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Dissecting

defects

Part III: Stamping process control

Editor’s Note: This article is the final article
in a three-part series discussing quality
defects commonly seen in stamped parts.
Part I, which appeared in October dis-
cussed process variables that affect formed
part quality. Part II, which appeared in
November, discussed methods used to con-
trol the quality of incoming sheet material.
Part III examines commercially available
systems used in stamping process control.

Real-time
Process Control

Variations in incoming sheet mater-
ial quality, tool temperatures, press
and tool deflection, and lubricant
performance result in deviations in
formed part quality. Part failures
interrupt production and can cause
tool damage. Thus, besides initial
tryout, adjustments are routinely
made during production to main-
tain good formed part quality.
Real-time or online monitoring of
the stamping process has become
essential to improve stamped part
quality and prevent interruptions in
production. Many types of sensors
are used in production to monitor
such process conditions as press
tonnage, press slide movement, tool
condition, tool alignment, lubricant
quantity, and sheet material flow.!

Optical Measuring
Technologies

Optical measuring technologies
have found increased application
in the sheet metal forming industry.
Figure 1 shows a commercially

available optical system used to
obtain the deformation of a
stamped component.

Before deformation, the sheet is
marked with a grid of dots, using
chemical etching, laser marking, or
other marking techniques. For mea-
surement purposes, one or two scale
bars and some coded markers are
placed directly on the part or near it.
A high-resolution digital camera
then is used to take shots from dif-
ferent viewing directions.

After images are taken, the optical
system defines in each image the
exact centerpoint of all marked dots.
Then the images are virtually assem-
bled with photogrammetric tech-
niques to represent the object as a
virtual 3-D model. From this virtual
assembly, the center of each marked
dot on the object is defined in true
3-D coordinates.

The calculated 3-D points define the
exact form of the stamped sheet part.
The deformation (stresses and strains)
introduced by the stamping process
can be calculated easily from the local
distortion of the regular grid pattern on
the sheet surface.?

In stamping, the main applications
of optical technology are:

*Digitization of prototype sheet
parts and tools.

eForming analysis of metal
sheets and tubes.

eDetermination  of
properties.

Depending on the application, spe-
cialized commercial software is avail-
able to process the digital images. The
use of this technology also can verify
and optimize numerical simulation
programs for forming processes.
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Figure 1

A commercially available optical measur-
ing system can be used to obtain data on
the deformation of a stamped component.

These measuring technologies are
being used increasingly for automat-
ed inspection tasks by integration of
automatic vision systems into the
process. For example, these cameras
can be located at the exit of the
stamping press to take real-time pic-
tures of the deformed part.

In-process Control of
the Deep-Drawing
Process

Figure 2 shows an example of real-
time monitoring of material flow in
a deep-drawing process through
the use of position sensors. The
flange insertion position sensor
(left) consists of a thin metal
tongue that touches the outer edge
of the blank sheet at the gap
between the die and blank holder
during the entire process.

This sensor, and others that have
different designs but similar func-
tions, detects the movement of the
flange during deep drawing.
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Real-time monitoring of material flow in a deep-drawing process can be done using posi-
tion sensors. The flange insertion position sensor (left) consists of a thin metal tongue
that touches the outer edge of the blank sheet at the gap between the die and blank hold-

er during the entire process.

Measured flange movement or
draw-in versus the drawing depth
can indicate the part quality. Any
deviation from a prescribed toler-
ance range can be used to describe
the potential failure.

The right side of Figure 2 shows a
similar concept used for real-time
monitoring of wrinkles in a deep-
drawing process. Two position sen-
sors are installed, one in the die and
one in the blank holder. When a
wrinkle occurs, the gap between the
die and blank holder increases. Thus,
the two sensors can detect and record
the height of the wrinkle.

With real-time monitoring of the
wrinkle height and flange move-
ment, the blank holder force can
be increased or decreased through
a closed-loop control system.’
Using this principle, researchers at
the University of Hanover,
Germany, designed and built a
closed-loop control system for
deep drawing of rectangular pans
using a multipoint cushion system.
Contact-free optical sensors were
placed at multiple locations
around the flange periphery to
detect material flow (wrinkles and

flange movement). The developed
closed-loop system was tested by
varying the initial blank shape,
and it gave good results.*€)

This column was prepared by Ajay Yadav, a
graduate research associate at the Center for
Precision Forming, The Ohio State
University, 339 Baker Systems, 1971 Neil
Ave., Columbus, OH 43210-1271, 614-292-
9267, www.cpforming.org, Taylan Altan,

professor and director.

Notes

1. Doege et al., Metal Forming, Sensors in
Manufacturing, ed. H.K. Tonshoff and I
Inasaki (New York: Wiley-VCH, 2001), pp.
172-190.

2. K. Galanulis, “Optical Measuring
Technologies in Sheet Metal Processing,”
SHEET METAL 2005, Advanced Materials
6-8, Gesellschaft fir
Optische Messtechnik mbH, pp. 19-34.

3. Doege et al., Metal Forming, Sensors in

Research, Vols.

Manufacturing.

4. Behrens et al., “Closed-Loop-Control
of Deep-Drawing Processes by Means of
Contact-free Measurement of the Material
Flow,” Annals of the German Academic
Society for Production Engineering, 2005,
XII/1, p. 45.

38:9)] UPDATE

AN FMA PUBLICATION - STAMPING JOURNAL

WWW.STAMPINGJOURNAL.COM DECEMBER 2007

17



