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Aluminum Product Application Technologies for Automobiles
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With the ever increasing pressure to produce fuel efficient, environmentally friendly vehicles, the use of
aluminum products used in automobiles is increasing. As a result new technologies are being developed for
aluminum products. In this paper, the current situation in aluminum product technologies is introduced. In

FEATURE : Progress of Technology in 100-year History of Kobe Steel

particular, sheet, extrusion, and forging, and related technologies are described.
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Fig. 1 Trend of amount of aluminum products used for automobile
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Fig. 2 Example of application of aluminum hood (TOYOTA CROWN)
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Fig. 3 Ratio of automobile using aluminum body panel
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Fig. 4 Effect of pre-aging on bake hardenability in 6000 series alloys

Table 1 Chemical compositions of aluminum alloys for auto body panels

01 00000000000D0O000DO

Alloy Si Fe Cu Mn Mg Alloy code of Kobe Steel

AA6016 1.0-15 00.50 00.20 00.20 0.25-0.60

KS6K21
AA6022 0.8-15 0.05-0.20 0.01-0.11 0.02-0.10 0.45-0.70
AA6111 0.7-1.1 00.40 0.50-0.90 0.15-0.45 0.50-1.0 KS6K31
AA5022 00.25 00.40 0.20-0.50 00.10 3.5-4.9 KS5J30
AA5023 00.25 00.40 0.20-0.50 00.10 5.0-6.2 KS5K32
AA5182 00.20 00.35 00.15 0.20-0.50 4.0-5.0 5182

02 00000000000000O00DOODOO
Table 2 Mechanical properties of automotive aluminum sheets produced by Kobe Steel

Alloy code (Kobe Steel) TS (MPa) YS (MPa) ElL (O) After baking YS (MPa) Application parts
KS6K21 240 125 29 200 Outer
KS6K31 275 130 32 165 Inner
KS5J30 275 135 30 155 Outer/Inner
KS5J32 285 135 33 155 Outer/Inner

5182 270 125 29 140 Inner
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Fig. 5 Volume of shipment according to demand section of aluminum
extrusion (domestic)
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Fig. 6 Example of aluminum bumper beam
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Fig. 7 Example of aluminum door beam

gobooboobboobooboboobooboo
goboobbooobooboo
gobooboobbooboobobooobooboo
gobooboooboboooo
gobooboobooog
gobooboboooboobboooboooboobooo
goooooo
gbobooooooboobobobobooooogvrooo
gboboooooboboboboboobecood g
gobobooooobobobiboboooooogog
gbobooooooobooboDbo
gbooboooogreooboboboboooooong
gboboooooboobooboboboooooogoo
gbobooooobooboboboboooooogoo
gobobooooooboobooboboboooooogoo
goboboooobooboobobobooooogoog
goboboooobooboobooooogyryoeoodng
ooooobob 2o000obooobobooooog
gobooboobboobooboboobooboo
gobogooboo

20 0000oooon
gobooboobboobooboboobooboo
gobooboobbooboobbooobooboo
gobooboobbuooboobobooobooboo
goboobooboboobooboboobooboo
oobooboobboobooboboooboobooo
gbobooooobooboboboboooooooo
gboboooooboboboboboooooogoDo

08 0000000000 FEMOODOODO
Fig. 8 Deformation behavior of offset barrier impact analysis
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Table 3 Aluminum suspension parts and their production

Car | F/R Type Parts Method
Knuckle Squeeze casting
Double wish -
Front Lower arm Forging
bone -
0 Upper arm Forging
Carrier Squeeze casting
Rear | Multi link Lower link Vacuum die-casting
Upper arm Forging
Knuckle Forging
Double wish - -
Front Lower link Forging
bone
Upper arm Forging
0 Carrier Gravity casting
Lower link Vacuum die-casting
Rear | Multi link Upper arm Forging
Link lower front Extrusion
Control arm Forging

0000000000o0o00DoDo0ooooooooon
0000000000000000000000000
0000000000000000000000000
1001100002004 0 0000000000000
00000000000000000000000 30
ooo
0000000000000000000000000
0000000000000000000000000
0000000o000000000000000000
0000000000000000000000000
00000o00oo0o0o0000000000000000
0000000 oooo®oooo0o0ooooono
00000o0o0oo0oo0oo0000000000000000
0000000o0oo00000000000000000
20040 0000000000000000000000
00000000o0o0o0o000000ooooononoon
ooooooooo

0000000000000 000DD0000oDoo
0000000000000 0o000ooooononooo
0000000000040000000000000
0000000000000000000000000
00000000000000000000000
3rO0O00O00O0O0O0O000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000o0oo0oo0o00000000000000000
000000oo0oo0oo0oo0000000000000000
00000o0o0oo0oo0oo0000000000000000
0000000o0oo00000000000000000
0000000000000000000000000
00000000o0o0o0o000000ooooononoon
000000D00000D0000 1200000000
0000000000000 0o000ooooononooo
oooooooo
0000000000000000000000000
000000000000000ROOROOOOO 40

70 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 55 No. 200 Sep. 20050



Fracture stfength '

oe60| }

Simulation

L Experiment |

Load

Proof strength

Deformation

0 0000000000000000000D00DO
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Table 4 Weight vs. arm-section shape

Conventional | Improved
Web thickness (mm) 8 4
Fillet radius (mm) 15 5
Corner radius (mm) 5 4
Weight ratio 100 87

oy
Web thickness Corner
radius

Fillet radius

goobooobobooobbooobboobboo
wpoooobooboboboooooooooboboo
gobooboobbooboobobooobooboo
gobooboobbooboobobooobooboo
gobooboobbooboobbooobooboo
gobooobogo

3BOeooODOOODOOOO
goboobooboboobooboboobooboo
gbobooooobooboboboboooooogoDo
gboboooooboboboboboooooogoDo
gbobooooobooboboboboooooogoo
gboboooooboobooboboboooooogoo
gboboooooboobooboboboooooogoo
oboboboooobobobooecoooonoonog
obooooon
goboboooobooboobobobooooogoog
Ooo0obogooookKses1ooono10oooog
goobooobooboboeterbbbo40noond
gKbeooooooooooouooonpoooogooog
gobooboobboobooboboobooboo
gobooboobbooboobobooobooboo
gobooboobbooboobboobooboo
gobooboobbooboobbooobooboo
0 60610KS651 000000 130000KD6100 OO
gooobobooboboooboeterndnnog
00000000D00D00DbODbOKDeIOODODOOO
gbobooooobooboboboboooooooDo
gbooookKses1ogoooooog

. 450 T : 60
©
o
2 400} § 5o Tensite strength
2 I = Yield strength
% I 4 Elongation
g ssor E 140
‘(7) ~
=]
© 3001 430 £
> E 5
& g
g 2501 } 120 %
< =
= c
5 | I g
2 200 110 W©
w0
c
e

150 L L

6061 KS651 KD610

Om ec00 0000000 DODO
Fig.13 Mechanical properties of developed 6000-series

sDOooooooooooDo
Ooooi199100e300ton0 0O OOOOOOOOOO
gooboooobooooobzeeob0boooooooon
oooboooobooooooooooooooo 400
cooboboooboooooooooooooobooooo
cooboooobooooooooobooOo 400000
gooboocooboooooooooooo
coobobooobooooooOoooooOooOooooson
cooboooobooooooOoooooOooOooobooboOooon
coooOooobOooooooooooobooooan
oi0000obOOboOoOobooooobOoboOooobooog
gooboooooboooooobooooobooooobooboooo
oooOgeocdlcommbOOboonoooOoOoooogon
oooboooobooooooboooooboobooooboboooo
oooolopbooooboo Looobooooogon
oooboobooo2000000000000DO00O
oooboooooboooooobooooboobooooboboooo
ooobooooooooooboooooobooobboooo
oooooooboooooooooooooooo
3Bb00ooooon
goobooooboooooooooooooobooooo
Coboboooobooobooooboooonooz2o00s0 6
cooboboooboooooooooooooobooooo
cooboboooooooooOoooooOoOooobooooo
cooboboooooooooooOooOooOoobooboooon
coobobooobooooooOooOooOooOooobooooon
cooboboooobooooooooooOoboooobooboOooo
cooboooobooooooooooOoboooobooooon
cobobobooobooooooboooooboooooboboooo
oooood

4000000000000

goboobooboobbooboobbooboo
goboobooboboobbooboobbooboo
gobooboobboobbooboobbooboo
gobooboobboobbooboobbooboo
obo0O0o0obOooOoobOob200300b0O0O0OoO
gobooboobobobbooboobobooboo
gboooooobooboboboboooooooogoDo
gboooooooboboboboooooooogoo

R:D 000000 /Vol 55 No. 20 Sep. 20050 71



doooooooooooon

400000000
00000o0o00o0oo0oo0o0o0000000oononoon
00000000o0oo0oo000000000000000
00000o0o00o0oo0oo0oo0o000o0ooooonooon
00000o0o00o0oo0oo0oo0o000o0ooooonooon
00000o00o0o0oooo0oo0o0ooooooooooon
00000o0o00oo0oooo0oo0oooooooooooon
ooooooooooo™m
0000000o0oooo0oooooooooonooon
000000000o0o0oo0ooooooooooooon
000000000ooooooooooooooon
000000000o0oooooooooooooon
00®u014000000000000000000
000000000o0000000000000000
0000000000000000000000000
0000000000000000000 150000
00000o0o00o0oo0oo0o00000000000000
00000o000oo0oo0oo0o0o00000o0onononoon
00000o00o0o0ooo0oo0o000000000ononon
gog
000000o00o0oo0oo0o00000000000000
o0o0o0oooOooooooooecooDOOOOOn
000000o00o0oo0oo0oo0o00000o0ooonooon
00000o00o0o0ooo0oo0oo0o0o0oooooooooon
0000o0o00o0oooooooooooooooon

1500

Embossed
aluminum
10001

Aluminum
500

Flexural rigidity D (NJmm)

Il Il
0.1 0.2 0.3 0.4
Weight per unit area (g/cm?)

0 0o0o0O0o0O0oU0OoUOUOOUOOUOUDOUODUODOOOO
Fig.1I0 Flexural rigidity vs. weight per unit area

0 000000000000000D00D
Fig.15 Numerical analysis results of forming process of embossed

sheet

-
1=
! e
1 S
“

(a) Downflange bending radius

(b) r{d 2.0mm

0D 000000000 FEMOODOODODO
Fig.16 Numerical analysis results of flat hemming process

000000000000000000 100000
00100000000 r000000000000
0o*0Dooon,0 000000000000 00000
0000000000000000000000000
0000000o000000000000000000
0000000000000000000000000
00000o0oo0oo0o00000000000000000
0000000000000 00000000Y M
00000oo0oo0oo0oo0oo0000000000000000
00000o00oo0oo0o0000000000000000
0000000000000000000000000
00000000o00000000000000000
0000000000000 0000000oo0®oon
000006063-TIOOU0ONOOOOODOOODDOO
00 1700000000000000OFEMOOOOO
0000000000000000000000000
0000000000000000000000000
00000000000000 20000000000
0000000000 R/HOOODODOOOOOOOOO
00000000 4000000 »/:00000000
0O«x0«#p000000000000000000000
0000000000000000000000000
0000000o000000000000000000
0000000000000000000000000
0o0o00oo0oo0oo0oo0oo00000000000onO
00000oo0o0oo0oo0o0000000000000000
00000oo0oo0oo0oo0oo0000000000000000
0000000000000000000200000
0000000000000000000000000
0000000000000000000000000
00oO0o0oooooooo®™g

4200000
0000000000000000000000000
Jo0oO0OoRSWOOOOOOOOOOOOOOOOOO
000000000000 O000000D0o000n

FEM results

iy
o
o
o

Shape |OK |Wrinkle
O |o ] ]

b

100

A

o
Q0
-

[y
o

Non-dimensional bending raduist] R/h

0.001 0.01 0.1
Cross sectional shape factorQ k(1/b)?

0O e6063-T1O0OO0OOOODOOOODOODO
Fig.17 Wrinkle limit diagram for aluminum 6063-T1

72 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 55 No. 200 Sep. 20050



10

T T L T
[ o [ |
[ o [ |
[ [ [ i
[ o [ |
[ o [ |
[ [ [ i
P o A R
Z =0 ]
< | | | | | | |
~ [ i i i i i
O [ o [ |
E=S 0 O O O
[ o [ |
< | | | = | | |
o [ o I:” ! !
[ o
@ [ o [ =
= ! ! ! ! ! ! !
3 4 o [ P |
CoT--r----T--r--F-a--T- - -
k7 |:|\ | o [ |
[ o = |
Q@ R I Lo |
B = [ == i
c [t o o |
) [ o [ |
L i Rk St b o B Sl s R
[ o [ |
[ [ [ i
[ o [ |
[ o [ |
[ [ [ i
[ o [ |
(6] +— +—+ +— +
RSWlSPRlTLC RS\M SPRlTLC RS\M SPR lTLC SPR lTLC
Punch| 1mmt 2mmt Immt [2mmt
Die | 1mmt | 2mmt 2mmt |1mmt

10 T — T T
[ | | | | |
[ | | | | |
[ | | | | |
[ | | | | |
[ | | | | |
[ | | | | |
L= 2 it el At et s el et ainls i
[ | | | | |
[ | | | | |
~ [ | | | | |
Z [ | | i | |
~ [ | | | | |
g [ | | | | |
2 G T
= [ | | | | |
o [ | | | | |
c [ | | | | |
[ | | 1= | | |
= | | | | | | |
[ | | ] | |
g 4 -t--r- it St nlds et il el
3 - Lo Do i
% ! ! ! ! ! ! !
[= - b L i
[ | | :=l: !
ol o _ao =2 oo o]
N
T B b DID
[ | | | | |
[ | | | | |
[ | | | | |
(6] +— +— +— +
RSWISPR I TLCIRSWISPR ITLC RSW SPR ITLC|SPRITLC
Punch| 1mmt 2mmt Immt |2mmt
Die | 1mmt | 2mmt 2mmt |1mmt

O D00oooomRSWIO OO ODOoOooooooom sPROITOG-L-LOCOOOODODOOOO
Fig.18 Comparison of joint strength between RSW, SPR and clinching (TOG-L-LOC)
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Fig.19 Relationships between tensile load and gap tolerances on fillet lap joints
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