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ABSTRACT

Study on Optimum Manufacturing Processes for
Hybrid Composite Structure of New Energy

Transportation Vehicle

- An Economical Efficiency Assessment of Composite Carbody -

by Kim, Yeong-Gwang
Advisor : Prof. Kong, Chang-Duk, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

The following result was found through this study. Although use of an
all-composite structure a transportation vehicle may have higher manufacturing cost
than other material structures, if a social economic framework, that both the life
cycle cost including the operational phase cost and the environmental impact would
be more important parameters, is considered the all-composite structure becomes
clearly the best solution for economic point of view relatively to other materia
structures such as the metal structure or the hybrid metal-composite structure.

This study was an objectification to the interrelation equation to fuel costs,

maintenance costs and pollutant emission costs about light weight composite carbody

Vi



and evauated the break-even-point according to all-composite carbody manufacture
cost rise about existing metal vehicle. And this study treated the carbody reguirement
performance and considered a reduction production cost according to the composite
manufacture.

Finally, all-composite structure evaluated most efficient in an operation energy side.

Vii
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Fig. 6 NABI CompoBUS One-Piece Composite Structure
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Table. 1 Phileas 60 Vs. Bi-modal Tram(& A =W/l =)

Phileas 60 Bi—-modal Tram
Length 18.0m Length 18.2m
Dimensions Width 2.5m Width 2.5m
Height 3.1m Height 3.1m
Weight 16,800kg -
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CompoBus
45 C-LFW
Dimensions Length 13.7m, Width 2.6m, Height 3.2m
Weight 12,727kg
) Unitized composite using glass—fiber reinforced,
Construction . . . .
vinyl-ester resin laminate for the body-chassis shell
NABI

Model 60 - BRT

Dimensions Length 18.3m, Width 2.6m, Height 3.1m
Weight 19,490kg
Electrically welded stainless steel structure,
Construction with bonded FRP sheet roof,

stainless side skins and skirts




Van Hool

AG300
Dimensions Length 18.3m, Width 2.6m, Height 3.4m
Weight 17,600kg
Electrically Welded Steel/Stainless Steel,
Construction Fiberglass—Reinforced Polyester Front/Rear
Aircraft Aluminum Roof
Phileas 60
Dimensions Length 18.0m, Width 2.5m, Height 3.1m
Weight 16,800kg
) Lightweight modular sandwich composite
Construction

Corrosion — resistant monocoque body
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- screws of bolts

- nails
Differential construction . -
- rivets o FAF/FFE
method
- sewn seams
- spot welds
- casting
Integral construction - forglng L EDE
method - extruding

- machining, etc.

Integrating construction - bonding
& & hod - gluing T HE
Construction metho - welding
method
Fiber-reinforced
composite A7 st
construction 7 = B 3} 7
method
Composite Sandwich
construction construction WA+ A FE
method method
B
Hybrid _ }
. .. (A5 TA
construction - Hybrid joint = Oij wA
method =)
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21 5EFAs A "dAA At

HZ 4 daoF  Aichi-EXPO20059 M E<Q HFAE AHFS “IMTS'=
GHCRAFTi ol A “All CF Composite structured Vehicles Project, 2003 to 2004”7} <=
B Ak ZA Aol Yo A F N W2 Vacuum Infusion 3ol <& A2
HAx, NEL Adyys: Ao F AgsEE oF 25 (ton)®] CF Epoxy Prepreg
2} Balsa Sandwich core S o] A& 5t SAMPE-JolA @ iEd =8 =y F9
TZ3EE Figure. 119 Zo] AFH X 5 (roof panel), Ato] = F+ZE (side structure),
v (floor panel) &= 74 Hol o, AAl Aad AFS A - b 3 ARAN(AH 27

Yoz FAEHA.
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Table. 3 71& W =45 Vs, H5& A AFae] 423t £4 (F)TF=3}toln})
F % A(kg) 7b A\ w(d4)
9 g2 % =
71 &8 & EAE = 7 %3t 71 &8 2 EAE =
Composite Car Body 2133 1,340 -793
Center Frame Structure 383 300 -83
DashBoard Frame 38 38
Floor Frame 50 50
Structure Engine Compartment 71 71
CNG Tank Frame 235 235
Brackets(Center vs. Side) 10 10
Front/Rear Bummper 70 70
Side/Rear Flap 60 60
Structure Total 3,050 2,174 -876 28,000
Floor Board 255 150 -105
Floor Covering 110 110
Interior Panel 200 150 -50
Driver’s Seat Ass'y 40 40
Passenger Seat 450 400 -50
Stanchion & Grip 100 100
. Lamps 50 50
Interior Inside Frame 100 100
Facility
Glass 160 160
WA 7 7
g A 25 0 -25
Heater 12 12
T HE AAA Y 40 40
Mirrors 10 10
Interior Facility Total 1,559 1,329 -230 27,500
Front Door(%7]4}) 100 100
Mid Door (#7]2]) 150 150
Air-Conditioner System 350 350
CNG Tank 900 315 -585
Destination 46 46
Wiper System 30 30
Lights 20 20
Equipment Back Eye Camera 1 1
W/chairg & % #| 30 30
Defrofter 1 1
Cable Duct&harness 90 90
Call Buzzer ¥ Memory 2 2
AF=NAE ZAA 25 25
71 e, 5 5
Equipments Total 1800 1215 -585 47,900
CNG-Engine Ass'y
Transmission
Radiator&lInterclool, & 2~
- Steering System
4= Dash Board & Electric Box
TE - -
FRT Axle Ass'y
Real Ass'y
71 E},
CNG-ENG. & ATM,Axle 96,100
Total 12,100kg 1 '7’%”%: fﬂ'fbf"” 185,900,0009 | 199,500,000
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Fig. 17 Potential economical advantages of Composite Material
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Fig. 23 Cross-section of the contact moulding set-up, showing the stack of
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Z ZFol(peel-ply)= WO 25 ¥ol7] Asf Ze=Zzda §1 F2ol Aot
T2 & (perforated film)2 I =3 #H79 F4E 98 &8 d(bleeder)d A 715 =2

|z

hole] 9 ol AgEeAx, A BE Woel AFe RELE Fs 7] 99

i

d o (breather) S A}-§ 3t}

Vacuum Infusion A E WL v 49 axol sfxgetor g M= x +x A2
S Y3 ARE Jlsolt. o= HEI VARTM(Vacuum-Assisted Resin Transfer
Moulding) ¥ SCRIMP(Seemann Composite Resign Infusion Moulding Process)® ¢

ERC AN



off

VARTM 7= ¢ ¥ FxEd @ AFE 7

olf

A g M= B
& A wo] 2o]} &Y (Honeycomb) o] (core) AMAL A€ 5 ¢li, E(foam)

aojol ofs) hAEw. FF AF AAHE HA o7 A "ol Ad(channe) T+ £E At

b A

I

7+ 2719 HAE A sty fdtE WHS SCRIMP(Seemann Composite
Resign Infusion Moulding Process) ©|t}. Figure. 249 YEld A3} o] HE E=
HAEA7I= R Fursto] Ad - x = Figure. 250 Kol wpe} o] dfg =
o AT AgsE AAA7I7] A& ASEH. oy d AEdES BHE 7 W Ed2yH

Fu g 4y gee] prEolt

Inlet runner channel  Dry reinforcement Distribution media

Sealant tape Peel-ply Vacuum bag Outlet runner channel

|

Figure. 259 9% 27] A4S BT o ofF& F&2 ofn] exlo] Az
Wiel A8 Ade] £Xsta

=
Ase Ao AN AEE T dWe FrEY FY RAR 2w Adl

il

T Edol ®¥Fo] AHELHY. Figure. 259 2

5 e
e AT w4 A By FHolth (e FEES L ok dxle] FE

il

T AFAAS FAAIL AR FAT AL AR EAT Aol M FA 3

© Ads 2der Fxe dAe wol7] Hdll uFd Az FAHo] shEEA L

% Sv %de] EADSE $UW AFL BEAI D A9 LR AAdE P



°] VAP(Vacuum-Assisted Process) W o2 532 Wt} 7127 AHFS = e 9
=)
[e)

U3 UFL wET. Figure. 26°] VAP

VAP #H & #xo] AEdA &e H4=s HAas Aoz 7| FES SCRIMPO

ofgk 2~4%3 vud u 1% okl e VgES e 5 JaL, AF] Aol i §
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\ / / \

Fig. 26 Cross—section of the VAP set-up
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Table. 6 Life Cycle Costs of Intercity Buses, Canadal3]

Cost Variance (per year)
Life Cycle Cost Component
9 9% Savings 20 % Savings

Operator -
Fuel (25 %) -45 % -10.0 %
Maintenance (25 %) -23 % -5.0 %

Societal :
Road Infrastructure (8 %) -06 % -1.3 %
Pollutant Emissions (14 %) -9.0 % -20.0 %
Fabrication (28 %) 0.0 % 0.0 %
Total Cost -3 % -6.7 %
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