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TPIF-RL method is a new method that gives better wall thickness in incremental

forming. In this method, the sheet is not fixed at the edges. Like the deep drawing
process, it is compressed with a certain pressure. During the forming process, the sheet
flows under the blankholder. Thus, more homogenous wall thickness is obtained.
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In this study, Titanium Grade 2 sheet is formed as a cone via TPIF-RL method. Op-
timum forming parameters were determined by Signal/Noise analysis. In addition, fi-

nite element analysis of the process was performed. Using 2 bar clamping pressure,
1000 mm/min feedrate, 0.75 mm increment and 15 mm forming tool diameter optimum
result was obtained. With these optimum parameters, 6% thinning occurs on sheet
thickness. This new method ensures a homogeneous wall thickness distribution.
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1. Introduction

One of the methods used in prototype production is incremental

forming. In this method, the sheet is formed by applying local pressure.

Since local pressure is applied, the sheet can be subjected to very large
deformation. Therefore, a large thickness change may occur in the
sheet. This large change in wall thickness can reduce the industrial us-
ability of the manufactured part [1]. In order to increase the smallest
wall thickness of the piece, various studies have been conducted.
Some researchers have reduced friction using different lubricants. Ac-
cording to the studies, the reduction of friction positively affected wall
thickness [2—4]. Some researchers have reduced the negative effect of
friction by coating the forming tool with different materials [5].
When the literature is examined, it is seen that some research-
ers use heat [6-8]. Some of these researchers heat the work
clamping apparatus. Some researchers heat the forming tool. In
addition to resistance, a laser can also be used for heating. Less
stress occurs during the forming process by the effect of heat.
Stress reduction also has a positive effect on sheet thickness [9].
In addition, Secgin and Ozsert aimed to improve the wall
thickness with the ‘rolling blank holder method’ (TPIF-RL
method). In this new method, the sheet is not fixed at the edges.
The flow of the sheet is allowed. As in the deep drawing process,

the sheet flows onto the model. Thus, a more uniform wall thick-
ness distribution is obtained [10]. In this study, Titanium Grade
2 (TiGr2) sheet was formed by using TPIF-RL method. Signal
to Noise (S/N) analysis was performed to determine the opti-
mum level of the experimental parameters. In addition, finite el-
ement analysis of the method was also performed.

2. Material and Method

In this study, the TiGr2 sheet is formed. This sheet is biomed-
ically compatible. The initial thickness of the sheet is 0.54 mm.
From this sheet, axial symmetric cone parts with 40° angle from
the horizontal axis are produced. The height of the formed part
is 40 mm. Four different factors were examined as pressure,
feedrate, increment and forming tool diameter [11-14]. A total
of 18 experiments were performed by the TPIF-RL method.

In the rolling blank holder method, the sheet is not fixed by
bolts from the edges. With four pneumatic clamps, the clamping
force is applied to the edges of the sheet. A ball bearing is lo-
cated at the end of each pneumatic clamp. Thus, the flow of the
sheet is facilitated. When 2 bar pressure is applied to the pneu-
matic clamp, a clamping force of 187.28 N is generated. When
9 bar pressure is applied, a clamping force of 1039.02 N is gen-
erated. During the forming process, depending on the effect of
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this clamping force, the sheet may flow slightly to the model
(Fig. 1). As a result, better wall thickness is obtained.

Forming Tool

Sheet
Rolling Blankholder

Force

l
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Model
Fig. 1. Rolling blank holder method (TPIF-RL method) [10].

Finite element analysis (FEA) was performed with Abaqus
FEM software. Forming tool diameter and model were defined
as a rigid body. The sheet was defined as deformable [15-17].
The forming tool movement was defined with three different

amplitudes. The analysis was divided into three main steps. In
the first step, boundary conditions were defined. In the second
step, the sheet was formed. In the last step, the forming tool left
the sheet.

The sheet was meshed using quadrilateral shell elements with
reduced integration (S4R). The formed area of the sheet meshed
with 2 mm elements. Other regions meshed with larger elements.
The calculation time was reduced by using different mesh sizes
[18-20].

3. Experimental Results

The parts obtained from the experiments were marked at five-
millimeter intervals starting from the part center. Wall thick-
nesses were measured from these marked points. The wall thick-
nesses on the right side of Table 1 and the experimental set on
the left side were given. In experiment 6, a better wall thickness
was obtained than the other experiments (minimum thickness of
0.45 mm). In experiment 6, the wall thickness was reducing %13.
The smallest wall thickness is 0.42 mm. The maximum thinning
amount is 0.12 mm (thickness reduced 22%). According to the
table, the wall thicknesses are homogeneously distributed.

Table 1. Experimental set and sheet thickness distribution.

Exp. Pressure  Feedrate  Increment _TOOI Distance from Part Center (mm)

No  (ba)  (mmmin)  (mm) D';T;;er 10 15 20 25 30 35 40 45 50 55 60 65 70
1 2 500 0.25 5 054 054 054 053 047 047 047 047 045 045 043 051 054 054
2 2 500 0.5 10 054 054 054 054 044 045 044 045 043 045 046 046 054 054
3 2 500 0.75 15 054 054 054 053 047 047 046 044 045 046 046 048 054 054
4 2 1000 0.25 5 054 054 054 053 043 044 044 044 043 044 045 051 054 054
5 2 1000 0.5 10 054 054 054 053 043 044 044 044 045 044 042 046 054 054
6 2 1000 0.75 15 054 054 054 053 046 046 046 046 046 045 045 05 054 054
7 2 1500 0.25 10 054 054 054 053 045 045 043 044 044 046 045 052 054 054
8 2 1500 0.5 15 054 054 054 053 045 045 044 044 044 045 044 045 054 054
9 2 1500 0.75 5 054 054 054 052 043 042 042 044 045 045 044 054 054 054
10 9 500 0.25 15 054 054 054 053 043 042 043 043 042 042 044 052 054 054
11 9 500 0.5 5 054 054 054 051 043 043 044 044 044 045 046 053 054 054
12 9 500 0.75 10 054 054 054 053 044 044 044 044 044 043 043 044 054 054
13 9 1000 0.25 10 054 054 054 053 043 044 044 043 043 043 043 051 054 054
14 9 1000 0.5 15 054 054 054 053 046 043 044 044 044 043 044 052 054 054
15 9 1000 0.75 5 054 054 054 052 044 044 043 043 044 044 044 05 054 054
16 9 1500 0.25 15 054 054 054 051 043 042 043 043 043 043 044 051 054 054
17 9 1500 0.5 5 054 054 054 051 045 045 044 043 044 044 044 054 054 054
18 9 1500 0.75 10 054 054 054 052 045 044 044 044 044 043 043 0.5 054 0.54
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The part obtained from experiment 4 is given in Fig. 2. MoS2
lubricator was used in all experiments to reduce friction [21,22].

Fig. 2. The part obtained from experiment 4.

The thickness distribution obtained from the finite element
analysis of experiment 6 is given in Fig. 3.A. As can be seen
from the figure, as well as the forming zone, thinning of the wall
thickness occurred in the areas where the squeezing pressure
was applied. This can also be seen in the test piece. The wall
thickness distribution obtained from the finite element analysis
of experiment 16 is given in Fig. 3.B.

Fig. 3. Sheet thickness analysis. A) Experiment 6. B) Experiment 16.

Fig. 4.A. and
Fig. 4.B. show the wall thickness distribution of the finite el-

ement analysis and part obtained from experiment 8 and exper-
iment 12 respectively. In both figures, the experimental results
and the FEA results are similar (difference approximately 0.04

mm). According to the experimental results, the sheet was
thinned to a maximum of 0.09 mm and 0.1 mm in

Fig. 4.A and
Fig. 4.B respectively.
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Fig. 4. Thickness comparisons. A) 8th experiment. B) 12th experi-
ment.

The main effect of the S/N ratios obtained by S/N analysis is
given in Fig. 5. Optimum levels of parameters according to S/N
analysis: 2 bar for pressure, 2000 mm/min for feedrate, 0.75 mm
for increment, 15 mm for forming tool diameter. When Table 2
is examined, it is seen that the parameters of Experiment 6 are
the same as the optimum values. As can be understood from this
result, with the small clamping pressure, the sheet metal flows
on the model. This results in less thinning of the sheet.

Main Effects Plot for SN ratios
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Fig. 5. S/N analysis graphic.
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4. Conclusions

A more homogenous wall thickness distribution can be
achieved with the ‘rolling blank holder method’ (TPIF-RL
method), which is the result of the development of the traditional
incremental forming method. In this study, TiGr2 sheet is
formed in axial symmetrical cone form at 40° angle with the
horizontal axis. The part height is 40 mm. Optimum levels of
parameters according to S/N analysis: 2 bar for pressure, 1000
mm/min for feedrate, 0.75 mm for increment, 15 mm for form-
ing tool diameter. When optimum values are used, a maximum
of 6% thinning in wall thickness is achieved. Within the scope
of the study, the FEA model of TPIF-RL method was developed.
The experimental results and the FEA results are similar (differ-
ence approximately 0.04 mm).
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