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Abstract Title: A catcher pin assembly for a mounting
(57) A catcher pin assembly comprises a mounting element

50, a catcher pin 23D, a lockable retaining element 38,
39, and a resilient element 40-43 (eg. spring) mounted
between a head of the pin and the mounting element
and/or between the retaining element (eg., nut) and the
mounting element, so as to apply predetermined
resistance to the movement of the pin relative to the
mounting element. Ideally, the catcher pin / safety bolt
assembly is part of an assembly mounting a gas
turbine engine 1 onto an aircraft. The redundant pin is
part of a failsafe system, which when unloaded, can be
rotated within an oversized aperture 23E when a
torque is applied to it. When a main pin 21B, 21C or
primary connection 21, 22 fails, the engine weight is
partly borne by the back-up pin. During maintenance
inspection, the higher torsion required to turn the pin
would indicate a failure. An independent claim relates
to a method of testing.

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

Y 16299v¢ 9O



28 10 09

1/2

23D f 7

32




2/2

A"
(e 0]
iy ©
K Wiy
NI O
32
AN
S| Yo M "
< L
O
%\ Te)
w\
Q
™
Q]

6001l 8¢

FIG. 3



CATCHER PIN ASSEMBLY

This invention relates to a catcher pin assembly and particularly, although not
exclusively, relates to an engine mount failsafe assembly for attaching an engine to an
aeroplane.

BACKGROUND

A conventional failure tolerant engine mounting is formed by three links between the
engine and its support structure. One of the links is normally unloaded, but is arranged
so that in the event of failure of either of the other links it will form the third point of
connection between the engine and supporting structure, thereby retaining the engine
in position relative to the support structure and avoiding a potentially catastrophic failure
of the engine mount.

US5725181 shows an arrangement for mounting an engine on an aircraft. A number of
mounting bolts (or "pins") are used, but in normal use at least one bolt/pin is redundant
and only takes load in the event that one of the other mounting bolts/pins fails.
Normally, in order to prevent vibration of the pin, it is required to tighten it up such that it
clamps its respective yoke and catcher link. However, in order to inspect this pin to
determine whether one of the other pins has failed, it is required to fully remove it, or at
least start to extract the bolt from its lock nut. This can be a time consuming exercise,
since these bolts are normally in hard to access places, and undoing the lock nut may
result in the need to replace or refurbish the locking arrangement, such as replacing
locking wire or coatings.



STATEMENTS OF INVENTION

According to a first aspect of the present invention there is provided a catcher pin
assembly comprising a mounting element, a catcher pin, a compressible element, and
a retaining element which is lockable to the catcher pin, the compressible element
being compressed between a head of the pin and the mounting element and/ or
between the retaining element and the mounting element, in the assembled condition of
the assembly, such that the compressible element applies a predetermined resistance

to movement of the pin relative to the mounting element.

The said predetermined resistance to movement may be a resistance to rotational

movement of the pin.

The compressible element may comprise a resilient element such as a spring washer.

For example it may comprise at least one conical spring washer.

The compressible element and/or at least a part of the pin and/or the mounting element

and/or the retaining element may be provided with an anti-friction coating.

The retaining element may comprise any retaining device such as a split pin, a circlip,
a roll pin or a nut, or may even comprise a welded, bonded, brazed, shrink fit or press

fit element.

The compressible element and/or at least a part of the pin and/or the mounting element
and/or the lockable retaining element may be provided with a corrosion resistant and/or
anti-friction coating. The coating may be applied to a part only of one or more of these
components. For example, it may be applied just to a single contact face of the
compressible element. If there are a plurality of compressible elements the coating

may be applied to all or just some of the compressible elements.



There may be more than one compressible element on at least one side of the
mounting element. For example, there may be two or more compressible elements on

each side of the mounting element.

The catcher pin may comprise a stepped bolt, a shoulder being defined between a main
shank portion and a threaded portion of the bolt, the shoulder limiting the motion of the

retaining element.

A lock nut, locking wire, split pin, thread locking compound or other locking means may

be provided to lock the retaining element to the catcher pin.

According to another aspect of the present invention there is provided a method of
testing a catcher pin assembly comprising a catcher pin, a lockable retaining element
and a mounting element, the method comprising passing the catcher pin through the
mounting element into the lockable retaining element, using the retaining element to
tightening the catcher pin assembly to a predetermined degree, locking the lockable
retaining element to the catcher pin, determining an unloaded pin torque at which the
catcher pin will just rotate relative to the mounting element when the catcher pin is not
loaded, subsequently applying a test torque at least equal to the unloaded pin torque to
the catcher pin, and determining whether the catcher pin moves relative to the
mounting element. In accordance with this aspect of the invention, it is not necessary
to undo the catcher pin locking arrangement to establish whether the pin is taking any

load.

The method may further comprise compressing a compressible element between an
end of the catcher pin and the mounting element as the catcher pin is tightened onto
the mounting element. The resilient element should prevent vibration whilst at the
same time should allow repeatable resistance to rotation of the bolt relative to its

catcher link.



According to another aspect of the present invention there is provided a method of
testing a catcher pin assembly to determine if the catcher pin is carrying load applied by
a structure supported on a mounting element of the catcher pin assembly, the method
comprising applying a predetermined force to a catcher pin sufficient to overcome the
resistance to movement of the pin when it is unloaded, and determining whether the pin
moves relative to the mounting element. If the pin does not move the catcher pin must
be carrying load from the structure. The said structure may comprise a failure tolerant

mounting for a rotary machine, such as a gas turbine engine on an aircraft.

According to another aspect of the present invention there is provided a catcher pin
assembly for a failure tolerant machinery mounting, the catcher pin assembly
comprising a pin and a compressible element which when compressed to a
predetermined degree by the pin applies a predetermined resistance to rotation of the
pin.

According to another aspect of the present invention there is provided a catcher pin
assembly comprising a mounting element, a catcher pin, a compressible element, and
a nut which is lockable to the catcher pin, the compressible element being compressed
between the pin and the mounting element and/or between the mounting element and
the nut, in the assembled condition of the assembly, such that the compressible
element applies a predetermined resistance to movement of the pin relative to the

mounting element.

According to another aspect of the present invention there is provided a method of
testing a catcher pin assembly comprising a catcher pin, a lockable nut and a mounting
element, the method comprising passing the catcher pin through the mounting element
into the lockable nut, tightening the lockable nut onto the catcher pin to a
predetermined degree, locking the nut to the catcher pin, determining an unloaded pin

torque at which the catcher pin will just rotate relative to the mounting element when the



catcher pin is not loaded, subsequently applying a test torque at least equal to the
unloaded pin torque to the catcher pin, and determining whether the catcher pin moves

relative to the mounting element.

In the above described aspects of the invention, the said predetermined force may be a
predetermined torque, and the said resistance to movement may be a resistance to
rotational movement of the pin. Alternatively, the force may be a linear force applied to
the catcher pin along an axis of a shank of the catcher pin. For example, the head of
the pin could be struck with a copper faced mallet. If the pin is unloaded it will move
away from the blow to compress the compressible element then spring back as the
compressible element recovers its shape. If however the pin is loaded, it will resist
movement from the hammer blow, or will move permanently to partially compress the
compressible element. It will be appreciated that this “linear force” arrangement is
faster and easier to test, but is less accurate and repeatable than the “rotational torque”

arrangement described above.

The mounting element may comprise a failure tolerant mounting bracket for a rotary
machine, such as an engine mount for an aircraft engine. The catcher pin may connect
the mounting element to a catcher link for attachment to a support structure such as an
aircraft frame. The catcher pin may pass through an opening in the catcher link with

some play.

The mounting element may comprise a yoke having a pair of flanges and the flanges
may project substantially at right angles from a web of the yoke. The catcher link may

be supported on the catcher pin between the flanges of the yoke.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention and to show how it may be carried
into effect, reference will now be made by way of example to the accompanying

drawings, in which:



Figure 1 illustrates a connection between an engine frame and an aircraft

structural member;

Figure 2 is a cross section through a catcher pin assembly; and

Figure 3 is a cross section through a catcher pin assembly according to another

embodiment of the invention.

DETAILED DESCRIPTION

An aircraft gas turbine engine includes a rigid frame 1. The engine frame 1 is linked to
flange 20 attached to an aircraft structural member (not shown) by three link members
21,22 and 23.

Three flanges 21A, 22A and 23A are formed on the engine frame 1. The link member
21 is connected to the flange 21A by a pin 21B which passes through matching sized
holes in the flange 21A and the link member 21 and to the flange 20 by a pin 21C which
passes through matching sized holes in the link member 21 and flange 20.

Similarly the link member 22 is connected to the flanges 22A and 20 by pins 22B and
22C respectively which pass through matching sized holes in the link member 21 and
flanges 21A and 20 respectively.

The links formed by link members 21 and 22 and their associated pins 21A, 22A, 21B
and 22B support the weight of the engine 1.

The link member 23 is connected to the flange 23A by a pin 23B which passes through
matching sized holes in the flange 23A and link member 23, it is also connected to the

flange 20 by a pin 23C which passes through matching sized holes in the flange 20 and



link member 23. The link member 23 also forms a fail safe connection by a pin 23D
which passes through a matching sized hole in the flange 20 and an oversized hole
23E in the link member 23. The pins 23C and 23D are equally spaced on either side of
the vertical plane 10. Two pairs of torque stops 24A, 24B and 25A, 25B are attached to
opposing faces of the flanges 20 and 23A. The torque stops 24A and 25A are attached
to the flange 20 while the torque stops 24B and 25B are attached to the flange 23A.

The link formed by the link member 23 and its associated pins 23B and 23C supports

the torque on the engine 1.

If one of the link members 21 and 22 or their associated pins 21B, 21C, 22B and 22C
fails, the engine 1 will drop until the pin 23D contacts the edge of the over-sized hole
23E, the weight of the engine 1 will then be supported by the remaining one of links
formed by link members 21 and 22 and the link member 23 by way of the three pins
23B, 23C and 23D, while the link member 23 will continue to support the torque on the
engine 1. Since the link member 23 and its attachments to the flanges 20 and 23A by
pins 23B, 23C and 23D are symmetrical about the vertical plane 10 which passes
through the centre of gravity of the engine 1, no unwanted couple is generated by the
weight of the engine 1.

If the pin 23C or the link member 23 between pins 23B and 23C fails, the engine 1 will
rotate until the pin 23D contacts the edge of the oversized hole 23E, whereupon the
pins 23B and 23D and the link member 23 between them will support the torque.
Alternatively, if the pin 23B fails, the engine 1 will rotate until one of the two pairs of
torque stops 24A, 24B, 25A and 25B are brought into contact, whereupon the torque
will be supported by one of the pairs of torque stops 24A, 24B, 25A, and 25B
depending on the direction of the torque.

In either case the links formed by link members 21 and 22 will support the weight of the

engine.



Figure 2 is an enlarged view of the catcher pin assembly connecting the flange 20 to
the link member 23. The pin 23D comprises a shank 30 which is threaded at one end
32 and has a hexagonal head 34 at the opposite end 36. A nut 38, lock nut 39 and
conical spring washers 40, 42 are fitted to the threaded end 32 of the pin 23D, and
retain the pin 23D in position in the hole in the flange 20 and in the oversized hole 23E
in the link member 23. In order to install the pin 23D it is first inserted through the
oversized hole 23E and the hole in the flange 20. The two conical spring washers 40,
42 are then slipped over the threaded end 32 of the pin 23D. The first spring washer 40
is slipped over the threaded end 32 with its larger diameter face 44 leading and the
second spring washer 42 is slipped over the threaded end 32 with its smaller diameter
face 46 leading. The nut 38 is then threaded onto the shank 30 and is tightened to a
predetermined torque or to a predetermined degree of compression of the spring
washers 40, 42. The lock nut 39 is then tightened against the nut 38 to lock it in

position.

With the pin 23D in an unloaded condition and tightened as described above, a wrench
applied to the head 34 will rotate the pin 23D relative to the flange and link member 23
at a torque exceeding an unloaded pin torque. If, in service, the pin 23D subsequently
becomes loaded due to failure of one of the other components of the engine mounting,
as described above, this can be detected merely by applying a torque in excess of the
unloaded pin torque to the head 34 using a conventional torque wrench. This is
because when a component of the engine mounting fails, the link member 23 moves
sufficiently for the oversized hole to engage the shank 30 of the pin 23D and apply a
load to the pin 23D. This load causes a resistance to turning of the pin 23D and hence
increases the torque required to turn the pin 23D, such that it significantly exceeds the
unloaded pin torque.

Consequently, simply by applying a torque greater than the unloaded pin torque to the
head 34, it is possible to determine whether a component of the engine mounting has

failed. In practice, if a component of the engine mounting fails, a large load will be



applied to the pin 23D, so that it would not be possible to turn the pin 23D until a torque
considerably in excess of the unloaded pin torque is applied to the head 34.
Furthermore, during the service life of the catcher pin assembly, corrosion or debris
may accumulate in and around the catcher pin assembly, which might have the effect of
increasing the torque necessary to rotate the catcher pin even when it is unloaded.
Therefore, a torque of at least 15% to 50% greater than the unloaded pin torque may
be applied to the head to test whether the pin 23D is loaded.

In another embodiment not illustrated, the conical spring washers 40, 42 are omitted
and the nut 38 is tightened to a predetermined torque against the flange 20. A non-
corrosive and/or anti-friction coating may be applied to the contact faces between the
nut 38 and the flange 20 and/or between the head 34 and the link member 23. As in
the previous embodiment, once the unloaded pin torque has been determined, if in
service, the pin 23D subsequently becomes loaded due to failure, this can be detected

by applying to the pin 23D a torque 15% to 50% in excess of the unloaded pin torque.

Figure 3 shows an alternative embodiment of catcher pin assembly. This embodiment
is similar to the previous embodiment except that the catcher pin 23D is attached to an
engine mount having a mounting yoke 50. The yoke 50 comprises a pair of
substantially parallel flanges 52, 54, and pairs of conical spring washers 40, 42, 41, 43
are mounted on the shank 30 of the pin 23D on both sides of the yoke. The conical
spring washers 40, 42, 41, 43 are assembled with their smaller diameter contact
surfaces 56,57,58,59 abutting.

As in the previous embodiment, a catcher link member 23 is supported on the shank 30
of the catcher pin 23D. The catcher link member 23 forms a failsafe connection by
means of the pin 23D, which passes through a matching size hole in the flange 54, the
oversized hole 23 in the link member 23 and another matching size hole in the other

flange 52.
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The required tightening pin torque is achieved by creating an end load during
installation by using the conical spring washers 40, 42, 41, 43. The objective is to
realise only just sufficient end load to avoid movement and fretting of the catcher pin
23D within the yoke 50 during service. This can be achieved by either a pre-
determined installation torque or by an installation procedure that requires that the
catcher pin 23D is tightened, compressing the conical spring washers 40, 42, 41,43
until predetermined gaps d1 and d2 are achieved. These gaps can be measured with
feeler gauges or the catcher pin 23D could incorporate a stepped shoulder (not shown)
the nut 38 being firmly tightened to the shoulder (i.e. causing a predetermined
compression of the conical spring washers 40, 42, 41, 43). The nut 38 is then locked to
the catcher pin 23D. This can be achieved in a number of ways, such as with a lock
nut, locking wire, split pin, thread locking compound or other locking means. The
simplest method is the use of the lock nut 39 as shown in the previous embodiment. If

the lock nut is itself self-locking or is a 'stiff' nut, this provides a double locked interface.

Once installed and locked, with the arrangement in an "un-failed condition" if a torque is
applied to the catcher pin 23D using a torque wrench, the only torque recorded will be
the unloaded pin torque caused by the resistive friction between the contact surfaces
56,57,58,59 of the conical spring washers, because these contact surfaces 56,57,58,59
are of smaller diameter than the contact surfaces between the conical spring washers
40, 43 with the flanges 52, 54 of the yoke 50, the head 34 of the pin 23D or the nut 38.
To facilitate smooth relative rotation of the components, even after a long service life, a
non-corrosive and/or anti-friction coating may be applied to some or all of these contact
faces or an anti-friction washer may be introduced in the interface between the
surfaces. This arrangement also ensures that no fretting occurs between the conical
spring washers 40, 42, 41, 43 and the flanges 52, 54 of the yoke 50.

In the "failed condition" the catcher link member 23 will come into contact with the

catcher pin 23D. If a torque is applied to the head 34 of the catcher pin 23D, the torque
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recorded will be the sum of the conical washer resistive friction and the friction between
the catcher link member 23 and the catcher pin 23D. A significant increase in resistive
torque will indicate that the catcher pin 23D is loaded. Hence, there must be a failure in

the primary load path, due to failure of a component of the engine mount.

An advantage of the invention is that a servicing schedule for a mechanic to check

whether a component of the engine mounting has failed is simplified to the following:

To install catcher pin and establish “unloaded pin torque”:

1 Install of catcher pin assembly, as set out above.

2  Torque the catcher pin 23D and nut 38 to a predetermined torque (by measuring
gaps d1 and d2).

3 Apply lock nut and confirm resistive torque in un-failed condition (unloaded pin

torque).

To inspect the catcher pin during service life:

1 Apply torque with torque wrench and record resistive torque.

2 If resistive torque is greater than the measured unloaded pin torque, failure of a
component of the engine mounting will be suspected and must be checked. Thus by
use of the device according to the present invention, a simple and reliable inspection

procedure can be carried out using standard tools and no additional parts.

Although conical spring washers are described in the above embodiments, it will be
appreciated that any other form of compressible element such as a standard spring
washer, or other resilient element may be used in place of the or each conical spring
washer. Furthermore, any number of compressible elements may be provided or

compressible elements may be omitted altogether in the simplest arrangement.
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To avoid unnecessary duplication of effort and repetition of text in the specification,
certain features are described in relation to only one or several aspects or
embodiments of the invention. However, it is to be understood that, where it is
technically possible, features described in relation to any aspect or embodiment of the

invention may also be used with any other aspect or embodiment of the invention.
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CLAIMS

A catcher pin assembly comprising a mounting element, a catcher pin, a
compressible element, and a retaining element which is lockable to the catcher
pin, the compressible element being compressed between a head of the pin and
the mounting element and/ or between the retaining element and the mounting
element, in the assembled condition of the assembly, such that the compressible
element applies a predetermined resistance to movement of the pin relative to

the mounting element.

A catcher pin assembly as claimed in claim 1, in which the compressible element

comprises at least one spring washer.

A catcher pin assembly as claimed in claim 1 or 2, in which the compressible

element comprises at least one conical spring washer.

A catcher pin assembly as claimed in any one of the preceding claims, in which
the compressible element and/or at least a part of the pin and/or the mounting
element and/or the retaining element is provided with an anti-friction coating.

A catcher pin assembly as claimed in any one of the preceding claims, in which

the retaining element comprises a nut.

A catcher pin assembly as claimed in claim 5, in which the catcher pin comprises
a stepped bolt, a shoulder being defined between a main shank portion and a
threaded portion of the bolt, the shoulder limiting the motion of the nut as it is

screwed onto the bolt.

A catcher pin assembly as claimed in any one of the preceding claims, in which

the mounting element comprises a yoke.
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A catcher pin assembly as claimed in any one of the preceding claims in which
the mounting element comprises a failure tolerant mounting bracket for a rotary

machine.

A method of testing a catcher pin assembly as claimed in any one of the
preceding claims to determine if the catcher pin is carrying load applied by a
structure supported on the mounting element, the method comprising applying a
predetermined force to the catcher pin sufficient to overcome the said resistance
to movement of the pin, and determining whether the pin moves relative to the

mounting element.

A method of testing a catcher pin assembly as claimed in claim 9 in which the
said predetermined force is a predetermined torque, and the said resistance to

movement is a resistance to rotational movement of the pin.

A method of testing a catcher pin assembly as claimed in claim 9 or 10 in which

the said structure comprises a rotary machine.

A method of testing a catcher pin assembly comprising a catcher pin, a lockable
retaining element and a mounting element, the method comprising passing the
catcher pin through the mounting element into the lockable retaining element,
using the retaining element to tightening the catcher pin assembly to a
predetermined degree, locking the lockable retaining element to the catcher pin,
determining an unloaded pin torque at which the catcher pin will just rotate
relative to the mounting element when the catcher pin is not loaded,
subsequently applying a test torque at least equal to the unloaded pin torque to
the catcher pin, and determining whether the catcher pin moves relative to the

mounting element.
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A method of testing a catcher pin assembly as claimed in claim 12, in which a
compressible element is located on the catcher pin and is compressed between
a head of the pin and the mounting element and/ or between the retaining

element and the mounting element when the catcher pin assembly is tightened.

A method of testing a catcher pin assembly as claimed in claim 13, in which the

compressible element comprises at least one conical spring washer.

A method of testing a catcher pin assembly as claimed in any one of claims 12 to

14, in which the lockable retaining element comprises a nut.

A catcher pin assembly substantially as described herein, with reference to and
as shown in the accompanying drawings.

A method of testing a catcher pin assembly substantially as described herein,

with reference to the accompanying drawings.



Amendments to the claims have been filed as follows
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CLAIMS

A catcher pin assembly comprising a mounting element, a catcher pin, a
compressible element, and a retaining element which is lockable to the catcher
pin, the compressible element being compressed between a head of the pin and
the mounting element and/ or between the retaining element and the mounting
element, in the assembled condition of the assembly, such that the compressible
element applies a predetermined resistance to movement of the pin relative to

the mounting element.

A catcher pin assembly as claimed in claim 1, in which the compressible element

comprises at least one spring washer.

A catcher pin assembly as claimed in claim 1 or 2, in which the compressible

element comprises at least one conical spring washer.

A catcher pin assembly as claimed in any one of the preceding claims, in which
the compressible element and/or at least a part of the pin and/or the mounting
element and/or the retaining element is provided with an anti-friction coating.

A catcher pin assembly as claimed in any one of the preceding claims, in which

the retaining element comprises a nut.

A catcher pin assembly as claimed in claim 5, in which the catcher pin comprises
a stepped bolt, a shoulder being defined between a main shank portion and a
threaded portion of the bolt, the shoulder limiting the motion of the nut as it is

screwed onto the bolt.

A catcher pin assembly as claimed in any one of the preceding claims, in which

the mounting element comprises a yoke.
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A catcher pin assembly as claimed in any one of the preceding claims in which
the mounting element comprises a failure tolerant mounting bracket for a rotary

machine.

A method of testing a catcher pin assembly of any one of the preceding claims to
determine if the catcher pin is carrying load applied by a structure supported on
the mounting element, the method comprising applying a predetermined force to
the catcher pin sufficient to overcome the said resistance to movement of the

pin, and determining whether the pin moves relative to the mounting element.

A method of testing a catcher pin assembly as claimed in claim 9 in which the
said predetermined force is a predetermined torque, and the said resistance to

movement is a resistance to rotational movement of the pin.

A method of testing a catcher pin assembly as claimed in claim 9 or 10 in which

the said structure comprises a rotary machine.

A method of testing a catcher pin assembly comprising a catcher pin, a
compressible element, a lockable retaining element and a mounting element, the
method comprising passing the catcher pin through the mounting element into
the lockable retaining element, wherein the compressible element is located on
the catcher pin between a head of the pin and the mounting element and/or
between the retaining element and the mounting element, and using the
retaining element to tighten the catcher pin assembly to a predetermined degree
such that the compressible element is compressed, locking the lockable
retaining element to the catcher pin, determining an unloaded pin torque at
which the catcher pin will just rotate relative to the mounting element when the
catcher pin is not loaded, subsequently applying a test torque at least equal to
the unloaded pin torque to the catcher pin, and determining whether the catcher

pin moves relative to the mounting element.
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A method of testing a catcher pin assembly as claimed in claim 12, in which the

compressible element comprises at least one conical spring washer.

A method of testing a catcher pin assembly as claimed in claims 12 or 13, in

which the lockable retaining element comprises a nut.

A catcher pin assembly substantially as described herein, with reference to and

as shown in the accompanying drawings.

A method of testing a catcher pin assembly substantially as described herein,
with reference to the accompanying drawings.
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