1aulaneyd@Buusuuibuswy  wod BunnsuosuoneIqIA®uU01a|BuIS)

€T.6-6E2-ECV Xed/adljO 6S178-699-9/ 2 Xe-4/32110O

€99/¢€ N1 uodsbury 2022 VA [01slg

9AlIQ Je|INpUOH 621 aue] Allusalas 9/ 96T

Buussulbug N IN Buninsuod DS 1abeuep

O "I'd SIUUIDJN H HagoY uola|buIS uay
o0
o000
o000
0000
000

uoneliqiA aAISS9IX3
Buniqiyx3 uorne|felsu| dund
rebnjLuad MaN JO SISAjeuy



'Pa10adsns seM 92URUOSDY 'paads
UM PaLIeA UONRIQIA uolRIgIA BAISSDIXD Paljlluapl elep uoneligip alnoy .

'WdISAS [esodsiqg a1sepn oA Aouanbai
a|geleA ‘P 3ajdnod 19811 ‘sdwnd 4dH 00S @34yl ‘uone|eisul MaN e

puno.ibyoeg



"U0I1931109 10} SUONEPUSLIWOI3I aYeuw
pue UOIRICIA SAIS  S89IX3 JO asned 1004 a1ebnsaAul 0] paAlgdal 103lold

N0IO YUM P3|y pAS e
‘aseq 91a10U0) 0] palnois Axod3  payog pS
‘PIS paredlge uo pajunol duind 7 1010\ e

puno.ibyoeg



‘pajuawajduw| suondalo)d

'WIa|qoid JO U0IINj0Say 10} suolepuswwoday dojpaad

‘ele@ 1S o] 9zAjeuy % 1S3l [epolA 19edw| [eluswiiadx3 wiopad
‘UOIO SIS  Areuy % adeys uonos|eq bunetadQ Joj ereq alinboy
‘S3A2d09s, 3N ul dwnd Jo |9pojN dojanaq

‘'sabueyd
paads Buung S| auueyd a|dnjnw uo ereq uoneiqiA uaisuel] alinboy

‘eleq uoneiqiA adAl a1noy alinboy
quawdinb3 pue a1s ay) Jo uonoadsul [ensIA
‘uonew.oju| a|ge|leny Jayl0 ‘ereq uoneigip ‘sbuimelq Jo Malnay

SS920.1d SISAjeuy



‘swead abue |4 SpIAA Ul 01 pap|am sem are(d 121ua9d [edlUaA ay L

‘sweaq
abuely epm 9T 01 Pap|9M aleld T :[e1sapad 010N paredlqeS

juawdinb3 jo uonoadsuj rensian



‘Buisnoy 1sed adaid auQ - buisnoH Buueag dwnd

juawdinb3 jo uonoadsuj rensian



pIis a8yl 01 pajjoq si aseqg duind paledlqge

juawdinb3 jo uonoadsuj rensian



‘are|d do 24 pue
sweaq abuelja  pm yum ‘jsuueyd 9 Jo paledliqe) si aseg pS ay L

juawdinb3 jo uonoadsuj rensian



110 Joydue yoea apisaq s)jog yoer Bulana
‘aseq 91910U02 3Y) 01 PPS 3y} pauslse] S)joq Joydue XIS

‘aseg 981240U0) a3yl 01 panols Axod3 piys

juawdinb3 jo uonoadsuj rensian



doaap 100} T sem aseg a1310u0) ay) ‘sbuimelp ayy 1ad

juawdinb3 jo uonoadsuj rensian



0T

]

|og Joyouy o4 pu3g dwind ayi 1e piyS 01 pap[a/n areld

juawdinb3 jo uonoadsuj rensian



1T

0] aseq

'PYS YL
Buiyoeny Jo4 aseg dwnd Jo pu3 1 Jjog umod p|oH ON

juawdinb3 jo uonoadsuj rensian



[A)

*3]q1X3|} AISA 318M SUMOQ
PIOHPH JOY2UY 104 Pasn SUOISU3IXT pIS weag abue|d apIpn

juawdinb3 jo uonoadsuj rensian



et

‘Te|A1910U0D ay) 0] aseg a1810u0) 8y} Jo Buipuog Jo MoeT
juawdinb3 jo uonoadsuj rensian



vi

"UOIS0JI0D P3ANIYX3 S)0g
'S§UIR]S OE JO pealsul [98]S uogled Jo s)jog Joyduy

juawdinb3 jo uonoadsuj rensian



GT

‘ale|d O

1 Ajwi4 padwre|D 10N 1004 010N ‘peojaid 109 ON Ul

Bunnsay pa  wiojaq peH SIaysep PazIsIianQ ‘S)og umoq P|oH 1010\

juawdinb3 Jo uonoadsuj rensip



'PBPOH pey 1994 I010|A SWOS JSpun Pasn WIYs |991S uogie)d
Juswdinb3 Jo uonoadsuj [ensia




LT

‘Inois) Axod3 Jo Buipuog Jo yoeT jo uoneaipui - (Jarem buidwnd,)
‘PS BY1 Japun arJIalu| 81810U0D puB 1N0JS BY] 1€ JUBWSAOIN aAe|DY

juawdinb3 jo uonoadsuj rensian



€T, oads JaquinN uonnjonsy

11¢l  -Ipio /2 v TZ 8T ST 2T 6 9 € 0
T0'G6  :baiq
9°0-
>
iR iR (@)
€0 8
@
2
€57 =41STD | 0 5
- __ >
V6EY 786" = (-/+))d e
€/6T =SWNY T {H{ | VT T eo A
62:VEYT L0-TeN-vT
WLIOJOABAA SIN0Y 90
INdD ul Aouanbai4
(uonoaaQ reantaA ul 0008 0009 000% 0002 0
uey) Jaybiy XZT I19A0 Ssem — - - _ T 0
— (uonoauqg reluoziioH) : % : -
Ndd X TIeossurer, SR \ ............. S z0 2
| T I S
o - : : : vo £
(zH 00°€T) "08. = WY : : : =
000T=avO1 L ... .. .. ... S acm_mmw.o‘n_ ...... ST oo 2
12v8 = Md : =]
OQ-A LIV =TIVHANO | m.cm_\/ﬁE.:ﬂ_v_ Xypue Tl g
6ZVEYT LO-RN-HT XT Ye UONRIQIN ISON \ 80
wnuoads anoy : | 0T

MO _EcoN:o_._ _Emoeso J010N
NdY 06TT

1saybIH 9O 010N "uondailq [eiuozuoH ul ybiy A1aa sapnidwy
'sbuisnoH Buieag dwngd % 1010\ T# 98Ul 18 painsesl\ eieq uoneiqian
eleq uoneiqipn



6T

INdD uil AouanbalH
0008 0009 000t 000¢ 0

5
A
__________________________________________ <
3
g
=
=3
........................................................ A
mc_mmmn_ \. 3
” - SUBA —
(zHO0'€T) '08L =INdYd | : :
ooor=avol | ________.3.__.__b_m> _______
12v8" = Md SeMm wmcoammm suing NdD XL oo
d-A LLV8 =1TTIVd3NO | 1
AL ° 0Z.T Te paledipul osfe Si
62 VYT LO-eN-VT | . \ .
e | >ocm:_“w9n_ _E:Ez _E:Ho:b__m m
MO [RIUOZIIOH pseoqIng JOI0N T ot
Ndd 06TT .__ _ .

‘Aouanbai4 Buissed auep
pue XT Je 9dueuosyy paredipu| spniubey 607 ul eleq wnioads bumold
eleq uoneiqipn



0¢ ‘BuisnoH Bulreag pieoqu| J010\ 8y} 1e painseal\ ered
| ulluaping osfe sem Bulreag 0g€9 X3 Jo Aouanbal4 10948 Buissed |leg adey I8N0 ay L

€86S0° 0ads SPpUCOaS Ul BWiI|

CoO0T  -PIO lo¥r ST oT S0 o
SO'Gr6  baud

I
6t =41S34D _A - | _ 7 ; | _
geee’ /852" = (-/+)>id , A liing

2960° =SINY
92:/SWT LO-TeN-T e R H S A Z0
wioPne AN\ 91N0YH : : :

<

o O

1 1
SOUILDIRISIEOY

200
9062 :Oddd=2O
0ce9 AS<
(zH 92°ST) "9v6 = NAA
O 00T = avol
JZTL" = >d
OA-NG6CIT = 1" WVd3aNo
o9c/STT LO-TeIN-PT
wn.noads a1noy

12000

200

=S T[UMN e SANSI|

800

2“,01_ [esiuaN _omeo_C_“ 010N\ oto
N A O6T1 10]
Aouanbal Buissed |eg “ereq wnuoads ay) ul paseaddy
adey J19INQ buleag 0ze9 AMS 99ey J81nQO a8y} Joj Aouanbal

1099}a Bulreag preoquj] JI010\
eleq uoneiqia



|4
90IM ]

‘Kouanbai-ppnidwy 1saybiH ayr sem g4A aul Jo AouanbalH aui
‘(Jane] wuely) s.6 9 1nog painseal BuisnoH 6B1g g0 010N 8yl 1e ereq anayead

S6/20° oeds SPUCD3S Ul SWIL
6oee PO ze 8¢ vz oz 9T zT 80 0 o
g/81c :baug

00 = yooa

PEZ =41S34D

229 = (+)>d

06Z =SWA ||

(zH 000T dH-2N/\d) : :

S:eS T LOMeN-bT e e
wLIo AR AN\ 91N0YH - - - - - -

SOUILDIEBIBOOY

0000e 00002 0O000T (0]

IL
m M

2062 'Oddg=o0 L .. ... ... .. ... " L PR R B L :
02€9 IS< :
EHLSD) 6 =W - R S
0'00T = AvOl :
OTT =SINA !
OAVITT=1TNVAINO | .. ... .. ... .. . ... .. B R A S S
(zH 000T dH-2N/\Id) : Cod
8VESWT LOMEN-bPT 1 - -~ A IR el
wnnoads a1noy > = > > > : >

SOUILDIEISIE00Y A

, TZ0

an/ead N._muI preoqinO 1010|N
N 06T

‘Aouanbal4 Arewid ayl sem 4gA ay1 Jo AouanbalH
dUIT 92IM [ ‘ulrewo sawl] 8yl ul |9AST W]y aA0qQy Sem rreq anAdead ISD

eleq uoneiqin



¢

"L DW VININ w1 sebueyp josje1 0} Bunuud [euiBuo sy wouy ySy3 Aq pajepdn usaq sey siqe) iy,

(ww 10°0)
SIW S0 /¢ - paivl4
(ww $0°0) (ww $00) (ww €0°0) (ww 1070) _
STt s|w G| W oL S|iW G0 X¢ - paisj|i4
(ww g0°0) (ww 500) (ww 0°0) (ww g00)
SiIw 62 Sliw 02 Sw G} S X} - paieyid
(ww go'0) (wwgo0) [ (wwsoeo) (ww v0°0) (ww 90°0) (ww 50°0) (wweo0) | (jreseno) paseyyun
Siiw 0 siw G2 siw 02 Siw G°L SIw G sjiw 0'Z IIw oL ’
ajod 9 ajod ¢ gjod g alodg ‘p 9lod g 9jod ejod

S|

9S8yl JO ||V papasdX3 uoneliqiA 1010\ syl 1eyl pamoys
SuwiT uoneiqiA buisnoH oo Ansnpuj burredwo)

_ snpuj

sz
— =914
(srww g°1) (s/ww 5°2) Xé
S/UI G500 S L0 paiayi4
(ww £00) | (ww g00) | (ww 1L00) (srwuw 52) S/WW € X1
W "} Il Q'L S|iw §°0 SN L0 S ZL0 paiayi4
(sww 02) | (ww $0°0) | (ww v0'0) | (ww zo'0) (spuw 5°2) (ww 900) | (ww 50°0) | (Ww £0'0) (sruw g) (Iresano)
S/U1 800 SIWGL | SlwgL | spwgo S/ul L0 siwsZ | sywoe lw Q'L SMIZL0 paleyyun
H"
9jod ajod ajod sjod ajod ajod ajod a|od gjod
9'v 2 9 14 Z 9'v ‘2 9 14 e 9'v'e
L8 3331 ‘P3 PUZ LPS IV ‘P33 PIE LS IV €661-81d - YW3N 8661 VIW3IN
s)wi uopesqip Buisnoy Aysnpu

+*SLINIT NOLLVHSEIA 2 318VL

O "ON 310N Yyo3L

swa|qo.d uoneiqip Bujajos

eleq uoneiqin




ed

Md-3d sjiw ‘G TE ~ 1d 98s/ul 98G°'T XT I0H O
C JO1O|N e

Md-3d ‘sjiw g'g ~ 3d 298s/ul 801’0 XT 10H 9O
Z IO10|\

‘A1j1q1xa|4 11oddns J1o/pue SSBUaS00T ‘9ouUrUOSDY
JO uoneaipul - T:ZT = UoleIqIA [edllusA 0] [eJUOZLIOH JO Oy .

%d 29S/U1 6G0°0 XT 19A 9O
Md-3d ‘sjiw ' $T ~ %d 29S/ul £T.'0 XT 10H 9O
T IO10|N

‘uoneiqgiA 1saybiH peH uonoallq [euozuoH ul sbuisnoH bueag goO 1010\ e

:sbulpui4

ejeq UonelIqIA



._VN # 1010\

3|qemo|y -
wonpg .z 1 NN L]

IvS 1dV

mE

rco

rvo
90

r 80

d 28s/ul uogeIgIn

L2

- T

L 9T

81T

XT JOH 9O uoneIgIA J010N

e]eq uoleIqgin



G¢

T:8E°G JO IS\ 0} JIOH Olfey UORIGIA o
%d 28S/U1 0G0°0 19/ gl dwind

Nd 98s/ul 69Z°0 JoH gl dwnd
T# dwnd e

‘uonoaliq
[e1UOZIIOH Ul UONOIA 1SO\ YlIM 1010\ 3yl Uey] Jamo] Sem uonelgiA dung e

:sbulpui4

e]eq uoleIqgin



9¢
'90URUOSD 1 9|gissod Buneoipul ‘paads yum pabueyd uoneiqin

Jl sulwIa 18P 01 sem abueyd paads Jo asodind ‘INdY Si76 01 Xoeq
pasealoul  Uay] :Sjusawaidul 05T Ul INdY 0S9 01 padnpal sem paads

‘WdY S6 sem paads bunesadO

‘sbuisnoy
Buueaq dw  nd pue.JoloN T# luN U0 PAIUNOW 3J9M SI9)8WO0I3|822Y

‘19zAreue 3819 Y 00g2IuUOZ |[suuRyYD-INW YlIM painseaw eiep uoneiqin
abuey) paads Buung uonisinbay uoneiqiA Snonunuo)d



NN BELDFL LOENFL BEGFEL LOBAFL SELEEL LOIBAFL SEELEL LOIBNFL SESSTL LOMERFL
| | 1 | |

- —0
?1w\.|.\—.:=.n.r..f.c.. k...-..ﬂ.,.d_...__..._.._—.__..........1. ey .J.Jl‘.....:....._.i.r_r.._ﬂ LT (g P P R AR R .T._-un.....z.._“._.?......e..r...c..na e .....—,_...E..;...P.“.__ qT_h_._. P e LTS e\_..-r.a.-....._.\..ys...... et a...,_..,a?. et I....—..._..ur-......__._......ﬁk-...lu...,..n:.....l
pHI

—10

A e L.,S.d,:..__?___4.,.?.,._.,__.._»..___,_,:...,_;_:_..ﬂ_._...,__:._,._4__4_.xi.,_,_ﬁ..x. R Ll P e g U e e T 4 LTI Ml ;_...a.}a. Sng e R AR Iy LA e A I P | 3l
;7 —Z'0
—£0
—¥0

|
() 5ok

Iy _ Wb R b (il _____ Rt |
__ _____._ __ _ 4 L | __ Il .1 _ __ ___ __ ___ : _ __ ’ —20
____r_ __ __:;_::__ It ____‘J________ __________;_ ___ _____ __ :_j:: ,,__ ;r_ ___ _____th_i___: ._ __% : _:1 .__________i_‘____._:_ L___i

_\4 B

‘leAIB1ul 99S GT Ul Z 01 98S Q€ 1k uondallq

euoH ul ¥d 29s/ul 8°0 01 9°0 wol) PajdAd sbuisnoy B
uifieaq go pue g 1010 3y) Jo uoneIgiA ‘NdY G776 IV 108 o 20 dung

T0 42 g dwng
W06 HoH gl dwng

T0 34 g 0ol —

"J@EITe 09S/Ul 0T "0 IN0ge 0} padnpay UoieIgiA dwnd i

H'0§ JOH g0 JOJ0N ——

'INd¥ B%99S/Ul GT"0 0} 0T'0 0} PAINPaY UOHRIGIA J0JOWN |

‘NdY 059 01 G76 WOl uononpal paads yum Ajjeanewrelp paddoip uoneliqin
abuey) paads Buung uonisinbay uoneiqiA Snonunuo)d



8¢

WdD
000F 1 o001 00001 RRRNEE, 0009 000+ 000 0
| | | | | | | |

e

— 'O
—c'0
—E'0
— %0

50

() =~

"d 23s/ul L
80°0 01Xd 23s/ul /' INOQY WOI- PadNPay uoneiqiA .

'INd¥ 8€9 01 paonpay sem paads J0I0N

— 60

— 1
NILAW 0001 W06 JOH 90 10j0W

1% dwngd | dwnd uopels dwnd S1SeAL DSM
Guluuey ‘saurl 008 ‘WdD "0000%

PidH 0 £LILOEL L00Z-JEN—FL  wnigoads

{2950 w0) (yd) =d - g.e80 ' WHD 2E9 Josang

SETLAOTFL L0 L SDESFEL L0 L SEILEEL Lo L SCEELTEL A0 L SESSTZL L0 L

1 1 1 1 _|_H-
- -
— =
L =
I B

=

() &d o

— =

| -

_—

[ = T = o A o (R R ]

s

—
{xdd =di — D0 CNEd=em [ =N N S Bl T H S o 30 1030
[RE = [N g P ] Lduuang uoilelrs douung SEEeEs OsS
LLIEEIEFL S008I L 01 SEISS5IZL 00T B

WidH 0 ELILOEL JO00Z JEW—+FL  reygndars

‘NdY 059 01 G76 WOl uononpal paads yum Ajjeanewrelp paddoip uoneliqin
abuey) paads Buung uonisinbay uoneiqiA Snonunuo)d



67

FldD
000%# L o000 L 0000 L ooos 000S 000F 000z 0
1 1 1 1 1 1 1 ....\ﬁlr].r..._|_u_
— L0
— 0
—E'0
—¥0 ,
|.m._u_m
d 29s/UI 8/°0 B
1N0Qy 01 d 23Ss/ul #80°0 WO0J4 pasealdu| uoneliqin .
‘NdY 8€6 01 89 W04 pasealou| Sem paads J010N |M”
— L
(05240 o) (yd) sd ~ ZLs 0 WAD BEG J0SINg narsww g'o0lL YWos JoH g0 J0JoN

L# dwngd | dwnd uonels dind SIS, I5M
SuuueH ‘ssu 002 WAD 0000E
Fidd 0 S590EL JOOZHEl-FL  wnijosds

SELOE L LOIE N L SEIGFE L L0 ML S LEEL OIS L SEELEL LO0I2NEFL SEISSIZL L0 L
1 1 1 1 _|D

— L0

— =0

— =0

— =0,
="

— DO e
=
=

— o0

— 20

— a0

— a0

— L
{yd) =di — OSLL 0 eSO NILAW 000 L JH 06 1oH g0 10101y
L# duwung | duuang uwvontelrs duwng SiEess OS>

LLFZEFL AO00Z4ER-FL O3 SESSITLE AO00TH4ERIF L

WidH 0 SS90 EL A00Z B L eEyDdalrs

‘uononpal paads ay) akd] Se S[aA3| awes ay] 0] Pauinial S|9A3| uoneIdIA

abuey) paads Buung uonisinbay uoneiqiA Snonunuo)d



Operating Deflection Shape Analysis
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Individual objects used to develop the model in ME’




Operating Deflection Shape Analysis

Measurement locations for the ODS.
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Operating Deflection Shape at Vane Passing
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Modal Test

Modal DOF (Degrees of Freedom) were same as used fo rthe ODS.
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