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The Effects of Friction Coefficient on Formability Behaviour of Dual Phase Steel
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The effects of friction coefficient on formability behavior of advanced high-strength steel sheets 
have been examined in this study. For this purpose, forming analysis has been conducted by stretching 
the three different steel sheets such as DP600, DP800 and DP1000. Forming processes have been 
done by using punch that has different friction coefficients (0.05, 0.15, 0.3, 0.6 µ) in nakajima forming 
die. As a result of the analysis, it has been observed that thinning amount and forming force have 
increased by the increasing in the friction coefficient. When major and minor deformations on the 
sheet have been examined, it has been determined that the increasing friction coefficient makes plastic 
deformation amount increase.
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1. Introduction

When the sheet metal materials used in the automotive 
sector are examined, it is seen that the materials which 
provide light and high strength are preferred. Reducing 
vehicle weight that decreases carbon emissions and fuel 
consumption results in environmental and economic gains. 
For this purpose, the use of advanced high strength steels 
developed in the automotive industry has increased1,2. Dual 
phase steels have an important place within the types of 
high-strength steels. There are two different phases, with 
various fraction volume in the microstructure of dual phase 
steels, as hard martensite which provides strength and soft 
ferrite which provides ductility and formability3,4.

Nowadays, sheet metal forming processes are used in 
the process of production of many parts in the automotive 
sector. In the production stages of the sheet metal parts, 
the sheet metal material is formed by plastic deformation 
in accordance with the desired geometry. The formability 
of the material during the production varies according to 
deformation conditions and material properties. Under these 
conditions, it is known that the thinning amount, forming 
limit diagrams and forming force are effected in the stretch 
forming process while determining the formability of sheet 
metal materials5. In the literature, Figueiredo et al. have 
determined that the surface roughness of the die plays an 
important role in the friction that is occurred in sheet metal 
forming processes6. Karupannasamy et al. have examined 

the effect of lubrication in the deep drawing process by using 
finite element method in their study. They have concluded 
that the friction coefficient is not constant in the forming 
process7. Casari et al. have examined the effect of lubrication 
on the forming limit diagrams. It has been observed that the 
friction coefficient is decreased by the effect of lubrication and 
reduces the major deformations to the lower level8. Ozturk 
and Lee have examined the effect of lubrication between the 
sheet and die in their study and they have determined that 
the lubrication reduces the forming forces9. Ma et al. have 
examined the effect of the friction on deep drawing process 
under the heat effect. They have reported that the friction 
coefficient significantly affects the amount of thinning10. 
Sing et al. have examined the effects of friction coefficient 
on forming of Usibor 1500 steel and they have determined 
the low friction coefficient improves the formability11. Huang 
et al. have reported that the forming force of zinc stearate 
lubricant provides positive results on thickness distribution 
and increases the deep drawing ratio12. It is concluded that 
factors such as lubricant/friction coefficient are effective on 
the formability of sheet materials in those studies. However, 
it has been observed that the effects of friction coefficient on 
forming of dual phase steel sheets are not examined even if 
it is widely used in the automotive industry.

In this study, the effects of the friction coefficient have 
been compared on the forming of three different advanced 
high-strength dual phase steel sheet such as DP600, DP800 
and DP1000.

aGazi Universitesi, Ostim MYO Ankara, Ankara, 06500, Turkey

https://orcid.org/0000-0001-8655-0422


Tekaut et al.2 Materials Research

2. Material and Formability Simulation

The advanced high-strength steel sheets such as DP600, 
DP800 and DP1000 as 1 mm thickness have been used in 
the forming analysis. In figure 1, microstructural images 
of dual phase steels are given. The microstructure images 
at 1000 X magnification have been obtained using optical 
microscope. In the dual phase steel microstructure images, 
the light fields indicate ferrite phase, while dark fields 
indicate martensite phase. These steels are dual phase steels 
with different martensite volume fractions. The martensite 
phase volume fractions have been determined by image 
analysis method with using LAS v4.6 software. According 
the results, it has been seen that martensite volume fraction 
for DP600, DP800 and DP1000 are about %27, %37 and 
%46, respectively. The chemical composition of steel sheets 
is given in Table 1.

The forming process has been conducted in computer 
environment by stretching and modelling the nakajima 
forming die. Schematic view of nakajima forming die has 
been shown in Figure 2. In the analysis, forming behavior 
has been considered under the different friction coefficent 
values (0.05, 0.15, 0.3, 0.6 µ). Punch movement distance 
is 40 mm.

Mechanical properties of DP600, DP800 and DP1000 
steel sheets were obtained from the literature and entered into 
the analysis software in order to perform forming analysis. 
The Mechanical properties are given in Table 2.

3. Result and Discussions

As a result of tensile forming analyses by using stretching, 
the amount of thinning, forming force and plastic deformation 
amounts of DP600, DP800 and DP1000 steel sheet materials 
were determined.

3.1 Thinning

The forming process begins when the punch moves into 
the nakajima forming die. The high holder force is applied 
to provide rigidness on the sheet between the blank holder 
and die. For this reason, the sheet cannot flow into the die 
sufficiently and begins to thin. The effects of friction coefficient 
on the amount of thinning of the dual phase steel sheets are 
given in Figure 3 a. With the increase of friction coefficient 
between 0.05 - 0.15 µ, there was a decrease in the amount of 
thinning in all three steel sheets. The decrease in the amount 
of both DP600 and DP800 steel sheets still goes on between 
0.15 - 0.6 µ. However, it has been observed that the thinning 
increase rate of DP800 steel sheet is slower than DP600 
steel sheet. Moreover, it is clear that friction coefficient 
in DP1000 steel sheet cannot be affected significantly by 
that increase. When the thinning amounts of steel sheets 
are compared, it occurs in DP600, DP800 and DP1000 
respectively. In this case, it is concluded that the amount of 
thinning on advanced high-strength steel sheets get higher 
by increasing strength value. Furthermore, it has been found 
that the friction coefficient sensitivity has decreased on higher 
strength sheet during deformation. The amount of thinning 
from cup center to outside is shown in Figure 3 b-d. When 
the amount of thinning on the formed part is evaluated, it is 
understood that the maximum amount of thinning occurs on 
the side surface of the part. There was no significant change 
in the flange parts of the sheet. At high friction coefficient 
values, it has been found that the amount of thinning in the 
cup center is less due to the more difficult flow of the sheet 
towards the cup center point and the amount of thinning is 
higher when friction coefficient value is lower. It is thought 
that this situation can be caused by the easier flow of the 
sheet at low friction coefficient values.

Figure 1. Microstructure images of DP600, DP800 and DP1000

Table 1. Chemical composition of DP600, DP800 and DP1000 steel (wt %)3

Steel Grade C Mn Ni Cr Si P S Cu Al

DP600 0.07 1.58 - 0.48 0.10 <0.02 <0.01 - 0.03

DP800 0.11 1.41 0.03 0.02 0.23 <0.02 <0.01 <0.01 0.03

DP1000 0.14 1.40 0.03 <0.02 0.53 <0.01 <0.01 0.02 0.03
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Figure 2. Schematic view of nakajima Forming Die

Table 2. Mechanical properties of DP600, DP800 and DP1000 steels13

Steel Yield strength 
(MPa)

Ultimate tensile 
strength (MPa) r0 r45 r90

Hardening 
coefficient (n)

DP600 412 676 1.16 0.67 1.02 0.206

DP800 531 802 0.92 0.86 0.97 0.14

DP1000 766 1075 0.88 0.85 0.95 0.075

Figure 3. Thinning - friction coefficient relations
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In order to evaluate the formability of DP600, DP800 
and DP1000 steel sheets, the obtained formability results 
depending on the amount of thinning as a result of forming 
analysis are given in Figure 4. When Figure 4 is considered, 
the increase of friction coefficient is respectively DP600, 
DP800 and DP1000; and it is observed that light-green 
areas with safe forming area decrease and orange-colored 
thinning zones increase. In this case, it is seen that 
the formability of the sheets is higher in low friction 
coefficient values.

3.2 Forming force

During the forming process, the response of the sheet to 
the punch movement is the forming force. Figure 5 shows the 
relationship between forming force and the friction coefficient. 
It is seen that the forming force increases with the increase 
of friction coefficient. However, the increase rate decreases 
between 0.3 - 0.6 µ. This situation is thought to be due to the 
fact that the sheet is less strength to deformation due to the 
increased friction coefficient values and plastic deformation 
in the sheet. When the forces occurred in the forming of 
steel sheets are compared, it is determined that DP1000 steel 
sheet has the highest forming force. Respectively, DP800 

and DP600 steel sheets need lower forming force. The type 
of material is important for creating the forming force. The 
tensile strength of steel sheets increases by increasing the 
amount of martensite content3. Accordingly, the forming forces 
also increase. The forming force that is occurred by punch 
movement is given in Figure 5 b-d. There is no significant 
difference in the forming force that is occurred depending on 
friction coefficient in the first stages of the punch movement. 
However, it is observed that there are differences depending 
on the effect of punch friction coefficient in the last stages 
of punch movement.

3.3 Plastic deformations

The deformation states formed in Figure 6 are examined 
by comparing the forming limit diagram with plastic 
deformation zones on the sheet material. In Figure 5a, it 
is seen that all the friction coefficient values given for the 
DP600 steel are formed under the forming limit diagram 
and it is in the safe zone. In Figure 6 b, it is clear that the 
material has been formed safely in 0.05 µ, 0.15 µ and 0.3 
µ friction coefficient coefficients for DP800; however, the 
deformation causes cracking or tearing by exceeding the 
safe place in 0.6 µ friction coefficient. In Figure 5 c, when 

Figure 4. Comparison of formability behavior
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Figure 5. Forming force - friction coefficient relation

Figure 6. Strain distribution - friction coefficient relations

plastic deformation conditions in DP1000 sheet steel have 
been evaluated, it is seen that the forming process 0.05 µ 
friction coefficient is successful. Considering the effect of 
friction coefficient on the forming of dual phase steels, the 
response from friction coefficient is respectively DP600, 
DP800 and DP1000 due to the increasing strength and 
decreasing ductility amount depending on the increase in 
martensite volume fraction.

4. Conclusion

The obtained results as follows:
• The evaluation amounts and forming force have 

been conducted as DP1000 > DP800 > DP600. 
In this case, it has been observed that the thinning 
amount and forming force increase when martensite 
volume fraction and C element ratio increase. The 
increase in friction coefficient has increased the 
amount of thinning.
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• When the formability behaviors of dual phase steel 
sheets are examined, DP600 steel can be formed 
safely but DP800 steel has the possibility of tearing 
in 0.6 µ friction coefficient. There is the possibility 
of tearing in 0.15, 0.3 and 0.6 µ friction coefficient 
values for DP1000. It has been determined that 
the increase of martensite volume fraction in the 
microstructure of dual phase steels has increased 
the friction coefficient sensitivity.

• Minor strains have decreased and major strains have 
increased on the sheet depending on the increase 
in the friction coefficient.
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