Iranian Journal of Materials Forming 7 (2) (2020) 16-25

Online ISSN: 2383-0042 ﬁ

Iranian
]U[M[]F Iranian Journal of Materials Forming e

Journal Homepage: http://ijmf.shirazu.ac.ir

Research Article

An Investigation of the Effective Factors in the Shape Rolling Process of a Compressor
Blade

V. Taghavil, V. Alimirzaloo', M. Soleimanpur?, P. Mashhadi Keshtiban®" and S. Sheydaei Govarchin Ghaleh®

! Department of Mechanical Engineering, Faculty of Engineering, Urmia University, Urmia, Iran
2 Department of Industrial Engineering, Faculty of Engineering, Urmia University, Urmia, Iran
% Faculty of Mechanical Engineering, Urmia University of Technology, Urmia, Iran

ARTICLE INFO ABSTRACT

Article history: One of the most popular forming processes is the shape rolling process in which the desired
. . shape change is achieved by pressing two rollers with a special shape in the opposite rotational
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Revised 6 July 2020 direction. In order to improve the product’s quality and reduce production costs, accurate
Accepted 12 July 2020 analysis of the shape rolling process of the compressor blades as well as the investigation of
the effective parameters have been done. First, the shape rolling process of a typical
compressor blade was simulated based on the experimental data using the finite element
) method and Design of Experiment (DOE). Then, the effect of various process parameters,
?:hape rO”mgbI d including the thickness and width of the preform, the roller diameter, the thickness and width
Dg;?gp;ec?:(g(pe?ir;ent of the flash channel, and the number of the rolling steps on two objectives, namely the rolling
Analysis of variance force and the amount of the flash were investigated. The obtained data were analyzed by
EEM Analysis of Variance (ANOVA), and the contributory factors of the shape rolling process were
identified. The results revealed that all of the considered factors affected the rolling load, but
only the initial sheet's width and thickness were the factors with impact on the volume of the
flash as the second objective. The required process load decreased by increasing the number
of the rolling steps, but the rolling load increased by increasing other factors. Furthermore,
increasing the thickness and width of the initial sheet increased the flash volume.
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1. Introduction result in the production of products with the minimum
number of defects or even without any imperfections.
The mentioned process parameters include the thickness
and width of the initial sheet, the linear and rotational
speeds of the rollers, rollers diameters, applied forces on
the rollers, and the friction and lubrication conditions
[2]. For the moment various studies have been conducted
on the rolling blades. James Griffith et al. [3] have
proposed a symmetry method for the production of
turbine steel blades. This method produces two blades
simultaneously due to symmetry, which avoids the
deflection of the edges. Medvedev et al. [4] designed and
rolled the caliber of two pieces according to the practical

The shape rolling process is one of the metal forming
processes to produce geometrically simple blades or
only a single step of twisted blades [1]. Generally, the
rolling process increases the dimensional accuracy and
surface quality of the blade compared to other blade
production methods. Moreover, saving on raw materials,
better material flow, higher strain hardening in cold
rolling, short processing time, and high production rates
are of many advantages of this method. There exists in
the rolling process various parameters for which the
examination and selection of the appropriate values will
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test and then investigated the blade's rolling parameters
by simulation. Lambert et al. [5] performed a study on
blade sections and considered the trial and error
approach as an important method in optimizing the
process parameters. In order to reduce the wear, cost of
the mold and raw materials, a simulation was done with
DEFORM software. Bound et al. [6] investigated the
non-twisting blade types of a compressor and presented
a method for preventing the blade warpage during the
rolling process. The foregoing process was investigated
both practically and numerically by finite element
simulation. Mahmoudi et al. [7] studied the pressure
distribution and blade warpage in the cold rolling of
compressor twisted blades using both the experimental
and finite element methods. Finally, the results of the
experimental works were compared with those of the
theoretical methods. In order to find the net-shape rolling
of the compressor blades, Jin et al. [8] studied the
geometric accuracy design method of the roller cavity. It
was concluded that to have the best design quality, the
proposed method is capable enough of designing rolling
cavity surfaces. In another work, to have the net shape
rolling of the compressor blades, Jin et al. [9] studied the
design of roller cavity surfaces and proposed the
springback and forward slip compensation models. It
was concluded that in order to compensate the forward
slip in the process, the relationship between the stacking
height and rotation angle can be calculated. Further, the
comparison between the experimental tests and
numerical simulation revealed that the introduced
method is efficient to design roller cavity surfaces.

For the moment the effects of the process parameters,
especially the interactions between the parameters, have
not been studied comprehensively by scientific methods
such as ANOVA. Hence in the present study, the
compressor blade of a gas turbine engine of 422 stainless
steel, in accordance with Fig. 1, with the geometric
curvature of the maximum thickness of 0.7 mm, a width
of 11.33 mm and length of 18 mm was studied. The
manufacturing process of this blade is such that the
upper curvature of the blade is formed by rolling, and
then the lower part is obtained by the bending process
with a press machine. Then the final form of the blade
can be created. In this research, the caliber shape is
created only on the upper roller, and the lower roller is
considered smooth. After the caliber is designed, the
influence of the parameters on the process, the force and
the flash amount are extracted using DOE and
simulating the proposed processes.
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Fig. 1. Blade's cross-section (mm)

2. Caliber’s Design

The compressor blade's cross-section is asymmetric,
and the left and right halves are different in their
thickness. Because of the aforementioned reason, during
the rolling process the segment is diverted towards the
zone where there is a slight reduction in thickness. On
the other hand, the piece is asymmetric in another
direction, and the upper part of the blade has a curvature
while its lower surface is flat. Hence the piece is bent
upward while rolling. These two irregular twists cause
the warpage of the compressor blade after rolling.
Therefore, the calibration symmetry method was used to
eliminate the warpage of the two rolled sides processed
simultaneously [6]. James Griffith et al. introduced the
initial idea of caliber design [3]. They rolled the two
blades together to remove deviations from each side. The
design of the caliber was in such a way that the two
blades were transversely connected with less thickness.
In this case, the pressure on the rollers was high, and
there was a possibility of tearing in the workpiece. In
another study, Bowden et al. [6] designed the caliber in
a way that the compressor blades were bonded with each
other from the thick part. In such circumstances, the
pressure applied to the middle of the roller reduces.
Furthermore, in the proposed method the rapid wear and
stress concentration of the rollers were prevented by
removing the middle groove on the roller. Two previous
methods were designed for a blade with two curvatures.
However, in the present study the design should be made
for the blade with a curvature at the top. Fig. 2 indicates
an adequate representation of the rolled compressor
blades.

Fig. 2. An adequate sample obtained from compressor
blade rolling.
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In the rolling blades, the metal flow and the speed of
each point of the workpiece's cross-sections are different
due to the non-uniformity of the roller diameter for
different parts of the cross-sectional area of the
workpiece. Besides, the workpiece getting out from the
caliber has a special complexity. The precise control of
these structures depends not only on the accurate design
of the caliber but also on its position in the space
between the two rollers. In order to determine the
adequate position of the caliber, a method should be
selected in which the mean linear velocity on the roller
with concavity (upper roller) equals the mean linear
velocity on the smooth roller (lower roller). Therefore,
the average linear speed of both rollers should be equal,
and then the actual diameters of both rollers should be
the same. For this purpose, the distance between the 45
pairs of different points with equal spacing on the caliber
cross-section of the upper roller was considered, as
shown in Fig. 3, and then the average value of these 45
pairs of points was calculated. The average value of the
points equaled 0.472 millimeters. By using this value,
the roller diameter would equal 0.9144 mm. If this value
is considered to be 1 and the roller diameter equals 122.4
mm, then the upper roller diameter will be 122.4 mm.
However, for the lower roller the subject diameter was
reduced by 1 mm. Hence the lower roller diameter would
equal 121.4 mm. Since the lower roller surface is flat, it
does not need to be divided. As a result, the actual
diameter of the two rollers and that of the mean linear
velocity on them are the same. Fig. 3 shows the designed
caliber.

a

st

Fig. 3. a) Caliber curvature average points (upper roller),
and b) The designed caliber.

3. Tensile and Ring Compression Tests

Stainless steel 422 is the material used for the
primary sheet. The chemical composition of the subject
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material was shown in Table 1. In order to obtain the
input parameters of FE analysis the stress-strain curves
from ref. [10] were used as shown in Fig. 4. Moreover,
the AISI D2 tool steel is the material used for the rollers.

Table 1. Chemical composition [10]
w 1.2-6 C 90.13

S 0.03 Cr 10.5-12
P 0.03 Ni 15-18
Mn 0.6 Mo 0.35-0.5
Si 0.6 \Y 0.18-0.3
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Fig. 4. Stress-strain curves [10].

A ring test was used to obtain the accurate value for
the coefficient of friction between the jointing surfaces
of the rollers and the workpiece. The purpose of the ring
test is to obtain the friction coefficient and investigate
the effect of different lubricants on friction in the
forming processes. The proposed method started using
the calibration curves [11] and considering 6:3:2 ratio
for "height: inner diameter: outer diameter." The
thickness, inner diameter, and outer diameter of the ring
were considered to be 6.67 mm, 10 mm, and 20 mm,
respectively. For this test, two similar ring samples were
used, which were produced under the same conditions of
machining and grinding as well as the same levels of
quality. The lubricant was made using Iranol oil with a
viscosity of 30 m?/s. In this test, a 100 tons Time Group
press, in the open form, and a precision stopper were
used to accurately control the press. Fig. 5 demonstrates
the sample rings before and after the ring compression
test.

In this test, both rings were pressed up to the same
size. The height and internal diameter of the rings were
changed to 4 mm and 10.3 mm, respectively. By
replacing the values of the height and inner diameter in
Eqg. 1, the changes in thickness and diameter were
obtained.
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AD% 1is the reduction percentage of the inner
diameter, AH% shows the reduction percentage of the
height, D is the initial inner diameter, D1 is the final inner
diameter, H refers to the initial height, and H is the final
value of the height. According to Fig. 6, by replacing the
numbers obtained from the calibration curves the friction
coefficient was calculated to be 0.2.

a b

Fig. 5. Ring test, a) before the test, and b) after the test.
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4. Finite Element Simulation of Blade Cold Rolling

Finite element simulations were performed by
DEFORM 3D. The rollers were supposed to be rigid, and
the preform was considered deformable-tetrahedral
mesh type was used for the preform simulation.
However, as the rigid body is not meshed by software,
the rollers do not need to mesh. The meshing type of the
initial form of the sheet, which enters the plastic region
together with the size and number of the elements,
determines the accuracy of the analysis. In order to select
the proper size of the elements, the definition of mesh
sensitivity was used. For this purpose, several
simulations with identical conditions and a different
number of elements were performed, and the value of the
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rolling force was recorded. The required force diagram
was plotted according to the number of the elements in
Fig. 7. According to the diagram, it was found that the
increase in the number of the elements or reduction in
the size of the elements leads to the increase of the
rolling force to a certain extent. In addition, it becomes
uniform and almost constant in a special range of the
number of elements. According to the sensitivity
diagram of the mesh, the rolling force does not change
significantly from the 24000 numbers of the elements or
the element size of 0.12. As a result, the foregoing
number of the elements was used in the analysis.

mesh sensivity
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160000 f"'r

140000 169426.7537
120000

100000

80000

60000

40000
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0

0 20000 40000 60000
Mesh Number

Fig. 7. Sensitivity curves for the number of the elements.
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Figure 8 illustrates the meshed preform, and Fig. 9
shows the dimensions of the preform. The required
information was entered into the software and the
directions of the preform as well as roller movement
were determined. Then, the contact conditions were
specified between the parts, and finally, the simulations
were performed. The rolling process was done in several
steps. First, the sheet was deformed towards the near-
final shape to facilitate the final step in deforming and
creating the final form. Fig. 10 illustrates the design of
each step of the three-step blade rolling, and Fig. 11
shows the three-step FE model of the blade rolling and
the cross-sectional area of the part coming out.

Fig. 8. Meshed preform.
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Fig. 10. a) Simulation model for the three-step rolling
process, and b) the exiting section of the blade.

a

Fig. 11. Design of different steps in the cold rolling process
of the compressor blade, a) first step, b) second step, and c)
third step.

5. Design of Experiments with % Fraction of 2K
Design

Factorial designs have gotten an extensive
application in multi-factor experiments. The purpose of
these designs is to study the simultaneous effect of
several factors on the desired responses. Certain types of
factorial designs considered in the present investigation
have a significant practical value due to their extensive
use in research activities and being the basis for other
designs. The most usual case is the two-level of k factor
[12]. The factorial designs are used when the number of
the experiments is high. ¥z fraction of 2 design includes
2k experiments and is usually nominated as the half
fractional factorial design, which was used in this
research. Six factors, i.e., the width and the thickness of
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the preform, the roller radius, the width and the thickness
of the flash channel, and the number of the rolling steps
were studied, and 2(6-1), namely 32 experiments were
designed. The test factors and related levels were listed
in Table 2, and the obtained FE results of the mentioned
experiments were presented in Table 3.

Table 2. Test factors and related levels

Factor Level 1  Level 2
Sheet thickness (mm) 0.8 1.2
Sheet width (mm) 24 26
Roller radius (mm) 49 735
Flash channel thickness (T), (mm) 0.1 0.3
Flash channel width (W), (mm) 3.6 7.6
Number of rolling steps (N) 2 3

Table 3. DOE and response variables

- = = E E - =
s E £ E S 2= B E
1 08 24 49 01 36 2 1280 086
2 12 24 49 01 36 3 1360 090
3 08 26 49 01 36 3 1530 138
4 12 26 49 01 36 2 1700 146
5 08 24 735 01 36 3 1650 080
6 12 24 735 01 36 2 2060 088
7 08 26 735 01 36 2 2060 139
8 12 26 735 01 36 3 1810 161
9 08 24 49 03 36 3 1270 08
10 12 24 49 03 36 2 1600 084
11 08 26 49 03 36 2 1500 135
12 12 26 49 03 36 3 1490 140
13 08 24 735 03 36 2 1460 0.80
14 12 24 735 03 36 3 1700 0.86
15 08 26 735 03 36 3 1890 142
16 12 26 735 03 36 2 1900 157
17 08 24 49 01 76 3 2410 090
18 12 24 49 01 76 2 1270 092
19 08 26 49 01 76 2 1480 129
20 12 26 49 01 76 3 1550 154
21 08 24 735 01 76 2 1800 0.84
22 12 24 735 01 76 3 2000 1.06
23 08 26 735 01 76 3 2380 133
24 12 26 735 01 76 2 1300 148
25 08 24 49 03 76 2 1420 082
26 12 24 49 03 76 3 1415 093
27 08 26 49 03 76 3 1450 148
28 12 26 49 03 76 2 1754 150
29 08 24 735 03 76 3 1750 0.85
30 12 24 735 03 76 2 2360 0.90
31 08 26 735 03 7.6 2 2220 1148
32 12 26 735 03 76 3 2297 1163
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The parameters listed in Table 3 are as follows:

T: sheet thickness, T(t): flash channel thickness, W:
sheet width, W(f): flash channel width, R: roller radius,
and N: number of rolling steps. Rolling load (F) and
flash cross-section area (f) are considered as the two
response factors.

The force values for each experiment were obtained
directly by FEM, and the most significant force obtained
during the rolling process was considered as the final
force in the analysis. Fig. 12 shows the two examples of
forces on upper rollers for the two-step and three-step
rollings.

Force (tons-Sl)

230 -_r(

17.2

— Top Die 4
— Ohject 4 -

11.5

a7

0.0 I T

0.0 0.8 1.0 1.8 1.9 2.4
Time (sec)
Force (tons-Sl) b
T T T T U T T ]
— Top Die ]
14.8 — Ohject 4 ]

— Object 6

11.1

7.4

a7

0.0 L
oo 07 1 2 2 4
Time (sec)
Fig. 12. Rolling force curves, a) two-step rolling, and b)
three-step rolling.

The value for the flash's cross-section area cannot be
obtained directly by FE. Therefore, the surface area of
the analyzed cross-section was calculated by exporting
it to SolidWorks software. Then, the obtained values for
the flash's cross-section were directly used in the
calculations. The values for each output were shown in
Table 3.
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6. Results and Discussion

The experimental data should be analyzed by
statistical methods so that the validity of the results is
scientifically verified, and also decisions are not made
based on personal judgment. In this section, the obtained
response variables (forces on rollers and cross-section
areas of the flash) were analyzed using such parameters
as effect graphs, main factors, and interaction effects.

6.1. Forces on rollers
6.1.1. ANOVA

In this section, data analysis was performed on the
rolling forces using ANOVA. The F-test method was
used, which means that if P-value is lower than the a
factor (assumed to be 0.05 in these experiments), the
considered factor is effective with more than 95%
probability; otherwise, the factor is not effective.

According to the ANOVA results presented in Table
4, from the total of the main factors and interactions, the
total effectiveness of the six main factors was 88.23%.
The factors included the width and the thickness of the
preform, the roller radius, the thickness and the width of
the flash channel, and the number of the rolling steps, the
remaining 11.77% was related to interactions. The
roller's radius had the most significant effect, so that
60.5% of all was related to this factor. Afterward, the
effectiveness of the width and thickness of the preform,
the number of the rolling steps, and the thickness and the
width of the flash channel were in the order of higher to
lower, respectively. In general, all main factors affect the
rolling force. Furthermore, the thickness of the first sheet
and the number of the rolling steps (T*N) have the most
significant effects among all interactions.

6.1.2. Main effects of parameters

The main effects plot for the rolling force has been
illustrated in Fig. 13. It can be inferred that:

 Considering the preform thickness factor, the
minimum level is 0.8, and the maximum level is 1.2.
Stated alternatively, increasing the thickness of the
preform leads to an increase in the rolling force.

« Investigating the preform width factor shows that
the 24th level is the lowest force and the 26th level is the
highest force.
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« Focusing on the roller radius, the rolling force will
increase as the roller radius increases. As shown in Fig.
14, among all factors, the roller radius has the most
considerable influence on the rolling force.

» Enhancing the thickness and width of the flash
channel will increase the rolling force.

 As the number of the rolling steps increases, the
thickness reduction of each step decreases; as a result,
the rolling force will reduce.

Table 4. ANOVA for rolling force data

Factor Degree of  Sum of F P
Freedom squares
(DF) (SS)
Main effects 6 330.406 152.88 0
T 1 31.928 88.64 0
W 1 41.611 115.52 0
R 1 226.620 629.13 0
T(f) 1 6.031 16.74  0.002
W(f) 1 2.401 6.66  0.027
N 1 21.815 60.56 0
Way 15 40.461 7.49 0.001
interaction
T*W 1 4.315 1198  0.006
TR 1 4,287 11.90 0.006
T*T(f) 1 2.936 8.15 0.017
T*W(f) 1 0.482 1.34 0.274
T*N 1 12.495 34.69 0
W*R 1 2.707 7.52 0.021
W+T(f) 1 0.225 0.62  0.448
W*W(f) 1 0.977 2.71 0.131
W*N 1 1.945 5.40 0.043
R*T(f) 1 3.596 9.98 0.010
R*W(f) 1 3.010 8.36 0.016
R*N 1 1.234 3.43 0.094
TEH*W(f) 1 2.011 558  0.040
T(H*N 1 0.100 0.28 0.610
W(f)*N 1 0.141 0.39 0.545
Error 10 3.602 - -
Total 31 374.469 - -

Main Effects Plot for Force
Fitted Means

W T R

0.8 1.2 ) 24 26 49D 735
T(f) | Wiy | N

Mean

0.1 03 36 7.6 2 3

Fig. 13. Main effects of the parameters on the rolling force.
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6.1.3 Parameters interactions

The graphs of the effects of the parameter
interactions on the rolling forces have been shown in Fig.
14. If these graphs are parallel, there will be no
interactions between the two involved factors, but when
the lines of these graphs are not parallel with each other,
there is a sign of interaction between the studied factors.
By analyzing the interaction graphs, it was inferred that:

* The number of the rolling steps and the thickness of
the preform have the most significant effect on the
rolling force. In the case of the preform thickness of 0.8
mm, the force will rise by increasing both factors, i.e.,
the roller radius and the preform width. The width and
the thickness of the channel and the number of the rolling
steps do not have much effect on the rolling force.
However, in the case of the preform thickness of 1.2 mm,
the rolling force increases along with all the factors
except for the number of the rolling steps. In this case,
the interactions of the roller radius and preform
thickness lead to the highest force.

« In the case of the preform thickness of 1.2 mm, the
force decreases sharply by increasing the number of the
rolling steps.

* In the case of the preform width of 24 mm, the force
rises by increasing both parameters, i.e. the roller radius
and the thickness of the flash channel. Moreover, the
rolling force will reduce by increasing the number of the
rolling steps. Furthermore, by increasing the flash
channel, there will be no effect on the amount of the
rolling force, and within the 26 mm width of the preform,
the interaction effects will be in the same order.

* In the case of the roller radius of 49 mm, the width
and the thickness of the flash do not affect the rolling
force. However, the relative force increases in the radius
of 73.5 mm while the number of the rolling steps in the
two conditions mentioned above will reduce the amount
of the force similarly.

* In the case of the thickness of 0.1 mm for the flash
channel, increasing the channel width does not affect the
amount of the force. However, in the case of the
thickness of 0.3 mm, increasing the width of the channel
can lead to the rise of the amount of the force, while
increasing the number of the rolling steps in the
aforementioned two thicknesses will reduce the amount
of the rolling force.

IIMF, Iranian Journal of Materials Forming, Volume 7, Number 2
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« Increasing the number of the rolling steps in two
different thicknesses of the channel will reduce the
amount of the force.

Interaction Plot for Force

23

* Increasing the radius and width of the flash channel
does not have much effect on the increase in the cross-
section area of the flash.

* By increasing the thickness of the flash channel
(according to the design of the flash), the cross-section

Fitted Means
¥ % w0 ms o 03 3 78 3 3 area of the flash decreases.
. /; | el | | s 2:5 Tlg * Increasing the number of the rolling steps leads to
— B Laso W a more precise cross-section. However, it has less effect
v e e g S on the flash creation.
: — e | o s Table 5. ANOVA for the flash cross-section area
. e e Factor Degree of ~ Sum of F P
o R T Freedom  squares
R P OF)  (s9)
Main effects 6 2.376 40.87 0
Fig. 14. The effects of the parameters’ interac;ions on the V-l\—/ i gg;i 2;229 O.(? ?
rolling force. R 1 0002 027 0616
6.2. Flash cross-section area (M 1 0.019 2 0.187
6.2.1. ANOVA W(f) 1 0.001 0.11 0.742
N 1 0.004 0.5 0.495
Analyzing the variance of the data for the cross- ) Way. 15 0.12143 0.83 0.637
section of the flash was performed based on the sum of mteTrf\r;\t;on 1 0.00351 036 0561
the squares technique (Table 5). It was inferred that the TR 1 000394 041 0539
percentage of the main factors is 91.6% of the total T*T(f) 1 0.01069 1.10 0.319
factors. Among the main factors, the width of the T*W(f) 1 0.00057 0.06 0.814
preform had the most significant effect. The total TN 1 0.01012 1.04 0.332
squared of the thickness and the width of the channel, W*R 1 0.00261 0.27 0.616
the number of the rolling steps, and the radius of the \\/IVV:VTV((:‘)) i g'gggz g'gg gg;’z
roller were respectively less among the six main factors. WHN 1 0.00049 0.05 0827
Moreover, the P-values of the mentioned main factors R*T(f) 1 0.01012 1.04 0.332
were higher than the error value of o, and these factors R*W(f) 1 0.02697 2.78 0.127
were ineffective in the size of the cross-sectional area; in R*N 1 0.00158 0.16 0.695
other words, they were not meaningful. Finally, all other T(f)*\f(f) 1 0.00381 0.39 0.545
factors (both main and interactive) were not effective \/Tv((?)*NN i g'gggig 8'22 8'222
except for the preform's width and thickness. Error 10 0.097 ) )
6.2.2. Main effects Total 81 2:59% _ _
Figure 15 shows the main effect diagrams of the e Eﬁ‘;:: ;elg:sfor rlesh
parameters on the cross-section of the flash. By studying L4 ’ -
the main effect diagrams, the following results are 12 . / L
obtained: ol - / o
* As the preform thickness increases, the cross- c , ‘ ‘ , ‘
section area of the flash increases as well. g ol B — - S——
* The preform width has the most significant effect
on the flash creation. By increasing the preform — — -_
thickness, more flash is produced. Therefore, in the "1

designing step, the width of the preform is considered to

T
0.1

T
0.3

T T
3.6 7.6

2 E
Fig. 15. Main effects of the parameters on the flash cross-

be less than the width of the caliber. section area.
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6.2.3. Interactions effects

Figure 16 indicates the interaction effects of the
parameters on the cross-section area of the flash. By
investigating the interaction graphs, the following results
are found:

* In all of the two-factor interactions, the two lines
are almost parallel. As a result, it can be concluded that
the effect of the interactions is insignificant.

« It is inferred from the interactions of the preform
thickness with the thickness of the flash channel of the
preform that the flash decreases if both of the mentioned
thicknesses increase.

Interaction Plot for Flash
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Fig. 16. The effects of the parameters interactions on the
flash cross-section area.

7. Conclusions

In the present study, the effect of the process
parameters on the amount of the process force and the
flash were investigated with the design of the
experiments and simulation of the shape rolling process
of the compressor blade of a gas turbine engine.

By analyzing the data obtained from the simulations,
the following results were obtained by ANOVA, main
effects diagrams, and the effects of parameter
interactions.

1) The roller's radius, width, and thickness of both
the preform and flash channel increase the amount of the
applied force on the roller. The roller radius is the most
effective factor.

2) The number of the rolling steps reduces the
amount of the rolling force.

3) The most effective factor interactions on the
rolling force are the interaction of the preform's
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thickness with its width and the interaction of the roller
radius with the preform's thickness, respectively.

4) Increasing the thickness and width of the preform
increases the cross-section of the flash.

5) The main factor for increasing the cross-section of
the flash is the initial preform width.

6) The interaction effects of all parameters in the
cross-section area are not meaningful.

8. References

[1] S.R. Motallebi, Investigation of influence parameters on the
hot rolling process using finite element method, in
Proceeding of 2nd International Conference on Engineering
Optimization (2010) 332-338.

[2] A. Handbook, Forming and Forging, The Material
Information Society 14 (1988).

[3] J. B. Griffith, H. C. Sanborn, Method for the manufacture of
metal vanes for turbomachinery, Google Patents, (1985).

[4] V.Medvedev, |. Mogilevskii, V. Eremeev, Rolling blanks for
turbine stator blades, Metallurgist 15(10) (1971) 679-681.

[5] D. Lambert, P.R. Jepson, J. Yang, Process simulation for
industrial rolling applications, In MS&T Conference
Proceedings, Columbus, OH, ASM International (2004).

[6] R. Grishman, B. Sundheim, Message understanding
conference-6: A brief history, in Proceeding of the
conference distributed by Morgan Kaufmann Publishers,
(1996).

[7] F. Bacchus, AIPS 2000 planning competition: The fifth
international conference on artificial intelligence planning
and scheduling systems, Ai magazine 22(3) (2001) 47-47.

[8] Q. Jin, Geometric accuracy design method of roller cavity
surfaces for net-shape rolling compressor blades, Open
Access Library Journal 6(3) (2019) 1.

[9] Q.Jin, W.Wang, W. Yan, R. Jiang, Springback and forward
slip compensation in designing roller cavity surfaces for net-
shape rolling compressor blades, Materials and
Manufacturing Processes 32(12) (2017) 1442-1449.

[10] V. N. Potluri, Master of Science Degree in Mechanical
Engineering, Department of Mechanical Engineering
Howard R. Hughes College of Engineering, Thesis,
University of Nevada, Las VVegas (2004).

[11] T. Altan, G. Ngaile, G. Shen, Cold and hot forging:
fundamentals and applications, ASM international (2004).

[12] D. C. Montgomery, Design and analysis of experiments,
John wiley & sons (2017).

IIMF, Iranian Journal of Materials Forming, Volume 7, Number 2



An Investigation of the Effective Factors in the Shape Rolling Process of a Compressor Blade 25

G ry9 19590 s oS 0 (S 0598 auT 3 50 5o Jelge (ow )y

'l razyg5 (2l dares T GLURES (s oy < ygilonki Sguatio Mgl a0 e (Jg g9 g

Ol gyl cdngl olRzils ¢ pwdige 0uSisls (Sl pwiige 05,5 )

Olpl gl gl olBzsls  waige 0aSisls pulio pwidige 09,5 -
Ol gl gl sris oKl (Sl g ouSisls Y

oS>

e i3 2 Cuz 0 Pl JKE S L Sle 5o ool [Lad L aS bl oo JSKE et Jolate sleanl Bl (S (IS5 0,00 anl 8

a3 oS (S oy S5 3,55 a8 580 Jolo g sle anie (el 5 Jgame CoiS S5 jsliie 4y 058 (oo Jolo i 50 JSS Sss
S K& 0,9 a3 (DOE) Lisles] (olyb g dg0me Lol g, 5l eslisl b ol jo .l ooy plosl 50 (sl yial )l (oawy 0 Craizmon g
S8 e 508 e e g Caelind alax 5l an] b cilites b el )l 1 e c0id (65le At (0,55 5L 00ls bl 1 Jgane ygmspeeS 0
Sl 03ls .85 18 (w9590 Ay Gl 93,58 (S95 (m Boe ell 93 (59, 9,95 oy slas g aucdy JUIT (50 5 Cuelis wSTe
s was olulis JSa 5,6 3y, 50 H5e Jelse g <d,8 18 Lo 5 45555 8,50 (ANOVA) il g 5001 51 soliinl b odel s 4
&ty 02 sl )6 Ayl 55 el 5 e das Lol i3S o 3l (5552 lime p0ds 48)S Sl 50 Jalge 45T oS oo e
3,55 5k il el Koo Jalge iuli8l Lol 0o co ol 8 a3Y b rals el is o ol e olows ialidl 5138 ).._,L; p9d Buaa e

e (g0 duly e ol el adgl 55 (250 5 Cwlis LilEl s 05h o

byl }.,JLﬂ (599¢ (55l Al (gm0 S 0 (S 093 1ols slaoily

IIMF, Iranian Journal of Materials Forming, Volume 7, Number 2 October 2020



