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Design method and revising strategy of inherent characteristics for
dynamical similarity test model of blade
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Northeastern University, Shenyang 110819, China;
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Abstract: In allusion to the problem of designing the similarity test model of using
straight blade to predict the inherent characteristics of the real torsion blade, a dynamical
similarity model designing method of the straight test model blade and a revising strategy
were put forward under the condition to have the same inherent characteristics. Research
shows that, the torsion blade when the torsion angle in the similar intervals (natural fre-
quency error is less than 5%), can predict the inherent characteristics directly using the ge-
ometry similar straight blade. When the torsion angle not in the similar intervals, need to
modify the inherent characteristics with correction coefficient, and the modified values can

predict the inherent characteristics of the prototype blade accurately.
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Fig. 1 Diagram of torsion blade
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Table 1 Parameters of prototype blade

b/mm o/mm h/mm E/GPa v o/ (kg/m*)

70 40 2.14 200 0.3 7860
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Table 2 Dimension parameters of model blade

A b/mm  o/mm  h/mm 6/ A
M1 84 48 2.568 30 0.8333
M2 105 60 3.21 30 0.6667
M3 140 80 4. 28 30 0.5000
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Fig. 2 Prediction curve of model’s blade

natural frequencies
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Table 3 Modes and natural frequencies of different torsion angle
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Fig. 3 Comparison of natural frequencies between on torsion straight blade and torsion blade

when torsion angle changes
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Table 4 Fitting polynomial of nature frequencies curve

[51R7¢ =R EZ I
1 @ =0.00020°—0.01¢F —0. 083304369
2 ar=0.96¢ —0.70+1417
3 wy=—0. 46 +0.304+2294
4 =26 —5. 6644662
5 as=—0.1¢° +3. 56045343
6 a=0.10° —0.30+6372
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Table 5 Similar interval of nature frequencies

X 100% < 5% (9

forsion angle
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3 C,=[0°,17.31%] 6 Cs=1[0°,57.96°]
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Fig. 4 Linear fitting of nature frequencies of 2th

order, 3th order and 4th order
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Table 6 Parameters of 30° torsion blade and

no torsion straight blade

b/mm a/mm h/mm

70 40 2.14
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Table 7 Nature frequencies of 30° torsion blade and

no torsion straight blade acquired from test

Gk 30" EE MM I T AN R
{1 51441 %/ He 1 [ A B3R/ He
1 370. 94 366
2 1921. 88 1415
3 2010. 94 2210
4 5342.58 1424
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Table 8 Vibration model of no torsion straight blade

acquired from test
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Table 9 Deviation of nature frequencies by using no
torsion straight blade to predict the torsion

blade of 30°
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