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Fig 4 Blade structure optimization design model
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s 11 s 1
8 180 mm, 3 s 1 Table 1 Cross-section characteristics of typical blade
3 SC1095, 2 profile
SC1094R8 . , Serial S?%nwisc Chord/ TWQiSt/
number position/mm mm o)
’ 1 2 390 526. 44 7.700 6
’ 2 4930 528 91 21218
° ’ Serial Area/ Linear mass/  Tension rigidity/
, 29 R number mm? (kg+m™ 1) (10"N » m?)
1 18 707 8 598 3 1. 402 5
2 18 853 12. 914 0 1 396 1
Serial Flapping Lead-lag Torsion
number stiffness/ stiffness/ sl{ffness/f
(N + m?) (10°N » m?) (10°N *» m?)
1 70 138 2. 6207 6. 110 9
2 61 935 2. 891 8 5. 838 7
11
Fig 11 Geometry structure of experiment blade 2 ’
° ’ .
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Fig 12 Characteristic cross-section geometry shape 21 5% s 3 .
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2

Table 2 Global definition parameters of the experiment blade’s components

Component Whole definition parameter of components
A/ A/ X1/ X2/ X3/ X/ YY/ Yh/ Yy, Yy/
Ply number M . T ! ¥ ! ! 2 3/ Y
o) mm mm mm mm mm mm mm mm mm
1 1 0. 60 9 800 7 630 120 80
2 3 0. 13 9 800 7 630 120 80
3 5 45 0. 62 9 800 7 630 120 80
4 4 0 0. 71 0
5 4 45 0. 71 0
Skin 6 5 0 0. 62 2 —335
7 4 45 0. 71 2 —212
8 4 0 0. 71 2 —125
9 4 45 0. 71 2 —80
10 4 0 0. 71 2 87
11 5 45 0. 62 2 87
12 5 0 0. 93 2 55
./ 0/ 2/ :/
Serial number x/mm M, yP i : VE
mm mm mm mm
Spar 1-6 1 550-3 630 6 64 45 0 64
7-16 4 030-6 630 6 78 71 0 78
17-22 6 980-7 830 6 64 45 0 64
A/ Y,/ Y,/ Y,/ Y,/
Serial number x/mm M, ! - 3 ¢
mm mm mm mm mm
Rib 1-6 1 550-3 630 6 0. 71 381 421 381 421
7-16 4 030-6 630 6 0. 71 357 397 357 397
17-22 6 980-7 830 6 0. 71 381 421 381 421
. , i/
Serial number x/mm M,
mm
Trail 1-6 1550-3 630 6 488
edge
7-16 4 030-6 630 6 492
17-22 6 980-7 830 6 488
- M;
Filling -
/
3
Table 3 Optimization result and constraint conditions of
example
Parameter Scope Result
Mass/kg <95, 25 74. 80
The mass moment of inertia of °
rotor in the rotational plane/ =17 000 18 364. 2 C
(kg » m*)
First chord frequency wi (1) /rev 0. 25-0. 75 0. 365
First flap frequency w;(1)/rev 1. 03-1. 75 1. 046
Second flap frequency w;(2)/rev 2. 25-2. 80 2. 729
Third flap frequency w;(3)/rev 5. 25-5. 75 5. 701 ’ ’
First torsion frequency w,(1)/rev 4. 10-4. 75 4, 196




564

Mar. 25 2013 Vol.34 No. 3

[1]

2]

[4]

(5]

[6]

7]

(8]

9]

[10]

2L 5%,

Peters D A, Rossow W P, Korn A, et al. Design of heli-
copter rotor blades for optimum dynamic characteristics.
Journal of Computers and Mathematics with Applications,
1986, 12(1) . 85-109.
Lim J. Chopra 1. Aeroelastic optimization of a helicopter
rotor. Proceedings of 44th Annual Forum of the American
Helicopter Society 1988 545-558
Walsh J L, Young K C, Pritchard J I, et al. Integrated
aerodynamic dynamic structural optimization of helicopter
rotor blades using multilevel decomposition. NASA Tech-
nical Paper 3465, 1995,
Tarzanin F, Young D K. Boeing rotorcraft experience
with rotor design and optimization. ATAA-1998-4733, 1998.
Guo ] X, Xiang ] W. Composite rotor blade design optimi-
zation for vibration reduction with aeroelastic constraints.
Chinese Journal of Aeronautics, 2004, 17(3). 152-158.
Chattopadhyay A, Walsh J L. Application of optimization
methods to helicopter rotor blade design. Structural Opti-
mization, 1990(2) . 11-22.
Fang G H, Hou R L., Chen G D, et al. Structural optimi-
zation and vibration control of composite rotor blades. Ac-
ta Aeronautic et Astronautica Sinicas 1991, 12(12). 554~
559. (in Chinese)

, 1991, 12(12) . 554-559.
Pritchard J I, Adelman H M, Walsh J L, et al. Optimi-
zing tuning masses for helicopter rotor blade vibration re-
duction and comparison with test data. Journal of Air-
craft, 1993, 30(6): 906-910.
Venkatesan C, Friedmann P P, Yuan K A. A new sensi-
tivity analysis for structural optimization of composite ro-
tor blade. Mathematical and Computer Modeling, Special
Issue on Rotorcraft Modeling: Part 1, 1994, 19 (3-4).
1-25.
Gu Y X, Liu S T, Guan Z Q, et al. Design-oriented dy-
namic design optimization of composite rotor blades. Acta
Aeronautic et Astronautica Sinica, 1998, 19(3): 338-341.

(in Chinese)

[11]

[12]

[13]

[14]

[15]

[16]

, 1998, 19(3): 338-341.
Glaz B. Friedmann P P, Liu L. Surrogate based optimiza-
tion of helicopter rotor blades for vibration reduction in
forward flight. 2008, 35 (4):

341-363.

Industrial Application,

Xiang L. Advances in theory and algorithms of hierarchi-
cal optimal problem. Control and Decision, 2001, 16(6):
854-863. (in Chinese)

, 2001, 16(6): 854-863.

Yang J L, Zhang L. Y. Fang Y H. et al. Structure design
for composite rotor blade based on parametric module defi-
nition. Journal of Nanjing University of Aeronautics and
Astronautics, 2009, 41(5): 595-600. (in Chinese)

. 2009, 41(5) .
595-600.
LuL X, Wang X Z, Wang Y B, et al. Helicopter struc-
ture and design. Beijing: Aviation Industry Press. 2009.
(in Chinese)

. 2009.
Yang J L, Zhang L. Y, Zhou S H, et al. Cross-section tor-
sion stiffness calculation of composite rotor blade based on
accurate parametric definition. Journal of Aerospace Pow-
er, 2012, 27(5): 1087-1095. (in Chinese)
, 2012, 27

(5): 1087-1095.
Yang W D, Deng ] H. Aecroelastic stability analysis of
helicopter rotor blade with swept tips. Journal of Nanjing
University of Aeronautics and Astronautics, 2003, 35
(3): 248-252. (in Chinese)

i

, 2003, 35(3): 248-252.

Tel: 025-84892570

E-mail: ririyeyjl@163. com

3

Tel: 025-84892004

E-mail: zhangly@nuaa. edu. cn



565

Composite Helicopter Rotor Blade Optimization Design
Based on Parametric Module Definition

YANG Jianling', ZHANG Liyan" * , ZHOU Shaochua?

1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and
Astronautics , Nanjing 210016, China
2. Chinese Helicopter Research and Development Institute , Jingdezhen 333001, China

Abstract: A composite rotor blade structure optimization design approach based on parametric module definition is presen-
ted to improve design efficiency for engineering application. By taking a C-spar composite rotor blade as the research ob-
ject, both the profile and the overall structure optimization models are built based on parametric module definition. By using
the results of the profile optimization. the initial values of the overall structure optimization model are obtained. Then, the
overall structure optimization is implemented to obtain the best blade structure. A case study is performed. The results dem-

onstrate that the proposed method can complete the structure design of composite rotor blades efficiently.

Key words: helicopter; composite material; blade; structure design; optimization design
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