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Thickness Optimization for Spar Cap of Composite Tidal Current Turbine
Blade using SQP Method

Myung-Chan Cha*, Sang-Woo Kim*, Min-Soo Jeong*, In Lee**",
Seung-Jae Yoo***, Cheon-Jin Park***

ABSTRACT: In this study, the thickness optimization for uni-directional (UD) glass fiber reinforced polymer (GFRP)
laminates of the spar cap of composite tidal blades was performed under the tip deflection constrains. The spar cap
was composed of GFRP composites and carbon fiber reinforced polymer (CFRP) composites. The stress distributions
in the blade as well as its material costs for the optimized results were additionally investigated. The optimized
thickness was obtained by interacting a sequential quadratic programming (SQP) algorithm and an ABAQUS software
to calculate an objective function. It was confirmed that the thickness of UD GFRP increased with a decrease of the
restrained tip deflection when a thickness of UD CFRP laminates was constrained to 9 mm. The weight of the
optimized spar-cap increased up to 96.2% while the maximum longitudinal tensile stress decreased up to 24.6%. The
thickness of UD GFRP laminates increased with a decrease of the thickness of UD CFRP laminates when the tip
deflection was constrained to 126.83 mm. The weight increased up to 40.1%, but the material cost decreased up to
16.97%. Finally, the relationships among the weight, internal tensile stress, and material costs were presented based on
the optimized thicknesses of the spar cap.
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Fig.1. Configuration of spar cap model for optimization.
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Design Variable

Longitudinal Direction

Fig. 2. Figure of laminates of spar cap section.

Table 1. Material properties and costs of composites

UD CFRP | 2AX CFRP | UD GFRP Unit
E, 109,200 14,980 43,379
MPa
E, 6,500 14,980 10,304
Viy 0.280 0.750 0.238 -
G, | 4280 28,160 3,452 MPa
Cost 4.50 4.50 0.42 million won/kg

Gradient 2
L

,,,,,,

Secl’on 28

Fig. 3. Configuration of UD GFRP and UD CFRP thickness.
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Fig. 4. Optimization flow chart.

Table 2. Yield strength of composites

UD CFRP |2AX CFRP|UD GFRP | Unit
XT (Tensile) 2,005 138 910
X€ (Compressive) 894 140 750
MPa
YT (Tensile) 68 138 50
Y® (Compressive) 198 140 140
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Table 3. Properties of basis model
UD CFRP Thicknes | UD GFRP Thicknes
Length (mm) (mm) Weight
(mm) tl t2 t3 t4 t5 (ke)
5.51 9 9 76 44 21 878.0

OD8: Run_Opt.odb  Abaqus/Standard 6.11-1 Thu Jul 19 21:50:55 GMT+09:00 2012

e= 1000

Deformation Scale Factor: +1.00004+00

Fig. 5. Displacement (U2) contour of basis model.

Fig. 6. Stress (511) contour of basis model.
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Fig. 7. Weight variation along UD CFRP thickness.
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Fig. 8. Maximum tensile stress variation along UD CFRP thickness.
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Fig. 9. Material costs variation along UD CFRP thickness.
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Table 4. UD GFRP thickness, weight, maximum tensile stress and costs at the UD CFRP thickness of 9 mm

Tip Deflection UD GFRP Thickness (mm) Weight Maximum tensile Ma'te.rial cost
t3 t4 t5 (kg) stress (MPa) ( Million Won)
Basis Model (2.3%) 76.00 44.00 21.00 878.0 178.6 780
3.0% 76.00 15.73 0.10 575.3 215.3 651
2.3% 76.00 54.59 3.44 859.0 173.3 772
2.1% 76.00 76.00 27.05 11289 162.3 887
Table 5. Weight, maximum tensile stress and costs at the con- EA7F A Aastd EA9 YE $8-8 Z715HARE A 21|
strained tip deflection of 2.3% 9.0 74aske oF 2= gt} £3lslo] B u AA A Zx A
UD CFRP thickness (mm) 9.00 4.00 S FA 28 A A)F]L-o) gigt A% 71 (compromising
Weight (kg) 859.0 1203.4 process)S E=&IStch, B Lo A AAISE A S S
Maximum tensile stress (MPa) 173.3 > 180.3 F3 AA A wEste Ao EYolt BEA) A
Material cost (Million won) 772 641 FAE 5T 5 S AR JgEnt

75 178.6 MPao| ], & #7Jo]
23%= E3t o] 2 #3lE 2L 173.3 MPa
2 297% AATS Wtk B3 Be A A% 20| ¢
A ASE Ao AFSYL FAFES & 5 glov, To
270l 2.1%%1 729 3.0%Y A1} 24.6% 7;&@; 24
o AR gL 7% wEY F9 780ulol ], FAL B
'17“ ZAQ2.3%)oA HA3E HEe 77201 Jgi 1.03%
astoleh. B H7o] 712RRY 21% 75, AR
2 3%2 AR} 36.25% =715+t
91| ARZEH UD CFRP 77k 52U %9, 20 4
Hol Algt B4 Aty malo] FA} AR gL
PVt whe, Eelol= o] el A A S g
o % gick.
ze} 7 AJsto] s A<, UD CFRP S7jo] w2 UD
GERP 7], S| 2 1|89 Z7-& Table 59} 2tk
TG A7 Algtol 7% B Zol¢] 23%z FA}L, UD
CFRP 77k 9 mme} 4 mme] %59 223} b2 vla
skt
UD CFRP %77} 9 mm9] 7% %A= 859 kgo|, UD
CFRP 77} 4 mm& 7148 749 SAl= 1203.4 kg& 9 mm
2} v|wste] 40.1% Z7Fshict ot o 1AF 238 4.04%
Z7stu] AR gL 1697% Pashect
919 Az iE FAT B 47 2704 UD CERP

obo 1:1“

oo
r
ol olN

o

= At i@l A A GA TS A A o A 7] & A

T

o2 me

—

s

PARY O] A Q] "MW ©A]§ 2R A AF 7o)

RS AF U AR A E2A AA=EY

ror

. Cho, C.H., “Characteristics of Tidal Current Power and Tech-

nical Trend of Domestic and International Development,” Jour-
nal of Solar Energy Society of Korea, Vol. 6, No. 1, 2007, pp. 9-
16.

. Cho, C.H., and Lee, Y.H., “Current Status of Domestic and

International Technology of Ocean Energy;,” The Society of Air-
conditioning and Refrigerating Engineers of Korea, Vol. 37, No.
10, 2008, pp. 14-37.

. http://www.businessgreen.com/bg/news/1935363/yorks-east-

river-promises-rising-tide-verdant-power

. Wasiutynski, Z., “The Present State of Knowledge in the Field

of Optimum Design of Structures,” Applied Mechanics Reviews,
Vol. 16, No. 5, 1963, pp. 341-350.

. Schittkowski, “Numerical Comparison of Nonlinear Program-

ming Algorithms for Structural Optimization,” Structural Opti-
mization, Vol. 7, 1994, pp. 1-19.



