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Abstract

Material selection for creating a rigid and high-energy absorption lightweight BIW is critical in terms of fuel economy and emissions.
In this context, material forming limits and mechanical behavior during stamping processes are the most important factors in the
creation of lightweight BIW’s. Therefore, enhancing strength and reducing material thickness stand out as the primary ways to comply
with industry standards and reduce the body weight. In weight reduction efforts with dual-phase steels, thinning may lead to splitting
due to the increased martensitic island structure in regions with the highest Mn and C content in dual-phase materials. In hot- and
cold-rolled dual-phase 800DU material with a thickness of 1mm, splitting may occur during forming simulation due to the martensitic
structure to distribute inhomogeneously, surpassing the critical threshold of the forming simulation curve when compared to cold-
rolled 600DU material with a thickness of 1.2mm. This study addresses the thinning-induced splitting issue encountered in weight
reduction applications, determining the optimal choice between different rolling types under a die produced for 600DU material with
a thickness of 1.2mm, using both hot and cold-rolled materials. In line with the purpose of the study, trials were conducted with two
different 800DU materials under forming dies. Formability simulations and mechanical tests were performed, and analyses were
carried out in terms of microstructure, thinning, and edge cracking performance. The characterization of the materials was conducted
using a scanning electron microscope (SEM) equipped with an EDX apparatus. Following the characterization, tensile tests were
performed in three different rolling directions to determine the mechanical properties of the materials. To evaluate the resistance of
the materials to edge cracking, Hole Expansion (HE) tests were conducted. As a result of the improvements and analyses made by
replacing the 600DU material with a thickness of 1.2mm with cold-rolled 800DU material with a thickness of 1.0mm, the proposed
application appears feasible for the part geometry under consideration.

Keywords: BIW(Body-in-White) ,Weight Reduction, Dual Phases Steels, Necking, Edge Crack, Hole Expansion (HE)
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Rijit ve yiiksek enerji emilimi saglayan hafif Beyaz Goévde (BIW) yaratmak i¢in malzeme se¢imi, yakit ekonomisi ve emisyonlar
acisindan kritik 6neme sahiptir. Bu baglamda, malzeme sekillendirme sinirlari ve presleme islemi sirasinda mekanik davranis, hafif
BIW olusturmadaki en 6nemli faktérdiir. Bu nedenle, dayanimi yiikseltmek ve malzeme kalinhigini azaltmak, endiistri standartlarina
uyum saglamak ve gévde agirligini azaltmanin birincil yolu olarak 6ne ¢ikmaktadir. Cift fazli celiklerde agirlik azaltimi ¢alismalarinda
incelme, cift fazli celiklerin icerdigi Mn ve C nedeniyle artan martensit adacik yapisinin en fazla oldugu boélgeden yirtiga neden
olabilmektedir. Sicak ve soguk haddelenmis cift fazli 800DU kalinlig1 1 mm olan malzemelerde, soguk haddelenmis 600DU kalinli g1
1,2 mm olan malzeme i¢in yapilmis metal sekillendirme kalibinda martensit yapinin homojen dagilamamasi sebebiyle sekillendirme
simiilasyon egrisinin kritik esigini asarak yirtilma meydana gelebilir. Bu ¢alismada, agirlik azaltimi uygulamalarinda karsilasilan
incelme kaynakl yirtik problemi i¢in sicak ve soguk haddelenmis malzemeler ve 600DU, kalinlig1 1,2 mm olan sac i¢in imal edilmis
kalip altinda farkl hadde tiirleri arasindan optimum se¢im belirlenmistir. Calismanin amaci dogrultusunda, iki farkli 800DU sinifi
malzeme ile sekillendirme kalib1 altinda deneme yapilmis; formabilite simiilasyonlari, mekanik testler gerceklestirilmis ve mikro yaps,
incelme, kenar ¢atlama performansi agisindan analiz edilmistir. Malzemelerin karakterizasyonu, EDX aparatina sahip bir taramal
elektron mikroskobu (SEM) kullanilarak gergeklestirilmistir. Karakterizasyonun ardindan, malzemelerin mekanik o6zelliklerini
belirlemek amaciyla ti¢ farkli haddeleme yoniinde ¢cekme testleri gergeklestirilmistir. Malzemelerin kenar ¢atlagina olan direnglerini
degerlendirmek amaciyla Delik Genisleme (HE) testleri uygulanmistir. 600DU kalinlig1 1,2 mm olan malzemenin yerine 800DU soguk
haddelenmis, kalinlig1 1,0 mm olan malzeme degisikligi yapilan iyilestirmeler ve analizler sonucunda uygulamanin yapildig1 parga
geometrisinde miimkiin gézitkmektedir.

Anahtar Kelimeler: BIW(Beyaz Gévde), Agirhk Azaltimy, Cift Fazli Celikler, Incelme, Kenar Catlagi, Delik Genisleme (DG)
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1. Introduction

More than ever, automotive industry have a strict limit for
emissions, environmental demands and cost. Besides these
strictions demand to automobile are increasing, customers
expects more safer and fuel economy vehicles from industry. In
this situation automobile manufacturers trying to provide more
budget their R&D’s for fulfill the strict limits and customer
expectations. Automobile industry during their application
considers reducing emissions and meanwhile providing the
required performance of vehicles. These approaches can be
summarized as follows: drive train efficiency improvement [1],
development of new energy vehicles [2], alternative fuel systems
[3] and vehicle weight reduction [4]. Among them, vehicle weight
reduction has been considered as one of the most effective
solutions and weight reduction of 57 kg is equivalent to 0.09-0.21
km per liter fuel economy increase. [5]

To achieve weight reduction improvement, the 600DU t=1.2mm
material should be replaced with the 800DU t=1.0mm material.
In order to achieve this improvement, factors influencing
formability in DP materials have been taken into account.

Westhauser, Schneider and Denks, after hole expansion
according to ISO 16630, Nakajima and tensile tests demonstrate
that only a combination of high local strain and high fracture
toughness leads to a high formability of punched edges.
Prospectively, these two properties have to be taken into account
individually for material characterization and future material
development. [6]

Golovashchenko, Zhou and colleagues proposed, sheared edge
stretchability measured in diffuse necking area and in hole
expansion test illustrated that the best stretchability can be
achieved for the cutting clearances 10...15% t. [7].

According to TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution) method and GRA (Grey relational
analysis) methods results show that the advanced high-strength
steels are the optimal lightweight material for automobile
applications. [8]

In order to obtain the goal of safe, lightweight, fuel efficient BIW
one of the commercial car manufacturer floor side panel were
choosed. Upgrading to material tensile strength 600DU to 800DU
and reducing the material thickness 1,2mm to 1,0mm was
evaluated from point of view thinning and edge crack
performance. These subjects main reason for material choosing.

In this paper, reducing the weight of floor rear side panel at BIW
%16. This calculation made it with given (Eq1).

Part Sheet Weight:
sheet weight(g) = width X pitch X thickness X specific gravity
(1)

This paper aims, relationship between the thinning, edge crack
and the stamping process parameters are established by press
trial and as well as comparative analysis of two distinct 800DU
grade material for BIW weight reduction applications.

Table 1. 600DU, XX1, XX2 Chemical Composition .wt %.

2. Materials and Methods

The investigated part's choosing criteria were: i) should be from
inside the safety cage ii) should be easily accessible on the vehicle
body and iii) should not be something that is difficult or
impossible to repair. Thus, the part chose to work on is one of the
car manufacturers commercial vehicle floor rear side panels.

2.1. DP Steels Edge Fracture and Thinning

DP steels consist of a ferritic matrix containing a hard martensitic
second phase in the form of islands, as shown in figure 1.

Martensite

Figure 1. Island of martensite in a matrix of ferrite DP steel [9].

The soft ferrite phase is generally continuous, giving these steels
excellent ductility.

During deformation of these steels, strain is concentrated in the
lower-strength ferrite phase surrounding the islands of
martensite, creating the unique high initial work-hardening rate
(n-value) exhibited by these steels.[9]

Hot-rolled material, in the micrographs, martensite appears as
darker regions surrounded by a lighter ferritic matrix. Pearlite is
frequently observed in the microstructure of dual-phase steels.
Its presence is generally undesirable due to its negative impact
on cracking resistance during cold forming processes. The two
critical temperatures in the strip cooling process, namely the
intermediate coiling temp. and coiling temperatures, have a
significant influence on the mechanical properties of DP steels.
An increase in either of these temperatures leads to higher
ultimate tensile strength (UTS) and reduced elongation [10].

Cold-rolled DP steels with a higher fraction of martensite exhibit
increased strength due to the limited deformability of the
martensitic phase. During the heat treatment process, the
transformation from austenite to martensite occurs, resulting in
volume expansion.

This transformation creates mobile dislocations around the
martensite islands, which are located in the softer ferritic matrix
in an unstrained state. The high dislocation density in the initial
microstructure contributes to the continuous yielding behavior
and a high initial work-hardening rate of DP steels. Additionally,

Element C Si Mn P S Al Cu Ti+Nb B

600DU 0.15 0.75 2.5 0.040 0.015 0.015-1.5 0.20 0.15 0.005
XX1 0.18 0.8 2.5 0.050 0.010 1.0 0.15 0.15 0.005
XX2 0.18 0.80 2.5 0.050 0.010 1.0 0.20 0.15 0.005
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DP steels with a banded martensitic structure or large martensite
islands tend to have lower elongation at fracture [11].

As shown in figure 2. the work hardening rate plus excellent
elongation creates DP steels with much higher ultimate tensile
strengths than conventional steels of similar yield strength.
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Figure 2. Stress strain curve for DP350/600[9].

Mukherjee, B. Bhattacharya [12] and colleagues revealed
decreasing the difference in strength in constituent phases also
contributes to a high hole expansion ratio,

% N %

L Pan, J. Xiong [13] and colleagues, reduced the difference in
strength between the ferrite and martensite by adding Nb for
increasing the strength of the soft ferrite matrix, and a
satisfactory stretch-flangeability of the sheared edge was
produced.

V. Balisetty and colleagues, suggested that the hole expansion
ratio decreases with an increase in martensite content from 22 %
to 45 % in the dual-phase (DP) steel [14].

Xu Sun and colleagues, ductile failure of dual phase steel was
predicted when plastic strain localization occurred, which
resulted from the inhomogeneous deformation concerning
different hardnesses of the martensite phase and ferrite matrix
[15].

Nguyen, Tong, conclude the effect of the burr orientation on the
hole expansion ratio conclusion showed that the hole expansion
ratio under burr down orientation is higher than that under burr
up orientation [16].

2.2. Material and Chemical Composition

800DU cold rolled and 800DU hot rolled material commonly used
in fields of automotive body in white manufacturing. In the
present work we considered 600DU cold-rolled t=1,2mm, 800DU
cold rolled and 800DU hot rolled steel sheet having a same tensile
strength of 800DU. One of the material is hot rolled (XX2) one of
them is cold rolled (XX1). Chemical composition of XX1 and XX2
are given table 1.
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2.3. Forming Simulation

AutoForm simulation software is widely recognized as a
powerful tool in the optimization of sheet metal forming
processes, particularly within the automotive industry. By
enabling virtual simulations of the entire stamping process,
AutoForm allows for the prediction of material behavior during
forming, which aids in identifying potential defects such as
wrinkles, thinning, springback and edge crack.

The steps generated in the AutoForm simulation program and the
input values are as shown in Figure 3.

AutoForm
Simulation
Process
. Parameters
Material Die Face -Kinematic of
Datéll -Blank Tool
-Den51.ty -Nominal Part -Stiffnes
-Materlal Geometry -Rolling
Thlc.kness -Die Face I Direction
-Yield Design -Press
Strenght | Parameters
-FLC v -Forming
I\;[Y(()iu?g Motion
_P((’) ISUS:S Forming Sim. -Blankholder
Ratio OP20-Draw
-Starin Rate . OP3Q_
Trim&Pierce Results
»  OP40-Flange [°| -Thinning
OP50-Cam Pierce -Edge Crack
OP60-Pierce -Springback
OP70-Cam Pierce -Plastic Strain
OP70-Cam Pierce -Formability

Figure 3. AutoForm created steps and data inputs scheme

Material card for CAE software provided from evaluated material
manufacturer. Simulation card for XX1 material tensile strength
807,5MPa, yield strength 478MPa and strain hardening
exponent(n)=0,168, XX2 material card, tensile strength
836,8MPa and yield strength of 510,6 MPa and strain hardening
rate(n)=0,166. This values evaluated with mechanical tensile test
and compared. As shown in figure 4. hardening curve, yield
surface and FLC for 600DU t=1,2mm, 800DU t=1,0mm cold rolled
and 800DU t=1,0mm hot rolled.
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Figure 4. Hardening curve, yield surface and FLC (Forming Limit
Curve) for a) 600DU t=1,2mm, b) 800DU cold rolled (XX1)
t=1,0mm c) 800DU hot rolled (XX2) t=1,0mm

2.4. Preparation of Material for Metal Sheet Transfer Die

800DU cold rolled and 800DU hot rolled materials cutted from
same blanking (cutting) die. Material cutting and shearing ratio is
1/3 cutting, 2/3 shearing of 1mm as shown in figure 5.

Figure 5. Cutting and shearing ratio, white brigh.t section-upper
side cutting (1/3), rest is shearing (2/3) of 1mm.

Sheared materials evaluated by specified ratio. The blanking die
employs a coil feeder for enhanced coil stability during the
blanking (shearing) process, incorporating four side guides and
four pilot pins. Cutting clearance is 15% of thickness [17].
Blanking press max. tonnage is 600ton. While cutting materials
press machine operates at 40stroke/min for both of the material.
Cutting speed calculated = 2mm/sec given equation at 2. Die we
use to stamp materials build one blank for one stroke.

s 22 .,
vV =-w2—=sina

S w2 (Eq2)

s=press stroke, w=angular frequency, a=press angle

J. GuF. Alamos and colleagues believed that a high shearing speed
contributes to an excellent local formability of the sheared edge
by weighing the failure strain in the half specimen dome test
(HSDT).[17]

2.5. Characterization of Microstructure

The samples were metallographically prepared with a Struers
brand Tegramin 25 model automatic grinding and polishing
device. Final polishing was performed on an MD Nap disc using a
1 pm suspension of DiaPro Nap B in water. Sample preparation
processes were carried out in accordance with ASTM E3
standards. Between each metallography stage, the samples were
dried in a Struers Lavamin brand automatic washing-drying
device. After the metallography process, the samples were
chemically etched with 4% nital solution. Microstructure images
were obtained using a Nikon ECLIPSE MA 100 optical microscope
and quantitative metallographic software (Clemex Vision Lite,
Image Analysis Software 2.0C). Scanning electron microscope
images were obtained on a ZEISS EVO-10 model instrument. The
materials were subjected to a hardness test for 14 seconds under
a load of 10 kg according to the TS EN ISO 6507-1 standard.
Durascan 20 G5 model EMCOTEST brand hardness device was
used in vickers hardness tests.

2.6. Tensile Test Specimens

To evaluate the edge fracture performance and thinning
threshold, 800DU cold rolled material and 800DU hot rolled
material mechanical test specimens were fabricated in

accordance with JIS Z 2241 Tensile test method standards for
metallic materials. Tensile specimens were cut from the sample
die designed according to JIS. Rolling direction 0°, 45° and 90°
Lo=50mm, Width=30mm mechanical test specimens were
prepared as shown in Figure 6. Tensile tests of the prepared
materials were conducted using a 5985 model INSTRON brand
tensile testing apparatus.
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Figure 6. Tensile strength test apparatus and specimens
according to JIS Z 2241 0°, 45°,90° XX1, XX2.

2.7. HER Test Specimens

HER specimens prepared according to ISO16630. Test specimens
of square shape were sheared from guillotine machine. Square
specimen dimensions are 90x90mm. As shown in figure 7.
punched hole cutted with HER specimen die at 1200t mechanical
press. Cutting matrix is identical for both materials due to their
thickness. Internal diameter of the die=10,30mm. Punch
diameter is 10mm. Clearance applied between die and material is
%15.
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Figure 7. Specimen die for HER test.
2.8. Die Trial at 1600 Ton Eccentric Press

Press machine utilized for stamping 800DU cold rolled and
800DU hot rolled materials 1600ton A/C electric powered,
eccentric gear transfer press, equipped with a finger-type
unloading and transfer mechanism.

Prepared materials stamped under transfer metal sheet die as
shown in figure 8. Stamping process includes draw process, trim
& pierce process, flange process, cam & pierce process given
process combined die has a total of 5 process. Distinct die
operations amalgamated with 2 common plate. Each common
plate contains 3 proses.

Stamping regulations for cold rolled and hot rolled material, draw
process die cushion type is gas cylinder, lifter type at draw and
flange process is spring-based. The force required for the flange
procedure is specified by the formula in (Eq3).

3)

c=coefficient, §z=tensile strength, L=bending length, t=thickness,
w=shoulder width of die

P=c><6,3><L><E
w

Draw process required force calculated given formula at (Eq4).
(4)[18]

di=punch diameter (mm), s=sheet thickness (mm), Ru=tensile
strength (N/mm?2), f=draw ratio, fmax=max. draw ratio

Fy =11.(d; +5).5.Ry.1,2. [fi[N]
Max

Closed die height parameter substituted with proportion to
reduced thickness for overcome to springback (0,3mm).

OP20 is draw process. Cutted blanks to start with this process.
Drawed t=1,0mm 800DU cold rolled and hot rolled 800DU
material compared with 600DU t=1,2mm. OP30 trim&pierce
process. In the drawing process, the extended sections added to
prevent the metal sheet from slipping at draw process were cut
from the metal sheet during OP30. The edge trimming and hole
punching operations were performed within the same process. At
OP40 flange operation applied to material.

3. Results and Discussion

3.1. Characterization of Microstructure

Figure 8. shows optical microscope images of 600DU and 800DU
Dual Phase steels produced with two different techniques.

XX1 and c) XX2.

Upon examination of the microstructures, a characteristic dual-
phase steel structure, consisting of fine ferrite grains with light
contrast and martensite islands formed at ferrite grain
boundaries with dark contrast is observed in 3 distinct materials.
In Figures 20 b. and 20c, it is seen that martensite regions with
dark contrast increase when the Mn ratio in the chemical
composition escalates. Depending on the increasing Mn ratio in
the chemical composition. It is observed that ferrite grains
become thinner with increasing martensite ratio. Phase ratios
resulting from differences in the chemical composition of steels
used in the automotive industry affect their mechanical
properties [19].

a)

[§

N\ -~
Signal A= SE1
Mag= 3.00KX

10 um EHT= 1500 kV

WD = 8.68 mm

IProbe= 400 pA
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Signal A= SE1
Mag= 3.00KX

EHT= 1500 KV
WD = 8.74 mm

EHT = 15.00 kV
WD = 11.47 mm

10 um

Signal A= SE1
Mag= 3.00KX

IProbe= 400 pA

Figure 9. SEM microscope images of DP steels a) 600DU b) XX1
and c) XX2.

Upon examining the SEM images given in Figure 9. it is evident
that the 600DU material given in Figure 9a exhibits coarser sized
ferrite grains and less martensitic phase comparison to 800DU
materials. In Figures 9b and 9c, the effects of two distinct
production techniques on the microstructure are seen. It is seen
that the XX1 cold rolled 800DU steel given in figure 9b. has a finer
microstructure than the XX2 hot rolled steel given in 9c. Hot
Rolled Steel the hot rolling process results in a coarser grain
structure of the steel are influenced by rolling temperature. Cold
rolling yields a finer and more consistent grain structure,
resulting in enhanced strength, hardness, and other mechanical
properties [20]. Section 3.1 elucidate the impact of
microstructural alterations on mechanical characteristics.

3.2. Tensile and Hardness Test Results

The samples that fracture as a result of the tensile test tended to
elongate and their width and thickness decreased visibly. This is
a consequence of necking. Consequently, dual phase steels
typically exhibit ductile fracture characteristics.

Tensile test graphs and results of standart 600DU, XX1 and XX2
coded samples depending on different rolling directions are
given in Figure 10. and Table 2.

a) 700
600
500 4
;_«? 400 4
g
2 300
73]
200 -
e 600DU 0°
100+ e 600DU 45°
— 600DU 90°
0 4 T v T v T Y T : T v
0 10 15 20 25 30
Elongation (%)
1000
b)
800 4
~ 600
[+ ]
Ay
§ )
2
g 400
72}
200 4
49 —_— XX1 00
—XX1 45°
—XX190°
0 T T T ! I Y
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2
2
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200 4 —_—XX20°
— XX2 45°
— XX2 90°
0 T T ; T T T ; T
0 5 10 15 20 25

Elongation (%)

Figure 10. Stress - strain (%) graphs a) conventional 600DU b)
XX1 and c) XX2 material in 0°, 45° and 90° directions.
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Table 2. Tensile test results of XX1 and XX2 materials obtained
at 0°,45° and 90° rolling directions.

Samples (Rp0.2) MPa Elongation (%) (Rm) MPa
XX10° 504,52 20,73 851,08
XX1 45° 488,30 20,17 847,18
XX190° 508,70 20,51 859,92
XX2 0° 563,52 21,53 794,17
XX245° 562,61 21,01 804,23
XX290° 545,06 19,81 772,40

When the tensile test results of 600DU steel with a thickness of
1.2 mm and 800DU steel are examined, the % elongation values
of 600DU steel appear to be higher. This results from the elevated
higher ferrite ratio in the matrix. The tensile test results of 800DU
steels produced with two different techniques (cold rolled and
hot rolled) were sufficient for part production despite the
reduction in thickness. When the results of XX1 and XX2 steels
with 800DU strength produced with two different techniques are
examined, it is evident that the steel manufactured via cold
rolling exhibits superior mechanical properties and a lower %
elongation value due to a certain deformation hardening during
the rolling process. This situation is directly affected by the
annealing processes performed subsequent to cold rolling [21].
The annealing process directly affects the surface hardness of the
materials. As shown in table3. this yields an increased hardness
result of cold rolled steel [22].

Table 3. Hardness Test Results

Figure 12. XX2 t=1,0mm HER specimens

Table 4. HER applied force chart (grade-thickness)

XXX 0,9mm 1,0 12 14 16 18 2,0 2,3
440-600 50kN 50 50 55 60 70 80 90
800 60 60 70 75 80 85 90 95

Samples Hardness (HV10)
XX1 261
XX2 228

3.3. HER Test Results

Comparative tests conducted on two distinct material for the
floor rear side panel, as shown in figure 11 and figure 12.
Commercially available hot rolled 800DU and other one will be
commercially released soon 800DU cold rolled. Cold rolled
specimens HER ratios shown in figure 11.

HER test conducted with Hole Expansion measurement system.
Rolling direction at material aligned with machine specified
direction. Hole 1/3 cutting ratio should be positioned at the
conical punch side. The force applied is determined by the
material thickness and grade as specified in table 2.

Hole expansion ratio HER, hole measured on basis of recorded
pictures of camera. By setting six pixel points at the edge of the
hole two isosceles triangles are defined, which are oriented
perpendicular to each other to ensure an orthogonal measuring
according to ISO 16330 [23].

Figure 11. XX1, t=1,0mm HER specimens.

By the points 1-3 and 4-6 two measure circuits are defined, which
diameters are the basis for the calculation of the averaged
diameter of the hole Dj,. In relation to standard specification the
occurrence of first crack through the sheet thickness is the
criteria for measuring the resulting diameter Dy, [24].

Determination of HER A given at formula (Eq5).

A= @. 100 Dy, = Initial, D, = Final diameter. (Eq5.)
h
50
—a—600DU Cold Rolled t=1,2mm HER
45
40,2
-~ 393
S 40 38.,?__//.\.
3 /
3 35.,7
ﬁ 35
i
301
25 T T T T T T T T T T T T
23,5 23,8 23,5 214
Crack Occurence Time (sec)
Figure 13. 600DU t=1,2mm HER-crack occurence time.
35
—a—800DU Cold-Rolled t=1,00mm HER
30 4
) 48 279
2 T
s
24
o
o
T 254
229 23;
e =
20 T T T T T T T 1 - T & T
21 20,9 21,3 21,3

Crack Occurence Time (sec)
Figure 14. XX1 HER results.
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Thinning

As shown in figure 13. 600DU t=1,2mm material shows much
higher HER than distinct XX1 and XX2. This result expected il
because as show in figure 9. 600DU material has much lower 0.05
martensite C concentration compared to XX1 and XX2.

As shown in figure 13.800DU cold rolled DU, exhibits edge cracks <
at a rate of %35 prior to hot rolled 800DU thus formability, edge 005
crack and thinning performance on hot rolled 800DU is better. As
shown in figure 14. specimens edge crack occurring time and
specimens hole shape when analyzed 800DU cold rolled edge s
crack occurs ductile. Soft ferrite phase gives high ductility.

0.00

-0.10

'I:I.:;‘\:Iu
45
—=—3800DU Hot-Rolled t=1,00mm HER
40
376 Figure 16. 600DU cold-rolled t=1,2mm forming simulation
o . formability and thinning. a) formability, b) thinning (%).
$ In this study, according the simulation (figure 16, 17, 18) and die
% 354 35 38 trial results is as shown in figure 20. concentrate to “dome”-like
z .’____———lxﬁ.’l shape located in the lower center of the part.
'E‘ As a result of the comparisons, it was observed that the 600DU
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Figure 15. XX2 HER results.

As shown in figure 15. 800DU hot rolled HER exceeds the 800DU
cold rolled. This disparity among the materials related with as
shown in table 1. chemical composition cold rolled has a %wt
0,012 higher C contain. An increased martensite C concentration
diminishes stretch-flangeability [25]. As shown in figure 15. the
HER test findings for hot rolled material indicate more ductile
expansion than cold rolled 800DU. The hole expansion ratio for
XX2 is %35 superior than XX1 material.

3.4. Forming Simulation Results

As shown in figure 16. no edge cracking or split due to thinning
was observed in the forming simulation of the part, which was
aimed at reducing its weight.

| Formability

Thickening

Compress

Insuff
Stretch

SAFE

Figure 17. 800DU cold-rolled t=1,0mm forming simulation
a) thinning (%), b) section of dome thinning.
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In the simulation of the 800DU t=1.0mm cold-rolled material,
thinning occurred. This comparison does not match the results
obtained from the physical test conducted under the metal
forming die. Cold-rolled (XX2) material in forming simulation
show =17 thinning according to thickness. As shown in Figure 17,
the simulation of the 800DU cold-rolled material exhibited
thinning and subsequent rupture in areas close to the dome
shaped mid-high region (figure 19).

Figure 18. 800DU hot-Rolled t=1,0mm forming simulation a)
thinning (%), b) section of dome thinning.

The hot-rolled 800DU t=1.0mm material showed better
formability, closer to the 600DU t=1.2mm material. As shown in
Figure 18, the simulation resulted in edge splitting due to
thinning. This result does not match the findings from the
physical test under the metal forming die (3.2.). Hot-rolled (XX2)
material in forming simulation yield =20 thinning according to
thickness of the material. This simulation results have =%?2
higher than die trial thinning measurement (3.5.)

In terms of the formability, edge cracking due to thinning, which
will affect weight reduction, the simulation results of the
t=1.0mm 800DU hot-rolled and 800DU cold-rolled steels do not
seem suitable to replace the 600DU t=1.2mm material for BIW
weight reduction. As shown in Figures 17 and 18, the two
different 800DU materials simulation results exceeded the
critical minor and true strain safety thresholds, and rupture was
observed.

3.5. Die Trial Results

In the metal forming die test, under section 3.4, the forming
simulation results for thinning, splitting, and edge cracking
highlighted the risky area, which, as shown in Figure 19, is
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focused on the "dome"-like shape located in the lower center of
the part.

Figure 19. Drawn (OP20) panel comparison a) 600DU t=1,2mm,
b) 800DU hot rolled t=1,0mm, c) 800DU cold rolled t=1,0mm.
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As shown in figure 19. the visual comparison of the drawing
process(OP20), which is paramount in terms of edge cracking
and thinning, was made between 600DU t=1.2mm material,
800DU cold-rolled t=1.0mm and 800DU hot-rolled t=1.0mm
materials. Issues such as wrinkling, edge cracking, and
incomplete forming, which are expected to occur in the drawing
process, have not been encountered. Thinning measurements
conducted with Mitutoyo “External Digital Caliper Gauge”.
Thinning value calculated with given formula at (Eq6).

Min. Measured Thickness

1 * 100

(Eqe)
Thinning values for 600DU cold rolled t=1,2mm %17, 800DU cold
rolled t=1,0mm %18 and 800DU hot rolled t=1,0mm is %22.
Selected part thinning tolerance for 1,0mm is %18. Thus, aspect
of thinning cold-rolled 800DU t=1,0mm despite a thickness
difference of 0.2mm, with welding and grinding intervention to
OP20 and OP40 it remained within tolerance.

Nominal Thickness

4. Conclusions

Dual Phase steels forming capability limited by edge crack,
splitting caused by the shear cutting process and thinning under
the sheet metal forming die, as shown in the test and forming
simulation conducted above. Hard and ductile phases in Dual
Phase steels creates very specific fracture mechanism due to void
nucleation and coalescence mechanism. Although dual-phase
materials meet all mechanical property requirements in tests,
issues arise where they fail to achieve the minimum regional
formability. This discrepancy is related to microstructure
homogeneity, inclusion content, and edge conditions. Simulation
programs can be misleading in this context as they do not account
for these metallurgical characteristics. Therefore, when dealing
with dual-phase materials, regional formability is assessed by
producing the material under a metal forming die to observe the
final result. Based on simulations, experimental die production,
mechanical tests and microscope examinations, thinning, edge
cracking and splitting in dual-phase steels is primarily influenced
by the cutted edge condition, thinning, microstructure,
particularly the strength and volume fraction of martensite.

In this study, the usability of hot or cold rolled 800DU steel with
thinner thickness instead of the currently used 600DU steel
within the scope of weight reduction studies was demonstrated.
It is likely that when the martensitic phase reaches a critical
volume fraction, there is a threshold for the damage energy
associated with the microstructural damage at the two-phase
interface.

a) In this study forming simulation conducted for cold-
rolled 600DU t=1,2mm, 800DU t=1,0mm and hot rolled
800DU t=1,0mm materials. According to the forming
simulation comparisons, the cold-rolled 800DU
t=1.0mm material appears to be more suitable to
replace the 600DU t=1.2mm material in the weight
reduction application.

From quality aspect and according to die trial results
800DU cold rolled t=1,0mm material more close to
mass production 600DU t=1,2mm. Nevertheless the die
height was reduced in proportion to the decrease in
thickness 0.3mm.

Due to factors such as the microscopic surface
roughness or microstructural properties of the die
surface, die wear, and die rigidity, which are either not
considered or only partially considered by the forming
simulation program, differences have been observed
between the physical production (3.5.) and the
simulation results (3.4.). Through forming simulation
and die trial part springback condition welding and

b)

<)
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grinding interventions were applied to the die during
the OP20 and OP40 processes.

Even the elongation difference avg=%0,31 of two
distinct 800DU t=1,0mm material, edge cracking and
thinning, which are influenced by the martensitic
volume fraction and edge cut quality, were found to be
improved in the cold-rolled 800DU material, which has
a higher martensitic volume fraction and superior edge
quality. As a result, this material exhibited better
performance under sheet metal die in BIW weight
reduction, making it the preferred choice.

Although according to die trial the cold-rolled 800DU
t=1.0mm material yielded results closer to the nominal
tolerances of the 600DU t=1.2mm material, it exhibited
0.3mm more springback behavior compared to the
800DU hot-rolled t=1.0mm material. As shown in Table
3, this issue is related to the fact that the hardness of
XX1 material is 33% higher than that of XX2 material.
The springback problem is associated with the tool, part
geometry, and hardness. To eliminate the elastic
recovery (springback) of the part, the die height was
reduced by 0.3mm, and improvements as mentioned in
article c) were implemented.

Cold-rolled DP steel (XX1), due to limited deformability
of the martensitic phase showed increased strength.
(Table3.) As shown in figure 9b. and figure14. due to
banded martensitic structure yield lower elongation.
Hot rolled DP steel (XX2), due to two critical
temperature along with increasing, which is
intermediate coiling temp. and coiling temp. lead to
higher tensile strength and good formability.

Through forming simulation, die adjustments and
material mechanic, visual tests, selected BIW part
weight was reduced by 16%. A 100 kg weight reduction
on BIW, fuel consumption will decrease by 0.6 L/100
km [26]. Thus 0,006 L/100km fuel saving achieved.
When examining the microstructure of the 800DU
material produced by cold rolling, it has been observed
that it exhibits a finer and more homogeneously
distributed microstructure compared to the 600DU
material produced by hot rolling. Microstructural
analysis has demonstrated that cold-rolled steels
exhibit a finer and more uniform structure than hot-
rolled steels. Depending on the microstructural
characteristics, it has been determined that the
mechanical properties of cold-rolled steels are better.

d)

g)

h)
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