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Abstract

The suitability of interstitial free (IF) steels of thickness 0.9 and 1.2 mm for press forming operations were examined. The microstructural
aspects, tensile properties and formability parameters were studied. Forming limit diagrams were evaluated for the above sheet metals at
they were compared. Strain distribution profiles were obtained from the forming experiment. The fracture surfaces of the formed samples wer:
viewed using scanning electron microscope (SEM). Using the fractography, the fracture behaviour and formability were analyzed. The tensile
properties and formability parameters were correlated with the FLD. From the analysis, it was found that IF steel having 1.2 mm thickness is
superior compared to the other one.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [4]. In the recent years, many works have been carried out
to develop interstitial free steels with improved properties by
The low carbon steel sheets are widely used for automo- understanding the microstructural aspects, which control the
bile body applications. Interstitial free steels are the steels deformation behaviour of interstitial free steels as explained
having very much less amount of carbon and nitrogen. Al- elsewher¢5,6]. As aresult of these, now IF steels are the ma-
though aluminium alloys are used for body of the automobiles terials with good formability and also with stiffness which is
due to their lightweight, which contributes in the saving of required for vehicle safety. So IF steels are now used for
fuel, the demand for vehicle safety makes the users to pre-automobile body applications and very few research studies
fer a material to increase the weight of the automobile body have been carried out on this steel with regard to forming
and crashing strength of the vehi§lg?]. Interstitial free (IF) limit diagrams and formability aspects. Due to this reason,
steels are newly developed materials and have some excellenthe present work has been undertaken for the users of these
properties. They are suitable for galvanneal coatings, which steels.
is required for automotive body works as given elsewhere
[3]. Interstitial free steels are free from carbide precipitates
at the grain boundarig8]. So they have excellent worka-
bility and mechanical properties (due to the presence of al-
loying elements such as Mn and Si). Interstitial free steels
are Ti and/or Nb stabilized and they have good drawability for

2. Objective

Inthe present work, an attempt was made to determine the
ming limit diagram for two different thicknesses namely
0.9 and 1.2mm of IF steels used in automobile industries.
- ) Apart from this one, the strain distribution profiles have been
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fax: +91 431 2500133 obtained for the above steels. Using SEM photographs, the
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3. Experiment procedure
3.1. Chemical composition and tensile test

The chemical compositions of these steels supplied by
M/s Tata Steels, India, were found out by spectrometry and
reported inTable 1 The microstructure of IF steel consid-
ered for the study was obtained and it is showrFig. 1
Tensile tests were carried out using Hounsfield tensometer.
The samples were prepared by cutting along three different
directions namely @ 45° and 90 to the rolling direction of
the sheet§7]. The load versus extension data were obtained
from these test. The strain hardening exponehntkie plastic

Fig. 1. Microstructure of IF steel — maginification 260- Nital etchant.

) 3 2 . X | to different state of strain namely tension—tension, plane
strain ratio ) (which is the ratio of the width strain to the  gtrain and tension—compression by varying the width of the
thickness strain) and planer anisotropyrYwhich areimpor- - g5 mpjes. During forming, circles became ellipses. The major

tant factors that indicate the formability of the sheet metals §i5meters and minor diameters of the ellipses were measured

were determine(_JI from the tensile_ tests. Us?ng the equationusing a traveling microscope with an accuracy of 0.01 mm.
o =Ke", whereo is true stress andis true strairk, strength gjng the major diameter and minor diameter values, the
coefficient was foun(_j out-Values along thre(_a directions major strains4) and the minor straing:$) were calculated.
namely parallel (6), diagonal (45) and perpendicular (39 1he major strainseq) and the minor straing:f) were found
to the rolling direction were found out using tensile test. The g ,t in three distinct regions viz. safe region, necked region

normal anisotropy or average plastic strain ratpand the 54 fractured region. FLD was drawn by plotting the minor
planer anisotropyAr) were calculated from thevalues de-  q5in in abscissa and corresponding major strain in ordinate

termined along three directions namely parall€)(@iagonal 54 by drawing a curve which separates the safe region from
(45°) and perpendicular (99 to the rolling direction using 16 unsafe region.

the following expressions:

—  ro+reo+ 2ras ) 3.3. Strain distribution profiles
=
4
ro + roo — 2ra5 Strain distribution profiles were drawn by measuring the
Ar = — (2) major strain and the minor strain of the ellipses at different
distances from the pole and plotting the distance from the
3.2. Forming limit diagram pole in abscissa and the corresponding major strain and minor

strain on the ordinate. The thickness of the blank at different

Keeler [8] and Goodwin[9] introduced the concept of distances from the pole in longitudinal (parallel to the length
forming limit diagram (FLD) in 1960s. Since then, ithas been ©f the samples), transverse (perpendicular to the length of
widely used for studying the formability of sheet metals. the samples) and diagonal (4% the length of the samples)
Hecker[10] developed simplified techniques for evaluating dlrectlon Were_measured and distance from the pole versus
FLD. Even in the recent years many works are carried thickness strain graphs were drawn. The above procedure
out on FLD[7,11,12] The forming limit diagrams were =~ Was followed for testing of the both sheet metals (i.e., IF
evaluated by following standard technique. In this method, Sté€l 0.9 mm thickness and 1.2 mm thickness).
samples were cut by shearing. The sample sizes were of
300 mmx 200 mm, 300 mmx 180 mm, 300 mnx 160mm,  3.4. Fractography
300 mmx 140 mm, 300 mnx 120 mm, 300 mnx 100 mm
and 300 mmx 80 mm. In all the samples, grid patterns were The fractured surface of each blank was viewed by a scan-
printed by chemical etching method. In this experiment, ning electron microscope (SEM). The specimens for SEM
the diameter of the grid circles is 3.5mm. Forming upto analysis were cut from the region closest to the origin of the
fracture were carried out on a double action hydraulic fracture. From the features of the fracture, the nature of frac-
press of capacity 2000 kN using standard die and punch setture and the relation between the features and the formability
up as shown irFig. 2 The sheet samples were subjected Were analyzed.

Table 1

Chemical composition of the two IF steels (in weight %)

Material Thickness (mm) C Mn Si S P Al N (ppm) Ti B Nb

IF steel 0.9 0.0027 0.38 0.009 0.01 0.01 0.047 37 0.042 0.0007 0.046

IF steel 1.2 0.0035 0.4 0.008 0.007 0.044 0.045 35 0.04 0.0008 0.001
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