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Vibration and Flutter Analysis of Fan Blades at Design Speed
in an Aircraft Turbofan Engine

Dong Hyun Kim*f, Seoung Jin Go**, Dong Il Kim***, Hyo Seong Lee***

Key Words : Engine Fan Blade( 917 # E&]o/E), Blisk(H 223, Vibration( &), Flutter(E2]E), Mode Shape(ZE &%)

ABSTRACT

This study presents a comprehensive vibration and flutter analysis of a newly designed turbofan engine fan. The structural

dynamic characteristics of the stage 1 and stage 2 fan blades were investigated using finite element analysis, incorporating the

effects of rotational speed and blade-hub interaction. A full-annular finite element (FE) model was constructed to more

accurately capture the global dynamic behavior, thereby addressing the limitations of simplified cyclic symmetry assumptions.

Aerodynamic damping under various conditions was effectively evaluated through CFD-based flutter analysis using the Fourier

transformation method, with consideration of multiple inter-blade phase angles (IBPAs). The influence of mesh type, mesh

resolution, modal amplitude, and time step on aerodynamic damping was quantified. Comparative results showed strong

consistency between single-passage and full annular models, validating the effectiveness of the proposed method. The

preliminary fan blade design was found to closely satisfy the required flutter stability criteria at design speed, and additional

insights were provided to support future design optimization.
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Fig. 1 Schematic diagram of physics of aeroelasticity
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Fig. 4 Initial design of a fan assembly for an

aircraft turbofan engine
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Fig. 5 First four natural frequencies and mode shapes
for FAN R1 considering rotational inertia effect
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Fig. 7 Finite element (FE) mesh for FAN R1
passage model

Fig. 72 Fig. 39 Al 2t X FAF 5, FAN R17}
38 9 ZXG2E sk Y EYol= Jﬂf\lll(blade
passage)°| gk §5L84 AAE YERd Aotk {3tas

S=FHDASE =28 M283, M3Z, 2025

RO oF 1~2 mm 7|9 quadratic hexahedron %
quadratic tetrahedron 4% AASIHL, BE 94 75
= 242,0707l, BH = 896,5157|2 & 2,603,613 A+
(degree—of—freedom)& 7}RIth, FAN R19] A EAJAL
Edo|=2] oA (leading edge) X H A (trailing edge) F
2 U9 G AR AAe), el HEE 28l Aot A
A 2 FY9S 1E2 9 hexahedron 847F0 2 —?—k]’c?]——
dlofli= RHAIZE QASiEt. ool whet AxF A oL Eelst
31, hexahedron-tetrahedron 3l0|E2|= @4 7]‘3}_,] A=}
2 ST EE 2%} o] WA Aol v]HE
g FHrishr] Ydll, E 9oL linear Y quadratic
tetrahedron R ARFFO & 1A%t M- o] G310 4 wHlS AY
Ho].oq 71—71— x]Eb—HHO /\%5—].—/ 7450} r,]-

gt 7H9] passage®] alfoh= FREE| i3l linear
tetrahedron 42 A3 HS % HAA 4= 603,6357)

O]U:] quadratic tetrahedron Q4= AASH A = A

221 4,330,5617]0]t}F, 100% ZA2] A s|A%EE Ry}
Shl S BRG] ST B U RIAE DeAsispL

]

A avbe 3 st SYol= Z‘J% S0l wiAl=
3B Lz E.T'—]% Q

2 =M= o 29
s 13t ) —1’% 3l cyclic symmetry & 4E -‘:}7]-6(}
A AFAAE FaEA g RE AF B4E 71
AgstA vtge 4= A IS ErE Y mistuning I}
A 138 4= 9= full annular 9-3FQ A HE-L AT 3
Ae skl I ARE ol AAEH FHam
mistuning E|R7|4 Edol= ztzho] u|Ast A& b
A, 4, 34 9= ddlf st 152579 vlA

Aol & ofujgtet, oof whet AlAE) A9 W gHel A

A g 4= glol, E2E 2 92 v 5 AR ZAIA
T8 Jidelth. HEZA EdolEs dHRt 714
(periodicity)& A= AA= AN HA &4 Folle= A%t
o3, AL WA, vhE o2 Q8 Beol=vit 1A%
T 58 4o o t2A E 4 Qrh gerdes
mistuning> AL S-S FBHAIA (o 54 Edlo]=0

TR0 32 W) T AP wol= AFOR A8
Al Ft}, vbd 91342l mistuning S 2 ‘:'Oilo}?j_ ol
R uAEA kA sol, o) o7t SA
ol HFEA ¢l AR 4 Qleh =3 AE eV Y
5 Eflol=e] 5F3Hlocalization) o] A AlAHlo R
HAZ] A & 4= qlek. whebA] = mistuning AA 7]
S HAokL glow, el A AlA"e] EeRAd(E
e Y 7)) A7l &8 ok Qi ol
3 mistuning®] 9|4 BWIGE o X WE WAL B

O

63



Mode 1 (f,*=1.0) Mode 2 (f,*=1.93)

Mode 3 (f,*=2.23) Mode 4 (f,*=2.64)

Fig. 8 First four natural frequencies and mode shapes for
FAN R1 (blade passage FE model)
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Fig. 9 Comparison of natural frequencies for different
mesh types and sizes (FAN Rl passage model)
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Fig. 13 Finite element (FE) mesh of full annular model (full configuration engine fan assembly)
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Fig. 15 Natural mode shapesof full annular FE model (full configuration engine fan assembly)
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Fig. 15 Continued

& meolA ARt W FAe A, iR A=
oAl | E(t]A3) Foof HESH nodal hneO] HAE|X] oF
L 497} o4 BREY, B9, 14 2ot Bdol=s

kot 3B AA 120 e+ H][EH(torsional) =

S - 02y

o
2

, 22 B T ¥l(bending) &, 32k ARSF
3 BE 4X= ATEHD fore—aft) 3 RE 3
th 5358 193714 AN RL| 13} B8 HE7} Ay
Zon, 202} HEOA= FAN R19| HEZ} FEAQl 7R
o] FAN R29| HE7} S3HE S HRlt} 213} HERE
L FAN R29] 13} 23] mEv} Uehte, 472 9 483 =
T FAN R27F AJui#{Q1 7h&-t] FAN R1 =7} U5 23
H B4 3ok

497104 5134 ALFRETIR]= 3¢ | H-T] A0 R
E 7 271 Asshe igloln, o] F 513 AFEE
A= nodal diameter WJ€1o] HE5}A et 523F &
THEL FAN R19] 23} BE(Fig. 5 9 Fig. 8 #%)7} A
HjF el EAS Hglon 682} HEXEL FAN R19| 3%}
HE(Fig, 8 =2)7F SAISHA Uebedth. olojA] 853 &
o] B9+= slHe} Yol MFo] EdE SA4S HolH,
87x= )23 50| A&l XER nodal diameter”}

SIHA] AL Qleh. 893}l 4] 1042171 A]+= FAN R19
42} B E g-5o] AujAolm, 105258 1302}71A]= FAN
R29] 22} R E(Fig, 6 U Fig, 11 2Z)7} Aoz et
‘ii"% Ol—r«l AFREANAE oot FARSHA & HEot
AR o2 Y=

oo

ool-glu-ti ATyl Be R
ol mA= FaFel A7) wizoll =9 ZA +A
27} 9le, ke, SjB-TiAm) AuEe) B S
o) WAL AR AT uulsAR, SAE

tﬂlﬂ(buffet)oﬂ gk Fx
(resonance), = £74 $-2l(dynamic stress) =Zi} 7S
AT A 5 Uk ol2ie 542 A 9 o Tl
A e A9, B2 oS 2 Zol7h A T4
o Ao AFe wept Basi

jm g
Hd

Z(flow—induced vibration),

A7 W mu) ¥
06 AL g e *83;_ 2 9= e

=

=

Phase Angle) W3} do= ‘?l%‘?l aeAQ R 59
S|4 7O R CFX Z2 139 double—passage -5
A] 718t Fourier transformation method(FTM)S Z-83}
At oet HEIZA Edlol=e gk E2E OH’H% oAk
Aoz shfel &7 2 g, EFo=E 7|E
2> 12}ol| A 32} Ato]o] ALGRE FAto] ths IBPA tﬂﬂ*—
i B)4j0] S@Elolof 3, olo] ujet a4 241 27}

ol okl Aol ot T3 7 230 tigh si42 2

L l‘

‘

e

S=ERHDIHEE =28 28R, HI3S, 2025



SZ7| EEH AXIS W 220|= MALE TS U Sale| A

|
)

i

A

b

(a) 0.18 M cells (FAN R1)

(b) 0.46 M cells (FAN R1)

(c) 1.3 M cells
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damping computation (2 passage model)
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Fig. 17 Baseline CFD mesh of FAN R2 for aerodynamic
damping computation (2 passage model)
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