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Calculation and Experimental Verification of Stiffness of Composite

Flexbeam with Large Deformation
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Abstract: The material modulus is corrected based on the Halpin-Tsai formula according to the structure

and deformation characteristics of composite flexbeam. The stiffness of flexbeam is calculated by the

blade computer aided desigh (BCAD) special software except for the torsional stiffness which is calculat-

ed by the empirical formula. It is proved that the method can improve the calculation accuracy of the

flexbeam section stiffness, and also can guarantee the accuracy of the dynamics and the lord calculation

of bearingless rotor/tail rotor.
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Tab.1 Parameters of unidirectional roving
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Bk e/ % M,, =30 M;=70
B/ (kg » mm ) pn=1.12 pr=1.68 p=1.46
THAR L vm=0.4 v =0.22 vz =0. 290
LSAYERS S V,=39.1 Vi=60.9
g\ FEE Eq = 200 000 Y\ E E, =122 835
P i 4k / MPa E,=2 800
B it E, = 14 000 B it E, =5 458
" Yhpi Ey, =100 000
% il 4t/ MPa W =9 606
B Y) & /GPa G,=1 200 G¢=14 000 G, =4 000
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Tab. 2 Elasticity modulus of an unidirectional roving in BCAD
B T Kt BCAD EIRER Sy CIRIE S 21 4 59\ K f
I DEvAR) RS E/MPa G12,G13/MPa 0/
ZA C2135A1a 100 000 4 000 0. 00
ZB C2135A1b 98 581 3999 1.67
zC C2135Alc 92 981 3998 3.83
ZD C2135A1d 78 723 3996 7.28
ZE C2135Ale 91 899 3998 4. 14
ZF C2135A1a 100 000 4 000 0. 00
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Tab.3 Comparison of calculated and test results of flexbeam flap stiffness

N W3- 4 {H BIE T AL/ 1& 1 Hif i 2=/ &I JE B/ & 1E J5 w22/
! (N '+ m?) (N+m?) % (N m?) %
7B 3597. 4 4016.5 0.4 3494, 3 3.0
e 2512.9 2 891.0 —13.1 2 457.3 2.3
ZD 1099.0 1 206. 4 —8.9 1085.7 1.2
ZE 405.1 423.9 —4.4 394, 2 2.8
ZF 315.8 338.1 —6.6 311. 1 1.5
76 317.6 338.1 —6.1 311. 1 2.1
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Tab.4 Comparison of calculated and test results of flexbeam lag stiffness
- M/ BIERIHEME/ BEMMZE/ BERITEE BESRmWZE/
! (N+m?) (N + m?) % (N '+ m?®) %
ZB 184 856. 10 204 800. 0 —9.74 184 320.0 0.29
zC 148 237.70 156 800. 0 —5.46 142 688.0 3. 89
ZD 89 995. 68 98 400.0 —8.54 88 560.0 1.62
ZE 47 500. 88 52 794.4 —10.03 47 514.9 —0.03
ZF 34 011. 60 37 184.0 —8.53 33 465.6 1.63
ZG 33 999.12 37 184.0 —8.57 33 465.6 1. 59
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Tab.5 Comparison of calculated and test results of flexbeam torsion stiffness

- WP 25 18/ BCAD 14/ BCAD I8 M2/ Z4BaxNitE/  2RAXH
(N +m?) (N« m?) % (N + m?) W2/ %

ZB 1098.9 800. 4 37.3 1032.8 6.4

zZC 565.9 436.9 29.5 526.9 7.4

ZD 120.7 96. 4 25.2 117.0 3.1

ZE 80.1 60.9 31.6 76.1 5.2
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Tab. 6 Dynamic characteristics of tail rotor

FVERENIE IR BE2H BIR1H
80 6 Wil B 1. 206 4.278 2.331
90 %6 Wil £ 1.215 4. 281 2. 395
B W i 1.222 4.283 2. 454
110 % W i 1. 230 4. 285 2.516
120 % W jiE 1.238 4. 289 2.573
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