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Investigating the Impacts of Blowing Jet
on the Dynamic Stall of NACA0012"
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1. Introduction

Dynamic stall is a phenomenon often seen in helicopters
and balloons. When flying forward, some areas of the
helicopter blade may cause the flow to return to the blade
motion path, resulting in a rapid change in the angle of
attack. This phenomenon and related issues have always
been of interest to researchers. Flow control has always
been of interest to researchers and craftsmen, including
small changes in configuration that lead to an engineering
advantage such as increased lift force, reduced drag force,
increased mixing, or reduced noise.

In the present work, the effects of operating parameters
of a blowing jet on dynamic stall flow are investigated
numerically. It was tried to consider all the parameters in
this type of jet, so four parameters of jet location, jet orifice
length, jet blowing angle, and jet velocity were selected
and the effects of these parameters in controlling the flow
of the torsional airfoil were studied. In other studies, the
simultaneous effects of one or two parameters have been
investigated and in no study has explored the effect of
angle on the blowing jet during dynamic stall. In the
present work, the effect of this parameter along with other
parameters was investigated. The average lift and drag
coefficient and aerodynamic performance in a period of
airfoil rotation are considered to compare the jets with each
other and their effects on the control of the separated flow.

2. Modeling and validation

2.1. Computational domain and boundary conditions
The computational domain is divided into rotating and
non-rotating parts. The total computational domain is a
circle with a radius of 20 times the length of the chord. The
mesh is visible near the leading and trailing edge in Figure
1. In the sample without jet, the wall without slip and the
inlet velocity were considered as boundary conditions, and
in the sample with the jet, the part of the jet orifice is
separated from other parts of the airfoil and the velocity
inlet condition is applied to it.

Figure 1. Accumulation of cells near the leading and
trailing edge

2.2. Mesh and time step independence

In order to investigate the adequacy of the final mesh and
the independence of aerodynamic coefficients from the
mesh, the study of mesh independence was performed and
also the independence of the results from the time step was
examined. Figure 2 shows the results.
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Figur 2. a) Mesh independence, and b) Time step
independence
2.3. Validation

The simulation results were compared with the
experimental results of Lee et al. and the numerical results
of Wong et al.. The result of this comparison can be seen
in the lift coefficient curve in Figure 3. Numerical
simulation in the upward movement of the upstroke to 24
degrees is in good agreement with the experimental results
but has predicted the stall earlier, and also in the
downstroke movement, the general trend is maintained,
but we have fluctuations in these parts.

c,— A0A

Expriment [4]
Wang [12]

Present study

-10 -5 o 5 10 15 20 25 30
AOA

Figure 3. Simulation validation

3. Results and discussion
The effect of the position and angle of the jet is
investigated by assuming a constant jet orifice length and
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momentum coefficient. For this purpose, the jet
momentum coefficient was considered 0.14. For the
opening size, two values of 0.005 and 0.01 chord length
were selected. Under these conditions, the jet was put in
places 1, 4, 6, 10 and 20% of the chord length with blowing
angles of 30, 60 and 90 degrees. The results of this study
on aerodynamic performance can be seen in Figure 4.

(L/D),,-Position

£ —=— g=30°
8-60°
8=90°

~ — —uncontrolled

Figure 4. The effect of blowing jet location and angle on the
average aerodynamic performance with a momentum
coefficient of 0.14 and an orifice length of 0.005

According to Figure 4, increasing the angle to a certain
degree increases this quantity, and as can be seen, the best
angle between the three angles to improve this parameter
is 60 degrees. Another important point is that in this
quantity, in all three angles, the optimal location is the
same and is 0.01 the length of the chord.

Figure 5 examines the effect of jet momentum
coefficient on mean aerodynamic performance. In general,
in all cases, with increasing jet momentum coefficient, we
see an increasing in this parameter. The closer this place is
to 0.01 chord length, the more obvious the parameter

increase. The highest average aerodynamic performance
coefficient is related to the jet momentum coefficient of
0.14 and the location is 1% of the chord length and jet
angle is 60 °.

Liposiion anglevelociy

anglejdegree]

Figure 5. The effect of blowing jet momentum coefficient
on the average aerodynamic performance

4. Conclusion

In the present work, the effects of blowing jet performance
parameters on the control of dynamic stall flow were
investigated numerically. The results showed that the
blowing jet had a better effect of 1% of the chord length
than in other places. Three spray angles of 30, 60 and 90
degrees were considered to investigate the effect of the jet
angle. Studies have shown that a 60-degree angle is better
at controlling flow than the other two angles.
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et Momentum Coefficient=0.04,10 deg Upstroke,time=T Jet Momentum Coefficient=0.08,10 deg Upstroke,time=T

Jet Momentum Coefficient=0.14,10 deg Upstroke time=T
vorticity
3

100.0
-100.0
-300.0

Jet Momentum Cocfficient=0.04.25 deg Upstroke,time=1/4

Jet Momentum Coefficient=0.08,25 deg Upstroke time=T/4 Jet Momentum Coefficient=0.14,25 deg Upstroke,time=T/4
VO

et Momentum Cocfficient=0.04,10 deg downstroke,time=T/2 et Momentum Coefficient=0.08,10 deg downstroke time=1/2

Jet Momentum Cocfficient=0.14,10 deg downstroke,time=T/2
vorticity

Jet Momentum Coefficient=0.04.-5 deg downstroke time=3T/4

Jet Momentum Coefficient=0.08,-5 deg downstroke,time=31/4 [Jet Momentum CoefTicient=0.14,-5 deg downstroke,time=3T/4
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uncontrolled,-5 deg downstroke,time=3T/4

controlled,25 deg Upstroke,time=T/4

controlled,10 deg downstroke,time=1/2

controlled,-5 deg downstroke,time=3T/4
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The Effects of Microtube Addition on
Thermal and Hydrodynamic Behavior of
Microchannel Heatsink for Nanofluid Flow*

Akram Jahanbakhshi!, Afshin Ahmadi Nodooshan?
Morteza Bayareh?

1. Introduction

One of the most important challenges in designing
electronic systems with high processing power is their
thermal management and keeping them at an allowed
operating temperature to prevent damages to the
equipment. The heatsink is metal equipment with high
thermal conductivity such as copper and aluminum, used
to cool parts that need to lose a large amount of heat flux.
Studies in this field may be classified analytically,
numerically, and experimentally. The main purpose of
most studies have been to investigate design methods
based on changing the geometry of heatsinks to achieve
maximum efficiency in their thermal management.

2. Description of the model and boundary conditions
Figure 1 illustrates the geometry of the desired heatsink. In
this geometry, a microtube is added between the two
channels.

by

velocity
inlet

Figure 1. The problem geometry and boundary conditions
It is assumed that the heatsink is located on a CPU and only
a heat flux of 50 W/cm?enters the system from the bottom
surface.

3. Properties of nanofluids

Pne = (1 = d)ppe + dpp )
PniCpnf = (1 = ®)puiCopr + PPpCop (2
Hnf = Hpe(1 + 2.5¢) 3)
Ky = ki[0.981 + 0.00114T(°C) )

+ 30.661¢(vol%)]

4. Governing equations

V.(pped) =0 Continuity equation  (5)
V. (ppeutl) Momentum equation: (6)

= —Vp + V. (jip V1)

Energy equation for the

V. (pnUCpneT)
o fluid region: )

= V. (kyVT)
V.(k;VT) =0 Energy equation for rigid
part: (8)

The total heat transfer coefficient of the heatsink (h) and
the PEC parameter are expressed as follows:

b= q )
TCPU,Mean - Tin
PEC = hpe/hye
Apne/Appe (10)

Table 1. Dimensional parameters of
the heatsink

Value | Parameter
10 mm Lx
350 um Ly
15 mm Lz
120 ym Wi
80 um We
70 um D
100 pm Hs
250 ym Hc
175 um Hp

5. Numerical method, grid study, and validation

The grid with 6,000,000 cells is selected. By comparing
the experimental results of Azizi et al. and the numerical
results shown in Figure 2, one can see that the maximum
error of the present study is approximately 6%.

6. Results

According to Figure 3, it is clear that the channel wall is
hotter than its central part. At high Reynolds numbers, the
temperature changes of the fluid along the microchannel
and tube are less than those at lower Reynolds numbers. In
Figure 4, the heat transfer coefficient for the two states
with and without microtubes shows that the increase of
nanoparticles and the addition of microtubes cause a
significant increment in the overall heat transfer
coefficient of the system. Figure 5 reveals that the increase
in nanoparticles leads to an enhancement in system
efficiency. At all nanofluid concentrations, the PEC is
greater than one.
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7. Conclusion
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1. Introduction

The discovery of graphene with a hexagonal
structure in 2004 attracted the attention of
researchers to two-dimensional structures such
as boron nitride, phosphorus, silica, graphene,
etc. Boron carbide (BCs), with low density and
special mechanical properties, has applications
in industry such as the production of abrasives,
armor, thermoelectrics, and neutron detectors.
This two-dimensional structure was identified by
Tanaka et al. through epithelial growth at NbB>
levels. This structure has been introduced as the
hardest material after diamond and cubic boron
nitride. Moreover, the composites of this
ceramic have high strength, low hardness, and
low specific gravity. The mentioned properties
make BCs a suitable option for experimental
studies and simulations.

This is a numerical study on the two-
dimensional structure of BCzbased on molecular
dynamics simulations. Mechanical properties
including Young modulus, stress, and strain at
break point were calculated. The effects of
circular defect position with a fixed radius at
different locations of the structure were studied.
Moreover, the influence of increasing the
temperature from 100 to 1000 K on the
mechanical properties of the structure was
investigated.

2. Calculation methods

In this study, molecular dynamics simulations in
Lampes software were used to measure the
mechanical properties of BCs. The zigzag and
armature directions were considered along the X

and Y axes, and the Tressof potential was used to
depict the interactions between boron and carbon
atoms, as well as the interaction of bonds.
Moreover, the circular defects and temperatures
changes as two effective elements on the
mechanical properties were investigated. During
the simulation, structures were balanced under
NPT conditions and an integrated plate with
dimensions of 200A x 200A with 13376 atoms
was formed and put under axial tensile loading.

3. Results and discussion

The effect of circular defect position

A circular defect with a radius of 15 angstroms
was created in five positions on the structure
containing 33, 66, 100, 133 and 166 angstroms.
Figure 1 shows a schematic of the circular defect
and its position at the center of the boron carbide

structure.
L

—

B

Figure 1. A schematic of the circular defect and its
location at the center of the BCs structure

The structure was put under tensile loading at
300K. Figure 2 shows the stress-strain diagram
in the presence of a defect in five positions. The
results showed that the lowest amount of
mechanical properties occured in the case of a
circular defect at the center of the BCs plate
(X100) and the highest amount happend in the
Xies position. The value of the Young modulus
has risen from 741.01 GPa in the Xeg position to
749.04 GPa in the Xues position, indicating an
increase of 1.08%. This increasing bahavior is
also observed for stress and strain properties at
the breaking point. It should be noted that at high
stresses, defects with energy gain cause the
atoms to become out of their steady state and the
growth of the defect occurs.
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Figure 2. Stress-strain diagram of BC3 on zigzag
direction and five circular defect position

The influence of temperature with fixed
position of circular defect

Given that in the previous section, the best
results were observed in the Xigs position, the
structure with this defect position was examined
at five temperatures of 100, 200, 300, 700, and
1000 K. Figure 3 shows the changes in stress and
Young modulus with respect to temperature.

0.85 — 0.5
—o— Young's modulus (TPa) |
- & Failure stress (TPa) |

0.80 0.4

g

0.70 4 0.2

Y S

Young's modulus (TPa)
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0 100 200 300 400 500 600 700 800 900 1000 1100
Temperature (K)

Figure 3. The changes in Young modulus and
stress at the breaking point of BCs structure for
different temperatures

The results showed that the mechanical
properties decreased with increasing
temperature. The values of Young modulus has
risen from 781.21 GPa for temperature of 100K
to 749.49, 712.98, 689.33 and 616.19 GPa for
temperatures of 300, 500, 700 and 1000 K,
which shows a decrease of 4.11%, 8.73%,
11.76%, and 21.12%, respectively. The value of
stress at break point decreased from 99.59 GPa
at temperature of 100 K to 56.71 GPa at 1000 K,
which indicated a decreasing percentage of
57.61%.

Figure 4 shows the failure process of a
carbide structure with a defect in the Xies
position at three different temperatures. It can be
seen that with increasing strain, the
concentration of stress around the defect
increases, which causes failure in the structure.

~77.24 GPa

88.41 GPa
-

-66.29 GPa SNSS
80.31 GPa

Figure 4. Crack propagation scenarios theoretically
captured for BCs structure at (a) 100K , (b) 300K, (c) 700K
for constant circular defects on Xaes

4. Conclusion

In this study, the mechanical properties of two-
dimensional structure of BCs in the zigzag
direction were investigated. Circular defect
position and temperature changes as two
affacting elements on the Young modulus,
failure stress, and strain were studied. The results
showed that the presence of a circular defect
changes the mechanical properties. As its
location approached the center of the structure
from the edges, the mechanical properties
decreased. The effect of five different
temperatures of 100 K to 1000 K was
investigated. The results showed a decrease of
21.12% in the Young modulus. Moreover, the
amount of failure stress and strain of 1000 K was
reduced by 43.05% and 46.19% compared to 100
K, respectively.
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The Effects of Flower Pattern on Uniform
Distribution of Force on Rollers in Cold
Roll Reshaping*

Hosain Arzandeh?!, Hasan Moslemi Naeini2

Mahdi Tajdari®, Siamak Mazdak®*, Manabo Kiuchi®

1. Introduction

Flower pattern is the most important factor for analyzing
the reshaping of cold roll forming process. In this
process, the mechanical properties of the final product
depend on the flower pattern. Moreover, improper flower
pattern and non-uniform hardening of the tube cause
collapse defect.

In previous studies, the effect of flower pattern design
on the applied force on rollers has not been reported. On
the other hand, craftsmen need that the wear conditions
of the rollers be uniform; therefore, it is necessary that
the vertical force distribution on the rollers be uniform.
In this study, the amount of height reduction for three
different flower patterns, according to the experimental
sample, uniform distribution method, and proportional
distribution method, were investigated by finite element
simulation. Moreover, to validate the simulation results,
the power consumption and geometrical shape of the
product obtained from the simulation with its
experimental sample were compared and there is good
agreement has been observed. Finally, for the three
flower patterns, power consumption, geometric shape of
the product, and the force on the rollers were compared
with each other and based on the results, the appropriate
flower pattern was selected.

2. Numerical simulation

Numerical simulation was performed on a 40 x 60 mm
rectangular cross section with a thickness of 3 mm. The
pipe is made of ST37 steel sheet. To determine the
properties of the sheet, samples were prepared from the
production line. The tube was modeled by solid element,
and the whole simulation was carried out at one step with
dynamic explicit properties.

3. Experimental test

To confirm the simulation results, an experimental test
was performed and the results of the simulations were
compared with experiments.

4. Results and discussion

Table 1 shows the amount of force applied to the rollers
according to the simulation results of different flower
patterns. It is observed that the values of the applied
forces are highly dependent on the flower patterns.
Moreover, the distribution of these forces in the
experimental model is more uniform than other models.

Figure 1 shows the distribution of power consumption
in stations according to different flower patterns. It is
observed that the power consumption of the experimental
method in the last stations is less than other methods, so
the residual stress in the product in this method will be
less than others. According to Figure 2, the experimental
method was 17% and 31% more successful in forming
the corners than the proportional and uniform distribution
patterns, respectively.

Table 1. The comparison of forces on rollers in
proportional distribution, uniform, and experimental

distribution
Amount of force in simulating various
types of fIOerr patterns (kN) _ Stand No.
experimental _un_lform p_rop_ortl(_)nal
distribution distribution
51 35 42 1
43.5 40 50 2
50 44 50 3
50 48 56 4
56.5 53.5 59.5 5
50.2 44.1 51.5 Avg.
-6.7 -9.1 -9.5 min  and  max
+6.3 +9.4 +8 difference of Avg.
Percentage
13% 21% 17% Deviation from
uniformity  over
Avg.
7 i
A
g\ ..
6~¥£ \\ .
g \ . oo
& A vesr o coa
5 P~ @ “==+=proportional

distribution

4 ool oo niform
#.-' distribution

3 . . o ch o exp_e[im_en#a'
1 2 3 4 StandNo 5

Figure 1. The distribution of power consumption in
stations according to different flower patterns

Figure 2 shows also that increasing the non-uniformity
of the force distribution increases the corner radius error.
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Figure 2. The effect of uniformity of force distribution
on the reduction of corner radius error

5. Conclusion

In this study, the effects of flower pattern design on the
way distribution of the applied force to the rollers and
their power consumption at different reshaping stations
were investigated experimentally and numerically. To do
this, three different flower patterns were evaluated using
three-dimensional finite element simulations, and
practical experiments were performed to ensure the
accuracy of the simulations.

The simulation results showed that although the power
consumption for reshaping in experimental flower
pattern is 2.8% more than the proportional distribution
method and 7.9% more than the uniform distribution
method, respectively, this method is 17% and 31% more
successful in forming the corner than the mentioned
patterns, and the distribution of vertical force on its
rollers is 4% and 8% more uniform, respectively.

As a result, due to the uniformity of the vertical force
in the experimental method, the friction and wear
conditions of the rollers will be more uniform than other
methods. Therefore, it can be concluded that in order to
select a more suitable flower pattern, the use of uniform
distribution of applied force along with the criterion of
minimum energy consumption leads to more suitable
conditions.
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1. Introduction

Iran is a country where due to the abundance of fossil fuels,
less attention is paid to the way of consuming energy and
optimizing energy-consuming systems. However, in
recent decades, due to the depletion of fossil fuel resources
and pollution from the consumption of this type of fuel, the
comprehensive development document stipulates that by
2051 at least 30% of the electricity generation network
must be supplied from new and renewable energy, of
which more than 15% will be related to solar energy. One
of the main focuses in the field of energy is the energy
efficiency of energy supply systems. Therefore, designing
and constructing systems that can use independently or as
a combination of new and renewable energies are
important and necessary. Located in a geographical
position between 25 to 40 degrees north and 43 to 55
degrees east and an average of 300 sunny days, Iran is one
of the most prone areas to use solar radiation in various
fields, especially drying. Energy of the sun can be
extracted in different ways; one of the related technologies
in this field is solar collectors. Using Unglazed Transpired
Solar Air Heater Collectors is one of the most effective
ways for reducing air conditioning load in buildings. These
collectors can also be used to dry agricultural products.
These collectors, unlike conventional air-heating
collectors, do not require a transparent cover. Therefore,
they cost less and have the highest efficiency for air
heating.

2. Modeling and simulation

The 3D model of the Unglazed Transpired Solar Air
Heater Collector in SolidWorks software is designed in
full details. After meshing with the help of ANSYS ICEM
CFD software and determining the properties of materials
used in the solar air heater, boundary conditions are
applied to the geometry and unsteady turbulent flow is
simulated at different airflow rates. In Figure 1, the
unstructured meshing is used. Moreover, boundary layer
meshing was done for all surfaces in contact with the
airflow. In this simulation, due to the separation of the flow
in the air inlet parts into the solar air heater, the k-o
turbulence model is used to observe near the walls with
appropriate accuracy. In this simulation, the value of y*in

the inside of the holes and the different parts, where the air
is in contact with the solid surface, is maintained between
5and 10.

Figure 1. 3D model and meshing model of Unglazed
Transpired Solar Air Heater Collector ( y* = 5 — 10)

Table 1 shows the dimensions and geometric
characteristics of the collector. The arrangement of holes
in this solar air heater is square.

Table 1. Specifications of the unglazed Transpired
Solar Air Heater Collector under study

value Parameter
1m length
1m Width
30mm pitch holes
10mm The diameter of the holes
70mm Plenum depth
2mm The thickness of Absorber plate
900 Number of holes
20mm The thickness of glass wool

The Reynolds number was calculated for all experiments
and its value was obtained above 2000, which indicates the
turbulent flow pattern inside the system. The inlet
temperature for the simulation was 300 K and the mass
flow rates were considered 0.007, 0.01, 0.0125, 0.015 kg/s,
respectively. The heat flux for the 15th of Mordad for 24
hours for the geographical location of Kerman was
extracted from the Fluent software database and entered
into the absorber plate surface temperature condition using
the UDF equation. A boundary condition was considered
at the constant pressure outlet. In the boundary conditions
section, the absorber plate is defined as a wall, the intensity
of solar radiation hitting the absorber plate is equal to aG.
The absorption coefficient is equal to 0.64.
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3. Results and discussion

Figure 2 (part c) shows velocity distribution diagrams
within the entire plenum and a view of the jets. As
expected, the velocity of the air flow from the bottom of
the plenum to the outlet increases. Moreover, the jets
formed inside the plenum due to suction are visible
through the holes, and these jets are quite visible near the
hole. Figure 2 (part b) shows the flow near the holes and
the absorber plate. The presence of flow turbulence near
the absorber plate causes a vortex. The resulting turbulence
increases the velocity and heat transfer coefficient of the
convection. In Figure 2 (part a), for a flow rate of 0.007
kg/s for a time of 35000 seconds, the temperature of the
absorber plate at the bottom of the plate is 583.62 K and
the temperature of the absorber plate at the top of the plate
is 541/30. The operation of the unglazed solar air heater
collector is based on the pressure difference created by the
suction fan. In parts of the collector where the pressure is
high, the velocity decreases. As shown in Figure 2 (part d),
the pressure in the plenum increases and decreases toward
the collector outlet.

Temperature

(K]

Velocity [ms™1]
%, % o, a,

e, Side view

Pressure Pa)
DX R XA RS RRN

Figure 2. Contours a) absorber plate temperature, b)
stream line in plenum c) velocity in plenum, d) Pressure in
plenum, for a flow rate of 0.007 kg/s for a time of 35000
seconds

In Figure 3, the Nusselt number increases as the mass flow
rate increases. From 60,000 seconds onwards, the Nusselt
number decreases to zero because the heat flux reaches
zero and the collector is equated with the inlet air and the
temperature gradient is gradually reduced to zero, resulting
in a convection heat transfer coefficient of zero. In Figure
4, with increasing mass flow, the thermal efficiency of the
unglazed Transpired Solar Air Heater Collector increases
and the minimum and maximum efficiencies for mass
flows are 0.007 and 0.015 kg/s, respectively, equal to

66.51 and 78.02.

40
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Figure 3. Nusselt number for unglazed Transpired Solar Air
Heater Collector in different flow rates

80 78.02

/8 76.06
76

74 7235

72

70

68  66.51

66

64

62

60

0.007 0,01 0.0125 ,0.015
mass f?ow rate (2kg/59

Figure 4. Daily average efficiency diagram of unglazed
Transpired Solar Air Heater Collector
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4. Conclusion

In this research, an unglazed Transpired Solar Air Heater
Collector with a large computational amplitude was
modeled by the CFD method using Fluent software. The
results show that the outlet temperature of the unglazed
Transpired Solar Air Heater Collector with mass flow rates
0.007, 0.01, 0.0125, 0.015 kg/s is in the range of 58-
83°C for drying agricultural products. As the mass flow
rate decreases, the temperature of the absorber plate
increases, followed by the temperature of the outlet air;
But the increase in the temperature of the absorber plate is
more than the increase in the temperature of the outlet air.
The maximum efficiency of the unglazed Transpired Solar
Air Heater Collector is related to the flow rate of 0.015
kg/s. The results showed that the computational fluid
dynamics method with an acceptable error percentage can
be used to calculate the temperature and fluid flow rate.
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Automatic Determination of Non-Uniform
Blank-Holder Force in Sheet Metal Forming
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1. Introduction

Blank holder force in sheet metal forming operations can
be very effective in repairing fracture and wrinkling
defects. The supply of blank holder force in different dies
is done in different ways. In many cases, as the shape of
the sheet metal parts becomes more complex, it is
necessary for the sheet to flow into the die in different parts
of the die. One way to control the flow of the sheet into the
die is to change the size and location of the blank holder
forces. Today, in designing sheet metal forming dies,
designers use analytical relationships or finite element
software to determine the value of the blank holder force.
In most cases, the amount of blank holder force in each
position is assumed to be fixed and the designer calculates
the number of positions according to this value. For
shaping asymmetric axial sheet metal parts, several
researches have been conducted to determine non-uniform
blank holder forces to reduce forming defects. Despite the
various researches that have been done in this field, the
role of the designer in determining the amount of force in
different points of the sheet is under researched and
important and it is necessary to do extensive researches in
order to automate the optimization in this field.

In this study, by establishing a relationship between
Abaqus and Catia and with the help of optimization
methods, a software system was created that after initial
settings by the user, finite element analyses are performed
automatically and according to the output of each analysis,
changes are made in the input file and the next analysis is
performed with new conditions. Applying these changes
and performing various analyses until the problem
converges to the optimal answer continues completely
automatically.

2. Automatic software system for determining the
number and size of blank holder forces

This study proposed a software system that is able to
suggest the arrangement of the blank holder force of
different parts in such a way that the sheet piece is formed
without fracture and with the low possibility of wrinkling.
In this system, possible states are introduced for the blank
holder forces and the fracture and wrinkling of the sheet
piece are specified as objective functions and problem
constraints. Using the optimization algorithm and
performing finite element analyses automatically, different
arrangement modes are examined and the arrangement
design of the forces is changed so that the problem
constraint is satisfied and the objective functions are
minimized. In this system, positions under the sheet metal
are provided to apply the blank holder force. The
optimization algorithm must change the value of each

position and finally suggest the appropriate layout. To
optimize the objective function, it is necessary to create a
workflow diagram in modefrontier software. Figure 1
shows the workflow diagram designed to solve this
problem.

DOE ‘ S Abagqus node
|

oo oo fiio = v

=, Pm—

Genetic AlgorithfRputs

Outputs 2 < 3 <
Objective and constraint functions

Figure 1. Workflow diagram in modefrontier software

3. Numerical simulation

The dimensions of the sheet metal part are 1050 mm by
900 mm with a thickness of 1 mm. Figure 2 shows the 3-
D explosive model of the die components with the blank
piece.

Figure 2. Explosive model of die components
with the blank piece

The material of blank is st14 and the material of blank
holder is GGG60 cast iron. In analytical software the shell
components are meshed in the form of quadrilateral
elements and blank holder with hexagonal cubic elements.
Table 1 shows the conditions and parameters of the finite
element simulation of sheet metal forming process.

Table 1. Parameters of simulation process

Parameters Value
Sheet thickness 1 mm
Course of die motion | 100 mm
Die movement speed | 0.5 m/s
Friction coefficient 0.15

4. Results and discussion

By running the program in the fifth generation of the
genetic algorithm and in the 274th run, the first analysis in
which the problem is realized is obtained. The diagram of
the change in the values of the fracture constraint is shown
in Figure 3. Figures 4 and 5 show the changes in the values
of the fracture and wrinkling objective function. As can be
seen, with the continuation of the program, it can be said
that the results have converged from the eighth generation

*Manuscript received, October, 27, 2021; Revised. May, 1, 2022, Accepted. May, 25, 2022.
' Corresponding author. Assistant Professor of Mechanical Engineering, Yazd University. Email: azamirad@yazd.ac.ir.
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onwards and there is not much change in the continuation.
For this reason, the program was stopped after performing
600 analyses.
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= 0 Figure 6. Force values of each position for the final state
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Figure 3. Diagram of fracture constraint changes
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Figure 4. Convergence diagram of the fracture objective
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Figure 5. Convergence diagram of the wrinkling objective
function

Table 2 shows the number of elements in the objective
and constraint areas for the final result. These values are
the best of all cases.

Table 2. Program output for objective and
constraint functions

Constraint functions Number of Elements
Constraint of fracture 0
Objective function of fracture 7
Objective function of
S 72
wrinkling

Among the results obtained, the final blank holder
force arrangement is equal to the best case, i.e., analysis
No. 485. This force arrangement is shown in Figure 6 from
the bottom view of the blank holder. As expected, due to
the greater flow of the sheet on the left side of the die
cavity, the blank holder force at these points is more than
the right.

Figure 7 shows the result of the simulation process in
Abacus software for the final layout. In this figure, the
fracture criterion distribution is visible.

FLDCRT

SNEG, (fraction = -1.0)

(Avg: 75%)
~9.614¢-01
~§:819¢-01
~8.023¢-01
~7.228¢-01
~6.433¢-01
~5.637¢-01
-4:842¢-01

+2. -01
+1.661e-01

- +8.655¢-02
7.021e-03

Figure 7. Simulation result for the final state

5. Conclusion

In the present study, a structure was created that is able to
suggest the appropriate arrangement of blank holder forces
in the form of sheet metal parts to the designer. This
arrangement is such that the production part is created
without fracture defect and with low potential for the
possibility of wrinkling defect. The results presented for
the example show that by non-uniform arrangement of
blank holder forces for asymmetric and relatively complex
part, it is possible to produce a part without fracture with
low wrinkling potential. This structure was done in the
environment of modefrontier software by creating a
connection between Catia and Abaqus software. To
perform this process, you need to code in Python, VBA
and C # languages in the workflow diagram icons. The
combination of these cases provided a suitable
environment for the present study. The results presented in
this research are expressed for a sheet with st14 material
and thickness of 1 mm. Changing the material and
thickness and considering cases such as sheet anisotropy
can be suitable topics for future researches in this field.
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