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ABSTRACT:
In this paper, three tool paths strategies; iso-planar, helical and adaptive have been
implemented to investigates their effect on the mechanical properties of Brass 65-35
formed by single point incremental sheet metal forming process. To response this
task, a fully digital integrated system from CAD modeling to finished part
(CAD/CAM) for SPIF process has been developed in this paper.
The photo-micrographs shows an identical grain formation due to the plastic
deformation of the incremental forming process, change in the grain shape and size
was observed. It's found that the adaptive tool path play a significant role to increase
the hardness of the formed specimen from (48 to 90 HV) and the grain texture of the
formed specimen found as round shape, while the hardness is increased in little
amount from (48 to 74 HV) in the specimen formed using helical and it’s grain texture
was found as needle shape.
Keywords: Single Point Incremental Forming (SPIF), Tool path Strategy,
Microstructure, Hardness test.

ﺗﺄﺛﻴﺮ ﻣﺴﺎر اﻟﻌﺪة ﻋﻠﻰ اﻟﺨﻮاص اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ ﻓﻲ اﻟﺘﺸﻜﻴﻞ اﻟﻨﻘﻄﻲ اﻟﺘﺰاﻳﺪي ﻟﺴﺒﻴﻜﺔ
35-65اﻟﺒﺮاص
ﻋﻘﻴﻞ ﺻﺒﺮي ﺑﺪن

ﺗﺤﺴﻴﻦ ﻓﺎﺿﻞ ﻋﺒﺎس.د.م.ا

ﻗﺎﺳﻢ ﻣﺤﻤﺪ دوس.د.ا

: اﻟﺨﻼﺻﺔ
ﺗﻢ ﻓﻲ هﺬا اﻟﺒﺤﺚ اﻋﺘﻤﺎد ﺛﻼﺛﺔ ﻃﺮق ﻟﻤﺴﺎر اﻟﻌﺪة ﻓﻲ دراﺳﺔ ﺗﺎﺛﻴﺮهﺎ ﻋﻠﻰ اﻟﺨﻮاص اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ ﻟﺴﺒﻴﻜﺔ اﻟﺒﺮاص
( ﻋﻨﺪ ﺗﺸﻜﻴﻠﻬﺎ ﺑﻄﺮﻳﻘﺔ اﻟﺘﺸﻜﻴﻞ اﻟﻨﻘﻄﻲ اﻟﺘﺰاﻳﺪي وﺑﺎﺳﺘﺨﺪام ﻧﻈﺎم ﺗﺼﻤﻴﻢ وﺗﺼﻨﻴﻊ ﻣﺘﻜﺎﻣﻞ ﺗﻢ ﺗﻄﻮﻳﺮﻩ35-65)
 ﺗﺒﻴﻦ ﻣﻦ ﺧﻼل اﻟﻔﺤﺺ اﻟﻤﺠﻬﺮي ﻟﻠﻌﻴﻨﺎت اﻟﻤﻨﺠﺰة ﺑﺎن اﻟﺒﻨﻴﺔ اﻟﻤﺠﻬﺮﻳﺔ ﻗﺪ ﺗﻐﻴﺮت ﻣﻦ ﻧﺎﺣﻴﺔ،ﻻﻧﺠﺎز هﺬا اﻟﺒﺤﺚ
اﻟﺸﻜﻞ واﻟﺤﺠﻢ ﻧﺘﻴﺠﺔ اﻟﺘﺸﻜﻴﻞ اﻟﻠﺪن ﻣﻦ ﺟﺮاء اﻟﺘﺸﻜﻴﻞ واﺳﺘﻨﺘﺞ ﺑﺎن ﻣﺴﺎرات اﻟﻌﺪة ﻟﻬﺎ اﺛﺮ آﺒﻴﺮ ﻓﻲ ﺗﻐﻴﺮ اﻟﺨﻮاص
( رﻓﻊ ﻣﻦ ﺻﻼدة اﻟﻨﻤﺎذجAdaptive) ﻣﻦ ﻧﺎﺣﻴﺔ اﻟﺼﻼدة واﻟﺒﻨﻴﺔ اﻟﻤﺠﻬﺮﻳﺔ ﺣﻴﺚ ﺗﺒﻴﻦ ﺑﺎن ﻣﺴﺎر اﻟﻌﺪة اﻟﻤﺤﺴﻦ
Isoplaner ) ( وﺣﺎﻓﻆ ﻋﻠﻰ اﻟﺸﻜﻞ اﻟﺪاﺋﺮي ﻟﻠﺒﻨﻴﺔ اﻟﻤﺠﻬﺮﻳﺔ ﻟﻠﺒﺮاص ﻓﻲ ﺣﻴﻦ ان ﻣﺴﺎري اﻟﻌﺪة90-48) اﻟﻤﺸﻜﻠﺔ
( ﺑﻴﻨﻤﺎ ﺗﻐﻴﺮت اﻟﺒﻨﻴﺔ اﻟﻤﺠﻬﺮﻳﺔ ﻟﻠﻨﻤﺎذج اﻟﻤﺸﻜﻠﺔ74-48)( ﻗﺪ رﻓﻌﺎ اﻟﺼﻼدة ﺑﻤﻘﺪار اﻗﻞ ﻣﻦ اﻻولand Helical
.ﺣﻴﺚ ﺗﻢ اﻟﺤﺼﻮل ﻋﻠﻰ ﺑﻨﻴﺔ ﻣﺠﻬﺮﻳﺔ ﻃﻮﻟﻴﺔ اﻟﺸﻜﻞ
. ﻓﺤﺺ اﻟﺼﻼدة، اﻟﻔﺤﺺ اﻟﻤﺠﻬﺮي، ﺳﺘﺮاﺟﻴﺔ ﻣﺴﺎر اﻟﻌﺪة،اﻟﺘﺸﻜﻴﻞ اﻟﻨﻘﻄﻲ اﻟﺘﺰاﻳﺪي-:اﻟﻜﻠﻤﺎت اﻟﺮﺋﻴﺴﻴﺔ
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three tool paths are employed to formed
three specimens.
An integration of the tool path definition
created by Matlab has also been developed
then the data have been transferred to the
CNC to control the tool.
The system is connected to CNC
interface through Ethernet. All modules
were integrated fully on Matlab software.
The basic elements of ISF system are
illustrated in Fig.(3).

INTRODUCTION:
In
most
manufacturing
industries,
prototype manufacturing is an important
step in the development or improvement
of a product before proceeding to the
manufacture of production. It allows a
preliminary evaluation of the product
during the design stage, and a reduction in
the
product
development
time
(Rattanachan K.2009).
Incremental sheet forming technology
(ISF) using CNC machine aims to reduce
the investment costs and lead-time of
tooling development in sheet metal
forming. This technology has been
investigated to become a pre-eminence
process for low (or medium) production
batches
and
rapid
prototype
manufacturing.
The ISF technology is a forming approach
in which uses the numerically controlled
(NC) technology to produce a part from
the sheet materials. With this technology,
the new product can be made in short time
from CAD modeling to finished part
(Chezhian B.S.2012).
Single Point Incremental Sheet
Metal Forming (SPIF) distinguishes itself
by the use of simple tools mounted on
CNC machines
with the aim of
permanently deforming the sheet metal In
order to form the sheet metal into the
desired shape, a suited tool, mounted on
the machine end, is moved accordingly to
a predefined path (Jeswiet J.2007).
The main advantages of SPIF are best
formability of sheets - reducing costs
when prototypes or batches have to be
manufactured while the drawbacks
manufacture’s times longer - sometimes
poor geometry’s respect and surface
aspect Different steps of this process are
shown in Fig. (1).

TOOL PATH STRATEGIES:
The path followed by the tool is
generated by CAM software, starting from
the CAD model of the object. The tool
deforms the sheet starting from the centre
and moving towards the boundary, both
outer-to-inner and inner-to-outer paths can
be used.
The exact CAD model of final product is
built in Matlab using Lagrange technique
(Tahseen F,2011), this model is used as an
input object to generate tool path. In
commercial CAD/CAM system, there are
two approaches for generating a tool-path
that can be utilized for SIPF process,
known as Iso-planar tool path and helical
tool path.
In Iso-planar tool path the tool deform the
sheet metals from the center and moving
towards the boundary then it progress to
the final depth of forming in circular
movement with out changing the feed
direction, The characterization of this tool
path is only a continuous feed rate in Xand Y- direction of a deformed sheet
plane, the feed rate in the Z-direction is
done in the same angular position in the
XY plane along a line down the side of the
sheet (Syed A. R.2009). as illustrated in
Fig.(4).
In helical tool path strategy, the
tool progressively deforms the blank with
a spiral movement from the top going
towards the maximum depth (Hu Zhu
2011), the helical tool path gives a
continuous feed in all three directions X,
Y and Z depth (Fig. 5).
In this work, three tool path
strategies Iso-planar , Helical and adaptive
tool path was proposed and tested to
investigates the effect of these tool paths
on the mechanical properties of Brass 65-

DEVELOPED SYSTEM
The developed system can recognize
automatically the profile of CAD model of
SPIF product. Then, it generates tool path
based on machining data flow from CAD
model to CNC code. For simplicity, a
conical shape with varied degree forming
angle along its profile as in figure(2) was
formed during all the experiments of
investigations, as maintained previously,
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increased to (76 HV) and it’s texture
found as a needle shape Fig.(10) , while
the helical tool path(M3) specimen has the
lowest increasing in hardness in the group
(74 HV) and it's shape found as a needle
shape also Fig.(12)
In adaptive tool path strategy
grain-refinement occurred during the
plastic deformation according to reflect
the direction of the tool among the tool
path in each successive deformed layer; on
other hand a large amount of residual
stresses within the structure due to tension
and compression effect, so the hardness of
the final product increased (48-92HV).
While in helical and iso planer tool path
strategy the plastic deformation was
occurred in one direction (isotropic) so the
grains structure elongated in the direction
of the tool path and this effect causing
increasing the hardness of the final
product (48-76HV).

35 in SPIF. In the adaptive tool path the
tool is progressively moved downwards up
to the bottom of the object progress in
circular movement and the feed direction
was changed for each successive layer, an
example of tool path generated is shown to
fig. (6).

EXPERIMENTAL WORK:
The experiments were carried out
(State Company for Inspection and
Engineering
Rehabilitation
activities
(S.I.E.R)) using the Brass 65-35 sheet
(Iso- Cu Zn 35 426/1), whose chemical
composition is given in table (1).
A series of tensile tests were
performed (University of Technology
/Production Eng.) in order to determine
the mechanical properties of blank
material, the standard dimension of tensile
test specimen cut of using CNC-milling
machine and tool diameter 8mm (fig.7),
mechanical properties given in table(2).
The primary microstructure of the yellow
Brass65-35 (C26800) blank has a structure
consisting of a single phase that labeled
(α)(Mills Kathleen2004).Phases occupying
such a position on an equilibrium diagram
are solid solutions, as shown in Fig (8).
Such solutions are invariably tough and
ductile and this particular one is no
exception, being the basis of one of the
most malleable and ductile metallurgical
materials in common use. Brasses
containing between 10% and 35% zinc are
widely used for deep drawing and general
presswork.
A blank having the size of (225
mm × 225mm × 1mm) was tightly held at
the periphery by a blank holder. A tool
with the hemi-spherical end of 12 mm
diameter shaped the part at the room
temperature. The forming tool traveled
along three different tool paths to formed
three specimens. Fig.(3) illustrates the
experimental set-up employed in this
paper.

CONCLUSIONS:
In this work, Brass 65-35 sheet was
incremental formed under different-Tool
path strategies and their effects studies, the
following conclusions were drawn from
the study:
1. The tool path strategy was found to
effect on both hardness and
microstructure of the specimen
formed by SPIF.
2. The adaptive tool path was seen to
be the most effective tool path over
the variation in the tool path to
increase the hardness of the formed
specimen
along
it's
profile
depending on the slope angle
3. The microstructure of the formed
specimen using adaptive tool path
are found as a round shape and this
according to the variation of the tool
path in the direction of the feed ,
while the microstructure found as a
needle shape in the formed
specimen formed by both isoplanar ,
the same observation was prevalent
by using helical tool path.

RESULTS AND DISCUSSION:
The results of hardness tests shown in
Figure(9). The adaptive tool path(M2)
specimen has the highest hardness
specimen in group (92 HV) and its texture
found round Fig (11). The hardness of
iso-planer tool path(M1) specimen was
631
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Figure (1) Single point incremental sheet metal forming process (Silvaa M.B.2009).
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Figure (2) a conical shape profile

Figure (3) the experimental set-up

Figure (4) Isoplaner tool path.
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Figure (5)Helical tool path.

Figure (6) Adaptive tool path.

Material
Exp.
Brass
Iso

Zn%
35.23
35.0

Material
65/35
Brass ’O’

Exp.
Iso

Table (1) Brass (65-35) chemical composition
Pb%
Sn%
P%
Mn%
Fe%
Ni%
Si%
0.007 0.001 0.007 0.000 0.021 0.001 0.001
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Al%
0.002
0.0

Table (2) Brass (65-35) mechanical properties of blank material
Elongation %
Vickers
Tensile
Modulus of
Poissons
on 50 mm
Hardness
Strength
Elasticity
Ratio
G.L.
HV
MPa
GPa
248
110
0.33
56
≤ 92
260
110
0.375
50
≤ 100
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Figure (7) Tensile test of Brass (65-35) specimen.

Figure (8) Primary Microstructure of the Brass 65-35 blank (x500).
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Fig. (9) Illustrates relation between hardness and forming angle of the three toolpath.

Fig. (10) Microstructure of brass in Isoplaner tool path (M1)
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Fig. (11) Microstructure of brass in Adaptive tool path(M2)

Fig. (12) Microstructure of brass in Helical tool path(M3)
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