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Application Technologies

for Weight Reduction, Improving Crashworthiness
and Shortening of Development Period

for Automobiles
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Abstract:

Evaluation of formability of materials and estimation of crashworthiness and endurance limit of automotive parts by utilizing

finite element method (FEM) analysis are very important issues for improving the automotive structure. In order to

collaborate with automotive makers and parts makers for developing new products, JFE Steel have prepared new R&D

systems for fulfilling customers needs.
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Photo 1 1200 t single action mechanical press machine and
pressed samples

Tailored welded line

Photo 2 Dynamic testing machine and crashed specimen
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Fig.1 Application of tailored welded blanks to automotive
body (ULSAB-AVC project (ultra light steel auto body-
advanced vehicle concepts project))
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Fig.2 Relationship between configuration and quality of laser
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Fig.3 Relationship between limit strain and hardness of weld
metal and base metal
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Hydroforming

Traditional hydroforming New hydroforming

Fig.4 Manufacturing process of hydroforming tubes
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| Pressurized
lubricant

Fig.5 High pressure liquid lubrication method
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Fig.6 Effect of high pressure liquid lubrication method on
limit drawing ratio in cylindrical deep drawing
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Fig.7 Effect of high pressure liquid lubrication method on

formable range in cylindrical deep drawing
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Fig.8 Application of high pressure liquid lubricant in door
inner panel

Table 1 High pressure liquid lubrication method on the limit
cushion force in the door inner press forming

(a) Section A

Cushion force (X 10 kN)
50 55 60 65 70 75 80
HPLL O (@) ©) (@) A A X
Conventional O X
(b) Section B
Cushion force (X 10 kN)
90 95 100 105 110 115 120
HPLL O O O O O A X
Conventional O X
HPLL: High pressure liquid Iubrication,
O : Good, A :Necking, X : Fracture
HPLL

Conventional

03

_ Drawing ‘
é 02 profile
2 01 " .
3 easured section
= \
K 0 0 p
f: \ 7
= —0.1 S g

70'2 1 1 1 1 n 1

0 10 20 30 40 50 60

Measured position (mm)
HPLL: High pressure liquid lubrication

Fig.9 Comparison of the profile of cross section at the wrinkle

generated by the high pressure liquid lubricant method
and the conventional process

Jboobooboobooboo:s89MPal DO
l9/min0D0CC0CCOCC0OCOOO0ODO0OO0OOOOUOOoOOoOgg
JOo0DboO0oOo0oDOoooO0o0ob0DbD 1oSPMO1IminO 0O
Jobobooooot

goooobbooooooboobbboooooooo
ooboboboboooobobobobooobooog
gbobobooobobobobobooobooogooan
gboboooboooboobooboobooboooort



Joo00oo0o0o000000000000—-000000000000000000000000000O00O0O0000DO—

///
,,,/

T

v

N

Draw forming method
590 MPa class materials, BHF: 10 t
Width of blank: 70 mm

New forming method
590 MPa class material
Width of blank: 70 mm

Fig.10 Proposal of new forming method for improving shape
fixability
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Fig.11 Improving crashworthiness of hat square column by

using new developed material

70000000 %

gopoooobbooobobbooobobuoooboort
godddddooooooooooooooobobobbo
godddddoooooooooobobbobbbbbo
oo obobobbobbbbbbo
goobobobooboobobobooooboboo
Jodddddddoooooooooooooooo
gdddddooooooouoboboobbobbobbobbo
OlmmO0O00D0D0ODODODODODODODDOODOOOOODODOO
gl ooobobboobobo
gooooobboooobobooooboboooobooort
Joooooooooboobooobouooboobooo
JO0ooboooboboobboooooobooooot
J000000000o0o0o00nooaolaser focussed arc
weldingmethodO D O OO OC

71 00000000000000D000

goooooooooooobooogoovyacOoooooo
Joboooooooboobobooooooobooobooobo
gboboboboboobooboobobooobooooobon
gboboboobooboobobobobooooooon
goooobobbooboooooooobobbboooooooo
gbobobooboobobobobooobooooboon
gboboboobobooboboboboboooot
Fig. 120 0000000000000000000O0
JO0O0000OO00OO0vYAGODOOOoODOooooooooo
gobooooooobooboooooooobobooooot
Joooooooooooooobooodonb 1-smmO0O0
JobovyAacoOnDoooooboobyAcOoOOODOOO
gooobobboboooooooobobboooooooo
gbobobobobobooboboboobooooboaon
JO000oO0oO0ooooO0oOooOUo0oUUUO FHg.13000¢
gboboboobobobobobooobooogooboaon
Joooboooobobooooobb2ovOOoobonood
goodoooooboobomsobbooboobDDbOOO
gbobobooboobooboobobooboooooboan

JFEO D No.4 20040 50¢



Joo0oo0o0o0b0000000000—-000000000000000000000000000O00O0O0000O—

YAG laser beam Electrode
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Welding direction

Steel sheet
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Fig.12 Configuration of laser beam and arc electlode in laser-
arc hybrid welding
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Fig.13 Time dependence of arc voltage with and without laser
radiation
Welding direction
4—
Hybrid weld Arc weld
< > < 21;1

Fillet joint: Upper thickness = 0.8 mm, Lower thickness = 1.2 mm
‘Welding condition: Laser output = 2 kW, Arc current = 100 A, Speed = 2 m/min

Photo 3 Appearances of hybrid and arc welded bead surface
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1.6 Hybrid welding
o Sound bead . .
Hybrid welding
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g/ 0.8 [ele]
g
5] 00 00
[ o o Q
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Laser welding 8_.-“'
0 . O 0O—— .
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Sheet thickness (mm)

Fig.14 Gap tolerance of lap joint in hybrid and laser welding
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Surface bead Back bead

Partial penetration

% A
Laser output: 2.7 kW, Arc: 100 A, Welding speed: 2 m/min

{ A i

Full penetration

Laser output: 4.2 kW, Arc: 100 A, Welding speed: 2 m/min

Photo 4 Appearances of lap joint of GA steel sheet welded by
hybrid welding
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