SETTI NG TW ST ANGLE OF TURBI NE ENG NE BLADE COVPONENTS BACKGROUND

5[ 0001] The present disclosure relates generally to bl ade conponents
used in gas turbine engines and nore particularly to nethods and
apparatuses for setting blade twist in such conponents. [0002] Gas
turbi ne engines generally include a fan, a conpressor, a conbustor, a
turbi ne, and an exhaust nozzle. A portion of the incomng air is
conpressed in the conpressor 10 section of the engine and then m xed
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to15 blades and stator vanes. Turbine blades and vanes often include complex, contoured blade
geometries designed to optimally interact with the working medium gas passing through the
engine. One common feature of turbine blade geometries is the blade twist angle.
[0004] Through normal engine operations, the twist angle may decrease over time
due to thermo-mechanical cycling and aerodynamic loading of the blades. The amount of twist
20  that effects each individual turbine blade is unlikely to be identical as each blade may experience
different engine run conditions and repair cycles.
[06005] Blades are routinely inspected for maintenance purposes, and a wide variety
of repair processes have been developed to restore the twist angle but these processes may

typically require tedious quality control processes. Furthermore, rework of overtwisted blades is

25  impossible as base alloy plastic deformations disallow further rework.

SUMMARY
[0006] A method for setting or correcting a twist angle of a blade according to one
disclosed non-limiting embodiment of the present disclosure includes applying a first torque to

30 twist a blade to produce a first displacement, the first displacement less than a second
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30twi st a blade to produce a first displacenent, the first

di spl acenent | ess than a second di spl acenent , neasuring the first
torque to provide a neasured first torque, neasuring the first

di spl acenent to provide a neasured first displacenent, determning a
specific torque to produce the second di splacenent fromthe neasured
first torque and the nmeasured first displacenment and applying the
speC|f|d1 to the bla st t e bl ade roduce the.se
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[0013] In the alternative or additionally thereto, the first torque includes connecting
the electric motor to the wrench through a pulley system.
[0014] A repair system for adjusting a twist angle of a blade according to another
20  disclosed non-limiting embodiment of the present disclosure includes a fixture configured to
engage a root of a blade, a wrench configured to apply a first torque to twist the blade to produce
a first displacement, the first displacement less than a second displacement , a gauge to measure
the first torque, a gauge to measure the first displacement and a controller to determine a specific
torque to produce the second displacement from the measured first torque and the measured first
25  displacement.
[0015] In a further embodiment of the foregoing embodiment, the system includes a
drive system connected to the wrench, the drive system in communication with the controller.
[0016] In a further embodiment of the foregoing embodiment, the controller is
operable to drive a drive system connected to the wrench.
30 [0017] In a further embodiment of the foregoing embodiment, the controller is

operable to drive a drive system to generate the specific torque.



25di spl acenment. 100151l n a further enbodi nent of the foregoing
enbodi nent, the systemincludes a drive system connected to the
wrench, the drive systemin conmunication with the controller.
[0016] I n a further enbodi ment of the foregoi ng enbodi nent, the
controller is operable to drive a drive systemconnected to the
wench. 30[0017]In a further enbodi nent of the foregoi ng enbodi nent,
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first displacenment is mounted to the fixture. i
[0021] In a further embodiment of the foregoing embodiment, the gauge to measure
the first torque is contained within the wrench.
15 [0022] In a further embodiment of the foregoing embodiment, the gauge to measure
the first displacement is mounted to the fixture.
[0023] In a further embodiment of the foregoing embodiment, the controller is

operable to limit the first torque to about 20%-30% of the specific torque.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various features will become apparent to those skilled in the art from the
following detailed description of the disclosed non-limiting embodiment. The drawings that
accompany the detailed description can be briefly described as follows:

[0025] Figures 1A and 1B are top and side views respectively of a twisted gas turbine

25  blade;

[0026] Figure 2 is a perspective view of a repair system for correcting the twist angle
of the turbine blade;

[0027} Figure 3 is schematic block diagram of an algorithm for correcting the twist
angle of the turbine blade;

30 [0028] and



[0023] I n a further enbodi nent of the foregoi ng enbodi nent, the
controller is operable to limt the first torque to about 20% 30% of
the specific torque. 20BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0024] Various features will becone apparent to those skilled in the
art fromthe follow ng detail ed description of the disclosed
non-limting enbodi mrent. The draw ngs that acconpany the detailed

description be bri ef descri,bed as foll . J0025] Figures | A
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25bl adeurb{n@ G2k itgtitle AgdrBha of BlgapeTisioperawidew of a repair system for
correcting the tw st angle of the turbine blade; [0027]Figure 3 is
schemati c bl ock diagramof an algorithmfor correcting the tw st

angl e of the turbine blade; 30[0028]and [O0029]Figure 4 is graphical
representation of the torque and di spl acenent of the turbine blade
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10 [0031] The root 12 may be a dovetail or fir tree root and is configured for receipt in a

slot in the rim of a rotor disc (not shown). The platform 14 is integral (unitary) with and radially
outboard of the root 12. The airfoil 16 extends radially outward from the platform 14 to the
shroud 18 that includes knife edges 20 designed to engage, for example, a stationary honeycomb
seal (not shown) arranged radially outward of blade 10 mounted in the rim of the rotor disc.

15 [0032] A twist angle 22 of the blade 10 is equal to the angular displacement of the
airfoil 16 about a spanwise axis, such as the stacking axis 24 of the airfoil 16, between the root
12 and the shroud 18. For example only, the twist angle 22 is represented by an angle defined
between a vertical plane R through the root 12 and a line W perpendicular to knife edge 20.
That is, the twist angle 22 may be defined as the angle between plane R and line W. It should be

20  appreciated that the twist angle 22 may change along the span of the airfoil 16.

[0033] Through normal engine operation, the twist angle 22 of the blade 10 may
change from a desired original manufactured condition twist angle 22 due to, for example,
thermo-mechanical cycling and aerodynamic loading on the blade 10. In order to extend the
useful life of the blade 10, the twist angle 22 may be restored to the original manufactured

25  condition.

[0034] In another disclosed, non-limiting embodiment, the twist angle 22 may be
roughly set during a manufacturing or casting process that still requires fine adjustment. That is,
the twist angle 22 of the blade 10 is finalized through the method as disclosed herein.

[0035] With respect to Figure 2, a repair or twist setting system 30 for adjustment of

30  the twist angle 22 of the blade 10 generally includes a base plate 32, a fixture 34, a twist angle

gauge 36, a wrench 38 shown displaced from the blade 10, a drive system 40 and a controller 42.



slot in the rimof a rotor disc (not show). The platform14 is
integral (unitary) with and radially outboard of the root 12. The
airfoil 16 extends radially outward fromthe platform 14 to the
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exanpl e, a stationary honeyconb seal (not shown) arranged radially
outward of blade 10 nounted in the rimof the rotor disc. 15 [0032]
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25  applied to blade 10.

[0039] The drive system 40 may include various subsystems such as an electric
motor 40A, and a pulley or gear system 40B (illustrated schematically) to apply a measured
torque to the wrench 38. It should be appreciated that the drive system 40 may be of various
forms to include, for example, combinations of the wrench 38, the drive system 40 and the

30  controller 42. For example only, an automated torque wrench with electronic feedback control to

the controller 42 may be provided.



root geonetry. [0037] The tw st angle gauge 36 is connected to the
base plate 32 and configured to neasure the twi st angle 22 of the

bl ade 10. The tw st angle gauge 36 may be adjustably 15 connected to,
for exanple, gauge stand 36A. The gauge stand 36A nay be confi gured
to adjustably position the gauge 36 vertically with respect to the
base plate 32 and laterally with respect to the blade 10 to cause the
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configured in alternative embodiments to engage turbine blades with varying tip configurations,
such as shrouded and unshrouded blades and blades having squealer tips.

25 [0043] The controller 42 activates the drive system 40 to apply a first torque (R; in N
mm) to the wrench 38 to produce an angle displacement (d; in mm) which is measured and
communicated to the controller 42 (Step 104). The first torque as well as the displacement is
measured and communicated to the controller 42 (Step 106).

[0044] The first torque (N mm) is significantly less than that required to re-twist the

30  blade 10 to a desired original manufacture corrected twist angle 22. In one disclosed, non-

limiting embodiment, the first torque is only 20%-30% of the expected torque required to re-
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to pro e t b
or' o1 rapiedu Rt G ATEEH, b o B gl b Koek iR ERR LSS
first twastqaegle Litto |dsned thal hladeo 10als lnbattmstddepmrmaedsfs&qﬂlmedmtso angle.

re-tw | ade 1Q.t.0 the desi ed 50r| nuf acture corrected
v st Bhgratd, Ceesodean BF sareoly 227000 S Canr e A5 retiem #0
agai n @¥héd ¥ebese 1happobdiRs ﬂmglmmlﬁt@ngeabxo avéa%%lfmstﬁlgr Gy 8ddifh), the
to the blade 10 to tw st the blade 10 to produce the desired origi nal

manuf akonipBerctt pactlsel imuediatelingpie t@ZaHP@F@[ﬁOISM@ if ¢ifq3db@kscpml¢lsmdlcates the
til f th i ne.
utili ZﬁQdJ‘@&f‘dgHon SR8 TG d{a%fk%lst' eﬁig Gl‘hla% t%‘t"c%ﬁ%:t%o%pz{l%bﬁﬁ%ﬁsﬁ

di spl acenent di stance ning a

t ¥ 10theieby plfervents ovayuwisidg of the btaylsﬂmxmannuzeadelinymateblaﬁmn@ talnes.

S‘Fﬂe)?'? ;[NI SI ta[ﬂg%e r‘laql%gr{eeglagiRdr)epglPs Eexe OISKE(ngt grenbgéi%l%%tslgf ttgataglsaose elem
therefore reduce repair time and cost, and simultaneously improve repair quality as turbine

blades with original pre-twist angles provide greater engine efficiency and fuel usage.
[0048} It should be understood that relative positional terms such as "forward," "aft,"

25  "upper," "lower," "above," "below," and the like are with reference to the normal operational
attitude of the vehicle and should not be considered otherwise limiting.

[0049] It should be understood that like reference numerals identify corresponding or
similar elements throughout the several drawings. It should also be understood that although a
particular component arrangement is disclosed in the illustrated embodiment, other arrangements

30  will benefit herefrom.



[ 004611t should be appreciated, that the controller 42 nay operate to
apply the specific torque Rd in steps to twist the blade 10 to
initially produce | ess than the desired original manufacture
corrected twi st angle 22 then step to the desired original

manuf acture corrected 15 twi st angle 22 to assure the blade 10 is
not tw sted past the desired pre-tw st angle Alternatively, or in

addi tion, ntr adual sl ow he.dr.ive,s ste .
40 when t helﬁqu%ge I@ ltﬂ()%%l? ﬁaégﬁg}’ar ep gﬁ@g Fred Tw's ngeiscnlfﬂ taléd Sorgs 1
over t\shaild Ibg unnﬂe‘rstaddi iHat @ﬂ&ps fdﬁ? be quatfoahddein a‘h@’ cﬁ'&&’r @dpﬁﬂtdd%f&dinﬂﬁﬁd}/unless

stop th rq dpack control. i.ndi cates the bl ade
correcPﬁBﬁB aBE“@ﬁﬁQ? gtgﬂ?é@eﬁﬁﬁﬁé disefpRgst r at egi ¢ twi st
correction fd(ﬁ@f it We%eé@ﬁu@%%ﬁ&i %Vé(@ﬁjilai)}y?a”th&%&tde@ige@f)y bhe bl afes
10 to mnimze or elimnate blade scrap rates. [0 Tur bi ne

bl alle Pafbi. r‘éaleqmlmmlmgtlegrbmbpf&mwms apf dis¢laseddiesi, dwwvwepm of ordinary skill
t her ef i co d_simyl t anequsly

epai r T ity Gl GERhick' R, GREouS e RS A s BRRGI SR U above
pr 8\“ deeaggﬁ@sth will ﬁn?mﬂﬂn &fefsbcpeecb’ﬂlkle lapjﬂndiadedlalttﬁﬁgﬂs tlﬁe?éfé&] tb;fjbeiﬁlﬂbl‘htdo@ﬁlat
understood that re tlve posi tiona uch as or war

25" uppéfﬂtﬁm theogape ot thyogrpend dech oy, they flsclorera mag B Gragiedd P@Férthwcés
to thegneraly ARLHRdd, OFlﬁlthz?ftrEdsBH@lf‘e ag,]beﬁdee cva@xhg sl PP sl kel dftmiRStrue
conS|dered ot%ermnse limting. I't should be understood that

| i k& r edope emdeontantrer al s |dent|fy correspondlng or simlar elenents

t hroughout the several drawings. It should al so be understood that

al t hough a particular conponent arrangenent is disclosed in the
illustrated enbodi nent, other arrangenents 30will benefit herefrom

[ 0050] Al t hough particul ar step sequences are shown, described, and
clainmed, it should be understood that steps nmay be perfornmed in any
order, separated or comnbi ned unl ess otherw se indicated and wi ||l

still benefit fromthe present disclosure. [0051] The foregoing
description is exenplary rather than defined by the limtations 5
within. Various non-limting enbodi nents are di scl osed herein,
however, one of ordinary skill in the art would recognize that

various nodifications and variations in light of the above teachings
will fall within the scope of the appended clains. It is therefore to
be understood that within the scope of the appended clains, the

di scl osure may be practiced other than as specifically described. For
that reason the appended cl ai ns should be studied to determ ne true
10scope and content.



CLAIM5S What is claimed is: 1. A nmethod for setting a tw st angle of
a bl ade conprising: 5applying a first torque to twist a blade to
produce a first displacenent, the first displacenent being |ess than
a second di spl acenent; neasuring the first torque to provide a
nmeasured first torque; neasuring the first displacenent to provide a
measured first displacenent; determ ning a specific torque
to produce the second displ acenent frgﬁ%&gg measured first 10torque
and the neasured first displacenent; a %Iying t he specific torque
to the blade to twist the blade to produce the second di spl acenent.

2. The net h&thaas adaoietéd in claim1, further conprising: 15limting
the first torque to |l ess than the specific torque. 3. The nethod as
recited in claiml, further conprising: limting the first torque to
about 20% 39% of Ath&nhsdrs iséttifg & BriSURgle2T4 bIIR BRbHGH:as recited in
claim1, further conprising: defining the second di spl acenent as an
ori §i nal prerrlVingta 4ng wras, %éwﬁbtahghd%tsfor@@ﬁlﬂédaifn'ﬂc displaremenph theefirst
said neasuring t i ! i by a torque
wrench 25 o, ToPknRaybARAS nag, viSy FRARLENAG, Y B 1 oL

appl yi ng t hmehduriap theofirgtiorquaed prdeisle d misasurgd frst edr@es ri ¢ not or
connected to the w e et hod as recitlégdin cl ai m6,

ench. .. 7. Th
wherein sai aﬂeasa&rlgith?gf?fﬁhdésaz?%en&tapm & 4yRpasgEd splacement;

determining a specific torque to produce the second displacement from the measured first
10 torque and the measured first displacement; and

applying the specific torque to the blade to twist the blade to produce the second

displacement.
2. The method as recited in claim 1, further comprising:
15 limiting the first torque to less than the specific torque.
3. The method as recited in claim 1, further comprising:

limiting the first torque to about 20%-30% of the specific torque.

20 4. The method as recited in claim 1, further comprising:

defining the second displacement as an original pre-twist angle.

5. The method as recited in claim I, wherein said measuring the first torque includes

measuring by a torque wrench.

25
6. The method as recited in claim 1, wherein said applying the first torque includes
driving an electric motor connected to the wrench.
7. The method as recited in claim 6, wherein said applying the first torque includes
30 connecting the electric motor to the wrench through a gear system.



30connecting the electric notor to the wench through a gear system
8. The method as recited in claim®6, wherein said applying the first
torque includes connecting the electric notor to the wench through a
pul l ey system 9. A systemfor adjusting a tw st angle of a bl ade,
conprising: 5a fixture configured to engage a root of a blade; a
wrench configured to apply a first torque to twist the blade to
produce a figrst di .. h Lrst displae t. | gss-.t.han a.
second di sp|8acemqh?$e§%§%§é°1Eeg nr?rg%isn&r%éwg %%H’fsﬁ%&sa&% oF %g%rgrt}a%q&aénctl%des
measur e t he cbirestinglihs pleaicie nenbdr; to altdwi:Geh thenighalpulley §yatefiet er m ne a
specific torque to produce the second di splacenent fromthe neasured
first torque and the neasured first displacenent. 10. The system as
recited in ol ai MAQysEmrhhaljusiapRvRt Mildof] BINE, %Mﬁ%ﬁsﬁﬂé??nneﬁ ed to
said wench, said gl‘l ve syStemin conmuni cation with said controller.
15 511. Theadixsrepmdigureddd eogsgt A redtaf ablede; wherein said controller is
operable to i iV S o) d sai. d, wnengch 12. The..
oyat om as. r Boriehih {ellipkf M OBR SPAREhER, @ Nk i dRRC o, BT & fs
drive a 20drive 8iyshemdng tgeier disdadefirnslpeahin £sdeonididieplaced@nt; The
systemas recited in claim_10, wherein said controller is operable to
drive a dri 9&24a5de arsrivse edEstdv@uhe first torque. 2514. The system as

recited in g%gjg@t@mew‘g fhie@irﬁ@iisgla%%&{tpalﬂder is operable to limt the

10 a controller to determine a specific torque to produce the second displacement from the

measured first torque and the measured first displacement.

10.  The system as recited in claim 9, further comprising a drive system connected to

said wrench, said drive system in communication with said controiler.

15
11.  The system as recited in claim 10, wherein said controller is operable to drive a
drive system connected to said wrench.
12.  The system as recited in claim 10, wherein said controller is operable to drive a
20 drive system to generate the specific torque.
13.  The system as recited in claim 10, wherein said controller is operable to drive a
drive system to generate the first torque.
25 14.  The system as recited in claim 9, wherein said controller is operable to limit the

first torque to about 20%-30% of the specific torque.

10



first torque to about 20% 30% of the specific torque. 15. A system
for setting a twist angle of a blade, conprising: a fixture
configured to engage a root of a bl ade; a wrench configured
to apply a first torque to twist the blade to produce a first

5di spl acenment, the first displacenent |ess than a second

di spl acenent; a gauge to neasure the first torque; a gauge to neasure
the first displacenent; a controller to determne a specific torque
to produce e second di spl acenent from.t measured first torque and
t he nmeasure gfi r syﬁ‘ieg’ptlf’ég%ﬂt,‘mgﬁﬂgliggagﬁfi?fé’og?gts‘é‘ﬁ'n connected to
said wenchy fﬁ@jrgc@}{ﬂg\ﬁpedaygh%iarﬂo&gmﬁag;ati on with said controller.
16. The systemas recited in claim1l5, wherein said gauge to neasure
the first t@8rywach sopbaurad rfedaneist i first dgraueute fwiist the blade toTipendugs tae fivst
as kecited in clga 1.N1:Sal . t-he first

di s%l acenment is ?rfg%%%de ntY\’gﬁésglllsgdlgl?} %(%tl}lr% gylg&fh& ﬁ%g%{/glfs lraﬁeg'lsemf’eci ted

i n cl ai m 15a gwipertenreasae thedastttoghé;er i s operable to limt the 20first
torque to about 20% 30% H_Lérhe si)eci fic torque. 25 30

a gauge to measure st displacement;
a controller to determine a specific torque to produce the second displacement from the
measured first torque and the measured first displacement; and
10 a drive system connected to said wrench, said drive system in communication with said

controller.

16.  The system as recited in claim 15, wherein said gauge to measure the first torque

is contained within said wrench.

15
17. The system as recited in claim 15, wherein said gauge to measure the first
displacement is mounted to said fixture.
18.  The system as recited in claim 15, wherein said controller is operable to limit the
20 first torque to about 20%-30% of the specific torque.
25
30
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