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Material & Structural Characteristics of Composite Material Flexible Propeller
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Abstract

The researches on the development of composite material propeller with outstanding
damping effects have been actively attempted for the reduction of radiation noise of
underwater vehicle propeller. Composite material suitable for the flexible propeller has the
following advantages, such as high specific strength and specific stiffness, low thermal
expansion coefficient, high resistance against environmental deterioration, low possibility of
corrosion due to cavitation, nonoccurrence of rapid fracture due to fatigue, easy molding of
complicated shape, easy repair maintenance and low production costs, etc. For the
confirmation of optimal fiber array structures of composite material for the production of the
flexible propeller blades, in this study, mechanical characteristics of its specimens according
to materials were obtained and structural characteristics of propeller blade were also
examined according to materials and stacking fiber arrays.
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Fig. 3 Performance test of flexible propeller
(Hyun et al. 2008)
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1 Flexible propeller

Fig. 2 Particulars and drawing of flexible propeller
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Flg. 4 Blade image of flex|b|e propeller with thrust variation in uniform flow(upper part)

(Hyun et al.
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Table 1 Material properties of Glass fiber/Epoxy resin
Test type Strength(MPa) Young modulus(GPa) Poisson’s ratio
Tension 315.0 239 0.14
Compression 240.0 32.0 -
In-plane shear 163.3 5.53 -
Shear between layers 384 - -
Table 2 Material properties of Carbon fiber/Epoxy resin
Test type Fiber direction(deg) | Strength(MPa) | Young modulus(GPa) | Poisson’s ratio
. warp 528.0 53.7 0.064
Tension -
fill 461.0 56.6 -
. warp 391.0 49.7
Compression - -
fill 387.0 50.9
In-plane shear warp 113.9 3.60 -
Shear between layers warp 53.1 - -
3. O|AlS} OO ™o XA —— —
Strength \
MEH JHgel =sHEol 24292 (S- E o~ o~ | -
DYNA code®l MAT 1622 AlZ50 A Re2|4 \ /
F/UZA SENE2 XA =4 2 2t 2L
(delamination) BA'S MBI +XIGHAS Sot0] S | omngn s ate
IR BT =H EHBIKUO0], MAT 162 Alist e
Qa0 &=A=H2 Fig. 99 ZCHXao et al e
2007). 2 HR0A= 2JtK 2= AlgE Al Fig. 9 Failure surface of MAT 162 damage
82 Sot0 78t Table 1 & Table 22 J|2 & mechanics model(Xiao 2007)
SAXE HECIH HE A7 [HE |RH =2
B EoHe AXofds SolH Ax&el E4= = AF0A DAS0 R ZZ2E = R 2
oot A2, HIIME E=ARE2 A=Z6HA AF(skew) 2EEE I U, ZT2EP LIHQ
20 Juolgd MMe 2EotE 0/80t M=8 82)(root) 22H M Z(tip)22, £& LIS
2 HE HdRHIE0 e | Z2HH ZIHS 2 2CHedge)2Z 20l W2t SHIE JIsUXle=
AN E4Z= TIGIRUCEH Table 32 2=oiAS S&SH A2 JILD Us LYH(solid)oll 8
et 28 =M= LS-DYNA code2l MAT i (e HEZ=2 1HGH0{0F StCt. Oledst &
022 YEXIE 2= AUt &9 UM HRBIES BB 018

Table 3 Material properties of Glass fiber/Epoxy resin
plkg/m?®)| E,(GPa) | E,(GPa) | E,(GPa) Vi v, v, |G,(GPa)|G,.(GPa)| G, (GPa)

Glass/Epoxy | 1,980.0 | 23.9 23.9 10.3 0.140 | 0.200 0.200 5.59 4.08 4.08
Carbon/Epoxy| 1,497.5 | 55.1 55.2 7.3 0.064 | 0.100 0.100 3.60 2.65 2.65
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AZ2AM LS-DYNAS| 8EA ZIHE #l(thick shell) Fig. 1112 Fig. 120l O|S2 BHEl 22X
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(integration point; Gauss Point, G.P.) J+=2+ 2¢ OS2, TSHELL RAE AMEdk= 2 9IS
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&g+ QCL TSHELLSl R84S =RI6h| flot Fig. 142 2t2f TSHELL & LY @40 24 &
0 2 BUlM= Fig. 1002t 20| |% ZH=S OICte) SEEZE 2010 UCH TSHELL 24
NS ELl ZUSH HWENLx Bxt= £ AZet Z=2It Y RAE ALSst AR
10040 10mm )0l 0.5MPal| S2XstEsS ¢ 250t OA O b HA2 ¢ = AL &8ls
= Z20 U5t REH Hs2 HIWsIILH = 2t F2HEUM 6012 IHREE =0l HIstH =
A = 2nm ESTHNZN SH g2Ee=z e 3 MREE X JAeBz HEHO| 8
50HSl 242 501e HE2H =S AISoIRUCH BEHSES 20 O & LIEMH 2092 Al2=C

(a) TSHELL element (b) solid element
Fig. 10 Configuration of F.E. mesh of cantilever beam plate(Z < Bxt= 100X 40 X 10mm)

.. P

ix
(a) TSHELL element (b) solid element
Fig. 11 Displacement responses of cantilever beam plate(Z X< Bxt= 100X 40 X 10mm,)

G

g dx
(a) TSHELL element (b) solid element
Fig. 12 Stress responses of cantilever beam plate(Z < Bxt= 100 x40 X 10mm)
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Table 4 Maximum displacement and stress results of TSHELL and solid elements

Element Type Layer No.(Gauss Point) | Max. Displacement(mm) Max. Stress(MPa)
5 3.2 132.2
TSHELL
9 3.2 140.6
solid 5 3.5 119.3

(b) 2nd layer

(d) 4th layer (e) 5th layer
Fig. 13 Stress responses of cantilever beam plate layer with TSHELL element
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(a) 1st layer (b) 2nd layer (c) 3rd layer

(d) 4th layer (e) 5th layer
Fig. 14 Stress responses of cantilever beam plate layer with solid element

(a) 9~9 G.P. (b) 9~3 G.P.
Fig. 16 G.P. arrangement of cantilever beam wedge plate with thickness variation

EEE

3 =28 M 46 @ H 2 S 20094 43



211

. Fringe Lassit
ety of Resulant Conplac aemart S,
e

R
e

(a) 9~9 G.P. (b) 9~3 G.P.
Fig. 17 Displacement responses of cantilever beam wedge plate with G.P. variation

(a) 9~9 G.P. (b) 9~3 G.P.
Fig. 18 Stress responses of cantilever beam wedge plate with G.P. variation

Table 5 Maximum displacement and stress results of wedge plate with G.P. variation

Layer No.(Gauss Point) Max. Displacement(mm) Max. Stress(MPa)
9~9 8.25 143.0
9~3 8.25 143.0

(a) 0-0-0 (b) 45-45-45 (c) 0-45-0
Fig. 19 Displacement responses of rectangular cantilever plate with fiber array

Journal of SNAK, Vol. 46, No. 2, April 2009



(a) 0-0-0 (b) 45-45-45 (c) 0-45-0
Fig. 20 Stress responses of rectangular cantilever plate with fiber array

(a) 0-0-0 (b) 45-45-45 (c) 0-45-0
Fig. 21 Displacement responses of wedge cantilever plate with fiber array

(a) 0-0-0 (b) 45-45-45 (c) 0-45-0
Fig. 22 Stress responses of wedge cantilever plate with fiber array

Table 6 Maximum displacement and stress results of rectangle and wedge plates

Plate Type Fiber Array(deg) Max. Displacement(mm) Max. Stress(MPa)
0-0-0 3.20 (100%) 1322
Rectangle 45-45-45 4.40 (138%) 1455
0-45-0 3.60 (113%) 162.3
0-0-0 8.25 (100%) 143.0
Wedge 45-45-45 11.60 (141%) 160.4
0-45-0 9.40 (114%) 170.3
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Table 32 Mag Sz LHEXIE AHESHH 0-45-0-45 ¥ 0-45-45-0)01l CHEH S &L S
Fig. 23(a)2 LIl 401X HE SRUIZd O TEE 212 Figs. 24~270, 2 HES| SH=EXL
ALoHAEE SO RAEEl SHZ2 TSI £ 22! Figs. 28~3501 LIEHLHALD, 012l =T
Ch TSHELL Q45 AIZSIR-SH, Fig. 23(b)MHIA A== Table 70 LUGIRICH HARME 2 E
QF 20| ZoHel SHol et BEE W2 HE AEF/UBAl =X SEHE 7 Z2EY <
SIRICH ZHIA 0182 HEotH 22&H 220 OF RelE8R/HZA =X SEMZ0 BIotH &
e =224 <12l pressure® Dt suction S0l St M Ihk= s =g = ARUCL HS
AZolk= Y= JotRiC HSRHE A 45-45-45-452] HHE0| JI& FHGI
11H) un
.
40 mm
(a) F.E. mesh (b) G.P. array
Fig. 23 Configuration of flexible propeller)
=
(a) 0-0-0-0 (b) 45-45-45-45 (c) 0-45-0-45 (d) 0-45-45-0
Fig. 24 Displacement responses of Glass/Epoxy flexible propeller with fiber array

(a) 0-0-0-0 (b) 45-45-45-45 (c) 0-45-0-45 (d) 0-45-45-0
Fig. 25 Stress responses of Glass/Epoxy flexible propeller with fiber array
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(b) 45-45-45-45 (c) 0-45-0-45 (d) 0-45-45-0
Fig. 26 Displacement response behaviors of Carbon/Epoxy flexible propeller with fiber array
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(a) 0-0-0-0 (b) 45-45-45-45 (c) 0-45-0-45 (d) 0-45-45-0
Fig. 27 Stress response behaviors of Carbon/Epoxy flexible propeller with fiber array
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(a) pressure surface (b) middle surface (c) suction surface
Fig. 28 Stress responses of Glass/Epoxy flexible propeller with 0-0-0-0 fiber array

g Lanem

n..... =
Pt
8 X0t
[
A300e07 _

A0
e
it
2000t
[
Tootas
e

(a) pressure surface ) middle surface (c) suction surface
Fig. 29 Stress responses of GIaSS/Epoxy flexible propeller with 45-45-45-45 fiber array
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(a) pressure surface (b) middle surface c) suction surface
Fig. 30 Stress responses of Glass/Epoxy flexible propeller with 0-45-0-45 fiber array
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(a) pressure surface (b) middle surface (c) suction surface
Fig. 31 Stress responses of Glass/Epoxy flexible propeller with 0-45-45-0 fiber array
(a) pressure surface (b) middle surface (c) suction surface
Fig. 32 Stress responses of Carbon/Epoxy flexible propeller with 0-0-0-0 fiber array
(a) pressure surface (b) middle surface (c) suction surface

Fig. 33 Stress responses of Carbon/Epoxy flexible propeller with 45-45-45-45 fiber array
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(a) pressure surface

(b) middle surface
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(c) suction surface

Fig. 34 Stress responses of Carbon/Epoxy flexible propeller with 0-45-0-45 fiber array

(a) pressure surface

(b) middle surface

(c) suction surface
Fig. 35 Stress responses of Carbon/Epoxy flexible propeller with 0-45-45-0 fiber array

Table 7 Maximum displacement and stress results of flexible propeller

Composite Material Fiber Array(deg) Max. Displacement(mm) Max. Stress(MPa)
0-0-0-0 3.77 (98%) 67.6
Glass/Epoxy 45-45-45-45 3.85 (100%) 54.2
0-45-0-45 3.67 (95%) 70.3
0-45-45-0 3.70  (96%) 72.6
0-0-0-0 2.52  (92%) 83.5
45-45-45-45 2.75 (100%) 110.2
Carbon/Epoxy 0-45-0-45 193 (70%) 92.2
0-45-45-0 2.01 (73%) 108.6
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