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Abstract
Single Point Incremental Forming (SPIF) is a forming technique of sheet material based on layered manufacturing
principles. The sheet part is locally deformed through horizontal slices. The moving locus of forming tool (called as
toolpath) in these slices constructed to the finished part was performed by the CNC technology. The toolpath was
created directly from CAD model of final product. The forming tool is a Ball-end forming tool, which was moved along
the toolpath while the edges of sheet material were clamped rigidly on fixture.
This paper presented an investigation study of thinning distribution of a conical shapes carried out by incremental
forming and the validation of finite element method to evaluate the limits of the process as regards to the geometry of
the final product.
Three conical products have been carried out during this study with different forming angles and depth. The process
was simulated using FEM program (ANSYS 11.0) and the results showed that the deviations between simulated and
real values did not exceed of 6%.
Keywords: Single Point Incremental Forming (SPIF), Experiments, Thinning, Finite element method.

1. Introduction
Single point incremental forming (SPIF)
process is interesting both industrially and
scientifically. In the first case, sheet metal
components can be manufactured without specific
tools using a CNC milling machine. This kind of
process can be produced complex parts in small
batch or for single part. In particular, SPIF used as
a rapid manufacturing process to custom-made
parts. However, this advantage is limited by the
important thinning of the sheet, the occurrence of
defects. [1]
In the SPIF process, thickness of formed part is
evaluated by Formula (1) which is called Sinlow
formula. This is usually utilized for the shear
forming process.
t f = t o sin(

π
−ψ )
2

…(1)

Where, (tf ) is final thickness, (to) is initial
thickness and (ψ) is wall angle.
The formula calculation shows that the
thickness of vertical wall is zero. Therefore, the
capacity of SPIF process only can deform the wall
angle less than 90 degrees.
The parts having various steep walls are very
difficult to apply this process. Because the
thickness of deformed part is calculated uniformly
by Formula (1) and the thickness of black is
constant.
Significant advantages of this process over
conventional forming include greater formability,
low forming forces and generic tooling
configuration. One of the major research problems
of considerable interest to the sheet metal forming
community is the accurate prediction of fracture
in SPIF. This is important because an
underestimation of the fracture depth will result in
a loss of the advantage of enhanced formability of
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the process and an overestimation will cause
component failure during the forming process
itself.
Furthermore,
a
better
physical
understanding of the mechanisms of deformation
and fracture in SPIF is of great importance since
this can aid the choice of appropriate process
parameters for the process and can lead to
modifications of the process to further enhance

the achievable formability. Aspect Different steps
of this process are shown in Figure (1). [2]
Numerical investigations using FEM were also
conducted to investigate the final thickness and
mechanisms in SPIF. This process modeled the
contact between the tool and the sheet using a
moving ball end tool method.

Fig. 1. Single Point Incremental Sheet Metal Forming Process.[2]

thickness of (0.9mm) and an initial hardness of
(24 HV). Its composition studied in State
Company for Inspection and Engineering
Rehabilitation activities (S.I.E.R)), and is given in
Table (1).

2. Material and Testing
2.1. Material
For this study, the selected material is an
Aluminum (Al-1050) sheet with an initial
Table 1,
Chemical Composition of Aluminum 1050 Sheet.
Material
Al-1050

Si%

Fe%

Cu%

Mn%

Mg%

Cr%

Ni%

Zn%

Al%

Exp.

0.142

0.315

0.013

0.013

0.001

0.001

0.003

0.006

99.5

Iso

0-0.25

0-0.4

0-0.05

0-0.05

0-0.05

0-0.03

0-0.03

0-0.07

99.5

tensile strength of (90MPa) and young modules of
(72 GPa) have peen obtained. [3]
Tensile test has been down in the University of
Technologyproduction
engineering
and
metallurgy, strength of material Lab; Figure (2)
presents tensile test setup. These tests result in
(90o to rolling direction) because the strength in

2.2. Tensile Test
In order to simulate the SPIF process by means
Finite Element Program, the value of some
parameters was measured in tensile test. In
practical, the mechanical characterization was
performed with tensile testing machine, such as

2

Qasim Mohamed Doss

Al-Khwarizmi Engineering Journal, Vol. 9, No. 3, P.P. 1- 14 (2013)

this way is minimum according to literatures. [4]
While, most of experimental work was done in
isotropic condition due to Axisymmetric product.

Table (2) defines the result of tensile test for
Aluminum sheet.

Fig. 2. Tensile Test of Al-1050.

Table 2,
Mechanical Properties for Al-1050 Sheet.
Tensile
Strength
Mpa

Modulus of
Elasticity
Gpa

Poissons
Ratio

Elongation %
on 50 mm
G.L.

Vickers
Hardness
VPN

Exp.

90

72

0.33

37

24

Iso

80-100

70-75

0.33

35-42

20-30

Material

Al-1050

Iso

Al-1050-‘o’

Figure (3). It is composed of a fixed die support, a
modular die, a fixed blank holder clamped with
the die by screws and the forming tool (ball end
tool).
The modular defined different shapes
depending on the geometry of the part to be
produced. In particular, it limited the non-desired
bending obtained on the base of the part by
specifying the nearest contour of the final part.

2.3. Experimental Device and Forming
Strategies
2.3.1. Experimental Device
To validate the numerical simulations,
experiments were conducted. For this purpose, a
dedicated apparatus was designed and realized.
The representation of this tooling is done in
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Fig. 3. Illustrated the Proposed Clamping Device.

2.3.2. The Shape of the Part
The carried out with a cone with different
depth and slope angles, beginning from a square
sheet with a side of 225 mm, the tool paths, whose
example are illustrated in Figure (4) are

characterized for forming of cone is a sequence of
circular coils generates the tool path. The first of
which presents (D=160mm) and feed a long depth
has a step (0.3mm) and final circle is (10mm).

Fig. 4. Isoplaner Tool Path. [5]

A conical shape is proposed to investigate the
single point incremental sheet forming of thin
sheet. The geometry definition is illustrated in
Figure (5 &6). This shape has been chosen
because there is alternation between the (x, y) and

the z directions during the forming process.
Therefore it will be possible to determine the
influence of the tool position on the forming
thinning.

4
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Fig. 5. Proposed Conical Cup Profile used in this Research (Depth =47, 80 &110mm).

Fig. 6. Proposed 3D- CAD Model used in this Research (Depth=47mm).

part. For the conical shape, one approach was
considered: Isoplaner toolpath.
Figure (7) shows a photograph of an
experimental test, for every test the tool has been
put in rotational speed of (100r.p.m) and a feed
rate of (750mm/min) was set out.

2.3.3. Forming Strategies
The forming was carried out on vertical CNC
machine using steel tool (Tool Steel
Material(x210)) with Ball end diameter (12mm),
Different strategies are possible to produce the

5
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Depth (47mm)

Depth (80mm)

Depth (110mm)

Actual forming
time=55.5 min

Actual forming
time=95.4 min

Actual forming
time=134.9min

41.9o

63o

78o

Isoplaner
Toolpath

Maximum
Forming angle

Fig. 7. Geometrical Parameters.

Where (F) is the force vector applied to a
structure, (D) is the resultant displacement
vector, and [K] is the stiffness matrix of the
system.

3. Numerical Methods
An overview of the analysis method used in
the research is given in the chart in Figure (8).
The chart presents in detail the phase of
preprocessing the data corresponding to the
physical model of the forming process. Complex
differential Equations describing the applicable
physics can be approximated with algebraic
expressions within each element. In the case of
structural finite element analysis (FEA), these
simplified
expressions
relate
forces
to
displacements within each element; the
expressions are then assembled into matrix form,

F = [K] * D

At the beginning, there are defined the
formable and stiff bodies based on the blank's and
the tool geometry. The geometry is the one
specific for the moment of process initiation.
Based on the geometry of the formable body, this
is meshed into finite elements. [6] To the set of
elements thus defined, the following are also
associated:
• Material data, specifically the tensile test.
• Geometrical data, namely the date of profile.
• Define boundary condition and type of
element; based on recommendations from the
specialty literature.

…(2)
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Pre-Processing
ANSYS 11.0

Physical model of the processing system

Input

Define tool geometry and Model geometry

Define material properties

Define the boundary condition of the
process and element type

Finite element analysis (FEA)

Strain

Analysis
Modify Tool or Part
Geometry, Material
Properties, Friction

Desired
Shape

Shape
Analysis

Output

Processing

Maximum
thinning
(25-30%)

Solving the
Problem

Fig. 8. Simulation Flowchart that Illustrated Input, Analysis, and Output Condition in Formability Analysis.
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3.1. Defined Blank Element Type

3.3. Boundary Conditions

The element used to simulate the blank is
(VISCO106), VISCO 106 is used for 2-D
modeling of solid structures, and it is defined by
four nodes having up to three degrees of freedom
at each node (X, Y and Z).

3.3.1. Displacement and Loading
1. The die was held fixed by nodal constraints in
the x and y-direction n1, n2 and n3.
2. The Fixture was constrained so as to allow
movement in the x,y-direction.
3. The blank was hold by fixture at n4 and n5,
and hold in center line and allow to movement
in y-axis only at n6.
4. The punch motion was specified in curve
profile with constant speed.

3.2. Material Properties
A pure Aluminum (AA1050) was used in this
work, the specific mechanical properties result
from Stress-Strain curve from tensile test
illustrated in Table (3).

Figure (9) illustrated the FE model and Boundary
condition.

Table 3,
Show the Material Properties of the Blank Used in
FE Model.
Density

ρ

2700 kg/m3

Young’s modulus

E

75 GPa

Poisson’s ratio

ν

0.33

Yield stress

σy

78 MPa

Tangent modules

Eτ

0.2 GPa

Fig. 9. Show Finite Element Boundary Conditions.
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3.3.2. Coulomb Friction Model

3. Contact between blank holder and upper blank
surface –lower blank surface die interface.

In this work, the value of friction coefficient
(0.04) was used for simulation model.

The contact between the tool, blank holder,
and die illustrated in Figure (10). The tool and
work piece like rigid to flexible contact, and from
ANSYS the nod-to-surface contact model and
element target 69 and contact 71 are used to
represent the contact between these reigns. Figure
(11) present the FE-output while Figure (12) is a
plot of a typical stress legend used to describe the
motion of the tool to a depth of 110 mm. and the
applied blank holder force using Screw.

3.3.3. Contact
Three contact interfaced were defined between
the tool, die and blank.
1. Contact between tool and upper blank surface.
2. Contact between tool and upper blank surfacelower blank surface die interface.

Fig.10. Illustrated Three Type of Contact used in Incremental Forming.

Fig. 11. Simulate Forming Part Output from ANSYS Package.
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1

2

3

4

5

6

7

8

Fig. 12. Sequences of Incremental Forming Model using ANSYS 11.0.
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Fig.13. Illustrated Thickness Distribution for Forming Depth (47).

Fig. 14. Illustrated thickness distribution for forming depth (80)

Fig. 15. Illustrated Thickness Distribution for Forming Depth (110).
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Fig. 16. Illustrated Thickness Distribution for Maximum Forming Angle (41.9o).

Fig. 17. Illustrated Thickness Distribution for Maximum Forming Angle (63o).

Fig. 18. Illustrated Thickness Distribution for Maximum Forming Angle (78o).
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4. Results Conclusions
1. FEM was fully applied to the simulation of a
cone whose results were compared to the
theoretical (Sin Law) and to experimental
measurements in terms of thickness.
2. From the results shown in Figures (13,14 and
15) it clearly seen that the predicted behavior
of thinning distribution with depth are
coincided well with both theoretical (Sin Law)
and practical behaviors and the overall
deviation did not exceed 6%.
3. Two types of analyses through the finite
element method: analyses for determining the
influence of depth parameter on thinning
distribution, and analyses for determining the
influence of wall angle on thinning
distribution. That present when forming angle
increase with respect to forming depth the
thinning increase as shown in Figures (16,17
and 18).
4. The deviation between the actual thickness and
simulate are increases with respect to depth of
forming increase due to increasing of spring
back and bending stress on internal wall of
part.
5. Using FEM, the wall angle affected on
thinning behavior, and the maximum thinning
is locate in the maximum forming angle.
6. Using FEM, It was found that both throughthe-thickness shear and local bending of the
sheet around the tool plaied a role in fracture in
the SPIF process, which happened at forming
depth (120mm) when the product was failure.
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اﻟﺨﻼﺻﺔ
ﺗﻌﺘﻤﺪ ﻃﺮﯾﻘﺔ اﻟﺘﺸﻜﯿﻞ اﻟﻨﻘﻄﻲ اﻟﺘﺰاﯾﺪي ﻋﻠﻰ ﻣﺒﺪا اﻟﺘﺸﻜﯿﻞ ﻟﻠﻄﺒﻘﺎت اﻻﻓﻘﯿﺔ اﻟﻤﺘﻮازﯾﺔ وﺻﻮﻻ ﻟﻠﺘﺸﻜﯿﻞ اﻟﻨﮭﺎﺋﻲ ﻟﻠﻤﻨﺘﺞ وذﻟﻚ ﻣﻦ ﺧﻼل ﺣﺮﻛﺔ ﻋﺪة اﻟﺘﺸﻜﯿﻞ
"اﻟﺘﻲ ﻏﺎﻟﺒﺎ ﻣﺎﺗﻜﻮن ﻋﺪة ﺻﻠﺪة ذات ﻧﮭﺎﯾﺔ ﻛﺮوﯾﺔ ﻣﺼﻨﻌﺔ ﻣﻦ اﻟﻔﻮﻻذ اﻟﻤﻘﺎوم" ﻋﻠﻰ ﻣﺴﺎر ﯾﻌﺮف ﻣﺴﺒﻘﺎ ﺑﺎﺣﺪى ﻃﺮق اﻟﺘﺼﻤﯿﻢ اﻟﻤﻌﺎن ﺑﺎﻟﺤﺎﺳﻮب وﺗﺴﺘﺨﺪم ھﺬه
اﻟﻄﺮﯾﻘﺔ ﻟﺘﺸﻜﯿﻞ اﻟﺼﻔﺎﺋﺢ اﻟﻤﻌﺪﻧﯿﺔ ﺑﺎﺳﺘﺨﺪام ﻣﻜﺎﺋﻦ اﻟﺘﺤﻜﻢ اﻟﺮﻗﻤﻲ )اﻟﻤﺒﺮﻣﺠﺔ(.
ﻓﻲ ھﺬا اﻟﺒﺤﺚ ﺗﻢ دراﺳﺔ ﺗﻮزﯾﻊ اﻟﺴﻤﻚ ﻟﺸﻜﻞ ﻣﺨﺮوﻃﻲ ﺗﻢ اﻧﺘﺎﺟﮫ ﺑﺎﺳﺘﺨﺪام ﻋﻤﻠﯿﺔ اﻟﺘﺸﻜﯿﻞ اﻟﻨﻘﻄﻲ اﻟﻤﺘﺰاﯾﺪ وﺗﻢ ﻣﺤﺎﻛﺎة اﻟﻌﻤﻠﯿﺔ ﺑﺎﺳﺘﺨﺪام ﺑﺮﻧﺎﻣﺞ اﻟﺘﺤﻠﯿﻞ
ﻟﻠﻌﻨﺎﺻﺮ اﻟﻤﺤﺪدة ﻟﺘﻨﺒﻮء ﺑﺎﻟﺘﻮزﯾﻊ اﻟﺤﺎﺻﻞ ﻟﻠﻤﻨﺘﺞ اﻟﻨﮭﺎﺋﻲ.ﺗﻢ اﻧﺘﺎج ﺛﻼث اﺷﻜﺎل ﻣﺨﺮوﻃﯿﺔ ﺑﺰواﯾﺎ ﺗﺸﻜﯿﻞ واﻋﻤﺎق ﻣﺨﺘﻠﻔﺔ ﻋﻤﻠﯿﺎ وﻣﺤﺎﻛﺎﺗﮭﺎ ﺑﺎﺳﺘﺨﺪام ﺑﺮﻧﺎﻣﺞ
ﺗﺤﻠﯿﻞ اﻟﻌﻨﺎﺻﺮ اﻟﻤﺤﺪدة )اﻻﻧﺴﺰ( ,وﺗﻢ اﻟﺘﻨﺒﻮ ﺑﺎﻟﺸﻜﻞ اﻟﻨﺎﺗﺞ وﺗﻮزﯾﻊ اﻟﺴﻤﻚ ﻧﺴﺒﺔ ﻟﻌﻤﻖ اﻟﺘﺸﻜﯿﻞ وزاوﯾﺔ اﻟﻤﯿﻼن واﻻﻧﻔﻌﺎل وﺑﺎﻧﺤﺮاف ﻟﻠﻘﯿﻢ ﻻﯾﺘﺠﺎوز  %٦ﻋﻦ
اﻟﻘﯿﯿﻢ اﻟﻌﻤﻠﯿﺔ واﻟﻨﻈﺮﯾﺔ اﻟﻤﺤﺴﻮﺑﺔ.
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