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Vibration characteristics of titanium wide-chord fan blade
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2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: An analysis of vibration characteristics of a TC4 titanium alloy wide-chord fan
blade was conducted with both modal simulation and modal test methods. Modal analysis of
a fan blade model was conducted by ANSYS-APDL software. Based on the Campbell dia-
gram and mode shapes of the blade, the bending and torsional modes were identified. Analy-
sis of rotating velocity margin and frequency margin of various speed illustrated that both
margins of the first order bending mode were over 20% ., satis{ying the requirement of reso-
nance margin. Pulse impact method and random excitation method were utilized on the three-
axis shake table with scanning vibrometer to analyze the response characteristics of impact
and multi-axial excitations. Results showed that low-order bending mode response was high
due to circumferential and axial excitations, while high-order torsional and combined mode
responses were high due to radial excitations. Blade responses of different excitation points

and modes were related to the mode shapes.
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Table 1 Design parameters of fan blade
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Fig.1 Finite element model of the fan blade
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Table 2 Simulation and test results of the first Sth

natural frequencies

BRI Wit BERLIEIR

e

e I

B e WUR/Hz /% BUR/Ma %/ %

Mode 1~ 56.72  58.97 3. 98 58.75 3.59
Mode 2 153.91 155.91  1.30  160.07  4.00
Mode 3 340.38 345.12 1.39  348.98  2.53
Mode 4 398.51 394.53 —1.00 413.51  3.76
Mode 5 626.66 641.72  2.40  642.58  2.54

B34 T 1~5 Broo SR 2 L [ 3 (a)
FEL 3Cb) 4351 g 47 B AR50 25 4L AT 0L 25 B R A
SR B 4R R A A 5 o A 3 4l 2 B B AT R S
FHAIR Bl R AE  f5e R e 17 A7 B A ]

2.2 #BEIRESW

F AT 3 AT, ph T AR R 2 14 M O3 A A
[Fi) 8 1) 4 4 1) T S R BB — LA AR GE R

Mode 3) (75 £ 2 e B J5 [, U 45 W 7 1) & S
RG> A 7E M T5R G A Jai 38 5% 1] 25 1 IR B P AE
Mode 4 #l Mode 5 B4z 2 B % 53 i1 % DL A 19 K
43 DX IS B /1N U W X T I A 3 AN 5 B
Jily o Wi 7 Y0 e S B DX S A KA
Y UE G M A B R Y 2l R L A IR B AR
E 3o 2 il T U A A 2k AR B i TR T A



2596 fii =

% 33 &

(b) IHREE AR
Pl 3 JXUER IR T KA 4 IR 28 A A e 7

Fig. 3 Simulation and test results of the first 5th mode shapes
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