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Abstrad:

This paper is aimed to study the effed of some
important factors (incremental step size, product
angle and tool rotational speed) on the surface
hardness during single point incremental forming
(SPIF) of truncated cone made from (1008-AlSI)
workpiece. In this study the Box-Behnken design of
experiment has been used. The obtained results
illustrate that the incremental step size has the great
significant on surface hardness among the other
fadors. The contribution percent of (incremental
step size, rotational speed and wall angle) on surface
hardness were (42.5,12.5 and 1813) % respedively.
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1. Introduction

Incremental sheet metal forming (ISMF) is the
process at which the netal blank sheet is clamped
sinply with a blank holder and hemispherical end of
the tool which nurericaly controlled will form the
sheet increnentdly to the required shape tha will
contain a series of locally deformed zones. In 1967
the idea of single point increnentd forming was
patented by Leszak, naned 'tie less forming™ before
it was technicadly feasible [1]. Conventional sheet
metal forming (SMF) requires expensive different
dies, which contains omplex dies, positive and
negative dies, etc., furthermore the higher cost and
the absences of the fexibility to catch the customer's
requirenents [2]. Innovative, flexible, and rapid
menufaduring processes have been presented to
meet the demands of new products with different
shegpes and meerials, small quantities production
with nminimum cost, etc. One of these processes is
the Single point incremental Brming SPIF) [3].
Symnmetric and non-symmetric pats can be formed
by this process from 100 microns up to several mm
thicknesses [4] ISMF is based on CAD/CAM

systens. The geometry of the part and the path of the
tool is generated by the applications of CAD afer
that the process of the sheet forming is completed by
a CNC milling machine, were the tool of the nmachine
is replaced by a tool with a hemisphericd head
which moves over the sheet by positioning systemof
the CNC nachine to formthe part layer by layer with
little values of Z-interval to avoid the tear in the
sheet rely on local sheet defornation [5, 6]. Single
Point Incremental Forming (SPIF) and Two Point
Incremental Forming (TPIF) are the two types of
(ISMF) [7]

S. Kurra & al (2015) have developed a predictive
model for estimating the surface roughness during
the SPIF process. Three techniques have been used
for modeling Surface roughness in SPIF (Artifidal
Neural Networks (ANN), Support Vector Regression
(SVR), and Genetic Progranming (GP)). The model
vaiables were (dianeter of the tool, step depth, wall
angle, lubricant type, and feed rate) using EDD steel
workpiece. The optimization of SPIF factors has a
good result with 10% error between the obtained and
vaidated surface roughness [8].

Yanle Li et al (2018) have bcused on inproving the
thickness distribution and mechanical properties
(eg., hardness, yield strength, and tensile strength)
through process optimization. A set of experiments
with 15 tests for pyramid-forming process is
perforned, and three parameters including step-down
size, shee thickness, and tool diameter ae
considered. The results show that the maximum
thinning rate is lower with larger step down size and
larger tools. In addition, compared with the initial
sheet, the values of hardness, yield strength, and
tensile strength have been increased considerably due
tothe strain hardening [9].

A. Dadbwan et al (2020) have studied the efects of
four important single-point increnentd Hrming
process paraneters on produced surfce profle
accurades. The results indicate that the tool diameter
(d), step depth (s), and sheet thickness (f) have
significant effets on the produced profile accuracy,
while the feed rate (f) isnot significant [10].
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2. Experimental Procedure

SPIF is peformred on CNC milling mechine,
where it used to control and assign the tool
movement according to the desired paths. A hollow
cylindrical frame is manufactured from medium
catbon sted by metric turning machine with outer
diareter (220 mm) and inner diameter (190 nm) and
height of (200mm). A ring with radii equals to the
radii of the forming frane ha been used as a blank
holder. As shown in Figure 1, the blank holder has
nine holes uniformly distributed dong the
cicumference  of blank holder and the frame. Nine
studs (M8) are utilized in order to fixthe blank sheet
between the frane and the blank holder. In this work,
a henisphericdl head of the cylindrical tool
menufadured from tool steel with diareter (12 nm)
is utilized in order to form the required shape which
illustrated in the Fgure 2. The Sanples of (1008-
AISI) sheets with dimensions (250x 250 x 0.5) mm
were used to perform the 15 experinents. The
experimental work was applied using oil lubricant
SAE 30 on RAPIMILL 700 CNC nilling mechine,
equipped with a 802D Sienens numerical command.
The single point incremental forming (SPIF) is
performed with hemsphericd tool to produce the
truncated cone illustrated in Figure 3. The chemical
conposition of workpiece illustrated in Tablel.

Figure (1): The forming framebeing used for
experiments,

(a) Graphical frame.

(b) Physical frame.

FHgure (2): Thegeometry of part
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Figure (3) SPIFtoolwithtool holder

Figure (4) the produced truncated coneshape

Tablel. Chemical composition of workpiece (1008-
AISI)

elerent | Weight%
C 0.08
Si 0.02
0.32
0.024
0.014
0.035
0.032
0.002
0.001
0.072
0.044
Remain

F2|0 <&z 2|o|» S

3. Plane of Experiment

In this work a special design of orthogonal arrays
with a small nunber of experiments Box-Behnken
method was used to study the entire parameter space.
The methodology of Box-Behnken br three factors
at three levels is used for applied ofexperiments. The
levels and process paraneters are illustrated in Table
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2. Table 3 illustrated the present work and the test
results.

Table2. Process parameters and their levels

P arameters Unit Level Level Levd
1 2 3
Rotational .
Speed (S) Rev/min 600 700 800
Wall angle degree 40 45 50
()
Incremental
step size mm 03 05 0.7
(A2

Table 3. Experimental layout using Box-Behnken
designand corresponding results

Increnental | Rotationa | Wal Micro
. angle | hardness
NO. step size Speed (@) HV)
(mm) (Rev/min) (degree)
1 03 600 45 210.0
2 0.7 600 45 3374
3 0.3 800 45 200.8
4 0.7 800 45 2505
5 03 700 40 160.3
6 0.7 700 40 220.7
7 0.3 700 50 188.7
8 0.7 700 50 309.3
9 05 600 40 260.6
10 05 800 40 175.7
11 05 600 50 283.2
12 05 800 50 270.0
13 05 700 45 280.5
14 05 700 45 280.2
15 05 700 45 281.8
4. Results and Discussion

The main effect plot of micro hardness during
SPIF is illustrated in Figure (5) it's observed that the
hardness is directly proportional to (AZ). Increasing
the (A7) will causes to inprove of the sheet hardness
because of the material will gained high plastic
debrmetion which causes notable strain hardening,
where the strain hardening majorly dencte to the
phenorena that the material strength and hardness to
inaease on the other hand the material toughness
reduces due to increase of plastic deformation the
reeson is that when stress increase till more than one
slip systemstarts at same tine, dislocaions intersect
with each other so the dislocation are pinned and
dificult to move, resulting the inaease of strain

hardening and hardness. Also, its observed that the
hardness is inversely proportional to the rotational
speed (S). Increasing the spindle speed will causes
increasing of the generated hea that increase the
formability and yield strength in tool-blank contact
zoon will reduced. The hardness increases with
decreasing the rotaiona speed and vice versa. The
increasing of wall angles from (40° to 45°) the
hardness increases, where the contact radius with the
sheet also increases which cause the material suffers
repeated squeezing adion which infuence the
surface hardness, and no change in hardness from
(45° to 50°). The contribution percent of brming
parameters (incremental step size, rotational speed,
and wall angle) on nicro hardness were (42.497,
12498, and 18.131) % respectively. The response
surface plot and contour plot of mico hardness are
illustraed at Fgures (6, 7) respectively, from these
Figures its concluded that the lowest micro hardness
can be achieved with a higher rotational speed of
forming tool and 40° of product wall angle, smaller
micro hardness is attainable at S at the highest level
and AZ at lowest levels, the highest miao hardness
can be achieved with a higher level of AZand . The
residuad plot of the normal probability for mico
hardness is shown in Figure (8).

Main Effects Plot for Microhardness
Forming parameters
Increnental step size (AZ) Roational Speed (S) Wallang e(a)
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Figure (5): The main effectplotof micro hardness

Surface Plots of Hardness
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Fgure (6) responsesurface plot of micro hardness

Contour Plots of Hard ness
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Figure(7): Responsecontour plot of micro hardness

Normal Probability Plot
(response isHardness)
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Figure(8): Normal probabilityplotformicro hardnes.

5.Conclusion

From this experimentation the following conclusions
can be drawn:

1- The surface hardness of the single point
inaemental forming  (SPIF) product s
afected by the forming parameters
(increrental step size, spindle speed, and
wall angle of theproduct).

2- The most significant parameter influencing
the hardness is the increnental step size.

3- The oontribution percent of forming
parameters (incremental step size, rotaional
speed, and wall angle) on micro hardness
were (42497, 12498, and 18.131) %
respectively.
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