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Abstract

The m&allographic p-s for evaluating
thermally sprayed coat& is sometimes viewed as
a variable process in the scope  of ==tiag
evaloatioa.  There is alwys a queatioa  as to
whether  the failure of a coatiag is polishing  related
or an actual chaoge  ia the spray product ion
process. The use of metallographic standards
similar to hardaess  l3watioo  Carl be implemented
to provide assurance of a repeatable metallographic
polishing Development and use of the staadards
will be discussed and examples given of the
standards principle.

THE USE OF STANDARDS IN THE TESTING
process is a concept which has been a permanent
paxtof evaluatioapnxedwwforaveryloagtbae.
Employing  sta~~dards  providea  coaf~dence  that the
testing  process  will produce the same teat
sensitivity every time a paa is evaluated. How
many times have situations occurred  in which  a
staadardwasnotcheckedaadpartswere~
with an invalid  test? The absence of iacxnxct use
of a pea&ateImagaetic  particle block xxuld  be an
excellent example of this occonenco.  Parts with
very fine cracks wuld  easily pass through
iaspe&oaifthetestmacbineorproceasisnot
calibrated correctly. Aa everyday example ia
many  thermal spray shops  is the calibration  of
hardness  testers for RISN  bardaess teat& A
normalpra&ceistocalibratethemachineattbe
beginningofmry

day or shift, dependent  “pm  the amount  of wage.
If the tester is not fimctiooiag  propxly,  the
machine must  be checked and all parts pmcessed
since the last acceptable  calibfation  must be
considered for review. The spray process itself is
not exempt from standards veritication.  Daily
calibration of mass aad gas flow rates,
voltage/amp6nge  meters, part spray temperatures,
etc., are reqdred  to assure that the spray process
will  be in control  aad capable  over  t i m e .
Exteadiag the use of standards  for metallographic
preparation is obvioos. especidY when
metallography is ased  to verify process stability.

Why Do We Need Metallographic
Preparation Standards?

Testiagisaverycriticalaspectoftbetota!
thermal  spray process. Ckmfideaoe  in the
metallogmphic  process is necessary  to permit
decisions to be made w&ether  the variation  in
microstmchral  results  is a result  of testing  or
sprayiag,rnmicrostnrcRual evaIuation,  photo-
standards or pictures  are sometimes used to
compare the current  process  results  to a process
standard However, them. is no assorance  that the
polishing process itself is the same as yesterday or
tbedaybefore  becawetbeteatspecbaeoisfioma
different  spray ran every time. If the preparation
p-s is out of control. good parts may be
rejected because the process cm introduce  too
many voids and not reveal the Woe” structure.. If



metallographic  Stan& or reference samples are
introduced that are polished in the _e rack as
other  new or daily samples, cotdldence  begins to
grow in the assessment of variability within the
process. If polishing is undertaken and the results
of the standard are similar to the last time, the
process can be considered repeatable and the data
re5ects a “true characterization” of the spray
process. If results are not the same. review of the
preparation process is in or&r to ascertain if there
habeensomechangeintheworkstepstocause
this difference. This concept is very practical and
reflects the use of everyday practices employed in
all other testing arenas.

How to Establish
Metallographic Standards

Establishing metallographic  standards must be
well planned and executed. The standards must
reflect the quality level that is part of production
processing at the facility in question. The issue of
“immune” vs. “sensitive” coadngs  must be
addressed *th respect to quality level. If
standards are established using coatings that are
not sensitive or are “immune” to polishing
variability, there is no verification of the polishing
process. The standard that is developed must be
“sensitive” show a variation in polishing response
if processed with different polishing techniques.
This is the same concept used in NM standards
for pen&rant or magnetic particle, as mentioned
earlier. In that cae, there may be merent sizes
for the defect in each standard. The length or
“tightness” of the crack may also be important in
determining how “sensitive” the process will be to
identifying whether a defect is present and, if so,
whether it is acceptable  or rejectable. If the NDT
process  is variable, the we of the standard must
reflect this sensitivity or the standard is not useful
for this purpose.

In the evaluation of thermal qxay catings,
many chamcteristicE  are evaluated. Some
examples are:

T h e  standard  m u s t  re5ect a  t y p i c a l
distribution/frequen~ of the features that are
encountered in normal daily processinp. There
essentially ti be a need to establish these
standardsformcstoftheccating.ssprayedina
particular shop. If the coating is sensitive to
pullout during polishing+ the standard should then
be somewhat sensitive to induced or polishing-
induced porosity. If a material is sensitive to oxide
pullout during preparab, the standard should
then also show some sensitivity when the mount is
polished with different polishing parameters.

With all this in consideration, how should
metallographic  standards be established? The first
order of business is to assess production over a
range of coating quality that represents the
expected variabiity of the production process.
These materials must then be polished to establish
whether the metallographic process  c a n
differentiate among various production conditions.
When this differentiation is found, the quality level
which reflects the target processing conditions
should then be selected as our metallographic
standafd.

There must also be consideration of how the
selected sample re5ects  the industry as a whole. Is
the processing and standard typical of tit other
shops in the business produce and polish? This

‘canbewtablishedbyuseofRoundRobin(RR)
principles. This has been succe&idly  established
in the Central Coat& Lab (CCL) Rogram as
referenced in earlier NTSC proceedings”~~.
Sample sprayed all at one time have been polished
and a ‘@pical” polishing response established
These samples are consistently used at the
MetcutKCL 5cilitiea to validate and verify
procedures ifquestions arise or changes are made.

However, a round robin does not need to
cxmsistof3(HcompmdesastheCCLRRdidto
validate standards. This may be performed inter-
company if many spray sites/labs are involved; or,
verification  with established testing houses also
would be an option. Regardless of how verification
or validation is established, it is strongly suggested
that standards not be established without some
collaboration with another laboratory  source. If
veriiication  with another source is not performed, a
laboratory may have a repeatable process  that is
consistently not in calibration  with the rest of
industry as a whole. It is important to conmAt
peers and obtain feedback from many different
BO”rces.



How to Use The Standards
That AreEstablished

It is very logical to use metalIogmpbic
standards for validation of the process on a daily
basis or to asatain if the preparation procedure
varies over a period of time. However,  there are
other very important uses that can be identified for
metallographic standards. These are:

a) Procedural Changes: Metallographic
suppliers sometimes contact laboratories about
totally new systems for preparation of mounts. The
newpmcessmaybeaccept&lebutitisdiBcoltto
determine if the new process will be the same as
the old process. How can the results be veritied as
similar7  If standards existed, the known samples
canberunwithtbenewsystemandcompaedto
results from  established pmcedues. If a similarity
exists, then it weld be acceptable to change
processes. If not, further investigation must be
done to establish the best practice.

b)Consumables:  Cnosumables  are a very
ikportam part of the metallograpbic prows. It
is very critical to &tine spwiflc consumables when
dic ta t ing the metallogmpbic process.
Uoforhmately, all coosumables are not created
equal. A no nap cloth from company X will not
necessarily  perform the same as a cloth from
company Y. Also, dc not assume that materials
fromaspzificveodorpurchasedoveraperiodof
time will be consistent. Coosmnables  am
manufachwd or formulated differently limier
the same headings of 6 micron diamond
suspension  or colloidal silica and sold as the same
pnxluct.  The materials will not provide the same
result 011  sensitive materials such as catings.  It is,
~6xhmately,  u p  t o  t h e metallograpbic
umsmnables  customer to find out if the new
supplier of oonsumables  has a product comparable
to his present brand In many cases the change is
initiated by a redwtion in ccst of the conmmable
@pers,  polishing amtpom~ds,  etc.). This cost
difference may be reamable in some cases but in
the case of diamond, the reduced price could mean
a reduction in diamond particle concentration,
which efktively reduces the polishing ability of
the solution. This change could then require more
solution to polish and ultimately cost more;

furthermore,  decreased efficiency can result in
longer polishing times. This situation w&d be an
excellent application for metallographic standards.

There can be many other applications for
metallographic standards in the laboratory such as
comparison of old and improved spray parameters.
It is a very useful concept that must be given
serious wnsideration  in the evaluation of thermal
spray coatings by metallographic  polishing and
evabmtion.

Summary

The concept  of metallograpbic standards in the
prepaaion of metallograpbic samples for
evaluation of thermal spray coatings is a useful
tool. Standards can be used to evaluate areas such
as daily prccess  variation, change in pm4ural
parameters over time, possible changes in
preparation procake,  changes in consumables,
and many other &tom. With a small investment
of time and effort, reliable metallographic
Stan&&  can be prodwed  that will provide
con&Ience in the metallcgrapbic  process and
produce consistent and reliable laborakxy results.
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