A Study on the Development of the Light
Drive Body for Small Boat by Using High

Performance Composite Materials
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A Study on the Development of the Light
Drive Body for Small Boat by Using High

Performance Composite Materials

Han-Jun Kim

Department of Mechanical System Engineering

Graduate School of Maritime Industrial Studies

Korea Maritime University

ABSTRACT

Traditionally, the drive body for small boats has been made
with metals. Manufacturing method of metallic drive body
followed with consecutive and accurate process of casting,
machining, surface grinding, plating or coating and
assembly.

The fabrication of FRP(Fiber Reinforced Plastics) drive
body 1s of great advantage to reduce weight, low vibration
transmission, vibration absorption, specific strength, specific
stiffness, fatigue resistance and wear—Ccorrosion
characteristics in seawater. In accordance with this
development, 1t 1s easy to increase production rate and



mechanical properties, whereas to get lightweight and low
vibration than strainless steel and aluminum alloy.

To make specimen, we used glass roving/roving cloth as
reinforcements. Hybrid fabric with carbon and aramid fiber
in order to protect from rub and impact of floating matter
was also used for skeg part. We also used epoxy matrix
YD115 which is good for increase fiber area weight, rub
property and relatively lightweight and room temperature
cure. Eventually, we did co—cure together with fermate as
core material.

The resin having a relatively fast reaction was injected by
a low pressure machine into the airtight mold, which 1is
RTM(Resin Transfer Molding). For the airtight tooling, a
silicon O-ring was used for around the injecting hole. In
consideration of multiple functional structure as well as
measure stability during second process, various small
metallic jigs were also designed and co—cured to be stood
up to over pressure properly.

Mold assembly, resin injecting and curing with circulation
water at 80C during 4hours were conducted. Heating time
1s suit for ideal combination between resin and glass
fabrics, which was easy to release from the mold for from
4 to 6 hours. The released FRP body from the mold was
finished by above procedure and continued to be coated and
final assembly.

In conclusion, we developed FRP drive body for small boats
to reduce weight, to protect vibration, to save production
cost, to cut down maintenance charge, thus it became to
have properties of higher resistance corrosion and longer

lasting mileage than common metallic drives.
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2.1 AdA =

2 AYe AbgE BAA 2 1 542 Table 13 2t
2 A 5 (S2-glass roving cloth)® 7FAdv] 253 ZFeE 7}
A AFS 25 F Ao mpEI FRE o3 FAHAOEN
B EA7F HE FHojof st AA L(skeg)F-ES FHEA -9}

olgtu] = (kevlan) A 75 E§3 A =Z~(cloth & AHE3FA T

Table 1 Kinds and properties of reinforcing fiber

S2 Glass Carbon fiber Kevlar29
Manufacturer Owe.nstornmg HITCO DuPont
Fiberglass
Filament
diameter(ym) J1 12
Density(g/cm') 2.46 1.8 1.44
Tensile
modulus(GPa) 81 248 62
Tensile
strength(MPa) 4585 3170 2758
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Table 2 Physical and mechanical properties of hardened

epoxy resin

YD 115/ HY 3326/ DY 062
Mixed ratio(parts by weight) 100/80/3

Viscosity(cps) 00 = 80 at 25:C

200 ~ 300 at 40C

Pot life (40°C, hr) 20 ~ 22 at 40T
Density (g/cm’) 1.21
Tensile modulus (GPa) 3.3
Tensile strength (MPa) 83
Flexural strength (MPa) 127
Ultimate strain (%) 6.4
Poisson’s ratio 0.35

_10_




Photo. 1 The stainless cores in drive body

_11_



ol

.
fite)

i

bar, Z1A1A 4=

ile}

el Aakgel gol

S
pul

A=t

o}

A =

el

—,AO

Ciass

}7] =

5]

b ol

ol

ol
e

71 A A

o

~
dr
Ma

&

To-

Table 3¢

AR 38f A

2}/ol %

o] A&

= YEhaL o

_12_



Table 3 Physical and mechanical properties of metal and

composite materials

Composite Material
Al | Stainless | Carbon
5005 Steel 305| Steel | Glass/ Car/bon Kevlar/
Epoxy Epoxy Epoxy

Tensile

Strength 27 53 139 49 102 58
(kg/mnt)
Specific

Strength 1.0 0.7 1.8 2.7 6.4 4.4
(10'M)
Specific

Elasticity 2.6 2.5 2.6 14 4.6 2.3
(10'M)

Compressive

Strength - - - 51 64 47
(kg/mi)
Bending

Strength - - - 53 70 53
(kg/mnt)

Specific Gravity|2.69| 7.85 7.80 1.80 1.59 1.33

_13_
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Photo.2 The first design of drive body

Photo.3 The second design of drive body
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Photo.4 The last design of drive body

ANTI
VENTILATION
PLATE

—_
DRIVEN
DRIVE
BODY BODY \E PROFELLER

“SKEG

Fig.1 The structure design of drive body
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(a) Assembly of drive body

(b) The picture of drive body up and down

Photo.5 The structure of drive body
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| Epoxy Resin Q

| v
v Air Compressor
Vacuum | N
Pump
Heater
A
4—
Fabrication
Mold
>

Fig.2 The manufacturing process of drive body for small

boat
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Photo.6 The manufacturing apparatus of drive body for the

small boat
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Fig.3 The outline of mold
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(b) Packing installation for sealing

Photo.7-1 The manufacturing mold of drive body
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(c) Installed pad and jig for combining cylinder

Photo.7-2 The manufacturing mold of drive body
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Making boss

v

Manufacturing cylinder pad

v

Coating release liguid and airtight box

installment

v

Lay—up reinforcement material and boss

v

Combinated mold and sealing process

v

Curing the resin and releasing

v

Measure working process

v

Painting process

v

Mechanical assembly and accomplishment

Fig.4 The procedure of the drive body fabrication for small
boat
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(a) Plane figure

(b) Under-side view

Photo.8 The finished product of drive body for small boat
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Photo.9 The upper part of drive body on the

manufacturing finished product
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(a) Edge part

(b) Middle part
Photo.10 The shape of co—cure together with casing and
drive body

_32_



Photo.11 The combination check to cut the middle part
between boss and drive body
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(a) Crack occurred under uncured condition

(b) Internal bubble

Photo.12-1 The occurred defect in manufacturing
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(c) Surface defect by bubble

(d) Defect by resin starvation

Photo.12-2 The occurred defect in manufacturing
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Table 4 The result of tensile test

Width Thickness | Max Load | Max Stress
(mm) (mm) (N) (MPa)
1 12.8 0.8 23,364 316
2 12.8 5.7 23,364 319
3 12.7 5.7 21,771 303
4 12.8 5.6 24,051 336
5 12.8 5.6 23,131 320
Mean 17.8 5.7 23,136 319
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A drvres DD

Photo.13 Tensile testing apparatus
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2. =31 E

KS M 3305-967F Al 93] A tAg = 76mme|H, Al &=
© 3mm/min®® A¥e AAsAT. wdAPe AnE
Table 59 YetUR o, Hdw3d &= oF 432MPa(44kg/mr)
olal, GAF+= °F 16GPaz EMGE

Table 5 The result of bending test

Width |Thickness|Max Load|Max Stress Young's

(mm) | (mm) | )| (MPa) | OIS
1 25.5 5.9 3,364 429 16.9
2 25.5 5.8 3,345 445 16,5
3 25.5 5.9 3,440 448 16.7
4 25.3 5.9 3,022 397 156
5) 25.5 6.0 3,494 440 16.6
Mean| 25.5 5.90 3,333.00 | 431.80 16.46
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Photo.14 The figure of bending test
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3. 45N 9
KS M 3015741 s A@EESE 20mm/minZ A @< 4
ATk AW ADE Table 6 e on, o] 7ol
A4 AgR Agde A7e Eol o 13mm, FAZ o
Kol

578mm¢<l Al@Aolm, HA =8-S oF 250MPa(25.5kg/mir)

oJt}.
Table 6 The result of compression test
Width Thickness | Max Load | Max Stress
(mm) (mm) (N) (MPa)
1 13.0 0.8 19,429 256
2 13.0 5.7 18,137 244
3 13.0 0.8 18,855 251
4 13.0 0.8 19,259 250
5) 13.0 5.7 18,236 249
Mean 13.00 5.8 18,783 250
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Photo.15 Compression testing
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Table 7 Specification of small boat

Items Content
Length 7.9m
Width 2.2m
Depth 0.9m
Engine 135HP
Permissible torque of
_ 92kg-m
drive body
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(a) Fabrication of boat body

(b) Fabrication of tunnel part

Photo.16-1 The composite fabrication of a small boat
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(d) Installation in small boat

Photo.16-2 The composite fabrication of a small boat
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Photo.17 Small boat equipped with FRP drive body for testing
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Table 8 The comparison of characteristics with metal and FRP

drive body
Metallic drive )
body FRP drive body
Weight
(except 45kg 23kg
propeller)

Wear corrosion

Corrosions occur in
metal drive body
rapidly
(don’t use zinc)

No corrosion

It is possible that
weilght reduction
and stream bend

Mileage - shaped body was
increased
approximate 2% of
mileage
Velocity 24knot 26knot
Absolute vibration T.h € same ablhty. of
Vibration by using the rubber vibration absolution
without the rubber
bumper
bumper
) More comphga ted cost cut down about
Manufacturing | process and higher o )
40% compared with
cost cost than
) metal
composites
Maintenance high cost low cost
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