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Forming of lightweight automobile parts

Reduction in 100 kg weight: 1km/l

Material
 High strength steel sheet (7.8)
 Aluminium (2.7), Magnesium (1.8), Titanum (4.5)

Part
 Hollow parts
 One piece

Simulation
 Finite element method

Production of automobiles in countries
Unit: 10,000 cars 
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Engine
Thermal efficiency

Lean burn
Direct injection
Multiple function (VVT)

Friction reduction
Piston and ring
Engine oil

EV, PHV, HV, Idling stop

CVT, Multi-speed shift,
Friction reduction

Powertrain

Aerodynamics
Body shape improvement

Pattern development
Rolling resistance

Body weight reduction
Body structure
Lightweight material: High 

strength steel, Aluminium
alloy, Magnesium alloy, 
CFRP

Power source

100kg reduction: 
1km/l fuel 
consumption 
improvement

Approaches of environmentally friendly automobiles
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Relationship between CO2 emission 
and automobile weight

Body 
components
30%

Engine
12%

Powertrain
7%

Suspension
7％

Fuel tank
4％

Wheel, Hubs
4%

Seats 4%

Tires 3%

Window glass 3%
Others 26%

Weight percentage of automobiles parts

Fr Side Member

Locker

Cneter Pillar

Fr Pillar

Roof side rail

Fender Doors

Luggage

Hood

Roof

Beams

280kg
（70%）

120kg
（30%）

Compornent
Parts

Skin Parts

Body parts of automobiles

Specific strength for various sheet metals

Sheet Tensile 
strength

Specific 
gravity

Strength-to-
specific gravity 

ratio
Ultra high 

strength steel
980 -

1470MPa 7.8 126 -
188MPa

High strength 
steel

490-
790MPa 7.8 63-101MPa

Mild steel SPCC 340MPa 7.8 44MPa
Aluminium alloy

A6061(T6) 310MPa 2.7 115MPa

High strength steel sheets

1500

IF steel:

Ultra sheet

Die quenching

TRIP steel

DP steel
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High strength steel sheet

Load

High Strength Steel Sheet, HSS, AHSS, Ultra HSS
Tensile strength: 440, 490, 590 780, 980, 1180 MPa

Pmax/A0

Pmax

Displacement

A0: initial cross-sectional area

Application of high strength steel 
sheets to automobile body

36% of total weight
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Stamping of High Strength Steel Sheets Springback in bending

ε

σ Mild steel

Ultra HSS

Elastic recovery

Springback: large
Accuracy of shape: low Tensile

CompressiveLoading

Unloading
Compressive

Tensile

Springback

Wall wrap

Twisting

Longitudinal wrap

Deterioration  in shape accuracy of formed parts Springback in hat-shaped bending of HSS

Tensile 
strength



800kN CNC Servo Press

servo motor

conventi
onal ti

me

Botto
m 
dead 
centre
accuracy: 1m
speed: 150mm/s

ball screw

Feedback control

Direct driving type

90°

9.6

90°

9.6

Reduction in springback in V-shaped bending

Sheet

tf =   t0

t 0

Reduction in thickness in bottoming

(a) SPCC                               (b) SPFC980Y
v=24mm/s, f=0%, T=0.5s
3 times slower 

Deformation behaviour in V-shaped bending
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Forming speed /mms-1
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(a) f=0%                                 (b) f=0.33%

Distribution of stress in width direction just after 
unloading for finishing reduction in thickness

Nominal

Die surface

After
forming

Springback

Expectation for springback

Prevention of springback by beads in side wall

Increase in stiffness



【Old shape】

【New shape】

Chamfer shape

Prevention of springback by chamfering Prevention of springback by control of blank 
holder force

(a) Draw bending   (b) Crash forming without blank holder

Prevention of springback by crash forming Prevention of springback by overrun inducing punch

Bottom dead centre
Overrun

Released from 
dies

Tensile strength /MPa

452

597

838

1025

1211

1520

Prevention of springback by overrun inducing punch
FEM simulation

Difference from product

Adjustment

NG

OK

(a) Simulation
(b) 1st 

adjustment

Adjustment of die shape by finite element simulation

(c) 2nd 
adjustment
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Stamping of High Strength Steel Sheets Properties of high strength steel sheets
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Yield stress ratio

Fracture in stamping of 780MPa sheet

10
m

m

Fracture in bending of  980MPa級 sheet

390MPa
440MPa

490MPa

290MPa790MPa

Forming limit diagram of sheets
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780MPa high strength steel formed product

Fracture

Cold stamping

Sheet
Shearing Stretch flanging

TensileSheared edge

Bending

Small 
formability

Fracture in stretch flanging of high strength steel sheets

(a) Flat punch

(b) Gradually contacting punch

Reduction in 
tensile stress

Tensile 
stress

Reduction in tensile stress at corner
using gradually contacting punch

Punch
Sheet

Blank 
holder

Die

DieBlank 
holder

Punch
Sheet

Shearing

Bending

Shearing conditions

Sheet Thick-
ness /mm

Yield stress 
/MPa

Tensile 
strength /MPa

Elonga-
tion /%

Reduction 
in area /%

n-
value

JSC780Y 1.4 395 847 18.8 66 0.15
JSC980Y 1.4 660 1014 16.4 45 0.15
JSC1180Y 1.2 864 1209 10.8 46 0.14

Punch

Die

Blank

Punch

Die

Blank 
holder

Clearance ratio

20
0

c =10, 15, 20, 25%

R50

W0=200
Blank 
holder

(b) Gradually contacting punch
（=10o, W/W0=1.0) 

(a) Flat punch (=0o)

00.5 0.4 0.3 0.2 0.1
Longitudinal strain

Distribution of longitudinal strain by gradual contact punch
（JSC780, L=17mm)

Crack No crack

Prediction of fracture at corner of 980MPa sheet
using gradual contact punch

(a) Flat punch, =180º              (b) Gradual contact punch,
=170º



17
.2

Flat punch

W/W0=0.2, =45o

13
.7

18
.0

(a) JSC980Y

(b) JSC1180Y

W/W0=0.2, =45o

21
.9

Improvement of limiting flange height by gradual 
contact punch

Flat punch
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1mm

Galling

Chipping of trim edge

Overlaid die

Die maintenance time, center pillar R/F  
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Galling and seizure in stamping

Month

Coefficient of friction in various coatings

0.8

0.6

0.4

0.2

1000 2000 3000 40000

Hardness /HV

C
oe

ffi
ci

en
t o

f f
ric

tio
n Nitrogen

PVD 
CrN

PVD 
TiN

PVD 
TiAlN

CVD 
TiC

Tool steel for stamping of high strength 
steel sheets, SLD-MAGIC

SKD11

High-speed steel

Carbide Self lubrication

(a) SKD11           (b) SLD-MAGIC

Seizure in die

Die

Sheet

Punch



Wear of dies

S-MAGIC

8%Cr steel

10%Cr steel

SKD11

0  0.1 0.2  0.3 0.4 0.5 0.6 0.7

Specific wear volume (mm3/mm2 mm)
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Stamping of High Strength Steel Sheets

(a) 270 MPa  (b) 590 MPa  (c) 980 MPa

Wrinkling in stamping Wrinkling in stamping of 780MPa sheet

(a) Experimental (b) FEM simulation

Prediction of wrinkling in stamping Wrinkling and fracture

1. Wrinkling        2. Fracture 

Die cushion force (ton)
Sheet Wrinkling

No defects
Fracture



1. High strength steel sheet
2. Springback in bending
3. Fracture
4. Stretch flangeability
5. Galling and seizure
6. Wrinkling
7. Joining by plastic deformation
8. Hot stamping

Stamping of High Strength Steel Sheets
Luggage hood

Door

Hood

Fender

Hood Rear door

Mixture of high strength steel and aluminium alloy sheets

Plastic joining with self piercing rivet

Partial use of aluminium alloy sheets in cars

Difficult welding

Die

Holder

Rivet 
(hard 
steel)

Punch

C-frame

Joining 
point

 Cold plastic joining
 No pre-drilling hole 
 Short joining time

Hydraulic unit

Self pierce riveting of sheets

Audi_A2

Obverse

Aluminium sheets:  
low weldability

Joining of aluminium 
and steel sheets

Self pierce riveting

Joining of aluminium alloy sheets in automobile body

Reverse

mild steel, 
1.2mm

A5052, 
2.0mm

Self pierce riveting of mild steel and 
aluminium alloy sheets

Requisites for joining
 Driving though upper sheet
 Spreading in lower sheet

SPFC980, 
1.4mm

A5052
1.5mm

Ultra high strength steel sheet
 High strength
 Small ductility

Self pierce riveting of ultra high strength 
steel and aluminium alloy sheets



Conventional die Optimised die

SPFC980,
1.4mm

A5052
1.5mm

Self pierce riveting of ultra high strength steel 
and aluminium alloy sheet using optimised die
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Heating Forming Die quenching

Hot stamping for ultra high strength
steel products 

Trimming

Holding at bottom
dead centre
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Quenching 
by tools: 
1.5GPa

Increase in hardness by die quenching

Hot stamping process 
for ultra-high strength steel products

Miyazu Malaysia

Volkswagen Passat

Volkswagen Passat
16% of body components



Audi A7 Sportback

Aluminium, cold stapming 

Aluminium, cast

Aluminium, extrusion

Steel, hot stamping

Steel, cold stamping

Center pillar in Honda N BOX

Hot stamping in Germany, Benteler Hot stamping in Canada, Magnum

Hot stamping in Japan, Aisin Takaoka

Bumper reinforcement 
member

Door beam
reinforcement

A pillar 
reinforcement

Roof
reinforcement

Dash lowercross member

Centre pillar
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3 million 
per year 
(1987)

8 million
per year
(1997)

95 million 
per year 
(2007)

450 million
per year 

(2013)

142 lines in
2011,

Ref: Hund 2011, 
Belanger 2011.

Number of parts produced
by hot stamping

Start from Europa, spreading in Asia and America



 Decrease in forming load

 Prevention of springback

 Increases in formability

 Formed products having 1.5GPa strength

Advantages of hot stamping
Heating
850 ºC, 3.3 s

Transfer
2 s

Forming
1 s

Holding
5 s

Hot stamping using resistance heating

(a) Furnace heating

(b) Resistance heating

Hat-shaped bent sheet at 980 ºC
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