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Approach for Vibration Airworthiness Compliance of
Aeroengine Fan Blade
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Abstract: An approach for vibration airworthiness compliance of aeroengine fan blade is investigated.
The fan blade is designed by the parametered method. The fan blade airfoil is generated by the six
profiles described by the non-uniform rational B-spline. The fan blade tendon is parametered by the four
parameters. And the fillet section is designed to achieve the smooth transition of the up surface and the
bottom surface of the blade root. Based on the requirement of the vibration item of airworthiness, the
verification method of vibration compliance for fan blade is introduced. The finite element method
(FEM) is carried out to show the compliance of the vibration characteristic and the vibration stress of
the fan blade model. The simulation result shows that the vibration characteristic and the vibration
stress can meet the requirements of vibration under the entire flight envelope environment, which
provides the important reference to the vibration compliance of the fan blade.
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Fig. 1 Flowchart for parametered modeling of fan blade
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Fig. 2 Profile line of fan blade
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Fig. 3 Fan blade profiles of six sections
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Fig. 5 Fillet surface section of fan blade root

eI B Sk AR B AR =2 S AT L AR
R B SRR . X T RO i s T KT B
O JTHIAE T PRI I By A Sk 5 2 ORI 50 19 A L
PRI S P 2R SR JRUR I A 1A 6 TR

&6 WU AR
Fig. 6 Model of fan blade



56 W7 A S R

ALK P iR 3l 3 AL AF 4 P BT O 887

2 R RiREIS TR EFEERIE

AT 2 B S U OF o 53 B 0 5 R
FHSE P45 L T 35 5 R 0 50 307
P I 47 BB P 7 TR U O A
M TCL B BB BOH :p=1 500 ke/m’ E=
107. 8 GPa,v=0. 3,

B7 0 XU R A BROT A Y

Fig. 7 Finite element model of fan blade
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Tab.1 Comparison results of analysis and experiment

WA WKBLR/He  APHT4R/He HIXTIRZE N
1 493.012 503. 42 0.97
2 693.164 729. 71 0.98
3 1 304. 803 1.341.30 0.54
4 1432.674 1511.50 0.43
5 2 262. 309 2 393.70 0.38
6 2 379.777 2 485.30 0.37
7 3119.481 3173.00 0.43
8 3 206. 547 3 284,20 0.51
9 3 800. 241 3 935.50 0.56
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Tab.2 Frequency distribution of fan blade under free condi-

tion
P 3l B ik B3R/ Hz P 3l Btk W%/ Hz
1 125.59 6 497. 67
2 284. 35 7 549. 29
3 298. 45 8 573.49
4 374.26 9 611.45
5 442, 38 10 700. 63
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Fig. 8 Modal of fan blade
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Vibration stress under fourth order

resonance of fan blade

AR XURs A (9 3 DL R T8 AT A Y 5 122 K B P
Fir B 3l R T AL AT A A 2SR . AR XU
F IR B T 50 B Al LU S XUk i R 1 4R 3
BT 95 97 B BR VL A7 - 16 i2 CCAR 33. 83 3 A 4% 52
Ko W1 o A 2 B XURE I R 8 2 ik Sl A OC aE i

K,
3 Z it

K AR 514 B B RS S IR I 5 B AR
BT R A A R R T O SC IR i R AR
Y g S MR S 0 B R A XU I R [ SRR
% SR B R BRI SE B AR B B AR R A
K ENHLE R i, 2 F UG OPEN/APT ik JF
RAEARTIT &R0 A A . IR 3038 i 45
CCAR 33. 83 B3R M &, BT 2 37 i KU it
TSR FHAT BR T3 06 KUBS I 1) 9 2l R 2 5 41 20 1
J1HAT 53T

(D) 15T B 35 5 A TCAT A 2R PR 5 1 XU i
IR DUR B & Bz KU i R o ik 28 R 18E
AR KT 10205

(2) X 4 BrIL4iR N IR SN 1 AT T A R T
A3 BT KRS I 5 M Sk A Y e R A2 A5 1. 2 mm,
R A By 2R PR R F R 103 MPa, 35 /N TF KU
J 4k 1) 982 55 A B 1 T

TEREA AT R IREE T i XU 1 B 4R 2l
P AR 3l 0z g K F- B 2 CCARSS. 83 Ik 2l 1 it 4%
AR g KU A (9 R Bl B S OHAT & PRI f
T BRI

S % Uk

C1] xyomg, B oM. 50 28 3 ) BOAR i R Kk e gl

m LT db s iz MR K % % 4, 2002, 28 (5):
490-496.
Liu Daxiang. Cheng Ronghui. Current status and de-
velopment direction of aircraft power technology in
the world [ J]. Journal of Beijing University of
Aeronautics and Astronautics, 2002, 28 (5):
490-496.

(2] BAEEGE. Wiz RIPL5E RO RXE R R R
ST iz %L, 1999(2) - 54-58.

Liang Chunhua, Yang Rui. Development and
application of wide-chord hollow fan blade of
aeroengine[ J |. Aeroengine, 1999(2):54-58.

(3] BRmEE. KU/ HSMLEEA K RAXT A G TAE K gl
(1] iz 8 3241, 2002, 17(1) 1 1-15.

Chen Maozhang. Development of fan/compressor
techniques and suggestions on further researches[J].
Journal of Aerospace Power, 2002, 17(1):1-15.

(4] SRMWAHAZE W A, B A 4 B 0 iR L i g aR

AT TR ], R A A R K 7 2 4 2014, 46 (4)
487-493.
Song Yingdong, Hu Xuteng, Liu Huaxiang. Prediction
of broken load for notched specimen of titanium alloy
[J]. Journal of Nanjing University of Aeronautics &
Astronautics, 2014, 46(4) .487-493.

(6] B4, B, A o0, 4. BT QPSO KL+ % I 1% i

23R AL B FE L LT ], B U 2 AR R
42,2014 .,46(4) :494-500.
Huang Jinquan, Chen Yu, Zhou Haowen, et al.
QPSO particle filter based abrupt fault diagnostics for
gas turbine engine[ J]. Journal of Nanjing University
of Aeronautics & Astronautics, 2014, 46 (4):
494-500.

(6] R Mz SR, B ER A/ M E CCAR33-R2

Mz kS AL IS AL [ST. Jb &t b B/ R i =
Jai, 2011.
Civil Aviation Administration of China. China civil
aviation regulations CCAR33-R2 aircraft engine air-
worthiness requirements[ S]. Beijing: Civil Aviation
Administration of China, 2011.

(7] ko, ook g, BT, KU E L B & sh AL X e it
R PRSI HTLT ], PR BRI 25 0 R R 2% 2 4z, 2011,
28(3):14-17.



56

W T A S R S LR IR IR S8 A S R B Oy vk

889

(8]

[9]

[10]

[11]

[12]

Zhang Qiang, Zhang Yongfeng, Ma Shuangyuan.
Modal analysis of high bypass turboengine fan blade
LJJ.
2011, 28(3):14-17.

FE LR AR SRS TR AL KU Y A
TERT W9 97 4 Br LT ). & S8 {24 4, 2009, 21
(19) :6009-6012.

Journal of Shenyang Aerospace University,

Wang Ying, Tao Zhi, Du Farong, et al. Fatigue life
analysis of fluid-structure coupling characteristics for
hollow wide-chord fan blade[ J]. Journal of System
Simulation, 2009, 21(19):6009-6012.
W R ok R L A STk A0 KU I R gl i )i
FEPEFFELT]. U283 T3 241, 2007, 22(3) - 444-449.
Yang Wen, Du Farong, Hao Yong, et al
Investigation of dynamic response property of wide-
chord hollow fan blade [ ] ].
Power, 2007, 22(3) :444-449.
S PR AR SR AE L FESE S O KU I R 3L R
PR B R iz 23 M [0 1. it =3 3l J 2 4k . 2008, 23
(12).:2177-2183.

Journal of Aerospace

Wang Ying, Tao Zhi, Du Farong, et al. Response
analysis of fluid and solid coupling characteristics for
a wide-chord hollow fan blade [ ] ].
Aerospace Power, 2008, 23(12):2177-2183.

R XS XD 45 Al X ok AL A i L 01 S B
HIPELT . V4 % A8 KA 54, 1997, 31(5) :52-57.
Chen Tie, Liu Yi, Liu Bin, et al. A

Journal of

character-
parameter method for axial turbomachinery blade
design[ J]. Journal of Xi' an Jiaotong University,
1997, 31(5):52-57.

HE LRI R R B R S 3 B B R T i
(1. fih#LbK . 2000,28(11) :9-12.

Feng Jin, Fu Daliang. New design method of turbine
blade shape of turbodrill [ J].

China Petroleum

[13]

(14]

[15]

(16]

[17]

(18]

[19]

(20]

Machinery, 2000, 28(11): 9-12.

Arens K, Rentrop P, Stoll S O, et al. An adjoint
approach to optimal design of turbine blades [J].
Applied Numerical Mathematics, 2005, 53(2/3/4):
93-105.

Goel T, Dorney D J, Haftka R T, et al. Improving
the hydrodynamic performance of diffuser vanes via
shape optimization[ J]. Computers & Fluids, 2008,
37(6): 705-723.

Hoschek J, Muller R. Turbine blade design by lofted
B-spline surfaces[J]. Journal of Computational and
Applied Mathematics, 2000, 119(1/2) . 235-248.
Ghaly W S, Mengistu T T. Optimal geometric repre-
sentation of turbo machinery cascades using NURBS
[J]. Inverse Problems in Science and Engineering,
2003, 11(5): 359-373.

R, W R A A R R SRR R
MARGIHMID]. Jbut KRS, 2002.

Lai Yuyang. The algorithm study and system imple-
mentation of the hybrid optimization approach for
blade aerodynamic design[ D]. Beijing: Qinghua Uni-
veristy, 2002.

M iE . TFEEHLE B LA B SR A B B AR A
(M. dent: @ &E%0E kit . 2001

Shi Fazhong. Computer-aided geometric design and
non-uniform rational B spline [ M ]. Beijing: Higher
Education Press, 2001.

Gervera E, Trevelyan J. Evolutionary structural op-
timization based on boundary representation of
NURBS. Part I. 2D algorithms[J]. Computers and
Structures. 2005, 83(23/24):1902-1916.

Cori J F, Etienne S, Hay A. Optimal design of
airfoils using NURBS and a continuous sensitivity

equation method[R]. ATAA-2007-1129, 2007.



890 (I O GRS N S S ¢ AT &




