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Background
Impact of AHSS on Stamping Tools
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Background

Objectives

FEA of forming AHSS example part
Twist compression test (TCT)

Cup drawing / ironing tests

Strip drawing / strip ironing tests

Recommendations for future work

* Advanced/Ultra High Strength Steels (A/UHSS) are increasingly used in
forming auto body structures to improve vehicle safety and fuel economy

* Forming of A/UHSS generates unfavorable tribological conditions (high
pressure and temperature) resulting in failure of commonly used
lubricants, leading to galling which significantly reduces tool life and
affects the high scrap rate in production
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Background

Failure Mechanisms in Stamping

- Wear Abrasive-adhesive or mixed Sliding contact
- Plastic deformation Exceeding of yield Contact pressure
strength locally
- Chipping Cracking at cutting Fatigue
edges and surfaces
u Cracking Total cracking of the Fatigue
tool
: Material pick up-The same sliding contact
- Galllng type of mechanism as
adhesive wear Ewl
[Courtesy for Uddeholm Steels] '
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Background

Failure Mechanisms in Tool Coating

1g_internal fracture Substrate fracture Wear (adhesive or abrasive)
i_ Work Piece |

X Coating
% Laver

[Courtesy of Katagiri et al. 2007]

Cross section of TiC coated tool
after 50 sliding with AL,O; in
drawing of 780 MPa steel
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Background

Galling Mechanism in Stamping

a) Junction growth Pressure (P)

b) Galling initiation

—

Tool coating
— Lubricant
™ Zinc coating
Workpiece Junctions A

o Galling can be developed in three stages

» Lubricant film breakdown
» Junction formation and growth

» Material pick-up on the tool surface and
scratching the incoming sheet

Scratched strip drawn by
a galled die

Evaluation of Die Coatings and Stamping

Lubricants in Forming Galvanized
Advanced/Ultra High Strength Steels (A/UHSS)

1. CIRP 2008 published paper - Hyunok Kim, Soosik Han, Qingguang Yan and Taylan Altan

2. IDDRG 2009 paper - Hyunok Kim, Soosik Han, Frank Goodwin, Kyungbo Kim, Taylan Altan




Objectives

The overall objective is to develop reliable guidelines to select optimum
combination of tribological parameters (i.e. die material, coating and
lubricant) in stamping AHSS for automotive structural parts.

The specific objectives are to:

 develop a methodology to investigate the effect of process parameters
(interface pressure, temperature and relative sliding speed) on galling
during forming galvanized AHSS.

« determine critical pressures and temperatures for the initiation of galling
at the tool-workpiece interface for selected lubricants and sheet / tool
characteristics (material properties, surface finish and coating).
EWi
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FE Simulation of Forming a B-pillar part:

Determination of Critical Interface Conditions

B-pillar Simulation Model

(TRIP600 and Thickness=1.5 mm)

Blank Holder

Sheet Blank

Top view of die

[FEM Code: PAM-STAMP 2-G]

1500 mm
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FE Simulation of Forming a B-pillar part:

Determination of Critical Interface Conditions

Normal contact pressure - Max. over time

-w GPa

l.m
o.285714
022051

Max. contact pressure
=400 MPa

Sliding length=24 mm

Intermediate contact
pressure = 200 MPa

(Approximate dim.=1200 mm long x 600 wide)

The Twist Compression Test (TCT)




The Twist Compression Test (TCT) =
- Qualitative Evaluation of Galling at 170 MPa

Surface Analyses of Galling

EDS Analyses Results

Pressure
(Mpa)

Sheet Material - Galvanize
Coating

Severity of Galling
Lube 1o g5 1 13 2

23 3

DP500 — Bare
Mo coating)

DP600 - HDGT
(Hot Dip Galvanized)
170 DP500 - HDGI
(Hot Dip Galvanized)
DDS - HDGA
(ot Dip Galvsuneal)
AKDQ - HDGA
(Hot Dip Galvanneal)

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

No galling was observed in TCT at 50 MPa, however galling became severe
as the contact pressure was increased to 170 MPa.

DP600 GI with Lub B showed the best effectiveness in reducing galling

compared with other sheet materials. Ew-
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c) Galled tool surface caused by Gl coating

EEr

4) Galling structure caused by Gl coating

Topography Change of Tool

Surface as the COF increases

Rase = 135.7 nm

Rase = 136.8 nm

Atomic Force
Microscopy (AFM)
was used to measure
the tool surface area
(90 pm x 90 pm)

8t w0 a8

a) Surface topography of tool (before the test) b} Surface topography of tool (COF = 0.1)

Galling ) Rasas = 572.5 nm

Rawe = 183.1 nm
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¢} Surface topography of toel (COF = 0.2) d) Surface topegraphy of teol (COF = 0.3)

Cup Drawing and Ironing Tests

Ironing Test '

‘ Deep drawing test ‘ i

i — o ST
blaik holdar
Puneh
haolder pressure)
{Stationary) b

T [Frietisnal

shaar stress)
R, {Initial radius of blank)

Evaluation criteria:

* Max. punch force

» Max. BHF without fracture

* Flange draw-in length

Drawn cup

* Flange perimeter

Ironed cup Ew'.
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Test Results of Cup Drawing

Lub F, M, N and P gave fractured samples

Lub N
- Lub P

Lub B

Lub A

Test speed = 70 mm/sec
BHF = 70 tons

Punch Force [tons]

o 10 20 30 40 50 -] T0 BO a0
Stroke[mm] Fractured sample
Sheet material: DP590 GA (thickness=1.24 mm) Ew"
Die material: D2 tool steel (uncoated and polished to Ra =0.1um) Joining Innovation

Test Results of Cup Drawing

Perimeter
770
Shorter perimeter I:> Better lubricant
780
E W "mnul"”..'-.!ﬂ Lub A
750
Lub A Lub B
o Lub B
740
$ 10
720
710

Strip Drawing Test (SDT)

Draw Die

| Bank Holder

| LuadCll b) Draw die

v, T
RN

a) Strip drawing tooling c) Insert die

The strip drawing test (SDT) was developed to test the higher grades of
AHSS (DP780, TRIP780 and DP980), because the limited formability of
these steels makes the deep drawing test difficult to conduct. Ew'.

Dimensions of strip:
Length = 356 mm
S Width =25 mm

£
o
©

a) Configuration of specimen and die insert b) Final deformed specimen
With preliminary FE simulations of SDT, four different die radii of 5, 8,
10 and 12 mm were determined to change the contact pressure in the

range of 110 ~ 260 MPa without any necking of strip. -
EWWi




Strip Drawing / Strip Ironing Tests -

Test Results of SDT / SIT

Die Coating Evaluation Test Conditions

Testing parameters Descriptions
Sheet materials DP 980Gl (Hot-Dip Galvanized), 1.4 mm (initial thickness)
DC53 uncoated (Ra=0.19 pm)
Tool material DC53 PVD coating of CrN (Ra=0.16 pm)
(total 4 matls.) DC53 PVD coating of TiCN (Ra=0.34 pm)

DC53 PVD coating of XNP (Ra=0.25 ym)

Die corner radius 5mm

20 strip drawings (P=110 Mpa)

Testing conditions R N ;
g 20 strip ironings at 14% ironing ratio (P=450 Mpa)

Tested lubes Straight oil coated in a range of 2.0~3.0 g/m?

23

Strip Drawing and Strip Ironing Tests -
Ranking of Galling after SDT/SIT

O Galling after drawing 20 samples ® Galling after ironing 20 samples

Severity of Galling

XNP

Die Coatings Ew'.
Joining Innovation

TIiCN

Galled die surface after testing 40 specimens Drawing
(20 drawings and 20 ironings)

Ironing

Pmax=116 MPa Pmax=450 MPa

[FEM Code: PAM-STAMP 2G]

Tested strip samples

Examinations of Tool Surface

Micrographs of
Die Surfaces
after Tests




Strip Drawing Test (SDT)

Strip Drawing Test (SDT)

- Load vs. Stroke Curves
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Punch Foree [KN]
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Stroke [mm]

- Maximum Punch Force from SDT

A 21.61
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A smaller punch force indicates better lubricants ! Ew'
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Maximum Punch Force [KN]

Recommendations for

Future Work

1. Laser hardening for stamping tools and dies

2. Laser cladding for stamping tools and dies

3. Advanced simulation model for tool wear

Advantages of Laser Hardening &

Cladding Technologies

« Saving of time and costs by selective hardening

* Minimal distortion due to low thermal load

* No need for additional quenching media (i.e. water)
* Reducing maintenance time of worn-out tools

« High quality process control with robots and CAD/CAM
interface

* High degree of flexibility (hardening/cladding process
control, re-cladding and easiness to access complex

geometry)
ElWi




Laser Hardening for

Stamping Tools and Dies

Laser Hardened Die Surfaces

Laser hardening with Laser and robot for  Laser hardening of cutting edges
a car body deep drawing tool and complicate geometry

[Courtesy of LBBZ GmbH] [Courtesy of hwg-inductionheat] Ewi
Jahimhmwtlan.

Tool steel

Implemented steel

<Machined to final shape

) ~
Grey iron -

Die shoe with grey iron

[Courtesy for CAMITO]

Laser Hardening of
Trimming Tools and Dies

laser beam angle

_\ % A= Cutting drsction
A ¥ ¥=Pupendicular to the cutting direction

|
-

soDL [ 150 ma [Courtesy for Asnafi et al. 2004] Ew'
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Laser Hardening of
Trimming Tools and Dies

Rephos 260,
Dogol 600DL, 145mm

1R - i
.

The B-pillar before (A) and after (B) trimming a tailor-welded blank .
of Docol 600DL (1.95 mm thickness) and Rephos 260 (1.45 mm) [Courtesy for Asnafi et al. 2004]

= -
e e ELL;
Laser surface hardening of the new trip die for V70 B-pillar (The arrow indicates the hardening Jnhiwhmmtlm.
direction)




Laser Hardening Technology - EWI

H0 Kw Fni:er Iandh Collimator lens Beam Integrator Re-Imaging lens

S7 tool steel

The hardness of hardened layer is about 200~300% higher than Ew"

the tool metal.

Laser Cladding Technology - EWI

-

er feeding
nozzle
e ——

316L cladding powder on
4130 base metal

Various powder materials (Stellite 6, Inconel 718 and 316 L) Ew'
were used with 4130 base metal.

Laser Cladding Technology - EWI

Advanced Simulation Models
for Tool Wear

Hardness - Stellite 6 on 4130 Steel

£ %
£ 200 \ - =
- Wela | Az Base
100 Simestd
o M 04 o7 1 ©S 1 18 2 18 2§ 3 3 4 43 8 85 4 T L] " o m ®
Distance (mm)
= Mot reheated Reheated
The hardness of welded coating is about 300% higher than Ew'.
the base metal. Joining Innovation

Source: Grundfos A'S REDSY, utg

(a) Experiment (b) Simulation

1 Merations {Onily quality af wear is shown for the descriglion of algarithm. )

7= jp"d[ Wear work (Z) = fun (pressure
" and sliding velocity)

K W, = wear volume, K= a material
g constant, H= surface hardness

-
[Courtesy for Hoffmann et al., CIRP 2005] Ew'

Source: DaimlerChrysler AG
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