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(57) Abstract: A resonance generating apparatus
for testing blade fatigue with reduced side load
includes a mounting portion comprising a saddle
including a groove corresponding in form to an
external surface of a blade, and an assembling
portion positioned on an external side of the
saddle and joined by tightening members so that
the saddle presses against the blade, a resonance
generator including an actuator configured to gen-
erate a linear movement, a coupler or couplers
configured to maintain phase of a blade motion
the same as an actuator rod, and a linear guide
configured to guide a direction of linear reciproc-
ating motion of an actuator body, and additional
weights mounted on two opposite faces of the ac-
tuator body to move in association therewith, and
added or reduced in a lengthwise direction of the
blade so that a center of gravity of moving masses
of the actuator body in linear reciprocation in-
cluding the actuator body and the additional
weights is positioned on an axis of the actuator
rod.
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RESONANCE GENERATING APPARATUS WITH REDUCED SIDE LOADS FOR A

BLADE’'S FATIGUE TESTING

[Technical Fieldl
The present invention relates to a resonance generating
apparatusv With reduced side loads for a blade’s fatigue

testing , and more particularly, to a resonance generating

apparatus with reduced side loads for a Dblade’'s fatigue

 testing, which includes a light-weighted mOunting' portion

provided in contact with an externalvsurface of the blade, a
plurality of actnaters 1provided- on- an external- side of the
mounting. portioni and a resonance ‘generator "configured to
;eciprecate in parallei relatiqnship with a nbving direction

of the actuator. body and simultaneously to ‘prevent . the

. resonance generator’s motions in lengthwise and widthwise

directions of the blade, whereby generation of side loads is
minimized. |

The present invention felates to a fesonance generating
apparatus with reduced side loads for a' blade’e fatigue
testing, in which weight of the resonance generator takes up
nost of‘the:total‘weight of thevresqnance‘generating apparatus
so as to reduce weight of the resonance>generating apparatue,‘
and additional weights.are aﬁtaehable and.detachable ﬁé ang

from a side of the resonance generator to improve user

convenience.
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[Background Art] -

- Wind turbine blades for .the purpose of wind_ power

generation are somewhat distinguished from blades for aviation 

~which are configured to generate ‘lift, thrust and control

forces, as the wind turbine blades for wind power generation

‘are configured to obtain rotary forces necessary to rotate an

electric génerator to thus ﬁroduée electric power.

Thé’ rotafion of "the bladés éauseé éerodynémic forée
diétribution‘around the blades, and this phenomeﬁon acts as
bénding'loadé éhd tofsional loads oﬁ the blédes;‘Accérdingly,
an’apparétus‘is'neqesSary,vwhich_can.monitor aerodynamic loads

for safe operation of the blades, and also measure aerodynémic

force distribution in spanwise' directions . of the .blades.

Accordihgly,,the_resonance generating apparatus for ‘simulating

~aérodynamic force distribution has been developed in a variety

of forms.

For examplé, Korean Patent Pubiication No. ‘10—2011—
0078999_discloses an apparatus for measuring aerodynamic load
(see FIG. i), which includes é calib%ation device‘40 as one of
the components theredf. The calibfation devicé'40 includes é
plurality of rings 41, 42, 43, 44 to recei?e weights théreon,‘
and spaces 45‘£o receive blades therein. _However,bsince‘fhé
calibration‘ deVice 4O measures the aerodynamic load in a
manner in whiéh’end.of wire is connected:tb the rings 41, 42,

2
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43, 44 and. forsion is repeétedly exerted,.'such way of .
measuring has limited accuracy of fatigge ﬁeaSuremént,

For another example( W02009/135136 discioses a system 1
for résonant teéting,onvblade 2 using linearly—recipfocating
actuators 10, 20, 30 (see FIG. 2).

>However, Ithev cénventional techholégies .inclﬁding the
above réquire ‘a Cohsiderablé amQﬁnt' df .éoét to construct a

system 1 for the purpdse'of-resdnant blade testing, and also

~suffer a shortcoming of decreasing resonance frequency because

the system’s bbundary condition is far from -the clamped

condition of the cantilever beam.

FIG. 3 is a schematic view of fatigue testing equipment

“developed by the National Renewable Energy Laboratory-(USA);

‘The 'fatigue testing'equipment includes a,frame 7 formed on an

upper surface of the blade, and an actuator_S formed irn the

frame 7 for linear reciprocation in a perpendicular direction.

'Additional weights 6 can be hung at a lower end of the

actuator 5 to oscillate the blade in perpendicular direction.
However, = the conventional constitution 1like the one

éxplained above has a shortcoming'of deteriorating durability

of the hydraulic actuator, because loads .in a blade’s-spanWise'

directibn and chordwise direction on the}additional weights 6

at the lower end of the actuator‘5 can make the actuator’s

sealing parfs worn out.dufing oscillation of the blade. |
‘FIG. 4:>is a schematic viewbcxf another fatigue testing

3
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equipment developed by NREL, USA. ‘, The fatigue testing
equipment includes iactuafprs 8 on left and 'right -sides,‘
respectiVély, and an actuator 8 ,configured >td  lineérly
reciprodate,additional‘weight 9 in perpendiculér directioh td
thus génefate a‘bladefs vibration-amplitudé. |

Howevef, the above éonstructioﬁ has a shortcéﬁing bf oil
leakage,‘becéﬁse side load:is genefated oh»the actuato%s 8>due
to misalignment‘between operating iihe of the actﬁators 8 and
thé center  Qf gfavity of thef additional weightf é/_ which
inevitabiy Wears out the'seél on the actuators 8.

FIG. 5 isva schematié view of UREX system de&eloped>by

MTS.  The UREX~'systenr'includes “actuators A mounted on both

. sides of a blade seat P, with. additional weight (W).mounted'on

. the actuators. A in the chordwise direction . (i.e., widthwise

direction) of the blade B.
To place the actuators A 'in the chordwise direction of

the blade B, it is necessary to align the center of gravity of

‘an excitation apparatus - in thickness direction (i.e., in

perpendicular direction) of the blade to‘the pitch axis. By .
doing so, the éide loads geﬁerated by ﬁhé motion of the blade
during resonance testing can be reduced.

However, notwithstandihg the advantages mentioned above,
the UREX system.is_in such a'const:uction that is not‘suitabie
for the purpose of exciting. large-scale. blade. ' That is,
because additional weight (W) is mounted in only:one'direction

4
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-of the actuatore A, when the additional weight increases, the

center'ofvgravity_of mass of moving object is distanced away
from the axis of the actuator rod, thus causing side loads to
be generated'on the actuators A. As a result, its durability

deceases, since wear of the actuator seal is accelerated.

[Disclosure]

[Technical Problem]

The present invention has been made to solve the problems

bccurring in the prior art explained above, and accordingly,

“it. is  an object of ‘the present invention to provide. a

resonance generating apparatUS with reduced side loads for- a.

blade’s fatigue testing , including a nmunting‘portion with

reduced weight, attached to contact with an external surface

of fhe blade,»a plurality'of actuators previdedbon,an external
Side of the  mounting: pertiqn, and a resonance  generator
Cenfigured to vreciprocate in parallel relationship with e,
moving difection of the» actuator }body’ and simultaneously to
prevent the .fesonance generator’s motions bin lengthwise énd
widthwise direetigns.of‘the blade, whereby generaﬁion of side
loads is minimized.

If is another object of the preSent invention to proVide

a resonance'generating apparatus with redueed side loads for a

" blade’s’ fatigue testing} in which weight of the resonance

5
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generator takes up most of the total weight of the resonance

generatihg apparatus so as to reduce weight of the resonance

' generating apparatus, and additional weights are -attachable

and detachabie to and from a side of the resonance generator

to improve user convenience.

[Technical Solutionl]

To achieve the above objects, the present inventidn
provides a resonance >generating apparatus with reduced side

loads for a blade’s fatigue testing , which includes a-

- mounting 'portion including a saddle including a groove

corresponding in form to an external surface of a blade, and

an assembling portion positioned on an external side of the

saddle and joined by tighteﬁing members so that the saddle

presses agéinst the blade, a:résonance‘geheratbr inciuding an
actuato? éoﬁfigufed toigenerate a‘linear.movemént, a coupler .
or couplers bdnfigured to,maintain the pha$e of é bladé motionb
the same as that of the. actuator rod, and a linear guide
COﬁfigured tb guide a direction Qf 1ihear reciprécating-motion
of the actuator body, and additional weights mounted on two
opposite Zfaces of _the actuatbr body to move in association
therewith, and added or reduced‘inva_lengthwisevdirection of
the blade so ﬁhat a center of gravity of moving masses in-

linear reciprocation including the actuator body. and the
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additional weights is positioned on the axis of the actuator

vrod.

[Advantageous Effects]

According to the present invention, a light-weighted

mounting portion is provided 'in contact with -an external

- surface of the blade, a plurality of actuators are provided on.
- an .external side of the mounting portion, and .a resonance
_génerator' is configured to reciprocate " in parallel

 relationship to a nmving direction of the actuator body and

simultaneously to prevent the resonance generator’s motions in

lengthwise and widthWise directions of the blade.

Aécordiﬁg to the  presen£ inyention, instead of a
conveﬁtiénalvway in Whiéh:aéfuaﬁor réd wiﬁh additiohal weighﬁs.
is.mbved,‘additional:weights are mounted oﬁ-ﬁhé actuator body
andvthé’actuator»body with the.additiohal weights théfeén is
moved, sd that du:ing reéonance teSting, m0viﬁ§ distance of
the additional_‘weighté to the blade is 'minimized’ and
acédrdingly, generation of side loads is miﬁimized...Further,
mass bf;the moving resQnaﬁce generator‘takes,up'most of the
total weight of the resonance generating apparatus.

 Accordingly, the‘resonance,generating apparatus can be
light—weighted, and have improyed strength and durability.

Further, since additional weights are attached to and
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detachable from one side of the resonance generator,  .user

convenlience increases.

[Brief Description of the Drawings]
FIG. 1 is a perspective view of a calibrating device as
disclosed in KR Patent Publication No. 10-2011-0078999’

FIG. 2 is a schematic view of a resonance test system as

disclosed in W02009/135136;

VFIG;'3 is ‘a schematic view‘of fatigue testing equipment
ceveloped by the‘Nationai Renewaple Energy Laboretory.(USA);
| FIG. 4 is'a>5chema£ic_viewpcf another fatigue testing
equipment developed by NREL (USA); -
FIG. 5 is ebschematic view of the UREX system developed
by»MTS}
FIG. 6 is a perspective view of a resonancebgenerating

apparatus'for a blade’s fatigue testing purpose in installed

state, according to the.present_invehtion;_

FIG. 7 is a perspective view of an outer constitution of
a resonance generating apparatus for.a‘bledefs fatigue testing,
sccording to the present invention}

FIG. 8 is.a perspective view illusprating a weight frame

as one of the components of a resonance generating apparatus

for a blade’s fatiguebtesting being moved upward, according to

the present invention;

FIG. 9 is a perspective view of a mounting portion as one

8
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of the components of the resonance generating apparatus for a

‘blade’s fatigue testing,_according_to the present invention;

~FIG. 10 is an exploded.perspective view of a resonance
generator as _a'inain constitution of a .resonancet'generating
apparatus for a »bladefs fatigpe testing, _according to an
émbodiment of the present‘invention;

lFIG{'ll is.an éxpléded‘pérspectiye view of a constitution
of a resonance genérating' apparafué' for a _blade’é fétigue

testing,' accbrding to another embodiment of the - present

. invention;

"FIG. 12 is a cross section view of a constitution of a

linear guide groove of a resonance generating apparatus for a

blade’s. fatigué  testing, according. to an embddiment of the

present invention;

'FIG. 13 is a cross section view of ‘a constitution of a

‘linear guide groove of a resonance generating apparatus for a

blade’s fatigue testing, according to another embodiment of

the present invention;

FIG. 14 is a perspective view of another constitution of

a mounting portion as one of components of a resonance

'generating apparatus for a blade’s fétigue testing, accordiﬁg

ﬁoban embodiment of the present invention; and

FIG. 15-is é pefépective view of a resonance generating
apparatus for a blade’s fatigue .testing iﬁ. installed state,
according to another embodiment of the present invention.

9
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e<Description of Reference Numerals>

100: mounting portion . . 110: saddle
- 112: groove
: 116; left aﬁd right reetraints
117: froeﬁ.eQd back restrainte
118:_tigh£ening membef. |
119; blocker |
120: aeSembliﬁg.portion
200+ fééonanee generatof
220: weightfffame
240: actuator
242: actuator rod
244: aetuator body
246;,flowrate regulator
280: linear guide
282: coﬁpier.
'284:vmoving portion
285:.flange
286: fixing portion
287::hele o
300: connector

B: blade

E: resonance generating apparatus

W: additional weight

10
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[Best:Mode]

A resonance_genetating appératusvfor.a bladefs fétigue
testing;aecerding to the ptésent inventidn'includes a mgunting
portion inCluding‘a saddle'including a groove cerresponding in
form to an external surface of a blade, and an _assembling
portion ‘positioned 'en.'anv‘external side of the saddle and

joined by tightening members so ‘that the saddle presses

" against the blade,_a resonance generator including an actuator

configured to generate a linear movement, a coupler or

~couplers configured to maintain the phase of a blade motion

the same’ as that of the actnator rod, and a linear guide
configured‘to guide a direction of linear reciprocating motion

of the actuator body, and additional weights mounted on two

opposite faces of the actuator body to move in association

therewith, and added or reduced in a lengthwise direetion of

the blade so that a center of gravity of ‘moving masses in

linear reciprocation including the actuator body and the

additional weights 1is positioned on the axis of “the actuator

rod.

'Theilinear guide»may,includevavmoving portion configured
to move linearly in association with the actuator.body; and a
fixing‘portion configured-te guide a direction of moVement of
the moving pertion.

A center of gravity of the resonance generator may be

11
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positioned at a pitch axis, when displacement of - the actuator
body is “0”

‘The resonance  generator may. include a weight frame

configured to support from an outer side  of the mounting

iportion so that the actuator body and the additional weights
‘are moved in association with each other. |

The lineér guide may guide the movement’of thevbody-of
the acfuatoi»to a‘direction parallel to a»direction in which
the actuaﬁor is extended orvcontractedi .Oh thé other hand, the
linéarxguide may beiconfigofod to prevent the'aotuator body
from moviﬁg to a‘oirection‘across a directioh'io which the
»actuétor is extended or contracted.

A blocker msy preferably'be provided between the mountihg
portion‘and_the resdnance'generator'to limiﬁ movement of the

mounting portion with respect to the resonance generator when

" the resonance generator generates resonance.

A position at which the saddle ‘is fixed may be variable

in a lengthwise direction of the assembling portion.

-{Mode for Iovention[

Hereinafter, the present invention will be explained in

more-detail with reference to the following Examples. However,

-~ the following Examples are only provided only for illustrative

purpose, and therefore, do not limit the scope of the present

12
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invention.

'The‘resonance generatingeapparatus‘forha biade’s fatigue
testing (shortly,_' ‘resonance generating apparatus’  E)
aecorging .to an embodiment of the present invention in uee
willvbe explained below, with referencelto FiG. 6.

FIG; 6_is’a»perspective,View of the resonance generating
apparatus E for a blade’s fatigue resting:in inetaliedﬁsrate,'

according to the present invention..’AS'illustrated in FIG. 6,

~the resonance 'generating apparatus E 1is connected to an

external surface of the subject of fatigue testing (i.e., a

o blade'_Bj ‘to generate resonance, in which the blade B is

15

20

25

tightened and fixed in a state of :being passed = through
interior of the resonance generating apparatus E.
That is, the resonance generating apparatue:E‘includeS»a

mounting portion 100 integrally connected,in_contaét;with the

:external surface of the blade-B, and a plurality of resonance

generators 200 eonnected'to an external side of the mounting
portion 100 to generate~resonance on the blade B by 1linearly

reciprocating with respect to the mounting portion 100 in

‘association with lengthwise extension and contraction of the

actuator 240.

The resonance dgenerating apparatus E includes addirional

‘weights W on left and right sides, and the-additional'weights

are configured to be added or reduced depending on the size,
shape and center of gravity of the blade B.

13
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To  be more specific, the additional weights W are’

provided on the respective ' resonance generators - 200. The
- additional weights W are positioned on an external side in a

‘widthwise direction.of the blade’B,'and fixed in pOSition to

face each other. in theiwidthwise'directiOn of the resonance .
generating apparatus E (i.e., lengthwise direction of" the
blade B).

The resonance generators 200 of the resonance generating

apparatus  E, which are configured to generate resonance by

moving upWafd and .downward with respect to the blade B, are

positioned-on the external Side, and take up'mdSt weight of

‘the total weight of the reSbnanCe generatingvapparétus E. That
is, - the resonance generators 200 are positioned on the

-externél side of the mounting portion 100, and linearly.

reciprocate in wupward and downward directions with the

-additional weights W hung thereon.

Accordingly, among a plurality of constituent components

of the resonance generating :apparatus E, the resonance

~ generators 200 are the main constituent components, taking up
most weight of the resonance generating apparatus E.

"Accordingly,. the total weight of the resonance generating

apparatus E is reduced.

A connector. 300 is formed  between each resonance -

generator 200 and the mounting portion lOO..Thé connector 300

is connected to upper and lower ends of the mounting portion

14
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100,_and connected at exte;nai side thereof to each resonance
generator 200, thus cbnnecting eachi resonahce  generator .200
and the_mountiﬁg portion 100.

Aé explained abo&é, the connector 300 may be employed to

connect the resonance generators 200 and the mounting portion

100, but not 1limited thereto. - For example,' the résonance

generators 200 may Dbe directly }connected, with the mounting
poftion 100;'in which case the connector 300 may be omitted.

The constitution éf the resonance generating apparatus E

Will be explained below with reference to FIGS. 7 and 8.

FIG., 7 is a perspective view ‘illustrating outer

 _éppearance-of the resonancé.genérating apparatus for a blade’s

fatigue testing, accordingi to  an embodiment of the present

- invention, and FIG. 8 'is a perspective view illustrating. a

weight  frame, one of the . components o©of. the resonance

generating apparatus for a blade’s. fatigue testing, moving

upward; according to an embodiment of the present invention.

‘Referring to FIGS. 7 and 8, the resonance generating
apparatus E includes a mounting portion 100 and a resonance

generator 200. The resonance generator 200 is configured so

that its center of gravity is at a pitch axis when

displécement of an actuatér body 244>’ié “0”, while the

resonance genératdr . 200 génerétes resonance whén thé

dispiacement'of fhe actuator body 244 éhanées (See FIG. 8).
Referring to FIG. 7, the resonance  generator 200

15
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according to a preferred embodiment of the present invention -

generates resonahce’with the operation of the actuator 240.

That is, with an actﬁator _;od‘ 242 _beihg ‘maintained at a
predetermined_:position wi£h respect tQ the blade B, the
resonance 1is generated as the.positioﬁ of the actuator body
244 is'changéd.v |

To be more specific,}while the length of the actuator rod

242 varies accbrding to a directibn in which the fluid is fed

‘through the flowrate regulator 246, the actuator rod 242 is |

restricted to maintain a predetermined phase'With respect to
thé»blade B. As a result, the actuator body 244 is guided
along»thevactuator rod 242 to. linearly reciprocate in upward

and downward directions (leftward and rightward directions in

“the examplefof FIG. 7).

' The actuator body . 244, which is at a center of the

_actuator .rodv3242 (see FIG.. 7), is linearly reciprocated to
‘corresponding direction (see FIG. 8)pvas the fluid'introduced

o through the flowrate regulator 246.vis fed into the actuator

240.

‘Meanwhile, gccording to the ”preseht iﬁvention,, the
actuator body 244 is configured,to bévmovable, to. reduce side
loads. Thaf is, 1in con&entional examplés (see FIG. b),
additional weights W ére'mounted én the actﬁatér.A. ”As the
actuator rod moves, the actuator body is positioned at ‘the

center, according to which the actuator rod is reciprocated,

16
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with an end of the actuator rod either descending or ascending

further. Accordihgly,‘_since ‘the moving masses are moved

farther away from the blade B, more side loads are‘generated.

To address the prdblem mentioned above, according to the

~present invention, the actuator 240 is so configured that the

actuator body 244 thereof is movable. Additionally, both ends

vof,the actuator rod 242 are fixed in position, allowing the

actuator body 244 with additional weights W mounted thereon to

linearly reciprocate only in an area defined between both ends

of the actuator rod 242. As a result, since a distance that

the moving masses travel farther away from the blade B is
minimized,-side'lOads are'miﬁimized.

The detailed constitution of the resonance generating

-apparatus E will be explained below.

Hereinbelow, the detailed constitution of the mounting

portion 100 will be explained with reference to FIG. 9. FIG. 9

. is a perspective view of the mounting portion 100 as one of

‘the components of the resonance generating apparatus E for a

blade’s fatigue pesting( according ﬁo the present inventidn.
The mounting bortion 100vis.coﬁfigﬁred fo support the
resonancé genératof 200 to  transmit vibrationbforces t§ the
blade B. ‘The méunting bOrtion 100 inclﬁdes a Saddle 110
composed of a. plu;élify éf'.parts and 'conhécted to surround
externai sidevof.the‘blade B, and‘an.assembling‘portion 120
configured to  integraté the'-blade B and the saddle ilO by

17
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providing the saddle 110 with compressive forces.

_‘Theimounting'portion_lQQ includes‘a saddle llO‘including
two or more.parts and'a groove 112vcorresponding in form with
an outer shape of the blade B and an assembling portion 126
configured to maintain the saddle 110 in seated relationship
with the blade B bv generating 1nward restricting force‘from
outSide to the saddle 110

The groove 112 of the saddle 110 is recessed to a shape
that corresponds to a cross section of the blade B so that,
when the parts above and below are moved close to each other,‘
the‘ groove* l12 is bronght ‘into surface contact with 'an

eXternalfsurface_of'the,blade B, thus transmitting the force

from the resonance-generating~apparatus E to the blade B.

TheraSSembling‘portion 120 is provided to an upper side
and a lower side of the saddle 110. The assembling portion 120

provides_a_pluralityvof component parts of the saddle 110 with

compressive forces.

Additionally, the_assembling portion 120 restricts the
saddle llO from oscillating in forward and backwardvdirections
or leftward and 'rightward directions; To this end} the
assembling portion 1201may:inclnde a left and right restraint
116 to limit leftward and rightward movement (When viewed in
FIG. 9) of the saddle 110, and a front and back restraint 117
to limit forward and backward‘vmovement' of the saddle 110;
Additionally,vthe assembling portion 120 includes tightening

18
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members 118 on a left side and .a right side to exert'pressure

~on the saddle'llo by tightening the assembling portion 120.

The mounting portion 110 is so’ configured that a center of

- gravity thereof is positioned at a ‘pitch axis. That 1is,

because the 'center of gravity of the mounting portionv 100
including.the saddle 110, the assembling portion 120 and the
tightening members 118,'is,positioned'at the pitch axis, side

loads su¢h as torsion can be prevented when the blade B is

moved upward and downward due to resonance.

Hereihbelow, the detailed constitution of the resonance

'generatot 200 will be explained With reference to FIG. 10.

FIG. 10 ‘is. a detailed, exploded perspective  of the -
fesohance ,generator‘ as..a_ main component of the resonance
generating:apparétus‘for.a,biade!s.fatiguettesting) according:
to the present invention. |

- Referring to FIG. 10, the ‘resonance generator 200

~includes "an. actuator - 240, and is so configured  that the

vibration forces generated by the changing length of the

actuator 240 is transmitted via the assembling portion 120 via

the saddle 110 and the blade B in turn.

Accordingly, .the resonance generator 200 and the mountingb

portien 100 may be connected to each other in a variety of

‘manners, provided . that the vibration forces "generated’ in

accordance with extension and contraction of the length of the

actuator 240 can be transmitted to the blade B.
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Referring'lfirst to the constitution of the embodiment

illustrated in FIG. 10, the resonance generator 200 includes a

weight frame‘ZZO with additional weights W provided thereon,
configured to lihearlybreciprocate on an external side of the
mounting_portidn-lOO in association with the actuator 240, an

actuator 240 connected to at least one side of. the weight

v‘frame 220 to restraint linear reciprocal motion of the Weight

freme 220 and to provide the.blade B with vibrationeferCes,
and'a‘l%pear'guide 280 cOnfigured‘to guide the movement of the
weight f;ame‘220 with_respeet to the mounting portion 100 when
the lengfh” of the actﬁator ‘24b.eis extended or 'cont;acted
(i.e,;'when the actuator body 244 is moved).

The. resonance generatorv 200 is so configured. that the
weight frame 220 is moved in,associatien_with the diSplacement‘
of the actueﬁor_body 244. Theiacfuator rod 242 is moved at the
same phase as'that of the mOﬁnting po?tioﬁlloo,

The shape of the Weight frame 220 may be hollow, closed-

shell, or closed~-loop. The actuator 240 1is received in the

weight frame 220.

| .Thevlinear guide 280 isvconfigured ﬁo guide the weight
frame 220 mo&ing in assoeiation with_the actﬁater'240, eo that
the weiéhf frame 220 is moved in a linear feciprocating manner
in upward and‘ dewnward directions. in one embodiment, the
liheér-guide,280 is connected to the connector 300.

That is, the linear guide 280 guides the movement of the
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weight'frame.220vin‘a,direcﬁion parallel to a directioh of
movement of the'actﬁator quy,244, while preventing the weight
frame,220ﬂf£om moving in a_diregtion,across thevgireétién of
linear reciprocation Qf tﬁe actuator»body_244.

To this end, the linear guide 280'includes a-Couplér or

couplers 282 connected With réspect to: the npUnting portion

100 to restrict movement, a moving portion 284 positioned on

one side of the coupler 282 to linearly reciprocate, ahd‘a

fixing portionb286 fixed to one side‘of’the cbupler 282 to

'réstrictwa‘direction of movement of the moving portion 284.

" -The coupler 282 is connected, in surface contact, with

~ the connector 300 by‘tightening elements, and includes flanges

285 extending from:- an upper end and a lower end. The actuator
240 has a length'thatvcorresponds té a distance between the
flanges 285 on upper and lower sides.

The upper and lower ehds of the actuator rod 242 are

- fixed on. opposing surfaces of the flanges. 285, and the upper

.. and lowervcenters of the weight frame 220 include holes 287 to

permit the actuator rbd 242 to pass therethrough.

The holes 287 are provided té allow the weight frame 220
to lineérly.récipfocate iﬁ upward énd downward directions in
accordancé with the guidaﬁce of the aétuator rod 242.

The moviﬁg portion 284Iis.inserted iﬁ-the‘fixihg portion
286 in a manner of lineariy ‘reciprocating in wupward and
downward diréctions; and‘ the moving portion 284, which is
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. fixed to a rear surface of the'weight:framev220, is movably.

connected to .the fixing portion 286 to be linearly moved in
upward and ~downward directions. Accordingly, aévthe actuator

240 moves and the actuator.body 244 thereof moves, the weight

frame 220 is moved relative - to the actuator rod 242 in

association with the actuator‘ body 244, during which the

moving portion 284 is linearly reciprocated-through the fiXing
portion 286 to thus guide linear reciprocating movement of the
weilight frame 20.

The additional weights W are connected to both sides of

the wéight'frame_220,band-can»be added or:reduced,_depending
on need. The flowrate,regulator is- fixedly connected .to the

actuator body 244.

'FIG. -11  illustrates the-,resbnance‘ generator - 200. in-

athher modified - embodiment. Accordingly, . FIG. 11 is an

‘exploded perspective view illustrating constitution of the

resonance generating apparatus for a blade’s fatigue testing,

- according to another embodiment of the present invention. FIG.
11 particularly_illustrates_when sufficient rigidity of the

actuator 240 is ensured, in which cése the joining structure

of the additional weights W and the linear guide :280 is
modified.

That is, the additional weights W may be mounted on the

.left and fight sides of the actuator 240 (i.e., in lengthwise

direction of the blade B)to face each other, and the moving
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portion 284 may be attached on the actuator_body 244, while
the fixing portion.286_is fixed on'the_coﬁplér.282;

| Meanwhile,,FIGS.‘lz and 13 illust:ate_thé fixing>portion '
286 and the moving portion 284 accofding"to Vérious

embodiments. FIG. 12 is a cross section of a linear guide of

the resonance generating apparatus for a blade’s. fatigne

testing, according to,oné'embodiment of the present ihvention,

and FIG. 13 is a cross section of a 1linear guide of a

‘resonance.generating apparatus for a ‘blade’s fatigue testing

according to another embodiment of the present invention,

Referring to FIGS. 12 and 13, the fixing portion 286_ahd
theymovingvportioﬁ 284 are in complementary shapes,fo each
other, and may"be_ formed in various  shapés and strqctures,_
provided-that the . fixing portion 286 and the moving portion
284 - allow moVehent: of  the Weiéht frame 220 -in upward -and

downward directions, while‘:preventing movement in the rest

- directions.

~The . connector 300 may be omitted, when sufficient

rigidity of the coupler 282 is ensured, in which case the

coupler 282 may be directly coupled to the assembling portion

1120.

Thevstructure of the mounting portion 100 according to

‘another 'embodiment' will be explained in detail below with

reference to FIG. 14.
FIG. 14 is a perspective view illustrating a constitution
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of - the mounting portion’of a resonance generating apparatus_
for a blade's fatigue‘testing, éccordiﬁg:to another embodiment
Qf the,presént invention. .

Referring to FIG. 14,’the mounting portion 100 ﬁay be
fixed in a manner in whiqhthe’saddlé 110 is deviatéd té one
side. Théf is, becauée the pitéh akis.of the blade B is at
épproximately 1/4 point_ofuﬁhe bladebchord,‘the Weight ratio

of the reéonance generators 200”mounted,on the left and right

- sides of the mounting portion 100 is determined in accordance
‘with the distance ratio from the pitch axis. Accordingly, the

" additional weights W and the size of the actuator 240 vary.

-‘Thus, ‘aligning the center ofﬁ_gfavity of the left and

right resonance'génerators 200 to the pitch axis, which causes

‘the inevitable excessive weight difference between the two

resonance - generators, =~ makes the design of a resonance

~generating apparatus difficult. To alleviate the shortcoming

ment;oned above, the assembling portion 120 may be lengthened
at oné side (see FIG; 14) to thus increasé a distance'betweén
the Saddle 110 and the‘resonance generator 200.

By doing so, the:distance gép bétweén thé pitch axis to

the resonance generators 200 on left and rightvsides can be

“alleviated.

| Naturally, it is thus possible to install the saddle 110
in a manner of deviating to one side with ‘respect to the
assembling portion 120.
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The blocker 119 is provided on an end of the assembling

~portion 120 to increasé attaching forces to the counterpart,

.i.e., to the resonance generator 200. The blocker 119 may be

connécted to,a‘predetermined area (i.e., upper, lqwer,vleft_or
right side area) between the.end Qf the‘assembling bortion 120
and the resonance generator 200 joined therewith, to .limit'
even the minuﬁe movementléf the fesonance geﬁerator 200 (i.e;f'

movement due to tolerance of the fastening member such as

bolt).

Although certain embodiments have been\explained‘so:far,

‘the present invention is not limited to any 'Specific
-embodiment, but can . be modified by a person with ordinary .

skill in the art in the pertinent technical field.

~For - example, while it was explained. herein énd
illustrated'mainly.in FIG. 6 that the resonance generators 200

may be formed front and rear sides of the blade B in a

~widthwise direction to generate resonance 1in a thickness

vdiréction of the blade B, another embodiment is also possible.

For example, as illustrated in Fin 15, the present invention
may be so‘configufed‘thaf the resonance is genefated also in‘
the cbordwise or edgewise diréctién.- of the blade B;
coﬁcurrently; |

Ih'the'speéifié embodiment méntiéned above, the center of
gravity of'the resonance génerators 200 on the upper and lower
sides of thé moﬁnting porﬁion'100 may preferably'be positioned
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on’ the .pirtch axis When.t-he displacement of the aCtuatqr body
is “0”.

:Further;bbiﬁstead of providing the resonance generators
200 oﬁ left and right sides of tﬁe mounting portion 100, thesé

5 may be‘éxclusively formed on upper and lower surfaces. .

10
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[Claim 1]
A resonance generating apparatus with reduced side>loads
for a blade’s fatigue testing,. comprising:

a mounting portion comprising -a saddle comprising a

grodve_corresponding in form to an external surface of a blade,

and an_assembling’portion positioned on an external side of

the saddle and. joined by tightening members so that the saddle

presses against the blade;

a resonance generator comprising an actuator configured
to generate a linear movement, at least one .coupler configured

to maintain phase of a blade motion same as that of an

‘actuator rod, and a linear guide configﬁred_ to guide a

direction of linéar_reciprocating motion of ah'actuator body;

and

additional. weights mdunted on two opposite.faces of the

actuator body to move in association therewith, and added or

 redu¢ed _in a lengthwise direction of the. blade so that a

center of . gravity of moving masses . in vlinear reciprocation
including the actuator body and the additional weights 1is

positioned on an axis of the actuator rod.

[ciaim 2}
The resonance generating apparatus of claim 1, wherein
the linear guide comprises:

a moving portion configured to  move linearly in
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association with the actuator body;. and
a fixing portion configured to gquide a direction of

movement of the-moving-portiqn.

[claim 3]
The resdhance generating apparatus of claim 1, wherein a

center of gravity of the resonance generator is positioned at

. a pitch axis, when displacement of the actuator body is “0”

[Claim 4]
The resonance generating apparatus of claim 1, wherein a

center of gravity of the mounting portidn is at a pitch axis.

[Claim 5]
The resonance generating apparatus of claim 1 or 3,
wherein = the resonance generator comprises a weight frame

configured to support from an outer side of the mounting

- portion so that the actuator body and the additional weights

are moved in association with each other.

[Claim 6]

The resonance generatihg‘épparatus of claim 2) whéréih
the‘linear guide guideé the movement of thé actuatdr body to a-
cﬁrection:pé}éllel to a direétion in wﬁich the actuator is
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‘extended or contracted.

[claim 7]

The resonance generating apparatus of claim .2, wherein

‘the_linear guideiprevents'the actuator body from moving to a

direction across a direction in which the actuator is extended.

or contracted.

[Claim 8)

Thé.resonance'generating apparatus of claim 1, éomprisihg
at least‘one blockér‘provided between tﬁé mounting portioﬁ.and
phe resonance genérator.‘to ,iimit movemént of ﬁhé'.mouﬁting
pbrtion with feépeét to #he resonéhce generator _when ‘the

resonance generator generates resonance.

[Claim 9]
The  resonance generatihg appafatus‘of'claim 1, wherein a
position at which the saddle is Afixed is variable -in a

lengthwise direction of the coupler.
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