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A Study on the Computer-aided Control of the Blankholder
Force in the Deep Drawing Process

Chang-Seop Song*, Daeyong Lee*¥*

olt

HE2olAg 24727 3o AFE A &

% A% o] 8-

29 47

ra

8
W =290 AlY LAzt L HA L HY £& T ol F42A Al
Al 4 e Mpzalagda] o FgAAE ARt Alold 2zaas A4t A
st Mg AAF AAEE A|H 7)o A Aej§ 223 BMHALY A
Fe & AREste] APA7] Az, JA Ao} FEL oA Eedez, A4 FEL ¥
dejz zz oA AAste] HaA Fol ?éi}"—é%‘é}ml A3k Aol Aol &k
Y ABEE FAAZL F UFo] ARG =, LTI T Ao Ha

g o] & H o¥] AAEx A4 s

the cup walil.

L. INTRODUCTION

[f the tensile stress ex-

Deep drawing is one of the most
common sheet material forming processes.
In its simpiest form, a flat sheet is held
between the die and blankholder along its
circumference and the punch pushes the
middle portion of the sheet to form a
drawn cup. As the sheet bends over the
die radius thereby forming a cup wall, a
biaxial state of tensile stress develops in

ceeds the ultimate stress of the material,
the wall section may undergo necking and
failure. The magnitude of tensile stress
in the cup wall is, however, dependent on
the clamping force between the die and
blankholder, as well as punch and die geo-
metry, material properties, initial blank
size, and sheet thickness, etc. (1) There-
fore, the blankholder force may play an
important role in determining the drawabi-
lity of sheet material forming processes.
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As the sheet material
the cup form by the punch, the material
in the flange section undergoes a tensile
stress in the radial direction and a com-
pressive stress in the circumferential di-
rection, as shown in Fig. 1.  This circum-

is drawn into

ferential compressive stress can cause
wrinkles as the sheet buckles locally.
FBLANKHOLDER
FCOMPRESSION E
FRICTION
/
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Frension
Fig. 1 A schematic illustration of forces
acting on the flange section in deep

Wrinkles and cracks are due
and  Frensions

drawing.
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respectively.

Wrinkles may be avoided by the application
of the blankholder pressure, but the opti-
mum amount of pressure necessary-to avoid
wrinkling is not well established. Further-
more, the blankholder pressure may be
varied either as a function of punch dis-
placement or punch load. Whether such
a variable blankholder pressure will aid the
deep drawing process is not fully under-
'stood at the present time. Further deve-
lopment work is needed to establish the
relationships between punch load, deep
drawability, geometry, functional boundary
conditions, and blankholder pressure for
different types of drawing processes.

Il. FURTHER DESCRIPTION OF

THE DRAWING PROCESS

Although the cup drawing may appear
simplie, a thorough analysis of the forming
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process is rather difficult. Aside from
recent application of finite element analy-
sis method, a number of authors have
made attempts to obtain analytical solu-
tions for simple axisymmetric configura-
tions. (2-6)

Perhaps a simplest analysis method
outlined by Siebel.®? From the
in the radial direc-

was
equilibrium condition
tion, the required drawing load and its
variations along the punch stroke was
determined . analytically. The following
equation for calculating the drawing load,

Fd’ has been proposed.

Fa=ndaSo lexp (un)/2*. 1o m|n(d/dn) +u (d—da)

N th/so'{"af.u (So/2rd)]

where d is the mean wall diameter, d
is the instantaneous outside radius of the
flange, S _is the blank thickness, r, is the
die radius, osm is the mean value of fiow
stress of the blank material, # is the coe-
fficient of friction between flange and die
or blankholder, and P,, is the biankholder
pressure. In Eq. (1), the first term re-
presents the ideal deformation load inciu-
ding the load increase due to friction at
the die radius, the second term is the
component produced by friction between
the flange and die or blankhoider, and the
last term is the load necessary for bending
the sheet around the die radius.

A typical load-stroke diagram for
deep drawing is shown in Fig. 2, indicating
that the flow stress increases continuously
with punch displacement as the flange
diameter becomes smaller.(!! Siebel and
Beisswanger have suggested that the maxi-
mun drawing load is nearly independent
of the workpiece material and drawing
ratio and occurs when d = 0.77d , where
d_ is the initial blank diameter(d °

If the maximum drawing load reaches
beyond the failure load, then fracture may

occur near the bottom punch radius.
Therefore, the blankholder force control
may be desirable to prevent failure be-

cause drawing load is related to the blank-
holder pressure, as indicated in Eq. (1).

As long as the blank is clamped rigi-
dly between the blankholder and die, buck-
ling cannot occur. During cup formation
the sheet thickness in the flange does not
remain constant but increases toward the
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Fig. 2 Variation of drawing load, F _, flow
stress, f flange diameter ~reduc-

tion ratio,’rpn(d/dm), to cup wall mean

deameter, d__, with increasing punch
stroke. The figure is taken from
ref. 1,

outside edge while the center portion near
the die radius becomes thinner than the
initial thickness, S _, in the early stages
of the draw. Sincé the distance between
blankholder and die is determined by the
largest flange thickness, there will be a
gap between the blankholder and sheet
near the die radius. This gap may create
an opportunity for the initiation of wrink-
les. Thin sheets (d /S > 25-40) are es-
. - o' o ;
pecially sensitive to wrinkle formation be-
cause their moment of inertia in buckling
is relatively small. The pressure necess-

ary to avoid wrinkling depends on the
material properties, the relative sheet
thickness, and the drawing ratio. Earlier

work by Siebel and Beisswanger showed
that the required blankholder pressure
could be estimated from the following em-
pirical equation (2).

Pon=10% ((#—1)*+0.005 (do /So))Su

where the factor ¢ ranges from 2 to 3,
is the drawing ratio, which is defined as
the ratio of the initial blank diameter d
to the inside diameter of the finished cup

d,, and S is the uitimate tensile strength
og the material.
The flange wrinkling behaviour of
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sheet materials in deep drawing operations
was futher analyzed by Senior™ and Al-

exander (8} Their expression for the
blankholder force is given below:

th=E0t37 (b‘n‘—7. 463-‘ ) 30 54 a‘b’ """"" (3)
where the.  hucklin dulus E_ is equal
to 4EP/(EI/B + Pgl/ir)l:?, where® E is the
elastic modulus and P the tangent mo-

dulus, t the sheet thickness, ¥ wrinkie am-
plitude, b the flange width , n the number
of wrinkles, and a the mean radius of
flange. Equation (3) shows that the
blankholder force increases with the flange

width in a complicated fashion. The main
point is that the functional relationship
between the blankholder force and the
depth of draw under the ideal condition

is indeed complex.

Qualitatively, it is conceivable that
a proper control of the blankholder force
may reduce fracture and wrinkles in a
simple drawing operations while reducing
the punch load at the same time. In fact,
possible ranges of the variation of mini-
mum and maximum allowable bilankholder
force along the drawing depth have been
shown by Doege and Sommer(® , as shown
in Fig. 3.
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f \ < Maximum
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Fig. 3 Maximum and minimum aliowable

blankholder force with increasing dra-
wing depth. The figure is taken
from ref. 9.
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III. DRAWING APPARATUS
AND FORCE CONTROL

3.1 Drawing Subpress Assembly

The drawing subpress assembly con-
sists of three plates as shown in Fig. 4.
A punch which is fixed at the center of
the punch plate driven by the cross head
of an Instron testing machine moves along
the guide rod fixed at the die plate.
Since the blankholder piate which can be
moved along the same guide rod is con-
nected to the piston rod of a hydraulic
cylinder by four bars, the blankholder
force can be controlled by the -hydraulic
pressure applied in the hydraulic cylinder.

At both die plate and blankholder
plate, heating elements are installed to
perform experiments for the drawability
in the presence of temperature gradient (10,

Fig. 4 The photograph of the subpress ass-
embly instailed in an Instron testing
machine. The punch plate is driven by the
cross head of Instron testing machine, and

the blankholder plate by a hydraulic cylin-
der
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3.2 Blankholder Force Control

A hydraulic pressure control system
is used to control the blankholder force.
A schematic diagram of the hydraulic con-
trol system is shown in Fig. 5. The pre-
ssure in the hydraulic cylinder connected
to the blankholder plate can be controlled
by a pilot type pressure relief valve. The
pilot vent line of the pressure relief valve
is connected to an electrically modulated
relief valve which has a function of con-
verting electrical signal into hydraulic pre-
ssure. (11 The resulting output pressure
is not directly proportional to the input
current due to the nonlinearity between
input current and output force of the
electromagnet in the electrically modulated
relief valve. The input current is gener-
ated from the electronic power supply
which converts the input voltage into the
output current in proportion. Therefore,
the nonlinearity of the electrically modu-
lated relief valve must be compensated
in order to have a proportional relationship
between input voltage and blankholder
force generated by the hydraulic cylinder.
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Fig. 5 Schematic diagram of the hydraulic
contro! system for blankholder force
control. Blankholder speed and force
are controlled by a flow control valve
and a pressure relief valve combined
with a electrically modulated reliet
valve, respectively.
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This compensation can be provided by a
microcomputer program.

Two types of blankholder force con-
trol programs have been developed. One
program can generate the blankholder
force signal as a function of the drawing
depth, and the other program as a function
of the drawing load.

3.2-1.  Control Algorithm in terms of

Drawing Depth

The drawing depth can be estimated
by knowing the elapsed time after the
punch makes a contact with the blank
since the punch speed is constant in the
Instron machine. If a load cell is atta-
ched to the punch, the change of signal
from the load cell can be used as a means
of detecting punch and blank contact
time. The elapsed time corresponding
to drawing depth can be checked by the
supplied TIMER function or by using the
programmable interval timer chip equipped
for the TIMER function directly.(12 The
latter method is preferred than the former
from the viewpoint of time resolution and
accuracy.

The control program can make output
signal as a user defined function of dra-
wing depth. There are two kinds of con-
trol algorithm. One is the post-caicula-
tion methed by which the output signal
is calculated after each drawing depth is
inputed. The other is precalculation met-
hod by which all the necessary output
signals are calculated and stored into me-
mories and then outputed sequentially.
The latter method needs more memory spa-
ceybut it can make the response time shor-
ter.

The flow diagram of the blankholder
force control as a function of drawing
depth is shown in Fig. 6, where an IBM
PC is used with a commercial A/D and
D/A converter board called Lab Master:

This algorithm uses a pre-calcula-
tion method for the output signal genera-
tion while compensating for the nonli-
nearity of the electrically modulated re-
lief valve. The drawing depth is measured
by a time checking program written by
an assembly language for the program-
mable interval timer, Intel 8253, in an IBM
pPC.l14

(12)
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3.2-2. Control Algorithm in terms of

Drawing Load

The drawing load as measured from
the load cell is used for this control.
In addition to the voltage signal from the
load cell providing the drawing load, the
first change of the signal as the punch
touches the blank can be used as the
starting point.

The control output signals are gener-
ated as a user defined function of drawing
load and are modified to compensate for

the nonlinearity of the electrically modu-
lated relief valve. Again, these calcula-
tions can be made by two methods, as
described before. In the precalculation

method, it is necessary to search for the
output signal because the output signal
data are calculated and stored in the

order of increasing drawing load sequenti-
ally. If an n-bit A/D converter is used
as the input channel, then the number of
different data which can be inputed from

the A/D converter can not exceed 2",
and the maximum number of output data
calculated from the input data is equal
to 2. The output data should have the
2 byte integer number form so that the
D/A converter should handie the output
readily. The maximum required, memory
size for sorting the calculated output data

n+1
becomes 2 . .

The output data search in -the case
of the pre-calculation method is done as
follows. Since the calculated output data
are stored sequentially in a form .of. inte-
ger array, each data occupies 2 byte me-
If the address number of the first

mory.
data  location is known, the output data
can be found at the memory location

whose address number is the sum of add-
ress number of the first data and two
times of input data received from the A/D
converter. This and next memory data
become the output data corresponding to
the input data. Twice the value of input
data can be obtained easily by shifting one
bit left in an assembly language program.
The main part of control algorithm for the
blankholder force as a function of the
drawing load is shown in Fig. 7.
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START Force control program start.

Define flange area and blankholder

DEFINE pressure profile as a function of
PROFILE drawing depth.
|
INPUT PUNCH Input total drawing depth and punch
TRAVEL feedrate.
l
Calculate time increment and total
TE
ICNA(_%-RCEUN%SNTS count number from the drawing depth
interval and total drawing depth.
l
Calculate output signals at every
%ACE.S‘EPLLT;E drawing depth interval and store
| them at memories sequentially.
BEGIN PUNCH Output a blank clamp signal and then
TRAVEL a punch feed signal toward the blank.

Is the signal from the load cell
attached to the punch changed?

Reset the count number and make the
internal timer to be operated.

BEGIN TIMER

I

INCR.

TIME VALUE
REACHED, NO

Does the elapsed time of the timer
reach to the time increment?

Output the pre-calculated control
OUTPUT signal stored at specified memory
SIGNAL and increase the memory location
and the count number one more.

Does the present count number
reach to the total count number?

RAWING DEPTH

REACHED.
YES
RETRACT Output a punch retract signal and
PUNCH then a blank unclamp signal.
END Force control program end.

Fig. 6 Flow diagram for blankholder force control in terms
of drawing depth. Blankholder force is controlled by a
user defined blankholder pressure profile as a function of
drawing depth.
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START

DEFINE
PROFILE

l

CALCULATE
QUTPUT

[
= ]

BEGIN PUNCH
TRAVEL

" PUNCH™_

CONTACT WITH>
NO ™\ BLANK

YES

BEGIN TIMER

INPUT LOAD

CELL SIGNAL

l

OUTPUT
SIGNAL

TOTAL
. — DRAWING DEPTH
NO ™\ ReACHED”

YES

RETRACT
PUNCH

END

Force control program start.

Define blankholder force profile as
a function of drawing load.

Calculate output signals at every
drawing depth interval and store them
at memories sequentially.

Input total drawing depth and punch

feedrate, and calculate total drawing
time.

Output a blank clamp signal and then
a punch feed signal toward the blank.

Is the signal from the load cell
attached to the punch changed?

Make the internal timer to be operated.

Input drawing load signal from load cell.

Search the corresponding control signal
stored at memory and output it.

Does the elapsed time of timer reach
to the total drawing time?

Output a punch retract signal and then
a blank unclamp signal.

Force control program end.

Fig. 7 Flow diagram

control

for blankholder force

terms of drawing load.

Blankholder force is controiled by a
user defined blankholder force profile
as a function of drawing load.
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IV. EXPERIMENTAL RESULTS

Four control programs in terms of
variations in program language and their
compiled versions were tested. [t was

shown that the control response could be
increased by about 8 times by combining
the machine control program written by
an assembly language as compared to the
compiled BASIC program with the same
control algorithm. At the same time,
the computation time for the output signal
was reduced by about 1/6 to 1/8 of that
obtained in the interpreted version of the

program.
Applying these control procedures,
several axisymmetric cups were * formed

from the 2.5mm thick polypropylene sheets
containing 40% by weight calcium carbo-
nate, the same polymer sheets used in
previous work.(!9 In order to examine
the simplest cases of the blankholder force
control, only the magnitude of the blank-
holder force was varied while keeping the
load constant during each drawing process.
Selected cups formed while applying diffe-
rent levels of blankholder forces are shown
in Fig. 8.

Fig. 8 A photograph of

cups drawn with
2.5mm thick and 7mm diameter
blanks at different blankholder force:
(a) without blankholder force, (b) with
50 Ibs. blankhoider force, (c) with 300
Ibs. blankholder force, {(d) with con-
stant blankholder position, (e) with
lubricating film between Dblank and
blankholder or die at 50 Ibs. blank-
holder force.
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The extreme case of not applying any
blankholder force is shown in Fig. 8a,
where the formed cup has several wrink-
les. Some of the wrinkles formed during
the drawing process sometimes recovered
completely during the unloading of the
punch. The drawn cup without cracks
and wrinkles as shown in Fig. 8b could be
obtained in the case of appropriate blank-
holder force (about 50 Ibs) applied, but a
crack occured as drawing was more pro-
gressed. When excessive blankholder
force (about 300 lbs) was applied, wrinkies
did not appear but a crack began to occur
at the cup wall even though shallow
drawing depth as shown in Fig. 8c. If
the blankholder positon was controlled to
be constant, the drawn cup without wrink-
les as shown in Fig. 8d could be obtained
but cracks might be occured in the case
of large drawing ratio. Fig. 8e shows
a deeper drawn cup when two lubricating
films such as teflon sheet was inserted
between blank and blankholder or die.

V. CONCLUSIONS

A computer-aided blankholder force
control system was developed to examine
effects of blankholder force in deep
drawing processes. Some of the conclu-
ding remarks are summarized as follow.

(1) The blankholder force control in
terms of drawing depth or drawing load
is feasible for deep drawing process by a
computer controlled mechanical/hydraulic
system. In this way, an optimum force
history may be obtained for improved deep
drawability.

(2) The control speed and accuracy
of the blankholder force control system
can be improved by using a compiled pro-
ram combined with an assembly program
or machine control.

(3) Preliminary test results with po-
lypropylene sheets have shown that an
appropriate blankholder force application
could increase the drawing depth without
cracks or wrinkles.
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