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Vehicle by Fiber-reinforced Composites

2008 € 12 A
m BRI REEE
ok T 2 #
Ll



Utlll

M= #& O FUe] TEMpEL: B

v
I

\
/

E oo TEMEE s @)

v
I

B OLERL s @)

ZFH ¢ LEE Sl @
2008 £ 12 A

BRI ARRR KEBE
ORI 2 B
eyl

i o=



ADSEIACT ..o
L A B
2. AR ZEAMIZE s -7~
3. ABEY A s
31 AZ HALY Z]F i
32 FE AR i
33 AT ETANT oo -12 -
331 ARASFEZANEY B -12 -
3.3.2 FaAYPAM Y A3 EFAE . -14 -
3.33 ARAS EFAEY BAL -17 -
4. FARY AR s - 20 -
4.1 T A TIF i - 20 -
4.2 Hand Lay—UD.......coeevvmiiiiinriiieciieeiineii e - 20 -
4.3 A3 ¥ (Vacuum Bag Molding) ........cceeeeeeeerrennnnnnn -21 -
4.4 VaRTM(Vacuum Assisted Resin Transfer Molding)....... - 24 -
5. Al@A AF H B4R A - 25 -
o I o S - 25 -
5.2 BAR] A i - 28 -
6. CFD & 34 &3 4 AA nde 44 ... - 31 -
7. 5 AL HAA D WA - 34 -

7.1 521 ZrA8e AA AAl - 34 -



7.2 ZF AE D FAE FA Bl e
7.3 2t AR € FAHE 7|AH 54 v

7.4 AFEE EAH] I i
8. FFol AT F TF e
8.1 AT FZ oo
8.2 Al AT
9. A3 Aol T3 F e
10, s



Abstract

This research investigated to find out the possibilities of applying FRPs to
the AUVs. In this study, two kinds of metal materials, which is one of the
popularly used materials for manufacturing AUVs, and 6 kinds of FRP
materials were considered. Material properties of FRPs were derived by tensile
strength tests and chemical analysis. Moreover, various types of AUVs were
designed by 8 kinds of materials properties. From structural analysis, we can
find out that the weights of AUV by CFRP-Autoclave could be reduced by 60%
in comparison with the weights of AUV by Al 7075-T6. Also, 40% weight
reduction could be expected compared to the AUV by Ti-6Al-4V. Moreover,
two types of AUVs, which were designed by CFRP-Autocalve and CFRP-
VaRTM, have sufficient mechanical properties comparing with prior metal
AUV models. Lastly, manufacturing processes for two types of AUV models
were designed, and environmental safety were clearly confirmed by the result
of moisture absorption test.

In this result, we could conclude that the AUVs of CFRP-Autoclave and
CFRP-VaRTM have various merits and potentialities as one of the AUV models,
and two types of models were manufactured by applying the materials and

manufacturing processes near future.
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Fig. 1. Future navy operation system
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Sea water
4~18°C
300m

Table 1. Working condition of AUV
Particular working condition

Environment
Temperature
Depth range
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Table 2. Mechanical properties of various metal materials.®!

Young’s | Tensile Yield | Specific | Specific
Specific
Materials Modulus | Strength | Strength | modulus | Strength
gravity
(GPa) (GPa) (GPa) (10m) | (10m3)
SAE 1010
(&7, 7.87 207 365 303 2.68 4.72
W7
AISI 4340
&=,
} 7.87 207 1722 1515 2.68 22.3
984 ¥
£9)
Al 6061-
2.70 68.9 310 275 2.60 11.7
T6
Al 7178-
2.70 68.9 606 537 2.60 22.9
T6
Ti-6Al-4V| 4.43 110 1171 1068 2.53 26.9
17-7 PH
ZH] 12 | 787 196 1619 1515 2.54 21.0

2%
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Table 3. Material characteristics of Aluminum

Characteristics of Aluminum and their alloy

Merits

Very low weights (Specific gravity: 2.7)

High specific strength

Easy to plastics working

High corrosion resistance

High thermal conductivity (3 times higher than Fe)
No effect in magnetic fields

Strong in low temperature environments

Easy to recycle

Applications

Aerospace & airplane
High function materials (Magnetic disk, Engine cover,
OA machine)

Structural materials (Car, Electronic equipment)

Demerits

Generation of hazardous waste in recycle process
Replacement to polymer materials in car, electronic
equipment industries

High cost comparing other metals

-11 -



Table 4. Material characteristics of Titanium

Characteristics of Aluminum and their alloy

Low weights (Specific gravity: 4.5)
High specific strength

Merits No effect in magnetic fields

Strong in low temperature environments

High corrosion resistance

Aerospace & airplane

High function materials (Artificial bone, Root of tooth)
Applications
Car components

Building materials

Complexities of manufacturing processes
Demerits

High cost comparing other metals
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Table 5. The comparison of damping factors between steel
materials and FRP materials!®

Young’s modulus

Materials Fiber directions Damping factor
(GPa)

Mild steel - 207 0.0017
6060 Al alloy - 68.9 0.0009
E glass/Epoxy

0° 39.3 0.0070
Composite
Boron/Epox
poxy 0° 220 0.0067
Composite
0° 207 0.0157
Carbon/Epoxy 22.5 35 0.0164
Composite 90° 6.9 0.0319
[0/22.5/45/90] 69 0.0201
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Fig. 3. Comparison of aircraft materials between Boeing 757 and
Boeing 787
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Table 6. Material changes of commercial planes[S]

Airplane|Total composite Weight Max. take-off | Max. landing
type weight(kg) saving(kg) weight(kg) weight(kg)
B737-300 681 272 51,256 46,901
B757-300 1,516 676 112,128 92,170
B767-300 1,535 636 141,974 123,468
B787-8 50,600 4,536 199,127 150,230

27875 | 7 ey ks
B 767-300 E 6 passengers increased

B 757-300 E 7 passengers increased

Airplane type

B 737-300 3 passengers increased

0% 5% 10% 15%

Increased range of airplane(%)

Fig. 5. Increased range of airplane by composite materials
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Table 7. Increased range of airplane by composite materials

Vacuum Bag Molding Hand Lay-up Molding
Process Work time Work time
Work time X Work time X
Work people Work people
Coating release 5 min./ 5 min./
5 min. 5 min.
solvent a worker a worker
Cutting
& min./ 10 min./
Reinforcement & min. 10 min.
a worker a worker
fibers
Molding 5 min./ 7 min./
5 min. 14 min.
preparation a worker 2 workers
Lay-up
20 min./ 45 min./
. . 40 min. 90 min.
Deforming, Resin 2 workers 2 workers
impregnation
Releasing, 5 min./ 5 min./
10 min. 10 min.
After treatment 2 workers 2 workers
Total - 68 min. - 129 min.

-23.-
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Table 8. Curing condition of FRP specimens

Curing Temp. Curing Time
Specimen name
°O) (Min.)
CFRP-
179 125
Autoclave
GFRP-
125 125
Autoclave
CFRP-
90 180
VaRTM
GFRP-
90 180
VaRTM
CFRP-
25 1440
Hand Lay-up
GFRP-
25 1440
Hand Lay-up
Below 52C Release
pressure and remove part
> Curing step R
Temperature :‘ ':
Hold 90 minutes min. at 127 + 5C
127°C ! - !
Heat up rate: 0.5 ~4 C/min. \
55T
0
Pressure 6
(MPa) 5.7 to 7 MPa
0 - .
Time —»
L Apply heat after full

pressurization of autoclave

Vent vacuum bag when pressure reaches 2MPa

(a) Curing cycle of 127°C curing prepreg
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Hold 15 to 60 minutes Below 52C Release

at88 +5 T pressure and remove part
Zml N

Temperature :4 cure !

1 1

1 1

1770 Hold 90 minutes min. at 177 +15 C
I"| cure v

88 /ﬁ Heat up rate: 0.5 ~ 4 C/min.
0
Pressure 6

1.4 to 2.8 MPa 5.7 to 7 MPa
2
0 y
Time ——»

— Apply heat after full
pressurization of autoclave
~ Vent vacuum bag when pressure reaches 2MPa

(b) Curing cycle of 177°C curing prepreg

Fig. 12. Curing cycle at vacuum bag molding process
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Table 9. Mechanical properties of metal specimens

[7]

Specimen oy ou
E (GPa) S
name (MPa) (MPa)
Al 7075-T6 72 0.33 2.8 503 900
Ti-6Al-4V 113 0.31 4.43 480 550

Table 10. Fiber/Resin Contents & Mechanical properties of

FRP specimens

Specimen name Fiber content | Resin content E ou
= (%) (%) (GPa) (MPa)
CFRP-
58 42 57 605
Autoclave
GFRP-
63 37 21 409
Autoclave
CFRP-
58 42 56 331
VaRTM
GFRP-
64 36 25 270
VaRTM
CFRP-
49 51 35 295
Hand Lay-up
GFRP-
53 47 20 240

Hand Lay-up
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Fig. 13. CFD analysis for different types of models (Case A, B, C)
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Fig. 14. Design model of AUV pressure vessel
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Table 12. Weights of various types of AUV pressure vessels

Specimen name

Weights of pressure vessel

(Kg)
Al7075-T6 100
Ti-6Al-4V 63
CFRP-
34
Autoclave
GFRP-
32
Autoclave
CFRP-
36
VaRTM
GFRP-
41
VaRTM
CFRP-
41
Hand Lay-up
GFRP-
47
Hand Lay-up

7.34 As H s

Fig. 14 &
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Table 13. Mechanical properties of various types of AUV pressure

vessels
Max. displacement
Specimen name
(mm)
Al7075-T6 0.142
Ti-6Al-4V 0.089
CFRP-
0.168
Autoclave
GFRP-
0.457
Autoclave
CFRP-
0.224
VaRTM
GFRP-
0.501
VaRTM
CFRP-
0.358
Hand Lay-up
GFRP-
0.626
Hand Lay-up
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Table 14. Comparison of material characteristics

Material type
Al alloy Ti alloy FRP
Characteristics
Specific strength Good Good Excellent
Specific stiffness Good Good Excellent
Maintenance Many Many Seldom

Dimension stability Bad Good Excellent
Anti-corrosion Good Good Excellent

Water resistance Good Good Bad
Cost Cheap Cheaper than FRP|  Expensive
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Fig. 16. The process of moisture absorption in the FRP
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Table 15. The specification of test specimens

Curing . :
Reinforcement Matrix Lay-up Pattern
Temp.(°C)
NHT
Specimens 177 Carbon fiber Epoxy [(£45), (0/90)]s
OHT
Specimens 177 Carbon fiber Epoxy [(£45), (0/90)]s

Table 16. The types & the number of test specimens

The number of tensile specimens
FW- SW-
RTD FW SW T T C/D C/FW | C/SW
NHT 6 6 6 6 6 - - -
OHT 6 6 6 6 6 6 6 6

RTD: Test at room temp. & dried Specimen,

FW: Immersion in the distilled water for 3 months (approximately 1% of water rates),
SW: Immersion in the salt water for 3 months (approximately 1% of water rates),
FW-H/T: Tensile test at 82°C environment after immersion by distilled water,
SW-H/T: Tensile test at 82°C environment after immersion by salt water,

C/D: Tensile test at -54°C environment after drying,

C/FW: Tensile test at -54°C environment after immersion by distilled water,

C/SW: Tensile test at -54°C environment after immersion by salt water

(2) NHT(Non-hole Tensile) specimen (b) OHT(Open-hole Tensile) specimen

Fig. 17. CFRP test specimens
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(a) Salt water bath (b) Distilled water bath

Fig. 18. Water bath where CFRP test specimens were immersed

Fig. 19. UTM equipment with environmental test chamber
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Vacuum bag

Reinforcement stack

Release film

Resin bath Vacuum pump

Fig. 26. Schematic of VaRTM process for manufacturing AUV
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