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Challenges and Advances in forming of
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C Material Properties( FI ow Stress, Youngods Modu

[ Variability / Springback
Tribology ( tool materials, coating and lubrication)
Hot Stamping

Press and Tooling

O 0 0O 0

Product development

Center for Precision Forming (CPF) 2



OHIO
SIATE

UNIVERSITY

PF
Background
Potential advantages of HSS
A Weight savings in auto bodies, 15% to 25%
A Increase in crash resistance and safety.
2010- 2012
(Projection)
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Background

Material properties of HSS/AHSS/UHSS

ThyssenKrupp - material options/development
Properties of advanced steels and other materials

&) Stainless steels X-IP
Development target
= Conventional \

[ Morsdorf.W, 2006 ]
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Sheet properties (flow stress) determination

Ve

A In common practice, the uniaxial tensile test is used to determine the properties/flow
stress of sheet metal.

A Tensile test does not emulate biaxial deformation conditions observed in stamping.

A Due to early necking in tensile test, stress/strain data (flow stress) is available for
small strains.
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In bulge test, flow stress over large strain can be obtained in biaxial stress state
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Schematic of viscous pressure bulge test setup at CPF (OSU)
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Material properties of HSS/AHSS/UHSS
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Schematic of viscous pressure bulge test setup at CPF (OSU)

ADie diameter = 4
inches (~ 100 mm)

ADie corner radius =
0.25 inch (~ 6 mm)
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Methodology to estimate material properties
from VPB test, developed at CPF (OSU)

Measurement

A Pressure (P)
A Dome height (h)
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FEM based
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Material properties

A Flow stress
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Material properties of HSS/AHSS/UHSS

Bulge test samples

After bursting

Before bursting
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Flow stress results for sample AHSS materials from the bulge test

CPF (OSU) has conducted a number of industrial case studies for:
A Automotive - OEM,
Automotive - Tier 1 suppliers
Aerospace companies,
Steel producers, etc.,
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Material properties of HSS/AHSS/UHSS

Bulge test for quality control of incoming sheet material

PF

Graph shows dome height comparison for SS 409 sheet material from eight
different batches/coils [5 samples per batch].

Maximum dome height at bursting (mm)
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Drawability of AHSS steels
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DCO04 HSLA 320 DP590 TRIP800 DP980 X-IP 1000
Cugy et al 2006

New generation AHSS steels (X-IP steel) have higher drawability than conventional
mild steels.
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Loading and Unloading modulus of AHSS steels
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A Springback (elastic recovery) of the formed part is proportional to stress.
ADecrease in Youngo6s modul us with strai
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Bendability of AHSS steels
Example Failures: Shear Fracture in bending AHSS

Real Upper A -Pillar reinforcement
of DP600 GA
[Courtesy to Zuidema 2007,
ArcelorMittal.]

Test Piece of DP600
[Courtesy to
Daimler Chrysler Corp.]

Automotive underbody
structural part using DP780
[Courtesy to Shi et al, 2007,

US STEEL]

Shear fractures have been observed most frequently at the sharp die radii

Center for Precision Forming (CPF) 13
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Bendability test used for AHSS steels i Stretch Forming Test

Schematic of stretch forming test
[Courtesy to Hudgins et al. 2007]

punchradii: 1, 2.5, 5, 7.5 and 10 mm

Tensile failure Shear failure

The transition in the fracture type for each steel is evident by a shift from shear failure at the punch
radius to a tensile failure at a location relatively far from the bend with increasing punch radius.

Center for Precision Forming (CPF) 14
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Stretch Forming Test - Comparison of Experiments and Finite Element Simulations

DP600 Strip
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ACritical punch displacements at excessive necking were predicted by FEA and compared to

the experimental results of punch displacements at fracture.
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Edge stretchability of AHSS steels
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Edge cracking in hole flanging
0 200 400 600 200 1000 1200 1400 1600

Ultimate tensile strength (MPa)
[Courtesy to Sadagopan et al. 2006]

AHSS steels have poor edge stretchability leading to edge cracking in the formed parts.
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Edge stretchability test used for AHSS steels T Hole Expansion Test

Material properties of HSS/AHSS/UHSS

DIE

Blank Holder

vy,=punch velocity f,=blankholderforce
‘ =punchangle (conical) d,=diameter of the die
d,=diameter ofblankholder r =dieradius

d,=diameterof pierced hole in the blank
d,=punchdiameter (hemispherical

Schematic of hole expansion test

Center for Precision Forming (CPF)
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Factors Influencing Edge Stretchability

A Edge condition/quality

A Shearing process

A Previous deformation history
A Stress state

A Local material properties (volume fractions of the different phases)

Center for Precision Forming (CPF)
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Material properties of HSS/AHSS/UHSS

Effect of Edge Quality on Edge Stretchability of AHSS steels T Blanking

[Courtesy to Konieczny et al. 2007]
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Geometric characteristics of the sheared edge
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Tool wear and galling ~ **
180
160

140

GGG70L hardened

120

GGG70L hardened

80 + plasma-nitrided

1.2379 hardened

Tool wear (mg)
8

40 1.2379 hardened
+ plasma-nitrided

0 1000 2000 3000 4000 5000

Number of parts drawn

GGG70L = Spheroid graphite bearing cast iron, flame hardened 1ISI. 2006
1.2379 = Tool steel (X155CrMo12/1; US D2; Japan SKD 11) J

A Accelerated wear in conventional cast iron tool when forming high strength
steels due to high contact pressure and temperature.

A Tools steels with plasma nitrided coating preferred for forming.

A Research is being conducted at CPF in cooperation with ILZRO on the

selection of best zinc coating / galvanizing method for AHSS steels
Center for Precision Forming (CPF)
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Tribotests to evaluate galling and lubricants - The Twist Compression Test
0.35
Applied Pressure(P) B3 Al —————— )

DP500 HDGI at 100 Mpa
interface pressure
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Twist Compression Test Results T Evaluation of galling and lubricants

Pressure Sheet Material — Galvanize Iube Severity of Galling
(Mpa) Coating 0 05 1 1.5 2 2.5 3

DP600 — Bare
(No coating)

DP600 — HDGI
(Hot Dip Galvanized)

170 DP500 — HDGI
(Hot Dip Galvanized)

DDS - HDGA
(Hot Dip Galvanneal)

AKDQ - HDGA
(Hot Dip Galvanneal)

A
B
A
B
A
B
A
B
A
B

ATCT was conducted for 50, 100 and 170 MPa interface pressures.

ANo galling was observed in TCT at 50 MPa, however galling became severe
as the contact pressure was increased to 170 MPa.

ADP600 Gl with Lub B showed the best effectiveness in reducing galling

compared with other sheet materials.
Center for Precision Forming (CPF) 22
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Tribotests to evaluate galling and lubricants - Cup Drawing Test
CL
mrr] == Motion of the die and
3 blank holder

Ly (grr:vxmegn;:: (St::::r‘::ry) Blank holder pressure)

: T (Frictional

Blank holder ; shear stress)

Initial blank

A A

<
-

R; (Initial radius of blank)

Cup drawing test

Coul ombds | aw
t= np

wheret = the frictional shear strt

m= the coefficient of frictio

P = the blank holder press

ERC/NSM Drawing Tooling
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Flange Perimeter [mm)]

Tribology In forming HSS/AHSS/UHSS

Cup Drawing Test Results - Evaluation of lubricants

780
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750
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730

720

710

700

Perimeter \7 o

Shorter perimeter » Better lubricant

LubF LubPp
Lub M Lub N—% Lu]tf A
12 10
Lub A Lub B Lub B
BHF30 BHF70

Center for Precision Forming (CPF)
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Tribotests to evaluate galling and lubricants - Ironing Test

Ironing Test developed at ERC/NSM successfully reproduces production conditions
(contact pressure up to 650 MPa (94.2 ksi) and temperature up to 150°C (302°F) in a

laboratory setup.
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Tribotests to evaluate galling and lubricants - Strig

Press Ram _%ER\\W/\J R\ﬁ?%)]} Upper Die Shoe

™~
\ Top Containment

Binder Ring

Containment Ring ==l M
Draw Die

Blank Holder it ok Holder
\EN f \Zg;%* L Containment Ring

Punch

Drawing/lroning Test

L0 Cell b) Draw die

Load Cell Spacer

//q— Lower Die Shoe
A\

a) Strip drawing tooling c) Insert die

Press Bed

Length = 356 mm
Width = 25 mm

Contact area
with a punch

Die insert D
eformeq Strj

B (% moce)

a) Configuration of specimen and die insert b) Final deformed specimen
Center for Precision Forming (CPF)

Dimensions of strip:
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Tribology In forming HSS/AHSS/UHSS

Strip Drawing Test Results - Evaluation of lubricants

Smaller strip elongation » Better lubricant

i Sheet Material: DP590GA "7
7.00
6.00 6.00 <00 6.00
‘ s
6.00 |
5.00 1433

4.00

3.00 |

Strip Elongation [mm]

2.00 |

1.00 |

0.00 T T T T : : T T T T T
< & 2 & %
2 Q o sow\‘ sov\ R $°<b S 300 so@ so\& 60\\ o
3 % M % N % ) N >
T Y Y Y Y LY

Strip elongation of specimens after the test
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Why Hot Forming?

To produce structural components from Ultra High Strength Steels

(UHSS) with superior mechanical properties:

A Yield Stress (YS) ranging from 1000 to 1200 MPa

A Ultimate Tensile Stress (UTS) ranging from 1400 to 1600 MPa
A minimum springback
A

reduced sheet thickness and weight

e

| ncrease crash worthiness & redt

Center for Precision Forming (CPF) 28
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Hot Stamping of HSS/AHSS/UH

Why Hot Forming?

1800

1600

. .
P R
= =
=] =]

1000

aoo

g00

Tensile Strength [MPa]

400

200

SS

CPF

CF = complex phaze
PM = partial mariensitic
OF = dual phazs
FB = ferritic bainitic
TRI= = transformation induced plasicity
DB200 HSLA = high strength low alloyed

P = rephosphorized

hot formed BH = bake hardening
IFHS = intzrztitial free high strength
ooa = deep drawing quality
UDDQ = ultra deep drawing quality
BTR 1652 = European Benteler grade
OB 200 = US Bentsler grade

Multiphase
steels

L

% DB200
as rolled
P, BH, IFHS
5 10 15 20 25 30 35 4.0 45 50

Elongation [%]

Center for Precision Forming (CPF)

Source: Macek [1]
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Hot stamping applications / source: Benteler

Window Shaft
Reinforcement

Rear Bumper

DoorBaant B-Pillar

Reinforcement

Front Bumper Reinforcemen Reinforcement
Crossmember
Reinforcement

Center for Precision Forming (CPF) 30
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direct process
' flﬁ
press
coil blank furnace handling i § cooling
indirect process -l' -
' ﬁ
press
coll blank {pﬁr;?;?;g}gi furnace handling 1 1 cooling

Source: Macek [1]
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Press slide force and energy requirements

18000
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@ 8000
=
Q
ﬁ 6000
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o
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2000 ,
[1SI, 2006
0

Mild Steel HSLA DP 350/600
180 260 340 340

Yield Strength (MPa)

Press force (kN)

3000

2500

2000

1500

1000

500

0

Drawing phase

B

[ISI, 2006

Mild Steel HSLA DP 350/600
180 260 340 340

Yield Strength (MPa)

Presses with higher force and energy capacity required for forming AHSS steels due to
its higher strength and higher strain hardening compared to mild steels
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Blank holder force requirements

Noel et al , 2005

AHigher blank holding force required due to its higher strength and relatively thin gage
used compared to conventional steel to form the part.

AHydraulic cylinders / Nitrogen gas springs built in the die to provide higher blank holder

force required to form AHSS steels.
Center for Precision Forming (CPF) 33
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Press and tooling for forming HSS/AHSS/UHSS

Modification in blanking press for AHSS steel

20

15

Blanking f6r6 5

-

— ZStE180

—TRIP700 |

02 04 06

08

PF

Linkage drive kinematics for

o -p—9-—0—¢

.......

-----

-----

......

blanki_ng press

+————

HENEEEERP o

=i 55 == BX

-y p—o—— 11— -4+

Cutting path [mm] =ohar et al , 2004

Haller , 2006

A Higher snap-through force in blanking AHSS steels A Detrimental to press life

A Blanking press with linkage drive are introduced to reduce the velocity close to BDC

to reduce snap-through forces.

A Soft-shock i add on to the blanking press to reduce the impact force on the press
and increase press life.

Center for Precision Forming (CPF)
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Tooling for forming AHSS steel

Hardened steel inserts \ B
(with CVDwear protection coating)

Parting line of tool
steel inserts

Esher et al , 2004
A Conventional monoblock design from cast iron material not preferred for AHSS
forming.

Haller , 200 SuPPY for coolant

A Cast iron tool with tool steel inserts are used for improved strength and wear
resistance.

A Cooling channels incorporated in dies to release heat quickly and increase stroking
rate. Center for Precision Forming (CPF) 35



