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Surface topography evolvement of galvanized steels in sheet metal forming
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Abstract: U-channel forming tests were performed to investigate the surface topography evolvement of hot-dip galvanized(GI) and
galvannealed(GA) steels and the effects of die hardness on sheet metal forming(SMF). Experimental results indicate that the surface
roughness values of the two galvanized steels increase with the number of forming, i.e., the surface topographies of galvanized steels
are roughened in SMF. Moreover, GI steel has a better ability of damage-resistance than GA steel. The mechanisms of topography
evolvement are different in the forming of GI and GA steels. Scratch is the main form of surface damage in the forming of GI steels.
The severity of scratch can be decreased by increasing die hardness. GA steel results in exfoliating of the coating firstly and then
severe scratching. The surface topography of galvannealed steels can be improved by increasing die hardness. However, the hardness

should not be too high.
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1 Introduction

The hot-dip galvanized(GI) and galvannealed(GA)
steels are popularly used in automotive industry due to
the better formability, weldability, paintability and
corrosion resistance[1-2]. At the same time, the
application of GI steels presents many challenges in the
forming, welding and painting[3—7]. Powdering,
exfoliating and scratching of the coatings are the main
forms of surface damages in the forming of GI steels.
The surface damage decreases the corrosion- resistance
and surface qualities of products and restricts the use of
GI steels in automotive industry[8—9].

The main factors that influence the surface damage
of GI steels are the materials including the chemical
compositions of coating, phase structure and substrate
material[10—12]. Furthermore, tool material and surface
treatments, lubricant and process parameters affect the
performance of GI steels in sheet metal forming(SMF)
[13—16]. For example, DALTON and SCHEY[12] studied
the effects of different galvanizing treatments (hot-dip

galvanizing, galvannealing and electrogalvanizing) on

the friction and scratching behavior in SMF. SKAE and
KRANTZ[13] studied the effects of tool material on the
surface damage in the forming of hot-dip GI steels in
Volvo Car Corporation. KIM[16] studied the effects of
contact pressure, lubricant and temperature on the
surface damage in the forming of galvanized advanced
high strength steels. These researches focused on the
effects of materials and processing conditions on surface
damage in the forming of GI steels. However, the type of
surface damage and the surface topography evolvement
of galvanized steels in SMF need to be further studied.
The conventional friction test equipments are
extensively used to evaluate scratching of sheet materials
[17-18]. In these tests, the plastic deformation of sheet
material in forming is ignored. Moreover, tool material is
in contact with the same sheet surface during the entire
testing duration. Thus, the results concluded from these
tests cannot be applied directly to SMF operations.
U-channel bending and drawbead tests
extensively used to study scratching by many researchers,
which are more
conditions[19-20].
In this study, the surface topography evolvement of

are also

representative of the forming
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GI and GA steels and the effects of tool hardness on
surface damage in SMF were investigated using the
U-channel forming test under tension-bending. The work
will be beneficial to decreasing the surface damage and
scrap rate in SMF.

2 Experimental

2.1 Test equipment

In SMF, the tribological behavior at the interface
between tool and workpiece is an important factor that
influences the coefficient of friction and the surface
qualities of the parts. The deep drawing process is a
typical method in SMF, which includes two contact
conditions between tool and workpiece. One is the
sliding condition under compression and the another is
the sliding condition under tension-bending. To enable
the simulation of forming process under conditions close
to industrial operations, the forming tests of U-channel
with draw-bead were conducted in this study. Generally,
the draw-bead is used to limit the material flow and
maintain a constant strain distribution in a part. The
contact condition between tool and workpiece in this
study was the sliding condition under tension-bending.

Fig.1 shows the schematic view of the test tool. The
radii of the die and the punch were 10 and 8 mm,
respectively. The shape of the draw-bead was semicircular
and the radius was 6 mm. The forming tests were carried
out with a single-action hydraulic press. The blank
holder force used in the U-channel forming tests was 2 T
and the forming depth was 45 mm. All the tests were
performed with only rust-proventative oil as lubrication.
Fig.2 shows the formed U-channel workpieces.

2.2 Materials

The formability of galvanized steels depends on the
characteristics of the coating and the properties of the
substrate. To eliminate the influence of the substrate
material, the GI steel DC56D+Z and GA steel DC56D+
ZF used in this study had the same substrate material.

Table 1 Mechanical properties of sheet materials

Draw-bead Punch

Binder-

R10
Die

Fig.1 Schematic view of test tools

Fig.2 Photograph of formed U-channel workpieces

All materials were produced by Baoshan Iron and Steel
Co. Ltd. Rectangular sheet samples with dimensions of
60 mm X 300 mm were used for U-channel forming tests.
Table 1 lists the sheet materials used in the study and
their mechanical properties. Table 2 lists surface
parameters of the sheet specimens. The hardnesses of
sheet substrate material and galvanized coatings were
measured by the micro-hardness test with the pyramid
indenter at 2.94 N and 0.98 N, respectively. The surface
roughness values were measured by a stylus profilometer.

The tool material was Mo-Cr cast iron that is
usually used as tool material in automotive industry. The
tool material was hardened and tempered to get three
different grades of hardness HRC35, HRC45 and HRCS52.
Finally, the forming tool was ground to result in an
average surface roughness (R,) of about 0.2 pm.

Material Yield strength/MPa Tensile strength/MPa Elongation/% n r
DC56D+Z 152 285 45 0.23 2.27
DC56D+ZF 149 297 45 0.22 221

Note: n means strain hardening exponent; I means anisotropic coefficient.

Table 2 Surface parameters of sheet specimens

Material Thickness/um Coating mass/ Surface roughness Hardness
Substrate Coating (gm?) R./um R,/um Substrate Coating
DC56D+Z 650 7.9 58 0.761 4.496 HV&9 HV62
DC56D+ZF 690 7.6 49 1.082 6.708 HVI1 HV296
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2.3 Evaluation of surface topography

In automotive industry, the depth of scratches left
on parts is the criterion for surface qualities. In case a
scratch on a part is deep enough that the scratch cannot
be masked with lacquer, the part will be rejected.
Moreover, the deep scratches can decrease the corrosion-
resistance of the parts. Therefore, the roughness
parameter R, was used to evaluate the surface
topography in the study. Based on the SEM and EDS, the
surface damage of the GI steels was analyzed
comprehensively. The measuring position was the outer
side-wall of the U-channel part. Measurements were
performed five times and the mean value was used as R,
value in this study.

3 Results and discussion

3.1 Hot-dip galvanized steel

Fig.3 shows the variations of the part surface
roughness values(R,) in the forming of the GI steel
DC56D+Z with different forming tools. It is found from
Fig.3 that the surface roughness R, of the GI steel
increases with increasing the number of forming, which
means that the surface topography is roughened in SMF.
Fig.3 clearly indicates that the hardness of the forming
tool has a crucial effect on surface topography of the GI
steel. R, increases rapidly with the forming tool of
HRC35. At the 250th forming test, the Ry value already
exceeds the thickness of the galvanized coating and the
substrate material is damaged. The forming tools with
hardness of HRC45 and HRC52 give fairly good surface
qualities of parts in the forming tests. The R, values are
3.5-6.0 pm during the whole period of tests and only the
coating is damaged. The parts formed with the tool of
HRC45 shows a similar topography evolvement to the
parts formed with the tool of HRC52.

Fig.4 shows the SEM micrographs of surface
topography of GI steels with different forming tools at
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Fig.3 Variations of Ry values in forming of GI steel with

different tools

Fig.4 SEM micrographs of surface topography of GI steels
with different forming tools: (a) 35HRC; (b) 45HRC; (c)
52HRC

the 400th forming test. It can be found from Fig.4 that
the forming tool with hardness of HRC35 results in a
severe surface damage of the parts. The surface damage
of the parts formed with the tool of HRC45 and HRC52
is relatively light. Moreover, only surface scratches are
observed from Fig.4.

3.2 Galvannealed steel

Fig.5 shows the variations of the part surface
roughness (Ry) values in the forming of the GA steels.
Similar to the GI steel, the R, value of GA steel increases
with increasing the number of forming. This tendency is
obvious for the parts formed with the forming tool of
HRC35. The surface roughness (Ry) value of the formed
part is about 13 pum at the 400th forming test and the
substrate material is heavily damaged. However, the
effects of tool hardness on surface damage are different



308 HOU Ying-ke, et al/Trans. Nonferrous Met. Soc. China 19(2009) 305-310

in the forming of the GA and GI steels. The forming tool
with hardness of HRC45 shows better than the forming

tool with hardness of HRC52 in the forming of GA steels.

Fig.5 also indicates that only galvannealed coating is
damaged with the forming tools of HRC45 and HRCS2.
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Fig.5 Variations of R, values in forming of GA steel with
different tools

Fig.6 shows the SEM micrographs of surface
topography of GA steels with different forming tools at
the 400th forming test. It is found from Fig.6 that the
forming tool with the hardness of HRC35 results in
severe surface damage of the parts. The surface damage
of the parts formed with the tool of HRC4S5 is relatively
light. Fig.6 also indicates that many cracks appear on the
surfaces of the GA steels. This is the representation of
coating exfoliating.

3.3 Differences of two galvanized steels

Fig.7 shows SEM micrographs of surface
topography of the GI and GA steels at the 400th forming
test with the tool of HRC35. It is found from Fig.7 that
scratch is the form of surface damage in the forming of
GI steels. However, the GA steels result in severe
exfoliating of coating in SMF. From the spectral analysis
with EDS, the GA coating gives the relatively higher
percentages of Fe element compared to the GI coating as
shown in Table 3. This leads to the brittleness of the
galvannealed coatings. Moreover, the GA coating has
about five times higher hardness value than the GI
coating as listed in Table 2. In SMF, the deformation of
the GA coating is not consistent with that of the substrate
material. Thus, the GA coating results in exfoliating of
coating easily in SMF. The GI coating can act as
lubricant in SMF due to lower hardness and better
formability. Therefore, the part surface roughness (Ry)
values of the GI steel are larger than those of GA steel
regardless of the hardness of the forming tool (see Fig.8).

The initial surface topography of sheet specimens is
also an important factor that influences the topography

' g

Fig.6 SEM micrographs of surface topography of GA steels
with different tools: (a) 35HRC; (b) 45HRC; (c) 52HRC

Table 3 Comparison of percentage of elements in coatings

DX56D+Z DX56D+ZF
Element  Mass Atomic Mass Atomic
fraction/% fraction/%  fraction/% fraction/%
C 0.50 2.61 0.59 2.96
(6} 0.52 2.10 0.87 2.86
Zn 96.15 91.46 89.18 83.11
Fe 2.40 2.79 9.12 10.51
Al 0.43 1.04 0.24 0.56
Total 100 100 100 100

evolvement of parts in SMF. The surface roughness
values of galvannealed steels are larger than those of the
hot-dip galvanized steels (see Table 2). Based on the
analysis of SEM, the hot-dip galvanized coating shows a
more uniform microstructure while the galvannealed
coating shows a high porosity, as shown in Fig.9.
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Fig.7 SEM micrographs of surface topography of steels: (a) GI
steel; (b) GA steel
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Fig.8 Topography evolvement of GI steel compared to GA steel
4 Conclusions

1) In SMF, the surface topographies of the GI and
GA steels are roughened and the surface qualities of the
parts are decreased with increasing the number of
forming. However, the failure mechanisms of GI and GA
steels are different from each other.

2) The formability of the hot-dip galvanized coating
is better than that of the galvannealed coating. In SMF,
the deformation of the galvannealed coating is not
consistent with that of the substrate material. Thus, the
GI steels only result in scratches and the GA steels result
in exfoliating firstly and then severe scratching. The GI

Fig.9 Topographies of coatings taken by SEM: (a) GI steel,
(b) GA steel

steels show better damage-resistance than the GA steels
due to the fact that GI coating acts as lubricant in SMF.

3) Tool hardness has a crucial effect on the
topography evolvement in the forming of galvanized
steels. The surface damage of GI steels can be decreased
by increasing the hardness of the forming tool. The
surface quality of the formed part can also be improved
by adjusting the hardness of the forming tool in the
forming of GA steel. However, it is not the forming tool
with the highest hardness that performs best.
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