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Abstract: The feasibility of substituting a composite mold for an aluminum mold in the fabrication of a small ship
propeller was investigated. A small three-blade aluminum propeller was used as a plug for manufacturing the composite
mold. A GRPG composite mold and propeller were made from an unsaturated polyester resin, Epovia gelcoat, and
woven and mat glass fibers using the compression and vacuum method at room temperature. The hardness and surface
roughness and the strength and deformation of the compression and suction molds were experimentally determined.
The results were compared with the 1SO 484/2 standard and some aluminum alloy materials. The results showed that
the deformation of the mold satisfied the tolerance of the thickness of the blade. Some characteristics of the GRPG
composite mold were better than those of the aluminum alloy mold (surface smoothness, weight, performance, and
cost), and some characteristics were similar (detachment ability and life-cycle). Therefore, the composite mold is
considered suitable for the fabrication of a small composite ship propeller.

&

(hydrodynamic pressure),

§ 2012 : ,
(2012.5.11, )

t Corresponding Author, yjyum@ulsan.ac.kr (cavitaional erosion, )
2013 The Korean Society of Mechanical Engineers




280

Chieh Lin @

(RTM :

21

)

Toho HTA1200

3(Fig. 1)

Ching-
/ACDB8301

. Jukka Tervamaki ©

. Amanda Jacob ®

Resin Transfer Molding)

ISO

Table 1 Characteristics of propeller model

Parameter | Subscript Unit Result
Material Al - Aluminium
Number of z - 3
blade
Diameter Dp mm 295.2
Pitch P mm 279
Area ratio AlA, - 0.51

, Epovia gelcoat

(woven 360g/m® & mat 300g/m?)

2.2

(Fig. 2,3).

Epovia
0.8mm
0.4mm

Table 1

(Poliwax P600)

(Poliwax PéOO)
( )

2.4mm

PVC
2.4mm(4 layers)

3mm(5 layers)
15

Fig. 1 Aluminium alloy mold of blade

Propeller model
(plug)

compression mold |

suction mold |

outer cylinder mold |

hub

inner cylinder mold |

core '—>| use original core |

Fig. 2 Parts of composite mold
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Table 2 Hardness of materials

Outer cylinder = |
Unit | Result

Material Type

Gelcoat composite | Glassfiber/Polyester/ | HV 97.3
Gelcoat (GRPG)

1050 HV 49.1
HV 70.0

\
| a_a
g Aluminium alloy

Aluminium alloy 6063-T5

Suction mold | Compression mold

Fig. 3 Propeller model and mold product

Compression || Suction mold | |Outer cylinder||Inner cylinder
mold (GRPG) (GRPG) (PVC) (PVC)
| Poliwax _ Poliwax_
v v v v
2 layers (mat/ || 1 layer (mat) ||Gelcoat layer Gelcoat
woven) for || for all surface (0.5mm) layer
all surface (0.5mm)
1 layer (mat) || 1 layer (woven) 4 layers 5 layers
for lower 0.7R || for lower 0.7R (mat) (mat)
A 4 A 4 \ 4 ; _Core
1 layer (mat) || 1 layer (mat) Detach & F
for lower 0.4R || for lower 0.4R || connectby |[Assemble by

polyester pressure
v v v

Compress Detach Assemble Composite
by bolts | ] (3 blades) ™ bybolts | >| propeller

Fig. 4 Chart of manufacturing process

Fig. 3

222
Poliwax P600

(overall, lower 0.7R and lower 0.4R surface).
(GRP) Fig. 4 5

3.1. '
Fig. 7 Roughness testing

), :
3.11
, Al-1050

Al-6063-T5 BUEHLER



282

Table 3 Roughness of materials Load (N)
25 At0.7R
Material Type Unit Result 123 M“‘“"’”
Gelcoat composite GRPG um 0.05 100 ST
Aluminium alloy 1050 pm 0.18 75 rg:-""
Aluminium alloy 6063-T5 um 0.20 50 i =======Compressionmold
az ;" —— Suctionmold
25
0
0.00 0.05 0.10 0.15
Deflection, mm
Load (N)
125 At 0.8R

g 8
100 A
75 Pt

Fig. 8 Bending and compression testing 50 ======= Compressionmold
—— Suctionmold

25
Load (N) 0
200 - 0.00 0.05 0.10 0.15
Lo -----=- Compresgionmold Deflection. mm
—— Suctionmold - Load (N)
120 AR ,.MW 125 - AtO9R N
20 '»,f AV l\ Lt 100 W-ﬂﬁ“‘w
40 4 BT
0 i S50+ Compression
0.0000 0.0710 0.1294 0.1826 0.2486 bs mold
Displacement, mm 0 .=
Fig.9 Load-displacement of mold only 0.00 0.05 0.10 0.15
Deflection, mm
Load (N) ) ) )
150 Fig. 11 Results of deflection along radius
50 -
120 } 301 (Fig. 7) . Table 3
90 /
60 —
— 313
0 — - . Fig. 8
0.000 0.243 0.485 0.712 0.818 1.000 (0.6R, R
Displacement, mm — radius of propeller)
Fig. 10 Load-displacement of mold and mixture inside /
Imm
. 0
MMT-7(Fig. 6)
Table 2 . UTM (Fig. 8).
Fig. 9 10
3.1.2
314

(60x100x3mm) . MITUTOYO SURFTEST- ISO ®
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(dimension error)

(near

(0.6R)
. 0.6R( )
Fig. 9 0.7R-0.9R Fig.
3.15

(Epovia gelcoat

3
1 (near trailing edge), 2 (along max. thickness), 3

leading edge)
MITUTOYO microscale .
Fig. 12  Table 4,5
- R=1476 -
| 2

Trailingedge 1

T

T e — . — -0l
- Q‘I— ' \ -1‘. 1' \1 .,

f.’r., ) \ \ .. ‘K— \ \1 1,| |I | .
(f (;_4 T ‘\ \ \'II\-l' 1[ ll'l | ] \ .
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Standard plane

Fig. 12 Position and method of measurement
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3.2
*
GRPG
(AI-1050 ).
*
Table 3 GRPG
0.05um
Epovia
*
204 (6)
. Fig. 9 ,
®).
fiim = +2% x t = +0.112mm
t 0.6R 5.6mm
Table 4 Coordinates of compression surface
Position Values of x, mm
Sample .
(line) | 0.4R | 0.5R | 0.6R | 0.7R | 0.8R | 0.9R
Al 1 38.39(39.19(39.17 | 38.76 | 39.52 | 41.76
2 67.74164.92|61.19 | 57.52 | 54.36 | 50.75
propeller
3 96.54 [91.47|86.81| 81.9 |74.42|64.01
1 38.38(39.14|39.12 (38.71|39.47 | 41.7
(an\;F;dG 2 67.74 | 64.9 |61.16 |57.48 |54.32|50.71
3 96.53191.43|86.76 | 81.85 | 74.37 | 63.96
Table 5 Thickness of blade
Position Thickness of blade, mm
Sample ;i
(line) | 0.4R | 0.5R | 0.6R | 0.7R | 0.8R | 0.9R
Al 1 3.34 | 296 | 2.64 | 246 | 241 | 2.39
2 8.97 | 6.94 | 561 | 475 | 4.23 | 3.84
propeller
3 3.96 | 3.77 | 3.49 | 3.28 | 3.16 | 3.15
GRP 1 331|293 | 262 | 245 | 240 | 2.39
2 8.86 | 6.87 | 5.57 | 4.72 | 4.21 | 3.83
propeller
3 393 | 374 | 347 | 3.27 | 3.15 | 3.15
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Deflection (mm)

0.12

0.09

0.06

0.03

0.00

e From experimment
From norm

-
-
-

R 0.9R (1.8R 0.7R 0.6R

Fig. 13 Comparison of deflection
0.6R (fexp)

(Fig. 9):

Fiim = 118/3 =39.3N

(Fig. 10) ( Imm ,

Frax = 88.3/3 = 29.4N

I:Iim

0.6R Frmax = 88.3N

Fig. 11 0.7R, 0.8R, 0.9R

2%

Fig. 13

YAl Pro. (%)

© . Table4 5

Table6  Fig.14 15

(GRPG Mold

-Al Pro. )/ Al Pro. (%)

-Al Pro.
(GRPG Pro.

Table 6 Coordinate error of mold and thickness error of
blade compared to Al propeller

Position Error, %
Factor .
(line) | 04R | 0.5R | 0.6R | 0.7R | 0.8R | 0.9R
Al pro./ 1 0.30 | 1.69 | 1.89 | 2.03 | 2.07 | 2.51
GRPG 2 0.00 | 0.29 | 0.53 | 0.84 | 0.95 | 1.04
mold 3 0.25 | 1.06 | 1.43 | 1.52 | 1.58 | 1.59
AGRP 1 -1.05(-1.01|-0.76 | -0.61 | -0.41 | -0.21
2 -1.23(-1.01|-0.71 | -0.63 | -0.47 | -0.39
propeller
3 -0.88 | -0.80 | -0.57 | -0.30 | -0.25 | 0.00
Emor(%a)
—— Pozition 1
3.00 —
—&—Pozition 2
250 ——Position 3
200
1.50 o
1.00
(.50
(.0}
Nn4r 5k 0GR [ i naRr M OR

Fig. 14 Error of Al propeller/GRPG mold pair

Emor(%a)

1.50 —s+—Position 1

—8—T'ozition 2

1.20

—e— Pozition 3
(b, 5H()

(X
030

000
1 4R (101 5 {h R TR i Bk 1]

Fig. 15 Error of Al propeller/GRP propeller pair

Fig. 14 GRPG
2%
< 2%)
GRPG 0.4R
. 1(
) ; 2( )
Fig. 15
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IGRP
(1.23% ), GRPG ) ,

I1ISO . GRPG
: (
position 3 . GRP : : , )
GRP Al

, GRPG
. ( ):

1639 ( )+171g ( ) =334g
. ( ):

(
gelcoat)
(
) . (1) Carlton, J., 2007, “Marine Propeller and Propulsion,”

Second edition, Global Head of Marine Technology and
. Investigation, Lloyd’s Register.
. ( ): (2) Lin, C.-C,, Lee, Y.-J,, Hung, C.-S., 2009, “Optimization
and Experiment of Composite Marine Propellers,”
Composite Structures 89, pp. 206~215.
) (3) Molland A.F. and Turnock, S.R., 1991, “The Design
o ( ): and  Construction of  Model  Ship Propeller
Blades in Hybrid Composite Materials,” Composite
Manufacturing, Vol. 2, pp. 39~47.
(4) Jukka, T., 2000, “Making a Composite Prop,”
4. Tervaméki Engineering.
(5) McDermott, J., 1993, “Reinforced Plastics,” Vol. 37,
Issue 12, pp. 24~26.
(6) 1SO 484/2,1981, “Shipbuilding — Ship Screw Propellers
— Manufacturing Tolerances,” International standard.




