
The forming forces in cylindrical cup
drawing were discussed in last
month’s column. The contribution

of material properties in cup drawing
will be discussed this month, and the
results may surprise some readers.

The limiting draw ratio (Db/Dp) is
the maximum diameter blank that can
be drawn into a cup with a specified
punch diameter in one deep-drawing
operation. The material property that
can increase the LDR is the normal
anisotropy (rm) of the sheetmetal. With-
out getting complicated and deep into
metallurgical theory, the normal
anisotropy provides a measure of the
resistance of the sheetmetal to change in
thickness during deformation. A refer-
ence value of one for rm means no influ-
ence on cup drawing.

An rm value greater than 1 means the
sheetmetal has increased resistance to
deformation in the thickness direction.
Therefore, the cup wall will resist thin-
ning and will be capable of generating
a greater force FP to pull a larger blank
into the wall (Fig. 1). In contrast, the
primary binder deformation is pure
shear when the sheet-
metal compresses in the
circumferential direction
and elongates in the radi-
al (flow) direction. Pure
shear requires very little
thickness deformation.
Only the edge of the
blank thickens signifi-
cantly. There-
fore, a higher
rm value can
create a
greater LDR
and a slightly
deeper cup
with the same

diameter punch. That sounds like an
important material property for cup
drawing.

Perhaps this was true in the old days
when the two common steels were
rimmed and aluminum-killed draw-
quality (AK-DQ). Today, the only two
high-volume steels with rm values
greater than one are cold-rolled AK-DQ
and vacuum-degassed, interstitial-free
(VD-IF). All hot-rolled and the impor-
tant higher-strength steels have rm values
of approximately 1. Likewise, nonfer-
rous metals, such as aluminum, copper
and brass, have rm values around 1.

If rm values for a great majority of
sheetmetal are all around one and there-
fore do not affect the LDR, then the
strength of the sheetmetal must cer-
tainly affect the LDR. When asked if
the LDR will increase, stay the same or
decrease when the as-received strength
of the material increases, the almost
unanimous answer is decrease. The rea-
son given is that the blank is stronger
and requires a larger force to pull the
material toward the die opening against
friction and then to bend/unbend it
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Fig. 1—Increasing the
sheetmetal strength in 

the flange is balanced by 
an equivalent increase in 

the strength of the 
sheetmetal in the cup wall.
Therefore, the LDR remains

constant for changes in
sheetmetal strength. 
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around the die radius.
However, both theoretical analyses of

deep drawing in 1959 at M.I.T. and lab-
oratory verification in England in 1972
showed no dependence of the LDR on
the sheetmetal strength. Even though
the flange is stronger and requires a
greater force FF in Fig. 1, the same sheet-
metal in the cup wall transferring the
punch load (FP) also is increasing
strength at the same rate. The two
increased forces balance each other and
the LDR remains the same.

This capability to form higher-
strength cylindrical cups was utilized by
the two-piece container industry (bev-
erage and food) more than two decades
ago when these cans were made from
steel. Because these containers were
considered pressure vessels, the highest
wall strength possible was desired for
the thinnest gauge for cost reduction.
One primary steel grade used by the
beverage industry was called DR-9. This
grade was cold-rolled down to its
thinnest gauge possible, given a full
anneal, and then cold-rolled again to
about a 35-percent reduction. The steel
now was full hard. This was the starting
steel for a multi-stage forming process
(Fig. 2).

One manufacturing setup
had a “cupper” at the head of
the line. This press made six
cups—or six-out—in one
stroke from the DR-9 steel.
Behind the cupping press was a
line of six body makers. After
each stroke of the cupping
press, one cup would go to each
body maker. In one continu-
ous stroke, the body maker
would redraw, complete three
ironing stages, and then finally
form the inward bottom dome
—all without an interstage
anneal. That one line would
produce a half-million cans per
day with a reject rate of less
than 0.1 ppm.

In terms of cylindrical-cup
draw designs, manufacturers
have learned that the LDR rep-

resents the edge of the deformation cliff
and tailor their designs to remain well
back of the edge. Deeper cups or small-
er-diameter cups are generated by
redraw operations. For very severe
designs, as many as 10 or 20 redraw
operations may be required.

Two important concepts emerge
from these cup-drawing studies. First,
the statement that all sheetmetal forma-
bility decreases as yield strength increas-
es is incorrect. Some forming modes are
independent of yield strength. Second,
sheetmetal will increase in strength and
decrease in stretching capacity during
deformation. However, except under
extremely rare conditions, it does not
become brittle. The fractures are still
ductile.

A new PMA seminar will be pre-
sented in Chicago on June 22. New-
comers to sheetmetal forming will
obtain complete in-depth information
on the where, when, how and why of
circle grids, forming-limit diagrams,
ultrasonic thickness gauges and other
related content. Old timers will benefit
from understanding how these tools
will help solve press-shop problems and
learn many tricks to make the analyses
faster and more informative. MF

Fig. 2—Beverage can production begins with a
full hard steel blank that undergoes six forming
operations without an interstage anneal.
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