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Abstract

Objectives: To analyze the effects of galvanizing thickness and punch speed on spring back of CR4 steel. Methods:
Galvanizing is done by electro-deposition method using an alkaline cyanide-free zinc plating system and different
thickness of deposition was achieved by changing the time. Galvanizing thickness was measured by coating thickness
gauge. Experiments were conducted on a universal testing machine, using various combinations of punch travel, punch
speed, and sheet orientation, using the same tooling and size of the specimen. An approach to change one parameter
at a time was applied. Measurement of angles was done with the help of graphics and optical profile projector. Spring
back was analyzed graphically. Findings: It was observed that spring back increases with the increase of punch travel
and punch speed both. With the increase of galvanizing thickness increase of spring back was observed. Application/
Improvements: These results will be useful for design engineers and manufacturing engineers since the use of galvanized
steel sheets has increased and the methods of initial bent angle and galvanizing used is as per industry's current practice.
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1. Introduction

Today in the global market, demand is for fast production,
high precision, and low wastage. Sheet metal forming
process meets all these requirements, an easy realization
of automation is an added benefit. Sheet metal products
have a wide range of applications in the field of aeronau-
tics, automotive, electrical, home appliances etc. Bending
is a simple metal forming process, making use of the the-
ory of plasticity. In this process, the metal sheet is shaped
by straining the metal around a straight axis. During this
operation, internal side is compressed and external side is
stretched. It is used to impart stiffness by increasing the
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moment of inertia by providing flanges, curls, seams, and
corrugations in sheet metal product. Bending process is
of three types those are air bending, v-die bending and
wipe die bending. Air bending has been considered for
this study. It is known as free bending also. This process
makes use of flexible tooling. In this process sheet metal
is supported by die at two edges of its opening and punch
touches on the top surface of the sheet metal and applies
a load. Since die does not support the sheet metal at the
bottom, an angle is made and controlled by adjusting the
punch travel. Bottom radius is made by punch profile.
So, accurate punch travel is important in air bending.
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Different angles can be made with the same tool set by
changing the punch travel, whereas in v-die bending dif-
ferent die and punch are required for different angles. So,
air bending is used for small batch production, prototype
development, and part production. Every material has a
finite modulus of elasticity. Plastic deformation is always
followed by elastic recovery upon load removal. In bend-
ing, this recovery is known as spring back’. If 0i is the
initial bend angle before load removal and 0f is the final
bend angle after load removal, then spring back, A is
given by the equation (1)

AQ =0i- 06f (1)

Spring back in an elastic, perfectly plastic metal is
given by equation (2)?

AB=-3Ri/T).(Y/E)6i (2)

Here, Ri / T is bend ratio and (Y / E) is the ratio of
yield stress to the modulus of elasticity.

Spring back has been a topic of interest for research-
ers. Shape fixability is one of the main indices to access
the sheet formability. The degree of fixation of size and
shape of the formed part after bending load removal and
elastic recovery is called shape fixability. This causes a
shape discrepancy referred as spring back. Spring back
is a measure of shape fixability in bending®. Change in
young modulus due to plastic deformation should be
taken into consideration for estimation of spring back in
air bending in cold rolled transformation induced plastic-
ity (TRIP)%. Experiments were conducted for aluminum
and stainless steel sheets to obtain spring back values
for different angles. The spring back values were pre-
sented graphically®. Influence of tool geometry on spring
back in air bending of stainless steel sheet was studied®.
Experimental investigation on air bending process of
interstitial free steel sheets was conducted to study impor-
tant parameters affecting the spring back”. The effect of
grain size on punch force, spring forward and spring back
in the micro v- bending process of thin metal sheets were
analysed®. Effect of bending speed, steel sheet orientation
and die and punch geometry on bending force in bending
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were studied for CR4 steel and it was found that bending
force follows polynomial equation of 2™ order and that
die width is the main source having an impact on bending
force, whereas die radius has a marginal effect. Bending
force was found to be more in the case of cross rolling
direction, in comparison of rolling direction. The increase
of bending force was observed with the increase of punch
radius, the effect was less for the smaller angle but it was
prominent for higher bend angles®.

Investigation of the process of draw bending was
conducted for the relation of spring back and equiva-
lent plastic strain'®. The kriging metamodel was used for
predicting the spring back in the process of air bending.
The study was conducted on a training exercise''. In the
study of effects of punch speed, punch radius and grain
size on micro v-bending it was found that punch speed,
punch radius and grain size has a vital role in spring back
control in the micro v- bending process of thin metal
sheets'2. During the comparison of the behavior of extra
deep drawing steel experimentally and analytically using
LS-DYNA software in single point incremental forming it
was found that a good correlation exists in the obtained
data and after incremental forming a grain refinement
was observed in the steel sheet!®. During the studies of the
high speed incremental forming process it was found that
forming speed of 5000 mm/min is perfectly viable with
satisfactory sheet formability'*. Process of hydro-forming
was studied for the formability due to the effects of tool
and process parameters®.

Galvanizing is a process of depositing zinc over the
surface of the steel. Minor variation in surface finish
modifies the friction significantly and the submicrosco-
pic features of electro galvanized sheet helped in retention
of lubricants'®. Zinc being more anodic than steel, in the
presence of corrosive elements, losing itself slowly, it
provides galvanic protection to steel. Even if the coat-
ing is removed and steel is exposed in some area'’. When
exposed to the atmosphere, the pure zinc reacts with
oxygen (O,) to form a very thin tenacious layer of zinc
oxide (ZnO), with water it forms zinc hydroxide. This
hydroxide reacts with carbon dioxide (CO,) to form zinc
carbonate (ZnCO,), a strong dull gray material that stops
further corrosion in many enjoinment environments and
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protect the steel below from the corrosive elements. There
are numerous methods of galvanizing, in this investiga-
tion electro galvanizing is considered. Experiments were
conducted for electro-galvanized steel and measurement
of initial bent angle was done by taking an impression on
paper supported by cardboard and data were presented
graphically*®. The forming process of coated steel sheets
and their behavior was studied and observed that zinc
has the lower shear strength than steel, it is softer and
behaves as a solid lubricant”. Formability is marginally
higher in the case of ungalvanized interstitial-free steel
sheets as compare to hot dip galvanized interstitial-free
steel sheets®. During a study of the sensitivity of spring
back it was observed that due to the decrease of friction
coefficient spring back was reduced?’. Investigation of
electro galvanized CR4 steel for air bending process and
spring back was done using a similar method of impres-
sion'® for measurement of initial bent angle and data were
presented graphically®.

A limited research is carried out for spring back of CR4
steel and the effect of galvanizing thickness.. The objective
of the present study is to analyze the effect of galvanizing
thickness and process parameters, such as punch speed

and sheet orientation. In this study, the initial bent angle
is measured by drawing the enjoinment parameters, i.e.,
die width, die radius, punch radius and punch travel of the
individual experiment using AutoCAD, a method com-
monly used by design engineers in the industry. Electro
galvanization is done using an alkaline cyanide-free zinc
plating system currently used in the auto sector. This
study will help the development engineers in enhancing
the quality and reducing the development time of metal
forming products.

2. Materials and Methods

2.1 Materials

The steel sheet used in this experimental investigation
was CR4, an aluminum killed grade of one mm thickness.
Chemical composition was analyzed using emission
spectrometry as per ASTM-E415-2014 and a tensile test
was conducted as per IS 1608:2005 and found to be as per
specifications, results obtained are shown in Table 1. In
India, it is manufactured as per IS 513:2008

Table 1. Test data of CR4 steel
Chemical composition
C% Mn% S% P% Al% Si% N%
0.057 0.189 0.013 0.018 0.043 <0.017 <0.004
Mechanical Properties
Orientation Yield stress Tensile strength Elongation % Modu.l o of Hardness
elasticity
(Mpa) (Mpa) Lo=50 (Gpa) HV5
0° 181.2 318.7 45 202
95
90° 190.6 318.7 43.8 206
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2.2 Preparation of Samples

Steel sheet was cut to 35x150 size, keeping length along
the rolling direction for (0°) orientation, and across the
rolling direction for (90°) orientation. These samples were
electro galvanized using alkaline cyanide free zinc plat-
ing system, Millenium NCZ 511of ArtekSurfin chemicals
Ltd., for different thickness of 4 um; 7 pm; and 10 pm.
The thickness of plating was controlled by timing and
measured using coating thickness gauge ‘Micro-test,
manufactured by Electro Physik, Germany.

2.3 Experimentation

Experiments were conducted using different parameters
given in Table 2. For (0°) orientation samples bending
was done across the rolling direction and for (90°) orien-
tation samples bending was done in the rolling direction.
Different punch speeds were used to see the effect of same
on twin column universal testing machine, HT-U 1605-
HS. This machine was equipped with an electrical servo
control programmable drive to control speed and dis-
tance, having 1 mm/min to 500 mm/min variable cross

Table 2. Overview of tool parameter used in experiment

Type Parameter
Work blank width Ws (mm) 35
Work blank length Ls (mm) 150
Work blank thickness Ts (mm) 1
Constant
Die width Wd (mm) 60
Punch radius Rp (mm 8
Die radius Rd (mm) 5
Punch travel (mm) 5,10, 15, 20, 25
Orientation of sheet ©) 0, 90
Variables
Galvanizing thickness (um) 0,4,7,10
Punch speed Vp (mm/sec) 0.4,0.6,0.8
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head speed and 500Kg load cell. It was having a com- 2.4 Measurement of Spring Back
puter interface for analysis and chart recording. Different

punch travels were used to see the effect of spring back at
different angles. Various parameters used for the experi-
mentation is given in Table 2.

Initial bend angle 01 was computed by drawing the
enjoinment parameters that is Wd = 60 mm; Rd = 5 mm;
Rp = 8 mm and different punch travels using AutoCAD.
Measurement of final bend angle 0f was done by using

()

- CNC Device
Load Ce""d In Put / Qut Put

Die

(b) (c)

Figure 1. Experimental setup (a) measuring coating thickness (b) schematic diagram of air bending
and spring back (c) profile projector for measurement of final bent angle.
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PJ2505 profile projector, manufactured by Mitutoy.
Spring Back AO was calculated by using the equation (1).
The experimental setup is shown in Figure 1.

3. Results and Discussion

Effect of the various parameters on spring back was plot-
ted at various punch travel on the graph and illustrated.

3.1 Effect of Punch Travel on Initial Bent
Angle

Figure 2 shows the angle 0i subtended by the different
punch travels in the association of the enjoinment param-
eters, using AutoCAD. It shows a linear correlation having
the value of the coefficient of correlation, R* as 0.9983.

89
73

Bend angle 6i (°)
L)
n

0 35 10

3.2 Effect of Galvanizing

Figure 3 shows the effect of punch travel and galvaniz-
ing thickness on spring back. It was observed with the
increase of punch travel; spring back was increasing for
all galvanizing thicknesses. It was also observed with the
increase of galvanizing thickness spring back was increas-
ing for all punch travels. Zinc being softer it can be related
to friction, zinc presence changes the friction when it
meets punch and die. Since zinc has the lower shear
strength than steel, it is softer and behaves as a solid lubri-
cant. Therefore, spring back angle is likely to increase. The
increasing galvanizing thickness further reduces friction
and so the spring back angle is found to increase with the
increase of thickness.

15 20 25 30

Punch travel (mm)
—Wd = 60

Figure 2. Initial bend angle subtended by different punch travel.
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Figure 3.
galvanizing thickness.

3.3 Effect of Orientation

Figure 4 shows the spring back angles for ungalvanized
and galvanized both sheets at 0° and 90° orientations. It
was observed with the increase of punch travel, spring
back was increasing in ungalvanized, galvanized, 0° ori-
entation and 90° orientation. It was observed for both
ungalvanized and galvanized, at 90° orientation the spring
back was more as compared to 0°orientation. Since spring
back angle is a function of the ratio of yield strength to
the modulus of elasticity and the same is higher for 90°
orientation.
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———-Tg=4um
Tg=10pm

Effect of punch travel on spring back with varying

3.4 Effect of Punch Speed

Figure 5(a) and Figure 5(b) shows the effect of punch
speed on spring back. It was observed that with the
increase of punch speed spring back was increased for
each punch travel in case of ungalvanized as well as gal-
vanized sheet of each galvanizing thickness. It was due
to the decrease of friction coefficient, since higher speed
decreases friction coeflicient and spring back increases
with the decrease of friction. It was also observed that the
effect of punch speed was more effective in the case of
galvanized sheet as compared to an ungalvanized sheet.
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Figure 4. Effect of different orientations on spring back.
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Figure 5. Effect of punch speed on spring back for (a) 0 um and 4 um galvanizing thickness (b) 7 um

and 10 um galvanizing thickness.

4. Conclusion

Based on the investigations of this experimental study fol-
lowing conclusions are drawn

o With the increase of punch travel, bend angle
increases, and with the increase of bend angle,
spring back increases for galvanized as well as the
un-galvanized sheet.

 In the case of bending along rolling direction, 90°
orientation, spring back is more for galvanized as
well as ungalvanized sheet for each punch travel or
band angle, as compare to bending across rolling
direction, 0° orientation.

o Spring back is more in the case of galvanized sheet
as compare to the ungalvanized sheet. Spring back

Vol 10 (16) | April 2017 | www.indjst.org

increases with the increase of galvanizing thick-
ness.

o With the increase of punch speed spring back
increases for both galvanized as well as the ungal-
vanized sheet. It is substantially higher in the
case of galvanized sheet as compared to an un-
galvanized sheet. Spring back increases with the
increase of galvanizing thickness.
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