a gear or the
like (not shown) and the flange 23 is bolted to a similar flange (not shown) at one end
of a torque tube or other rotatable drive member. In this way, drive from the torque
tube is transmitted via the diaphragm coupling to the gear or other driven member. The
diaphragm coupling is arranged to permit limited relative angular displacement

between the rotatable members coupled with opposite ends of the coupling.

Both diaphragm plate components 1 and 2 are machined from stainless steel (15-5PH
H1025 per AMS 5659-Type 1 (Var)). As can be seen in Figure 2, the hub 21 of the
left-hand component 2 is cylindrical and hollow and extends axially to the left relative
to the diaphragm plate 25 apart from a short cylindrical collar 210. The collar 210
projects to the right of the diaphragm plate 25 and provides a flat, annular, laterally-
extending contact end surface 211. Internally, the hub 21 has a shallow annular recess
212 close to its left-hand end defining a right-facing annular shoulder 213. Towards its
right-hand end and just to the left of the diaphragm plate 25, the hub 21 has an
internally-projecting annular step 214 defining a left-facing shoulder 215. The
diaphragm plate 25 projects radially outwardly af right angles relative to the hub 21
and tapers to a reduced thickness at its outer edge 216. Its configuration is the same as
the diaphragm plate 15 on the right-hand component 1. At its outer edge 216, the
diaphragm plate 25 is formed with a peripheral wall 217, which extends axially to the
right and has a stepped edge 218.

The shape of the left-hand diaphragm plate 25 will now be described with reference to
Figure 3, which shows the profile of the plate in detail. The plate 25 is made up of four
different regions. The first region 220 adjacent the hub 21 is curved on both sides with
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a relatively small radius of curvature of about 3mm. This curved region 220 forms a
smooth, stepless blend transition with the hub 21. The second region 221 continues on
both sides of the plate 25 as a smooth, stepless transition from the first region 220 and
is likewise curved but with a considerably greater radius of curvature of about 25mm.
The third region 222 continues on both sides of the plate 25 as a smooth, stepless
transition from the second region 221 and is flat and tapering so that there is a
progressive reduction in thickness from the first region 220 to the outer end of the third
region 222. The fourth region 223 is a short region that is curved with a radius of
curvature of about 1.6mm on the inner, right-hand side only, that is the side from
which the peripheral wall 217 projects. The opposite, outer side of the plate 25 is flat
over the fourth region 223 to the outer edge of the plate. The thickness of the
diaphragm plate 25 is selected to permit some flexing whilst ensuring maximum
torque transmission. The other plate 15 is shaped in the same manner. Different

diaphragm plates could have different surface profiles on one or both surfaces.

The hub 11 of the right-hand component 1 is cylindrical, hollow and extends mainly to
the right of its diaphragm plate 15 to provide the splined portion 12. The hub 11 also
has a portion 111 projecting to the left of the diaphragm plate 15. The projecting
portion 111 is reduced in external diameter, forming an annular, left-facing lateral
contact surface 112. The projecting portion 111 provides an angular limit stop in
cooperation with the passage through the step 214 in the left-hand component 2. In
particular, the external surface 113 of the stop portion 111 is tapered at an angle of 3°
such that its external diameter is less at its left-hand end. The stop portion 111 is a
relatively close fit within the right-hand end of the step 214, the taper on the stop
portion ensuring that the clearance at the opposite end is slightly greater. This enables
angular displacement of the two hubs 11 and 21 relative to one another, limited in
extent by contact of the external surface 113 of the stop portion 111 against the
internal surface of the step 214, as shown in Figure 4, where the right-hand end of the
right-hand component is angled down slightly. Internally, the hub 11 has a bore 114
extending along its length and divided into a lefi-hand region 115 and a larger
diameter right-hand region 116 by a right-facing shoulder 117. The diaphragm plate 15

projects radially outwardly at right angles relative to the hub 11 and tapers to a reduced
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thickness at its outer edge 118. At its outer edge 118, the plate 15 is formed with a
peripheral wall 119, which extends axially to the right and has a stepped edge 120
shaped to fit with the stepped edge 218 on the other plate 25. The mating edges 120

and 218 are joined and sealed with one another by welding, preferably by an electron
beam weld 121.

Both the inside and outside surfaces of both diaphragm plates 15 and 25 are treated to
produce a thin surface layer of compressive residual stress before being welded
together. This is achieved by exposing the surfaces to a media blast in a controlled
manner. Preferably this is achieved by using dry glass beads in an abrasive blasting
machine at a controlled pressure. This treatment has been found to help give the
diaphragm plates 15 and 25 the desired mechanical strength. Where different
diaphragm materials are used it may not be necessary to treat the diaphragms in this

way.

It can be seen from Figure 2 that the diaphragm coupling comprises a further two
components, namely a stop pin 30 and a sealing plug 40. The stop pin 30 is also
shown, before assembly, in Figure 5. The pin 30 is machined of stainless steel and is
generally cylindrical with a circular cross section and an external diameter that is a
close sliding fit within the left-hand region 115 of the bore 114 through the hub 11. At
the left-hand end of the pin 30, a flange 31 projects radially outwardly. The external
diameter of the flange 31 is greater than both the external diameter of the stop portion
111 on the right-hand hub 11 and the internal diameter of the step 214 on the left-hand
hub 21 so that the flange projects across the shoulder 215. In normal operation, there is
arranged to be a small gap 32 between the right-facing surface of the flange 31 and the
shoulder 213. 'When an axial tension force is applied to the coupling, tending to pull
the two hubs 11 and 21 away form one another, the gap 32 closes. By appropriately
selecting the size of this gap 32, the axial separation between the two halves of the
diaphragm coupling is limited. An annular channel 33 formed around the outside of
the pin 30 just to the right of the flange 31 receives an O-ring seal 34, which makes a
fluid tight seal between the outside of the pin 30 and the inside of the hub 11. The
right-hand end of the stop pin 30 opens into an axial bore 35 within the pin, the bore

being closed about two thirds of the way along the length of the pin.
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When assembled in the hub 11, the flange 31 abuts the left hand end of the stop
portion 111 on the hub. The right-hand end of the stop pin 30 is swaged outwardly to
form a lip 36, which engages the right-facing shoulder 117 on the inside of the hub 11.
The swaging is carried out not just to deform the lip 36 outwardly but also to cold
work harden a short region 37 of the pin 30 adjacent the lip and located within the left-
hand region 115 of the bore 114 through the hub 11. This is carried out using the
swaging tool 40 shown in Figure 6. The operative tip of the swaging tool 40 has a first
region 41 with a convex curvature that tapers from a diameter less than that of the bore
35 1n the pin 30 to a diameter that is about 0.5mm larger than the bore. The adjacent,
second region 42 is of cylindrical shape and constant diameter along its length until it
meets a third region 43, which flares outwardly with a concave profile. The third
region 43 adjoins a fourth region 44 of frusto-conical shape. It can be seen from Figure
5 that the bore 35 in the stop pin 30 has a flared entrance 38 before assembly. The
swaging and work hardening operation is carried out by inserting the tip of the tool 40
into the flared entrance 38 of the stop pin 30 when located in position in the hub 11.
The rear end (not shown) of the tool 40 projects from the right-hand end of the hub 11.
The projecting end of the tool 40 is urged by a single blow to force the operative tip
further into the stop pin 30. As this happens, the rear end of the stop pin 30 is forced
outwardly by engagement with the flared third region 43 of the tool 40 to form the lip
36. The region 37 is also compressed outwardly and work hardened. This has been
found to be effective in reducing stress damage to the stop pin 30 when force is
exerted on the lip 36. The stop pin 30 is, therefore, effectively retained in the hub 11
without the need for bolts or any additional components. This helps minimize
complexity, weight, cost and size and does not require routine maintenance. The
closed nature of the stop pin 30 and the external O-ring seal 34 prevent ingress of

material into the interior of the coupling via the right-hand component 1.

Material is prevented from entering the coupling from the opposite side by means of
the sealing plug 40. The plug 40 is machined from stainless steel and has a generally
cup shape with a closed end 41 and an opposite open end 42 having a shallow
outwardly-projecting lip 43. Externally, the plug 40 has an inclined annular ramp 44
located to latch into the recess 212 in the hub 21 and engage behind the shoulder 213,
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thereby preventing removal. In this position, the lip 43 abuts the left-hand face of the
flange 23. The plug 40 also has an annular recess 45 around its external surface close
to 1ts closed end 41 in which is received an O-ring seal 46 shaped to form a fluid-tight
seal between the outside of the plug and the inside of the hub 21. Alternative materials

could be used for the plug 40.

The diaphragm coupling is, therefore, protected against excessive angular
displacement by contact of the stop portion 111 against the inside of the step 214. It is
protected against excessive axial tension loads by contact of the flange 31 against the
shoulder 215 on the step 214. It is also protected against excessive axial compression
or punch loads in the opposite direction by contact of the end surface 211 on the collar
210 with the contact surface 112 on the right-hand hub 11. The diaphragm coupling is
protected against these forces in a relatively simple manner, without the need for bolts
or similar fixings, that can be provided at a low cost. The diaphragm coupling can be
provided completely sealed as described to ensure that there is no ingress of foreign
materials that could interfere with the various stop surfaces. In some applications,

however, it may not be necessary to have a completely sealed unit.
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CLAIMS:

L. A diaphragm coupling, comprising:
first and second diaphragm plates (15, 25) jotned together around their

outer edges;

each diaphragm plate (15, 25) having a central, axially-extending hub (11,
21);

the hub (11) of the first diaphragm plate (15) supporting within it a pin
member (30) having an outwardly projecting shoulder (31, 36) at each end adapted to
engage an internal shoulder (117) on the hub (11) of the first diaphragm plate (15) at
one end and an internal shoulder (215) on the hub (21) of the second diaphragm plate
(25) at the other end so as to limit axial separation of the two hubs (11, 21) from one
another:;

wherein the hub (11) of one of the first diaphragm plate (15) and second
diaphragm plate (25) extends within the hub (21) of the other of the first diaphragm
plate (15) and second diaphragm plate (25) to define therebetween an annular gap (32)
that permits angular displacement between the two hubs (11, 21) up to a

predetermined angle and prevents angular displacement in excess of the

predetermined angle.

2. The diaphragm coupling of claim 1, in which an external surface
(1'13) of the hub (11) on the one of the first diaphragm plate (15) and second

diaphragm plate (25) is tapered to permit the angular displacement between the two

hubs (11, 21).

3. The diaphragm coupling of claim 1 or 2, wherein one end of the pin
member (30) is swaged outwardly against the internal shoulder (117) on the hub (11)
of the first diaphragm plate (15).

4. The diaphragm coupling of any one of claims 1 to 3, wherein prior
to forming the coupling the pin member (30) has a deformable hollow end portion

(38) for forming a retaining lip (36) when in situ.
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5. The diaphragm coupling of any one of claims 1 to 4, wherein the pin

member (30) comprises a recess (33) for providing an O-ring seal (34).

6. A diaphragm plate (15, 25) for a diaphragm coupling, the diaphragm
plate comprising:

a central hub member (11, 21) and an outer edge adapted to be joined with
another diaphragm plate;

the diaphragm plate tapering in thickness from the hub member (11, 21) to
the outer edge and being thinner at the outer edge;

at least one side of the plate having a profile that is curved in a first region
adjacent the hub member with a first radiljs of curvature and is curved in a second
region adjacent the first region with a second radius of curvature larger than the first

radius of curvature, wherein the first region and the second region are curved in the

same direction.

7. The diaphragm plate of claim 6, wherein both sides of the plate (15,

25) have a substantially similar profile.

8. A diaphragm coupling including at least one diaphragm plate (15,

25) according to claim 6 or claim 7.
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