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EVALUATION OF FRICTION COEFFICIENT
OF AN AUTO-BODY STEEL SHEET

In this paper the results of strip drawing testseal to determine the friction co-
efficient in sheet metal forming operations arespreged. The tests were con-
ducted using a specially designed tribological $atar. The deep drawing qual-
ity steel sheet used in the automotive industry teated. The relationship that
shows the effect of sheet normal load, tool surfacghness, lubrication condi-
tions and sample orientation according the rollitigction of the sheet on the
value of friction coefficient are presented anccdssed. The Scanning Electron
Microscope (SEM) micrographs of sheet surfaces dfie friction test allowed
us to identify the mechanisms that occur at theamirof two bodies with rough
surfaces. The results of the tests indicate thatréfationship between friction
force and normal force is nonlinear. Thus, the ealfithe friction coefficient is
changed with the change of the load value.

Keywords: coefficient of friction, friction, strip-drawingest, surface roughness

1. Introduction

Sheet metal forming is one of the most popular wagtof preparing fin-
ished products in the automotive industry. Thegmtite coating is sometimes
applied as the last stage of the operation andire=jan appropriate surface
roughness of a drawpiece. Friction forces have@ifstant influence on the
distribution and the value of strains and thusdbality of the product. The
most important factors that determine obtaininggh lquality product is the
size of the thinning walls. Non-heterogeneity c# tirawpiece deformation is
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mainly conditioned by the presence of friction &Bcat the interface of the
deformed material and tools.

The processes taking place in the contact zonafteeted by many fac-
tors, including by the size of normal pressure,amat and surface topogra-
phy, sheets, tools and lubricant, among others.fatters that depend on the
forming process include the value of normal pressamd speed of defor-
mation. The correct selection of the values of psscparameters determines
obtaining a product of desired dimensional and shaulity. The role and
effects of the occurrence of frictional resistaace difficult to define. The un-
favourable effects of the presence of frictionaliseance include, among oth-
ers [1-3]: non-heterogeneity of drawpiece defororgtan increase of the pres-
sure exerted by the punch causing a danger of aeakrrence, as well as the
worsening of the surface quality of a drawpiecendigial effects of the fric-
tional resistance on the forming process may irelindtion existing between
the sheet metal and the punch because it incréas@grmissible value for the
maximum force in deep-drawing. Disadvantageous @memon of friction
can be counteracted through the use of approgtiateeants and an increase
in the hardness of tools.

The main factors influencing the tribological pherena in plastic work-
ing processes include macro- and microgeometryofacts, the kinematics of
the tool, physical and chemical phenomena at theacb surface and the tem-
perature [1, 4, 5]. Physical and chemical phenonwearring in the contact
zone depend, among others things, on the materialse frictional pair and
the chemical affinity of the materials in contaburing the sheet metal for-
mation frictional connections are created usingaffietdyes that are destroyed
during the friction process [6, 7]. The value o thictional resistance essen-
tially depends on the shear strength of frictioc@hnections. The effects of
contact pressure and sliding velocity under mixdatitation based on a fric-
tion testing of steel sheet was investigated bydianal. [8]. A proposed new
nonlinear friction coefficient model allows us tgatuate the change in the
friction coefficient during continuous sliding amutedictions of the friction
coefficient were extremely accurate in comparisoith whe conventional
methods.

In the processes of sheet metal forming using tigidls, macro- and mi-
crogeometry contact friction pairs have a significenpact on the amount of
frictional resistance. Generally, the friction isedto the ploughing effect be-
tween asperities [9] and adhesion between contpasperities [10]. The three
dominating fattening mechanisms during sheet fognare: flattening due to
sliding, flattening due to normal load and flattemidue to normal loading.
Flattening increases the real area of contact)tiegun a higher value of fric-
tion coefficient [10]. Asperity flattening due t@mbined normal loading and
deformation of the underlying bulk material is désed in a flattening model
proposed by Wasteneng [11]. Surface changes dasgerity deformations
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influence the load-carrying capacity of the lubntfL2]. Ma et al. [13] calcu-
lated the asperity flattening in metal forming afwed that the area of con-
tact ratio increased as a function of normal pmessturthermore the relative
sliding between a tool and a sheet can increasardzeof the contact ratio. As
the lubricant viscosity becomes lower, the frictaefficient is higher [14].

Methods such as strip drawing testing [15], draacb&esting [16], bend-
ing under tension testing [17], strip reductiontites [18] and testing using
slider-on-sheet tribometer [19] are widely usedestimate the frictional re-
sistance and wear behaviour between rough surfdeeza and Fulép [20]
classified friction tests for sheet metal formirgyafunction of the main per-
formed operations: stretch drawing, stretch formamgl deep drawing. The
stretch-drawing type tests are widely used to igate the effect of several
material and technological parameters on frictioaaistances [21, 22]. Signif-
icant advances regarding friction behaviours irstidaforming were summa-
rised by Wang et al. [23, 24] from four aspectsnely, friction testing, char-
acterising, modelling and controlling.

The strip drawing test is one of the simplest tolgaal tests to determine
the friction coefficient in sheet metal forming.iStpaper presents the results
of the strip drawing test aim to determine thetiic coefficient of deep draw-
ing quality steel sheet used in the automotive strgu Several relationships
that illustrate the effect of sheet metal surfameghness, lubrication condi-
tions and sheet orientation on the value of thaiém coefficient are presented
and discussed.

2. Material and method

The friction tests were conducted by strip drawtests in which the flat
sample was placed between two fixed cylindricalsralith equal radii (Fig.
1). The test was carried out in such a way thatia ef the sheet was clamped
with specified force between two cylindrical rotilequal radii of 20 mm. The
values of both forces, the normal fof€e and the pulling forc&p, were con-
stantly recorded using electric resistance straingg technique, 8-channel
universal amplifier of HBM's QuantumX data acqudsitsystem and comput-
er PC. The specimens for the friction tests werdeva deep-drawing quality
1 mm thick 09J steel sheet used in the automotiglastry. According to the
standard PN-EN 10130+A1:1999 the tested steel stidetdrawing category
SB is intended for hard to form drawpieces with ptar shapes. The samples
were prepared as a strip with a width of 20 mm atehgth of about 200 mm,
cut along the rolling direction of the sheet. Thésrwere made of cold work-
ing tool steel. The tests were performed undefdhewing conditions:

— surface roughness of rolls was measured along éhergting line of rolls:

0.63 and 1.25 um

— clamping force: 0.6, 1.05, 1.45 and 1.85 kN,
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— lubrication conditions: dry friction and lubricatiaising machine oil LAN-
46.
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Fig. 1.Scheme of measuring device: 1 — frame; 2 — workallg; 3 — load
cells; 4 — specimen; 5 — blocked pin; 6 — gripesting machine; 7, 8 — ten-
sion members; 9 — set bolt.

During the recording of the pulling and clampingcies, the sheet was
drawn for a distance of about 10 mm. Next, the plag force value was in-
creased simultaneously during the tests.

The mean value of the friction coefficiemt, was determined according
to the equation (1) for the stabilised range ofigalofFr andFn. The coeffi-
cient of friction is evaluated separately for aléls of variation of clamping
force (f in figure 2). For these ranges we receiabdut 120-160 values of the
coefficient of friction (rangey in figure 2). So it was assumed that such num-
ber of the values of the coefficient of frictiongsfficient to evaluate the av-
erage coefficient of friction representative foabsed lubrication conditions.

p=—"— (1)

where:Fp — pulling force Fn — clamping force.

To realise dry conditions both rolls and sheet specs were degreased
using acetone.
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Fig. 2. Exemplary plot of variation of values o&uriping force k and pulling
force Fr versus specimen displacement

To study the effect of sample strain on the chasfgbe surface topogra-
phy and friction coefficient the samples were ginggned using the uniaxial
tensile test to receive different strain valuesalthmic straing;: 0.095, 0.14
and 0.182.

To determine the mechanical properties (TablehE)ténsile test was car-
ried out in the universal testing machine. Surfemeghness 3D parameters of
the sheets (Table 2) were measured by using Téidbson Surtronic 3+ in-
strument. It was assumed that one measurementrissentative to character-
ize the sheet surface roughnélable 1 presents the mechanical properties and
selected spatial parameters of the sheets.

Table 1. Basic mechanical parameters of tested sheet

Yield stresg Ultimate strength | Strain h_a_rdenmgt; Strain
Sample Reo2 Re Elongation coefficient hardening
orientation M|5a MPa Aso C exponent
MPa n
0° 162 310 0.42 554 0.21
90° 163 312 0.41 530 0.21

Table 2. Selected roughness parameters of tes¢éed sh

Measurement orientation

according to sheet rolling
direction Ra,um| Rg,um | Rt,um | Rp,um Rsk |Rz,um

0° 14 1.68 9.6 5.8 0.36 9.4

90° 1.74 1.92 10.1 6.2 0.14 8.7

Surface roughness parameters
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3. Results and discussion

The change of the contact surface is accompanieddmntinuous change
in the geometry of the contact. The values of arétical mean deviation of
the surface roughness profile Ra (Fig. 3a) and mami height of the rough-
ness profile Rz (Fig. 3b) increase with the sangukestrain value. For both
measurement orientations, according to the shégtgdirection, this tenden-
cy is similar. The sample pre-strain causes nof té change of the surface
topography but also, by strain hardening phenomemanges the mechanical
parameters of the surface asperities. An incredsmagimum height of the
roughness profile does not increase the frictiomaistances. The strain-
hardened asperities are less susceptible to ttierflag process, which causes
the intensification of surface mechanical wear.
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Fig. 3. Effect of sample pre-strain value on véoiabf the roughness parameters Ra (a)
and Rz (b)

The width of the sample changes with an increaskeofample pre-strain
value. However, according to the Coulomb modelrigtibn the value of the
friction coefficient does not depend on the contaei. It allows one to com-
pare the values of the friction coefficients detieed for different sample pre-
strains. The value of the friction coefficient desses as the clamping force
increases for both dry (Fig. 4) and lubricated ¢iboras (Fig. 5). It can be con-
cluded that the relationship between the normalef@nd friction force is non-
linear. In consequence the coefficient of frictivalue changes with the
change of load. This relationship is also obsematther recent studies [2].

In general, at low values of load the coefficiehtlze friction value in-
creases with the load and after reaching a ceviaune of load the value of
friction coefficient rapidly decreases in the cafenetals with a small capaci-
ty for strain-hardening. In the case of metals veithigh capacity for strain
hardening, the friction coefficient value is almosenstant [3].
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Fig. 4. Relation of friction coefficient value vessnormal force
Fn determined by using rolls with surface roughness=Ra63
um in dry friction condition
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Fig. 5. Relation of friction coefficient value vessnormal force
Fn determined by using rolls with surface roughness=Ra63
um in lubricated condition

The increasing of a samples’ pre-strain value caasancrease in the co-
efficient of the friction value. However, charactdrthis relationship depends
on the friction conditions. In both friction conidits the fast decrease of the
friction coefficient is observed in the case of mal loads less than about
1 kN. After exceeding this value of normal load th&ensity of decreasing
friction coefficient is smaller. Roughening of aspes, observed during test-
ing the sheets at normal load value exceeding ltéiN]s to decrease the real
area of contact resulting in a lower coefficientfloftion. The samples pre-
strained to 15 and 20% exhibit the highest andlamaoefficient of friction
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values but only in the case of dry friction. Theadindifference in the value of

the coefficient of friction determined for both dayd lubricated conditions,

especially in the case of small values of normatdocan be a result of
a dominant influence both of flattening and plounghimechanisms on the val-
ue of the coefficient of friction. The surface rbungss valleys are too small to
supply effectively lubricant to asperity contactar

The evaluation of the average normal foﬁﬁgv) for all tests performed
at similar value of normal load allows us to makgeaeralised qualitative as-
sessment of the effect of normal load on the cdiefit of the friction value.
An increase of normal load value causes a deciatbe coefficient of fric-
tion value (Fig. 6). For all used levels of norfwdd, the sample pre-strain at
10% increases the friction coefficient value in pamson to the test of origi-
nal sheet surface. Further increase of samplet@i€auses a decrease of the
friction coefficient value. This relation depends the ratio of frictional re-
sistances at boundary lubrication regime and fiaigemechanism.
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Fig. 6. Relation of friction coefficient value vessgample pre-strain
determined by using rolls with surface roughness=RB25 um in
lubricated condition

In the case of the highest pre-strain value (208é) lubrication of the
contact surface causes the coefficient of frictimibe smaller than in the case
of pre-strains 10 and 15%. This can be explainedhkyfact that roughness
valleys act as oil reservoirs (Fig. 7b). The pmofiieight of samples pre-
strained at 10 and 15% is not able to supply thiatse oil volume and the
mechanism of surface roughness flattening (Figdda)inates. The phenome-
non of flattening causes an increase in the regtbob area. The increase in the
real contact area occurs gradually from the injiiek surface roughness con-
tact to full contact after balancing normal forcelahe force required to de-
form roughness [2].
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In the boundary lubrication regime, friction is migi described by adhe-
sion and ploughing between contacting asperitié® iftensification of the
ploughing mechanism is observed mainly in the cdghy friction conditions
(Fig. 7c) rather than in lubricated conditions (Fid).

plastic deformation of
asperity edge

crographs of tested sheets: oil reservoirs (bitefied asperities (c), ploughed surface observed
in dry (d) and lubricated surfaces (e), and plad#iformation of the asperities edge
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4. Summary and conclusions

Initially during sheet metal forming there is Ktreal contact area. The
surfaces adhere to each other only at the aspentieich are then deformed
plastically until the contact surface becomes sigfit to transfer the load un-
der the action of pressure. One of the main meshanduring sheet forming
is flattening and elastic-plastic deformation offaae asperities. It causes an
increase of the real area of contact, which leadant increase of the shear
stress during the movement of the contacted swfddenducted investigations
of frictional resistance of auto-body steel shakdsv us to conclude that:

- the values of arithmetical mean deviation of thdage roughness profile
and maximum height of the roughness profile inceagh the sample
pre-strain value,

- the dominant contact mechanism in the case ofraiydn is asperity flat-
tening,

- the value of the friction coefficient decreasestlas clamping force in-
creases for both dry and lubricated conditions,

- the relation between the normal force and frictange is nonlinear.
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WYZNACZANIE WSPOLCZYNNNIKA TARCIA STALOWEJ BLACHY
KAROSERYJNEJ

Streszczenie

W artykule przedstawiono wyniki testow przggainia pasa blachy mgjych na celu okre-
$lenie wartdci wspotczynnika tarcia w procesach ksztattowaréth Badania przeprowadzo-
no za pomog specjalnie zaprojektowanego symulatora tribolagggo. Badaniom poddano
blacte stalowy glebokottoczra wykorzystywam w przemyle motoryzacyjnym. Przedstawiono
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i oméwiono zalenosci pomkdzy si nacisku, chropowasoia powierzchni nargdzia, warun-
kami tarcia oraz orientacjprobki wzgkdem kierunku walcowania a waétia wspoétczynnika
tarcia. Zdgcia SEM (Scanning Electron Microscopy) powierzchigich po procesie tarcia po-
zwolity na rozpoznanie mechanizméw tarcia wpsiacych podczas kontaktu dwoch ciat
o powierzchni chropowatej. Wyniki batlavskazaty,ze zalenos¢ pomidzy sih tarcia i sibh
normalry jest nieliniowa, dlatego waré wspotczynnika tarcia zmieniagsivraz ze zmiasm
wartasci obcizenia.

Stowa kluczowe:wspoétczynnik tarcia, tarcie, test przggania pasa blachy, chropowsigo-
wierzchni
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