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Vibration reduction-optimization design for parameterized

composite blade
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Abstract . For blade dynamics optimization design, a parametrization model of composite
multi-cell C-type blade section was estabished for engineering design. The parameterized de-
sign of aerodynamic shape of the blade section, the internal structure of components and
composite material layer was implemented, and a parameterized method capable of maintai-
ning a constant C-type beam fiber area was presented. Then in combination with the compos-
ite blade parameterization model and aero-elastic analysis model, the optimal parameters of
blade sections could be obtained to reduce the hub vibration via the optimal process based on
multi-population genetic algorithm (MPGA). The “Dolphin” helicopter’s blade profile mod-
eling and performance calculation contrasts were given, with total error less than 3%. With
use of the blade parameterization model of blade for rotor dynamic optimization, the results
show that the rotor’s weighted optimizaton vibration load coefficient decreases by 4.15%,
and the balance weight of blade is more smooth after optimization, helping to ease the blade
internal stress/strain mutation; some balance weight assigned to the blade tip can increase

the rotation inertia of the rotor, and improve the safety for autorotative glide.
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Table-1-—List of parameterized designed components
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Fig. 1 Parametrization model of C-type beam
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Fig. 2 Parametrization methods for constant

fiber area of C-type beam
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Fig. 4 Optimization process of composite blade design based on MPGA to reduce vibration
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Fig. 6 Normalization amplitude of hub forces contrasts

before and after optimization blade

F3 RMHRUTTERENEMRHRENT
Table 3 Hub force factors and-blade mass contrasts

between before and after optimization blade

AL AH — AR /

ZH Hifid i

FAEMED /%
MBS 0.571 0. 560 —1.9
yIWB) 0.636 0. 601 —5.5
2 T BT JT1. 000 0. 932 —6.8
=7 M4 0.195 0.213 9.2
yITIZE4E 0,191 0.187 —2.1
AR 0.090 0.078 —13.3
WM AR P 1.6029  1.5363 —4.15
Kt a e 3244 32.37 —0.22

H1 e 3 Bd ml A DG AR B B S B T A AR R
P s/ T 401504 .4 T3 2 o3 i iR A A S (E D
(4 o J7 ) 25 R, FLAr o3 4 R AT A TR A 1
A6 2O A AT 4 ) T A B Joi A A 20 A
e 7~ 10 .

5 T THT A P B2 ) 7 A 58 4 2 1 S B B Y Y
TTREZRT BRAT By AR T B U0 A W B2 JB
P Z AL R 5 T TR S B, Pk 5 A TC =
PG A —REAE rp B b S v B0 UG 20t e
0 BEAE , (ELJE: phy T 5 v SR o TG AR T EL AR R
Gerh 7 AR T ROR B M JEE AR R AR SRR B iR
AR P RE T EUAE M B F7 /10 AR ) SR AL LA KR O P
1 FEEE 51 87) DA I 20 N/ o VR VA o )1
A T W S5 Y A R A R T R i R
VR I 7/ W AR G A% 5 i L FB 73 BC 5 23 BC B 2R L R
T BEFAY A B R S T OBE IR A R



%8l

Wk HRAF 2B RSB IR 1 Bl o AR A A i 1959

APk

SHRACASTAL (1 AL R T . B0 ) T AL RS
LER AN 11 Frs.

XoF L 235 #0251 AR 4k, AT LLAS 3
S5 K6 S IO B W 2 1 R 05 ) 19 AL

1) FE 42 Y03 AR Ak 28 0 4 BRI B s AT
Rk L% O 3 R IR W B2 A BT - T, A S Eb e
R EEA - C RS R0 T A5 1 w4 R B
PSRN (0 1 . A 05 P A Z B3R 8 i 4 )2 2
B, v L R 09 () 4 4 A

2) TE 67 Vo lE 3 A% Ab . 45 P W I B, 42 R

L i
6r — e

FEEERIEE10Y (N + m?)
LFs]

HERC 2 /m
P70 AR S SR X L
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before and after optimization
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