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Regional Stacking Sequence Optimization of Composite Propeller Blade
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Abstract In order to increase structural stiffness of propeller blade, stacking orientation in different regions of
the composite propeller blade was optimized respectively. The blade was divided into 4 zones according to its
thickness and load condition. Stacking optimization was based on draping simulation results of different zones in the

°,90° and —45°.

the optimized blade layup scheme made the main direction of the laminate close to the line

propeller blade, fiber orientation in draping simulation was 0° ,45
scheme of [ 0/45/0/-45],,

connecting the centre points of each section of the blade. The Ist and 3rd natural frequencies of propeller blade were

Compared with the initial layup

raised by more than 25% , the 2nd natural frequency was raised by more than 5%. Displacement of propeller blade
under uniformly distributed pressure loads was reduced by 50%, and displacement under thermal loads was reduced
by 25%. The expected objective of increasing structural stiffness of blade is achieved by layup optimization. The
method of optimization by region not only utilizes the designability of composite materials but also improves the
optimization efficiency. It is suitable for layup optimization of complex composite structures.
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Tab.1 Properties of carbon fiber enhanced composite

E/ E/ G,/ a/ a/ a/
N : :
GPa  GPa ? GPa K K K

130 8.4 0.33 4.5 4E-7 4E-5 4E-5

45°, B KR EE D 108. 8 mm
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Fig. 1 5-bladed composite propeller
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Fig. 2 Ply boundaries on mid—surface of blade back
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blade for 4 layers with different fiber orientation
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Fig. 5 Position of zones and corresponding layup groups in

propeller blade
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Fig. 6 Origin and 4 markers on mid-surface of blade face
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Tab.3 Optimize the paving scheme

i~ E TR LIS
1 [90/90/45/90/90/-45/0],
2 [0,/45,/0,/-45,/90,/90,/90,/-45,/0,/45,/0, .,
3 [0,/-45,/90,/45,].,
4 [45,/0,/-45,/0, .,
Xk
5 [45,/0,/-45,/0, .,
6 [0,/-45,/90,/45, .,
7 [0,/45,/0,/-45,/90,/90,/90,/-45,/0,/45,/0, .,
8 [90/90/45/90/90/-45/0],
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Tab. 4 Natural frequency of blade
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2 124.6 131.5
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Fig. 8 Natural frequencies and mode shapes of the optimized blade = 2X
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Fig. 9 Displacement distributions of optimized blade under uniformly distributed thermal loads

DA 2 B B e 2 - 3 THT 349 A7 2807 T %) i iy
I3 M IR B ¥ S R 37 v AR AT T R e 1 0 B 4 2R
WE 9 I 5 PR .
FAMR T2 hup://www.yhclgy.com 20224 45131

DA 9 R 5E 2 it D JRE 394, 7 ) A 3 i 4%
A A T AN T —2F o BT IR e Y

ARTEAI N T 29 25%



PR 2 1A 22 A 280y S A 7 2L e 349 2 I
Yy R B NSRS AT LA L, 2R 3 i
R TS S0 T34t Fr 254G W el /DA I 2 -
UEEE GO
RS HMHENRHERABET THFHRXALE
Tab.5 Maximum displacement of blade under uniformly

distributed pressure loads and thermal loads before and
after optimization

g AL R /mm Ak )5 /mm
Yy [ g 48 oy 69.8 32.31
A o 12.4 9.22
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