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£ s TubeRotie dikennly plants, Fee comtfng fepers are appled 0 the aoseaied

bady parel me-ovatrient, electioveat, pomer. hiecoal, amd cleareoat. T tactmelogies are
resed TH-plant to measare finish appecance. The seond of theoe seastres the "o peal”
radghriess of g surface, divided into fiee wavelmgth Drcremence W, WE W W ol We
wiich hawe yrcidarion weeleagihs ranging fovm OU1 o 30w The stifaie ngfmess by
than 0,1 micromelir {5 alio weasursd by the wateg-scen Destrmoment amd 15 wrmed dulless
fedied. this weredy Ioodned e the effent of dlearnod thickness on the sy structure szes,

Appraxtnaiely 80 cot-coated dlumitium panels were spaered e efthet rotical or fori-

zontal orfentation with a salfventborne cleannn wsing differant aptient Pasl dmes. Coating

dry thackngsses (Flminglds) warled from 20 to G0 micrometers.

Friady with eifferent Nush time and spray orienrarion tere analvaed separately,
Corvelations betien The nitgnitude of Mie warg-scat sructuee sizes gmed e fimbuifd were
cetli wlated. The Besquared values for du and We relariomsfips were less than third, Howeer,
strang rebthmiships benoeer Wa, W W and Wl ggainst i thickness were fomd. Har
WL SErC i sioes, the roushmess decteased i additional clemrooat wie added, Howeser, for
Wh and W rhw agilication of ddeitional clearcond elthar iherssed the vl of e
surfane, or furitdihed sy addirional bengfit.

INTRODUCTION

The paint finish of u vehicle plavs 2 major role in how custemets percetve
a velicle's qualily. Tor most, the ideal ook is miror-ike: highly glossy and
periectly smooth. Most vehicle marmfaciarers apply five coating layers; each
laver in the coaling process has a unigoe function, Beginning at the surface
of 1the vehicle body, the zine-coated steel is treated with phosphate. The paor-
pose of the phosplate layer is to dean and chemically treat the vehicle body.
The zine phosphate coating promotes adhesion of clectrocoar primer the

Presentad at the 2007 FulureCoat! Conference. zponsered by Federalion of Serieties for Coolirgs
lazlicology, Ocwber 3-5, 2007, in Toconta. Ont., Cauarda.
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sevond layer, to the steel and enhances cogresion pro-
rection. The electrocoat Laver, or e-coat lyez, alsa adds
in colrosion resistance of the steel body. 1he thind
layer, the ol body anud chip primer, 1 emploved o
improve resistance to chipgring. Above this layer lies Lhe
hasecoat laver, which iy added for color and provides
protection from [TV lighi, Finally the top Liver,
clearcoat, is applied 1o the velhidle to enhance durabil -
ity and shine.

There: are amy process vanables invelved in coating
@ wehicle, such as paind Nosy rate, atomization, applica-
tor-wo-targel distanee, delwidration, speay booth condi-
ions, and applicator ype. In-plant, the coating hiclaess
is usually controlled by paint Now rae and applicaier
speed, This invesligation examines the relationship be
tween clearceat film thickaess and appearsnce.

BACKGROUND

In general, coating appearance can be detined with
two characreristics: wavingss and brilliance. Tocusing
on the swrbace, one acquires information aboat the
wavinesy characteriatic, Specifically, information 13
alained about the size, depih, and shape of surface
struciares’ fommed through the deposition of paint
particles on the surface of the velicle, As the puricles
are spraved, they align themselves relative 1o cach
other in ginups or struclures, Fooasing on the reflected
image of an olyject allowws one o obtain inforeaion
abwmit the image fonming qualities, also called bril
liance or distinctiess of image (MO0 The Lines of
the image will either appear distinet or blumred. 17 the
oulline of the image appears distiney, a rellected light
source will lools britliant. However, it the oudine of
the Image is blurred, a reflected light source will look
diffused,

The wave-scan DOT Is an appearance-measuring in
stromen developed Ly BY K- Gardner {Ceretsried,
Cermnany ). Tt uses a laser point source o fluaminate the
surtace of 2 sumple at 2 607 angle. The instiment is
reflled alung the painted swrface and rakes o reading
every D08 mim for a towsl of 1250 measurement podints
oneer @ dhistanee of 10 cm. A deteclor measates the re-
{lected Lght intensity at an angle of 602, In his way,
the optical profile of the surface is detected.

Wathemalical filter fmctions are used o divide the
oprical privfile L five wawelemnth ranges or “strucrore
sizes”: Wa (0.1-0.3 mm), Wh [0.3-1.0 ), We
[L=3.0 mm), Wd [3.0-10.0 mm). and We (10.0-30.0
). Within each suuctove sice, the light inensiyy
profiles ave slandardived by assigning a walue ol 1000
10 the average. 'The abaclute values of the deviations of
cach individual reading 1o the slandard line are aver
aged to obtaln o “contrast” value, himately, the pro-
tile data is simaplified to a single contrast value for each
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strcture size, the conurast values for each of these ¢le-
ments fange trone 0 o 1K, with wero represeniing a
perfectly srmooth surface, In addition, the wave-sean
DO instoument is equipped with a reflecienneter,
which mvasures reflected light intensily and character-
izes hrilliance, A white-light emiting diode (LED) iHu-
minates the sudace of a sample at @ 20° angle, The 1e-
tleciion ix caplured by the lens of a charge-conpled
device (UMY chip, also posidoned at 20, The inten
silvy of the seattered light at the 2dges of the image of
the TELY in relation we he ntensity @t the center pro-
duces a valiye called dudlness, Cirowx? found that the
wave-scm DOTs measurements correlated well with
Licrman petcepiion,

Lex™ has presented some theores or oplimizing the
paint process, e showed that increasing clearcoat
Mo 16 to 50 nm decveases the Wi and Wil undnla-
tions, bul does nert affect the other wave-sean clements.
This vontasts with the “lsunami” thenry, based an the
phivsics of swface tension leveling, which states that it
is possible o level a wave with 1 wavelengih that is at
most 10 times the depih of the liquid under 12 Tor ex-
ample, a 30 pm (2.0 mil) thickness of cdearcoal can
level waves with a manirnum wavelength of 0.5 mum of
basecoat, Therefars, according w this theory, di, Wa,
and small Wh elements can e leveled by clearcoat, but
nen structres ¥We or higher Les® also suggesis reasons
why an appearance element may be wo high in a
prrexcess. For example, the wery Ane jextures which con-
tibute toalnliness may e caused by dry sprav which
resuls when there i an ewessive loss of solvent ot
the paint before it reaches Ws target, and it vanneo be
leveled during cure. He further states that wertically
sprayed and coved surfaces, which are Impacted (o a
areater ex1ent by graviiational forces, wid o have
higher We and Wd values than honzontal surfaces.
Kigle- Biwller proposes thal incressing clearcoal film
thicleness improves flerar and leveling characteristics and
ultirmately improves Wooand Wd values. “The peel or
longer waves (We—We) are a measure of the flow/level-
ing properies and can be influenced by the clear cont
film thiclaress, material properties, and process vari-
alyles”s

MATERTALS AND METHODS

The experimentation lor this sindy was completed at
tlte Chirsler Automorive Besearch and Development
Cenere (ARDACY, in Windsor, Oaario, Canada, One of
the comtponents of the AR 15 the 4500 1m0, 530 nil-
lion Aulomotive Coatings Research TFacdlivy [ACGRT).
The ACRE is solely dedicated o research that will re-
duce costs, Impreswre guality, and/or reduce the environ-
mental effects of coating Chivsler vehicles. It consists of
a powdercoating bootl, Wwpcoating line, and ouring
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Figure 1—Wave-scan spectiim of panels befare and after clearcoat,
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Figure 2—Dullness varability with filmbuild,
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oven thal can be utilized to apply any comhination of
primer, basecoat, and ciearcoal to fall-sive preueated,
e-coated vehicle bodies. The ACRT has bern used 1o test
coatings in full-size settings, reduce piant down-time
when lannching a new product or process, connpare the
perfarmance of coating materials fram different suppli-
ers, and Meld-try coalings application eguipment and
techiniques,

in this work, coll-coated flat aluminum panels were
sprayed nsing electrostatic bells (ITW-Ransbnrg
Acrobell Copes) mounted on linear-metion Alstom
Muodel OH-001 and S8-001 aciuators, PPG DO 5355
clearcoat (aavlic add/epoxy) was used at conveyar
speeds ranging besween 212 and 6,13 mfmin (7 and
20 tpma} ter achieve differemt Olm hicknesses. The
mraned rack was contlzured with thice horfzontal or
three vertical panels, In each set of three, one 102 cm
# 3404 am bare steel panel was coated and cured o
measure the dry ilm hickaess {(lmbuild); one 10,2
ot % 152w coll coawed panel wis allowed 1o Hlash
for 2 wrin at ambient temperaiore; and the other 162
om x 15,2 om coil-coaled panel was allowed to Nash
for 12 min at ambient wmperature. The envitonmental
set points and equipment specifications werer hooth
lemperatureiTelative humidity = 80 F/50%: fowrate
{V/H] = 225/245 mUjmin; shaping air (V/11) = 220/
235 mlfmin voltage = 90 1 and Lell speed = 40,000
. Two pagses wele reguired with o targer distance
ef 23.4 em (10 in.), In 1otal, 41 runs were perfortmed
at different line speeds, spraying vertical or harizonial
panels in each run, Panels were then cured at 29141
for 25 min in a rack that holds the panels at 307 o
the hewizontal,

Aler curing, all 10.2 cm = 15.2 cm panwls were
scanned five fmes for sndface waviness in the same di-
rection using the wave-scan DO, and the tesulis aver
aged. The [ilmbaild reporud here relers wo the average
ol the weasurements made with a model 335
Fleometer at six points along the tilinbuild panel,

RESULTS AND DISCUSSION

Fignre | shows that the clearcoal clearky improves
the dullness of the coil-coated panels. Tor the Wa and
Wl appearance elements, the dearcoal both improved
and worsened the surface roughness. Tn the long wne
range [We, Wd, and We), the clearcoat generally rre-
ated a rougher surface, This tigure also shows that the
coil-cauted panels, although not Mat, are consistent in
their charscteristics, providing a apod base for these
EXperlinems.

The 2 min Mash and 1the 12 min flush Glm hickness
and appearance element data were tesled {or statistical
differences using a paired Ctesl Tt was determined that
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Figure 4 —Wb varfability wilh filmbuild.
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w2 min and 12 min Rash time data most be ana-
[vzed separately since average values of Wa and Wi
were significantly different at the o = 0.03 level, Next,
the paired t-test was used o determine i1 there were sta-
tistical differences in appearanee elements and {ibin
ihickiesy between horizonial and vertical panels for
each of the flash time datasews. Tn ot cases, it was
tounil that \he horizontal and vertical Alm hicknesses
weTe slatistically different for corresponding line speeds
anel flash times.

Mots of wave-scan appearance elements versus [Tm-
build are shewn in Figures 2 to 7, wilh each plot having
[onmr dala series: horleontal panels with 2 min Mash,
vertical panels with 2 min flash, hodizontl panels with
12 min Aash, and vertical panels with 12 min flash. n
each case, third order polynamial frend fines were used
to {il the data, and the Hsguared walue for the 1L s in-

dicated om the graphs. The R-squared wvalues [or three of

tour du and all We relationships were less than 0.64,
the critetia used 1o deterinine whether there was a
strong relationship.” However, stong relationships be-
tween Wa, Wh, Wi, and Wd versus film thickness were
found. For these daa sets, generalizations regarding the
effect of Mlmbuild can be made. bor vertical panels,
there appear to be minima in the ¥Wa and Wh plots, in-

Wiy, coatingstecit. ong
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Figare 6—Wil vadability with filmbild.
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chicating that theve is a optimal clearcoat filmlamild, af
ter which further additon of clearcoat does not 7m-
prove smoothness. The Tuct that these optiina occur
only tn vertienlly sprayed and Hashed pamels leads one
e conclode tha this increase o roughness is probably
an example of “rimosagging,” wherein the coating sags
due to gravity. Tor Wa, this minimum ocoars around 33
o (1.3 mil) and tor Wh the mininmm is around 36
v { 1.4 mil}. Tor hodzental panels, the Wa and wd
continue Lo decrease as filmlarild increases, as is toee
for Wil o vertically sprayed panels. These parameters
der not have an optimum. For herizantally spraved pan-
els, the Wi does not decrease at a clearcoat thickness
grealer than 41 ywm (1.6 mil). Although there 1s not a
physical optimum inthis cese, there is an economic op-
timuom since increasing the clearcoar uses mole mate-
ral, but does oot resalt in a smoother finish, Likewise,
the W parameter has economic optima of 38 ym (1.5
mii} for vertically sprayed panels and 43 pm (1.7 miil)
tor horizontal panels. These opiima hiwe been swinma-
rized iR labde T

In addiddon, it can be seen from the figures that a
longer Mash tme resalts in 2 simoother findsh in werms
of du, Wa, and Wh in vertically spraved panels, but not
horizomtal. This swould seem w contradict the earlier
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finding that flasking in the verdcal posidon leads 1o
s, hence more flash time should lead to more
sageing and higher conurst nombers.

Lorleontally sprayed panels generally have a
smoother finish, especially at higher filmbuilds, be-
cise of leveling immediately after spraying, This level-
tng is signilicant at all lmbuilds for We and Wd,
which agrees with Lex.” but conuadicts the "tsunarmi”
theory, which predices that We undulations would not
be leveled out by i wet Nilm thickness lesy than 1060 jum
{4 mil].

CONCLUSION

Lhere is a beliel in paint shops that aihicker
clearcoat can be used to hide surtace undulations in the
lrasecoat. This is generally not e sinee it owas fownd
that lor surface unduladonsg of 0.3 w 3.0 mm (Wb and
W), increased clearcoat filmbuild does not improve
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thie surlace smoolhness, and oy even resull in lirger
undulations or simply a waste ol macerial B
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