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Figure 1. Customers needs.

Table 1. Social and global environment requireme-
nts for automobile.
NATURAL RESOURCE SAVING
Extension of life-time of automobile

Improvement of durability
Improvement of corrosion resistance
Change of fuel source

ENERGY SAVING
Countermeasure of lowering fuel consumption
Weight lightening

COUNTERMEASURE AGAINST ENVIRONMENT
AND POLLUTION

Reduction of CO, exhaust gas

Reduction of HC, CO, NOx exhaust gas

'DRIVING SAFETY
Active safety
Passive safety
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e,
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e

& @
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/
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Weight per Projected Space(kg/m?)
3| FE&=
g &

g

™ '7.6 ‘7% 83 87 9 YEAR

Figure 2. Shifts in Vehicle Weight per Projected
Space.
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Figure 3. Price dependence on the weight of automobiles produced in Europe.
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Figure 4. Fuel efficiency import and domestic vehicles in France with reference to CAFE

standard during last
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Table 2. Amount of penalty paid by the European
car makers to the USA according to CAFE regura-
tions in 1989.
NORMES“CAFE”
AMENDES PAYEES AUX USA EN 1989($)

JAGUAR " 5,582,000

MERCEDES 20,415,000
BMW 14,923,000
PORSCHE 1,875,000
VOLVO 1,036,000

48 2HFE F2A7] AN dLEd
FANANL, TF HEYE AaAeEM o
F AA, AFAY FFE BAAIE Aol &
BHolnx F2F Algelth A¥d} F3E 2
EA717] Ae AA 2718 Folx, A T+
£E W37, 71E AA§ ARE By sl

tlo o

ARZ dAse ol A48 Witk 19 5
de d¥ FFE 9 o5 PPEL %y
HERRIT .

3. 3%3} &

71& AL A5E Bo /e Y& A=
HAA Lejsfof & AEE E 39 Yehlich
9% aHMgez= 1) A8H 2 2 2
P 3) FEAAA 9 715F EA 5 AF,

Table 3. Standard of selection of sheet materials
for autobody.

Cost
Quality and its stability
Stable supply

Functional Characteristics
Lightening effect
Strength characteristics
Corrosion resistance

Manufacturability in mass production
Formability
Weldability, Jointability
No change of Conventional production system

Disposal and recycling

Combustion -
— Engine Engine Friction
Efficiency
Transmission Vehicle Planning
Fuel o L.
Consumption Designing
Weight Reduction Material
— Running ‘
Resistance Aerodynamics Process Engineering
Running Friction

Figure 5. Methods for improving fuel consumption.
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44, 45 YA FFL AzEAH 6 HY 2
AZEAH 5& & & Atk AATEY AFA
AN AAY S 27 98 AFAe] Az
42 oFfzhs AL AEA AxYA B ofl
Ag L EEFF QASAA FAHLR F8
A FAdk A AAFEG 9% B (body-
in-white) 2 g3t 714% $3FE ARscd 2
33 9L uAd AzuRE 2Hde AL
ZR3A RIng A7)ME 4doord FF %
o dhated AzuLH 2, 2Y £ HHuL),
7HEu 4 (22 dsHlg, FE¥E) 2 FA
H & (AL, Hrug) 5 S A A
FHd 23 HEL EASGL 474 9 A
28 2933 97 wd, 2993 ¢Fujy 9,
A& - F2 . 29N GFHF 2¥o]x FH Y
(€% ¢2u]¥, reinforced reaction-injection-mol-
ded[RRIM] npolyurea/glass flake), FZo1$43

B8A8 A4 Y (resin-transfer-molded composite
monocoque) E°1T°. &% L hood, roof, deck
lid, fender, front & rear door, quarter panels <
E3gt) ¥ 84&S “technical cost modeling”™®
UG AHEEI T [ § &S A8 Al 979
UYukA AIFEE H 40 YERIAYS.

A7 YA Y (steel unibody)2 @A AHEHE
AEAE B 222, ojv] &R )&, AA
2 Azdoz AFEe vhde YA 33Fc
g Jid A gljA agA F geA 9A
g a2 23 714 dg JMAEL BFAs

A7 AP HHoz B 2dy AL
AN AEFo2 AFFY ¢FvE dAFL
A7 Y FAEA AFE e, F8 2ole
A% dA EFrEE e Aotk o] 39
#9% 9 Acura NSXZH, Y7+ 10,0000] 1%
ANFL e AT AX 2Tt 2y @A)

Table 4. General parameters used for the four cases studied.

Steel Aluminum Aluminum Composite
Parameter Unibody Unibody Spaceframe Monocoque
Structure Design
Pieces 250 110 7
Weight 225kg 135kg 169kg
Steel Content 100% 60% 75%
Fabrication Stamping Stamping Extrusion, RTM
casting, stamping
" Assembly Spot weld Spot weld MIG* weld, Adhesive bond
adhesive bond
Panel Design
Pieces 11 11 11
Weight 79%g 53kg 83kg
Steel Content 100% 53% 83%
Fabrication Stamping Stamping Injection mold/ Compression
RRIM outers, molding
stamp inners
Subassembly Spot weld Spot weld Adhesive bond Adhesive bond
Examples Ford Taurus, Acura NSX, Audi-Alcoa project Consulier,
Chevrolet Lumina, Ford Synthesis Ford-Reynolds Lotus Elan
Honda Accord Contour

*MIG—metal-inert gas.
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A A, AA, £ Alo)|EY JMPe B
59 B2l ute} Zth FFo] thd “Technical cost
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Table 5. Input assumption.

Parameter Assumption
General Specifications
Annual Production Volume 200,000 per year
Length of Production Run 4 years
Discount Rate 100% per year
Exogenous Cost Factors
Building Recovery Life 20 years
Working Capital Period 3 months
Capital Recovery Rate 10% per year
Building Price $ 800/m’
Life-Cycle Specifications
Average Vehicle Life 126 years
Average Annual Use 16,690 km
Fuel Price $0.33/1
Secondary © Primary Mass
Save* 200% of primary
Secondary Material Value $ 1.00/kg
CAFE(Corporate Average $21.25 per vehicle
Fuel Economy)Penalty per km/l
Landfill Fee $ 25/tonne

*Secondary : Primary Mass Save is the ratio of secondary mass
in engine, power train, brakes, and other components that can
be subtracted from the vehicle as a result of primary mass savings.
Therfore, a lighter car requires lighter secondary systems. The
savings are twofold : a higher fuel economy for steel alternatives
and a material cost savings for the automaker. At a minimum,
a lighter power train will cost less since less material must be
purchased to manufacture it. Possible additional savings in proces-
sing costs are assumed to be zero.
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Figure 6. Manufacturing cost vs. production vo-
lume for body-in-white structure, pa-
nels, and assembly. CM-composite mo-
nocoque. Au-aluminum unibody. AS-
aluminum spaceframe. SU-steel uni-
body.

o7 Zb ki

Figure 7. Life-cycle cost vs. production volume
for the body-in-white structure, panels,
and assembly. CM-composite monoco-
que. Au-aluminum unibody. AS-alumi-
num spaceframe. SU-steel unibody.
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Figure 8. Life-cycle cost breakdowns for the body-in-white structure, panels,

and assembly.
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Table 6. Trend in the materials composition of midsize and compact Japanese passenger cars(wt.%)
' 1973 1977 1980 1983 1986 1989 1992

Pig Iron 32 32 28 17 17 21
General Steel Stock
Rod 12 10 10 09 09 08 08
Hot-Rolled Sheet 69 71 69 76 71 63 85
Hot-Rolled Light Plate 75 72 59 5.7 47 48 36
Hot-Rolled Heavy Plate 02 05 08 06 04 04 03
Cold-Rolled Sheet 389 379 338 294 260 225 150
High-Tensile-Strength Sheet - 05 14 4.1 73 64 39
Zinc-Plated Sheet 1.6 38 57 55 54 100 148
Other Surface-Treated Sheet 16 06 15 23 28 29 54
Tube 23 22 23 23 27 24 20
Other General 18 038 12 11 04 04 06
Total 604 616 60.5 59.5 57.7 56.9 549
Special Steel Stock
Carbon 79 638 6.1 6.0 6.1 60 58
Alloy , 56 46 38 36 34 35 37
Free Cutting = 0.7 1.0 10 14 19 21
Stainless and Heat Resistant 04 09 09 09 10 10 14
Spring 22 20 15 15 15 14 13
Bearing - 09 09 09 09 0.7 06
Other Bearing 14 02 05 04 07 06 04
Total 175 161 147 143 150 151 153
Nonferrous Metals
Electric Copper 10 09 08 09 10 13 10
Lead Ingot 06 06 038 06 06 06 05
Zinc Ingot 05 05 03 04 04 04 03
Aluminum Ingot 28 26 33 35 39 49 6.0
Ohter Nonferrous 0.1 01 04 02 02 02 02
Total 50 47 56 56 6.1 74 80
Resins
Phenol 01 01 0.1 02 0.1 0.1 01
Polyurethane 05 05 08 09 12 10 11
Polyvinyl Chloride 09 11 14 17 17 1.6 11
Polyethylene 02 02 03 04 05 04 03
Polyethylene 05 0.5 09 12 20 24 25
Acrylonitrile-Butadiene-Styrene 04 0.7 05 05 0.7 08 0.7
Other Synthetic Resins 03 . 04 0.7 06 04 0.3 04
Total general Resin 29 35 47 55 6.6 66 62
Total of High-Performance Resin - - - 02 0.7 09 11
Total 29 35 47 57 73 75 73
Other Materials
Paint 21 16 18 17 17 14 15
Rubber 48 43 37 35 30 27 31
Glass 28 27 31 32 33 30 28
Fiber - 0.7 12 13 14 12 12
Wood - - 02 03 05 04 04
Others 13 16 17 27 23 27 34
Total 139 144 164 184 195 189 19.7
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Figure 9. Changes in specific gravity of domestic
passenger cars over time and in relation
to other vehicles and materials.
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Figure 11. The growth of aluminum usage in
Japanese compact and midsize auto-

mobiles.
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Table 7. Future projects for lightweighting of auto-
mobiles.
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Figure 15. Trend of development of auto body sheets.
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Figure. 16. Manufacturing process of 5000 series aluminum alloy sheets.
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Figure 17. Manufacturing process of 6000 series aluminum alloy sheets.
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Figure 18. Elongation versus vield strength for
body sheet metal.
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Figure 19. rvalue versus n-value for body sheet
' metal.
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Figure 20. Priority of aluminum application to body panel.

Table 8. Trend of aluminum usage for automobile parts.
(’89 chicago moter show)

BRWFELT T

z
Porsche 928 Hood, Fender, Door AC120(6016), Al-Mg-MnA
Benz 420SEC Hood, T/Lid Al-Mg-Mn7#
Ferrari H 2E Z2A} Hood, Rear Fender AC120, 50007
Fx7y et 98 50007, 60004
AC Cobra Cobra XEE 99 50007
Land Rover d=z2H ¥ Fender 50007
760 GLE Hood, Sun roof. 50007, 60007
Volvo 740 GTE Hood 500071, 60007
440 AF 5000741, 60004
GM Cadillac Hood, Roof, T/Lid AC120, 50007
Ford PA Hood 200074
Mazda At RX7 Hood 50007 (60007}
Nissan Fair lady Z Hood 500071
Sky Line Hood, Front Fender 50007
Hooda NSX g% AR 5000741, 60007
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Figure 21. Various surface morphorlogy of aluminum alloy sheet by rolling roll

deep drawing

surface preparation.
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Table 9. Problems during forming of aluminum parts.

smallr(small local

new die design{draw

surface

capability elongation) draw depth, draw angle,
die shoulder radius
shape fixability large spring back low young’s new die design
modulus new parts deéign
(~70000MPa) .
Bendability impossible to poor bendability new die design(Roped hem)
achieve bending new materials
of 180°
Die galling likely to have soft material improvement of die material
scratches arise, surface treatment
pimple (laser taxture)
“*Cleanliness of pimple various contami- thorougly clean surface

nation on the sheet
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Table 10. Types of adhesive bonds for automobile application.

A 24 ¢ LR, FE HgAN 5
g 9 >4 8
o ZA A spot&- 33 flange¥ e + A8
TZE hemming-$] 2% + 72w
HEA o ZA) A (24 %) hood, roof % SMC + SMC
S-HaAQAY) rear spolier SMC + Az7w
PVC + 1A hood, roof, trunk lid 78 + 7%
EFT2E SeEEA FEFH A fd + =34
FEA . PVC A FHogolE Yx %8 + =8
$eA '
2994 weather strip I8 + =374
YA RE ABSFA + $E&
oladA FARE ABSFA + SUS
H T4 , ARHRE SHed + ABSHA
A SH A EY3cy PVC + =%
side protect & PVC + =A%
29ALRA seat AE + 47
seat 74 HEg + Sd¢
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Figure 22. Examples of adhesive bonding part
in automobile.
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Figure 23. Procedure of suface finishing.
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Figure 24. Surface morphology of zinc phosphate conversion

coating on various metal.
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