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Abstract

In this paper, a novel electromagnetic blank holding system (EBHS) for a conventional drawing process is proposed. The system
is created to substitute mechanical or hydraulic blank holder force (BHF) with mutually attractive electromagnetic force (EMF).
The winding type of electromagnetic coils is determined as a single-coil through numerical simulation. For avoiding the
fluctuation of the magnitude of BHF, direct current is chosen to generate BHF. Corresponding magnetic circuit model of the
electromagnetic blank holding device (EBHD) has been established to find the mathematical relationship between EMF and
input voltage. Besides, several groups of EMF testing data are measured to prove the correction of deduced expression. To
validate the feasibility of the novel system, corresponding numerical simulation and experiment have been carried out. It is worth
to mention that the cylindrical parts created by simulation and experiment at different BHF agree well with each other.
Additionally, the thickness reduction rate of drawn part is controlled at a reasonable level with the application of EBHS, which

well validates the effectiveness of the EBHS.
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1 Introduction

Blank holding is a critical technology in the field of sheet
metal forming. Traditionally, blank holder force (BHF) is
mainly provided by rubber, mechanical spring, nitrogen cyl-
inder, and hydraulic system [1, 2], which always performs
poorly in flexible control and quick response to BHF. To over-
come the difficulty, a novel blank holding technology with the
use of electromagnetic force (EMF) has been created to sub-
stitute the conventional ones in recent years. The potential
advantage of this technology is that the EMF can be flexibly
and accurately adjusted in comparison with conventional
BHF.

In recent years, the electromagnetic blank holding system
(EBHS) is mainly applied in two broad fields: electromagnetic
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forming and conventional drawing. To electromagnetic
forming, the forming time merely required several millisec-
onds. Therefore, the application time of BHF with this tech-
nology is always extremely transient. In addition, alternating
current is usually used in electromagnetic forming, which will
cause the variable magnitude of BHF during sheet metal draw-
ing process. To the study of the technology, Li et al. [3-6]
applied a dual-coil to create a pulsed attractive electromagnet-
ic force and they investigated the acquirement of a large draw-
ing ratio by using an assisted dual-coil to offer radial Lorentz
force in an electromagnetic forming process. Furthermore,
they studied plastic deformation behavior of sheet metal with
augmenting radial Lorentz force during sheet metal drawing
and raised a magnetic pulse spot welding (MPSW) process
based on the electromagnetic blank holding technology [7].
Because a magnetic system may induce unexpected coil tem-
perature rise, Cao et al. [8] proposed a new discharge circuit
configuration with a crowbar circuit to control the discharge
current flowing in the tool coil. Different from electromagnet-
ic blank holder designed in [3], Huang et al. [9] proposed a
blank holder driven by a capacitor bank and a conductive ring,.
The created system can generate a pulsed BHF ranging from 0
to 1000 kN at different discharge voltages with an arise time of
more than 5 ms. Compared with the investigations on the
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technology of electromagnetic forming, conventional drawing
relying on electromagnetic blank holding technology is sel-
dom studied in recent years. Based on a conventional drawing
of sheet metal, Seo [10] proposed an electromagnetic blank
restrainer (EMBR), the intrinsic property of which is making
use of magnetic attraction on the ferrous sheet metal.
Additionally, Fan et al. [11, 12] created a compound-
forming method of cylindrical part drawing by using hydrau-
lic forming and electromagnetic pulse-assisted forming. Mo
et al. [13—15] advanced the drawing process of the cylindrical
part with the use of incremental electromagnetic-assisted tech-
nology. Besides, they applied this technology into the inves-
tigation on the forming process and shape control of alumi-
num alloy [16, 17] and tube forming [18]. Cui et al. [19]
created a sheet metal forming approach combined with elec-
tromagnetic forming and traditional stamping. With the usage
of multidirectional EMF, they extremely reduced the maxi-
mum thickness thinning ratio of the cylindrical part.

The theoretical deduction is always the preliminary of nov-
el system design. Wang et al. [20] established a magnetic
circuit model to study the relationship between large imbal-
ance evaluation and the dynamic electromagnetic force. Paese
et al. [21] proposed a numerical procedure to calculate the
EMF in thin circular flat plates by using a spiral coil as an
actuator. Okoye et al. [22] established equations about the
mechanical characteristics during the electromagnetic forming
process. Akbar et al. [23] modeled and proposed the calcula-
tion procedure of field intensity on electromagnetic flat sheet
forming based on Biot-Savart law.

For exploring the feasibility of a created system, nu-
merical simulation and experimental validation are always
critical to be conducted. Guo et al. [24] investigated the
forming effect of the panels under different electromag-
netic incremental forming process conditions through

Blank

Fig. 1 Schematic of the assembly of EBHD and sheet metal drawing system
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experiments. Shang et al. [25] developed a new approach
to electromagnetically assisted sheet metal stamping. The
feasibility of the method had been validated by experi-
ments. Arumugam et al. [26] measured the hardness of
the workpiece before and after electromagnetic forming.
Besides, a microstructure study was conducted by scan-
ning electron microscope. Long et al. [27] studied elec-
tromagnetic superposed forming (EMSF) with analytical
and numerical simulation. Li et al. [28] proposed a nu-
merical model of electromagnetically assisted stamping
system and it could successfully simulate the combined
quasi-static-dynamic process. Furthermore, the numerical
results predicted the experimental ones. Similar analysis
work had also been carried out by Liu et al. [29].

In this investigation, a novel EBHS for conventional cylin-
drical part drawing is proposed. The mathematical formula of
EMEF has been deduced and the feasibility of the novel system
has been validated through corresponding numerical simula-
tion and experiments.

2 Principle and design of EBHS
2.1 Principle and configuration design of EBHD

In this study, a novel EBHS for conventional drawing process
has been designed. The schematic of the assembly of the elec-
tromagnetic blank holding device (EBHD) and sheet metal
drawing system has been shown in Fig. 1. In this system, the
EMEF used for blank holding is generated by the direct current.
The whole system can be divided into three sub-systems: (1)
drawing system, (2) electromagnetic blank holding system,
and (3) fixture system.

ELECTROMAGNETIC
BLANK HOLDING
SYSTEM

Magnetic
Isolation Plate

Working Platform
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Drawing system is applied to the draw sheet metal, which
constitutes drawing tools and sheet metal. Besides, a mechan-
ical spring is installed on the bottom of die, which is used to
automatically unload workpiece. In the electromagnetic blank
holding system, the coils can be winded into a single-coil type
or trail-coils type, and concrete coils structure will be
discussed in the next section. For avoiding effecting the mag-
nitude of EMF due to unnecessary movement of copper
vanished wire, a 6302 glue is poured into the remaining space
of magnetic frame. For conveniently alternating drawing tool,
a certain amount of clearance is left between the EBHD and
the drawing die. In this case, the drawing system is not inte-
grated with the EBHD and the required parts with different
shapes will be obtained by changing the shapes of the drawing
tool. Additionally, a magnetic isolation plate is designed to
decrease the loss of magnetic induction intensity. Fixture sys-
tem is served as fixing the EBHD on the universal material
testing machine. Especially, drawing die and baseboard are
tightly fixed on the working platform of the press with the
usage of designed fixture system.

The working principle of the designed EBHD is to substi-
tute a conventional BHF into EMF during the drawing pro-
cess. At first, the amplitude of the direct current is adjusted to
the expected magnitude. Nearly at the same time, an attractive
electromagnetic BHF will be created in the working gap due
to an induced electromagnetic field. When the drawing pro-
cess begins, the punch starts moving down to draw sheet metal
with the EMF applying on the margin of the sheet metal. As
the drawing process is over, the demagnetizing process of the
EBHD will be conducted and the drawn work piece will be
automatically taken out by unloading spring and unloading
plate. External profile of the EBHD is shown in Fig. 2.

2.2 Design and simulation testing of coil system

To effectively increase the electrical conductivity of coils, the
material chosen for the coil system is copper. For making the

Fig. 2 Eternal profile of the EBHD. (1) Punch. (2) Magnetic plate. (3)
Magnetic frame. (4) Baseboard of the device

EBHD more easily to create a larger BHF applying on the
flange region of the cylindrical part, two types of coil structure
are discussed. The schematic of the corresponding winding
types has been shown in Fig. 3. The first winding type is to
make the coils uniformly winded on the inner wall of the
magnetic frame. Differently, the other winding type of coils
is to wind one coil into several sub-coils and make them uni-
formly distributed at the bottom of the magnetic frame.

According to the two types of coils, a group of comparative
simulations about the distribution of magnetic flux intensity
has been conducted by ANSY S/Multiphysics. Testing param-
eters have been given in Table 1.

Electromagnetic simulation results have been shown in
Fig. 4. From Fig. 4 a and b, it can be easy to see that the
maximum magnetic flux intensity occurs in the surrounding
of the blank holder when using a single-coil system.
Respectively, the larger magnetic flux intensity will occur in
the surrounding of sub-coils with the application of the trail-
coils system. Besides, it can be also learned that the maximum
amplitude of magnetic flux density using a single-coil system
is up to 2.27 Wb/m?, which is 56.68 times larger than that by
applying trail-coils system with the utilization of the same
number of windings and the amplitude of the direct current.
Therefore, it is clear that the conventional single-coil system is
more beneficial to enhance BHF created by EBHD. Based on
the discussion above, the single-coil winding type is utilized
in this study.

3 Theoretical computation of EMF created
by EBHD

In this study, magnetic circuit analysis is applied to establish
the mathematical relationship between BHF and input volt-
age. Because of the symmetry of the system frame, the mag-
netic circuit model of the EBHD can be established as shown
in Fig. 5. Besides, corresponding structural parameters have
been given in Table 2.

where “H,,” “H,,” and “H3” are respectively the height of
the magnetic frame, the depth of circular groove of the mag-
netic frame, and the thickness of attractive plate. “r3,” and “r,”
are the radius from the device center to the inner wall of the
magnetic frame and the radius of the EBHD.

Making reference to [16], the calculating equation of the
total voltage can be described as Eq. (1):

U= \/(IXL)2 + (IR)* = I\/sz“(G(g +G)+R (1)

where [ and X; are the winding excitation current and the
reactance, R and N are the resistance of the winding and the
turns of coils, w is the angular frequency of the exciting cur-
rent, and G5 and G, are the magnetic permeance of the total
working air gap and the leakage permeance. Since the current
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(b) Trial-coils type

Fig. 3 Two critical wrapping types of coils. a Single-coil type. b Trial-coils type

applied in this novel system is direct current, the value of w
can be regarded as zero. Therefore, Eq. (1) can be simplified
as Eq. (2):

U=IR (2)
Based on the established magnetic circuit model, the ex-
pression of excitation current can be acquired by flux division,
which is given in Eq. (5). Equation (3) and Eq. (4) show the
expression of air gap flux®;,,and the total leakage flux®,,,.

G
By = s+ Ppyy = 0P, 0= 1 +—- (4)
Gs
¢1n
[=—" 5
(G(s —+ G/)N ( )

where o is the leakage flux coefficient and N is the number of
windings.

Relying on Maxwell classical magnetic theory, the expres-
sion of EMF can be preliminarily written as Eq. (6):

Do _ Pim () Fog =Ly (4911 4G ©
Gs G S do
Table 1 Testing parameters
required by magnetic simulation Process variable Value Process variable Value
Magnitude of DC/A 0.6 Element type of tool Solid96
Diameter of wire/mm ®0.75 Type of coils system Racetrack coil
Size of air gap/mm 0.3 Size of cross section of winding/mm2 6900
Attractive
plane Blank
holder
S
=
Magnetic
frame Winding 2
0.251849 0.755548 1.25925 1.76295 2.26665 0.00444 0.01332 0.0222 0.03108  0.039959
0.127x10"*  0.503699 1.0074 1.5111 2.0148 0.530x10"° 0.00888  0.01776 0.02664 0.03552

(a) Single-coil system

(b) Trail-coils system

Fig. 4 Comparison of the created magnetic flux intensity of the two types of coils structure. a Single-coil system. b Trail-coils system
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Fig. 5 Established magnetic 3 - ry —
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of the EBHD. b Simplified i T » — l P
magnetic circuit model of the 4 | P I N v L N
EBHD A agnetic Pole Ty
H2 - +|(D5m - 4 (Dnim
b @, f D, »- -
. H; @,
|®,, b
\J | D,
T IN —
i -1 IN
N N J
|
|
| A
(a) Magnetic circuit model of the EBHD (b) Simplified magnetic circuit model of the EBHD
Table2 Corresponding structural parameters of the EBHD where U; and ¢ are the magnetic pressure drop and working
air gap, Fiag is the EMF.
Parameter/ Value Parameter/ Value According to the calculation of Uy in the Maxwell formula,
mm mm EMEF can be inferred as Eq. (7):
50 H, 199.5
g ! 1 (®B5n6\> (~11oS\ 1 &2
0 om
. ) o B0 P =75 s ) Uds ) =28 @
s 145 H, 20 Ho Ho
T4 175 5 03 where 1 is the permeability of the vacuum and S is the area of
the magnetic pole.
Combining with Egs. (2), (4), (5), and (7), the relationship
Table 3  Corresponding parameters of the EBHD between the EMF and input voltage has been inferred as
Parameter Value Parameter Value Eq. ®):
N 1397 Vmm 596 s U*GAN?  U*(Gs + G))*N? ®)
-8 mag — =
w/H/m 4000 p/Qm 1.7x10 2,uOSR2 2R2M0502
po/H/m 4% 1077 Acon/m? 442 %1077
S/mm? 3710 Leoi/m 7069 Further, when &/ry <0.2, it can be regarded as the parallel
magnetic field between the magnetic plate and magnetic pole
[16]. Therefore, the total permeance can be expressed as Eq. (9):
20000 S S
_ _ Hy oo HoRg
18000 —®&— Theoretical value of EMF G= G6 + Gl a / + 0 (9)
16000 4 —4&— Testing value of EMF
Especially, the S, can be deduced as Eq. (12) connecting
2 W with Eq. (10) and Eq. (11).
S 12000 4
= Y 2
L7 i N
: 10000 [ (10)
T 8000 - . R
Z 6000 * [ g
% Ry = + (11)
= 4000 . - " oS oSy
2000 - N
Ho
0 M.T.T LA | LI T T T L N P ! Sg - 1/( - ) (12)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 Lo p,08

Fi

g.

Input voltage / V
6 Theoretical and EMF testing value

where S, and L are the equivalent permeance area of the air
gap and inductance individually, p, and / are relative
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Table 4  Parameters in the simulation process

Process variable Value Process variable Value
Thickness of blank/mm 0.77 (SPCC) Element type of tool Rigid shell
Adaptive meshing Yes Static friction coefficient between blank and tool 0.1
Contact type between blank and tool Nonlinear penalty Dynamic friction coefficient between blank and tool 0.08

Size of air gap/mm 0.3 Area of the cross section of winding/mm? 6900
Magnitude of current/A 0.6 Element type of distant air INFIN47

0.953x102 362387 724774 0.109%107 0.145x107
———oceeeeosss o m—
181194 543581 905968 0.127x107 0.163x107

SUMMARY OF FORCES BY MAXWELL STRESS TENSOR
Units of Force: <N>

Component Force-X Force-Y Force-Z
ARM 132.78 -121.00 5615.70

(a) The initial drawing process

119318 327980 655948 983916 0.131x10
BT T T R T N e T STy
SUMMARY OF FORCES BY MAXWELL STRESS TENSOR
Units of Force: <N>
Component Force-X Force-Y Force-Z
ARM 99.42 -95.31 5065.10

(b) The terminal drawing process

Fig. 7 Distribution of a magnetic field intensity and corresponding magnitude of EMF. a The initial drawing process. b The terminal drawing process

Fig. 8 FE model of drawing tool

@ Springer

permeance of magnetic pole and the average length of the
magnetic circuit, and R, and L are the total magnetic resis-
tance and the created inductance.

Considering that the resistance of inductance can be regarded
as zero, the total permeance can be simplified as Eq. (13):
G _ HebtoS _ Tyt (r317) (13)

/ 4]

where r; and r, are the inner and outward margin radius of the
magnetic pole.

With substituting the deduced permeance of (3), (4), (13),
and o=1 into (8), the EMF equation can be inferred as Eq.
(14):

o U1 N> (r3-r7)  UPN?1i2 1S
e SR 2R

(14)

Since the resistance of coils is relative to metal resistivity p,
length of coils L; and the area of winding cross-section A;.
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Table 5 Arrangement of

simulation testings Testing number Magnitude of EMF/N Testing number Magnitude of EMF/N
1 (©90 mm) 1423 5 ($85 mm) 1423
2 (©90 mm) 2945 6 (85 mm) 2945
3 (©90 mm) 6283 7 ($85 mm) 6283
4 (©90 mm) 9289 8 (P85 mm) 9289

Thinning rate% Thinning gﬂgﬁ% Thinning rate% Thinning ;251;%
3144 . 6.41 .
, s )l (2) 127 2 N (4) a1s
Terminal 32,16 - 284 0.58 - 130
63.96 - 695 - 407 ] 574 -
Stage 9576 - -11.06 757 1 1018
-127.6 § -15.17 1106 | 1462
-159.4 - -19.28 -14.56 -19.06 -
90mm s 2 Eo
2547 l 3162 2504
2865 | 3573 2853
Middle
Stage
D9I0mm
Thinning zaglg% Thinning r:lg;/n Thinning r:zeé% Thinning lrgtseg/n
. 2.56 ] 579 2.90 ] 7.99
Terminal 0.16 _ 1690 013 | 542
224 2801 2.63 2.84
Stage 464 39.12 540 027 _|
7.04 50.23 8.16 230
944 | 6134 | 1092 1 487 |
b, 1184 7245 1369 744
85mm -14.24 -83.56 1645 1002 |
-16.64 ] 94.67 ] 1921 ] -12.59
-19.04 -105.8 2198 -1516
Middle
Stage
DESmm

Fig. 9 Drawing results of simulation testings

BHF=1423N Thinning rate% BHF=6283N Thinning rate%
; 5.749€+00 S.
216600400 3.993€+00
4291001 3.923e-01 _
’ - -3.209¢+00
-3.618€+00 _ 8090400 |
-6.607e+00 _ ) 7
i 1.041e+01_
' 1.401e+01
1.279+01 ] ]
s s70001 A.761e+01 _
1'89&“ N 2121e+01
_2.205e001 -2.481e+01 ]
- -2.841e+01 |
‘ i 2.514e+01 | _ _
Experiment s Simulation Experiment | Simplation
(a) Drawing results under the BHF 1423N (b) Drawing results under the BHF 6283N

Fig. 10 The comparative results between experiment and numerical simulation. a Drawing results under the BHF 1423 N. b Drawing results under the BHF
6283 N
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Fig. 11 Experiment results
obtained by EBHS. a Sheet metal
of #90 mm. b Sheet metal of
P85 mm

1423N

If not considering the influence of temperature, the relation-
ship expression can be given as Eq. (15):
L .
R=p=t (15)
Acoil
Substituting the resistance of coils (15) into (14), concrete
expression of EMF can be expressed as Eq. (16):

22722 2
Fog = L e (16)
21 P2 Lcoil

For clearly expressing the theoretical relationship between
EMF and input voltage, concrete parameters of the EBHD are
given in Table 3, and the corresponding relationship curve
obtained by Eq. (16) has been given in Fig. 6. Additionally,
experimental measurement data points have been also

—=—2945N
—e— 6283N
—A— 9289N

104 9.48

Thickness reduction rate/%
3
!

Distance along the sheet metal radius/mm

(a) Sheet metal of @90mm

Fig. 12 Distribution of thickness reduction rate. a Sheet metal of £90 mm.

@ Springer

Thickness reduction rate/%

displayed in this figure. From Fig. 6, it can be discovered that
the theoretical value agrees well with the experimental testing
value. Therefore, the feasibility of the deduced EMF formula
can be validated.

4 Simulation and experimental validation
of EBHS

In order to further explore the feasibility of the designed
EBHS, numerical simulation and experimental validation of
the cylindrical part deep drawing have been carried out in this
study.

To find the distribution of the magnetic field intensity of the
initial and the terminal stages of sheet metal drawing process,

12.08 —a—2045N
e

Distance along the sheet metal radius'mm

(b) Sheet metal of @85mm
b Sheet metal of ®85mm



Int J Adv Manuf Technol (2019) 102:2183-2193

2191

corresponding simulations have been conducted by ANSY'S/
Multiphysics. An established 3D model has been displayed in
Fig. 4. Besides, necessary simulation parameters have been
given in Table 4. Figure 7 shows the comparison between
the initial and terminal stages of the drawing process.

From Fig. 7, it can be calculated that the magnetic field
intensity merely decreases by 9.2% during the whole drawing
process. Similarly, the magnitude of EMF decreases by 9.8%
from 5616 to 5065 N due to the movement of the punch.
Therefore, the influence on the distribution of the magnetic
field caused by the movement of drawing tool can be basically
neglected in the dynamic simulation of the sheet metal draw-
ing process.

To further validate the effectiveness of EBHS in drawing
sheet metal workpiece, numerical simulation of a cylindrical
part with applying different BHF has been also conducted by
ANSYS/LS-DYNA. Based on the discussion of electromag-
netic simulation, simulation parameters of cylindrical part
drawing process can be set as a conventional drawing in sim-
ulation software. Relative drawing parameters have been
listed in Table 4. In addition, established 3D drawing model
for the cylindrical part is shown in Fig. 8.

An excellent design for the cylindrical part drawing device
is reflected in the formed part without the deficiencies as
wrinkling and fracture. According to the literature [30], the
thickness distribution of parts will reflect the forming quality
of the sheet metal. Therefore, the maximum thickness reduc-
tion ratio is also served as one of the evaluation standards of
drawing quality in the study. Especially, the maximum thick-
ness reduction of the cup wall should be controlled at a low
level to avoid the occurrence of forming defects. Based on the
consideration, a group of simulation testings of cylindrical
part drawing are implemented, and corresponding magnitudes
of BHF are given in Table 5. Eventually, the simulation results
of designed testings have been shown in Fig. 9.

From Fig. 9, it can be learned that wrinkling will occur in
applying insufficient BHF, such as testing (1), testing (2), and
testing (5). When the magnitude of BHF is rationally en-
hanced, wrinkling of the sheet metal will be effectively elim-
inated as is shown in testing (3), testing (6), and testing (7).
Furthermore, the maximum thinning rate in the three testings
is all less than 6.5%, which is at a reasonable level. Whereas, it
can be also learned from the results of testing (4) and testing
(8) that the thickness reduction rate will exceed the normal
amplitude if applying overlarge amplitude of BHF. As a result,
it can be preliminarily interpreted that cylindrical part without
drawing deficiencies can be obtained through applying rea-
sonable BHF with the usage of EBHS.

To further explore the validation of EBHS, experiments of
cylindrical part drawing process have been conducted.
Experimental magnitudes of BHF are derived from Table 5,
and the other experimental parameters kept in coincidence
with that in numerical simulation. For making a comparison

with the sheet metal drawing results of numerical simulation
and experiment, drawing results of testing (1) and testing (4)
realized by the two methods have been shown in Fig. 10.
From the results, it can be clearly observed that the simulation
results agree well with the experimental results. It is worthy to
mention that no deficiency as wrinkling and fracture exists in
the drawn cylindrical part with the usage of the BHF 6283 N.
Additionally, the thinning rate of cylindrical part is controlled
under 7.60%, which is in a reasonable level.

Other than the comparative experiments, other experiments
referred to Table 4 have also been carried out. Obtained cylin-
drical part drawing results are given in Fig. 11. Based on the
experiment results, it can be seen that all drawing results of the
cylindrical parts have the coincidence with the simulation
ones. For further exploring the variation regulation of thick-
ness reduction rate of the cup wall with applying this novel
technology, the thickness of the cup wall in testing (2—4) and
testing (6—8) has been measured, and corresponding curves of
thinning rate along sheet metal radius are depicted in Fig. 12.
From Fig. 12, It can be discovered that all the maximum
thinning rate and the maximum thickening rate are close to
the simulation results and the magnitude of the maximum
thickness reduction are all less than 12.10%, which can effec-
tively prove that the EBHS is effective in drawing cylindrical
part with high quality.

5 Conclusions

A prototype of the novel EBHS for a conventional drawing
process is designed. With the validations by numerical simu-
lations and experiments, corresponding conclusions, and the
application prospect of EBHS can be inferred as follows.

(1) Single-coil winding type is beneficial for enhancing
EMF.

(2) The magnitude of EMF has a close relationship with the
value of input voltage. Especially, the deduced EMF for-
mula that can effectively reflect the relationship between
EMF and input voltage.

(3) The movement of drawing tool has poor effectiveness on
the created magnetic field of EBHS.

(4) Designed EBHS can effectively improve the forming
quality of sheet metal.

(5) Considering that the EBHD is not integrated with the
sheet metal drawing system, the novel blank holding
system can be also utilized in other stamping system in
the future work, such as blanking, bending, and bulging
of sheet metal. Besides, workpieces with complicated
shapes will be also obtained through alternating the
shapes of drawing tools with the usage of EBHD in fur-
ther research.
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