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Influence of Excitation Conditions on the Forced Vibration Test Response of
Engine Rotor Blades
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[ABSTRACT] The influence of the excitation condition on the aeroengine rotor blade response in fatigue test is studied.
Numerical analysis and experiments test results show that in the rigid clamping condition, the relative relationship between
the rotor blade clamping and the test device excitation load vector has no significant effect on the first-order natural fre-
quency, mode shape and stress distribution. In the first mode shape vibration condition, the span stress component domi-
nates the surface stress of the blade, the clamping influences the transfer function between excitation and response. There
exists a clamping position, in which, minimum excitation energy is required when the vibration amplitude of blade tip
reaches certain amount. The conclusion is of great significance to improve the rotor blade fatigue performance evaluation
technology.
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Fig.1 CAD model of blade like specimen
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Fig.2 Schematic of angle between excitation
vector and blade tip
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Table 1 Material parameters of TC4 alloy

/MPa / x 10°kg'm”
115000 | 0.34 | 4.44 | 0.0004
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Table 2 Boundary condition (Acceleration is 5. 0m/s%)

1 N A
Gty B SR E A () A/m A/mm

0 0.766 —0.643
15 0.906 —0.423
30 0.985 —0.174
40 1.000 0.000
45 0.996 0.087
60 0.940 0.342
75 0.819 0.574
90 0.643 0.766

120 0.174 0.985
150 —0.342 0.940
180 —0.766 0.643
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U, Magnitude
+1.286e+01
+1.179e+01
+1.072e+01
+9.655e+00
+8.587e+00
+7.518e+00
+6.450e+00
+5.381e+00
+4.313e+00
+3.244e+00
+2.176e+00
+1.108e+00
+3.922e-02

S, Mises

(Avg: 75%)
+5.666e+01
+5.195e+01
+4.725e+01
+4.254e+01
+3.784e+01
+3.313e+01
+2.843e+01
+2.372e+01
+1.902e+01
+1.431e+01
+9.605e+00
+4.899e+00
+1.936e-01

Max: +5.666e+01 \
Elem: BLADE-ANGLE1-1.614 \ +5.666e+001
Node: 466

b

B3 LR BB R
Fig.3 Response of blade like specimen
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Fig.4 Influence of angle between excitation
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and blade tip on vibration amplitude
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Fig.8 Influence of angle between excitation
and blade tip on maximum amplitude
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Fig.9 Influence of angle between excitation

and blade tip on maximum strain
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