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ABSTRACT

In this paper, the structural optimum design method of composite rotor blade

cross-section was investigated with the genetic algorithm. An auto-mesh generation

program was developed for iterative calculations of optimum design, and stresses in the

blade cross-section were analyzed by VABS (variational asymptotic beam sectional analysis)

program. Minimum mass of rotor blade was defined as an object function, and stress

failure index, center mass and blade minimum mass per unit length were chosen as

constraints. Finally, design parameters such as the thickness and layup angles of a skin,

and the thickness, position and width of a torsion box were determined through the

structural optimum design method of composite rotor blade cross-section presented in this
paper.
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(a) External configuration data reading

(c) Mechanical properties reflection

Fig. 1. Auto—mesh generation process of
rotor blade cross section
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Fig. 2. VABS analysis flow
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Fig. 3. Structural cross section of rotor
blade & design variables

Table 1. Definition of object function, design

variables & constraints

T & 4, B2
=X =2 0lE 2 (ko)
AZISEH 0.25mm <t;,<3.0mm
EMEtA S 0.25mm <t,<3.5mm
A A
=
By 4~ EMgtA QI %| 50mm < t3<100mm
e —
EMdetA = 80mm < t,<200mm
AZIFM AT} 0° <t;<90°
Failure index FI<1
s ksl shet (0.9 chord/4)mm < X
=A s Al AbsH X < (1.1 X chord/4) mm
=20|E AT EF 0.01kg/mm < M

2 E

smeared

Al fretass Aol og AN ARFS A ]7]
ot 2713 EARtAE El-ﬁ:ﬁ-‘r’r(carbon fabric) 2
. ¢ 45olm, 23 0

% UD R-Glass® A%t 7] AAHT= ¢
o] o & 2 (6)F} o] AT
t, =3mm, t, =3.5mm, t; =70mm (6)

t, =130mm, t; = 0deg.

Initial Values: dimensions, loads,
mechanical properties, design constraints

7

FEM Modeling of Blade:
auto mesh generation

!

VABS:
C.S. properties, Strains
i
[ ]
Stress Analysis ‘ ‘ Failure Analysis
[ I Mo
!

GA Analysis

Constraints, Gi< 0
&
No. of Generation

Optimum Design

Fig. 4. Optimum design flow



B4l 45 2B 4 9%, 2013, 4 T dugEs o4 &

;Z
fu
o
A
g
rﬂ
rE
-
BN
Y
_Bi

L
)
OEE
&
1<)
ol
2
-

279

ZEH Efols A7IA5E BAA4% gugo
2 7P 20 A S AAEs ®Hele
0°<f#<90° 2 AAsem, oz IWF
H o] Z(u mdlrectlonal tape)®] —90° < 0<90°
Helol sfgdity. Edeole HLAR] B2
2 Aogn, &« .ﬂr—"Z]—r(faﬂure index), A&
T4 aEla 99 do|gd BHol= HAAFS
“_rLé?Z:Ziif—'-_ Azt Edol= I wEe
2 (7)% Zo] Tsai-Wu IEo]Eo] A&}

Foo+Fo, <1 (7)

Figure 4= £ 75 &3 243 29 £
ol @ HAs HdA 2o I EL(flow
chart)& YEATH
25 M=z =4 H

VABSE ©]&% fFdFassdd HE&H= £
Hol= a2 EAFS Table 20 YehiSith

Smeared properties 7| O 2 ALtE 5

o]-&3 VABSE 249 WIES AN
2 W 7 plyd HSA4S aelaE &
of HA v&S #Ech Table 3
Tl 84 A% (strength)E UERH
Table 4= 49 E#ol= Zol(x))lA i
AAESY & YehlH, AASE te &
% TF(sign convention) Fig. 59} ZT}.

m ok o o

Table 2. Mechanical properties

= 2721 AT > 3| &l
T Mt Aot = st A
Carbon ub == Hexel
M Fabric R-Glass <2l Bt HAH=10-3
e /16-1.5
el 1.54 2.0 0.052 0.024
x 10° kg/m?® kg/m?® kg/m?® kg/m®
E1 65.1 GPa 56 GPa 20 MPa 1.0 MPa
Ex 65.1 GPa 16 GPa 20 MPa 1.0 MPa
Ess 10.8 GPa 16 GPa 20 MPa 41.3 MPa

Gz 4.74 GPa 3.5 GPa 7.7 MPa 20.7 MPa

Gis 4.74 GPa 3.5 GPa 7.7 MPa 20.7 MPa

Gos 3.38 GPa 4.1 GPa 7.7 MPa 20.7 MPa

(U 0.04 0.27 0.3 0.3
Vg 0.04 0.27 0.3 0.3
Uy 0.3 0.4 0.3 0.3

Sy, _ - i
TE e 2 o} = st &
aw | S | 0| s
- /16-15
Xt 680.7 1560 1 0.1
Xc 562.5 1300 1 0.1
Yt 680.7 55 1 0.1
Yo 562.5 214 1 0.1
zt 50 55 1 0.654
Zc 250 214 1 0.654
oy 116 67 05 0.448
S, 1116 67 0.5 0.448
S, 50 50 05 0.448

Table 4. Design load of blade cross section

T2 | Fx | Fy | Fz Mx My Mz

_, | 350 | -75| 50 5 -55 -20

" | KN | kN | kN | kN-m | kN-m | kN-m

Fig. 5. Sign convention

2.6 2835 MA Case

34 ZH Edeol= ©d HZHE HAAE 9
gk HAsgl 449 FE Table 59 2t WA 2
8352 (t;)e AAESF 48 F5F 02 53

el S FAskr] gdalM AAWMST 4

(t1,T9, tss tys L5
AAREST N7 249

individual)®] 7} W& =2 549
1062 FE3A T Al

A7l HAsh ARAFE 5,
<= (no. of generation)=
& H&3H.

zZEROZ

AARSF7E 570
1 Fdo. =%
el Al 7|2 4=(no. of

&gk §_J‘-

=2 1,000 A cH
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Table 5. Analytic cases of optimum design

Case Case Case Case Case
0 1 2 3 4
| | EAEE e | wAes sl
T zA (t17t27t:5*t4) (t17t27t3’t47t5)
T
~ HA S | WA | WS | WS
5 10 5 10
M| CH == - 1,000
ul2
skt - Pc = 05, Micro-GA
O] E

2.7 sl A3

Table 50 A|AJE HZA3 H9< Fo gt
Yol & HA3Z) S|4 AHE Table 69 ¥l
o A3

21 (6)2 ¥ %7] AWMzl FEEH F

3p7F aHEHRA S Case 09 Edol= A=k
2 oF 88kgo ® o] 2 EFolE AFS HA
glsly FAld s FEERAS wEer] fg
HAg A9 Gl Uit A5 (Case 1~4) Bt}

# ko7, Case 3% Case 4 tH] 2F 20% A%
Byol= dFo] ¢ Fhues AL & F AUtk
Table 79 FaYstd F&52AS AHRET
G)~GOB)e 27, EAdtx, 23, Z8$49d,
sty el e zZtzbe] vl XS (failure index)
%z1E& dehiin, GeB G AFFA 3
g 2 4 FEEH a83 GBS ZEHEH
= w9old HaAF TEHZAL vepan,
Table 79 Case 0°] gt F&x A5 A4
wd Yo eSS Jelle GO 2
A ATE YelllE G(7) kel 49 ge=

Table 6. Analytic results of optimum design
cases (kg, mm)

ERe Case | Case | Case | Case | Case
= 0 1 2 3 4
FAH 87.8 86.9 80.3 71.0 71.0
71
= 3.0 129 | 111 | 1.76 | 217
Exubs
= 35 269 | 335 | 0.66 17
Ak 2
= %;] 70 883 | 766 | 781 | 66.47
Exups
= 130 | 1879 | 200 | 111.7 | 134.6
22 51.3° | 43.1°
HZZh ) ) ) : :

Table 7. Constraint results of optimum
design cases

s Case Case Case Case Case
= 0 1 2 3 4
G(1) | -082 | -078 | -0.70 | -043 | -0.49
G@) | -052 | -068 | -079 | -047 | -0.28
o G@) | -092 | -096 | -095 | -0.87 | -0.86
e
G@) | -099 | -099 | -099 | -098 | -0.97
-0.59 | -0.91
G() | 178 X X -093 | -0.75
107 107
Zak -0.14 -0.34
=M G@®) | -0.22 X -0.02 X -0.15
5}5t 10° 10"
S -0.37
=4 G(7) | 004 | -0.18 | -0.17 | -0.15 X
Abt 10"
=He
2lo| Tt -053 | -0.34
L G@® | -0.19 | -0.18 | -0.12 X X
= 10" | 10°
Xl 2k
=2 o
FEzEA] ANEL & F vk
28 F 7 (t;)0] AAMSGe] EZEE Case 3
¥} Case 49 &3 A= o5 AAMWHS X
el R] %E& Case 13 Case 20| Hls] Egoj=
AFo] A FashH, 2719 FEAF G(1), E
Ao dEAF G2), 23 SEAE GB),

ot

AF) TH27

[
tlo
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Fig. 8. Generation no. vs. Torsion box
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) Case 3 ® Case 3 WH3lo|dHy} g meskd Fig. 119] Case 3

. o ' | 7} Case 49] F ZAF E5F oF 4565 FIZoA =

70

i e | adzdel suutt A% @ 4 A

o = [ ‘BSZ i Z > S

5 U] |— g0 Figure 12= HZ3} A4 2345 B3 42 =

40 _ - -

B Z¥o= HAHg vd 4L Uedith 99

i 27 AAWMSIL AEE HHF VG vH I

10

T R ! & & w B }231-?_] Case Ooﬂ H]EH}\‘] gﬁ]]ﬂ'{? 47H(t1,t2,t3,t4)
Generation No. Generation No.

vs. Skin layup angle

Fig. 11. Generation no.

ty; skin thickness — 3.0 mm

t,; torsion box thickness — 3.5 mm

t,; torsion box location— 70 mm
t,; torsion box width — 130 mm

ts; skin layup angle — 0 degree

(a) Detailed configuration of Case 0

(b) Detailed

t,; 200 mm

=

(c) Detailed configuration of Case 2

;176 mm
t;; 0.66 mm
t3; 78.1 mm
ty; 111.7 mm

ts; 51.3 degree

(d) Detailed configuration of Case 3

t); 217 mm
ty; 1.7 mm
t;; 66.47 mm
t;; 134.6 mm
t5; 43.1 degree

(e) Detailed configuration of Case 4

Fig. 12. Detailed configurations of optimum
design cases

7} 1¥EE Case 13 Case 25 2713} EAu}
2 FA7F gFolAal EAEl20] A 7|7} duF o
2 AR @A FFE sttt 20852 (t)°l
F7tE o] AAWMEIY 57 (8, ty, tg ty, t5)] Case
33} Case 4+ TFE Case5 9l Hls|A EAEA~9
ZA7 7P gko EXul~9 =7]E Case 0
ot ZAY FARRE 2718 2EoH, Case 17 2
o= 22 BN 43S Yepdoh

o o

5

=

@]

c

92)

&

B
fr

AAZE ol H8aA Fe HAHAAR 49
FA Edol= dFE A HE2AIH, ole &
A4 FZ o FFoletan Ao

ZH Hdol= AAde el o3 B
= F71HQ gYstTel o3 Eeol= vz 3
Edol= 23 s 2o £¥xAe 18T
LFATF7E FFE FH £33 Sdol= HHA
A A AREE 2 AANF JETL a7E
o mebd 2E Beol= dw HAH3 AN
S 9T FF AFdE oY FUt AE AFE
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