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SYSTEM AND METHOD FOR APPLYING A
TENSILE LOAD TO A COMPONENT, HAVING
A MECHANICAL FUSE

[0001] This disclosure claims the benefit of UK Patent
Application No. GB1503560.3, filed on 3 Mar. 2015, which is
hereby incorporated herein in its entirety.

[0002] The present disclosure relates to a system for apply-
ing a tensile load to a component, and also relates to a method
involving the use of the system.

[0003] There are many circumstances in which it is neces-
sary to apply a tensile load to a component such as a shaft or
atie-bolt. One example, which is not to be considered limiting
to the scope of the present disclosure, involves mounting a
rotor (such as a compressor rotor or a turbine rotor) of a gas
turbine engine to a balance simulator, for example during
assembly of the rotor. In this type of situation it is known to
support the rotor on a shaft which extends outwardly from the
balance simulator, through the rotor, and which is bolted to a
compression unit adjacent the rotor. The shaft is subjected to
a high tensile load between the compression unit and the
balance simulator in order to secure the rotor in position
therebetween. However, it has been found that the processes
of applying the tensile load to the shaft, which can be
achieved via a hydraulic arrangement, can involve a risk of
component failure due to the high forces involved. In some
circumstances, it has been found that such component failure
can result in parts of the aforementioned assembly being
forcibly released which represents a safety risk for operatives
working in the area of the assembly. It is therefore considered
advantageous to provide a system for the application of the
tensile load which includes a failsafe arrangement in order to
reduce such risk.

[0004] Itis afirst object of the present disclosure to provide
an improved system for applying a tensile load to a compo-
nent. It is a second object of the present disclosure to provide
a related method of applying a tensile load to a component.
[0005] Whilst the system disclosed herein is provided with
specific reference to a system for applying a tensile load to a
shaft in order to mount a gas turbine engine rotor to a balance
simulator in the general manner mentioned above, it is to be
appreciated that the disclosure is not limited to this particular
use, and could instead be embodied in other systems and
methods for applying tensile loads to components.

[0006] According to a first aspect of the present disclosure,
there is provided a system for applying a tensile load to a
component, the system including a failsafe structure, a prin-
cipal part of which is configured to act in compression during
application of said load to the component, but which includes
a mechanical fuse configured to act in tension during appli-
cation of said load to the component, the mechanical fuse
being configured to fracture upon the application of a prede-
termined tensile force thereto.

[0007] Optionally, said mechanical fuse is formed as an
integral part of said failsafe structure.

[0008] Optionally, said structure is unitary.

[0009] Optionally, said principal part of the structure com-
prises a pair of annular sidewalls arranged to extend around an
axis along which said tensile load is applied to the component
during use of the system, said sidewalls being radially spaced
from one another and interconnected via said fuse.

[0010] Optionally, said interconnection between said side-
walls and said fuse forms a serpentine configuration in radial
cross-section.
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[0011] Optionally, said fuse is substantially annular and is
arranged so as to extend around said axis.

[0012] Optionally, said fuse is configured so as to be sub-
stantially coaxial with said axis and said sidewalls.

[0013] Optionally, said structure is configured to collapse
in a manner involving relative axial movement between said
sidewalls upon fracture of said fuse.

[0014] Optionally, said fuse has a radial thickness which is
less than the radial thickness of each said sidewall.

[0015] Optionally, the system includes a hydraulic arrange-
ment to apply said tensile load to the component.

[0016] Optionally, said failsafe structure is located between
said component and said hydraulic arrangement.

[0017] Optionally, said hydraulic arrangement includes a
piston actuable to move inside a chamber and thereby apply
said tensile load to the component.

[0018] Optionally, said hydraulic arrangement is mounted
against said failsafe structure,

[0019] According to a second aspect of the present disclo-
sure, there is provided a method of applying a tensile load to
a component, the method involving the use of a system
according to the first aspect.

[0020] Optionally, said component is an elongate shaft.
[0021] Optionally, said component is used to mount a gas
turbine engine rotor to a balance simulator.

[0022] So that the disclosure may be more readily under-
stood, and so that further features thereof may be appreciated,
embodiments of the disclosure will now be described by way
of example with reference to the accompanying drawings in
which:

[0023] FIG. 1 is a perspective illustration showing a com-
pressor rotor mounted to a balance simulator, in combination
with a with a hydraulic system;

[0024] FIG. 2 is a schematic cross-sectional view taken
through the arrangement of FIG. 1;

[0025] FIG. 3 is a schematic cross-sectional view taken
through a failsafe structure in accordance with an embodi-
ment of the disclosure, showing the structure in a normal
condition; and

[0026] FIG. 4 is a schematic illustration similar to that of
FIG. 3, but which shows the failsafe structure in an alternate
condition.

[0027] Turning now to consider the drawings in more
detail, FIGS. 1 and 2 illustrate a gas turbine engine rotor 1
mounted to a balance simulator 2. The rotor 1 may take the
form of a compressor rotor, or a turbine rotor.

[0028] As illustrated most clearly in FIG. 2, the rotor 1 is
mounted co-axially with the balance simulator 2 for co-rota-
tion with the balance simulator about a longitudinal axis 3.
More particularly, the rotor 1 is mounted to a shaft 4 which
extends (vertically in the orientation illustrated) outwardly
from the balance simulator 2 along the axis 3. The rotor 1 is
mounted so as to axially abut the balance simulator 2, and is
clamped tightly between the balance simulator 2 and a com-
pression unit 5 which is tightly connected to the shaft 4 via a
nut 6.

[0029] In order to ensure that the rotor 1 is securely
clamped between the balance simulator 2 and the compres-
sion unit 5, a large tensile load is applied to the shaft 4 prior to
the compression unit 5 being connected to the shaft 4 via the
nut 6, thereby effectively stretching the shaft 4. This is
achieved by using a hydraulic arrangement 7 which is
arranged so as to bear against the compression unit 5 and
which is actuable, via a supply of hydraulic fluid which is
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flowed into the arrangement via an inlet duct 8, in order to
apply the necessary tensile load to the shaft 4. When the
appropriate load is applied to the shaft 4 the compression unit
5 is secured to the shaft 4 by tightening the nut 6, after which
the hydraulic arrangement 7 can be removed, leaving the rotor
1 tightly clamped between the balance unit 2 and the com-
pression unit 5.

[0030] However, as indicated above, the tensile load which
is required to be applied to the shaft 4 in this type of assembly
is very high, and sometimes defects in the shaft 4 or other
components can result in failure of the assembly, particularly
during the process of applying the tensile load to the shaft 4
before the compression unit 5 is secured to the shaft 4. For
example, instances have been experienced where such a fail-
ure has occurred in the shaft 4 at a position indicated sche-
matically at 9 in FIG. 2, where the rotor 1 abuts the balance
unit 2. Because the load applied to the shaft 4 is tensile, this
type of failure results in all of the hardware above (in the
orientation illustrated) the failure site becoming released.
This can be very dangerous to people working in the vicinity
of the assembly.

[0031] Turning now to consider FIG. 3, there is illustrated
part of a system for applying a tensile load to a component
such as the shaft 4 in the arrangement illustrated in FIGS. 1
and 2. In particular, there is illustrated a failsafe structure 11
in combination with a hydraulic arrangement 7 similar to the
hydraulic arrangement illustrated in FIGS. 1 and 2. As will
become apparent, the failsafe structure 10 is configured and
arranged to perform a similar function to the compression
unit 5 of FIGS. 1 and 2, and is thus arranged to act principally
in compression as the hydraulic arrangement 7 is actuated to
apply a tensile load to the shaft 4. The failsafe structure 10 is
thus illustrated in FIG. 3 in a position in which it is located
axially between the upper end of the rotor 1 and the hydraulic
arrangement 7, with the shaft 4 extending therethrough.
[0032] The hydraulic arrangement 7 comprises a housing
11 which defines an internal chamber 12 in the form of a
cylinder. A piston 13 is arranged for axial movement (denoted
by arrow 14) within the chamber 12. As will be appreciated,
the piston 13 will be actuated to move upwardly (in the
orientation illustrated) and thereby apply a tensile load to the
shaft 4, effectively stretching the shaft. This will therefore
involve the creation of a large hydraulic pressure H between
the piston 13 and the housing 11 of the hydraulic arrangement
7. The resulting force will thus place the failsafe structure 10
in compression.

[0033] The failsafe structure 10 will typically be formed
from high strength metal such as steel, and is shown in a
unitary and generally annular configuration in which it
extends around the axis 3 and the shaft 4 in coaxial relation-
ship. In more detail, the structure 10 comprises a pair of
coaxial annular side walls 15, 16 which are arranged to extend
around the axis 3. The radially outermost sidewall 15 is
spaced from the radially innermost sidewall 16, but is con-
nected thereto by a region 17 of the structure having a gener-
ally serpentine configuration in radial cross-section, as illus-
trated clearly in FIG. 3. The serpentine region 17 is formed as
an integral part of the failsafe structure 10.

[0034] The serpentine region 17 of the failsafe structure 10,
which interconnects the outer and inner sidewalls 15, 16 is
configured such that the inner sidewall 16 is axially spaced
from an upper (in the orientation illustrated) end wall 18 of
the structure 10 abutting the housing 11 of the hydraulic
arrangement 7, and such that the outer sidewall 15 is axially
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spaced from a lower (in the orientation illustrated) end wall
19 of the structure abutting the rotor 1.

[0035] The serpentine region 17 of the failsafe structure 10
includes an annular section 20 which is coaxial with the axis
3 and the sidewalls 15, 16, and is located between the two
sidewalls 15, 16 so as to be spaced radially from each. As will
be noted, the annular section 20 of the serpentine region 17
has a radial thickness r which is significantly less than the
radial thickness R, R, of each sidewall (which may option-
ally be equal to one another).

[0036] The above-described configuration and arrange-
ment of the failsafe structure 10 means that the principal part
of the structure 10, comprising the sidewalls 15, 16 and the
end walls 18, 19, will act in axial compression between the
hydraulic arrangement 7 and the rotor 1 as the piston 13 is
actuated to apply the tensile load to the shaft 4. However,
because of the serpentine configuration of the region 17 inter-
connecting the sidewalls 15, 16, the annular section 20 is
arranged to act in tension under as the tensile load is applied
to the shaft 4 by the hydraulic arrangement 7, as denoted by
arrow 21 in FIG. 3.

[0037] The annular section 20 is configured to fracture
upon the application of a predetermined threshold tensile
force thereto, and can thus be considered to define a mechani-
cal safety fuse. By carefully selecting the predetermined
threshold force at which the annular section 20 will fracture,
the resulting fuse can be configured to fracture in preference
to other components of the assembly, such as the shaft 4 itself,
in a controlled manner.

[0038] The above-described configuration in which the
fuse section 20 is arranged to act in tension during the appli-
cation of a tensile load to the shaft 4, but in which the other
principal parts of the failsafe structure 10 are arranged to act
in compression offers significant advantages. Firstly, the fuse
section 20 can be accurately configured to fracture at a pre-
determined tensile load because it is generally easier to pre-
dict the failure of parts or components in tension than in
compression.

[0039] FIG. 4 illustrates the failsafe structure 10 following
fracture of the fuse section 20, the fracture being illustrated at
22. As will be noted, because the principal parts of the failsafe
structure 10 such as the end walls 18, 19 and the sidewalls 15,
16 act in compression during the application of the tensile
load to the shaft 4 by the hydraulic arrangement 7, fracture of
the fuse section 20 is effective to permit the failsafe structure
to collapse axially, as denoted by arrow 23 in FIG. 4, such that
the sidewalls 15, 16 move axially relative to one another. This
axial collapse of the structure 10 is permitted because the
manner in which the inner sidewall 16 is axially spaced from
the upper end wall 18 of the structure 10 abutting the housing
11 of the hydraulic arrangement 7, and in which the outer
sidewall 15 is axially spaced from the lower end wall 19 of the
structure abutting the rotor 1. Axial collapse of the failsafe
structure 10 under compression in this manner is considered
to be significantly safer than if the arrangement were to pull
apart under tension. As will also be noted, because the fuse
section 20 of the failsafe structure 10 is located radially
inwardly of the outer sidewall 15, any fragments arising from
fracture of the fuse section 20 will be substantially contained
within the structure, thereby reducing the risk of them be
forcibly ejected from the arrangement as projectiles.

[0040] When used in this specification and claims, the
terms “comprises” and “comprising” and variations thereof
mean that the specified features, steps or integers are
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included. The terms are not to be interpreted to exclude the
presence of other features, steps or integers.

[0041] The features disclosed in the foregoing description,
or in the following claims, or in the accompanying drawings,
expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process for
obtaining the disclosed results, as appropriate, may, sepa-
rately, or in any combination of such features, be utilised for
realising the invention in diverse forms thereof.

[0042] While the disclosure has been described in conjunc-
tion with the exemplary embodiments described above, many
equivalent modifications and variations will be apparent to
those skilled in the art when given this disclosure. Accord-
ingly, the exemplary embodiments of the disclosure set forth
above are considered to be illustrative and not limiting. Vari-
ous changes to the described embodiments may be made
without departing from the spirit and scope of the disclosure.

1. A system for applying a tensile load to a component, the
system including a failsafe structure, a principal part of which
is configured to act in compression during application of said
load to the component, but which includes a mechanical
configured to act in tension during application of said load to
the component, the mechanical fuse being configured to frac-
ture upon the application of a predetermined tensile force
thereto.

2. The system according to claim 1, wherein said mechani-
cal fuse is formed as an integral part of said failsafe structure.

3. The system according to claim 1, wherein said structure
is unitary.

4. The system according to claim 1, wherein said principal
part of the structure comprises a pair of annular sidewalls
arranged to extend around an axis along which said tensile
load is applied to the component during use of the system,
said sidewalls being radially spaced from one another and
interconnected via said fuse.
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5. The system according to claim 4, wherein said intercon-
nection between said sidewalls and said fuse forms a serpen-
tine configuration in radial cross-section.

6. The system according to claim 4, wherein said fuse is
substantially annular and is arranged so as to extend around
said axis.

7. The system according to claim 6, wherein said fuse is
configured so as to be substantially coaxial with said axis and
said sidewalls.

8. The system according to claim 4, wherein said structure
is configured to collapse in a manner involving relative axial
movement between said sidewalls upon fracture of said fuse.

9. The system according to claim 4, wherein said fuse has
a radial thickness which is less than the radial thickness each
said sidewall.

10. The system according to claim 1, the system including
a hydraulic arrangement to apply said tensile load to the
component.

11. The system according to claim 10, wherein said failsafe
structure is located between said component and said hydrau-
lic arrangement.

12. The system according to claim 10, wherein said
hydraulic arrangement includes a piston actuable to move
inside a chamber and thereby apply said tensile load to the
component.

13. The system according to claim 10, wherein said
hydraulic arrangement is mounted against said failsafe struc-
ture.

14. A method of applying a tensile load to a component, the
method involving the use of a system according to claim 1.

15. The method according to claim 14, wherein said com-
ponent is an elongate shaft.

16. The method according to claim 14, wherein said com-
ponent is used to mount a gas turbine engine rotor to a balance
simulator.



