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EXPERIMENTAL EVALUATION OF VALUE OF
FRICTION COEFFICIENT IN THE DRAWBEAD
REGION

Drawbeads are supposed to change the stress fshieets in specific areas of the
sheet material, or compensate for material flothatperiphery of the drawpiece,
especially when forming complex shaped thin-wafiestiucts. The article presents
the results of frictional resistance testing of @02 steel sheet using a drawbead
simulator test. Experimental investigations wengied out using a special device
that allows a change in the degree of deformatfathe sheet metal on the draw-
bead. Specimens were tested for: (i) three degresiseet deformation; (i) three
countersamples’ surface roughness; and (iii) thregcation conditions: dry fric-
tion, machine oil lubrication and paint lubricatidrhe test specimens were cut out
along, and transversely to, the direction of rgllof the sheet metal. The basic re-
lations between technological parameters of frictiest and coefficient of friction
were determined.

Keywords: coefficient of friction, drawbead, drawbead simaiafriction

1. Introduction

The value of the frictional resistance occurringhe sheet metal forming
processes depends on several parameters; i.e.etlanical properties of the
material, the lubrication conditions, the topogmajoth of sheet and the tools
and the forming process parameters (temperatwe dgnamics, etc.) [1, 2]. The
friction tests simulating friction and lubricati@onditions in sheet metal forming
can be divided into tests which simulate proceasedests which simulate tribo-
logical conditions [3]. These tests simulate footconditions in the specific con-
tact areas between the sheet and tools. Tribottdyg and tribological conditions
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are divided into methods with indirect or directaserement of frictional re-
sistance values. Both mentioned groups of testbeativided into tests with the
direct or indirect measurement of friction coeficf values. In indirect measuring
tests, the coefficient of friction is determinedséd on the measurement of other
physical quantities, such as friction and normatés. The coefficient of friction
is calculated based on the assumed friction mé&odgderimental tests of the fric-
tion coefficient value only allow the determinatioh friction resistance in se-
lected areas of the drawpiece, which leads to¢lee to use multiple friction tests
[4-6].

The friction test modelling the frictional phenoraeon the drawbead has
been developed by Nine [7]. The drawbeads areindbé sheet forming of com-
plex-shape drawpieces to compensate for the mifiemaresistance around the
circumference of a drawpiece, or to change thesstate at specific locations on
the drawpiece. In some cases, the required blad&hfidrce may exceed the press
capacity [8]. Therefore, in the forming of asymnetirawpieces, such as large
autobody panels, where the restraining force redqui slow down the metal flow
is very high, the use of drawbeads is necessa§][d,he curvature of the sheet
when passing through the drawbead changes seiwpesl the sheet is, in turn,
bent and unbent. When passing the sheet througlirélmébead, the deformation
resistance and the frictional resistances betwsedriawbead and the sheet must
be overcome. The idea of Nine’s simulator conskouacis to separate the defor-
mation resistance of the sheet from the frictioralstances. The change in fric-
tion conditions in the drawbead simulator is olddiby changing the angle of the
roll wrapping [10, 11], the lubrication conditiofed, 12], the shape and dimen-
sions of the drawbead model [13] and the drawireged§12, 13].

This paper presents the results of frictional tasse investigations of
a DCO04 steel sheet. Experiments were carried dng s drawbead simulator.
The sheets were tested for three degrees of ské&aihdhtion, three rolls with
different roughness, and three lubrication condgio

2. Material and method

DCO04 steel sheets with a thickness of 0.8 mm weeel as the test materials.
Tensile tests in a Zwick Roell Z030 universal tagtimachine were carried out
to determine the mechanical properties of the sh@é&e mechanical properties
(Tab. 1) determined in these tests were yield StRgs,, ultimate strength B
elongation A, anisotropy coefficient r, strain-haméhg coefficient C and strain-
hardening exponent n. The measurement of surfagghress parameters was
carried out using a Talysurf CCI Lite 3D instrumenhbe selected standard 3D
parameters (Tab. 2) determined by this measurewemnat roughness average Sa,
root mean square roughness parameter Sq, maximutegh Sv, highest peak
of the surface Sp, surface skewness Ssk, maximofiepheight Sz, root mean
square gradient Sdq, and the developed interfacéal ratio Sdr.
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Table 1. Selected mechanical properties of tested4steel sheet
Sample o
orientation Rpo,2, MPa Rn, MPa A, % C, MPa n
0° 185.4 303.9 23.0 490.4 0.205
45° 193.7 314.9 22.1 489.9 0.164
90° 176.1 296.0 22.8 465.7 0.169
Table 2. Basic surface roughness parameters ofitEst@4 steel sheet
Sa,um Sqg,um Sp,um Sv,um Sz,um Ssk Sdq Sdr
1.178 1.467 8.628 9.273 17.902 -0.128 2.970 0.265

To determine frictional resistances, friction teseye carried out using the
drawbead simulator (Fig. 1). The design of the &itau allows changes in the
frictional resistances of the sheet by changingitigde of wrapping of the middle
roll (see 2, Fig. 1). The frame (5) of the frictisimulator was attached to the
lower grip of the Zwick Roell Z030 tensile testimgachine, and the tension
member (6) was attached to the upper grip of tgstinchine. During the tests,
using two tension gauges (7 and 8), the pullingd@nd the clamping force were
registered by the computer program. One specimenpuied between freely
rotated cylindrical rolls, and then the measurellimforce and the clamping
force gave the bending and unbending resistanteedheet under ‘frictionless’
conditions, respectively [14]. The sheet was disgdiabetween the rotating rolls
so that the friction between the sheet and rolls mvenimized whereas the second
specimen was pulled between the fixed rolls [2] Thefficient of friction value
was calculated according to the expression:

_ F¢—F¢ sin®
TR 20

(1)

whereF¢ is the pulling force obtained with the fixed rolig. is the pulling force
obtained with the freely rotating rollBf is the normal force or clamping force
obtained with the fixed beads, afidis the quarter contact angle of actual
engagement of the strip over the bead (Fig. 2).

Various tribological conditions were obtained usintis with different sur-
face roughness values (Ra = 0.32, 0.64 andn®5measured along the gener-
ating line of the rolls. Prior to each friction tethe surface of the rolls was
checked and the surface was cleaned with acetorartove potential products
of the abrasive wear of DC04 surface roughnesshiaaoil L-AN 46 with 44
mm2s! viscosity at 40°C was used for lubricated condgioAs a second lubri-
cant, methacrylic resin was used combined withritdded hydrocarbons.
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Fig. 1. Measurement system used for
friction testing; 1 — front roll, 2 — mid-
dle roll, 3 — back roll, 4 — supporting
roll, 5 — frame, 6 — tension member,
7 and 8 — extensometers, 9 — hand-
wheel

Fig. 2. Model of drawbead

3. Results and discussion

After starting the friction test the load forcemlues were characterized by
high oscillations (Fig. 3a). The coefficient ofciibn for a given test was deter-
mined as the mean value of its course during talsted friction process (Fig.
3b). In the analyses, the initial transient scopine load forces was rejected. In
the case of dry friction and oil lubrication fosample width of 7 mm, the friction
coefficient value decreased with an increase imtltelle roll displacement (Fig.
4a), whereas for the threefold sample the inveskgionship was noticed (Fig.
4b). For a sample width of 14 mm, the recordedifriccoefficient values were
the most similar across the whole range of midalledisplacement.
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Fig. 3. Variation of load forces: (&, F¢, F3, and (b) friction coeffi-
cient values under following conditions: Ra of rdll@5um, dry fric-
tion, sample orientation at 0°

The change in the friction coefficient in a drawtbdest is related to the
change in the forced parameters of strip pullingjiiactions which do not overlap
the direction of the strip pulling. Changing thepstvidth determined the charac-
ter of strip deformation on the width and deterrdiriee change in the actual
contact surface. The increase in the middle ralbldicement increased the effect
of the non-linear strain hardening and the yietdsst of the sheet material. The
resistance of sheet pulling in the drawbead ine@&sth strain hardening. Thus,
the relation between forces used to evaluate tiodofn coefficient (Eq. (1))
varied.

The effectiveness of reducing the friction coeéit value depends on the
lubrication conditions and the displacement ofrthiddle roll. The highest effi-
ciency of the applied lubricant in reducing thetional resistance was observed
during the lubrication of the sheet with methaaygsin. For the samples cut in
the direction of sheet rolling, poorer efficienecydecreasing the friction coeffi-
cient value by the two analysed lubricants is aakde
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Fig. 4. Friction coefficient value vs. displacemeadftmiddle roll
with roughness Ra = 1.28n for strip widths: (a) 7 and (b) 20 mm

In the range of applied displacements of the midalleincreasing the value
of this parameter made it possible to stabilizeftlotion coefficient values for
different sample widths (Fig. 5a, b). With the ease in the roughness of the
middle roll, a tendency to increase the frictiorefficient was observed in the
range of middle roll displacement of 6-12 mm (Y. However, for higher val-
ues of roll roughness, the increase in middledsiplacement did not affect the
coefficient of friction value significantly. Simitaresults were observed for the
other sample widths and lubrication conditions. Tiigtion coefficient values
determined for both sample orientations were ctoseach other (Fig. 7). In all
tested friction conditions, the friction coeffictedifference between the two
orientations did not exceed 0.008-0.012.
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Fig. 5. Effect of strip width on value of frictiocoefficient under
following conditions: Ra of rolls 0.32im, friction conditions:
(a) dry friction and (b) oil lubrication
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Fig. 6. Effect of roll roughness on value of frarii coefficient
under following conditions: oil lubrication, striwidth 20 mm,
strip orientation 0°
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Fig. 7. Effect of strip orientation on value ofction coeffi-
cient under following conditions: Ra of rolls 0.3, strip
width 20 mm, dry friction

4. Summary and conclusions

The effectiveness of reducing frictional resiswamturing pulling a sheet
at the drawbead depends not only on the used ariribut also on the displa-
cement of the middle roll. In the case of the grstatlisplacement of middle roll
(ho = 18 mm), the smallest differences were obsermndtie friction coefficient
values determined for the different strip widths.

The coefficient of friction determined using thendbead simulator cannot
be identified as the Amontons-Coulomb coefficibatzause the direction of pull-
ing force action does not overlap the curvaturdhefdrawbead. Furthermore, for
small values of displacemens bf the middle roll, and for various strip widths,
the shape of the friction contact surface is n@psesentation of the shape of the
cylindrical roll. Comparing determined values dtfion coefficient with the re-
sults of other friction tests, the kinematics @étfon process should be taken into
account.
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EKSPERYMENTALNE WYZNACZANIE WARTO SCl
WSPOLCZYNNNIKA TARCIA W OBSZARZE PROGU ClI AGOWEGO

Streszczenie

Zadaniem progéw ggowych jest zmiana stanu napenia materiatu w okéonych obsza-
rach blachy lub wyréwnanie phgtia materiatu na obwodzie wyttoczki, szczegdlnielgaas
ksztattowania wyttoczek o ztonym ksztatcie. W artykule przedstawiono wyniki bagdporow
tarcia blachy stalowej DC04. Badania eksperymentaiealizowano za pomaspecjalnego przy-
rzadu umaliwiajacego zmian stopnia odksztatcenia blachy na progigoivym. Blachy testowano
dla trzech stopni odksztatcenia, trzech chropo$eatolek oraz trzech warunkéw smarowania: tar-
cie suche, smarowanie olejem maszynowym oraz snaamiewywica metakrylowg. Prébki do ba-
dah wycieto wzdtwznie i poprzecznie wzgtlem kierunku walcowania arkusza blachy. Wyznaczono
podstawowe zalmosci pomiedzy parametrami technologicznymi proby tarcia ateéarg wspot-
czynnika tarcia.

Stowa kluczowe:wspotczynnik tarcia, prég gjowy, symulator progu gjowego, tarcie
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