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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

DRAW BEAD SIMULATOR TESTING
GM9537P

1 SCOPE. This test method establishes a procedure to
determine the coefficient of friction for a given forming
lubricant on given sheet metal surfaces under draw bead
conditions.

2 EQUIPMENT AND MATERIALS.

2.1 Equipment. Draw Bead Simulator (contact Physics
Department, GM Research Laboratories, 30500 Mound
Road, Warren, MI 48090-9055.)

2.2 Samples. As specified by GM sheet metal forming
lubricant engineers.

3 TEST PROCEDURE. This procedure is designed to
calculate the coefficient of friction of test specimens under
draw bead conditions.

3.1 Panel Preparation. Panel preparation steps to be used
for control and sheet metal forming lubricant panels are as
follows, if a precut supply is not available:

3.1.1 Obtain 2 minimum size sheet, 750 mm long (in the
rolling direction) 150 mm wide.

3.1.2 Cut 6 samples as shown in Figure 1. Stamp samples of
metal surfaces to be measured for identification. The stamped
side will be orientated towards the male bead.

1 2 !
3 4 => Rolling Direction
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Samples 1, 3, and 5 are tested with the roller beads.
Sampies 2, 4, and 6 are tested with the fixed beads.
All samples must be deburred on all 4 sides.

FIGURE 1.

3.1.3 All samples for prelube or mill oil lubricants must be
prepared in the following manner:

A. Cold rolled and hot dip galvanized steel — clean
panels with a clean, lint-free cloth saturated with 30
Alcohol (denatured ethyl alcohol). No visible dirt or
oil shall remain on the samples.

B. Electrogalvanized steel. No rust preventative oil may
be present on samples. Obtain clean, corrosion free
sample stock.

3.2 Fixed Bead Preparation
3.2.1 Clean the fixed beads with 600 grit emery cloth. If all

scratches, etc. are not removexd, begin with coarser paper and
progress to finer paper until finishing with 600 grit emery

cloth. Clean the fixed beads with a clean, lint free cloth and
730 alcohol (denatured ethyl alcohol).

3.2.2 Adjust the bead clearance (each gap) to metal thick-
ness plus 0.08 mm.

3.2.3 Adjust the roller guide clearance to metal thickness.
3.2.4 Coat the fixed beads and the triplicate (fixed bead)
specimens with a liberal application of the lubricant under
test.

3.3 Roller Bead Preparation

3.3.1 Remove all scratches and clean the rollers as described
in 3.2.1.

3.3.2 Adjust the bead and roller guide clearances as de-
scribed in 3.2.2 and 3.2.3.

3.4 Setting the Interleaf

3.4.1 Insert the desired bead set into the test fixture.
3.4.2 Place the first specimen through the bead set, center
the specimen relative to the beads, and clamp with the grips.
The stamped side will face the male bead for all metal
surfaces to be measured.

3.4.3 Zero dial indicator

3.4.4 Apply pressure to the retraction cylinders in order to
keep bead alignment (This will keep the carriage perpendicu-
lar as it is slid into place).

3.5 Draw Bead Simulator Operation

3.5.1 Zero the pull load and normal load cells.

3.5.2 Insert the specimen (the stamped side towards the
male bead for metal surfaces to be measured).

3.5.3 Close the bead set until the interieaf distance is
reached. This value is equal to the bead diameter (usually
9.5 mm) plus metal thickness.

354 Lock the ram.

3.5.5 Pull the strip through the draw bead simulator.
Normal speed is 50 to 100 mm/s.

3.5.6 Repeat for the remaining 2 samples.
3.6 Calculating the Coefficient of Friction (Appendix A)

3.6.1 Obtain the pull load and normal load for each
specimen.
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3.6.2 Obtain average values for the 3 specimens from both
roller beads and fixed beads.

3.6.3 Calculate the coefficient of friction (see Appendix A).

4 GENERAL INFORMATION. This is a newly issued
standard, approved by the Paint Committee.

APPENDIX
CALCULATION OF COEFFICIENT OF FRICTION

The coefficient of friction generally is calculated from the
formula:

pull force

normal force

Measurements are traditionally made from a strip of metal
pulled through two flat platens or blocks. A normal force is
applied to the platens and the resulting force to pull the strip
is measured.

Pulling the strip through the Draw Bead Simulator (DBS) is
more complex. The pulling force now is the sum of two
components — one is the frictional force, while the other is the
force required to bend and unbend the strip around the draw
bead. In order to subtract out the force required to bend and
unbend the strip around the beads, this bending action must
be duplicated in a separate test with frictionless beads. This is
accomplished by substituting rollers for the fixed beads.

The formula for calculating the coefficient of friction from the
DBS now becomes:

_ {(Deformation + Friction) - (Deformation)

u
pi x Normal Force

_P fixed - P rolle
pi xN fixed

Where P is the pulling force and N is the normal force. The pi
in the denominator compensates for bead geometry. Addi-
tional test details can be found in the two articles referenced
here:

1. H. D. Nine, Drawbead Forces in Sheet Metal
Forming in Mechanics of Sheet Metal Forming,
Behavior, and Deformation Analysis, D.P. Koistinen
and N.M. Wang-ed., Plenum Press, New York, NY,
1978 pp. 179-211.

2. H. D. Nine, Testing Lubricants for Sheet Metal
Forming in Novel Techniques in Metal Deformation
Testing, R.H. Wagoner-ed., The Metallurgical
Society of AIME, Warrendale, PA, 1983, pp. 31-46.
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