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METHOD OF REDUCING SPRINGBACK IN
MECHANICALLY PRESSED SHEET MATERIALS - IT

BACKGROUND OF THE INVENTION

Springback is a phenomenon always present in the
bending of metal. Bending operations for sheet metal are
typically carried out by the use of presses broadly classi-
fied by the source of power as hydraulic or mechanical.
Certain alternatives are available when using hydraulic
presses to control springback, within tolerable limits,
because of the lower strain rate involved. However, more
efficient and rapid production can be achieved with mech-
anical presses which use higher strain rates resulting from
high speed ram movement.

The final shape of sheet metal parts formed by
mechanical press bending depends importantly upon the
control of springback. Springback is the natural tendency
of the material to revert to its original shape after the
bending force has been removed. It has been generally
believed heretofore that the springback is proportional to
a certain group of parameters which include the bending
radius, the thickness of the product material and the
hardness of the material. It has been conventional for
tool designers to correct such springback by (a) over-
compensating through an overbend whereby the product will
relax to a shape that is more precisely desired upon relief
of the Bending force, or (b) restriking the material in the
same die at the same bend point to encourage the material
to more closely conform to the desired die configuration.
To facilitate overcompensation, tables of data resulting
from incremental changes in springback with variances in
the material thickness, hardness and bend radius have been
generated. However, due to the numerous variables that
seemingly affect mechanical press springback, such tables
of data have been limited to simple bends, as in a V-shape.
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In spite of these approaches, springback still
remains a problem for pressed mild steels. With the advent
of high strength, low alloy steels having yield strengths
in excess of 3515 bar in relatively thin sections, the
problem has become more pronounced. It has been found that
projecting and compensating for springback, based upon
various physical characteristics of the material, does not
work. It appears that the compound effect of higher
material strength and typically higher mechanical press
speeds, to form the material, cause considerably greater
springback than that which is often encountered in pro-
duction parts‘made of conventional sheet metal.

SUMMARY QF THE INVENTION
The invention is a method of mechanically de-

forming sheet material to eliminate or substantially reduce
the apparent springback of the material, irrespective of a
variance of material properties, chemical composition,
thickness of the matérial and speed of the defofming
member. The invention uses progressive pressing of sheet
material at adjacent but spaced bend radii to achieve this
result. Residual springback from the first striking action
subtracts from the springback of the second striking action
to significantly reduce the resultant springback in the
product.

The method comprises (a) striking together male
and female forming members through a first increment of
travel to firstly bend the sheet material placed there-
between about at least a first locus to define a first
deformed sheet material member having a positive springback
angle, and (b) striking together male and female forming
members through a second increment of travel to secondly
bend said first deformed sheet material member about at
least a second locus spaced from said first locus a
distance to provide a reduced resultant springback angle.

»



10

15

20

25

30

Ford / US-1188 E / 19. Dezemter 199!
0055435

Several modes of providing reduced or zero
resultant springback can be used in accordance with this
method. One mode employs repeated stfiking movements to
separately provide the first and second bending; each
female member and male member is changed in cross—~sectional
size for the second striking movement to create the spacing
needed between the first and second bend radii. Such
change may be an enlargement or reduction because the
second bend radius can be located to either side of the
first bend radius but within a controlled spacing, pre-
ferably of 0.5 to 6.4 mm.

) It is advantageous to control the gap between the
male punch member and the female member during each
striking increment to control the amount of resultant
springback. The gap can be in a wide range for the first
striking action, preferably about 1.5 x 2.0 times the
thickness of the material. The gap for the second striking
increment is optimally equal to the thickness of the
material and operably in a range of 1.0-1.5 times the
thickness of the material. It has been found desirable to
limit the corner radius of said members to about the
thickness of the material.

Another mode is to form the female die with
tapered walls and to carry out the first and second bending
as part of a coﬁtinuous pressing motion. Thus, bending of
the sheet material at a first locus would occur during the
initial increment of travel of the male member into the
tapered female member and the second or subsequent bendings
would occur as the male member moves through additional
increments of travel down along the tapered walls of the
female member, creating bending at different loci. 1In
effect, bending will occur about a plurality of loci as the
male die is moved during a single striking action to mate
with the female member.
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SUMMARY OF THE DRAWINGS
Figures 1-3 illustrate diagramatically and

sequentially the phenomena employed by this invention;

Figures 4a-4b illustrate the sequential steps for
a preferred method of this invention wherein the male punch
member is reduced in size for the second striking action;

Figures 5a-5b illustrate diagramatically sequences
of another mode, wherein the female molding member is
reduced in size for the second striking action;

Figure 6 is still another diagramatic view
illustrating still another mode of the inventive method
herein wherein a single -striking step is employed with a
tapered female molding member;

Figures 7 and 8 are graphical illustrations
showing the variation of springback in certain steel sheet
materials using the single strike method of the prior art
as a function of pad pressure and die gap respectively.

Figure 9 is a graphical illustration of the
variation of springbéck with a variation in the restrike
die gap for the method mode depicted in Figures 4a and 4b;

Figure 10 is a graphical illustration of spring-
back as function of bottom die gap.

Figures 11 and 12 are graphical illustrations
depicting the variation of springback with die gap for the
method mode of Figures S5a and 5b;

Figures 13 and 14 are graphical illustrations of
the variation of springback with die gap, for the respec-
tive materials indicated, when employing the method mode of
Figure 6. '
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DETAILED DESCRIPTION
Springback is always present in a bending opera-

tion performed on sheet materials that have an elongation
of at least 1.5% and have a melting temperature at least
twice the temperature at which pressing occurs. Spring-
back cannot be theoretically eliminated since there is
little one can do to alter the Young's modulus of a
material. The types of sheet metal materials that respond
to the method of this invention include all sheet materials
that accept a permanent bend as a result of its elongation
and solid structure during pressing. This invention is
particularly useful for sheet metals such as mild steels
(cold rolled, low carbon, hereinafter CRLC), high strength,
low alloy steels (hereinafter HSLA), and alloys of alu-
minum, magnesium and copper.

This invention has discovered that if the sheet
material is deformed at two bend loci (or bend radii), the
resultant springback will be substantially reduced and
optimally eliminated.” The prerequisite for this achieve-
ment is the existence of two bend corners in the material
applied sequentially. The relative location of the two
corners is not a limitation. That is to say, the second
bend radius or locus can be located relatively inwardly or
outwardly of the first bend locus to achieve the reduction
in resultant springback.

When forming such materials with the use of a
mechanical press, it has been found that the conventional
mechanisms to compensate or allow for springback are not
reliable or effective when working with higher speed
presses and higher strength material such as HSLA material
having a tensile strength greater than 3515 bar.
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A mechanical press is the machine used for most
cold working operations of sheet metal material. Such
press consists of a machine frame supporting a bed and a
ram, a source of power, and a mechanism to cause the ram to
move in line with and at right angles to the bed. A press
in and of itself is not sufficient as a production machine,
but must be equipped with tools commonly called punch and
molding members which together are designed for certain
specific operations and forming contour. Typically, as
used in the examples of this invention, a male punch member
is carried by the ram and is moved in a downward direction
to contact the upper surface of the sheet metal lying on a
female molding member. The male punch member moves the
sheet metal out of its normally flat plane against the
contour of the female moiding member requiring deep pene-
tration of the male punch member into an opening of the
female molding member, forming such complex sections as a
U-shape or hat section.

Presses can be’ conveniently classified into two
broad types, including hydraulic and mechanical presses.
Mechanical presses are desirable, particularly in the
automotive industry, because of the improved speed of
cycling and thereby greater production. Mechanical presses
that are associated with the method of this invention can
have a variety of mechanical means for applying power to
the ram such as through a crank, a cam, an eccentric, a
power screw, a rack and pinion, a knuckle joint, a toggle,
and even pneumatic means.

This invention has discovered that by deforming
sheet metal with a press at two spaced bend loci (or bend
radii), the resultant springback can be substantially
reduced and optimally eliminated. The prerequisite for
this achievement is the existence of two bend corners which
are spaced apart a small distance typically not easily
observable, but in some cases observable. The relative

«
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locations of the two corners is not a limitation. This
invention achieves such result by way of a mechanical press
using typically a male punch member and a female molding
member. After a first bending action is completed at a
first bend locus, one or both of the members is changed in
shape or size to bend the sheet metal at a closely spaced
second bend locus. The increments of travel to create both
bending actions may be part of a common striking action or
may be separated and repeated striking actions.

Turning to Figure 1, an illustration is given of
why the resultant springback is reduced in bending of sheet
materials. The elastic strain introduced in each bending
operation with this method is significant, one strain being
offset against the other strain to control springback. 1In
Figure 1, after a bend is made at a locus A, the free
sidewall 10 of such bend is slanted from the desired up-
right plane 11 due to springback. Since the die used to
form the bend was designed to form a right angle, the
elastic nature of the material has withdrawn the free
sidewall 10 back through an angle of theta (8). 1If, as
shown in Figure 2, the bend is compressed fully between two
parallel blocks 12 and 13, the sheet metal will not go back
to its original flat condition after release of the blocks;
there remains a residual springback of theta prime (©').
This compression of the bend at A will take place if the
deformed sheet metal of Figure 1 were bent a second time by
use of a punch and mold , but at a bend locus of B (see
Figure 3). The previously free sidewall 10 will be pressed
to a flat configuration (or approaching flatness) when the
bend B is formed; this is symbolized by dies 8 and 9 moving
together. The inclination of the free wall 10 will have a
resultant springback which is the composite of new spring-
back @B (created by bending at B) counteracted by the resi-

dual springback ©'. This assumes the separation distance
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between the two bend loci A and B is not significantly
noticeable. Thus, the invention herein is a mechanism by
which the original springback angle can be converted into a
residual springback that works opposite to a subsequent
springback increment eB., This reduces the resultant
springback significantly (6B - e').

This invention is of particular significance to
the pressing of sheet metal by mechanical means as opposed
to hydraulic presses. Deformation in a mechanical press is
carried out with considerable energy which exerts a strong
influence on springback in the formation of complex shapes.
The term epsilon, which is related to the Young's modulus
of materials, controls the springback. As the press speed
or strain rate is increased, the overall stress/strain
curve is displaced toward higher stress levels. Thus, for
a given bending geometry, elastic strain or springback
increases with increasing press speed. In addition, the
present invention has particular significance with respect
to high strength steél. Excessive springback is encoun-
tered in production parts made of high strength steels
because of the compound effect of high strength and high
mechanical press speed.

A preferred mode for carrying out the inventive
method herein is illustrated in Figures 4a and 4b. The
first step of the method comprises pressing or striking
together, through a first increment, complimentary shaped
male punch member 11 and a female molding member 12 with a
flat sheet metal panel 10 therebetween. The female molding
member has an opening 13 with a mouth 13a provided with
rounded edge. The opening may be variously shaped such as
a slot or other regular geometric configuration. The male
punch member has a body with a substantially flat bottom
face 14 provided with rounded edges l4a at opposite sides.



10

15

20

25

30

Ford / US-1188 E / 10, Deze&’x&egsl‘z&i‘és
-9 -

The transverse width 15 of face 14 is designed to be
slightly smaller than the width 16 of opening 13, producing
a residual die gap 17 after allowance is made for the
thickness 18 of the sheet metal panel. The speed of
striking is preferably in excess of 5.08 m/min  optimally
9.15 m/min.

The striking action (see Figure 4a) bends the
sheet metal at least at a pair of berd loci identified
as A. The male punch member 1l is designed to form an
overall U-shaped configuration in the sheet metal in co-
operation with the female molding member 12. The pre-
ferred range of bending at locus A is 45-95°. The side-
walls 19 of the U are to be desirably parallel after defor-
mation; however, springback from the first bending action
causes the sidewalls to be canted outwardly an angle ©.

The sheet metal form resulting from the first in-
crement of striking action may have a crown or curvilinear
section 20 formed at the base of the U, between the first
bend loci A. This clrvilinear section is due to the
4-point bending moment applied to section 28. The side-
walls 24 possess a nonparallel condition because of
springback about locus A. The curvilinear section may be
avoided by maintaining a positive counter pressure through
a counterpad operated inside the female molding member.

The second step (Figure 4b) of the process is to
strike the members 11 and 12 together through a second
increment of travel with the first bent sheet metal there-
between (having bends at loci A). This step is preferably
carried out by restriking the members, using a different
sized male punch member and using different sized female
molding member responding to the change in size of the male
member. The sheet metal is secondly bent at a pair of bend
loci B, each spaced a small distance from a bend locus A.
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The transverse dimension of the male punch member
is changed preferably by 0.5 to 6.35 mm when working with
most sheet metals. For the embodiment of Figure 4, a
smaller male punch member was employed. The pairs of bend
loci B were thus located inside the pair of bend loci A,
However, use of an enlarged male punch member will also be
successful. The springback angle 6B is reduced by the re-
sidual springback ©' resulting from the flattening of the
original bend at A during the formation of the new bend at
B.

The die gap (the separation between the side wall
of the male punch member and the side wall of the female
molding cavity, said walls being parallel to the direction
of striking) has some effect in controlling the amount of

-resultant springback when the male or female member is

increased in size for the second striking increment.
However, when the male or female member is decreased in
size (reduced transverse dimension for the molding cavity
or punch body), the Bottom die gap during restrike becomes
controlling with respect to minimizing resultant spring-
back. Bottom die gap is the distance between the bottom
wall or face of the male punch member and the upper face or
wall of the counterpad used as part of the female molding
member, the walls being transverse to the direction of
pressing.

For purposes of this invention, pressing and
striking is defined to mean the bending of sheet metal
involving only very limited metal flow, usually restricted
at the bend to one side of the sheet being subjected to
tension, the other side, of course, being subjected to
compression. This phenomenon of bending is to be distin-
guished from drawing, where the entire cross-section of the
sheet metal or member to be shaped is subjected to forces
that exceed the elastic limit and thereby permit plastic
flow of the metal throughout the entire cross-section.
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Test results that confirm the usefulness of the
described method of Figure 4 are shown in PFigures 7-10.
Two types of sheet metal were subjected to U-channel
bending operations in a mechanical press. One type was an
aluminum killed, deep drawn steel (AKDQ) having a nominal
chemistry by weight percent of about .07% C, .23% Mn,
¢.02% P, .018% S, and .06% Al; another type was high
strength, low alloy (HSLA) having a nominal chemistry of
.09% C, .05% Mn, .0l1l% P, .016% S, .08% Al and .23% Ti.
Both sheet metals were .031" thick (.8 mm).

The male punch member 11 was shaped to have a
width between corner radii l4a of about 25,4 mm,

a length along its face of about 127 mm, and
a height along the line of movement of about

76.2 mm . The corner radii l4a of the male punch member
was 3.18 mm . The female molding member 12 had
an opening 13 complimentary in shape to the male member
allowing it to pass thereinto. The edge radii 13a of the
mouth entrance to opening 13 was about 6.35 mm.
The members when struck together formed a U-shaped cross-
section in the sheet metal member having 90° angles at its
bend loci. The die gap was set at varying widths by
changing backup shims supporting the split halves of the
female molding member.

A single action mechanical press was used to carry
the members. The press ram had an average calculated punch
speed of 0.15 m/sec. SAE 30 motor oil was
coated on the sheet metal to function as a lubricant during
pressing. Springback was measured; the overall experi-
mental error due to variation of sheet metal properties was
estimated to be about + 1/2 degree.
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Sheet metal pressings were first made using only a
single striking action in accordance with the prior art.
The die gap (defined to mean the distance between the
sidewalls 20 of the male punch member and the sidewall of
the opening in the female molding member, when mated) and
the pressure applied to a counterpad 21 (see Figure 5) were
varied in the hope of substantially reducing springback.
However, as shown in Figure 7, springback decreases with
increasing counterpad pressure to a plateau. The plateau
varied according to sheet material and die gap. For the
ARDQ material, the plateau ‘started at about 2.5 bar at the
0.89 mm die gap and about 4.2 bar at the 1.27 mm die gap. For
the HSLA material, it was about 3.5 bar at the 0.89 mm die gap
and about 1.4 MPa at the 1,27 mm die gap. For both
steels, springback could not be eliminated by a variation
in counterpad pressure. Also, as shown in Figure 8,
springback could not be eliminated by a variation in die
gap for HSLA steels and substantially so for AKDQ steels.

Sheet metal pressings were then made using the
method of Figure 4 whereby a smaller male punch member was
used during a restrike action., A first pressing was
carried out using a male punch with a transverse dimension
of 29.5 mm at a die die gap of 1.25 mm . The
measured wall inclination was 9° for HSLA and 3° 55'
for ARDQ steel channels. The channels were restruck with a
narrower punch having a transverse dimension of 25.4 mm

at varying die gaps, see Figure 9. Springback
decreased initially with increasing restrike die gap and
reached a minimum at a die gap of about 1.9 mm in AKDQ
steel, but was less in HSLA 110 steel channels (about 1.4 mm).

The trend was then reversed with further increase
in restrike die gap. Residual springback ©' depends on the
separation distance between two compression plates, or the
die gap in the present instance. The larger the separation
distance, the larger is ' and the more is the net reduc-
tion of resultant springback. This seems to expla;n the
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initial decrease in springback with increasing restrike die
gap. After passing the optimum setting, further increases
in die gap rendered the female molding member no longer
effective to perform a second bend; overall springback,
therefore, increased and wall inclination approached its
original value. This mode is also effective to reduce the
resul tant springback by toe-in or negative springback in a
wide range of die gaps.

As a variation, the second bending or restrike
action was carried out using an oversized male punch
member. The starting channels were preformed with a male
punch having a transverse dimension of 25.4 mm at
a die gap of 1.25 mm. The width of punch used for
restrike was 29.5 mm. Figure 10 shows the
observed springback as a'function of restrike bottom die
gap.

Turning now to Figure 5, another mode for carrying
out the method of this invention is illustrated. The
transverse dimension of the male punch for the first and
second striking actions, was about the same, but the female
molding member had a reduced opening 13 for the second 5
striking action, thereby reducing the die gap. The second
bend loci B were thus located inside the first bend loci A.
Springback again was reduced by this sequence, see Figures
11 and 12.. At the same die gap, springback was always
less in the restrike operation than in the original forming
operation. It is preferable that the die gap during
restrike be on the order of the metal thickness, that is,
it should be within the tolerance of + 0.254 mm to the metal
thickness. This mode was more effective with HSLA steel
than with ARKDQ in steel channels. With HSLA steels,
reduction in springback increased with increasing wall
inclination of the preformed channel. The site of first
bending increasingly moved away from the punch as the die
gap in the first striking operation increased, thus

increasing the separation distance between two corners.
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Still another mode for carrying out the method is
shown in Figure 6, which comprises the use of a tapered
female molding member. Only a single striking action is
necessary for this mode, but the concept of a double bend
or plural bend technique is still employed. The arrange-
ment of progressively performing a series of bends with one
striking operation is graphically represented in tandem in
Figure 6. If a line is drawn tangent to the corners of the
female molding dies 31 and 32, the resulting configuration
is a single female molding member with a tapered wall 33
having an inclination angle as indicated. Resultant
springback is reduced by such tapered die. The effect of
die gap on springback in female molding members having a
wall inclination of 3° and 5° is shown in Figures 13 and
14. For comparison, pressing with parallel walls between
punch and mold, with an inclination angle of zero degrees,
is shown in broken line in each of these figures. A
reduction in springback could be realized in a tapered die
as the die gap is decreased to the order of the thickness
of the material. This mode eliminates differences in
springback between two very different steel sheets which
vary because of chemistry or material thicknesses.

In the double or plural bending technique
of this invention, there is little restriction on the
process due to material property variation, chemical
composition, thickness of the material, or because of
the inaccessibility of the male punch in performing
a deep, narrow deformation operation. The insen-

sitivity of the present process to the material pro-

perties is significant. The observed springback which

is a difference between the second springback
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angle and the residual springback angle of the first
bending diminishes this dependence on material properties.
This is unobvious because both springback angles are
functionally dependent on the material properties.

It is comprehended within this invention that
other types of forming shapes can be carried out by this
invention, such as L-shapes, V-shape grooves and hat shaped
sections and other forms of pressing, such as by roll
forming. The more complex the particular bending
operation, the more effective the present method.
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CLAIMS

l. A method of mechanically deforming sheet
material, characterized by the following steps:

(a) striking together male and female forming
members through a first increment of travel to firstly bend
said sheet material placed therebetween about at least a
first locus to define a deformed sheet material member
having a positive springback angle;

(b) striking together male and female forming
members through a second increment of travel to secondly
bend said deformed sheet material member about at least a
second locus spaced from said first locus a distance
sufficient to provide a resultant springback angle less

than said positive springback angle.

2. The method as in claim 1, characterized in that said

resultant springback angle is substantially zero.

3. The method as in claim 1, characterized in that said first

bending is carried out independently of said second bending
by repeated and separated striking movements, said male
forming member for said first striking increment is
different in size than the male forming member for said
second striking increment, while the female forming member
is adjusted in size to maintain a predetermined gap between
said members during both striking movements.

4, The method as in claim 1, charaterized in that said
spacing distance of step (b) is in the range of

1.27 mm to 6. 35 mm.
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5. The method as in claim 1, characterized in that said sheet

material is comprised of high strength, low alloy steel
having a yield strength in excess of 3515 bar.

6. The method as in claim 1, characterized in that the sheet
material is deformed by said first bending into a U-shape

having a pair of first bend loci, said second striking
increment defining a pair of second bend loci.

7. The method as in claim 1, characterized in that said first

radius of said male forming member for steps (a) and (b) is
equal to or less than 3.18 mm,

8. The method as in claim 1, characterized in that said first
bending is carried out inéependently of said second bending
by repeated and separated striking increments, said female
forming members for said first and second striking
increments having different cross-sectional female
configurations, while ‘the male forming member is adjusted
in size to maintain a predetermined gap between said
members during both striking increments.

9.- The method as in claim 3 or 8, characterized in that the
difference in size of the male or female forming member is
a reduction in size from the first striking increment, and
the predetermined gap is determined by the space between
the sides of the forming members parallel to the direction
of striking. '

10. The method as in claim 3 or 8, characterized in that the

difference in size of the male or female forming member is
an enlargement from the first striking increment, and the
predetermined gap is determined by the space between the

sides of the forming members transverse to the direction of
striking.
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11. The method as in claim 1, characterized in that said first

and second striking increments are carried out during the
same striking action, said female forming member having a
mold cavity defined by walls tapered relative to the
direction of striking to effect progressive and sequential
bending in said sheet material about a plu:rality of bend
loci while said male forming member is carried into said
female forming member.

12. The method as in claim 11, characterized in that said
cavity walls are inclined relative to said line of action

by an amount in the range of 2-12°.

13. A Method of forming high strength, low alloy sheet steel,
characterized by the following steps:

(a) striking said sheet steel with a punch member
for movement into a female molding member, said punch
member having spaced spoulders to form a pressed section
with separated first bend radii;

(b) striking said pressed section with a second
punch member again into said female molding member, said
second punch member having shoulders spaced apart a
distance less than the separation between the bend radii of
said pressed section.

14, The method as in claim 13, characterized in that said
spacing between said shoulders of said second punch member
is less than the spacing between the shoulders of said
first punch member by an amount of 1l.27 mm to 6. 35 mm.
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15, The method as in claim 12, characterized in that the gap
between the portion of said members adjacent the first bend
radii in said sheet metal during step (b) is controlled to
maximize residual springback.

16. A method of correcting springbach resulting
from the deformation of high strength, low alloy steel
blanks at a bend radius, said method being characterized by

progressively pressing said blank at first and second bend
radii adjacent to each other.
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