
Last month we began to process the
deep-drawn cup shown in the figure.
First, it was necessary to calculate the

blank diameter and then find the max-
imum percent-reduction. For this par-
ticular part, the blank diameter was
found to be 13.0 in. and the first draw
reduction was 42 percent. Applying the
percent reduction formula we found
the first reduction (cup) diameter
should be 7.54 in.

Flange or No Flange
The next step is to determine if the

cup should be drawn with or without a
flange. Let’s assume a small 0.25-in.-
wide flange was to be left on the cup
after the first draw. This would make the
flange diameter 8.04 in. and the flange
would remain this size through the
redraw operations. The amount of
material to be removed at the trim sta-
tion is calculated as follows:

Cup flange diameter at last redraw: 8.04 in.
Flange diameter after trimming: 5.50 in.

2.54 in.
Trim allowance = 2.54 divided by 2: 1.27 in.

Usually, only 0.5 in. of material or
less is desired for trimming in order to
provide optimum material utilization. If
a progressive die were chosen for this
part, a flange would be needed in the
draw operation to attach the carrier rib-
bons. But a transfer die would allow the
cup to be completely drawn without a
flange, saving a significant amount of
material that would otherwise go into
the scrap container. This savings poten-
tial is sometimes overlooked during
process planning and estimating.

Cup Height
The expected cup height at the first

draw can be determined by using the
surface-area approach found in most
die-design handbooks for calculating
blank diameters. The formula for a flange-
less cup is:

D = �d2 + 4dh
13.0 = �(7.54)2 + (4)(7.54)h
169 = 56.85 + 30.16h
Solving for h, cup height = 3.72 in.

Punch and Die Radii
Punch and die radii can be specified

at this point. It is not necessary to use
the part-print radii in the draw opera-
tion since the neither the shell diameter
nor the shell height is near the final
part-print size. In fact, there is an advan-
tage gained by using a larger punch
radius in the draw operation. The
redraw blankholder fits inside the drawn
cup at this radius. This provides for a
larger redraw radius on the blank-hold-
er, thus reducing the bending and
straightening loads for that operation.

First Redraw
The redraw reduction percentage

can never be as high as the first draw
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because the redraw has more bending
and straightening forces, the cup wall in
tension is smaller, and the material has
been previously work-hardened. Reduc-
tions for the first redraw are usually 55
to 60 percent of the initial draw ratio.
Thus, the first redraw reduction would
be:

42 percent blank reduction x 0.55 = 23 percent

The original draw diameter (7.54 in.)
is reduced by 23 percent, giving a redraw
diameter of 5.81 in. It now is clear that
the first redraw cup must have a flange
since the redraw-cup diameter is small-
er than the flange diameter before trim-
ming—6.50 in.

Second Redraw
The second redraw-reduction per-

centage must be less than the first
redraw due to more severe work-hard-
ening plus an even smaller cup wall in
tension. As a general rule, the second
redraw reduction will be approximate-
ly 10 percent less than the first redraw.
For our particular case study:

First redraw reduction = 23 percent
23 percent x 0.10 = 2.3 percent
Second redraw reduction = 21 percent

Reducing the first redraw diameter
(5.81 in.) by 21 percent gives a second
redraw diameter of 4.59 in., but the
flange diameter does not change and
remains 6.50 in.

Subsequent Redraws
A third redraw operation is required

to obtain the final cup diameter of 4 in.
and a depth of 8 in. To find the percent
reduction for the subsequent redraws,
continue to reduce the percent reduc-
tion by an additional 10 percent for
each redraw. For example, the third
redraw reduction percentage would be
10 percent less than the second redraw,
giving a 19-percent reduction. The
fourth redraw would be 10 percent less
than the third, yielding a 17-percent
reduction.

But suppose the third redraw reduc-

tion was only 6 percent. It may not be
cost effective to build a third redraw tool
for such a small reduction. In many
instances, it would be better to slightly
increase the draw and other redraw per-
centages in order to eliminate the third
redraw. If the process is already critical,
the initial draw and redraw percent-

ages should be reduced so that the third
redraw reduction percentage is higher
and worthwhile.

I have found that different die-design
handbooks will have slightly different
reduction percentages among them.
But for the most part, they tend to follow
the approximations given here. MF
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