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Optimal Structural Design of Composite Helicopter Blades using a
Genetic Algorithm-based Optimizer PSGA

Se Hoon Chang*, Sung Nam Jung**"

ABSTRACT: In this study, an optimal structural design of composite helicopter blades is performed using the genetic
algorithm-based optimizer PSGA (Particle Swarm assisted Genetic Algorithm). The blade sections consist of the skin,
spar, form, and balancing weight. The sectional geometries are generated using the B-spline curves while an open-
source code Gmsh is used to discretize each material domain which is then analyzed by a finite element sectional
analysis program Ksec2d. The HART II blade formed based on either C- or D-spar configuration is exploited to verify
the cross-sectional design framework. A numerical simulation shows that each spar model reduces the blade mass by
7.39% and 6.65%, respectively, as compared with the baseline HART II blade case, while the shear center locations
being remain close (within 5% chord) to the quarter chord line for both cases. The effectiveness of the present
optimal structural design framework is demonstrated, which can readily be applied for the structural design of
composite helicopter blades.
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Fig. 1. Geometric model approximated by B-spline with control
points

Fig. 2. Generated finite element model using a Gmsh
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| Blade section optimization(PSGA) |
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Fig. 3. Design optimization framework
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Table 1. Constraints for the values in the optimized design
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Table 2. Mechanical material properties for optimization i T T

E E G Density
M t . 1 1 2 12
ateria (GPa) (GPa) (GPa) | (kg/m?)
Skin 142 142 15.2 1860 n
Spar 56.4 56.4 3.59 1480 =
']
Foam 0.035 0.035 0.025 60 8
£ 300
Nose weight 16.0 16.0 5.6 11342 Z
[ =
=]
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Fig. 9. Optimized result of HART Il blade ((a) 0.16R (b) 0.75R (C
spar model [11]) (c) 0.75R (D spar model)

30001

— ol -

PR p—

HARTII[17]
C spar [11]

~——a&—— D spar (Present)

8
]

Flap bending stiffness, N m?
=
8

S
__________ e = - - -
0 i 1 L L | L L L

0 0.2 0.4 0.6 0.8 1

Spanwise Position, r/iR

Fig. 10. Comparison of flap bending stiffness

225} A3 F 1364 9] AlLto] M= AL, F 8,539
819] Apto] 3= 3Ict. Fig. 92 22| F-2dA o]l w 0.16R
A7) FE o] tigh 22 dA Aapet CF 9l DF &
v} o] 2F FAE et Edol= Ao 4% 7]
= A =18]o] vl vjdg o] E A rE Lufpo] AHgsh=
TAR, FE G dFo] gt ofof wtsf o] F 4
Ao] A2 7% tiv] S7ksk= vl ol RE I 7
A AR AT AR 7t 712 A o)t R E ol A| ]
U=, Fig. 9(b), (0] HF FIAH FAF WAl Tt
stod, HART II E&fo|= tiu] skt A4 A2 2

MC. offset form LE, %chord

2

35

25

0 0.2 0.4 06 0.8 1
Spanwise Position, r/R

Fig. 11. Comparison of torsional stiffness

04 06
Spanwise Position, r/R

r T r T T T T T T
— —A— - HARTI[1T] 1
—-—&—-- Cspar[11]
~—&—— D spar (Present)
- ﬁ .
f
Wy
’A e = - e o o - - - - i )
e Jprmcmcmimimim s, _;_ ....... i
" | | | " |
] 0.2 0.8 1

Fig. 12. Comparison of mass center offset from leading edge

SC. offset form LE, %chord

35

30

25

20

15

T T T r r r
! — —&— - HARTI[17]
—--m—-- Cspar[11]
——4&#—— D spar (Present)
Ty
= t | -
! 1
L |
4 +
- -t L R — —_—— =
A - - = = = = = = = —h— = = =
L | i | 1 | 5 | 5
0 02 04 0.6 0.8 1

Spanwise Position, r/lR

Fig. 13. Comparison of shear center offset from leading edge



Optimal Structural Design of Composite Helicopter Blades using a Genetic Algorithm-based Optimizer PSGA 345

= = = - HART Il (Predicted [17])
=— - =— C spar[11]
D spar (Present)

- i - /
——"n 4 A
- - / -

-

(o] HART Il (Measured [17]) . 3 -
/s
74

Natural Frequency (/rev)

0 02 0.4 06 08 1 12
Non-dimensionalized Rotor Speed (Q2/())

Fig. 14. Comparison of rotating natural frequencies

+ AR Uit 7| din] CF Aut 22 7.39%
H 191 kg, DF A0} Hd2 6.65% 74 1.93 kgo =
A= ek, Fig. 103} Fig. 11&= 739 7443 v|Ed 7449
S E HART I 24|o| =9 723]4] AnH17]9} u]ws}
o hetyict. 254 (MC)3t A4 (S0)2] $11% Fig,
12 9 Fig. 130] Hol= njel Zro], DF Au} mo o] o
Fo 2 ATEA 2] 9177 CY Auto] w8 HHOR o]
53] of 1.5%2] Aol& Rt

&
b

O{l

Fig. 142 8]31d 14354 9 3| 14-d %50 gt
fan A== ﬂgzﬂ ZHolth. C§ 2 D& Au} HE B0
H 9] 12} AfpdEeol A Folil FE21E B T

Sh= A% SHRIE & elth w8 rpmold ST
AE N FakEo] 2E) B5w] HoolA] Ak 20,15/
rev ol Zfo|Lh 212 Shelstglom, &8 rpmolA el 3

A Fue] 3t Fawo] HEEUSS Bl

4.8 B

2 Aol A= PSGAE o]gste] vl fgtaarnt 5
2342 Tl HTA R ol A Fx24A =YY
HIE NEston, CE 9 DY A FAgo e Ae9dd
T UL AT H A AA oA Edlol =9 &
H -2 B-splines 0]-&3}of R TS 311, Gmsh
£ Z3) 3t A g AAISE & Ksec2D W 3|4 H 11
FRENAS T8l M F2HEAE A T 2
A Ze A=A fFadS HESH] f1s) HART 11 &

glo| =9 e ‘3P
O} 6.4%0 4 22w A= oo ‘
HART II &3|© 1‘2011 et 22 247 éﬂ% @ &
v WS ARERE A3t 7] Hiv
e AL, S Fe dde E] 20. 05%01] A
et DY Auf Wdo) e 7% I‘HHI 7 6.65% FA| 1t
& IS WERHAL, ekl o] 7 21.50%0] A1t s
g 2 A AA Aol A= CF 2ub7t A aef fE A
i, et 4] B¢ DY Avf mdle] 3N 1§ 7t
ol 3ol TYTAHI WA Aol g BHES E0]
= dl g F3ck o F 9 CF 2} 2Ely} DY Auf 1
D& vlarste] AEe = A H AL, 2 ARl A Akt
A F2dA ZHdH2e Frads Felskk

7|

foi

o] At AR SH R EAY
AR 2|2

)0 e gt
alo} _,_614% 791 (2022R1A4A1018884).

o I PRI S Y HEAR)S] A0 2 BT
LAY 7S Hbo} ¢og o 7 9] (NRF2021R1F1
A104557011).

REFERENCES

1. Dhadwal, M.K,, and Jung, S.N., “Refined Sectional Analysis
with Shear Center Prediction for Nonhomogeneous Anisotro-
pic Beams with Nonuniform Warping,” Meccanica, Vol. 51,
2016, pp. 1839-1867.

2. Li, M.A,, Qijun, Z., Zhang, K., Zhang, X., and Zhao, M., “Aero-
elastic Analysis and Structural Parametric Design of Composite
Rotor Blade”, Chinese Journal of Aeronautics, Vol. 34, No. 1,
2021, pp. 336-349.

3. Cesnik, C.E.S.,, and Hodges, D.H., “VABS: A New Concept for
composite Rotor Blade Cross-Sectional Modeling”, Journal of
the American Helicopter Society, Vol. 42, No. 1, 1997, pp. 27-38.

4. Berdichevsky, V., Armanios, E., and Badir, A., “Theory of
Anisotropic Thin-walled Closed-cross-section Beams’, Com-
posites Engineering, Vol. 2, 1992, pp. 411-432.

5. Chandra, R., and Chopra, I, ©
ite Beams and Blades with Elastic Couplings”, Composites Engi-
neering, Vol. 2, 1992, pp. 347-374.

6. Jung, S.N., Nagaraj, V.T,, and Chopra, L, “Refined Structural
Model for Thin- and Thick-walled Composite Rotor Blades’,
AIAA Journals, Vol. 40, No. 1, 2002, pp. 105-116.

7. Friedmann, PP, and Shanthakumaran, P, “Optimum Design of
Rotor Blades for Vibration Reduction in Forward Flight”, Jour-
nal of the American Helicopter Society, Vol. 29, No. 4, 1984, pp.
70-80.

8. Lim, J.W,, and Chopra, I, “Aeroelastic Optimization of a Heli-
copter Rotor Using an Efficient Sensitivity Analysis’, Journal of
Aircraft., Vol. 28, No. 1, 1991, pp. 29-37.

Structural Response of Compos-



346

Se Hoon Chang, Sung Nam Jung

9. Bae, J.S., and Jung, S.N., “Highly Efficient Structural Optimi-

10.

11.

12.

13.

14.

15.

16.

zation of Composite Rotor Blades using Bezier Curves’, Journal
of the Korean Society for Composite Materials, Vol. 33, No. 6,
2020, pp. 353-359.

Ahn, J.H., Bae, ].S., and Jung, S.N., “Optimal Structural Design
Framework of Composite Rotor Blades Using PSGA, Journal of
the Korean Society for Composite Materials, Vol. 35, No. 1, 2022,
pp. 31-37.

Ahn, JH., “Optimum Structural Configuration Design of
HART II Blades using Global Search Algorithm,” MS Thesis,
Konkuk University, Korea, 2022.

de Boor, C., “On Calculating with B-splines, Journal of Approx-
imation Theory, Vol. 6, No. 1, 1972, pp. 50-62.

Béhm, W., Farin, G., and Kahmann, J., “A Survey of Curve and
Surface Methods in CAGD”, Computer Aided Geometric Design,
Vol. 1, No. 1, 1984, pp. 1-60.

Dhadwal, M.K., Jung, S.N., and Kim, T.J., “Evolutionary Shape
Optimization of Flexbeam Sections of a Bearingless Helicopter
Rotor”, Journal of the Korean Society for Composite Materials,
Vol. 27, No. 6, 2014, pp. 207-212.

Geuzaine, C., and Remacle, J., “Gmsh: A 3-D Finite Element
Mesh Generator with Built-in Pre- and Post-processing Facil-
ities,” International Journal for Numerical Methods in Engineer-
ing, Vol. 79, No. 11, 2009, pp. 1309-1331.

Yu, YH., Tung, C., van der Wall, B.G., Pausder, H.]., Burley, C,,
Brooks, T., Beaumier, P, Delriuex, Y., Mercker, E., and Pengel,
K., “The HART-II Test: Rotor Wakes and Aeroacoustics with
Higher-Harmonic Pitch Control (HHC) Inputs—The Joint

17.

18.

19.

20.

21.

22.

German/French/Dutch/US Project, Proceedings of the 58th
American Helicopter Society (AHS) Annual Forum, Montreal,
Canada, June. 2002.

Jung, S.N., You, Y.H., Dhadwal, M.K., Riemenschneider, J., and
Hagerty, B.P, “Study on Blade Property Measurement and Its
Influence on Air/Structural Loads”, AIAA Journal, Vol. 53, No.
11, 2015.

Jung, S.N., Dhadwal, M.K., Kim, Y.W,, Kim, J.H., and Riemen-
schneider, J., “Cross-sectional Constants of Composite Blades
Using Computed Tomography Technique and Finite Element
Analysis”, Composite Structures, Vol. 129, 2015, pp. 132-142.
Dhadwal, M.K,, Jung, S.N., and Kim, C.J., “Advanced Particle
Swarm Assisted Genetic Algorithm for Constrained Optimiza-
tion Problems”, Computational Optimization and Applications,
Vol. 58, 2014, pp. 781-806.

Jung, S.N., Nagaraj, V.T., and Chopra, I, “Refined Structural
Dynamics Model for Composite Rotor Blades,” AIAA Journal,
Vol. 39, No. 2, 2001, pp. 339-348.

Sim, J.W,, Kee, YJ., Kim, D.K,, Kim, S.B,, and Byun, S.W,, “A
Design and Manufacture of the Composite Blade for the
Hingeless Rotor System of Unmanned Helicopter”, Proceedings
of the Korean Society for Composite Materials Conference, April,
2005, pp. 213-216.

Choe, H.S., Kwak, B.S., Park, S.M., Truong VH., Nam, Y.W,
and Kweon J.H., “Tensile Strength of Composite Bonded Scarf
Joint in Various Thermal Environmental Conditions”, Advanced
Composite Materials, Vol. 29, No. 3, 2020, pp. 285-300.



	유전자 알고리즘 PSGA를 이용한 복합재료 헬리콥터 블레이드 최적 구조설계
	1. 서 론
	2. 본 론
	2.1 블레이드 단면 유한요소 모델링
	2.2 최적 구조설계 프레임워크

	3. 결과 및 검토
	3.1 단면 유한요소 모델링 결과 검증
	3.2 블레이드 구조 최적설계

	4. 결 론
	후 기
	References


