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NOMENCLATURE

o; : Vertical stress
r; - Shear stress
v; - Shear strain
€; : Vertical strain

E; : stiffness

x,y, z : Direction of axis

Q; : Reduced stiffness

Q; : Transformed reduced stiffness

§; : Compliance

[ :cosd

m :sin{

N ; : Positive resultant forces

y

M; - Positive resultant moments

t : Total thickness of laminate

k; : Bending curvature
e’ Midplane tensile strain
A ; : Extensional stiffness

y

B ; : Coupling stiffness

y



D, : Bending stiffness

J
PS : Horse power
Tog : Torque
D : Diameter of shaft

R : Ratio of diameter

0; : Average stress of shaft direction

T,, : Average shear stress

(7 )u : Average shear stress of shaft



Abstract

Filament Winding Process is a comparatively simple operation in
which continuous reinforcements in the form of roving are wound over
a rotating mandrel. And now well established as a versatile method for
storage tanks and pipe for the chemical and other industries.

This paper investigates that technology is ensured by filament winding
process and composites  shaft of small ship is developed. Property of
composites shaft has high strength and effect of materials reduction as
it is compared to metal shaft. So, purpose of the study is to ensure
manufacture process of composites shaft, stress analysis and design of
structure for small ship

The purpose of this study is to design and to analyze the stress of
composite shaft which is wound by filament winding method. The
composites shaft has high strength and reduction in weight compared
to metal shaft. Manufacturing composites shaft is used to metal
shaft(SUS420), it 1is diameter(D=40), length(L=300). The shaft is
designed to considerate tensile, compression, torsion and vibration.

As composites shaft which is influenced the largest by torsion was
analyzed, the diameter is as large as shear stress is smaller. If angle of
winding is 90-degree, shear elongation becomes large and torsion
moment is large. In order to replace metal shaft with composite shaft,

the diameter of shaft was determined on 40mm and the ratio of



diameter was determined on 04 for torsion moment. As angle of
winding is 30-60 degree, shear elongation was not different. In the case
that angle of winding is 75-degree over, composites shaft may be

fractured by torsion. So, diameter of composite shaft must be grown,

because of safe of composite shaft.
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T able 1 Comparison the property of steel shaft

and composites shaft

Steel shaft Conpos ites shaft
Mterials Steel FRP
W ight 1( 100%) 0.3(30%
Cor.ros ion Low High
resistance
Specific )
strength Low High
Spec1f}c Low High
e longat ion
Absplut ion of Bad Good
vibrat ion
NLnber.s of Mny A little
earing
Property of Bad Good
repair
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2.3
a. (main body)
Headstock, Tailstock, Base, Carriage, Carriage Bed, Resin
Bath, Eye, Eye Bath . (Fig. 1)
b. (headstock)
(spindle Motor), (timing belt)
(chuck)
(tailstock) , (carria
ge) . (Fig. 2)
c. (tailstock)
d. (carriage)
(bed) )



Spindle
(cross feeder),

(bath), (eye)

e. (carriage bed)
(Fig. 3)
f. (resin Bath)
(band)

(Sqeeze Roller) . (Fig. 4)

g. (eye), (eye support)
(guide)
, (eye support) (handle)
. (Fig. 5)

h. (controller panel)

RPM (speed setting) S/W, S/W, S/W,



S/W, (cycle counter), S/W

(curing oven)

FRP molding

. (Fig. 6)

FRP (molding)



Fig.1 Main body

Fig.2 Headstock and tailstock



Fig.3 Carriage and carriage bed

Fig .4 Resin bath
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Fig.5 Eye and eye support

Fig.6 Curing oven
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Fig. 7 Filament winding fabrication system
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(Filament Winding)

, mandrel
precure, (alignment)
a. Mandrel
b.
10

25 27 mmHg
C. (winding)

(strand)
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layer  winding parts
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Fig. 8 Rotation of the main fiber axis for the optional x,y axis
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Fig. 11 Shape of shaft for small ship
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Shear Stress(MPa)
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Fig.12 Shear stress for rate of dimension
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T able 2 Design condition for composite shaft

Horse power 196 (PS)
RPM 6,000
Tensile elastic modulus
. 42,770 (MPa)
of glass/epoxy composites(E:)
Tensile elastic modulus
) 11,720 (MPa)
of glass/xpoxy composites(E:)
Poisson's ratio(Vi2) 0.27
Shear modulus (Gi2) 4,130 (MPa)
0.0mse
Q.06 | -4 Ratio cf
0om4 © | darreter
—— 02
=04
—— (.6
# 0.8

[ :
SMWIHHVHOLDEDHE0E 0B
Angle(Deg)

0

Fig. 13 Shear strain for angles and ratio of dimension(¢,,,

D0=40)
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Shear Elastic Modulus [MPa)
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Fig. 14 Modulus of rigidity for angles
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Shear Strain

Fig. 15 Shear strain for angles and dimensions(D./ D:=04)

0008

Shear slrain

Diarmeter (Ch)

Fig. 16 Shear strain for angles and dimensions(D./ D:=0.6)

- 36 -



T Angle

Shear Strain

Diameter (C)

Fig. 17 Shear strain for angles and dimensions(D./D:=0.8)
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90°
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5.2

a. (matrix)

Table 3

T able 3 Properties of matrix used in this study

Viscos ity
E.E.W
Kinds (CPS at | Ratio Note
(g/eq)
25 )
Epoxy resin 5,000- 6,0 o
170- 190 100 |F/W, Laminating
(KBR- 1729) 00
Curing agent o
30- 60 80 F/W, Laminating
(KBH- 1085)
Catalyst
300- 700 3
agent(BDMA)
b. (reinforcement)
. Glass roving
TEX roll
Direct winding roving(single roving) , TEX
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Strand

roving(assembled roving)

TEX

T able 4 Properties of fiber used in this study

multi

Tens ile

Kinds TEX| strength Dia.( ) Note
(g/Lox)

ERS2310FW 2310 MIN.20 13 F/W, Pultrusion

-39 -



c. Shaft

T able 5 Spec of filament winding machine

Re gulations

Winding Dia. 25-300mm
Winding length 1200mm

Weight of mandrel Max. 20kg
No. of spindle 1 Axis
Height of spindle 1000mm

No. of axis

-. X Axis : Mandrel rotation

rpm : 0-200rpm

-. Y Axis : Carriage traverse
stroke of traverse: 0- 1400mm
speed of traverse:0.3m/sec

-. Z Axis

stroke of cross feed:0- 300mm

: Cross feed

speed of cross feed:Max. 0.3m/sec

Winding angle

0-90

No. of roving

2 Rovings
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(b)fixed Mandrel

(c)winding (d)cure

(e)shaft

Fig. 18 Process of Shaft
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A
150
120
0 >
34 35 Time
Fig. 19 Cycle of cure
(G
f.
(1) )
No. 1 2 3 4 5 Average | Steel shaft
Weight
© 611 622 619 611 638 620 2630
g
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Fig. 9
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