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A Study on the Vibration Characteristics of Nonuniform Cross Section Propeller
Blade
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Kee-hyung Lee**** Hwan-sung Lee*****

ABSTRACT

The method is presented for determining the free vibration characteristics of a rotating
blade having nonuniform spanwise properties and cantilever boundary condition. The equations
which govern the coupled flapwise, chordwise and torsional motion of such a blade are solved
using an integrating matrix method.

By expressing the equation of motion in matrix notation, utilizing the integrating matrix
as an operator, and applying the boundary condition, the equations are formulaied into an
eigenvalue problem whose solution may be determined by conventional method. Computed results

are compared with experimental data.
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Table 1 Comparison of Computer and Exact-

Solution Values of Bending
Displacements for an Uniform Blade,

Q=0, 6=0
EXACT SOLUTION

COMPUTER REFERENCE
X/R| Wi W2 W3 Wi W Wy
0.0(.0 [.0 [.0 |.0 [.0 |.0
0.1 | .0168| .0526] .2276| .0168|-. 0926 . 2281
0.2 | .0639|-.3011] .6040] .0639|-. 3011 | . 6045
0.3 | .1365|-.5261| . 7558} .1365|-. 5261| . 7562
0.4 | .2299|-.6835| .5261| .2299|-. 6835| . 5259
0.5 | .3395|-.7137| .0204| .3395|-. 7137} . 0197
0.6 | .4611|-.5895(-.4729| . 4611-.5895|-. 4738
0.7 | .5909(-.3171{-. 6569| .5909|~. 3171 | 6574
0.8 | .7255{ .0700|-.3949| .7255| . 0700 |- 3949
0.9 | .8624 .5238] .2280| . 8624 .5238| . 2285
1.0 |1.0000|1.0000|1. 0000|1. 0000]1. 000011. 0000
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Fig. 1 Undeformed blade coordinate systems.

Table 2 Bending Frequencise of Linearly Tapered Blades, 6=¢"
Rayleigh-Southwell
my/mo | EL/El 0 Computed (Hz) Approxsi,ma%ion ref. (20), Hz
TP Wi Wa Wi Wi W2 Wi

1.0 1.0 0 1.426 8. 935 25.00 1.426 8.935 25.00
300 | - 5.47 15.5 32.6 5.53 15.4 32.5
1.0 0.5 0 1.35 7.9 21.6 1.35 7.9 21.8
300 5. 47 14.9 29.9 5. 66 24.8 29.7

1.0 0.0 0 1.25 6.3 16.1 1.22 6.4 16.1
300 5.46 14.2 25.8 5.74 14.1 25.4

0.5 1.0 0 1.85 10.7 29.4 1.86 10.7 29.1
300 5.64 16.0 35.3 5.75 15.9 34.6

0.5 0.5 0 1.75 9.5 25.4 1.76 9.5 25.6
300 5.62 15.3 32.0 5.77 15.1 31.7

0.5 0.0 0 1.62 7.8 19.4 1.62 7.6 19. 4
300 5. 61 14.2 26.9 5.82 14.0 26.8

0.0 1.0 0 3.21 16.2 42. 4 3.20 16.2 42.0
: 300 6.28 19. 4 45.9 6.29 19.2 44.9

0.0 0.5 0 3.07 14.7 37.8 3.04 14.7 37.6
300 6.23 8.1 41. 4 6.25 17.9 40.7

0.0 0.0 0 2. 89 12.5 30.5 2.88 12.4 30.4
300 6.18 16.4 34.6 6.23 16.1 31
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Fig.2 Variation of bending frequency with
rotational speed

at 0.1524m : station lengh 0. 0508m)

X/R m, N-secZ/m?2 El, N-m2 El N-m? 6, deg Thickness, m Chord, m
1.0 3.411 0.689x102 1.607x102 =10.0 0.3653X 10 0.1691
.9 3.411 .718 1.475 -7.4 0. 3587 0. 1662
.8 3. 563 . 746 1. 355 ~4.1 0. 3632 0.1618
7 3.638 775 1.274 0.0 0. 3759 0.1574
.6 3. 789 .918 1. 257 4.8 0. 4064 0.1537
.5 3.942 1. 205 1.257 9.9 0. 4343 0. 1489
4 4. 245 1.636 1.274 14.7 0. 5004 0.1439
.3 4. 348 2. 353 1.314 20.0 0.5740 0. 1405
.2 4.927 3.301 1.375 25.4 0.6579 0.1354
1 7.125 9. 959 1. 834 30.9 0. 8433 0.1308

Table 4 Estimated Physical Properties of Propeller Blade Assuming Elliptical Cross Section

X/R GJ, N-m2? Km=Ka m Kmi, m Kmz, m B1, mf Ba, m*

1.0 1.225X102 0. 0422 9.119X10+ 0. 0422 1.547X1079 0.0
.9 1. 139 0.0414 8. 966 0. 0414 1. 394 0.0
.8 1.154 0. 0404 9.068 0.0404 1.235 0.0
T 1. 239 0. 0394 9.398 0. 0394 1. 112 0.0
.6 1. 538 0. 0384 10. 160 0. 0384 1. 066 0.0
.5 1.819 0.0373 10. 846 0.0373 0.975 0.0
4 2.678 0. 0361 12.522 0.0358 0.945 0.0
.3 3. 958 0.0351 14. 351 0.0348 0. 964 0.0
2 5. 668 0.0338 16. 459 0.0338 0.916 0.0
1 11.628 0.0328 21.108 0.0325 0. 988 0.0
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Table 5 Comparison of Experimental and Analytical Torsion Frequency

0.75R 0 w, Hz Percent Error
. Computed Computed Linear Nonlinear
DEG rpm | Experimental @D Linear Nonlinear
-20 1586 201.4 209.7 203.8 4.1 1.2
2554 198.1 214.8 199.8 8.4 0:8
3587 192.7 222.9 194. 4 15.7 0.9
4449 188.2 231.7 190.0 23.1 1.0
5134 186.8 239.9 187.6 28.4 0.4
0 1600 203.9 210.2 206. 1 3.1 1.1
2610 203.9 216.1 206.0 6.0 1.0
3585 204.5 224.3 206.5 10.0 1.0
5886+ 214.1 251.5 205.7 17.5 0.7
20 1572 205. 8 209.7 207.7 1.9 0.9
2542 207.5 214.8 209. 8 3.5 1.1
4476 216.3 - 231.0 218.1 6.8 0.8
6016 226. 1 248. 4 229. 8 9.9 1.6
40 1482 205. 3 208. 6 207. 6 1.6 1.1
2536 207.6 212.5 209. 9 2.4 1.1
5975 223. 4 236.7 226.7 59 1.5
60 1491 204.6 207.6 206. 4 1.3 0.9
2682 204.1 210.0 208. 2 2.9 1.0
4523 204.8 215.9 205.8 5.4 0.5
5945 202. 4 221.8 205.6 9.6 1.6
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Table 6 Configuration of tapered model

-
& o
¢ 10 355

t=3mm
Unit : mm
Model br b angle (9
1 h0 50 0.0
2 50 39 0.9
3 50 30 1.6
4 50 20.4 2.4
5 50 12.6 3.0

2t& Fo4 990g disly LidEFrE 2

2 AgdMe &g FE98EH dolals oY) 9
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AFFE 487 AT A2 o2 i v3A
28 A4 Fesignk

2 4394 AFY Il subscaleZ AFaEgon
A= Table 6o =AISIETh Ade FA7 3mmg
¢FojERe ALEEA.

T2 ALX9} 48 A}AE= Table 7¢) Jehdon
Fg Ztzte) 9o i percent error® =AMt
Table 791M ®lolHFo] F718TE I HAFF7 571
3oy, ol HolHF Frld mE Y ¢ oy
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Table 7 Predicted and measured natural frequencies for tapered models

Model f){t‘ﬁgzg 1st-Mode 2nd-Mode 3rd-Mode 4th-Mode

(Hz) (Hz) (Hz) (Hz)

Simulation 18. 90 121. 68 340.79 667. 95

1 Measured 18.8 121.0 338.75 660. 0
Error (%) 0.52 0. 56 0. 60 119

Simulation 20. 42 124. 41 343.17 669. 94

2 Measured 20.3 123.5 340.0 657.5
Error (%) 0.58 0.73 0.92 1. 86

Simulation 22. 47 129. 68 345. 87 672.27

3 Measured 22.4 129.0 343.75 667.5
Error (%) 0.31 0.52 0.61 0.71

Simulation 25.09 134. 05 350. 31 676. 34

4 Measured 25.0 133.5 348.75 667.5
Error (%) 0.36 0.41 0. 45 1.31

Simulation 27.43 137.79 356. 86 683. 84

5 Measured 27.3 138.5 358.75 680. 0
Error (%) 0. 47 0. 52 0.53 0. 56

Model : see Table 26
Modulus of elasticity : 71, 344 Gpa.
Density : 2800kg/m?
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