
International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:7, No:4, 2013

538

 

  

m
fo
cr
ste
Th
20
th
es
th
ha
lo
Fu
th
sa
Pe
Si
de
lo
an

fo
th
sh
Th
an
6m
th
m
nu
pl
m
m
ai
pa
co
ar
an
in
 

En
Jo
eta

M
20

M

Abstract—Th
anner in which 

ormed mild stee
ross-sectional ar
eel plate. Six m
he loads applied
0kg, 25kg and 3
e loads were 

stablishedthat th
e cross-section

ardening. Hence
ad was found t
urthermore, the
at the average

amples was 30
ercentage Elon
imilarly, the U
eformation of th
ads alter the m

nd strengthening
 
Keywords—A

ETAL fo
process t

orming is one
he manufacturi
heet metalwor
he metal shee
nd 6mm. She
mm are calle
hickness less

metalworking h
umber of indu
late metals. T

make use of s
many; truck a
irplanes, cons
articular, the 
ommonly used
re bent to a pa
nd dimensions
nvolves exerti

Dr.  E. T. Akin
ngineering Scie
hannesburg, So
akinlabi@uj.ac.za

Mr. S. A. Ak
echanical Engine

006. (Phone: +277

Ch
Me

M

he purpose of th
 various loads a

el plates. The in
rea of the metal

mild steel plates
d on the plates 

30kg. The radiu
applied at ro

he applied load
nal area of th
e, the percentag
o be directly pr

e tensile test re
e Ultimate Te
08 MPa whil
ngation were 

UTS of the form
he plate, as such

mechanical prop
g the material p

Applied load, f

I. INT

orming is a c
to obtain a fin
 of the metal
ing industry.C
rking processe
ets usually hav
et metals whi
ed plates, wh
s than 6 m
has a vital co
ustrial product
There are a nu
sheet and pla
and car bod
struction equ

metal bend
d in the autom
articular angle
s. The metal b
ing a specifi

nlabi is a Senior L
ence, University
outh Africa, 2
a). 

kinlabi is a Doc
eering Science, U
7984-77095; e-m

aracte
echan

his research stu
affect the mech
nvestigation foc
l plate at the cen
s were deforme
had a magnitu

us of the punchi
oom temperatur
d causes the Vi
he plate to in
ge increase of t
roportional to th
esults for the p
ensile Strength 
e the average
227 MPa and
med componen
h it can be conc
perties of the m
properties. 

forming, mecha

RODUCTION 
crucial aspect 
nished product
l forming tech
Cutting and fo
es performed 
ve a thicknes
ich have a th
hile sheet m
mm are ca
ommercial va
ts that involve
umber of ind
ate metals, th
dies, locomot
uipment and 
ding and for
mobile industry
e or curvature 
bending techn
c load on th

Lecturer in the D
y of Johannes
2006.(Phone: +

ctorate candidate
University of Joh

mail: saakinlabi@u

E

erising
ical P

udy is to investi
hanical propertie
cuses on exami
ntre of the form
ed with differen
ude of 5kg, 10k
ing die was 120
re. The invest
ckers microhar
ncrease due to
the hardness du
he increase in t

parent material 
(UTS) for th

e Yield Streng
d 38 % respe
nts increased a
cluded that the 
materials by im

anical properties

in a manufa
t. Metal bendi
hniques emplo
orming operati
on thin metal 
s of between 

hickness great
metals which 
alled sheets.
alue, consider
e parts from s

dustrial produc
hese include 
tives, railway

appliances 
ming techniq
y where meta
of specific ge

nique is a proc
he upper die 

Department of M
sburg, Aucklan

+2711-559-2137; 

e in the Depar
hannesburg, Sout
uj.ac.za). 

Esther T. Aki

g Effec
ropert

 

igate the 
es of the 
ining the 
med mild 
nt loads. 

kg, 15kg, 
0mm and 
tigations 
rdness at 
o strain 
ue to the 
the load. 
showed 

he three 
gth and 
ectively. 
after the 
forming 

mproving 

s. 

acturing 
ing and 
oyed in 
ions are 
sheets. 
0.4mm 

ter than 
have a 

Sheet 
ring the 
sheet or 
cts that 
among 

y cars, 
[1]. In 
ques is 
l sheets 

eometry 
cessthat 

which 

echanical 
nd Park, 

e-mail: 

tment of 
th Africa, 

pre
cre
wh
ou
req
int
ph
alt
Th
of 
hig
yie
me

 

for
pe
an
ha
to 
aft
the
ch
ma
ela
de
Th
rel
an

ma
pro
oth
co
wo
co
[7]
au
tha
gre
exp

nlabi and Ste

cts of 
ties of

esses into the
eating a comp
hen the exerte
ut of the die
quired geome
tended geome

henomenon ma
teration of ge
herefore, it is 
f manufacture
gh strength st
eld strength o
echanical form

Fig. 1 Sc

Springback a
rming proces
rformance of 

nd dimensiona
as been unload

the elastic re
ter being unlo
e material pro

haracteristics o
aterial helps t
astic region o
formation can

he stress appli
lated to the be

nd the punch st
Steel is the

anufacturing 
operties and e
her engineeri
nsidered for 
ork has been 
mponents; on
], they investi

ustenitic steels
at the quanti
eater than 
periment sh

ephen A. Ak

Appli
f Form

e clamped sh
ponent with sp
ed load is rem
, the compon

etry. This cha
etry is known a
ay render com
eometry and 
crucial to con

ed component
teel plates is s
of the materia
ming process i

chematic of Me

s a phenomen
ss has a maj
a component.

al changes tha
ded. The sprin
ecovery that to
oaded. [5]. Th
operties of met
of a metal. K
to determine t
of a sheet. T
n be achieved
ied to the she
ending param
troke (mm) [6
e most used
industry due

economic adva
ing materials
this research
conducted in 

ne of such wa
igated the me
s in pure ben
ity of springb
that of non

howed that 

kinlabi 

ied Lo
med St

heet of metal 
pecific shape g

moved and the 
nent tends to

ange of the c
as springback

mponents to b
dimensions 

ntrol and mini
ts. Moreover,
significantly h
al [3]. A typic
is shown in Fi

chanical formin

non that occur
or influence 
. It may be de

at occur in com
ngback pheno
ook place in 
he springback
tals, in particu
Knowing the 
the stress req

This is impor
d during the 
eet during the

meters such as 
6].  
d engineering
e to the avai
antages that st
. As such, m

h investigation
the area of b

as reported of 
echanical beha
nding. The in
back of Sand
n-transformin
the springb

oads o
teel Sh

into the low
geometry. Ho
component is

o change fro
component fro
k [2]. The sprin
be useless due

of the comp
imise the sprin
, the springb
high due to th
cal schematic 
ig. 1. 

ng process [4] 

rs during mech
in the qualit

fined as geom
mponent after
omenon is attr
the formed m

k largely depe
ular the stress-

yield point 
quired to surpa
rtant so that 
bending proc

e bending pro
the punch lo

g material i
ilability, vers
teel has comp
mild steel p
n. Several re

behaviour of f
f Kouznetsova
aviour of met
nvestigation s
dvik Nanofle

ng materials.
back behavio

on the
heets

wer die 
owever, 
s taken 
om the 
om the 
ngback 
e to the 
ponent. 
ngback 

back in 
he high 

of the 

 

hanical 
ty and 

metrical 
r a part 
ributed 

material 
nds on 
- strain 
of the 
ass the 
plastic 

cedure.  
ocess is 
oad (N) 

in the 
satility, 
ared to 
late is 
esearch 
formed 
a et al., 
astable 

showed 
ex was 
 This 

our in 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:7, No:4, 2013

539

 

m
tra
th
va
th
(lu
w
El
re
ap
of
th
w
lin
ra
be
w
de
pr
an
m
re
al
sig
pr

be
of
10
ro
It 
bo
pr
du
pe
no
sh
w
m
w
th
w
te
str
co
w
A
pr
in
w
pr
lo
cy
ex
pr
re
m

metastable au
ansforming st

he variables in
ariables inves
he punch spee
ubrication con

was carried exp
lement (FE) a

esult of the Fin
pplied load ch
f the metal sh
he experimenta

with punch stro
ne with the 
apidly when th
ending proced

when the punc
eveloped a nu
roperties on 
nd residual st

manufacturing 
esults from th
luminum sh
gnificantly o
rocess.  

Furthermore,
ehavior of mi
f a rectangula
0K/s for a p
olling process,

was observed
oundaries of 
resence of su
ue to the wa
earlite grains
oticed in the 
howed an incr

warm deformat
measured to be
was 300 HV at
he surface of t

were improved
nsile strength
rength (from
oncluded that 

warm deformat
Also, the wa
roperties of th
ndicates an inc

work of Shin et
ressing on the
ow carbon ste
ylindrical sam
xperiment an
roperties and 
esults of the

microstructure 

ustenitic steel
teels. Similarly
nvolved in ‘V
tigated are th
ed, the die r
nditions), and 
perimentally a
analysis to mo
nite element a
hanged with p
eet is in line w
al results show

oke until the b
die surface. 

he coining pro
dure, decrease
ch radius inc
umerical mod
forming load
tresses. They 
software to m
he numerical 

howed the 
on the tensile

, Liu et al., [
ild steel. The 
ar plate to a t
eriod of 180
, the specimen
d in the warm 
the grains we

ub-grains bou
arm rolling w
 observed in
warm rolled

rease in the m
tion. The har

e 220 HV. The
t the centre o
the specimen.

d by the warm
h (from 550 M

m 230 MPa t
the ferrite gr

tion. The ferr
arm deforma
he material. T
crease in the w
t al., [11] on t
e microstructu

eel was report
mple heated to
nd investigat

the hardnes
e optical m
of the sampl

l is differen
y, Huang and 

V’ die bending
he punch radiu
radius, the co
d the normal a
and using an 
odel the ‘V’ b
analysis condu
punch stroke u
with the die s
wed that the a

bend flange of
Also, the pu

ocess occurs a
e in the coeffi
creases. Shab

del to study th
ds, product ge

used comput
model the stretc

model deve
springback 

e force durin

[10] investiga
investigation 
temperature o

00s. After the
n was cooled 
deformed spe

ere cluttered, 
undaries. The 
were more or 
n the parent 
d specimen. T
microhardness 
rdness of the 
e hardness val
of the specime
. Other mecha

m deformation 
MPa to 800 
to 700 MPa)
rain perfectly
rite grains we
ation improve
The high hardn
wear resistanc
the effect of e
ure and mech
ted in the lite
o a temperatu
ted the tens
s of the pro

microstructure 
le changed af

nt from the
Leu [8] inves

g of steel shee
us, the punch
oefficient of 
anisotropy. Th

elastic-plastic
bending proce
ucted showed 
until the bend
surface. Furthe
applied load c
f the metal she
unch load in

at the end stag
icient of fricti
bara et al., [
he effect of m
eometry, spri
ter aided desi
ch bend proce

eloped for ste
magnitude 

ng the stretch

ated the defor
entailed the 

of 873K at a 
e completion 
by water que

ecimen that th
thus suggest
grains that r
less equiaxe
material we

The hardness 
of the materi
parent mater

lue after defor
en and 340 H
anical propert
include the u
MPa) and th

). Hence, it 
y recovered fr
ere almost eq
ed the mec
ness near the 
e of the mater
qual channel 
hanical prope
erature. They 
ure of 623 K
sile, microstr
cessed sampl

showed th
fter every pa

 

e non-
stigated 
ets. The 
h width, 
friction 

he study 
c Finite 
ess. The 
that the 

d flange 
ermore, 
changes 
eet is in 
ncreases 
e of the 
ion and 
9] also 

material 
ingback 
ign and 
ess. The 
eel and 

relies 
h bend 

rmation 
heating 
rate of 
of the 

enching. 
he grain 
ting the 
resulted 
ed. The 
ere not 

results 
ial after 
rial was 
rmation 

HV near 
ties that 
ultimate 
he yield 
can be 

rom the 
quiaxed. 
chanical 
surface 

rial.The 
angular 
rties of 
used a 
for the 

ructural 
le. The 

hat the 
ss. The 

mi
pa

aft
sho
sin
sig
ha
an
the
an
mi
ve
sam
the
les
un
du
for
of 
wa
me

dim
pro
It 
cal
the
fro
res
be
cla
up
hy
adj
die
of
str
shr
up
 

 

Th

icrostructure w
ass.  

In addition, t
ter an even nu
owed that the
ngle pass. F
gnificant afte
ardness was le
ngular pressing
ere is a corre

nd the change
icrostructural 
ry noticeable 
mple increase
e change in m
ss significant 
nderstanding o
uring mechan
rming of a m

f the material. 
as conducted t
echanical prop

The test sam
mensions of 
ocess was car
consists of an
lled the die, b
e upper and t
om H13 tool
search. The sa
tween the two
amp before b
pper die on t
ydraulic ram. 
djustable to al
e when the up

the sheet wa
retching can 
rinkage acros

p of the mecha

Fig. 2 Exper

Six mild stee
he specific loa

was severely e

the microstruc
umber of passe
e hardness of 
Furthermore, 
er the first p
ess substantial
g. The work 
elation betwe
e in hardness 

results showe
after the firs

ed by a large 
microstructure

for further p
on the impact
nical forming

metal sheet ma
In this inves

to determine t
perties of mild

II.  EXPERIM

mples were m
200x50 x 1

rried out on a 2
n upper tool c
between which
the lower die
l steel specif
ample was car
o ends of the l
being stretche
the clamped 
The two cl

llow the form
pper die is for
as along the 

occur over 
s the width. F

anical bending

rimental set-up 

el samples we
ads applied on

elongated afte

cture of the sa
es. The micro
the sample in
the increase

pass. Howeve
l for the rest o
of Shin et al

een the micro
of the low c

ed that the gr
st pass, while 
amount after 
 and hardness

passes. It is im
t of loading a
g. The proc
ay alter the m
tigation, an e
the effect of v
d steel sheets. 

MENTAL SET U
made from mil
1mm3. The m
20 ton capacit

called the pun
h the sheet m
e were design
fically for th
refully positio
lower die and 
d by impact 
sample und

lamping lowe
med samples a
rcefully lower

width of the
the length 

Fig. 2 shows th
g. 

for mechanical

re deformed w
n the plates we

er an odd num

ample was eq
ohardness test 
ncreased with

e in hardnes
er, the incre
of the equal c
l., [11] showe

ostructural evo
carbon sampl
rain refineme
the hardness 
the first pass

s of the samp
mportant to g

a material und
ess of mech

mechanical pro
xperimental m
varying loads 

UP 
ld steel sheet
mechanical b
ty mechanical

nch and a low
metal is located
nated and fab
he purpose o
oned and clam

held in place 
of the force 
er the power
er dies were 
align with the
ed into it. Cla

e workpiece s
thereby prom

he experimen

l bending proce

with different
ere 5kg, 10kg

mber of 

quiaxed 
results 

h every 
ss was 
ease in 
channel 
ed that 
olution 
le. The 
nt was 
of the 

. Also, 
ple was 
gain an 
dergoes 
hanical 

operties 
method 
on the 

ts with 
ending 
l press. 

wer tool 
d. Both 
ricated 
of this 

mped in 
by the 
of the 

r of a 
made 

e lower 
amping 
so that 
moting 

ntal set-

 
ess 

t loads. 
, 15kg, 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:7, No:4, 2013

540

 

 

20kg, 25kg and 30kg. The radius of the bending die was 
120mm and the loads were applied at room temperature. The 
final geometry of the bent sheet was not similar to the 
geometry of the plate during the forming process. Thus, the 
sheet material elastically recovered after the removal of the 
load. The final radius of the deformed plate was compared to 
the radius of curvature of the punch to determine the amount 
of spring back that took place. Each sample was applied with 
the specific loads and after unloading the springback 
percentage was measured.The tensile samples were produced 
from the parent materials and tested in accordance with ASTM 
E-8 standard. A servo-hydraulic Instron 8801 tensile testing 
machine was used to conduct the tests. An extension rate of 5 
mm/min and a gauge length of 50 mm were used. The Vickers 
micro hardness of the cross sections of the samples were taken 
using model MH-3 microhardness indenter with a load of 
300g and a dwell time of 15 seconds. The indentations were 
taken at an interval of 2 mm, with all the indentations 
manually focused and read to ensure that all measurements 
were made on the specimen and not on the polyfast [material 
used to mount the specimen]. All the measurements were 
taken in the as polished condition. 

III. RESULT AND DISCUSSION 

A. Percentage Change in Radius Due to Applied Load 
The radius of curvature of the punch was 120mm but each 

formed mild steel plate attained a specific radius of curvature 
after the removal of the forming load. This attained curvatures 
were calculated using Equation (1), this is based on simple 
mathematical geometry. The springback percentage was 
calculated using the radius of curvature of the bending die.  
 

ܴ ൌ  
݄
2

൅ 
ܵଶ

8݄
                                         ሺ1ሻ 

 
where;  
R is the radius of curvature. 
h is the perpendicular height from the midpoint of the 
curvature to the midpoint of measured length s.  
S is the measured length between the two ends of the formed 
sheet.  
 
The formed steel sheet is schematically illustrated in Fig. 3. 
 
 

 
Fig. 3 Schematic showing the parameters for calculating the radius of 

curvature 
 

The measured radius of curvature after unloading and the 
calculated percentage change in the radii is presented Table I. 
 

 
 

TABLE I 
RESULTS OF MEASURED CURVATURES 

Applied Loads (L) 
kgf 

Curvature 
R (mm) 

Percentage changein 
radii (%) 

5 186.5 55.4 
10 182 51.7 
15 177 47.5 
20 175 45.8 
25 165 37.5 
30 160.2 33.5 

 
The results of the investigation showed that the radius of 

curvature of the mild steel sheets after unloading decreases 
with an increasing applied loads. Thus, the results indicated 
that the springback percentage of the plate decreases when the 
applied load is increased. The relationship between the 
springback percentage and the applied load is inversely 
proportional. The work reported by Panthi et al., [12] was in 
agreement with the result of the research investigation. They 
found that there exists an inverse relationship between applied 
load and the springback. The springback percentage decrease 
as the applied load increases thus, the linear influence of loads 
on the springback percentage increases until a saturation point. 
From the experimental result presented in Table I, the effect of 
load on the radius of curvature showed that as the load 
increases, the radius of curvature increases, this implies that 
more force is required to deform the plate to have smaller 
radius of curvature and similarly, the percentage change also 
follows the same pattern. This is further illustrated with the 
graph of the applied load against both the springback and the 
radius of curvature shown in Fig. 4. 
 

 
Fig. 4 Plot of applied load against springback and curvature 

B. Vickers Microhardness 
Seven indentations were taken for each of the formed 

sample being investigated. The results of the average Vickers 
microhardness for each sample with the percentage increase in 
the hardness value compared to the parent material is 
presented in Table II and the graphical representation is shown 
in Fig. 5.  
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TABLE II 

VICKERS MICROHARDNESS MEASUREMENT 
Depth 
(mm) 

Parent 
Material 

Applied Load (Kgf) 

    5  10  15  20  25 30
2  33  33  34  35  36  37  39 
4  33  33  34  35  37  38  39 
6  32  33  35  36  37  38 40
8  32  34  35  36  37  38  40 
10  32  34  35  36  37  38  40 
12  33  34  34  36  37  38 40
14  33  34  34  37  38  38 42

Ave HV  32.6  33.6  34.4  35.9  37  37.9  40 
% 

Increase 
‐  3.1  5.7  10.1  13.6  16.2  22.8 

 

 
Fig. 5 Plots of Vickers microhardness against depth 

 
It was observed from the investigations that the applied load 

causes the hardness across the sectional area of the plate to 
increase and as such the percentage increase in the 
microhardness values due to the applied load is directly 
proportional to the increased load, this is shown in Fig. 6. 

 
Fig. 6 Graph of applied load against hardness 

 

C. Tensile Testing of the Parent Material  
The tensile test was conducted for three samples and the 

summary of the tensile test results for the parent material is 
presented in Table III and the stress – strain graph is also 
shown in Fig. 7. 
 

TABLE III 
SUMMARY OF TENSILE TEST RESULT FOR PARENT MATERIAL 

Test 
Samples 

Y S  (MPa) UTS 
(MPa) 

% 
Elongation 

1 230 308 35.55 
2 220 307 42 
3 230 308 38 
Mean 226.7 307.7 38.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Stress – Strain Curve 
 

The tensile test results showed that the average Ultimate 
Tensile Strength (UTS) for the three samples was 308 MPa 
while the average Yield Strength and Percentage Elongation 
were 227 MPa and 38 % respectively. 

D. Ultimate Tensile Strength for Formed Sample   
The Ultimate Tensile Strength (UTS) for each of the formed 

plates were calculated based on the measured Vickers 
microhardness of the six set of formed samples.The 
relationship between the UTS and Vickers microhardness is 
expressed by Equation 2, as reported by Akinlabi et al., [13]. 

The average UTS was therefore used to determine the 
change in the UTS of the formed samples.  
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                            ሺ2ሻ 

where, 
H= Vickers microhardness 
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N =Strain hardening index, (n=0.21 for low carbon steel – 
annealed). 
The calculated UTS for the formed samples and the 
percentage change in the UTS are presented in Table IV. 
 

TABLE IV 
 UTS VALUES FOR FORMED SAMPLES 

Load 
(Kg) 

Average 
HV 

UTS 
(MPa) 

% change in 
UTS 

PM 32.6 109.4 - 
5 33.6 112.8 3.1 
10 34.4 115.7 5.7 
15 35.9 120.5 10.1 
20 37.0 124.3 13.6 
25 37.9 127.2 16.2 
30 40.0 134.4 22.8 

 

 
Fig. 8 Graph of percentage change in UTS 

 
The plot of applied loads against the percentage change in 

the UTS showed a progressive direct relationship. This implies 
that the UTS of the material increases after the deformation of 
the sheets, as such it can be concluded that the forming loads 
are able to alter the mechanical properties of the materials by 
improving and strengthening the material properties. 

IV. CONCLUSION 
The effects of varying loads on the mechanical properties of 

mild steel sheets have been presented and discussed. The 
linear and inversely proportional relationship between the 
springback and the load makes it possible to predict the 
springback percentage of the mild steel sheets for the load 
range used in this investigation. Furthermore, the springback 
percentage may be significantly reduced when loads of larger 
magnitudes are applied. However, the investigation was only 
limited to a maximum forming load of 30 kg. The hardness of 
the material improved after the loading the process. The 
change in the hardness of the material and forming load 
showed a linear relationship, this implies that the forming 
loads are able to alter the mechanical properties of the 
material. Also, the increase in the hardness of the material due 
to the load showed that forming loads improve the mechanical 
properties of the material. Furthermore, the Ultimate Tensile 
Strength (UTS) of the material calculated from the Vickers 

hardness value increased with an increase in the forming load. 
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