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Basic Properties Test and Non-rotating Dynamic Test of Helicopter Rotor
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ABSTRACT

This paper describes basic properties tests and non-rotating dynamic test for rotor blade, flexbeam,
and torque tube of which bearingless rotor in helicopter consists. A basic properties test are bending
and twist test to find the flap stiffness, lag stiffness, and twist stiffness of specimens. The purpose

of dynamic test is to find natural frequencies and modes in non-rotating state. The test results are
used to update the analysis model. The updated analysis results using rotorcraft comprehensive code
match the tests quite well. The updated model input based on the tests will be utilized to analysis
the conditions of rotating whirl tower test before the whirl test and will be compared with the whirl

tower test results.
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Fig. 5 Stiffness Measurement in the lag-wise

-104-



Table 12 o|Z5H 4% FdR 7} dbde & . Torque vs twist angle oo
e 9 g e o)tk st
Table 1 Flap and lag stiffness of flexbeam -
STA, mm EIFLAP, Nm®> EILAG, Nm? B
135 12,430 843,300 [
187 4731 516,200 B
260 2,412 369,200 e
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490 5,636 106,000 0T Swistange degree
700 4,491 546,100 Fig. 7 Applied torque vs. twist angle in the
940 4,467 626,300 , flexbeam
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Fig. 6 Stiffness Measurement in the torsion-wise
direction
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Fig. 8 Torque tube specimen
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Fig. 9 Stiffness measurement of torque tube in the
flap-wise direction
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Table 3 Flap and lag stiffness of torque tube

STA, mm EIFLAP, Nm* EILAG, Nm?
350 207,954 3,544,084
500 207,949 1,104,758
600 122,124 591,049
810 70,202 399,931
1020 85,596 327,239
1120 172,792 850,351
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Fig. 10 Applied torque and strain of torque tube
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Table 4 Torsional stiffness of torque tube

STA, mm GJ, Nm?
400 154,987
540 149,238
650 199,157
760 155,669
950 140,343
1070 96,986
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Fig. 11 Flap stiffness

measurement of reinforced

BO-105 blade
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Table 5 Flap stiffness of blade
sta mm AR N L N
1471 19,680 12,710 16,740
1661 14,510 8,766 11,740
1901 12,730 7,207 9,650
2801 6,830 7,598 8,114
Table 6 Lag stiffness of blade
1471 303,000 104,420 427,200
1661 282,900 96,061 303,600
1901 336,800 107,020 289,800
2801 170,500 176,460 173,600
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Fig. 12 Impact hammer test
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Table 7 Blade natural frequencies

Mode Mea;tzjred, Anf;l_lgsm, Eroz)r,

1st Flap 5.07 5.07 0.0

2nd Flap 15.0 14.58 -2.8

1st Lag 24.3 24.65 14

3rd Flap 29.4 3151 7.2

1st Torsion 435 43.35 -0.3

4th Flap 49.6 59.38 19.7

2nd Lag 725 71.63 -1.2

2nd Torsion 96.3 91.66 -4.8
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Table 8 Flexbeam natural frequencies

Mode Mee:_sltzjred, AnT-II)Z/SiS’ Ero;(())r,

1st Flap 15.1 15.6 34

2nd Flap 47.2 46.0 -2.6

1st Torsion 79.0 79.0 0.0

2nd Torsion 91.9 91.8 -0.1

3rd Flap 103.0 111.9 8.7

1st Lag 104.0 104.0 0.0

4th Flap 157.0 159.3 15
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Table 9 Torque tube natural frequencies

Measured, Analysis, Error,
Mode Hz Hz %
Local mode 357 - -
1st Flap 431 432 0.1
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