1 DEVI CE FOR FATI GUE TESTI NG A SPECI MEN The present invention
relates to a device for testing a specinmen and particularly for
testing the high cycle fatigue (HCF) of the specinmen. O particular 5
interest is the nmeasurenent of mechanicall friction danpi ng generated
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end of a conmponent to the tested through
turbine blades. The maximum mode frequency is usually around 30kHz. Further

vibration modes are perceived in stators when both ends are restrained and
20 these are commonly known as “bow mode”. |
High cycle fatigue damage quickly builds up due to the relatively large
number of cycles in relatively short periods of time. The damaging effect of the
mechanical cycles is exacerbated by the thermal cycles to which the gas turbine
engine is subjected in operation. In order to design blades which are resistant to
25 fatigue a good understanding of the aiternating stresses a blade may tolerate for
any vibration mode that may be excited in operation is required. The alternating
stresses or vibration characteristic is significantly affected by contact conditions
of vanes.
One apparatus that has been provided to measure both low cycle and
30 high cycle fatigue is described in US 6,732,591. This document describes
equipment which can secure either end of a component to the tested through
clamping means. The equipment has an actuator which moves the first and

second clamping means relative to each other to provide either a tension load or



cl anpi ng nmeans. The equi pnent has an actuator which noves the first
and second cl anping neans rel ative to each other to provide either a
tension |load or 2 a conpression |load. A shaker is acoustically
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a vane with the least extra friction loss with each of the opposing arms in fixed
relationship to each other. Alternatively, the body may be “C” shaped and
20 arranged such that a connecting portion connecting the opposing'arms can have
a length which may be varied.
The fixture may comprise a slot for receiving a portion of the specimen.
Preferably the fixture may be provided within one of the opposing arms. As an
alternative the fixture may be mounted to the opposing arm in replaceable
25 loading block. The fixture may comprise other alternatives for securing the
specimen such as a shaped post around which the specimen is secured or an
aperture into which a protrusion on the specimen in inserted.
The further fixture may comprise a slot for receiving a portion of the
specimen. Preferably the fixture may be provided within one of the opposing
30 arms. As an alternative the fixture may be mounted to the opposing arm in
replaceable loading block. The fixture may comprise other alternatives for
securing the specimen such as a shaped post around which the specimen is

secured or an aperture into which a protrusion on the specimen in inserted.



The further fixture may conprise a slot for receiving a portion of

t he specinmen. Preferably the fixture may be provided wthin one of
the opposing 30 arns. As an alternative the fixture may be nounted to
t he opposing armin replaceabl e | oadi ng I8 ock. The fixture may
conprise other alternatives for securing the specinen such as a
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acconpanyi nganufaaturgg ,toi satishi ehgine part requirements. The slots in the fixture and
further fixture may be adapted to secure the vane feet and have a shape which
corresponds to the mounting features within the gas turbine. The specimen may
be a blade for a gas turbine. The fixture and further fixture may be adapted to
25 secure the blade root with the blade extending away from the body in a direction
which is perpendicular to the direction in which the connecting portion extends
and perpendicular or parallel to the direction in which the opposing arms extend.
The invention will now be described by way of example only with
reference to the accompanying drawings, in which:
30 Figure 1 depicts a side view of a stator clamping device with a
piezoelectric exciter;
Figure 2 depicts a front view of the stator clamping device of Figure 1;

~ Figure 3 depicts alternative arrangements for stator feet;



30Figure 1 depicts a side view of a stator clanping device with a

pi ezoel ectric exciter; Figure 2 depicts a front view of the stator
cl anpi ng device of Figure 1; Figure 3 depicts alternative
arrangements for stator feet; 4 Figure 4 depicts a view of a bl ade
cl anpi ng devi ce. In Figure la there is shown a stator clanping
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upper arm 2a. Ttp1 exciter is nmounted to the body at a vibration

| ocation 1LPWERGYSNHE t hat extends through the exciter and into
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form as shown here is a bolt extending though an aperture provided in the upper
arm 2a.
The exciter is mounted to the body at a vibration location 14 by a bolt 16
that extends through the exciter and into the body as shown in Figure 1b. The
20 bolt ensures good contact between the exciter and the body which perrhits the
excitation signals to be accurately transmitted through to the specimen at the
chosen frequency without attenuation or frequency shift.
The exciter comprises a tuned mass 18 and a piezoelectric body formed
by a plurality of piezoelectric laminates 20a...20b connected to an electrical
25 source by wires 22. The tuned mass is replaceable with alternative tuned
masses in order to change the vibration frequency of the exciter and simitarly a
number of other vibration locations may be provided on the body which permits
the location at which the exciter is mounted to the body to be varied in
accordance with the desired vibration mode to be investigated in the specimen.
30 The piezoelectric pack may be located to a side of the body which may
excite torsion vibration modes on the excite torsion vibration modes. A vibration

location 15 is marked on Fig 1a and 2a.



25 source by wires 22. The tuned mass is replaceable with alternative
tuned masses in order to change the vibration frequency of the
exciter and simlarly a nunber of other vibration |ocations may be
provi ded on the body which permits the | &cation at which the exciter
is nounted to the body to be varied in accordance with the desired
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increases from negligible displacement of the specimen up to a displacement in
excess of 0.17mm. The modal frequency and the response can be compared with
values determined by modelling to validate the models. The detected
25 frequencies and or mode shapes can also be compared with values taken at an
earlier stage in the life of the specimen or with values taken from other
specimens to determine whether the modes are changing and are those

expected from the sample.

Figure 3 shows two exemplary vanes which may be used as specimens in
30 the test apparatus. As may be seen each vane has a different arrangement of
feet with the feet being arranged to engage with different receptacles in the gas
turbine. Where the testing apparatus is intended to hold stator vanes it will be

appreciated that the upper and lower clamping features may be modified to hold



30 the test apparatus. As may be seen each vane has a different
arrangenment of feet with the feet being arranged to engage with
different receptacles in the gas turbine. Wiere the testing apparatus
is intended to hold stator vanes it will &e appreciated that the
upper and |l ower clanping features may be nodified to hold 6 many
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therebetween.
It will be appreciated that the apparatus as described herein offers
15  significant advantages in simplicity of design, ease of use, and an ability to vary
the modal excitation experienced by the specimen.
The actuator 10 may be any appropriate type of actuator e.g. hydraulic,

pneumatic, or linear variable differential transformer.



Clainms 1. Apparatus for fatigue or friction danpi ng nmeasurenent
testing a specinen (6) the apparatus conprising a body (2) having
opposing arns (2a, 2b) defining 5 between them a space for receiving
t he speci nen, one of the opposing arns having a fixture (28) for
securing the specinmen, another of the opposing arns having a further
fixture (12¢|digfs securing the specinen, the fixture and the further
fixture being adjustable to increase or decrease the relative

di stance t herebetween, wherein the body conprises an assi gnhed
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which is adii stable to npve the further fixture rel atiée to its
respect i ve '8pW&si PRYndr Adugablap Jar 4nerease c 8F dRgTaasec| P mIslatiype distance
the act uat O erHBWEERS whhGiht tHed bBﬁ)‘/ | Qfin Brideldl Eﬁdaé@?%ﬁéq SAISHES location to
t hrough the respective opposi ng arn and engages a conpl enentary

t hread it awhichdixeiiatdrosignatsherel apodied gluningd&stirgovi di ng the furt her

fixture. 7. aratus accordi,ng,t.o an receding, claim wherein
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7, conprising a plurality of vibration locations. 9. Apparatus
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15 comprises a slot for receiving a portion of the specimen.
5. Apparatus according to claim 4, wherein the further fixture is mounted to
its respective opposing arm by an actuator (10) which is adjustable to move the
further fixture relative to its respective opposing arm.
6. Apparatus according to claim 5, wherein the actuator comprises a bolt
20 having a thread which extends through the respective opposing arm and
engages a complementary thread in a loading block, the loading block providing
the further fixture.
7. Apparatus according to any preceding claim, wherein the assigned
vibration location (15) comprises a hole having a screw thread for receiving an
25 exciter.
8. Apparatus according to claim 7, comprising a plurality of vibration
tocations.
9. Apparatus according to claim 7, wherein the assigned vibration location is
between the opposing arms.
30 10. Apparatus according to any preceding claim further comprising an exciter

(20) engaged with the vibration location.



(20) engaged with the vibration location. 8 11. Apparatus according
to claim10, wherein the exciter conprises a tuned nmass (18) and at
| east one piezoelectric elenent (20, 20b, 20c) to vibrate the tuned
nass. 12. A nmethod of testing a specindgh in an apparatus as cl ai ned
in any 5 preceding claim the nethod conprising the step of securing

a speci men 1p t happapaihusordidy &Pplaith ", exsereat tr@eﬁm@ﬁadoﬁmﬁrﬁsésh@ tuned
assigned vibration |ocation. 13. A net hod of testi ng accordi n

g.t
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sequenti al |t¥| eatmﬁssol urality of different frequencies. 14. A
met hod accordi ng claim12 or claim 13, further conprising the step

of 10 detect2.ng Aheethsthloff testing re i sprecrhei hie apespparatus 8. claimed hndany
accordi ng to any of clainms 12 to 14, further conprising the step of
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13. A method of testing according to claim 13, wherein a plurality of excitation

signals are applied sequentially, at a plurality of different frequencies.

14. A method according to claim 12 or claim 13, further comprising the step of
10 detecting the modal frequencies of the specimen.

15. A method according to any of claims 12 to 14, further comprising the step

of recording the displacement of the specimen induced by the application of the

excitation signals.
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