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Abgract

Surface replication has been widely used in aemasEutomotive and other industries as a non-dsisteu
method for examination and assessment of eithécg difficult to be accessed by measurement twols
parts difficult to be dismantled for measuremerite Tidelity and accuracy of the replication is aidhe
major concerns in actual applications. This papesgnts a comprehensive study of accuracy of eeplic
materials for replicating and measuring surfaceghmess of engineering surfaces. In this study,ethre
different replica materials, namely, Repliset, Tremlit and Press-O-Film, have been used to replivate
ground surfaces with average roughness valuesngrigim 0.2 um to 1.6um. The original surfaces and
their replicas were measured with tactile stylusfifometer and Alicona InfiniteFocus 3D optical
microscope. Surface average roughness was caltudatt compared between the original surfaces and
their replicas. A discussion and suggestion oredtfit replication techniques and materials useiiface
roughness measurement are given.
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1. Introduction

Surface finish measurement is essential for compuisnguring manufacturing since the
surface finish quality is known to affect the fuootlity of many components. Adequate
characterization of surface texture is crucialhe optimization and control of functional
surfaces [1]. In some cases, measurement instrgnoamnot access some surfaces to
evaluate them directly. In other instances, the fmabe measured is too heavy or too
large or cannot be dismantled to be brought to asomement instrument. Quantifying
surface finish of such surfaces becomes a challenge

Surface replication is one of the solutions forface topography and finish measurement
for difficult-to-access areas and unable-to-disheaptirts [2-4]. Replication is used to
copy the surfaces and the replicas are broughtetonteasuring device for measurement.
The accuracy of the replication, including replicatmaterials and replication methods,
is critical in actual applications. Different regdtion materials and methods have
different replication performance. In-depth studytbe accuracy of various replication
materials and methods for replicating surfaces wifferent surface texture for surface
finish measurement through laboratory investigatierrequired. In this paper, three
replication materials, which come from three categgo(silicone-based materials, epoxy
resins and pressure sensitive films), have beesctsel to replicate four engineering
ground surfaces with average roughness valuesngrfgpm 0.2 um to 1.6 um. Their
replication processes have been investigated aed téplication accuracy has been
evaluated through experiment.

2. Experimental details



2.1 Machined surfacesto be replicated

Four typical engineering surfaces have been chtmgethis study. All four surfaces are
ground and the surfaces vary from smooth to rotigkir surface roughness values range
from 0.2 um to 1.6 um in Ra, making them suitalde the fidelity evaluation of
replication for different finished surfaces. Figdrehows the sample to be replicated and
Figure 2 illustrates the micrographs of the fost surfaces. It can be noted that the four
surfaces have different surface height variatiosh surface finish, the test surface 1 is the
smoothest and the test surface 4 is the roughest.

Four areas to
be replicate

Figure 1: The sample to be replicated.

(a) Test surface (b) Test surface
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(c) Test surface (d) Test surface
Figure 2: Micrographs of four test surfaces.
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2.2 Replicating materials and their replication processes

The replication materials used in this study inellRlepliSet replica, Technovit replica
and Press-O-Film replica. RepliSet replica is a-paa silicone rubber which is soft and
flexible. Technovit replica is an epoxy resin whigh hard. Press-O-Film replica is
pressure sensitive film which is soft and thin Ipa&per. Prior to replication, the sample
was cleaned with alcohol and blown with, [§as to ensure that the surface was free of
foreign particles and contaminant.

In the replication using RepliSet replica, the tpart materials (polymer and curing
agent) in a cartridge were pushed out by a dispgngun, mixed in a static-mixing
nozzle and applied onto the surface to be reptlicdtke mixture of the replica was in
cream form. A glass slide stuck with a backing papas placed on top of the mixture
and a small force was applied to make the replataThe mixture set for 5 minutes and
then the replica was removed from the replicatethsa by hand. The replica was taped
flat on the glasslide and ready fanicroscopic measurement.

When using Technovit replica, a containment wabuad the area to be replicated was
created using blu-tack and ice-cream sticks. A thyer of silicone release agent was
applied onto the surface to aid in the removalegflica from sample after replication.
The replica liquid and powder were mixed in a ratfaabout 3:1 and poured onto the
demarcated area. The mixture set for 15 minutestlaenl was carefully removed from
the surface for measurement. The replication waslucted in a fume hood with proper
equipment such as gloves and facemasks as somegentp, for instance, release agent
and monomer liquid, are flammable, harmful if irddhand mild irritant to skin and eyes.

Replication with Press-O-Film is simple and eayess-O-Film replica is made of a
layer of compressible micro-foam that is coatedooah incompressible polyester
substrate. In this studyhe shiny compressible micro-foamwas placed onto the replicated
surface. Anappropriate and uniform force was applied to ruktten polyester substrate
using a burnishing tool for 30 seconds. The conga@goam collapsed and bore the
impression of the rough surface. The replica wasoreed from the sample surface and
stuck onto a glass slide for stability. The keyeaspf replication using Press-O-Film is
the proper application of force. Improper applicatiof force would cause incomplete
replication, destroying replica or double replioatdf the texture on the surface.

Figure 3 illustrates a set of RepliSet replicasetof Technovit Replicas, and a Press-O-
Film replica. Small amount of pores was observet@idohnovit Replicas. The pores were
caused by the gas bubbles formed during the rejolicarocess. They can be reduced by
lowering the mixing speed and letting the replicextare set ina vacuum chamber to
suck out the bubbles durinigplication.These solutions can reduce the number of pores
in the desired area but do not completely elimitlagepresence of pores.
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Figure 3: lllustration of sets of RepliSet replicdechnovit Replicas
and Press-O-Film replica.

2.3 Measurement of surface topography and determination of roughness

Since silicone-based replicas and pressure semdilia replicas are soft, optical non-

contact method is preferred for measuring the serfepography of these replicas.
Alicona InfiniteFocus 3D optical microscope, whielmploys the technique of focus-

variation combined with small depth of focus to swa surface [5], was used to

measure surface topography of all replicas andraigsurfaces in three dimensions in
this study. An objective of 50x was selected anelaastitching was used. The total

scanned area was 5 mm x 218 um. The vertical résolwas 20 nm and the lateral

resolution was 2 um. Coaxial light and ring ligh¢re used to illuminate the test surfaces
to measure the textures on flat and sloped surfaces

For evaluation of replication fidelity of the seted materials, the four ground surfaces
were prepared with two Vickers diamond-shaped itet@n marks located as shown in
Figure 4. The four samples were cleaned with alc@m scanned in the region
including the two diamond-shaped indentation maskéore replication process. The
ground surfaces were named as original surfacparent surfaces. After scanning, a line
was drawn directly under the two diamond-shapeckentation marks to extract the
surface profile along the line, the length of timelwas about 4.2 mm. The surface
roughness is then calculated by choosing cut-offte of 0.8 mm. Subsequently, the four
ground surfaces were replicated by using threeemifft replication materials,
respectively. In between each replication, the pasarfaces were cleaned with alcohol,
blown with N, gas and scanned with Alicona InfiniteFocus systermvestigate if the

parent surfaces have been changed due to repticatiee experiments showed that the
parent surfaces had no visible change and theghmoess values were very similar before
and after replication. After replication, the repls were scanned and their roughness was
evaluated at the same location as that on thenatigiurfaces. Figure 5 illustrates 2D
images of the test area on an original surface indeplica obtained by Alicona
InfiniteFocus system. It was observed that the thamond-shaped indentation marks



have been replicated well and they can be usedfaence for drawing line to evaluate
the same location on original surface and its cepfior fidelity study.

Surface 1 | < <>|
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Figure 4: Schematic diagram of four test surfaseanned areas, indentation marks
and evaluated lines.
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Figure 5: 2D images of the test area on an originghce and its replica.

Original surfaces and Technovit replicas are hadaylor Hobson stylus profilometer was
also used to measure the surface roughness ofitlieab surfaces and the hard replicas
for comparison. A microscope was used to locatetwee diamond-shaped indentation
marks on the test surfaces and ensure that theagial by Alicona InfiniteFocus system
and Taylor Hobson stylus profilometer was done merg similar location. 2D line scan
was conducted and the scan length was 5 mm. Thesstxged for scanning was a
diamond stylus with radius of 2 um. The cut-off dén of 0.8 mm was chosen for
calculating surface roughness from the measurefdepro

3. Resultsand discussions

3.1 Replication fidelity of surface profile and texture

The surface topography of the original surfaces #radr replicas were imaged by

Alicona InfiniteFocus 3D optical microscope. Fig@éllustrates 3D surface topography
of the original surface with Ra of 0.2m and its replicas produced by RepliSet,
Technovit and Press-O-Film replication materiaiguFe 7 shows 2D surface roughness
profiles of the original surface and its replicliss noted that all three replicas can copy



the topography and texture of the surface with Raealevel of 0.2um reasonably well.

It is also observed that there are small amoungoads in Technovit replica, which cause
spikes on its image as shown in Figure 6 (c). Tmmnfof Press-O-Film replica has been
deformed slightly, which is due to the fact thag thickness of the Press-O-Film is as
thin as a paper and its shape can be easily dedoimigne transportation of replica from

original surface to glass slide for stability afteplication. Experimental result shows
that Press-O-Film replica can copy the fine surtac¢éure satisfactorily.
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(a) Original (b) RepliSe replica (invertec
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(c) Technovi replica (invertec (d) Press-O-Film replica (inverted)

Figure 6: 3D images of original surface and thawerted replicas with Ra of 0.2 um
(Selected area: 1100 x 28 pm).
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Figure 7: 2D roughness profiles of original surfacel their replicas with Ra of 0.2 um.
Replica data have been inverted for easy comparison

Figures 8, 10 and 12 illustrate 3D surface topdgyapf the original surface with Ra at
the level of 0.4, 0.8 and 18n and their replicas produced by RepliSet, Technawil
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Press-O-Film replication materials, respectiveligufes 9, 11 and 13 show their 2D
surface roughness profiles. It is observed thathadle replication materials can copy the
topography and texture of the surface with Ra atlével of 0.4um satisfactorily, and
can copy the topography and texture of the surfagdsRa ranging from 0.8 to 1,6m
very well, suggesting that RepliSet, Technovit d@ss-O-Film replicas have high
fidelity in the replication of the surface with Ra the level of 0.4 — 1.em. Small
amounts of pores are seen in Technovit replicas.
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Figure 8: 3D images of original surface and thawerted replicas with Ra of 0.4 um
(Selected area: 1100 x 23 pum).
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Figure 9: 2D roughness profiles of original surfacel their replicas with Ra of 0.4 um.
Replica data have been inverted for easy comparison
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Figure 10: 3D images of original surface and tiveierted replicas with Ra of 0.8 um
(Selected area: 850 x 37um).
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Figure 11: 2D roughness profiles of original sugf@nd their replicas with Ra of 0.8 um.
Replica data have been inverted for easy comparison
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Figure 12: 3D images of original surface and tiveierted replicas with Ra of 1.6 um
(Selected area: 1300 x 45 pm).
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Figure 13: 2D roughness profiles of original sugf@nd their replicas with Ra of 1.6 pm.
Replica data have been inverted for easy comparison

3.2 Replication accuracy in surface roughness measurement

Different replicas have different surface charastess including color,
shininess/reflectivity, transparency, hardness, €ptical non-contact methods are
sensitive to the color, shininess/reflectivity anansparency of the test sample. Stylus
profilometer is not sensitive to surface reflectammr color, but is only good for hard



samples. RepliSet and Press-O-Film replicas atersatfshiny, opaque and in grey color.
Experiments show that Alicona InfiniteFocus 3D oglimicroscope is particularly suited
to measuring surface topography of RepliSet and”@Film replicas for determination
of roughness. Hence surface roughness measurememepliSet and Press-O-Film
replicas were performed by Alicona InfiniteFocustsyn. Technovit replicas are hard,
translucent and in yellow color. There are smalbants of pores in Technovit replicas.
The pores in replicas cause spikes in the imagsigguAlicona InfiniteFocus system,
resulting in inaccurate roughness calculation. Hmwestylus profilometry is a contact
method, no artificial spikes are introduced in tbeanned profile. Hence stylus
profilometer was used to measure surface roughofeBechnovit replicas in this study.
Original surfaces are hard, shiny and in silveocohlicona InfiniteFocus system gave
lower Ra values for the original surfaces compé#oestylus profilometer. To be traceable
to ISO standard [6, 7], the average roughness\(&ags of the original ground surfaces
obtained by Taylor Hobson stylus profilometer asedias reference. A comparison of Ra
values along the line just under two diamond-shdpddntation marks on replicas and
their original surfaces is indicated in Table 1eTRa values of replicas in the table are
the average of at least two measurements from épltications, while the Ra values of
original surfaces are the average of two measuremdame on the two very close lines
directly under the two diamond-shaped indentaticarksu Experiments show that the
deviation of the two measurements is insignificand. quantify the repeatability of
roughness measurement using Alicona InfiniteFod®gtical microscope, six repeated
tests were done on a test surface. The standardtidevfor the six measurements was
2.6%, showing that Alicona InfiniteFocus system pamform repeatable measurements
in roughness determination for certain surfaces.

Table 1: Comparison of Ra values of replicas aed thriginal surfaces

Actual value of Replise Technovi Pres-O-Film
original surface (nm) (um) (um)
(um)
Surface 1 0.21 0.24 0.21 0.25
(Ra_0.2im) (+14.3%) (0%) (+19.0%)
Surface 2 0.37 0.37 0.38 0.39
(Ra_0.4m) (0%) (+2.7%) (+5.4%)
Surface 3 0.6¢ 0.70 0.68 0.65
(Ra_0.8m) (+2.9%) (0%) (-4.4%)
Surface 4 1.51 1.56 1.49 1.37
(Ra_1.um) (+3.3%) (-1.3%) (-9.3%)

» The data in the bracket are the deviation of tHeevaf replicas from actual value
of the original surfaces.

For the smooth surface with Ra at the level of 0 RepliSet replica overestimates the
surface average roughness (Ra) by more than 14%e vidress-O-Film replica

overestimates Ra value by about 19%, indicatingttiese two replicas are not suitable
for replicating fine surface with Ra of O@n for roughness measurement. Technovit
replica has almost negligible difference in Ra caregd to original surface, suggesting
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that Technovit is suitable for replicating smoothface and stylus profilometry can be
used to measure surface roughness of this replica.

For the surface with Ra at the level of Qu#, RepliSet and Technovit replicas perform
well in replicating surface for roughness measur@mBepliSet replica has negligible
difference in Ra compared to original surface, e/fiechnovit replica overestimates Ra
about 3%, which might be caused by the small gasspmtroduced during replication

process. The overestimation of 3% can be considasedhsignificant. Press-O-Film

replica overestimates Ra by 5.4%, showing that P@&ilm replica can copy the

surface roughness at the level of @M in Ra reasonably well.

For replicating the surface with Ra at the leveD@&um, RepliSet, Technovit and Press-
O-Film replicas perform well. Technovit replica heegligible difference in Ra compared
to original surface. RepliSet replica overestimaRss about 3%, while Press-O-Film
replica underestimates Ra by 4.4%. The experimeesallts reveal that all three replicas
can be used to copy medium rough surfaces foreiffaish measurement.

For replicating rough surface with Ra at the leokll.6 um, RepliSet and Technovit
replicas perform well, their absolute replicati@vihtion are less than 5%. Press-O-Film
replica underestimates Ra about 10%; this coulddused by not enough force applied
onto the compressible micro-foam during replicatmncess. The experimental results
demonstrate that Press-O-Film replica can copyh@ugface reasonably well.

4. Conclusions and recommendations

Surface replication can be used for surface fimstasurement for difficult-to-access
areas, as well as the part difficult to be broughtmeasuring devices. It is a non-
destructive method. Different replication materiathieve different accuracy. Technovit
replica has shown high fidelity in replicating sag#s with Ra ranging from Op2n to 1.6

um, where the Ra deviation is within 5%. There amalsamounts of gas pores formed in
Technovit replica. Technovit replica is hard arsdsiirface roughness can be measured by
tactile stylus profilometer well. RepliSet replibas high accuracy in replicating surfaces
with Ra ranging from 0.4um to 1.6um for roughness measurement, but is not suitable
for smooth surface with Ra at the level of (. Press-O-Film replica can copy surfaces
with Ra from 0.4 to 1.6um reasonably well, but is not good for replicatisgooth
surface. Both RepliSet and Press-O-Film replicas t®@ measured by Alicona
InfiniteFocus 3D optical microscope easily, whitee tsurface roughness of Technovit
replica and original surfaces can be charactertrgdactile stylus profilometer well.
Replication using RepliSet replica is simple, easg safe. Replication using Technovit
replica requires building a containment wall arouhd area to be replicated and the
replication should be done in fume hood with propguipment. Replication with Press-
O-Film requires appropriate force applied onto filre, which affects the replication
accuracy significantly.

For replicating easy-access and big areas, Techrawil RepliSet replicas are
recommended for use. For replicating difficult-tcass as well as confined areas,
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RepliSet is a good candidate. Further study on racgudegradation of the produced
replicas and investigation of corrosion effect ba teplicated surfaces are recommended
to carry out in the future.
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