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FOREWORD

This research project was performed under the National Shipbuilding
Research Program The project, as part of this program is a cooperative
cost shared effort between the Maritime Adm nistration and Avondal e
Shipyards, Inc. The devel opment work was acconplished by O fshore Power
Systens under subcontract to Avondal e Shipyards. The overall object of
the programis inproved productivity and, therefore, reduced shipbuilding
costs to meet the lower Construction Differential Subsidy rate goals of the
Merchant Marine Act of 1970.
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Architects and Marine Engineers’ (SNAME) Ship Production Committee.
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Manager and principal investigator. On behalf of Avondale Shipyards, Inc.
M. John Peart was the R & D Program Manager responsible for technica
direction, and publication of the final report. Program definition and
gui dance was provided by the menbers of the 023-1 Surface Preparation
Coatings Conmittee of SNAME, M. C J. Starkenburg, Avondal e Shipyards,
I nc., Chairman.

Al'so we wish to acknow edge the support of M. Jack Garvey and M.
Robert Schaffran, of the Maritime Adm nistration. Special thanks are given
to M. WIlliamE Drews of Rank Precision Industries, Inc., for the
nunmerous measurement performed using a stylus type instrument and to the
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Executive Sunmmary

In recent years there has been nuch ado concerning the neasurenent of
surface profile (texture). Many pai nting specifications have been written
to require exact profile heights with no reference being given to the
met hod of nmeasurenent. To further conplicate the situation, profile height
is not a readily adjustable manufacturing process. In fact, the only
met hod of adjustnment is to change surface preparation procedures, e.g. ,
change abrasives for blasting. Since nost abrasives are only regionally
avail abl e and not subject to standardization, this could leave the ship-

builder in a dilemm.

aswas found during this study, many techni ques exist for nmeasuring surface
texture (profile). Each gives a different average neasurenent with sone
overlap within the range of measurenents. The nost inportant observation
concerning these neasurenments was that none is precise due to the random
nature of the surfaces prepared for painting. To preclude these problemns,
future paint specifications, if referencing required profile heights,

shoul d specify the nmeasurenment techniques with a wide range of acceptable
val ues.

From a paint performance stanpoint, the nost inportant factor is to insure
that the surface texture is conpletely and adequately covered with paint.
This can be acconplished using a readily available, standard shipyard
measuring device, nanely, a magnetic (snap-off) gauge routinely used for

measuring paint dry film thickness. This same gauge can be used to “factor

in" surface texture when neasuring actual dry film thicknesses.
In addition to the magnetic gauge, two other gauges are suitable for

nmeasuring relative surface texture under shipbuilding conditions. These

are as foll ows:

| Replica Tape/Dail |ndicator (Testex)
| Manual Stylus Instrunment (Elconeter 123)
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1. CONCLUSI ON

1.1 Project Results

The purpose of this project was to determne the availability of
various surface texture (profile) measuring nmethods and instrunents and to
evaluate their suitability for use under shipbuilding conditions. To
acconplish this goal, a survey was made of the requirements as shipbuilders
saw them from a use standpoint, and a survey was made of the technica
community to identify possible candidate neasuring nmethods, procedures and
i nstrunents. Fol l owi ng these surveys, a laboratory test program was
formulated and carried out to substantiate suitability of use under
shipyard conditions and to tabulate the various measurenent results.

The project goals were successfully achieved. Section 3 of this
report contains a detail evaluation of each process and Section 4 contains
the |aboratory measurement results

As found during the course of the study, there are three attributes
of surface texture which nust be understock prior to evaluating measurenent
techniques. These nmeasurement attributes are |ay, waviness and roughness.
O these, paint people are nost concerned with roughness

At the beginning of the project, it was assuned that an exact
mat hematical relationship could be devel oped and inplenented to convert
fromone nethod to another to forma baseline of conmmunication. No such

rel ationship could be found due to the extra random nature of the
prepared surfaces.

of those instrunents tested, three were found to be conpatible with
shipyard painting operations. These are:

o Mgnetic (Snap-Of ) Gauge

e Replica Tape/Dial Indicator (Testex)
e Mnual Stylus Instrument (El ecometer 123)
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It nust be renenbered that when using any of these instrunents, none
make precise neasurements. Only average surface texture (profile) height
with a large data spread is obtained.

Even though average profile heights can be neasured, the profile
hei ght can only be adjusted by changing the type of abrasive used to clean

the surface. This can be acconplished by specifying the size, hardness and
density of the abrasive.

One of the nost inportant factors in paint performance is to insure
that the surface texture is conpletely covered by a mninum anount of
paint.4'7’9’14 One nethod for insuring adequate surface coverage is to
measure the surface texture with a standard snap-off magnetic dry film
t hi ckness gauge.10 This is acconplished by nmeasuring the surface texture
after cleaning but prior to painting. The neasurenent obtained does not
give actual profile height but rather a nunber which represents the
texture. The paint is then applied in such a manner that the neasured dry
filmthickness exceeds the mininmum specified by the surface texture
measured val ue. In other words, the resultant dry filmthickness would
equal the specified nount plus the nmeasured surface texture.

Limted testing was also perforned in an attenpt to determne a
rel ationship between profile height and paint performance. No relationship
could be found.  The nmost inportant performance determ nant was surface
cleanliness and adequate film thickness

In conclusion, surface texture measurenent is not a precise science
as it relates to surface preparation for painting. Surface texture can
only be controlled by the surface preparation procedure and/or abrasive
selection and is not readily adjustable. As long as maximum abrasive sizes
are specified, no significant paint performance differences should result
frommthe variance in surface texture.14

1-2
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2. PRQJECT PLAN OF ACTION

2.1 Introduction and Background

2.1.1 Obj ective

The objective of this project is the determination of
profile measurenent instrunents/techniques best suited to shipyard pro-

duction methods and the correlation of various neasurenment results using
the nust pronising instruments/techniques.

2.1.2 Techni cal Background

Wien steel surfaces are prepared for painting, either
mechani cal or chemical forces are applied to condition and/or clean the
steel substrate. This external force alters the surface and creates a new
surface topography or texture. Many scientific instrunents and nethods
exist for neasuring the created surface Characteristics. Mst techniques
have been adapted from machining technol ogy.

In 1978, a standard was witten by the Arerican Nationa
Standard Institute, “Surface Texture - Surface Roughness, Wviness and
Lay", ANSI B46 .1-1978.6 This standard governs “the neasurenent of geonetric
irregularities of surfaces of solid materials, physical specinmen for gaging
roughness and the characteristics of stylus instrumentation for measuring
roughness. " The standard contains a review of various instrunentation and
met hods but prinmarily specifies the requirenents of stylus type instru-
ments. Even though witten primarily for machining type applications, the
standard contains many definitions which can be directly adapted to surface
preparation operations. These standard definitions are listed bel ow.

« Surface Texture - The repetitive or random deviation from the
normal surface which formthe three-dinensional topography of the
surface. Includes roughness, waviness, lay and flaws.

e Lay - Lay is the direction of the predom nant surface pattern.
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« WVAVi ness - Waviness is the nore widely spaced conmponent of surface
texture. Unl ess ot herwi se noted, waviness includes all irregu-
larities whose spacing is greater “than the roughness sanpling
length and | ess than the waviness sanpling |ength. Roughness nay
be considered superposed on a “wavy” surface.

« Roughness Roughness consists of the finer irregularities which
result from the irherent action of the production process.

e Flaws - Flaws are unintentional irregularities \Wich occur at one

place or at relatively infrequent or widely varying intervals on
the surface. Unl ess otherw se specified, the effect of flaws
shall not be included in the roughness average measurements.

eProfile - The profile is the contour of the surface in a plane
Perpendicular to the surface.

« Munual Profile - The normal profile is a profile of the nornal
surface.

o Measured Profile - The neasured profile is a representation of the
profile obtained by instrument or other means.

«Mdified Profile - The nodified profile is a measured profile
where filter mechanisns are used to minimze certain surface
texture characteristics and enphasize others.

« Graphical Centerline - The Gaphical centerline is the line about
whi ch roughness is measured and is a line parallel to the general
direction of the profile within the limts of the sanpling length,
such that the sums of the areas contained between it and those
parts of the profile which lie on either side are equal.

e Peak- A peak is a point of maximum height on that portion of a
profile which Iies above the centerline and between two inter-
sections of the profilele and the centerline.

«Valley - Avalley is the point of maxi mumdepth on that portion of
a profile which lies below the centerline and between two inter-
sections of the profile and the centerline.

« Roughness Spacing - The roughness spacing is the average spacing
bet ween adj acent peaks of the neasured profile within the rough-
ness sanpling |ength.

® Sanpling Length - The sanpling length is the nominal spacing
within which a surface characteristic is determ ned.
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e Roughness Sanpling Length (cutoff ) - The roughness sanpling length
is the sanpling length within which the roughness average is
det erm ned

e Height - Height is considered to he those measurenents of the
profile in a direction normal to the nomnal profile.

e Roughness Average (RA) - Roughness Average is the arithmetic
average of the absolute values of the measured profile height
deviations taken within the sanpling length and neasured fromthe
graphical centerline. (Formally designated AA)

® Peak-to-Valley Height - the peak-to-valley height is the maxi num
excursion above the centerline, plus the maxi num excursion bel ow
the centerline within the sanpling |ength.

e Root Mean Square (RMS or R) - the square root of the squares of
the neans of the val ues

e Peak Count (PC) - The nunber of peaks exceeding a certain height
or pro jetting above a pre-determned reference line, or the nunber
of peak/valley pairs pro jetting above and bel ow two pre-determ ned
reference |evels.

e Mxinum Peak to Valley Height (Rmax) - the largest peak to valley
height of a profile in one sanpling length.

Figure 2.1|contains a pictorial display of the defined surface
characteristics. These definitions will be used throughout the report.

As can be seen fromthis diagram the prinmary conmponents of surface
texture are lay, waviness and roughness. Lay primarily results fromthe
direction of the machining operation and is and generally experienced in
surface preparation operations. Therefore, the waviness and roughness are
the must inportant attributes. Waviness is a macro neasurenent and the
normal wavi ness spacing woul d be approximately 1/8 inch. Roughness is a
mcro measurement and normally equals approxinmately 0.030 inch (30 roils).
Many parameters can be measured w thin roughness. These include, roughness
average (RA) and peak-to-valley heights. Flaws are another consideration
and woul d probably equate to things like pits on rusted surfaces. A
conpl et e understanding of these definitions and their relationships to one
another is absolutely necessary prior to evaluating surface texture
measur ement techni ques, procedures and instruments
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The Steel Structures Painting Council has proposed a simified
met hod of characterizing surface texture. The proposed nethod describes
the average maxi mum peak to valley (Rmax), the degree of cleaning and the
type of surface texture. The five categories of surface texture are:

e Type A- Snooth cusps end well defined craters; produced by round
shot.

e Type B- Simlar to Type A with many well defined craters, but
having irregul ar shapes and sharper peaks; generally produced by
steel grit.

e Type C - very irregular, highly disturbed, alnmst no snooth cusps
or rounded craters, choppy; produced by sand and sone ot her
non-netal lic abrasives.

e Type D-Half the mlIl scale remaining and a fine type C surface
where the mll scale has been renoved, characteristic of “Brush-
Of (SP7)” grade blast regardless of abrasive type

When discussing the nmeasurement of surface texture (topography), it
must be renenbered that many factors go into the creation of a surface
characteristic; nanely, the hardness of the steel substrate, the size,
har dness, norphol ogy, density and velocity of the abrasive, and the angle
of inpact between the substrate and the abrasive, the length of time of
exposure to the cleaning process, and the type of surface preparation
t echni que and equiprrent.3'8'10'11

One other aspect of surface characterization which has not been
discussed is the degree of cleanliness. Mny standards already exist for
this attribute, and therefore cleanliness will not be addressed as such in
this report. However, the degree of cleanliness will be defined when
presenting nmeasurenment results

To further conplicate the problem of surface texture neasurnment,
most of the existing instrunents provide a nmeasurement which is not
directly convertible to a nmeasurement provided by other instruments. As
will be seen in the body of this report, these neasurement results are
widely divergent. In addition, nunerous surface preparation and painting
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specifications and standards specify precise profile linmts neither
defining profile terms nor making reference to an exact measurenent
technique. Therefore, an utnost need exists to create a profile or surface

texture measuring concensus standard through a technical organization such
as ASTM Committee F25.02.

Shi pbui I ding surface preparation techniques are generally linited to
the follow ng:

« Abrasive Blast (Pneumatic and Centrifugal)
« Power Tool d eaning
« Chem cal C eaning

For this reason, the research effort was limted to nmeasuring profile
resulting from these techniques.

2.2 Plan of Action

To acconplish the defined objectives of this project, the study was
divided into four distinct tasks.

« Fornul ate Shipbuilding Requirenments for Surface Texture Measure-
ment Instruments and Met hods

«Survey and ldentify Al Known Surface Texture Measurenent |nstru-
ments and Met hods

« Complete a Laboratory Test Program Designed to Eval uate Various
Instrunents and Tabulate Results

« Reconend Favorable Method(s) and Instrunent(s)

2.2.1 Formul ation of Shipbuilding Requirements for Measurenent
Instrunments and MethodS

Through formal and informal discussions with other mnarine
construction and shipbuilding personnel, the follow ng requirenents were
f or mul at ed:

« Rugged, Durable Construction
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« Easy and Sinple Calibration

«Self Contained, No Electrical or Qther Services Required
«Sinple to Read, Requires No Interpretation

«Gves Only Needed Information, Not Hi ghly Technica

« I nexpensi ve and Avail able

« Light Weight

* Repeatable Results

2.2.2 Survey and ldentification of Known Surface Profile
Measurement Methods and Instrunents

I mredi ately after project start, an extensive survey was
conpl eted consisting of the follow ng:

eLiterature Search

« Conput er Assisted Search

« Formal Contact with Scientific Instrument Manufacturers
« Formal and Informal Discussions wth Experts

The bi bliography contains a list of referenced documents and the Foreword
contains a list of equipnent suppliers.

2.2.3 Formul ation and Conpletion of a Laboratory Test Program

The | aboratory test program consisted of the follow ng
activities

«Selected two types of steel (A-36 and HY80) representative of
normal |y used ship steel

«Sel ected representative surface preparation techni ques (Abrasive
Bl ast, Power Tool C eaning and Chemcal C eaning).

«Selected types and sizes of abrasives, wre brushes, sanding
di scs, chemcals, etc., normally used in shipbuilding

«Defined cleaning paraneters based on shipbuilding requirements to

i nclude power tool speeds, blast pressures, angles of attach,
abrasive wheel horse power, etc.

21



| Ceaned the two types of selected steels using the various
techni ques according to defined parameters.

| Measured resulting profiles using the available instrunents. This
part of the test used standard averagi ng techniques to assure
unbi ased data

| Eval uated each instrument and nethod using the criteria identified
Wi thin paragraph 2.2.1.

| Recorded and tabulated neasurement results in matrix format (see
Tabl es) .

 Selected the scanning electron mcroscope (SEM to provide an
exact visual picture of each prepared surface texture. Annex A
contai ns photom crographs of each prepared surface

Section 4 of this report contains the results of the |aboratory test
program

2.2.4 Recormendati on of Favorable Method(s) and Instrunents)

Based on the results of the laboratory test programand the
eval uation of instruments against the parameters as established in para-
graph 2.2.1, the follow ng equipnent is recomended for shipyard use:

| Testex Replication Tape with Dial Indicator Calibrated to Read
Measured Profile

| Elcometer 123 Calibrated to Read Measured Profile

| Magnetic Snap-off Gauge (Mcrotest or equal)

As will be seen in the body of the report, the measured val ues
obtai ned y each of these nethods vary according to the nethod enpl oyed.
The next step is to create a standard which either allows the use of al
instruments with a table defining the differences which can be used to

convert readings between instrunents or allows the use of only one
I nstrument .
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3. PRQIECT RESULTS

To keep the discussion within an established baseline, the Ans
Standard for determining surface texture method was used for dividing
various instrunentation into two categories contacting and noncontacting.
However, the ANSI Standard only specifies the requirenents for one type of
contacting instrunment, i.e. , the Stylus type. The requirenents for the

other instrument types are specified by each manufacturer/supplier.

3.1 Contacting Methods

Contacting methods can be subdivided into four general types:
| Stylus
|  Magnetic

I Replication

| Conparators
3.1.1 Stylus Instrunents
Stylus instrunents can be either electronic or nmmnual. The el ec-

tronic stylus instrument is very simlar to a phonograph. A needl e/stylus
is drawn across the surface at a predetermned speed for a specific
di stance. The manual instrument consists of a platform which rests on the

peaks and a stylus which is inserted into the valleys of the surface

texture.

3.1.1.1 El ectronic Stylus Instruments

As a mininmum the electronic stylus instrunment consists of a stylus,
stylus support, tracer head supports and indicating devices. The stylus
tip radius is governed by specification and only a nominal 10 mcroneter
(400 microinch) effective (spherical) tip radius is allowed. The stylus is
required to be cone-shaped with a nominally spherical tip; the standard
stylus force cannot exceed 1.5 grans at any point within the displacenent
range of the stylus. Under normal operating conditions, the stylus support

is not allowed to have any | ateral deflections which may cause error. The
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i nstrument sanple length cutoff is variable but controlled by specifica-
tion. The cutoff |ength corresponds to the Ilength of the surface actually

neasur ed. The indicating device is required to read the arithnmetic average

(RA) in mcroneters (mcroinches).

In addition to RA measurements, some instrunments also read directly
in Root Mean Square (Rq). Truly sophisticated instruments equipped with
addi ti onal nodul es and/or miniconputers also print other factors such as:

I Maxi num peak to valley in sanple |length (Rmax)

| Maxi mum depth bel ow nean |ine

| Maxi mun hei ght above nean line

| Peak Count (PC

| Maxinum peak to adjacent maximum valley

RA neasurenents are not truly descriptive neasurenents. For exanple,

two totally different surface textures could have the same RA val ue. See

Figure 3.1. Average roughness is the average height deviation of the

profile from the nean line. As can be seen from the exanple, the RA value
of the two sinplified curves are the same even though peak count is

different by a factor of 2.

(a) 240u" Ry = 120u"

[¢2}

FIGURE 3.1: RA VALUES OF TWO DIFFERENT SURFACES

3-2



-gS pin

3.1.1.1.1 Description of Various Electronic Stylus |Instrunments

An exanple of a sophisticated electronic instrument is the Rank

Precision Industries Talysurf 10 with Talydata VDU System

This instrument neets all the requirements of ANSI B 46.1-1978 plus

is equipped with a nmini conputer. The instrument package prints 23

paraneters and a short profile graph of each reading (see| Figure 3.2) |and

is capable of mmking up to five cutoff measurenents sinultaneously for each
roughness assessnent. The resulting printout presents data on each cutoff
pl us averagi ng dat a. For surface preparation roughness neasurenents, the
cutoff length is generally 0.030 in. or 30 roils. Wth 5 cutoffs, this
makes the actual neasured length 5 X 0.030 or 0.150 in. For the purpose of

this study, Rank Precision nmade and recorded ten roughness assessnents for

each surface preparation technique. The resulting data is presented in
Section 4.
! [DECREASE |  BQUGHNESS ASSESSMENT . EQUGHNESS ASSESSMENT
180 FILTER C-0 0.03 In t CEPTH IS0 FILTER C-0 0.03 In 1S0 FILTER C/0 0.03 in
S CUT-COFFS RSSESSED 0-INCREASE 5 cgr-oirszgsssssso S CUT-OFFS ASSESSED
Rua & 25 DEPTH v e Run & 25
SLICE LEEL %y 2.9m Ry 22 Rty 163 4
-0 pin 33 pn | ! aq 2.7 ° Rma 130 Rty 112 ¢
Rsk -0.4 Rtm 105 e Rta 84 &
Ri 3.0 Rv 85 e Rty 130 &
1.1 mia Rp 58 e Rtg 94 M
73 e Sa 3.5 = Ra 18 3%
@ 100.0 % DEPTH...... 10
@ 50.00 s HEIGHT..... 1
®25%5.00 M~ DEPTH...... 6.3 X
@ 50.00 e HEIGHT..... 0.3 %
@ 50.00 pia ZONEWIDTH.. 87 iInt
FROM S0 TO 96 % Tp.. 30}"‘E

FIGURE 3.2: SAMPLE READOUT OF STYLUS | NSTRUMENT

The instrunment package is an ideal tool for further research on
surface texture but is not suitable for routine shipyard neasurenents due

to the size of the instrunment and the necessity for electrical service and

envi ronnental control. (See [Figure 3.3)

3-3



Tal ysurf 10MC-1S system with Talydata .1000-1 ni croconputer and
optional video printer.

FI GURE 3. 3: SOPHI STI CATED ELECTRONI C STYLUS | NSTRUMENT

There are nmany, Trelatively rugged, portable stylus instrunent
packages. These instruments can measure Surface roughness up to 1000
m croi nches. Some can only read up to 300 microinches. Normally only one

measurment paraneter, RA can be measured even though sane instrunents can

be equipped with additional nodules Which can also nmeasure Rg and PC

Li sted bel ow are some exanpl es of these instrunents. Also see |Figure 3.4.

Airtronics Metrosurf

Alina Diavite Mcrotester
Bendi x Profil oneter

Har per Surfex

Mardut h Products Roughoneter (used in Project)

Rank Precision Surtronic 3
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o

CUTOFF RANGE
% B

FIGURE 3.4: SMAIL, PORTARLE STYIUS INSTRUMENT

3.1.1.1.2 Advantages and Di sadvantages of Electronic
Stylus Instrunents

A.  Advant ages
«Gves a nunber which requires no interpretation

« Sone are portable
«Already established standard (ANSI B 46.1-1978)
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« Nunmerous sources of manufacture
e« Sone units are light weight

B. Disadvantages

e Designed primarily for machine industry

e RA (& Rg) readings are not suitale for surface preparation
measur enent s.

e Measurenents of nondirectional surfaces (Normal Surface
Prepared Surfaces) can vary by as much as 60%

o Measurenent results dependent on direction of lay and wavi ness

« Expensive ($1000 t0 $8000)

e Sensitivity to environnent

e Requires operator skil

e FEquipnent setup is critica

e Stylus wears with use

e Stylus can alter the surface

« Stylus size can mask some roughness characteristics

e Built-in filtering circuit can nask some surface
characteristics

3.1.1.2 Manual Stylus Instruments

As stated earlier, the manual stylus instrument consists of a
pl at f or m whi ch rests on top of the surface roughness peaks and a stylus
whi ch penetrates the valleys. The instrument is first zeroed by placing on
a flat piece of glass. Twenty readings are made on the suface to be
neasured and then averaged. The average or mean is the profile height. In
one instrument, the stylus is connected directly to a dial indicator which
reads directly in roils, mcrons or mcro-inches. I'n another instrument,
the stylus is placed on the surface and the platformis adjusted until it
just touches the top of the peaks. The platformis calibrated to neasure
the displacenent distance via an adjustable scale. Still another adapta-
tion of this principal uses thin sheets of paper, a microneter and a
platform with adjustable stylus. The platformstylus is first adjusted so
thatthe stylus tip does notproytrude the platform The platformis
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then placed on the surface to be measured in such a manner that the
platformrests on the peaks of the surface. while tightly holding the
platform the stylus is lowered into a surface texture valley and then
| ocked into place. The platform wth stylus protruding is then renmoved
fromthe surface, place on a stack of thin paper, and drawn across the
papers. The papers cut by the stylus are then restacked and the comnbined
t hi ckness neasured with a mcroneter. This number corresponds to the
profile height. Even though not totally accurate, rough neasurenents can
be made. Listted bel ow are some of the suppliers of manual stylus instru-
ments. (See [Figure 3.5)

« El conet er [nstrunents Ltd - El cometer 123
e ZOorelco - Wfting Mcroneter

FIGURE 3.5: MANUAL STYLUS (El coneter 123)
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The advantages and disadvantages of the manual instrunents are listed
bel ow:

A Advantages

| Inexpensive ($300.00)

| Easy to use

| M ni numoperator skill required

| Easy to carry, rugged construction, portable

B. Disadvantages

| Results Vary Wth Surface Lay

* Not Conparable Wht Electronic Instruments - The size of the
Base Which Rests on top of surface Texture is approximately 1
1/2" in dianeter whereas sanpling length of the electronic
instrunent is 0.030". Therefore, the manual instrunent
measures wavi ness plus roughness and the el ectronic instrunment
only nmeasures roughness.

| Measured results vary with operator technique - Care must be
exercised to place the instrunent on the surface in such a
manner that no novement is nade once the stylus contacts the
surf ace.

3.1.2 Magnetic I nstruments

There are two types of magnetic instruments. One type, the nagnetic
snap-of f gage, is based on the principle that the attractive force between

a permanent magnet and a magnetic netal is inversely proportional to the
di stance between the nmasses. \Wen the instrunent is placed on the surface

texture, a reading is given which is equal to the distance between the
magneti c probe and a point which represents the average nmass of the steel

The other type instrument, a magnetic induction gage, neasures magnetic
flux across an air gap which varies according to the proximty of the
magnetic surface and the two contact points Wth are the poles of the
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magnet. The scales on the instrunent are calibrated to read directly in a
profile height. (See [Figure 3.6)] A sinple nagnetic gauge nornally used
for measuring dry filmthickness can be used if the operator has a con-
version table to convert the average neasured value to a profile value
conparable to other measurenent techniques.

Sone avail able magnetic guages are listed bel ow

| Nordsen M krogage
| El cometer Roughness Gage Model 101-45
| Electro-Physik Mcrotest CGage

FIGURE 3.6: MAGNETIC PROFILE GAGE (Elcometer 101-45)
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The advantages and di sadvantages of nagnetic guages are |isted bel ow

A, Advant ages

Easy to carry, rugged construction, portable
Easy to calibrate

G ves a number which requires no interpretation
No formal training required

If used directly, without a conversion table or scale, the
val ue measured equates to the mninmm amunt of neasurable
pai nt necessary to cover the profile.

e |nexpensive ($300.00).

B. Disadvantages

| Not directly conparable with electronic stylus instruments.
| Limted to magnetic substrates

3.1.3 Repli cation

There are two basic types of replication procedures. One involves the
use of a replica tape which is placed on the surface to be nmeasured and
pressed or nolded into the surface. The tape is then removed and trans-
ported to a |aboratory where measurements are nmade from the replica using
ei ther mcroscopic, stylus or other techniques.

The second nethod consists of a procedure utilizing a specially
prepared conpsite replica tape (Testex Press-O-Film. The tape is first
applied to the surface to be measured and rubbed with a burnishing tool to
force the soft plastic part of the tape into the profile in such a manner
that the peaks protrude through the soft plastic but not through the known
thi ckness hard backing material. The resulting tape thickness is then
equal to the profile plus that of the rigid backing material. A dia
i ndi cator which has been adjusted to allow for the thickness of the rigid
backing material, is used to measure the profile height.
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The advant ages and di sadvantages of the replication procedure are
listed bel ow

A Advant ages

| Measurenment results are  consistent between operator
| Easy to carry, rugged construction, portable

| Easy to calibrate

| Gves a nunber which requires no interpretation

| No formal training required

| I nexpensive ($100.00)

B. Disadvantages

| Not directly conparable with electronic stylus instrunent
| Size of area measured is approxinmately 1/4” and is therefore
probably nmeasuring part of surface waviness

3.1.4 Conparators

Conparators consists of surfaces which have been electrolytically
reproduced from roughness standards. The surface to be neasured is then

compared to a series of different conparator standard surfaces either
visually or by touch. The operator then selects the standard surface nost
representative of the surface being measured. The standard surface is
| abel ed with an RA value or sane cede which represents the profile height.
O all the methods used, this is the nost subjective

Listed below are some of the suppliers of surface finish conparators:
| Flexbar Machine Corporation

| Gar Electrofornming Division
| KTA Kenneth Tator Associates
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The advant ages and di sadvantages of the conparator are discussed
bel ow

A.  Advant ages
| Easy to carry, rugged construction, portable
| No calibration required
| I nexpensive ($100.00)

B. Disadvantages

* Subjective - Requires operator interpretation

3.1.5 Surface Volume Methods

This is another straight forward method. A very snall known vol une
of non-evaporating oil (a drop), such as linseed oil, is is placed on the
surface to be neasured. A flat containment mechanism (plate glass) is
pl aced over the oil and pressure exerted until the plate is in intimte
contact with the surface. The diameter (d) of the area to which the oi
spreads is then neasured and recorded. Fran the known volune of the oil
and the diameter of the neasured area wetted by the oil, the profile height
(h) is expressed as:

h o= Volume
2
()
2

In another variation of this technique, a gas is used instead of oil.
The anount of gas escaping around the containment plate is measured, and
this reading is converted to surface volume. L. H Tanner found that a
“Pneumatic Weatstone Bridge for Surface Roughness Measurenents” vyiel ded
results conparable to those obtained from electronic stylus instruments. 2

3-12



The advant ages and di sadvantages of the surface vol ume nmethods are
listed bel ow:

A Advant ages
| No calibration required
| Inexpensive ($100.00 or |ess)
| Easy to carry, portable

B. Disadvantages

Not conparable with other methods

I

| Not repeatable

| Measures surface waviness and lay in addition to roughness
I

Gl is source of paint contam nation

3.1.6 Met al | ographi ¢ Secti oni ng

This is an old standard netal | ographic procedure. A sanple is cut
fromthe surface to be measured in a length and wi dth convenient for
| aboratory handling, generally 0.75 inches by 0.75 inches. The sanple is
then cast in an epoxy, PVC or other mounting conpound. Care nust be
exercised to insure that the sanple is cast in such a manner as to facili-
tate accurate sectioning after the nounting conpound has cured. A black or
cl ear mounting conpound is best to insure contrast between the sanple end
the mount. After curing, the sanple is sectioned at either a 90 degree
angle to the surface to be measured or to some other known angle. Follow
ing sectioning, the edge of the sanple is hand polished on a flat surface
using 120, 400 and then 600 grit wet/dry silicon carbide paper. The
resulting sanple is further polished using various grades of dianmond pastes
ending with the finest available.

After polishing, the sanple is placed in a mcroscope where the
profile can be observed and neasured. |f the sanple has been sectioned at
90 degrees to the surface texture, the measurements can be nmade directly.
O her angles can be used to magnify or reduce the actual profile. Besides
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being a very tedious, |abor consum ng procedure, errors can be introduced
whi ch make the actual measurenents erroneous. The angle of sectioning is
extremely critical. Asstated earlier, any angle other than 90 degrees can
magni fy or reduce the profile. In addition, the surface texture has a
tendency to smear during the polishing which shows up as a false roughness
The biggest drawback to this procedure is that it is destructive and re-
quires netal repair of the area fromwhich the sanple is taken. Therefore,
the procedure is not recommended for shipyards

3.1.7 Ginding

Anot her destructive method of surface texture neasurenent consists of
measuring the thickness of a sanple using a mcronmeter. The surface texture
is then renoved with a grinder until no valleys are visible. The resulting
thickness is remeasured and the difference is recorded as nmaxi mum peak-to-
valley. Not only is this procedure destructive, but it is also not very
accurate and has extremely poor repeatability.

3.1.8 Slip/Peel Testers

Even though not normally used to neasure surface roughness as such,
the slip/peel testers do measure surface coefficients of friction. Wth the

proper devel opment, the instrument could be adapted to neasure surface
roughness.

3.2 Noncontacting Methods

Noncont acting nethods generally consist of either optical or elec-
tronic mcroscopic neasurenents; however, one instrument is available which
uses light in a manner similar to a stylus instrunent. Each type of
procedure is discussed bel ow.

3.2.1 Optical Instrunents
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3.2.1.1 Sentec Non-Contacting Surface Profiler

This instrunent utilizes a patented optical technique which produces
a stylus type profile neasurement. A small spot of light is projected onto
the test surface through an objective |ens. The light spot is then
reflected back through the Iens and processed to accurately determine the
di stance between the objective lens and the spot of |ight on the surface
The neasurement of the position of the spot on the surface gives a neasure-
nent of the height of the surface profile. Electronic filtering and signa
processing are used to produce roughness and waviness readings. The unit
is also equipped with a chart recorder. Wth the exception of stylus
interference, the same disadvantages apply to this instrument package as
applies to the electronic stylus instrunents

3.2.1.2 Two-beam Interferonetry

This is a conplicated process which uses both reflected and refracted

light. The instrument can be adjusted to measure thin films and surface
t opogr aphy.

3.2.1.3 Light Section M croscope

The light section mcroscope is epuipped with a light source which is
projected through a razor-thin slit diaphragmonto the surface to be
measured and back into the objective lens of the m croscope. The |ight
source and the objective lens are positioned 90 degrees to each other and
each forms a 45 degree angle with the surface being neasured. Accurate
measurenents of surface roughness can be made by moving the reticle to
observe the peaks and valleys of the profile.

The fol lowing conpanies supply light section nicroscopes:

| N kon Incorporated
| Zeiss
| Elcometer (Roughtector Mbdel 181)
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3.2.1.4 Tool maker M croscope

This is a method which is recommended by and witten into the Stee
Structures Painting Council (SSPC) specifications. it is a straightforward
met hod for neasuring profile height which uses a standard tool nakers
mcroscope. This microscope is fitted with a calibrated neasurenent scale
on the focus control. The mcroscope is first focused on the |owest point
inthe field of view and the location of the focus control recorded. The
m croscope is then focused on the highest point in the field of view and
the location of the control noted. By subtracting the |ower reading from
the higher reading, the maxinum profile displacement can be obtained. The
roughness sanpling length varies with the mcroscope used but generally
ranges between 0.030 and 0.043 inches for 100X and is approximately 0.020
inches for 250X. The results shoul d closely approximte maxi mum peak-to-
val l ey measurenments of the electronic stylus instrument with mniconputer;
however, the results in section 4 do not support this conclusion.

This method is very tedious and tiring to the eye. [t is not
suitable for field use but can be conbined with the replication nethod

discussed in paragraph 3.1.3 to transport representative surface textures
to the laboratory for neasurenent.

3.2.1.5 Advantages and Di sadvantages of Optical |nstrunments

A Advant ages

| Can provide a true, neasurable representation of surface
texture

B. Disadvantages

Requi res |aboratory environnent
Expensi ve

H ghly technica

|
I
| Requires operator training
I
| Not portable
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3.2.2 Scanning Electron M croscopes (SEM

The scanning el ectron mcroscope can be used two ways to anal yze
surface texture. As a standard mcroscope, the SEM provides excellent
depth of field focus and presents an accurate picture of the actua
surf ace. No readings of profile height can be taken directly fromthe
surface; however, a micron marker can be added from which general nea-
surenents can be made. The second manner that the SEM can be used is very
simlar to the light section nethods discussed in paragraph 3.2.1.4 except
that electronic beans are used in lieu of |ight beans. Cal pan has a
patented process, SCRIMAGE, which provides quantitative profile neasure-

ments. Figure 3.7 [provides an exanple of this process. Bausch and Lanb
has a simlar process which uses an “Inmage Analysis Instrument”. This
instrument can be adapted to neasure roughness.

FIGURE 3.7: EXAMPLE OF SCRI MAGE PROCESS

3.2.3 Laser Technol ogy

This is a new and prom sing technique; however, no working node
could be found for evaluation. In this nmethod, a laser beam could be used
as an electronic stylus to nmeasure surface texture. The results would he
the same as those of the electronic stylus without sane of the pitfalls.
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The electronic stylus will wear with use and give |less accurate results
with time whereas the | aser beam does not the nechanical contact and
therefore does not wear. This technology is available in such instruments
as video and phonograph players.
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SECTION 4
Laboratory Test Results



4. LABORATORY TEST RESULTS

4.1 scanni ng Electron Mcroscope (SEM

Pages A-1 through A-14 maintain SEM photoni crographs of the various

surface textures resulting from each surface preparation method. Each
phot ograph was taken at |00X and 55 degree tilt to assure uniformty. As
can be seen, excellent depth of field is presented. Pages A-6 and A-9

contain photom crographs of visual conparator standards. The GS STD is for
grit blast surfaces and the SH STD is for shot blasted surfaces. The

nunber in parenthesis is the standard value for Roughness Average (Rra).

4.2  Conparison of Various Measurenent Results

4.2.1 Tool maker/Replication/ Stylus/ Magnetic/surface Vol ume

Both 2° x 2" x 1/4” and 6" x 6 x 1/4" sanples were prepared
fromnew steel with intact mll scale.

The steel substrate average hardnesses were as follows:

A- 36 74.78 Rockwell B
HY80 22.14 Rockwell C

The degree of cleaning when using abrasive blast techniques
was “Wite Metal”, SSPC 5. For pressure blast sanples, the angle of attack
was 90 degrees and the air pressure was 86 psig neasured at the nozzle
during blasting. The size nozzle used was 1/4" venturi. The centrifugal
bl asted sanples were prepared in a production blast machine. Power tool
cl eaned surfaces were prepared in accordance with the Steel Structures
Pai nting Council Power Tool C eaning Specification, SSPC 3.

The magnetic snap-off gauge was calibrated to 1.5 roils using
a National Bureau of Standards film thickness calibration standard. This

standard consists of a non-magnetic filmapplied to a polished magnetic
substrate.
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The m croscope method was acconplished at 100X with a field
of vision diameter of approximtely 0.030 inches

The number of sanples taken for each instrument were as
foll ows :

e Tool makers M croscope - 20

® Replication (Testex) - Generally 3 but sonetimes 7
e Manual Stylus (El cometer 123) - 20

e Electronic Stylus ( Talysurf ) - 50

e Electronic Stylus - Portable (Roughmeter) - 10

e Magnetic (mcrotest Gauge) - 20

e Surface Volune - 1

Tabl es | |through| V|contain the results of the various
measur enent nethods/ instruments obtained from the various surface textures

Attenpts at determning a precise nmathematical relationship
bet ween the various nmeasurenent techni ques were not successful. This was
probably due to the random nature of cleaned surfaces. In many cases, the
| ow hi gh val ues for some instruments actually overlapped. The range of the
Tool maker M croscope, Testex Replication procedure and El coneter 123
readi ngs were cl ose enough to be considered within the sane “Ball Park”. In
addition, the electronic stylus instrument has a filtering circuit which
del etes some surface characteristics which could be a part of the profile.
No nethod used was discerning enough to precisely neasure differences when
different abrasives were used for blasting. For exanple, the average
val ues obtai ned when using the Testex method for LG 16, LG 25 and GL40 were
6.8, 4.6 and 5.0 roils respectively. Each of these abrasives is success-
ively larger beginning with LG 16.

Anot her indication of the randommess of the neasurenents can
be observed when conparing the magnitude of the Low H gh sanple spread and
rel ationship between the average value (mean) and the standard deviation.
In many cases, the coefficient of variation (standard deviation divided by
nmean) of these sanples series varied by nore than 30 per cent. As discussed

4-2



e-v

TABLE 1
COMPARISON OF MEASUREMENT RESULTS - Abrasive Blast (A-36)

TooTmaker Replication Manual Stylus Electronic Stylus Electronic Magnetic Height Cal.
ABRASIVE Microscope Tape-Testex Electrometer 123 w/minicomputer - Talysurf Stylus-Portable Microtest from Surface
(MILS) (MILS) (MILS) RM(MILS)** PC RA{Min)x RA(Min)* (MILS) Volume (MILS)
Air Blast Average 6.1 3.3 4.0 2.2 30 386 943 0.6
Steel Shot Low/High 3.2/7.8 3.3/3.4 2.8/5.4 1.5/3.0 13/67 265/435 800/1000 0.2/0.9 5.5
$-280 STD. Dev. 1.06 0.6 0.8 0.416 15.99 48.64 76.42 0.21
Air Blast Average 4.7 3.2 3.3 2.2 22 391 925 0.6
Steel Shot Low/High 1.5/7.5 3.0/3.4 2/5 1.5/2.6 13/27 295/440 -850/1000 0.3/1.1 13.2
$-330 STD. Dev. 1.28 0.2 0.84 0.37 4.72 41.46 75.46 0.20
Air Blast Average 5.3 3.3 4.7 2.5 29 388 965 0.8 o
Steel Shot Low/High 3.5/7.1 3.2/3.4 3.7/5.6 1.7/3/7 20/40 325/455 850/1000 0.3/1.8 3.7
$-390 STD. Dev- 1.0 0.12 0.61 0.65 6.55 45,55 52.97 0.43
Centrifugal Average 4.6 3.1 4.2 2.6 28 415 1000+ 0.6
Blast Low/High 3.3/6.5 3.1/3.2 2.6/5.7 2.0/3.4 20/40 355/555 -- .2/1.1 7.4
Oper. Mix STD. Dev. 1.0 0.06 0.82 0.39 6.78 60.05 - 0.23
Air Blast Average 6.8 4.2 7.7 3.9 30 615 1000+ 1.2
Steel Grit Low/High 4,2/12.2 3.7/4.8 4,2/10.0 3.3/4.5 20/40 510/660 -- 0.4/2.4 8.4
LG-16 STD. Dev. 1.99 0.57 1.5 0.47 7.10 43.78 - 0.57
Air Blast Average 4.6 3.8 8.1 3.4 28 544 1000+ 1.1
Steel Grit Low/High 2.7/6.9 3.8/3.9 5.6/10.5 2.3/4.3 20/40 415/670 - 0.4/1.8 12.5
LG-25 STD. Dev. 1.16 0.06 1.45 0.59 7.46 75.42 -- 0.38
Air Blast Average 5.0 3.8 4.7 873 0.7 Not
Steel Grit Low/High 2.0/6.5 3.7/4.0 2.7/7.8 750/1000 0.4/1.0 Measured
GL-40 STD. Dev. 1.02 0.15 1.13 75.87 0.19
Air Blast Average 4.5 3.0 4,0 2.5 38 413 878 0.7
Steel Grit Low/High 3.0/6.7 2.9/3.1 3.0/5.0 2.2/2.9 27/67 345/495 755/1000 0.3/1.0 3.7
GP-40 STD. Dev. 0.91 0.08 0.65 0.24 11.53 38.02 81.18 G.23
Air Blast Average 4,2 2.9 3.8 2.1 24 340 1000+ 0.6
ASTM Low/High 1.1/6.2 2.6/3.4 2.4/5.7 1.6/2.4 13/33 290/395 - 0.2/0.9 9.1
Sand STD. Dev. 1.30 0.42 0.79 0.27 7.24 32.40 - 0.18
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TABLE I (contd)
COMPARISON OF MEASUREMENT RESULTS - Abrasive Blast (A-36)

ABRASIVE Toolmaker , Replication Manual Stylus , Electronic Stylus Electronic Magnetic Height Cal.
Microscope Tape-Testex ‘Electrometer 123 w/minicomputer - Talysurf Stylus-Portable 'Microtest from Surface
(MILS) (MILS) {MILS) RM(MILS }* PC RA/Min) * RA(Min) * (MILS) Volume (MILS)
Air Blast Average 3.8 2.9 3.5 ) ’ 898 0.7
20-30 Mesh Low/High 0.6/ 5.7 2.8/3.1 2.2/5.3 750/1000 0.4/1.1 10.7
Sand STD. Dev. 1.35 0.14 0.73 83.71 0.21
Air Blast Average 4.0 2.9 4.2 2.8 35 467 853 0.8
Parker Bros. Low/High 1.8/5.7 2.6/3.1 2.5/5.2 2.3/3.5 20/53  365/600 650/950 0.5/1.8 7.8
Mineral Grit STD. Dev. 1.06 0.19 0.78 0.35 10.85 76.89 96.07 0.34
Air Blast Average 3.7 2.8 3.3 1.6 42 237 918 0.4
Star Blast Low/High 1.3/5.8 2.3/3.4 1.5/4.9 1.2/2.0 20/73 215/285 775/1000 0.3/0.7 3.4
Mineral Grit STD. Dev. 1.29 0.48 1.02 0.23 16.42 25.40 89.79 1.0
Air Blast Average 4.7 3.1 4.9 2.7 33 399 1000+ 0.8
Saf-T-Blast Low/High 2.7/6.2 3.0/3.3 2.8/7.0 2.2/3.5 27/60  310/505 -- 0.5/1.4 7.7
Coal Slag STD. Dev. 1.0 0.12 0.98 0.43 12.55 57.15 - 0.24
Air Blast Average 4.5 3.3 4.6 2.6 33 395 1000+ 1.0
Stan Blast Low/High 1.9/7.3 2.7/4.4 2.8/7.5 2.0/3.3 13/53  330/505 - 0.5/1.8 6.0
Coal Slag STD. Dev. 1.31 0.59 1.27 0.38 14.61 50.16 - 0.35
*Microinch

**RM=Rmax



TABLE II

COMPARISON OF MEASUREMENT RESULTS - Abrasive Blast (HY80 Steel)

Toolmaker Replication Manual Stylus Electronic Stylus Electronic Magnetic Height Cal.
ABRASIVE Microscope Tape-Testex Electrometer 123 w/minicomputer - Talysurf Stylus-Portable Microtest from Surface
(MILS) {MILS) (MILS) RM(MILS)** PC RA(Min)* RA(Min)* (MILS) _ Volume (MILS)
Air Blast Average 4.9 2.6 3.0 2.0 30 342 740 0.7
Steel Shot Low/High 3.1/8.4 2.6/2.7 2/4.8 1.6/3.2 20/40 270/420 650/850 0.4/1.1 5.7
5-280 STD. Dev. 1,15 0.06 0.81 0.49 6.3 54 65.8 0.18
Air Blast Average 5.8 3.0 3.2 825 0.6
Sheet Shot Low/High 4,3/7.7 2.8/3.1 2.0/4.6 750/1000 0.3/1.0 13.2
S-330 STD. Dev. 0.98 0.13 0.69 92 0.20
Air Blast Average 5.3 3.1 3.7 823 0.7
Steel Shot Low/High 2.8/7.9 3.0/3.4 2.1/5.2 725/950 0.3/1.4 4,1
$-390 STD. Dev. 1.28 0.23 0.98 85.4 0.21
Centrifugal Average 5.1 2.4 3.1 2.1 27 351 650 0.6
Blast-Steel Low/High 3.3/7.6 2.4/2.5 2.0/4.7 1.6/2.6 20/40  315/420 550/750 0.3/1.1 3.9
Oper. Mix STD. Dev. 1.06 0.05 0.72 0.33 6.55 33 68.7 0.22
Air Blast Average 6.1 4.2 6.6 3.6 29 571 1000+ 1.1
Steel Grit Low/High 4,3/8.5 3.8/4.9 1.5/10.1 3.1/4.4 20/40 420/700 - 0.4/2.5 6.9
LG-16 STD. Dev. 1.07 0.59 1.95 0.52 8.28 97.9 - 0.55
Air Blast Average 3.7 3.7 6.4 3.8 34 559 1000+ 1.1
Steel Grit Low/High 3.4/4.2 3.4/4.,2 4.6/9.0 2.7/5.0 20/50 480/700 - 0.5/2.1 8.7
LG-25 STD. Dev. 0.436 0.44 1.429 0.8 12.0 99.9 - 0.4
Air Blast Average 4.7 2.7 4.3 2.5 366 883 0.96 Not
Steel Grit Low/High 2.1/6.8 2.7/2.8 1.8/6.2 1.7/3.3 290/580 750/950 0.5/1.6 M d
GL-40 STD. Dev. 1.15 0.06 1.0 0.47 74.98 68.77 0.34 easure
Air Blast Average 3.8 2.7 3.4 781 0.65
Steel Grit Low/High 2.4/5.1 2.5/3.1 2.4/6.0 600/925 0.3/1.0 5.5
GP-40 STD. Dev. 0.69 0.32 1.03 104 0.22
Air Blast Average 3.9 2.6 3.1 765 0.65
ASTM Low/High 2.1/4.8 2.5/2.7 1.8/4.2 650/850 0.3/1.0 4.6
Sand STD. Dev. 0.81 0.1 0.71 67.9 0.20
*Microinch

**RM=Rmax
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TABLE II (contd)

COMPARISON OF MEASUREMENT RESULTS - Abrasive Blast (HY80 Steel)

‘Tooimaker ‘Repiication -Manual Stylius ‘Electronic Styius .Electronic Magnetic -Height Cai.
.ABRASIVE Microscope Tape-Testex Electrometer 123  w/minicomputer - Talysurf Stylus-Portable Microtest from Surface
(MILS) {MILS) (MILS) RM(MILS ¥+ PC RA(Min) * RA(Min) * (MILS) Volume (MILS)
Air Blast Average 5.1 2.6 2.9 1.8 32 313 780 0.6
20-30 Low/High 3.6/6.3 2.5/2.8 1.4/4.1 1.6/2.0 13/47 255/400 725/850 0.4/1.0 3.3
Sand STD, Dev, 0,73 0,12 0.73 0.17 1.7 45,4 36.9 0.18
Air Blast Average 3.1 2.7 3.3 2.2 45 305 765 0.9
Parker Bros. Low/High 0.8/4.6 2.5/2.8 1.0/5.2 1.5/3.3 20/60 255/355 650/850 0.5/1.4 3.7
Mineral Grit STD. Dev. 1.1 0.14 0.93 0.52 14 30.04 61.46 0.22
Air Blast Average 2.6 2.2 2.5 578 0.5
Star Blast Low/High 1.7/3.8 2.0/2.4 1.4/4.0 450/900 0.2/0.8 7.5
Mineral Grit STD. Dev. 0.54 0.17 0.7 149.7 0.20
Air Blast Average 4.4 2.5 2.9 1.8 44 280 690 0.7
Saf-T-Blast Low/High 1.6/6.1 2.2/2.8 1.5/4.7 1.4/2.5 20/73 230/330 625/825 0.4/0.9 3.5
Cool Slag STD. Dev. 1.11 0.22 0.78 0.30 14.3 28.7 61.5 0.19
*Microinch

**RM=Rmax
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COMPARISON OF MEASUREMENT RESULTS -

TABLE III

Power Tool (A-36)

Replication Manual Stylus Electronic Stylus Electronic Magnetic Height Cal.
TECHNIQUE Tape-Testex Electrometer 123 w/minicomputer - Talysurf Stylus - Portable Microtest from Surface
(MILS) (MILS) RM(MILS** PC RA(Min)* RA(Min) * (MILS) Volume (MILS)

Disc Grind Average 1.6 1.1 1.1 20 128 338 0.4
Rusted Panel Low/High 1.2/2.0 0.6/1.8 .6/1.9 7/53 70/175 250/400 .1/1.0 1.9

STD. Dev. 0.31 0.35 0.42 13.63 33.02 43.30 0.27
Disc Grind Average 1.4 1.5 0.3 25 36 327 0.2
Primed & Low/High 1.1/1.7 0.3/2.5 0.2/0.6 7/67 20/59 250/400 0.1/0.3 5.6
Rusted STD. Dev. 0.30 0.54 0.11 17.7 11.19 55.86 0.08
Needle Gun Average 1.8 2.2 1.0 22 168 550 0.4
Rusted Low/High 1.6/2.0 0.9/5.2 .7/1.5 13/27  130/205 450/700 0.2/0.8 3.5
Panel STD. Dev. 0.21 1.39 0.3l 7.24 28.6 89.82 0.16
Needle Gun Average 1.6 1.5 1.2 18 184 550 0.4
Primed & Low/High 1.3/2.0 0.7/2.2 0.7/1.5 13727 120/230 550/625 0.2/1.0 2.9
Rusted STD. Dev. 0.28 0.44 0.30 4.67 34.70 55,39 0.19
Wire Wheel Average 1.9 1.8 508 0.4
Rusted Low/High 1.5/2.1 0.7/4.1 400/650 0.1/0.9 2.1
Panel STD. Dev. 0.29 0.79 74.1 0.23
Wire Wheel Average 1.6 1.6 1.0 23 191 369 0.2
Primed & Low/High 1.0/1.8 0.6/2.5 0.7/1.6 13/33 125/235 225/500 0.1/0.2 8.0
Rusted STD. Dev. 0.25 0.59 0.28 7.97 34.38 86.90 0.20
;1az g ﬁveyggeh 0.5 25 72 Not
uste ow/Hig 0.3/0.6 20/40 50/90
Pane1 STD. Dev. 0.82 6.37 12.74 Measured
F1qp Average 1.6 1.9 0.5 29 73 352 0.1
Primed & Low/High 1.4/1.8 1.0/3.2 0.3/0.8 13/47 55/100 200/450 0.1/0.2 8.3
Rusted STD. Dev. 0.16 0.55 0.14 10.61 13.98 89.48 0.04

*Microinch

**RM=Rmax
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TABLE IV
COMPARISON OF MEASUREMENT RESULTS - Power Tool (HY80)

TECHNIQUE Replication  Manual Stylus . Electronic Stylus Electronic . Magnetic  Height Cal.
q Tape-Testex Electrometer 123 w/minicomputer - Talysurf Stylus - Portable Microtest ‘from Surface
(MILS) (MILS) RM(MILS* PC RA(Min )« RA(Min (MILS) Volume (MILS)

Disc Grind Average 1.2 1.2 0.6 12 64 267 0.3
Rusted Panel Low/High 1.0/1.4 0.3/2.1 0.4/1.0 7/20 45/100 225/350 0.1/0.6 3.2

STD Dev. 0.19 0.63 0.22 5.95 19.69 50.38 0.11
Disc Grind Average 1.3 1.0 0. 30 43 198 0.1
Primed & Low/High 1.2/1.4 0.1/3.4 0.2/0.6 13/53 25/58 150/300 0.1/0.3 2.7
Rusted Panel STD Dev. 0.06 0.87 0.13 12,68 11,29 41,91 0.06
Needle Gun Average 2.1 3.2 0.8 19 125 656 0.6
Rusted Low/High 1.8/2.3 2.0/4.9 0.6/0.9 7/33 95/160 550/850 0.3/1.1 6.3
Panel STD Dev. 0.23 0.78 0.11 8.84 19.44 97.77 0.23
Needle Gun Average 1.7 2.0 458 0.5
Primed & Low/High 1.2/2.2 0.5/4.0 350/550 0.2/1.0 3.5
Rusted STD Dev. 0.43 0.76 70.17 0.25
Wire Wheel Average 1.5 1.6 0.5 18 87 269 0.3
Rusted Low/High 1.2/1.8 0.7/2.8 0.3/1.0 7/27 55/125 250/350 0.1/0.7 5.9
Panel STD Dev. 0.25 0.53 0.21 7.06 17.33 33.92 0.15
Wire Wheel Average 1.8 2.3 0.6 17 106 471 0.4
Primed & Low/High 1.4/2.2 1.2/3.5 0.4/0.7 13/27 75/130 375/600 0.1/1.1 5.2
Rusted STD Dev. 0.30 0.63 0.96 5.12 19.41 71.38 0.23
Flap Average . 0.7 75 90 Not
Rusted Low/High 0.5/0.9 407113 75/105 Measured
Panel STD Dev. 0.11 23.58 i0.0
Fiap Average 1.3 1.5 0.6 65 78 292 0.1
Primed & Low/High 1.0/1.5 0.6/2.8 0.5/0.8 20/108 65/100 225/400 0.1/0.2 2.7
Rusted STD Dev 0,19 0.60 0.11 35,43 10,85 54,70 0.03

**RM=Rmax
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TABLE V

COMPARISON OF MEASUREMENT RESULTS - Pickled Steel

Replication Manual Stylus Electronic Stylus Electronic -Magnetic Height Cal.
. Substrate Tape-Testex Electrometer 123  w/minicomputer - Talysurf  Stylus - Portable Microtest  from Surface
(MILS) (MILS) RM(MILS) *x PC  RA/Min) RA(Min) = (MILS) Volume (MILS)
Average 2.7 3.0 1.7 36 252 1000+ 0.4
A-36 Low/High  2.2/3.1 0.9/4.5 1.3/2.5  13/67 230/325 -- 0.2/0.7 3.4
STD. Dev. 0.31 0.93 0.36 19.26  33.5 - 0.13
Average 2.7 2.1 2.0 31 243 679 0.2
HY80 Low/High 2.5/2.8 1.2/3.7 1.7/2.6 7/60  200/285 600/800 0.1/0.3 2.6
STD. Dev. 0.10 0.78 6.33 16.16 30.21 49,81 0.07

*Microinch

**RM=Rmax



earlier, one major reason for the differences in neasurement results is
differences of sanple |ength.

NACE Task Goup T-GG19, “Field Measurement of Surface
Profiles on Metal.”, conductd round-robbin profile measurenents on 14
different panels (7 different dbrasives and 2 degrees of cleaning)by 7
different observers. The neasurenment techniques include Elconeter 123
Testex tape and Keane-Tator conparator. This study group found that the
Textex nethod gave closest correlation to the optical mcroscope and that
the must prom sing candidate nethods were the El coneter 123 and Testex. The
group also found that, wth the exception of Testex, the statistica
average of all the nethods showed a significant variation.

The surface volune technique seened to give totally random
nmeasur ements. Part of the problemwas the inability to make numerous

nmeasurements on each sanple and the large size of the sanmple length.

4.2.2 Visual Conparators

Tables VI |and| VI1 |contain the results of visual conparisons.
Again no clear-cut relationship could be established. As stated earlier,
this is a totally subjective evaluation. The observer views the surface to
be conpared under nmmgnification and then makes a conparison With a standard
surface

The visual conparators could not be used for power tool
cl eaned surfaces unless oriented to the proper light direction and only
then for isolated areas and not the entire surface

Table VIII |is a recapitulation of the results obtained by
three different trained observers. In only one case out of 14 observations

did all three observers select the same standard. In some cases all three
observers picked different standards. The arbitrary nature of this
procedure mekes it totally unsatisfactory.

4-10
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6TABLE VI - COMPARISON OF THE AVERAGE MEASURED
VALUES (MILS) oF vArRious INSTRUMENTS TO KEeANE-TATOR VISUAL COMPARATOR

Steel Toolmaker Replica Man. Stylus Elec. Stylus Magnetic Surface Keane-Tator
Sample Prep Type Microscope Testex Electrometer 123 Talysurf Mircrotest Volume Comparator
A.B. S-280 A-36 6.1 3.3 4.0 2.2 0.6 5.5 3.0
A.B. S-280 HY80 4.9 2.6 3.0 2.0 0.7 5.7 3.0
A.B. S-330 A-36 4.7 3.2 3.3 2.2 0.6 13.2 5.5
A.B. S-330 HY80 5.8 3.0 3.2 0.6 13.2 4.0
A.B. S-390 A-36 5.3 3.3 4.7 2.5 0.8 3.7 5.5
A.B. S-390 HY80 5.3 3.1 3.7 0.7 4.1 4.0
Cent. Blast A-36 4.6 3.1 4.2 2.6 0.6 7.4 3.0
Cent. Blast HY80 5.1 2.4 3.1 2.1 0.6 3.9 2.5
A.B. LG16 A-36 6.8 4.2 7.7 3.9 1.2 8.4 4.5
A.B. LG16 HY80 6.1 4.2 6.6 3.6 1.1 6.9 4.5
A.B. LG25 A-36 4.6 3.8 8.1 3.4 1.1 12.5 5.5
A.B. LG25 HY80 3.7 3.7 6.4 3.8 1.1 8.7 4.5
A.B. GL40 A-36 5.0 3.8 4.7 0.7 4.5
A.B. GL40 HY80 4.7 2.7 4.3 2.5 0.96 3.0
A.B. GP40 A-36 4.5 3.0 4.0 2.5 0.7 3.7 2.0
A.B. GP40 HY80 3.8 2.7 3.4 0.65 5.5 2.0
A.B. ASTMSand A-36 4.2 2.9 3.8 2.1 0.6 9.1 4.5

A_B. ASTMSand HY80 3.9 2.6 3.1 0.65 4.6 3.0
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TABLE VI - COMPARISON OF THE AVERAGE MEASURED

vALUES (MILs) oF VARIOUS INSTRUMENTS TO KEANE-TATOR visua. COMPARATOR (contd)

Steel Toolmaker Replica Man. Stylus Elec. Stylus Magnetic Surface Keane-Tator
Sample Prep Type Microscope Testex Electrometer 123 Talysurf Microtest Volume Comparator
A_B. 20-30 Sand A-36 3.8 2.9 3.5 0.7 10.7 3.0
A_B. 20-30 Sand HY80 5.1 2.6 2.9 1.8 0.6 3.3 2.0
A.B. Min. Grit A-36 4.0 2.9 4.2 2.8 0.8 7.8 3.0
A.B. Min. Grit HY80 3.1 2.7 3.3 2.2 0.9 3.7 2.0
A.B. Starblast A-36 3.7 2.8 3.3 1.6 0.4 3.4 3.0
A.B. Starblast HY80 2.6 2.2 2.5 0.5 7.5 1.5
A.B. Saf-T-Blast A-36 4.7 3.1 4.9 2.7 0.8 7.7 2.0
A.B. Saf-T-Blast HY80 4.4 2.5 2.9 1.8 0.7 3.5 3.0
A_B. STAN Blast A-36 4.5 3.3 4.6 2.6 1.0 6.0 3.0



TABLE VII

COMPARISON OF THE AVERAGE TALYSURF AND PORTABLE STYLUS MEASUREMENTS (RA)
TO
GAR VISUAL COMPARATOR
(Al1 measurements are microiriches )

El-v

Talysurf Portable
Sample Prep Stylus Stylus GAR Standard
S-280 386 943 500
S-330 391 925 1000
S-390 388 965 500
Cent Opr. Mix 415 1000+ 500
LG16 615 1000+ 1000
LG25 544 1000+ 1000
GP40 413 878 500
ASTM Sand 340 1000+ 500
Pkr Bros Min. Grit 467 853 500
Star Blast 237 918 500
SAF-T-Blast 399 1000+ 500

STAN Blast 395 1000+ 1000
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TABLE VIII

vISUAL coMPARATOR (kT) ResULTs - THrRee OBSERVERS

Abrasive Used Observer #1 Observer #2 Observer #3
S-280 3.0 SH 76 4.0 SH 76 3.0 SH 76
S-330 5.5 SH 76 5.5 SH 76 4.0 SH 76
S-390 3.0 SH 76 5.5 SH 76 5.5 SH 76
Cent. Opr. Mix 3.0 SH 76 2.5 SH 76 4.0 SH 76
LG-16 4.5 G/S 76 4.5 G/S 76 5.5 G/S 76
LG-25 4.5 G/S 76 5.5 G/S 76 5.5 G/S 76
GL-40 3.0 G/S 76 4.5 G/S 76 4.5 G/S 76
GP-40 2.0 G/S 76 2.0 G/S 76 3.0 G/S 76
ASTM Sand 4.5 G/S 76 3.0 G/S 76 4.5 G/S 76
20-30 Sand 3.0 G/S 76 3.0 G/S 76 3.0 G/S 76
Parker Bros -

Mineral Grit 3.0 G/S 76 2.0 G/S 76 3.0 G/S 76
Starblast -

Mineral Grit 3.0 G/S 76 5.5 G/S 76 3.0 G/S 76
Saf-T-Blast -

Coal Slag 3.0 G/S 76 1.5 G/S 76 3.0 GIS 76
Stan Blast -

Coal Slag 4.5 G/S 76 3.0 G/S 76 3.0 G/S 76



4.2.3 Mcrosectioning

[ Table Ix]contains the results of microsectioni ng neasurements
using selected sanples.

TABLE I X

M crosection Measurenents

Tool makers

Abr asi ve M crosection (MIs) M croscope (M15s)
Aver age 1.5 4 . 7
S-330 Low H gh 0.4/3.0 1.5/7.5
Std. Dev. 0.65 1.28
Aver age 1.3 4.7
GLAO Low Hi gh 0.1/3.4 2.1/6.8
Std. Dev. 0. 89 1.15

These neasurements do not equate to any of the other tech-
ni ques. Since the neasurements were nmade with the same instrument, the

Tool maker microscope readings should be simlar but are not. |Figures 4.1
and are phot omi crographs of the sectional surfaces.

Lo /.
3
N

FIGURE 4.1: M CROSECTION OF S 330 ABRASIVE BLASTED SURFACE (100X)

LN N L N

SURFACE (100K)

FI GQURE 4. 2: CROSECTI ON OF (A0 ABRASI VE BLASTED
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4.3 Adhesion Test Results

In addition to the measurements made with the various surface texture
instruments, an attenpt was also made to euquate surface texture to relative
adhesi on. The El cometer Button Adhesion Test was used. In this procedure
a button is glued to the surface and then renoved by a measured tensi
force. Table X gives the results of these tests

These test results reveal no major adhesion value differences as
related to abrasive blasted surfaces regardless of the surface texture
(profile) height. However, there is a dramatic difference between abrasive
bl asted surfaces and power tool cleaned surfaces. This difference is
probably due to the contami nation which remains on the surface after
cleaning (see|Figure 4.4). The button in the upper left conmer was renoved
froma rusted panel cleaned with a power wire wheel. The |ower left corner
button was renoved from a panel cleaned by abrasive blasting with GP40
steel. grit. The upper right and lower right buttons were removed fromflap

and needl e gun cleaned surface respectively

FIGURE 4.3: ADHESION TEST BUTTON SHOWING CONTAMINATION
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Table X

Adhesion Test Results

Substrate Preparation
S-280

S-330

S-390

Centrifugal Bl ast

LG 16

GP 40

Starbl ast

Disc Gid - Rusted Panel
Disc Prined/ Rusted Panel
Needl e Gum - Rusted Panel
Needl e Gun - Prined/ Rusted Panel
W reWeel - Rusted Panel
Wrewheel - Primed/ Rusted panel

Flap - Primed/Rusted Panel

Adhesi on Val ues (Average psi)
3000
2300
2300
2500
1700
2700
3300
900
1200
1200
1100
1000
1000
1200

4-17



4.4 Paint Performnce

A search was nade through test data available fromother testing
prograns to determne if a relationship could be drawn between the type of
abrasive used to clean the substrate and resulting perfornance.

[Figures 4.4]and| 4.5 are photographs of an inorganic  zinc paint system
Wi ch was applied over four test panels, each cleaned to “Wite Metal” with
a different abrasive. The abrasives used fromleft to right are GL 40
steel grit, starblast, coal slag, and sand. The panels in Figure 4.5 were
exposed on an exterior test fence at 45 degree south in Jacksonville,
Florida, for five years in a narine environnment. The panels in Figure 4.6
were first exposed for sixty days on an exterior test fence and then to a
salt fog in accordance with ASTM B117 for 6000 hours. In all cases the
inorganic zinc performed the sane - no corrosion. From these test results
no difference in performance could be detected.

4-18
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SECTION 5
Summary



5. SUMMARY

In Sections 2 and 3 of this report, discussions have been offered
which define surface texture characteristics and critique nmethods and
procedures for neasuring these characteristics. section 4 has summarized
test data.

The nost inportant definitions are surface texture, lay, waviness,
roughness, profile, measured profile, peak, valley, roughness average (RA)
peak-to-val l ey height, peak count, and sanpling I ength. Each of these
definitions have a definite relationship to one another. Wen discussing
and neasuring surf ace texture, these relationships nust be renmenbered

In surface preparation for painting, the terns profile or anchor
pattern are widely used. As defined earlier in this report, profile is the
contour of the surface in a plane perpendicular to the surface. No
reference is made to sanpling length. Sanpling length is all inportant and
determ nes whether or not lay and/or waviness are included within the
measur ement  extrenes. The various instruments discussed in this report
have varying sanple lengths from0.030 inch to 1-1/2 inches. This explains
sane of the wide deviations in measurenent results

The primary concern is to establish a standard nethod of defining
surface texture. Measurenent terns should be exactly defined. [nstrument
components nust al so be specified as to dinensions, sanpling Iength and
calibration

O the instruments and procedures investigated and tested, the
El coneter 123 Profilometer, the Testex Replicate Method, and the snap-off
magnetic gages are the easiest to use. Even though the neasurenents nade
are not directly conparable between instrunments, a rough relationship
exi sts between instrunents which is representative of a maximm peak-to-
val l ey neasurement within a given sanpling |ength. Dependi ng on the
instrument, this sanpling length could include lay, waviness or roughness
Since paint adheres on a mcro level and has a tendency to follow the major
contours (waviness and lay), the nmost inportant neasurenent is roughness.
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O the instruments recommended, the Testex and magnetic snap-off gage nore
cl osely measure roughness. O these two, the magnetic gage neasures
exactly the same area as the routinely used paint thickness gage because
they are, in fact, one and the sane. Therefore, because paint thickness is
probably the nost agreed upon paint performance determnant, it would stand
to reason that the magnetic gage would be the best instrument to use. At
| east, assurance woul d be given that the peaks have been conpletely covered
during painting. Further to this argunent, the normal magnetic thickness
gage should he used to measure roughness without adjusting the scale. This
procedure would then be in conplete agreenment with the SSPC procedure for
measuring film thickness in that the magnetic gage is used to neasure the
surface profile prior to paint application. This nunber is then subtracted
fromthe neasured dry filmthickness of paint to obtain the actual dry film
t hi ckness.

This proposed procedure is sinple, straight forward, and requires no
interpretation and no procurenent of expensive equi pnent

5-2



ANNEX A

Scanning Electron Microscope Photographs
of

Various Surface Textures
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