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This report wes prepored by the Materials Sciences Reseorch Leboratory, Lockheed-
Georgia Company, Marietta, Georgia, for the Navai Air Systems Command, Department
of the Navy, under Contract NJ0019-86-C-0017.

The work wos administered by the Navc! Air Systems Commond, with Mr. A . M. Malloy
ond Mr. T. A. Johnston serving as Project Enginears.

The Principal Investigator was Dr. R. N. Miiler. The laboratory phose of the 3. .g-cr was
conducted in the Materials Sciences Division of the Lockheed Gesrgis Research Laborotory
under the surveiilance of Associate Director E. E. Underwood. F. T. Hun:,.-ay,

K. Ridiey, and T. Phiilips performed the Ir-boratory evaluation of the experimenta!
cleaning procedures. J. C. George ond A, Rleich directed ond conducted the Lockheed-
Califomio portion of the progrom.

The accomplishments of this progrem largely resulted from the cooperaticn of the following
individucls: Commander J. T. Waller, I\.vy Plant Representutive, Lockheed-Colifomia;
LCaptain Ripa, Aircraft Maintenance Officer, Marine Corps Air Station, El Toro,
Culifomia; G. A. Garber, Air Force Flont Representative, Lockheed-Georgia; P. De
Keles, Manoger of Planning ond Scheduling Department, Lackheed-Califomic;

E. Moxzwell, C-141 %aint and Trim Deportment, Lockheed-Georgia; Major John Masters,
Head Maintencnce Officer, Futemo Air Bose, Okingwa; and O. E. Pratt, Jr., Lockheed
field Service Representntive, Futemo, Okinowa.

Appreciation ond recognition are extendad to Captoin Waitt of £l Toro Marine Corps Air
Station, and to john Bradshaw for arranging the finai inspection of C-13C Aircraft No.
150685. The final inspection of P~3 Aircraf. No, 5286 wos mcde possible by the efforts of
Squadron Leader L. Bunn and Squadron Leader R. Hewiit-Cook of the Australian Embassy
in Washingtor:, D.C., ond Squadron Lecder Jack Roe of the Australinn Air Force Base ot
Edinberatigh, Austrelia.

This fina: repoet summerizes the progress on the conrract for the 36-month period from
23 Octobar 1967 1o 23 Qctober 1970,
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Finai results are presented of a program to develop improved methads of ¢ leoning aircraft
surfaces prior o painting.

The first objective of the program was met by the development of ¢ simple and accurate
method for determining the degree of cleanliness of surfaces. [t consists, ussenticlly, of
placing S-microliter drops of distilled water on the test surface, measuring the drop diumeter,

and cenverting the diop diareter to o quantitotive value of surface energy.

Nine cleaning procedures were evaluated by means of sudioisotope, surfoce energy,
riydrogen embrittlement, ond coating adhesion tests. The best two procedures were applied
to » C~130 ot Lockheed~Gecrgia and te a P-3 circraft ot Lockheed -Califomia before the

final epoxy=-polyamide paint system was applied.
The C~130 circraft was inspecied ofter approximately 6 and 14 months of South Pacific
service, The P-3 circraft wos inspected 6 and 21 months ufter it wos pointed. The inspec-

tion results indicate that both of the experimental clecning procedures were effective in
providing o durable bond between the epoxy~polyamiae paint system and the cluminum

substrate.

3 Five hand-peslabla and five alkaiine~removable coatings were evaluatad for their ability
to protect clean surfoces from contominotion. The strippabie coatings which gove the best
3 results in laboratory tests were applied to P-3 fuselage panels. Hond-strippable coating

E No. 14* provided good protaction for the panels during chemical cleaning ond during

5 drilling, countersinking, and riveting operations. Chemicolly sirippoble cozting No. 11

3 provided good protection for the panels during the drilling, couatersinking, and riveting

: steps.

>
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*Strippable coctings ore identified in Appendix A.
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SUMMARY

Basic Study of Surface Cleanliness

A relicble ond simple method of determining the degree of cleanliness of aircreft surfaces
wos developed. Essentially, it consists of placing drops of distilled water, 5 microliters in
volume, on the test surfaces and measuring the diometer of the drops with the aid of a
Brinell microscepe. Through the use of o special chart, which must be experimentclly
determined, the drop dicmeter is readily converted to the "Critical Surface Tension of
Wetting" of the surface. This number is a quontitative measurement of the free energy of
the cleoned surfoce.

The contominants which accumulated on the surface of panels which hod been exposed to o
produstion shop environment for 3 weeks were analyzed by mecns of an infrared spectro-
photometer ond identified os being chiefly hydrocarbon oil, solverits, and dusv.

Studies on the effect of aging on the surface energy of anodized alumisium paneis indicate
that aging is not a significant factor in fowering the surface energy of oncdized substrotes.

Laboratory Evaluation of Cleaning Procedures

Nine procedures were evaluated for their cleoning effectiveness by rodioisotope ond
surface energy methods. Panels of bare end clad 7075-76 and 7178-T6 cluminum were
then cleuned by each of the procedures, coated with the Navy epoxy-polyomide peint
system, subjected to salt spray and simulated sun and rain expowre, ond evaluated for
paint odhesion by means of a Scratchmaster Paint Adhesion Test Unit. The two cleaners
which gave the best overall resuits were Cleaners No. 1l ond Vi.*

The cleaners were olso investigated for their hydrogen embrittlement characteristics by

means of the Lawrence Hydrogen Detection Gouge. Cleaner No. IV was highly
embrittling, but the remainder were considered sofe for use.

Laboratury Evaiuation of Strippable Ce-atings

Five ha:d-peelchle and five aikaline-removable coatings were evaluated for their ability
to protect cleaned surfaces from contamination ond for their resistance to chemicai pro-
cescing and mechanical abrasion. The bast of the hond-peelable films wos Coating No.
11,* and the best alkaline-removabls materials was Coating No. 14.

Application of Best Cleaning Procedures to Aircraft

The two best experimental cleaning procedures, involving the use of Cleoners No. i and
Vi, were opplied to the starboard and port sides, respectively, of PAR Mod C-~130 circrofi
#150885 on September 13, 1968. After the second cleaning, the test area on top of the
fuseloge was repointsd with the Navy epoxy-poiyamide coating system

*See Appendix A for identification of cleaners ond strippable coatings.

Xxvii
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A new Ngyy P-28 gircgft, No. 5284, wos cleoned by the experimenial procedures. The
starboard wing was cleaned with Cleaner No. Ill, the port wing with Cleaner M~ VI,
and the fuselage wos cleaned by the standurd Lockheed-Califomia procedure whiin

invoives hand-~scrubbing the surfaces with Scotchbrite pads and water,

Producticn-~Line Evaluation of Strippable Coatings

Strippable costings No. 11 and 14 were applied to skin panels for a P-3 aircraft. Hond- J
strippable coating No. 14 was applied before the panels passed through the cleaning,
deoxidizing, and Aledine iines. The chemically removabie coating No. 11 was applied
aofter the chemical treatments. Both coctings held up well during the drilling, riveting,
and routine operations. Coating No. 14 provided good protection for the aluminum panels
through the chemical treatments.

Inspection of Aircraft Cleorned by Experimentol Procedures

P-3 Aircraft No. 5286, which was cleaned with the fwo best experimental cieaning
proceduras on August 5 end 7, 1968, was inspected after cutdoor storoge for 4 months

under conditions which were quite shel*ered except fer expesure to sunlight. iNo deterio-
ration of the coating system was evident. The second inspection was made on 18 May 1970,
aofter the aircraft had been on active service in Australia for 6 months. The coating was in
excellent condition and still had a high gloss. No defects or deterioration were evident.

C-130 Aircraft No. 150685 was inspectedat Futema Air Base, Okinawa, on 7 April 1969
after approximately 6 months of active service in the South Pacific. Except for a few minor
defects, the painted surfoces were in excellent condition. Both experimental cleaning
procedures had been effective in providing good paint adnesion.

The second inspection of the test C~130 aircraft wes made on May 10, 1970. The point

was adhering we!l and wos not blistering or peeling with the exception of a small area on
the starboard side of the ducktail.

xviii
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i - INTRODUCTION

Aircraft monufacturers have had difficulty in obtaining consistently good adhesion of

epoxy point finishes to chromated cluminum surfaces. In an effort to solve this problem,
the U. S. Noval Air Engineering Center(}) conducted an investigation of various methods
of cleoning and activeting aluminum prior to painting and recommended several procedures.
One of the problems ancountered by the iJ. S. Naval Air Engineering Center was that of
quantitatively measuring the degree of cleonliness of a freshly cleaned surface. it was the
puroose cf the progrom described here to

® Devslop arelicble method of determining when a surface has the cleanliness
required for good odhesion of paint films.

o Evaluate fu-ther both the recommended ond odditional cleaning procedures in the
laboratory .

® Apply the two best methods to both new and reconditioned aircreft surfaces to
establish cost porometers and to determine the performonca of the treated surfaces
under service conditions.

The condition of the surface prior to the application of a protective coating system is one
of the critical factors in the ottainment of an adherent, corrosion-resistant finish system.
Paints adhere to metal surfaces through a combination of two mechanisms: the keying
action between the orgonic film and irregularities in the metal finish, ond moleculer
cttraction between the metal ond the polymeric coating. Since aircroft surfcces ore
always extremely smooth, the second mechanism assumes primary importance.

Good maolecuiar bonding is best achieved by freshly activating the surface to be coated
just prior to the application of the protective system. The activation treatment creates
unscturated bonds which have a strung offinity for the coating system. The surface must be
protected if it is not practical to activate the surface immediately before the paint is
opplied. A strippable film may be used to keep moisture, grease, and industrial fumes
away from metal surfaces during fabrication aperations.

It is possible to achieve ideal conditions in the loboratory, where relatively small test
panels are coated and tested. However, the paisting of o lerge circroft presents multiple
problems. The humidity in the paint hongor is largely regulated by the loca! weather
conditions. Aaother problem is the difficulty in educating workers to keep honds off
surfaces which have been prepored for painting. it is not uncommon for painters to wipe
dust from surfaces with their bore honds, not realizing that the grec:e and moisture from
their hands is for more detrimental to the finished coating than the dust they ere trying to
remove.

in the sefaction of on optimum cleaning and chemical treatment for aircraft suifaces, the
effeciiveness under ideal conditions is impcrtont, but the ultimate test is how well the
system holds up when recommended handiing procedures are nat strictly observed. For this
reason, it was decided to verify the resuits of the laborotory investigation by application
of the selected cleoning procedures to production aircraft and to bese the final recom-
mendations on the results of o field-service test.

The initial phose of this program wes a basic study of susface clecnliness which had the
objective of developing a simple and reliotle method of determining the degree of
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cleanliness of aircreft surfacas. The worl done by the Naval Alr Enginesring Canter
demonstrated that the water-breck free method, which is the usual criterion of cleanliness,
has little value in determining whether a coating may be effectively applied to =~ surface.
Surfaces which did not pass the water-break free test still provided good adhesion for the
coating used.

The second portion of the program was the laboratory evaluation of the cleoning
procedures recommended by the Naval Air Engineering Center, plus the cleaning
procedures in current use by Lockheed-Georgia and Lockheed-Califomia, by means of
radioisotope, surfcce energy, hydrogen embrittiement, ond coating odhesion tests.
Simultaneou:ly, o laboratory evaluation of the best strippabie protective couting systems
was conducted by Lockheed-California.

The finol phase of the program was the application of the best cleaning procedures to o
C-130 aircraft ot Lockheed-Georgia and to a P-3B aircraft ot Lockheed-Califomia. The
cost parameters of the procedures were determined during application. The two test air-
craft were scheduled for service in the severe environmental conditions of the South Pacific .

The C-130 wos assigned fo Futema Air Base in Okinawe ond remained there until the early
part of 1970. It was inspected after 6 and 14 months of exposure to the high heat, humidity,
intense sunlight, and salt air environment of Okinawa. The P~3 circraft, originally
scheduied for delivery fo the United States Navy, remained ot Lockheed-Caiifomia for
almost a year and was then sold to the Roya! Australion Air Force. [t was inspected in
Califomia after 6 months of exposure to g: lifomia sunshine and was given & second
inspection at Edinborough Air Bose ot Elizabeth, Australia, on 18 May 1970.

Figure 1 is c milestone chart showing the completion dates of the various phases and key
steps of this program.
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11 - BASIC STUDY OF SURFACE CLEANLINESS

Methods for Determining Cleanliness

The classical method of determining the surface energy of solids is the mecsurement of the
heat of wetting of a known orea. However, this cannot be used for fiat poneis because
the energy changes ars too saiali. This methed is spplicobie only where it is passible to
use finely divided solids having iarge surface areas per gram.

A iiterature survey was mode to find alternais methnds of detemiining the surfoce energy
of metais in the Icboratory and in the field. G. J. Hof(2} discusses the following methods for
determining the cleanliness of surfaces, o pioperty which is closely reloted to surface

energy:

Visual Exomination - This is effectively enly for visibie conteminents and
particulate mctter ond is the least sensitive ond mast comvaoniy used method of

inspection.

Tissue-Poper Test - The cieaned surfoce is rubbed with white tissue poper ond
then obsesrved for grease or soot. Technigue is limited to visible soil and is o
relatively insensitive qualitative test.

Water Breok - The surfoce is considered clean if the last rinse woter forms o
continuous film and does not "beod up.™ This condition, in the ubsence of ¢

rophillic contominont, indicotes o zero contact angle ond o surfoce energy
of more than 72 dynes/cm.

Atomizer Test ~ A woter mist is opplied to a cleaned dry wurface with on
atomizer. Because the original surface is dry, the rasulting potiem is deter-
mined by the volue of the odvoncing contcct angle. This test is more sensitive
thon the water-breck test because nc heavy water films are present to cover ond
ohscure small conteminoted areas.

Contact Angle of Woter Drop - A drep of distilled woter is ploced on the test
surface, the profile is photographed, ond the contact engle is messured. This is
on accurate method of determining surfoce cleanliness but con be used only under
loboratory conditions.

Kerosene Viewing of Water Break - The test ponel is withdrown from woter ond is
immediately submerged in o fronsparent container of kerosene which is lighted
feom the bottom. Neor water brecks ore dispiaced by kerosene.

Rodioactive Trocer - A rodioactive soiling compound is opplied tc the test piece
and the rasiduol rodioactivity is measured ofter the pisce hcs been cleoned.
This is the most sensitive of the guontitative methods now avaiicble.

Fluorescent Dys - An oil-soluble fluorescent dye is mixed with cn oily soiling

material ond opplied %o the tast ponels. After the panels ore ciecned, the
retained soil is visible under ultraviolet light.

< Preceding page blask
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& Grovimatric - The test ponels cre weighed before end cfier clecning. The
seasitivity of the meihod depends on the sensitivity of the belence end the size
of the penel.

¢ Oil Spot - A drop of solvent is used to degrecse >n creo the size of the &op.
The drop is then picked up with o pipette and evcporuted on grovnd gicss. An
evcporction ring gives evidence of contemination.

e Particulete Contaminction - A thin filwm of pol)vmyl chloride is prased cgoinst
the test surfac2, hected to 240°F, ond cooled. it is then carefully sirippes frocm
the qurfece end excmined under o microscope. The porticulcte contaminenis
wiil L2 embedded in the vinyl sheet.

The most sensitive of the cbove mzthods is the rediocctive trucer test in which ¢ rodicective
soatominant is cpolied to o surface ond the residual rediation is mecsured citer the

cleaning operotion. Bazcuse of the hozord involved, this is not witahie for o production
or field test. However, it wos used in this progrom os o screening procedure 1o determing
the most effective of the clecning mothed; to be cvaivated.

The water brack, waoter sproy. ond! ctomizes tests cre cil desicned to detec? the degree of
clecnlifiess ot which water will complerely wet o surfoce. Paint films frequently will
odhere tightiy to surfoces which do not mest this stendord.

Aiier reviewing the ocdvontoges ond disadventoges of the obove methods, ond becxing in
mind the need for o contomination test which may be used in the point shop s well s in

the loberotory, it wos decidad 1o investigete o modified versics of the contect-onsle
test,

Criticcl Saafoce Tension of Wetting

W. A. Zisaon of the Navsl Resecrch Léorcm(a hos devised ¢ procedure for oidoining
& quontitctive valve for the sirface anergy of webstictes. This is ccoomplished by
measusing tiee conloct ongle betweca voricus substrotes and ecch of G series of hoeoloaous
orgonic niquids. plotiing the caine of the zcaloct ongie versus rufoce tension of the
tiquid in dynes/cm os illustroted in Figure 2, ond extropoiating the rasulting iinecr pict 1o
the point where the contoct angle is equal to zero. Tms.ntec&p! definad os the

"Criticel Surface Tension of Wetiing of the Solid, ® is choroctesistic of the olid cniy ond
oppecss to give godd relative chorcsterization of ‘the specific surfoce free enersy.

Dr. Zismcn vsad n-clkene liguids os his homologous series for low-enesgy solids. Figure 2
semencrizes the plats which he obtuined for o number of different sxfozes. Curve A s the
piot for smooth, cleen polytetrefluoroethylene {Teflon). 8 wos obloined for the copslymer
o§ tehcelwmethylene and hexcfliompropyiene, and C is for polyhexcfluacoprcpylece.
O. £, end F were chioined for clecn. mh*ic‘mwhcﬁ:dm‘éed mono-
moleculer luyer of o perilucroctkanoic ocid, Plotioesm = nomssily hes o high-enegy sxicee,
bj‘mecdsomed lover consed it to oct like 5 moterizl with o axfose energy lower then
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that of Teflon. These plots emphasize the importance either of painting an aircraft as soon
as possible after it has been cleaned or of protecting the cleaned surface until the paint
system is applied. It is also of interest that the lines which represent each type of surface
have approximately the some slope.

In on attempt to parallel Dr. Zisman's work with a homologous series which weuld be
suitable for use on metal surfaces, a series of solutions of varying surface tensions wos
prepared by adding Minnescta Mining surfactant FC 128 to distilled water. The plots of
contact angle versus surface tension were very erratic. It was concluded that the
surfactant was being adsorbed on the solid surface. In subsequent experiments, isopropyl
alcohol was added as a surfactant to distilled water. Distilled water alone was used as
one of the liquids in the series. Figures 3, 4, and 5 are profile views of droplets of
distilled water on Teflon, giass, and aluminum.

It was found that the photographic method of detennining the contact angle is accurate
when the droplets are perfectiy round. However, when the droplets have an irreguiar
shape, the contact angle varies at different points, and the photographic method measures
the angle at the profile only. The following equation, derived by Bikerman, (4) gives the
relationship between drop diameter, velume, and the average contact angle. This equa-
tion is especially useful because it eliminates the need te actually measure the contact
angle. If the drop volume is constant, only the dicmeter must be measured.

D’ _

24 5in’g
(2 -3 cosB + cosse)

where D = drop dicmeter
V = drop volume
3 = contact angle

The equation is valid for droplets | to 8 microliters in volume. Gravity effects introduce a
significant error when larger drops are used. Contact angles are determined by measuring
the diometers of droplets of known volume and substituting in equation (}). Average values
obtained in this manner are based en all points on the circumference of a given drop, thus
eliminating the errors caused by irregular wetting. The validity of this relationship led

to a simple and practical method of determining the surface energy of metal surfaces after
production cleaning operations.

The Development of the Modified Contact Angle Method

The method consists of placing dropleis of distilled water, exactly 5 microliters in volume,
on the surfaces to be investigated, mea:uring the dicineter of the droplets with the
graduated eyepiece of a microscope, and converting the droplet diameters to values which
represent the critizol surface tension of wehing of the metai surface. Figure 6 illustrates
the measurement of drop diameters.




FIGURE 3 PROFILE OF DROP OF DISTILLED WATER ON TEFLON,
COMTACT ANGLE 97° (20X)

AN LIRSS LRI REL Ll b

MM I A LGN

FIGURE 4 PROFILE OF DROP OF DISTILLED WATER ON GLASS,
CONTACT ANGLE 34° (20X)
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FIGURE 5 PROFILE OF DROP QF DISTILLED WATER ON ALUMINUM,
CONTACT ANGLE 689 (20X)
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FIGURE 6 LABORATORY MEASUREMENT OF DIAMETERS OF DROPLETS OF
DiSTILLED WATER ON ALUMINUM PANELS., MICROSYRINGE
AT RIGHT IS USED TO MEASURE DROP VOLUME CF
5 MICROLITERS.
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Table | enubles a rapid conversion of drop diameter to average contact angie. The firsi

5 columns of Table | were ohtained {rom equation (1), which was simplified by using a
constant volume of 5 microliters, The last coluinn, heated “Critical Surface Tension ¢f
Wetting, " was obtcined os follows: A drop of water having a volume of exactly 5 micro-
liters was ploced on o freshly cleaned aluminum ponel. The contact angle was determined
by measuring the drop diameter und referring to Table . This point was plotted os point 1
on the plot of Cosine 8 versus Surface Tension of Licuid shown in Figure 7. Data for point
2 were determined by adding iscpropy! alcohoi to distilled water until ¢ drop of the solution
completely wet the clean aluminum surface and had a zero contact angle. The surface
tension of the liquid was measured with o Fisher Model 20 Surface Tensiometer. A line
was drawn to connecr points | and 2,

A table and curve were then prepared to show the surface tension of wetting represented
by o range of contact angles by making the acsumption that lines on the chart which
represent contaminated surfaces will have the same siope as the line for freshly cieoned
aluminum. Dr. Zisman's daia, which is summarized in Figure 2, indicate that this is a
raasenable assumption.

The lost column in Table | was then completed, and the data were plotted to give Figure 8,
the plot of Drop Diameter versus Critical Surface Tension of Wetting of Sclid. Since the
data were deternined for standard conditions, 77°F and 50% relative humidity, it was
neczssory to determine the correction factors to be applied with deviations from the
standard.

Studies were made in o humidity chomber to determine the effzct of relative humidity on
surface energy. The data obtained are plotted in Figure 9. The results indicote that a
correction of 4 dynes/cm should be made for each vuriotion of 10% from the standard
relative humidity value of 50%. The correction factor should be cdded for readings taken
at relofive humidities of more than 50% ond should be subtrzcted for reodings tcken at
lower relative humidities, Deviations from the standard temperoture of 77°F hod no
significant effect on the surface energies of the test panzis.

A cleon surface has a high surface energy and isreadiiy wet by water. A S5-microliter drop
of distilled water opplied to o clean surface has a iow contact angle ond a large diometer.
The some size drop opplied to a contaminated low-energy surface would have a steep
contact angle ond small diameter.

The data in Table | ond Figure 8 are utilized by measuring the dicmeter of 5~microliter
drops of distilled water applied to the test surface ond then reading off the corresponding
surface energy in dynes/cm. Experimental dota developed in this progrom show that any
surface energy greater than 40 dynes/cm will give excellent paint adhasion.

1
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TABLE |

DROP DIAMETER, CONTACT ANGLE, AND SURFACE ENERGY RELATIONSHIPS

24,55 .935 20046
25.60 .940 19°57¢

. 26.68 .945 16°5¢
27.79 .947 18%44: .
28.94 .950 1811

30.19 .955 17°15*
30.79 .957 16952°

o s e . .

Diameter Diometer 3 Critical Surface Tension
Scale Units mm O /v Cos 8 Angle 0 (dyne/cm)
3.7 2.627 3.63 0 900 i3.0
3.8 2.69 3.89 .05 8708' 16.0
3.9 2.76 4.20 .090 84°1¢4' 18.0
4.0 2.84 4.58 160 80913 22.58
4.1 2.9 4,93 191 78°54' 24.0
4,2 2.98 5.29 .250 76°56' 27.5
4.3 3.05 5.69 .282 73037" 29.4
4.4 3.12 6.09 .33t 72012 32.0
4.5 3.19 6.52 .390 67°3' 36.2
4.6 3.27 6.97 L18 65925' 37.G6
4.7 3.34 7.43 .465 62017* 40.0
4.8 3.4) 7.92 .53 5800' 44.0
4.9 3.48 8.42 .570 55015 46.0
5.0 3.55 8.95 .622 51232 49.2
5.1 3.62 9.49 .&55 49°4' 51.3
5.2 3.6% 10.06 .700 45034* 54.0
5.3 3.76 10.55 .722 43°47¢ 55.4
5.4 3.83 11.27 . 750 41025 56.7
5.5 3.9 11.91 .770 39039 58.0
5.6 3.97 12.57 795 37021! 59.5
5.7 4.05 13.26 .805 36°23' 60.0
5.8 4.12 13.97 .820 340°55¢ 61.2
5.9 4,19 14.79 .839 32058 62.0
6.C 4.26 15.46 .850 31947¢ 63.0
6.1 4.33 16.24 .840 30941 43.5
6.2 4.40 17.06 .870 29°33" 64.0
6.3 4.47 17.89 .880 28°21" 64.7
6.4 4.54 18.7% .889 27°15! 5.2
6.5 4.61 19.66 .895 26°29" 65.7
é.6 4.49 20.58 .905 2511 661
6.7 4.76 21.53 .912 24°13* 66.5
4.8 4.83 22.51 .920 2304* 67.0
6.9 4.90 23.51 .929 21°43* 67.5
7.0 4.97 &7.9
7.1 5.04 68.3
7.2 5.1 68.8
7.3 5.18 8.9
7.4 5.25 69.0
7.5 5.33 69.3
7.6 5.39 6%.4
7.7 5.46 32.55 .960 16°16' 69.5
7.8 5.54 34.00 .961 16°3' 49.9
z.9 5.61 35.31 962 1595§" 70.0
8.0 5.68 36.65 .963 15°38* 70.1

12
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The Surfascope Surface Energy Kit

The relationships deterriined in this study have been integrated into a kit and a gocedure
for rapidly mecsuring surface cleanliness in the field or shop as well as in the loboratory.
This kit, Known as the Surfascope, consists of a Brinell microscope which has an eyepiece
groduated in millimeters, a microsyringe tc meter out drops of distilled water of known
volume, and the experimentatly determined curve for converting drop diameter readings to
surface energy units. Figure 10 shows the components of the kit, The Brinell microscope
hos a buiit-in battery-operated light which enables accurate readings to be taken under
adverse lighting conditions.

The Surfascope instrument for meosuring surface cleanliness is easy to use, and o reading
con be taken in less thon o minute. However, certain precautions must be observed. The
method should not be apelied to grossly contaminated surfaces because dust particles have
the same effect os a rough surface - they tend to increcse wettability and will give
exoggerated values of surface energy. Also, the drops should not be opplied to ¢ metal
surfece which hos been hectea from exposure to direct sunlight. The heat causes some of
the liquid to evaporate, ond os o result, the measured drop diameters are smaller thon they
skould be. Following are the simple instructions for the use of the Surfcscope.

INSTRUCTIONS FOR INSPECTION OF CLEANED SURFACES

Operating Principle

The SURFASTOPE provides o convenient and accurate method for measuring
the degree of clecnliness of surfaces being prepared for painting, plating,
bonding, onodizing, or conversion coating. Since a cleon surface hos o high
surface energy, it is reodily wetted by water. The curve of Figure 8 shows tie
relationship between surface energy and the diometer of a S-microliter drop of
distilled water on a test surfoce. The drop diameters are measured by means
of the groduated sccle inscribed on the eyeniece of the SURFASCOPE.

Procedure
1. Place the needle of the microsyringe into the vioi of distilled water ond
move the plunger up and down until air bubbles are eliminated. Fill the

microsyringe with exactly 5 microliters of water,

2. Bring the tip of the needle within 1/2 inch of the test syrface, push the
plunger completely in, ond gently touch the drop to the surface.

3. Place the SUKFASCOPE directly over the drop. Gently press the fight
switch, being carsful not to smear the drop. Recd the drop diomeater to
the neorest 0.7 mm with the graduated eyepiece.

If the drop is ellipticai, averoge the long and short axas, or epply a fresh
drop. The eyepiece may be rotated to facilitate the meosurement of
ellipticol drops. All recdings should Be made within 2 minutes ofter the
drop is depcsited.
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CONTAMINATED SURFACE CLEANM SURFACE
DROP DIAMETER 2.6 MM DRGP CIAMETER 3.8 MM

FIGURE 10 SURFASCOPE KiT ANG APPEARANCE OF 5-MICROLITER
WATER DRO? THROUGH BRINELL MICROSCOPE
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4. Detemine the surfoce ensigy comrespoading to the fecsured drop dicmeter
through the use of the plot shown in Figure §, or the dota in Tobie L.

5. Determine the actucl relative humidily of the ctmosphere with the cid of
the sling psychrometer. Cormrect surfcce energy reading obiained in (4)
for deviations from 50% relotive humidity by swbtrocting 4 surfoce energy
units for every 10% cbove 30% relctive humidity, or by adding 4 units for
every 10% below 0% relative humidity.

6. Compare the corrected suiface energy recding with minimom ccc-sp:céle
standerds for chromated or cnodized aluminum surfoces {40 dynes/om).

Surface-Energy Test for Non-Horizontol Surfoces

The methed for messuring the free energy of clecned suifoces by measusing the dicmeter of
drops of distilled water 3 mizroiiters in volume wos originsily developed for horizonisi
surfaces. A series of experiments were conducted fo determine how much test surfece
inclinotion couid be tolerctad without introducing significon! errors in the surfoce

reodings. Through the use of a tcble which couid be tilted through 6 ronge of inclinctions
from 0 to 90°, surface enengy recdings were mode on clod 7075-T6 aluminum ponels.

These ponels were cizcned with Cleansr No. 1 and hod surfoce energies of 32-37 dyne/om.
Toble Il symmarizes the doiz obtoined by mecsuring drops ploced on surfaces ot vorious
cngles of incl”.ution.

TABLE §i
DIAMETERS OF 5-MICROLITER DROPS OF WATER O INCLINED SURFACES

Angle Drcp Dicmeter {mmj Avercge
of 1 Surfece Energy
Inclination (i @ 1 (w (Syne/cm)
0° 3.3 2. 3.2 36.2
10° 3.0 3.5 3.25 37.0
20° 3.4 2.9 3.15 3z.0
20° 3.2 2.2 3.2 36.2
4° 3.3 3.1 3.2 3¢.2
50° 3.3 3.1 3.2 3.2
&0° 3.3 3.1 3.2 35.2
i 70° 3.2 3.3 3.2 37.9
80° 3.3 3.3 3.2 36.2
90° i 3.2 3.15 ! 32.0
— i |
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Thez drop dicmeters were remarksbly uniform, daspite the larpe vorictions in ongie of
inclincdion. Looking of *he twe extramas, the overogs drop dicreter for the horizontol
sorfoce wos 3.2 men, o5 cempoxed with 2n overoge drop diometer of 3,15 e &e the
vesticol sufoce. The difference in wiicee energy wails 5 oaly 4.2 dynesfom.

In obtoining the chove doto, individuci drops were wted for soch Jutc Mint, 0 wome of
the voristion hetwesn the dicaeters on flot and inclined surfoces moy hove beendue to
snall Jdifferences in the drop vohsmas. A second e=? of recdings, summarized in Tokde i,
wos mode by mectwyring the diceetass of the some rope on Soth herizentol angd sectical

SES.
TAE I}
DIANMETERS OF SAME 5-MICROLITIR DROFS ON
HORIZONTAL AMND VERTICAL SUSFACES
Horizonisd Verizoo! i
Drp No. Dicmeter SE. Dicmetes SE.
=) Eynes/om} (=) : {Gynesfe=)
1 3.9 9.4 3.0 1 774
2 3.3 32.6 3.1 %n.e
3 3.1 2.0 2. 32.¢
Q 3.1 ’ 2.0 3.3 32.0
3 .1 2.5 3.2 33.2
6 3.3 2.6 3.1 2.0
7 3. 32.0 3.1 : 2.0 :
8 3.1 2.0 3.1 2.0 i
9 3.2 35.2 3.2 35.2
i0 3.0 2.4 3.1 2.9

3
1 Syt of 10 sets of recdings. there wos oo Gifferente termesn the vestico! and horizonto!
measurements in € instances. In the Sthes 2 coses, the soxiowm difference in 3
srfoce energy between the horizonto? amd vestics! ponel wos caly 4.2 Synesioon. Thece
results indicote that the Jrop-diareter method of detes=ining wrince entroy =ay be wsed
1 c? ey ongie of inclinciion from 0 2o T° without introdicing ewrors of oxxe Hien 5 dyresiom
.3
] n the wafoce-enesny meosstenents.
1

in o wppiementoxry experizens, diops of Sitiiied woter 3 oicmlien b wisee were
ploced on hxizontc! ond vericol porels of cizd 7075-T4 clumim=, ond e peofiles of
the deops wvere photogrophed. Figure 11 15 an edoe view of the panels shawing the &ros
gofiles. Thers s o slight difference Detwean the spper ond o2 contoct onglas of the
drop on the vorticel pocel, bt the diffarence in diomeler Setween the veriicel end
Borizontc! diops i3 anly 5.1 ==,

ie
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FIGURE 11 PROFILE QF 5-MICROLITER DROPS OF DISTILLED WATER ON
HORIZONTAL AND VERTICAL CLAD 7075-T6 PANELS
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Surface Energy Measurements on Surfaces Inclined More Than 90°

On surfaces which are inclined more than 90° from the horizontal, such as the underside
of wing panels or iower fuselage areas, the drops are difficult to apply, ond the error due
to gravity effects is increased. For these situations, it was found that qualitative deter-
minations may be made with an atomizer spray. If the atomizer contains a liquid whose
surface tension is equal to the minimum acceptable “critical surface tension of watting" of
the wrfrace, the appearance and behavior of the liquid on the surface will indicate

vhe.: ¥ or not the surface is clean enough to paint.

A DeVilbiss Model 15 atomizer was used for these experiments. [t was filled with a
solution of isopropy! alcohol in distilled water which had a surface tension of 61 dyne/cm.
The appearance of the spray on a clean panel is shown in Figure 12. The drops cre large
and irragular in outline and tend to merge into a continuous film, indiccting that the
surface energy of the panel is equal to or greater than thet of the liquid. Figure 13 shows
the appearance of the liquid on a conteminated panel. The liguid forms into spherical
drops which have a large contact angle. For aircroft surfaczes, the minimum surface
energy prior to painting should be approximately 40 dynes/cm.

identification of Contaminants on Panel Surfaces

The environmental panels were fobricated and prepared in the shop by production
personnel. The test panels were then stored for three weeks on too of an air conditicning
unit in the shop area. This subjected them to the some atmospheric pollution, dust, and
humidity that a part for a production aircraft would reccive.

The method which was used for the identification of the contaminants was developed by
W. T. M. Johnson.{5:%) The met: ! surface is abraded with potassium bremide powder.
The powder becomes contominated with surface matter and, ofter collection and pressing
into u potassium bromide disc, is checked for its infrared absorption: propertiss. The
infrared spectrum reveals the chemical composition of the contaminants.

This method can be used to analyze the surface of paint films as well as metal surfaces.

In his studies, Mr. Johnson found that the chemicol composition of the top 20 angstroms of
paint suiface is often considerably different from the bulk ccmposition, especially where
surface-active agents such as silicones are present. Since pigmented paints have virtuolly
100% of the pigment content beneath the surface, the pigment hes little effect on paint
adhesion. Mr. Johnson also found thaot plasticizers have a tendency to concentrate in the
siurfoce layers of paint films and, by their physical presence, to create weak boundary
ayers.

The following is a detailed description of the potassium-bromide procedure used to identify
the contominants on the aluminum panels which had been exposed to three weeks of shop
environment.

The panel surface to be analyzed was lightly polished with 300 mg of
Heorshaw's "Spectro-Grade” potassium bromide using o flexible, stainless-steel
spatula. The potassium bromide was collectea oand mixed. A portion (150 mg)
of the material was tronsferred to a 1/2-inch diameter die (shown in Figure 14)
and pressed into a disc using standard techniques. Figure 15 shows pctassium

21
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FIGURE 12 DROPS ON CONTAMINATED PANEL ARE
SPHERICAL AND RUN OFF READILY

IN QUTLINE AND TEND TO FORM

FIGURE 12 DROPS ON CLEAN PANEL ARE IRREGULAR
CONTINUOUS FILM




FIGURE 14 MOLD AND PLUNGER ASSEMBLY FOR MAKING 1/2-INCH
DIAMETER POTASSIUM BROMIDE DISCS

FIGURE 15 POTASSIUM BROMIDE POWDER ON TEST PANEL. HOLDER AT RIGHT

iS SUPPORTING TRANSPARENY DISC WHICH WAS JUST REMGVED
9 FROM THE MOLD.

23
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bromide powder on a test panel and o molded potassium bromide disc; the
moiding press is shown in Figure 16.

Infrared spectro were obtained over the 4000 to 200 cm ! range with o
Perkin-Elmer Model 621 Infrared Spectrophotometer shown in Figure 17. In
recording the spectra of these samples, ¢ plain potassium bromide disc was
used in the reference beam to compensate for any absorption bonds due o the
matrix material.

The spectrum of Panel A, 7075-T6 Bare, is shown in Figure 18a. T.entctive band assign-
ments are given in Table IV. The contomination oppears to be a mixture, probably
containing o hydrocarben ¢il and solvents.

The spectrum of Panel D-46, anodized 7075-16 Bare, is shown in !“:igure 18b, w.ith gmnd
assignment given in Toble V. The strong indication of potassium nitrate contamination
is probably due fo the matai-treoting salt bath iocated in the shop area.

The specirum of Panel E-77, anodized 7178-T6 bare, is shown in Figgre.!%j with b‘apd
ossignment given in Toble VI, Potassium nitrate predominates, with indications of silica

(as dust) and a hydrocarben.

The spectrum of Panel F-60, chromated 7075-T6 clad, is shown in Figtfre .19b_, with b?rrd
assignments given in Table Vi, Potassium ritrate predominates, with indications of silica
(os dust) and o hydrocarbon.

it was anticipated that the shop contaminates would consist chiefly of hydrogorbon ?il,
solvents, and dust. The appearance of the potassium nitrate bond was puzzling until a
survey of the arec revealed the presence of a metal-treating salt bath.

Effect of Aging on Surface Energy of Sulfuric Anodized Panels

Initial determinations for freshly orodized panels showed surface energies to be very high.
Wettability was exceilent. Mony penels were completely wetted by dictilled woter of
surface tension 71.7 dynes/cm. Other investigators, however, have reported low surface
ancrgies ond poor wettability for anodized surfaces. It was postulated that thase surfaces
undergo an oging process which lowers surface energy. To check this, surface energies
were measured for ponels immediately after anodizing and ogain ofter o period of three
months. The ponzls were protected from centamination between measurements by poly-
ethylene film. The results of this test are given in Table VIil.

The surface energy measurements were faken 3 months and 10 months ofter enedizing. The
mognitudes of the changes in surface energy after aging for 10 months range from 1 tc 8
dynes/cn. This indicates that aging is not a significont facter in poor adhesion on
anodized substrates.
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FIGURE 16 PRESS USED FOR THE PRODUCTION OF 1/2-INCH DIAMETER

POTASSIUM BROMIDE D1SCS

FIGURE 17

ABSCRFTION CHARACTERISTICS OF POTASSILIM BROMIDE
DISCS BEING OSTAINED WITH A PERKIN-ELMER MODEL
621 INFPARED SPECTROPHOTOMETER
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TABLE IV
BAND ASSIGNMENTS, TEST PANEL A {7073-T6 Bore)

Wavenu:nber Choracteristic
(em™ ") Group
3450 H,0
3380 N,
3309 NH.,
2950 CH,
2520 ~CH -
2850 -CH,-
1680 C =G (Ketone)
1609 -NH,
1455 monc-substituted phenyl
1400 -CH.,-
1392 CH,
1380 gem methyl
1370
755 NH,, meno-substituted pheny!
685 mono-substituied phentvl
390
TABLE V

WAk )

BAND ASSIGNMENT. TEST PANEL D-~46 (7375-T6 Bare Anodized)

L Wavenumber Characteristic
2420 NO.;
: 1385 NO3
L 1100 Si02
,. - 183D SiOz
: 835 NO3
820 NO3

440 NO 3 SiOz

n 27
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TABLE Vi
BAND ASSIGNMENT, TEST PANEL E~77 (7178-T& Bare Anodized)

Wavenumber Characteristic
(cm~!) Group
2920 -CH,-
2830 -CH,-
2440
3 2445 N03
: 1765 N()3
: 1385 N03
1100 SEC'}2
3 1030 Si0,
2 830 NO3
820 NO3
: 520
460 NO,, SiO,

29




TABLE Vi
SAMD ASSIGINMENT, TEST PANEL F-60 (7075-T6 Clod Chromcted)
Weverumber Choracteristic
(em™ Y Grocp
3350 H‘ZO
2950 CH3
2920 -CHZ-
2859 -CH2~
2480
2420 NC,
2400 N03
1785
178D NO3
1380 NO3
1100 Si02
1020 Si()2
870
832 .‘403
: 875 i\03
. 330
B 466 N()}.SEO2
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AGING CFf ANODIZED SURFACES

Sutfcce Energy {Gynes/==t

i

Fonel Nusber Dec. 1957 Mo, 1968

o i4 cws i 5.5

£15 C.¥. 6.0 i
) C.wv. 7.9

E 20 c.ow. 79.1

09 c.w. c.w.

E 92 C.W. 791

D 105 C.vi. @3

E 107 c.w. C.w.

*Cotaplete Wetting
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{1l - LABORATORY EVALUATION OF CLEANING PROCEDURES

The combinaticn of aluminum substrates and surface finishes used in this program are
presented in the following table:

TABLE X
i SUBSTRATES AND SURFACE FINJISHES
Panel Code Composition Finish
A 7075-16 Bare None
3 7075~T6 Clad None
5 C 7178-16 Bare None
3 D 7075-76 Bare Anodized
E 7178-T6 Bare Anodized
F 7075-T6 Clad Conversion Coated

Tke foll. wing :leaning methods recomsiended by the Maval Air Engineering Center ond
those in current use by Lockheed-Georgia and Lockheed-California werz evaluated in the
laboratory by means of radioisotope, hydrogen embrittlement, surfuce energy, ond
environmental expesure and adhesion tests.

Method 1 - This method consisted of brushing a coat of Cleaner 1V* on the
paonels, rinsing with weter, neutralizing with 5% by weight
aqueous NaHCO.,, and oguin rinsing with waier. The cleaner
remained on the Sunels for 15 minutes before the first rinse.

Method 2 - A layer of Cleaner 1il. 5 to 10 mils thick, was applied to the
contaminated ponels and rinsed with water ofter 15 minutes.

3 Method 3 - The paneis were wet~-scrubbed with Scotchbrite No. 447 Type A
pads wetted with meinyl ethyl ketone with mederate pressure ond
just ang enough to abrade the surface to brightriess. The loose
powder formed by the scrubbing operation was removed with paper
towels wet with methyl ethyl ketone.

Method 4 - The panels were soaked for 15 minutes in a solution of Zleaner I,
diluted to the manufacturer's specifications, and then rinsed with
water.

Method 5 - The substrates without surface treatments were selveni-cleoned.
Cleaner V was applied for 15 minutes; the surfaces were then

pyiates

*See Appendix A for identificotion of cleaners.

sz Precding page blank
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rinsed with water ond dried. Spray Coating 12 was opplied prior
1o the 3-week shop contemination period. The enadized and
chromated substrates were coated immediasely after processing.

Method 6 - The panels were wiped with poper towels wet with Stoddard
solvent. They were then scrubbed to brightness with Scotchbrite
No. 447 Type A pads wet with water, given a water rinse, and o
fina! solvent wira.

Method 7 - The substrates withour s. -face treatments were solvent-cleaned.
Cleaner V emulsion cleaner was applied for 15 minutes, rinsed
with water, dried, and then coated with Spray Coating 13 to
protect the surfaces from contamination. Anodized ond
chrometed substrotes were cooted immediately after processing.

Method 8 - Cleaner V!, diluted according to the manufacturer's directions,
was aopplied with o brush and permittec to remain on the panels
for 15 minutes. It was then rinsed off with water at room
temperature.

Method 9 - The panels were cleaned by applying a layer of Cleaner IV, 5 to
10 mils thick, and rinsing with water. Thec:!v were then treated
with a solution containing 5% Na3l’04 and given a fina! water
rinse.

Radioisotope Evaluation Test

The relative efficiencies of the candidate cleaning procedures were determined by
contamingating test specimens with redioactive stecric acid and measuring the ?zﬁvity of
the specimens before and after cleaning. Radioactive stearic acid contains C'4 which
emits beta radiation having on energy of 0.155 MEV. Stearic acid was chosen because
this material, or a similor wax, is often used cs a lubricont on interference fasteners and
represents a typical plant contaminant.

Discs, 2 inches in diometer, were cut from each of the 6 Al substrates: 7178-T6 bare,
7075-16 bare, 7075-T¢é clad, 7178-Té bore anodized, 7075-T6é bare anodized, and
7075-T6 clod chromated. Three specimens of each substrate were contominated with
stearic=1-C1% acid dissolved in toluene. The stearic acid solution was spread evenly over
a circle 1-1/4 inches in diameter centered on the disc. The toluene was evaporated
lecving the specimen contaminated with stearic-1-C14 acid. The rodioacﬁvih{ of the
specimens was measured with a Nuclear Measurements Corporation proportional counter,
Model PC-3T (see Figure 20). Ccntact-angle measuremants were made on the contemi-
nated specimens before and after cleaning to provide data for correlating the rodioisotope
test results with surfoce-energy measuraments.

Eech cleoner was used in the manner prescribed by the monufacturer, with the
exception of the rinsing procedure. Because of the residual radioactivity, cll of the
rinse woter had to be retained and transperted to a disposcl peint loter. To reduce
the amount of contaminated woter and to ensure adequate rinsing, each specimen was
rinsed thoroughly with the jet from o wash bottle. This method provided maximum usage
of the water for rinsing without hmiting the amount of water used on each specimen.
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The isotope investigation was conducted in a laboratory reserved for radioisotope work and
cenventional safety precautions were observed.

FIGURE 20 MEASUREMENT OF RESIDUAL RADIOACTIVITY IN NUCLEAR
MEASUREMENTS PROPORTIONAL COUNTER MODEL PC-3T

Of the proposed § clecning procedures, © were suitable for investigation by isotopes. The
effectiveness of each cleaning procedure was determined by two independent methods: the
residuc! radioactivity and the "criticcl susface tension of wetting" technique. The results
of the rodiotracer tests are summarized in Toble X.

Most of the cleaners did a good job of removing the radioactive stecric acid from the bare
and the clad panels, afair job of remova! frem the chromated ponels, and a very poor job
on the anodized ponels. This is due to the porous nature of the anodized films. Once
contominated, anodized surfaces are very difficulr to clean.

No one cieaning method was equally effective on all substrates. In order to simplify the
evaluotion process, a system was used in which quality points were assigned to tae
cieaning methods which ranked first, secend, or third in cieaning effectiveness for each
tyoe of surface. Three quality points were assigned for first place, two for second, and
one for third. The quality points ore shown in parentheses in Table X ond are summarized
in Toble X1, According to this rating system, Cleaner Tll was the best of the cleaners with
12 points, Cleaner 1V in second place with 11 paints, and Cleaner | third with 8 points.
Clecner i was significantly better thon the other cleaners in removing contamination from
the anodized specimens.

The surface energy data ore summarized in Table Xt. The use of Cleoners ll, 1V, and Vi
resulted in high surface energies on cll substrates whiie Cleoner | resulted in o low energy

35
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RADIOISOTOPE EVALUATION OF CLEANING EFFECTIVENESS

| -

Radiation Count Radiation Count
Substrate Cleaning Method Before Cleaning After Cleaning
Counts/Min. Counts/Min.
Cleaner tV 138,000 496 (3)*
7075-T6 Clad Cleaner i} 190,000 3,901
Chromated Cleaner V 155,000 1,701
Conversion Cleaner | 12G,000 1,283 (%)
Costing Cleaner VI{ 194,000 1,350
Cleaner Vi 128,000 1,067 (2)
Cleaner IV 117,000 96,000
7178-T6 Cleaner 1ii 109,000 36,000 (3)
Bore Cieaner V 145,000 108,000
Anodized Cleaner § 99,000 61,000 (2)
Cleaner Vi 117,000 67,000 (1)
Cleaner Vi 100,000 81,000
Cleoner IV 120,719 92,589
Bare Cleaner V 145,095 108,142
Anodized Cleoner } 99,000 81,000 (2)
Cleaner Vil 117,000 66,000 (1)
Cleaner V1 100,000 81,000
Cleaner 1V 87,000 327 (3)
Cieoner it 145,000 292 (3
7178-T6 Cleaner V 122,000 23,000
Bore Cleaner i 141,000 645 (2
Clecner Vil 149,000 817 (1)
Clecner Vi 141,000 3,985
Clecner IV 93.000 383 (2
Ciecner 11 129,000 2,483
7075-16 Cleoner V 136,000 10,000
Clod Cleaner i 139,000 658
Cleaner Vil 162,000 613 (1)
Cleaner VI 142,000 341 (3)
Cleaner IV 102,009 282 (3)
Cleoner il 164,000 289 (3)
7075-T6 Cleoner V 111,000 13,000
Sare Cleaner ! 123, 3,838 (1)
Cleoner Vil 153,000 €,065
{eoner VI 153,000 529 (2)

*Quality Points

3b




TABLE Xl

RADIOISOTOPE EVALUATION RATINGS OF CLEANING PROCEDURES

Cleaoners
Substrate .
Scotchbrite
v [H \' l + MEK Vi

7075-16 Clod 3 i 2
Chromated
7176-16 Bere
Ancdized 3 2 L
7075-T¢ Bore
Anodized 3 2 !
7178-T6 Bare 3 3 2 ¥
7675-T6 Clod 2 1 3
707516 Bare 3 3 1 2

Totel 1 12 8 4 7

3 Quaiity Points - First Piace
2 Quality Points - Secund Ploce
1 Quality Point - Third Ploce
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TABLE Xii

SURFACE ENERGIES OF PANELS BEFGRE AND AFTER CLEANING

Drop Diometer

After Cleaning

{mm) (dynes/cm)

Substrate Cleoning Method v i

Before After Before After
Cleoning | Cleaning | Cieoning | Cleaning

Cleaner IV 2.76 4.40 18.0 64.0
K716 Cleoner HI 2.84 2.0 2.5 53.0
Chromoted Clearer V .98 3.62 27.5 51.3
‘”ﬂ'\v.ersion Cleoner ! 3.1Z 2.43 32.0 13.6
Costin Clecner Vil 2.98 2.9%¢ 27.5 24.9
9 Cleaner VI 2.98 4.33 27.5 63.5
Cleaner IV 4.05 5.7 60.0 7G.1
7178-T5 Cleaner iit 4.26 5.7 63.0 70.1
écre Clecner ¥V 4.12 5.7 61.2 70.1
Anodized Cizaner | 4.33 2.83 63.5 13.0
' Cleoner VI} 4.312 2.98 61.2 27.5
Clegner Vi 4,12 5.7 61.2 70.1
gleoner v 4,05 5.7 0.6 70.1
lecner 1Y 4,40 5.7 64.0 70.1
2075-16 Cleaner V. §  3.90 5.7 58.0 70.1
Anodized Cleoner § 4,12 2.83 61.2 13.0
: Claaner Vil 4.12 z2.91 61.2 24.0
Cleaner Vi 4.12 5.7 61.2 70.1
Cleaner IV 3.19 4.54 35.2 65.2
Cieaner 1l 3.G5 4.97 29.4 67.9
7178-T6 Cleaner V z2.76 3.97 18.0 59.5
Bare Clecner 1 3.12 2.63 32.0 13.0
C.eoner Vii 2.91 3.55 24.0 49.2
Cleaner Vi 3.12 4.05 32.0 60.0
Clecner IV 3.27 4.6% 37.0 66.1
Cleoner HI 3.05 4.97 29.4 87.9
075-T6 Cleaner V 2.91 4.05 24.¢ &.0
Cled Cleaner | 3.19 2.91 36.2 Z4.0
Cleaner VI 3.27 4,12 37.0 &1.2
Clecner Vi 3.G65 5.39 25.4 £9.4
Cleaner IV 3-34 3.97 49.0 59.5
Clearer 1l 2.84 4.69 22.5 66.1
7075-T6 Clecner V i 2.91 3.48 29.0 4£6.0
Bose Cleaner | 3.12 2.63 32.0 13.0
Clecner Vil 3.12 3.83 32.0 56.7
Cleaner VI 2.93 3.55 27.5 49.2
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surface on oii substrates. Cieaner i appears to ieave o adsorbed hydrophobic fiim on the
substrate and data from the odhesion test shows that it adversely offects paint odhesion.
Clecner Vi resuited in o low energy surface on the substrates with surface treatments
{arodized ond chromated} but provided amuch higher surface energy or the untreated
panels. This indicates that this ¢leaning procedure is only moderately effective in
resnoving contamination from the rougher surfaces of the anodized and chromated substrates.
Even though the rodioisotope count of the anodized penels indicote that they were not
clean, the surface energies of the panels were high. This mecns that the residual rodio-
active contamination was in the pores of the anodizing and nat on the surface. Cleoner

IV was on effective cleanar, but it also removed the chromic acid sealer from the
cnodized film.

Resuits of the rodinisotope evaluation show that Cleaners lil, 1V, I, and VI, in that order,
are the most effective in remeving the rodiocctive contaminate. The surface energy
measyrements indicote thot Cleaners Hil, I\, and VI provide o high energy surface.
Cleaner I, in contrast, leoves on odsorbed hydrophsbic fiim which creotes low surface

energy .

Hydrogen Embrittlement Characteristics of Cleoriers

Cleaners which couse embrittlement of high-strength steel fosteners cannot be used on
aircraft surfaces. The hydrogen embrittlement properties of the cendidate cleaners were
evaluated by means of the Lewrence Hydrogen Detection Gouge, shown in Figure Z1,
which measures the hydrogen evolution choracteristics of plating end cleaning s iutions.
The hydrogen gouge measures the permeation of hydrogen into o steel-shelled probe
(Figure 22). The pressure chonge caused by the hydrogen permection is meosured 2lec~
tronically by on ionization gouge.

The salutions ond cleoners were checked for their smbritling charccteristics by inenersing
the codmium-placed steel-shelled probe in the cleaning solutions for 1 hour end for
i6 hours.

The successful use of the Lawrence Hydrogen Gauge is dependent spon vary close control
of oll osercting variabtes. Dc%o(i})ed instructions ore given in the Instruction Monuai for
the Hydrogen Detection Gouge. The foilowing is a brief description of the test
procedures.

?rohe Preparction

The metol-shelled proke, shown in Figure 22, was boked out to remove residuct hydrogen.
This wecs done by olacing the probe in the Lawrence Clesn-Up Rock which achieves the

necessary high femperctures by electron bombordment of the iun collecior plcte within the
probe. After cooiing the probe, the coated ¢rea was mosked with rubber tubing so only

the metal window wos exposed. [t was then mounted in the roioting fixture of G sond blost
urit ond blosted with 100 grit alumine for 30 seconds with o pressure of 80 psi. The probe
was then wiped with poper toweling wet with ccetone to remove odhering alirning powder.
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FIGURE 21 DETERMINING HYDROGEN EMBRITTLEMENT CHARACTERISTICS
OF CLEANING SOLUTION WITH LAWRENCE HYDROGEN
GAUGE

'!

FIGURS 22 HYDROGEN DETECTION PROBES AND HOLGER
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Calibrotizn

The probe was immersed in a 5% NoCN/5% NoCH both and cathodically etched for
180 seccnds with a surrent density of 15 amps/ft2. The probe was then remaved from the
bath, rinsed with distilled water, ond given a fincl rinse with acetone.

The probe was inssrted in the oven of the hydrogen detection gauge. The heat causes o
portion of the iunic hydrogen in the metul shell to be driven into the probe. The pressure
chonges, measured electronically by meons of the Fvdrogen detection gauge, ore propor-
ticnal to the total hydrogen originally absorbed by the steel sheil. The hydrcaen volues
obteined in the ca!igmﬁon step represents the amount of hydrogen which will embrittle
rings of 4340 steel, heat~treated 70 260-280,000 psi ond stressed to 95% of ultimate
tensiie strength.

?lotiry of Probe

The calitinted probe was sand blasted to remave the oxidized surface of the window ond
was pioted with o thin film ¢f codmivm by immersing the probe in o stendard plating bath
for exactly 6 minutes with a current density of 60 =5 omps/ft4. it was then given o
thorough rinse with eold water ond o finci rinse with ccetone.

M&x Effusicn of Cleoners

The piated probe wos placed on the ciecn-up rack ond beked to remove the hydrogen
absorbed during the ploting operaticn. it wos then immersed in the clecner being
avalucted o o depth of 1/4 inch cbove the ploted windsw. The probe wos removed Fom
the test soluticn ond thercughly rirced with water end given c fins! rinse with ccetone.
The proze wos then glaced in the orobe socket ond inserted inic the oxen of the hydrogan
detection giuge to determine the amcunt of hydrogen cbsorbed by the steel chell.

The rctic of the hydrogen evolved by the test sclution jo the hydrogen svolved by the
calibrati-og sclution is defined os the “hydrogen effusior. valve® of the test soluticn, mnd
gives an indication of its embrittiement properties. Hydrogen effusion valves grecter than
1.0 cre uvnocceptable,ond represent sofulions which wil embeitile 4340 high-hect-treat
steel in the time intervol used in the test. Tohies Xl and XIV mommexize the hbydmgen
effusion values obtuined for the vorious clesuers in o 1-hour immersion pericd wnd in o
16-hour immession pericd.

The cesults of the i-hour ix mersion test indicates thot the Clecner W is nen-evdbritiling
while the Tlecner IV evalved 14 timus the maximum allowcdle bydregen. The 16-hou
immersion test resulls showed thot the Clecners | ond U cre completeiy xfe. Cleoner
did yield o exbrittiing amount of lydrogen ofter the solonged immersion pericd.
Hywever, since c cleaning solution nosmolly wexid not remcin oa on cirplone for more
then 20 or 30 minukcs, ony solution which cives o hedrogen affusion volve of less then 1.9
sor the 1-hour fest period should be sofe for use. ind¢gendent notched-ring tesis 2n the
Claoner 11! conducied by the Nowal Air Developms at Centes, Phiicdelphic, thowed no
hydrogen embrittling effec? within 208 hours expoure o siress.  Clesner IV is the only
cleaner in the group which is ehvicusly embrittiing cnd which should not ke wead for
cleciing cirerstt.
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Cieaning SelytionCode No. Ren No. Hydrogen Effusion Vaive
1 0.90
2 0.96
i 3 0.44
s 0.50
Avaroge 0.70
i G.24
i 2 ! 0.1t
3 0.0
Averoge 6.22
1 7.7
i z 4.8
| Avercgs 8.3
i >25
Y 2 ?_2_5_
Arasoge >25
i 2.7+
2 IR
v 3 1.1t
5 . 5.5¢
Azeroge -'i_.:_
I .=
i 2 0.6
3 a.13
i H Avaroge EET ;
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TASLE X3y
HYDROGEN DAMBRITILEMENT PROFEXTIES CF CLEANING SOLUTIONS

132 lmmenion

B SR

——

Cle=ning SoluticaCedaiNo. R No. Hydrooen Efiision Yeiye®

3 5.2
1 - 2 9.77
5 0.3

Averas g.3%
149
13,1
2 98
Averoge 3.6
H 2.1%

v 2 i 3.0t
2 £.86

Averoge 6.16

“Vohres grecter thon 1.0 indiccte the the soluticn s exbaitiing.
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Preparation of Environmental Specimens

To evaluate the effect of the efficiency of the various cleoners on the odhesion of paint,
specimens were fabricated by manufacturing personnei and subiected to normal subjected
to normal shop hondling and rreatment through the chemical finsihing step. After the
finishing oparation, the panels were placed on top of a shop air-conditioning unit neor the
return-a’r intake. The specimens were exposed to normal shop poiiution and dust for 3
weeks. In additicn, one set of panels wos contaminatad with hydroulic fluid (Mil-H-5606)
ond baked for 8 hours ot 300°F. The panels were separcted into 9 groups; then each group
was cleaned by one of the 9 candidate cleaning meshods.  Surface-energy measurements
were taken on the penels before and ofter clecning. Toble XV summarizes the surfcce-
energy measurements. The cleoned specimens were painted in o production-line spray
booth by manufacturing personnel. The specimens were sprayed with one coat of Specifi-
cation Mil-P-23377 epoxy polyomide primer ond one coat! of Specification Mil-C~22750
epoxy polyamide topccot.

Surface Energy Tests

The ponels were cleaned by the procedures previously described. Surface-energy
meosurements were mode on the panels before ard ofter cleoning. 7Tcble XV summarizes
the surface-energy readings obtained on the panels cleaned by the methods just described.
The ponels with the highest critical sirface tension of wetting have the highest surface
energy ond, theoretically, the maxir.um degree of cleonliness. Cleoning methods 1, 2,
and 9 achieved complete wetting of distilled water on the onodized ponels and gave
surface-energy recdings of more thon 49 dynes/cm on the bare, clod, and chromote
conversion-coated panels. This compares well with the minimim voive for acceptable
paint odhesion, 40 dynes/cm, establiished in this program.

Cleaning methods 1 cnd 9, which use Cleoner 1V, left the surfaces mcttied with white
areas. The surface energics of the white sreas were greater than those of the normal areos,
possibly due to surface roughness and powder. Cleaner 1V also renioved the sealer from

the onodized ponels.

Methed 2, using Cleoner 1, was easy to apply. The cleaner spread evenly and rinsed off
readily with water. Surface energies of the cleaned ponels ranged from 54.0 dynes/cm to
values indicating complete weiting.

Method 8, using Cleoner VI, also gave complete wetting of the enodized ponels, but
relatively low surface-energy recdings on the other substrctes. The cieaner did not spreod
readily on the panels with the chromate conversion cocting. An altemate solution of
Cleoner Vi, which did not contain Stoddard solvent, gave better results.

Both methods involving the use of Scotchbrite pods, Methods 3 and &, were laborious ond
time-consuming. The fine powder of oxide and metal, which resulted from the surface
cbrasion, was difficult 1o remove by rinsing, and the sutfoce energies of the cleaned ponels
were low except for the onodized panels. The low vaives of the surface energy may have
been caused by an odsorbed fiim of solvent.

Of the entire group of cleoning procedures, Method 2, involving Clecner lil, gave the
best combination of ease of aoplication, high~energy surfaces, ond uniformly clean panels.

4
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TABLE XV

CRITICAL SURFACE TENSIOM OF WETTING OF CLEANED PANELS

{dynes/cm)
Ponel Finish
o 775-16 | 7756 | TI7E-Te 70,;’3;“ 7’3703{;“ ATe

_ Anodized | Anodized | Chromated
j 55.4 63.5 56.7 cw! cw W

2 59.5 68.8 58.0 cwW cw 54.0
3 29.4 77.5 13.0 46.G 61.2 24.0
4 13.0 36.2 13.0 27.5 24.0 2.5
5 2.0 36.2 36.2 13.0 13.0 16.8
6 6.0 16.0 32.0 64.0 59.5 2.5
7 49.2 54.0 55.4 46.0 - 4.6
8a 27.5 32.0 40.0 cwW cw 5.3
8b 64.0 70.1 68.9 cw cw 62.

9 49.2 58.0 62.0 cw cw 63.5

*See poge 33 for detailed description of cleoning methed.

1>Cc;mplete Wetting
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£nvironmental Exposure end Coating Adhssion Tests

Environmental Exposure

Ona group of the painied specinens, represenling ecch of the six substrctes 2leaned by
each of the nine methods, woe = 3used to a solt spray ond Weatherometer cycle consisting
of 14 days in the salt spray chomber, 7 doys in the Weatherometer, ond 14 odditiona! days
in the salt-sprey chamber. The edges of these ponels were dipped in ceresin wox to
minimize edge cormrosion. A second group of ponels, duplicoiing the first group, was
exposed to 106 relative humidity ot 11C°F for 48 hours. The third group of panels wos
contaminoted with Specification Mil-H-5506 hydraulic fluid, “cked o 300°F %or 8 hours
before cleoning. After cleaning, those poneis which hod been contemingtad wim
hydraulic fluid were peintad with the epoxy polycomide system. The fourth group of panels
wos painted after cleoning end was net subjected o environmentai exposure.

Figure 23 is o view of the envircnmental specimens in the sait soroy chavber. Figures 24
ond 25 show specimens teing subjected fo simyloted sun ond zain in ¢ VWeatherometer unit.
Visial exeminctions were mods to determine any obvisus detrimental effects of the vorious
exposures on the cocting.

it was found that the cocting on tha scli~spray Weatherometer specimens yellowed =nd
became tough and cohesive. Blictering wos observed among the high huemidity ond tempera-
ture specimens cleaned by certoin methods.

Adhesion Tests

The adhesion tests were conducted with ¢ “Scmtchmoster™ Point-Adhesion Tester. {This
instruraent wos developed by the E. 1. duPont Compony cnd was on loon to the Lockheed
Resecrck Loboratory from the Aeronouticol Moterials Deporimeat, Navel Air Development
Centar, Philodelghic, Penasylvonic.)

Sinc2 the cbhiective of the cutrent progrom was 1o select the best of 6 number of ciesning
systems, it was necessary to have cs much quontitative doto as was obtsincble.

The usual paint odhesion tests, the knife test and the tope test, provide only swbjective
dota; i.2., poss of foil. The "Scrotcnmoster™ simulates the knife edhesion test byt ciss
provides quantitative results.{8) This instrument scrotches o coated test surface ot o constent
rate, while the losd on the cutting tool is varied between zero lood ond full lood. By
mecsuring the length of exposed metal visible in the scrotch, the locd on the cutting tool

ct the point where the paint is no tonger being scroped from the substrcte moy be colculated.
It should b= noted that the "Scratchmaster™ does not measure cdhesion directly but gives a
reading which is olso offected by the other physical properties of the codting. The dato
otinined from this instrumen? might not give & vaiid comparisen of the odhesive properties
of twa or more different cogting systems where the paint properties such os hardness,
elongction, ond cohesive strength, hove wide varictions. However, the "Scratchmoster”™

it ideally suited for the current investigstion in which vaorious cleaning methods for o

single pcint system ore being evolucted. The dota cblained provide a relicbie basis for
evalucting peint adhesion.

figure 26 is o photograph of the "Scratchmaster™ paint odhesion tester. Figure 27 s o

view of specimens wivh good and gcor paint cdhesion. Detoiled instructions for opersting
the "Scrotchmoster” are in Appendix 5.

46




FIGURE 23 ENVIRONMENTAL SPECIMENS BEINC SURJECTED
TO 5% SALT FCG
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FIGURE 23
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In condociing "Scrctcivanster™ adhesion tesls, good cpartliing techniqee is o prereguisive
for reproducitie results. The chuminum—clod subshrotes wera especiclly difficult to tesd
bacouse the soft clusinum cffersd loss resigonce 1o the cotting disc thar did the ooce
teittie epoxy socting. Once the cercmic disc had cut through the omponic cocting and diug
into the clod suistrate, bore maicl was exposed for the entire dist frovel of 14 centimetess.
The probiem wos sohred by opercring with no weight except 153t of the corricge ond
olicwing the confoge waight o initicte the oveich os the cutting disc moved ciong the
srricce. This technicue provided regvoducible resuils on the clod substrotes. In coses oF
poor point afhesion, it wex feund et the oulting Sisc wosld ride wo sometines on goial
chips hefore the scrotch wes completaZ.  In such ooses, the cuiting Jisc should be relsed
Ly lifting the bolonce am, cleorsd of point fickes, retumed o g positicn proceding the
point ot which it rode up on the flckes, and cliswad 1 finish the worcich.

Tebies AV theough XX summcsize the results of the ofhesion tesis. The sumbess in the
columans represent the kilograss of bood on the criling ool 2 the poin? whese tha pain?
£ilm is penetroted ond bore =2al i oxgossd. The bedfer the adherence of e fiks, the
crecter the locd reguired for removc) . Since the efficiencies of the woricus cleoning
mﬁa&sd@dmmﬁ&@é?&emim,emsé&'mh&n@ﬂd&w
ecch of 1he six scdstrctes. Tha fizt colyon of ecch iohle gives the code membes of ihe
cleming procedire useZ in preporing the pansls before ponling.

Sitact of Tleoning atiods on Adhesion -

Methed 1 - This meshod, in generci provided excellent cdbesion on ofl b~
shimtes. A clowdy surfece rescined cifer claoning, But it did oot
cifect othesion or sixioce energy- This Sethod wes Foe st

eificient in recving the boked-on hydrauliz fuid. Howeves, the
comnponents of Bhis compound that provide ifs effectivengss clso

ccuse hydrogen extrifilement of high-strength steel.

Kathod 2 ~ This sethod wos st os effective os | ood 9, excep? tict i did ot
effactively resiove the boked-ca hydroulic #iuid fiom the onodized
ond clromaied substices.

Merhod 3 - The resulls of this method wers poor. It wes ineffective in removing
the bydroulic fluwd fram cll of the subsirctes. The costing bod
pocs adhesion. In oddition, blisters were common on speciters
exposed 5 high bumidity, ond blisters appeared occasionsily oo
specinens expcsed 1o the salt sscoy-wectharcmeter cycle.

Methnd 4 - A w-enegy susfoce resulied from the use of this cleoner.
Appcrently, o component in the cleoner wos adsirbed 1o the sub-
strote, ond this contomincdion cossed the low surfore energies.
This clecnes dd not effactivaly rexove the hydrouiic fhuid. The
xesicn volues of specimens sxposed fo 19075 reictive humidity &
T1UPF wese consistentiy kow.

33athod 5 - This method, which invelves ¢ sproycsie, hend-shiippoble profective
film, provides exceilent protection cgoinst conluminstion. The
il wos ooplied ofter clecning of, in the cose of the anodized and
chromoted substictes, cfter processing. Afler the exposre to
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contamination, the film was stripped from the specimens, and they
were painted without any additional cleaning. The specimens were
deliberately contaminated with hydraulic fluid by applying the fluid
over the film and cllowing it to remain in contect for 24 hours.

R -sults indicate thot the hydraulic fluid does not permeate through
the film,

Methoid 6 - This method is similar to Method 3, except that water is substituted

for MEK as the liquid in the scouring processing. There was no
significant biistering with this method and its efficiency in
removing hydraulic fluid is better than that of Method 3. However,
the low adhesion results on untraated substrates contaminated with
hydraulic fluid ond generally lower adhesian values from the high
humidity conditioning cause this method to be rated lower than
Method 2. Adhesion vaives from different panels exposed to the
same conditioning were often erratic.

Methad 7 - This method involves a sprayable protective film removed

chemically. lts performance is comparable with Method 5. The
choice between the two methuds would depend only on the
eccnomics or preference of the type of removal procedure:
chemicai or hand-strippable.

Mettod 8 - Cleaner VI, diluted with a mixture of water and Stoddard solvent,

was used in the laboratory evaluation of this procedure and gave
good reults on all tests. Severa! months ofter the laboratory
evaluation was under way, Lockheed-Georgia began to use
Cleaner VI, diluted with water only, for cleaning preduction
aircraft. Since this formulation was giving ercelient results,
chromated 7075-T6 clad aluminum panels, =leaned with an aqueous
diluticn of Cleaner VI, were subjected to the battery of environ-
menta! ond cdhesion tests. The results are listed in%cble XX,
The elimination of the Stoddard solvent improved the adhesion
values on the paneis subjected fo high humidity at 110°F and on
panels contaminated with hydraulic fluid. Based on these results,
Method 8, with no Stoddard solven?, was selected as one of the
two best cleaning procedures.

Method 9 - This method is the same os the previous Method 1, except that o

finai phosphate rinse was cdded to improve adhesion. The phos-
phate rinse did not improve adhesion. All other comments
conceming Method 1 opply to this method.

The cleaning methods were compared by adding the odhesion values obtained for each of

the four test conditions (Tables XVI through XX1), and renking the totals for each substrate,

the highest adhesion totol being assigned 5 points and the lowest total assigned 1 point.
The cleaners which were disquaiified because of hydrogen embrittlement charccteristics

and the methods which included the use of strippable protective films were not considered

in the final rankings. The strippable protective films were extensively evaluated, along

with other temporery protective films, at the Lockheed-California Laboratory. Tokle XXH

summarizes the ranking of the qualified cleaning methods and gives the grand total for

each method on all substrates. The highest point total represents the method providing the

best overal! paint udhesion.
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eligibie for consideration. Methods 6 and 8 ronLed second ond third in total edhesion
scores. Method 6 involves the use of Scotchbrite pods and Method 8 uses Cleaner Vi.
Method 8 gave the best performence of ony of the cleaners on the chromated substrate
which is of grimary significonce in this evaluction. Mathed 6 required conqdercblr more
hand labor and was prone to blistering when exposed to 100% relative humidi 20°F.

On the basis of this analysis, Methods 2 and 8, which use Cleaners 1l and VI respectively,
were selected as the cleoning procedures for use in the field fests on Novy C~130 ond
P-3B circraft.
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iV - LABORATORY EVALUATION OF STRIPPABLE COATINGS

6 clai cluminum alloy were fohricated, clecasd, end chromated v.ith
siing Lockheed-Califomia procedures throughour. They were immediately
- ~* hond-peelable and five chemically removable protective caatings. One
:as sent to Point Loma, California, for outdoor exposure tests. The
panels was subjected to o battery of avaluction tesis.

-

Test Coctings

hond-peeloble coatings were coded as Nos. 10, 12, 14, 16, and 18. The chemically
sovoble coatings were Nos. 11, 13, 15, 17, and 19. {The mencfuciurer and .endor
«2signetions correspor ding to each number cre listed in Appendix A.}

Test Specimens

The 7075-T& clod aluminum specimens, three per test, were 3 x 6 x G.04 inches in size,
except for the table obroder ponels, which were 4 x 4 x 0,04 inches. The chemicaliy
removable zoatings were Z mils thick, ond the hand-peeictie contings were 3 mils.

Test Procedu.ss

The hond-peelable coatings were applied o Alsdine 1200 trested ponels. Thase were
then sudjected to the Lockheed-Califomia cleoning and chromating process, consisting of
on alkaline cleaning, deoxidizirg, olkaline etch, deoxidizing, chromic azid, deoxi-
dizing, Alodine 1200, hot rinse, and hot-air-dry sequence. Tne chemizally removabie
coatings were subjected to the same test sequence, except ifor the aikaline cleoning, which
would have removed the cootings. The cocted panels were then subjected to the foliowing
tests:

1. Scratch ond mar resistance (ASTM D 2197-43T)

2. Heot resistance {Fed-Std-141, Method &6051)

3. Bending over conice!l mendrel (ASTM D 522-60)
3. TYober Abraser, 1000 gmi lood CS-17 wheel {Feb-Sid-141a, Method 6192)

. Driil and countersink

5
6. Ease of removal
7

. Wet-patch tape test after canels were coated with P-3 paint system (Fed-Std-i41,
Method 6301.
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8. Outdoor expesure of two coated panels on racks ot Pt. Lomo, California.

Test Resuvits

The results of the laboratory evaluation tests of the strippable coatings cre summarized in
Tobles XX11: through XXVI. Three of the five hend-peelable coatings withstood the test
sequence. Of these three, Coating No. 14 was best able to withstand drilling and
countersinking, leaving good edge definition with the least amount of fraying.

All of the chemically removed test coatings cauld be reedily drilled and countersunk.
Coating No. 15 was the hordest to remove after heat-oging for one hour ot 300°F.
Coatings No. 13, 17, ond 19 cracked upon fiexing. However, Coating No. 11 wes
consistently good. It hod good spravability, it flexed without crecking on o conical
mandrel, ond it could be removed easily before ond ofter heat-oging ot 300°F for one
hour. The Teber cbrosion and Tober scratch tests, befere ond ofter beking, produced
results indicating that Coating No. 11 is acceptabie.

On the besis of the evaluation tests, the best of the hanau~-strippobie coatings is Coating
No. 11, ond the best of the chemically removable coctings is Coating No. 14. Both
coatings are compatible with Rule 66 for the preventicn of atmospheric contomination
(County of Los Angeles-Air Polluticn Control Ristrict - July 28, 1956). The two coatings
will be applied to fuseloge penels for a production P-3B aircraft (No. 5510). The aircroft
will be inspected six months ofter it has been painted ond put into service. Because of the
long delecy between the fabrication of fuseloge panzls und the cleoning ond painting of the
finished aircrcft, the penels wiih the strippoble coatings could not be placed on the some
aircraft whick serve as a test bed fer the clecning procedures.
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3 v - PRODUCTION-LINE EVALUATION OF STRIPPASLE COATINGS

Acpiicotion of Loctings

Cn the bosis of Iebaroiony evaluot .cs‘s, raporied :n c-"‘n:‘ Rafzrence 3, e Deg? of
the hend-—strippobla cootings wos No. 311, * ond the bast of the chemically rescrishla
coolings wes coating No. i,

To evelunte the chility of the cootings o protect prodection poris during srocesang ond
assenbly oparoticns, sitippeble cocting No. 1! =t opplied 2o fwe e-:p:e.::. >rboced P-3
s i ponels (PN 03735-55 cns $33730-47), ond sirippedle c«:'sng No. 12 wrs opiiad
1 two cdijocent pe::su:e skin penels (PN P037738-3 ond TOR728-3). Tae bocotion of the
skin pon=ls on the P-3 fuseloge is shown in Figure 25.

Both coctings were s:xcyec only on the exterior sides of the penckh. Coch:yg No. i4, the
nor.d-strigpable conting, wos szolied befors the gonels wen? throogh the ..ia-.z;-*n.
de-:axldsz-n: ond Alodine lines. Cocting No. 1, the chemicclly removchie costing, oos
cpsl*ec citer the c!aﬁm:g, Secuids izing, end Alodins freatoents. Tha dutecior sides of off
the penals were protacted by sinc chromgte peimer cpplied over surfoces trzcted with
Alodine 1269.

Prior to the cpo'k..ﬁm of Conting No. 14, ihe pon2lbs wece degrecsed &y wiping thex
with methyl ethyl xetona. They were then woshed with ¢ shoshoric ooid ciecner ond
were memug!ﬁy rinsed ond drisd. Due to the korge size of the kin caneks, some difficuity
wos encountered in cospletsly removing the phisphoric oeid. A&a, the s?.:;rm of the
viscous Na. 14 cooting mxtersicl reguired consideschle skill on the port oF the poiater.

The cppittction of cocling No. i1 proceadas smoothly and prassated no diffculiies.

After being conted, !he skin ponels were icken D the fineloge cseshly crec of the gioat,
where fhey were drilled, countersmk, ond rivetes. Ia oddition, windas werz cut o5t by
meons of g matez. The pcneh wera instalied in P-3 Aircrcit No. 5525, The groteciive
coalings remcined on ihe test ponels infil the circseft wos moved i the peint <op. Ar
thot time, the coolings were remmves, he anlire oirsacit wos sobjected o normol cleoning
cperotions, cnd the primes and oo cools ware opplied.

Tes? Sesils

Tie hond-strigpoble coatimg No. 14 soovided sood proreciicn fur the cloxinum penehb
through the clkeline clesner, dooxidizer, end Alodme freci=enis, Driiling, mutmg, =5
siveling opeiiont were sxccesstuily performed on the cocted ponele. Lo Nal 14 6
viscows ond s Siffcelt 2o ooply mz:esm!y. Izt the speoyiny ditficuliies could De mhimized
through the use of siriess~roy equipsent.

*Excerimentsi coctings ore identifisd in ; X AL
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The chemically removable coating No, 11, which was appliad after the panels had been
processed through the chemical cleaning line, also held up well during the driliing,

riveting, and routine operations. Because it is a hard coating, it is extremely scratch-
resistant.

The four punels which were covered with the strippable coatings were protected from
abrasion and scuffing, and the surfaces were kept clean. Because additional time wos
required for special set-up of the panels for application of the strippable coatings, it was
difficult to establish reliable cost parameters. However, the cost of applying strippakle

contings on a routine basis would be comparable to that required for the application of a
one-component paint. ’

67




[ R K e S

R AL R ey eee vy SR L nO T Gy

_—

i MR TLEE

Vi - APPLICATICN OF BEST CLEANING PROCEDURES TO AIRCRAFT

Application of Best Procedures to C~130 Aircraft

The two best experimental cleaning procedures were applied to PAR Mod C-~130 circroft
#150685. The usual sequence in overhauling @ Navy C-130 is to remove the engines,
scrub the wheel wells and engine mounts, strip the white cap and walkway coatings from
areas which are to be repainted, give the aircraft a thorough first cleaning, make
necessary repairs and modifications, give the aircraft a second cleaning, ond apply the
paint system.

The principal test area is the top of the fuselage (see Figure 29), which is coated with the
white epoxy paint. As this area is cleaned twice, once after the old coating is stripped
and once immediately before the final coating is applied, it was decided to use the experi~
mental cleaning procedures for both cleaning operaticns. CTleaner VI was applied to the
port side of the aircraft and Cleoner 111 to the storkoard side.

Figure 30 is a view of C~130 aircraft #150685. Figures 31, 32, 33, and 34 are closeup
views of the four major test areas. The white-capped upper portion of the fuseloge was
stripped, cleaned by the experimental nrocedures, cleaned again after the 4-week over-

houl and repaoir period, ond then repainted.

The two best cieaners were applied ceccording to the following procedures. Steps 1 through
6 were common o both the first and second cleaning. Step 7a was appiicable to the first
cleaning only, and steps 7b, 8, and 9 were used in the second cleaning.

1. Dilute cleoners - Clecner VI (First cleaning: 1 port cleaner to 5 parts water)
(Second cieaning: 1 port cleaner to 7 parts water)

~ Cleaner 11l (1 part cleaner to 1 part water)

2. Sproy or brush apply cleaner to aircroft surfaces.

3. Allow cleaner to soak a minimum cf ten minutes. Reapply as necessary to
prevent cleaner from drying on surface.

4. Scrub with brush,
5. Fiush thoroughly with water.

6. Reapply cleaner, asnecessary, inobtain acleansurface and rinse ogain. Usea
generous amount of water tc Lompletely remove chemicals. Start at the bottom and
rinse up to the top, followed by another rinse from the top downward to the battom.

7a. (First Cleaning Only) Spray surfaces with 0.2 to G.3 percent chromic acid soiu-
tion to obtain neutral or siightly acid (litmus poper red) surfaces. Aliow acid
solution to dwell on surface 2 to 5 minutes followed by a water rinsa.
CAUTION: Do not allow the chromic acid to dry on the surface.

7b. (Secon« Cleaning) Apply Mit ~C-~5541 chemical surface treatment rinse with
water, cad air dry 2 to 12 hours.,

¢ Preceding page blank
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FIGURE 29 TEST AREAS ON NAVY C-130 AIRCRAFT NO. 150685
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FIGURE 31 FRONT STARBOARD TEST AREA. ONLY WHITE-CAPPED UPPER
FUSELAGTZ WAS REPAINTED.
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FIGURE 32 REAR STARBOARD TEST AREA
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FIGURE33 FRONT PORT TEST AREA
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FIGURE 34 REAR PORT TEST AREA
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8. {Second Cleoning) Thuroughly wipe surfaces with clean rags moistened with clean
isoprapyl or butvl alcohal ta remove residual moicture and powder from chemical
surface trectment,

9. (Second Cleaning) Apply paint system as soon as possible.

Special precautions were taken to prevent liquid from one test arec from running over the
adjacent test area. This was done by masking one half of the top of the fuseloge when the
other half was being cleoned.

The C-130 did not require a controi area because Cleaner VI, which gave the second-best
results on the laboratory tests, is the stanaard cleaner used at Lockheed-Georgia for
cleaning prior to painting.

At the end of the first cleaning sequence, a chromic~acid rinse wosused to protect the bare
aluminum from corrosion while the repairs and modificctions were beingmade . Atthe end of the
secord cleoning, the surface wasgiven a conversion treatment and was then thoroughly wiped
withrags moistened with isopropy! or butyl alcohol to remove residual powder and moisture..

After the C~130 aircraft had been subjected to the first clecning, surfcce-energy readings were
tcken on both sides of the aircraft. Table XXV} summarizes the data obtained.

TABLE XXVil

SURFACE ENERGY MEASUREMENTS ON KC-130 AIRCRAFT
AFTER FIRST CLEANING

(dyne/cm)
Port Side Starboard Side
Front Fuseloge ~ Top 55, 60,54 | 58, 55,55
Wing Panel - Front 54, 54, 60 40, 40, 36
- Rear 48, 38, 46 34, 37, 28
Empenrniage 51, 61, 54 58, 54, &t
Wheel Weli - Top 36, 54, 38 81, &, &0
- Front 58, 58, 61
- Middle 16, 12
- Rear 54, 46

The above data dramatically emphasize the wide variation in the cleenliness obtained by
merely applyirg a cleaner to on aircrcft, brushing the surfaces, ond rinsing the surfaces
with water. Huwever, this was a preliminary cleaning operation. The second cleaning
procedure includes steps which cssure a more uniform susface condition prior to painting.

The port side of the aircraft wos clecned with Cleaner VI ond the starboord side with
Cleaner Ill. Where the surfaces were thoroughly scrubbed, such os the top of the wheel
well, Cieaner I gave higher surface energies than did Clecner Vi, This was consistent
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with the results of the laboratory tests. The surface energy readings on the starbocord side
of the fuseiage and wing surfaces were somewhat lower than the port side readings. !t was
observed that, in an effort to prevent overspray to the odjacent test arec, Cleaner 11l was

not as generously applied to the top of the fuselage cs to the sides end the wheel wells.
Aircraft 150685 was given the second cleaning and wos painted on September 13th.

Figure 35 is a photograph of the aircrafy after the painting operation. Table XXVIII
summarizes the surface energy measurements which were made ofter the second cleaning.

TABLE XXVIl

SURFACE ENERGY MEASUREMENTS OM C-130 AIRCRAFT
AFTER SECOND CLEANING

(dynes/cm)
Port Side Starboard Side
FrontFuseloge ~ Top CW2AC.W. 66, 68, &8
Wing Panel ~ Front 46, 59.5, 54 é4.5, 66, 65.5
- Rear 63, 63, 5%9.5 65.5, 65, 64
Empennoge CcC.wW., CWw. C.WwW,, 71, C.W.
. C.WwW,,Cw, 6%.5
Wheal Well C.w., C.W. C.w., C., 64, 63, 63

*Complete Wetting

After the second cleaning, the surface energies of the aircraft were considerably higher
thon ofter the first cleoning. The opplied droplets completely wet the surface in many
instonces. On the wing ponels, the surface energies were slightly higher on the starboard
side, where Cleoner Il was used. With that exception, there was little difference in the
ability of the cleaners to yield o clean, high-energy surface.

Cleaner (il clung to the surface tenaciously ofter the application and sciubbing operation
ond was more difficult o rinse off completely. Also, brush marks were visible where
traces of the cieaner remained on paintzd surfaces. Approximofeiy 10 manhours of extrc

hend scrubbing were required to remove these strecks from the starooord side of the
aircsafi.

Cost Parometers

With the exception of the hond labor required to remcve brush marks from pointed surfaces
when Claaner Il was used, there was no significont difference in the time required to
arply ond rinse the two cleoners. Foilewing is a breckdown of the menhours and materials

cost for the cleaning operoticens on C-130 Aircraft No. 156685, (Total surfaca area -
9C00 sq. ft.)
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Mcteriai Costs {for each cleaning of entire aircraft)
40 gailons Clecnar VI @ § 2.00/gal $ 80.00
40 gallons Cleoner 1il @ $10.00/gal $400.00

Assuming a labor cost of $5.00/kr, the cost per sq. fi. of surface for Cleaner 1§l is:

100 manhours x $5.00/menhour + 40 gal clecner x $10.00/ual _ $0 09]/fi2

9000 sg. ft.
The cost per sq. ft. using Cleaner Vi is:

90 monhouyrs x §5,00/mmbour; 42 fml cleoner x § 2.00/qal _ 50.05?/-{3

Application of Best Claaning Methods to Mew P-3 Aircraft

To evaluote the effectiveness of the cleaners and to estcblish cost parometers for
production-line cleoning procedures for new aircroft, the two best cleaning procedures
were opolied o circrait No. 5286, o P-38 aircreft manufactured for the Navy by the
Lockheed-Califomic Compony. (See Figures 36 cnd 37.) The procedures were modified
by the inclusion of a solvent wipe to remove oily contaminents cccumeloted during menu-
foctuse. The fuseloge wos clecned by the stondord Lockheed—Celifomio method using
Scotchbrite pads. The wings, which are assembied oiid clesned before being joined to the
fuseloge, were used as the test areas for the experimental cleaning procedures.

The current Lockheed-California procedure for cleaning the P-3 circroft is os follows:
1. Cleon surfaces with methyl ethyl ketone.
2. Wipe using petroleum-base solvent, LAC 32-367.
3. Scrub surfaces with Scotchbrite pads cnd vater.
4. Wash with phosphoric ocid clecner, LAC 32-260.
5. Rinse with water.

6. Apply MIL-C-5541 chemical conversion treciment. Rinse with woter. Air—dry
2 to 12 hours.

7. Wipe with mild acid clecner, LAC 32-266.
8. Wipe using petroieum base solvent, LAC 32-367.
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The procedure for application of the two test cleaners, modi{ied to adapt ‘o production
conditions for new aircraft, is described below. The port wing of the aircroft was cleaned

[OR o Loy

with Cleaner VI (1 part clecner to 5 parts water) and the starboord wing with Cleaner l1
(1 part cleaner to 1 part water).

1. Clean surfaces with methyl ethyl ketone.
2. Wipe using petroleum kase solvent.

3. Spray or brush-apply cleaner to wing surfaces. Allow cleaner to soak ot

least 10 minutes. Reopply, os necessary, to prevent cleaner from drying on
surfaces.

4, Scrub surfaces with brush.

5. Fiush thoroughly with water,

6. Test dry surface with Surfascope to determine the relative cleanliness. Reapply
cleaner, as necessary, to obtain acceptably clean surfaces (surface energy

greater than 40 dynes/cm), ond rinse ogain. Use a generous amount of water to
remove chemicals completely.

7. Spray surfaces with 0.2 to 0.3 percent chromic acid solution to obtain a neutral
or slightly acid (litmus paper red) surface. Allow acid solution to dwell on

surface 2 to 5 minutes; then rinse with water. (CAUTION: Do not allow the
chromic ocid to dry on the surface.

8. Apply MIL-C-5541 chemical conversion treatment. (CAUTION: Do not allow
the solution to remain on the surface longer than 5 minutes.) Rinse with water.
Air=dry 2 to 12 hours.

9. Thoroughly wipe surfaces with clean rags moistened with clean isopropyl or butyl
alcoho! to remove residual powder and moisture.

The port wing of P-3B aircratt INo. 5286 was cleaned on August 5th and the starboard wing
on August 7th, using the experimental cleaning procedures. The wing was masked in
certain areas and placed in a vertical positior surrounded by scaffolding. The workmen
found that Cleaner VI was easier to apply and rinse than was Cleaner iil. The oniy prob-
lem encountered was that a high-pressure water stre=:a loosened the masking paper on the
starboard wing and ollowed some of the Cleaner 1! to enter the nacelle areas. Table XXIX
lists the surface energy readings after each wing was cleaned.

The reudings irdiccte that o high degree of surface cleanliness was achieved. On the
starboard wing, where Cleaner Il was used, every test resulted in complete wetting which
indicates c surface energy of more than 72.4 dynes/cm. On October 1, 1968, numerous

wet-patch tape tests were performed on the two wings of aircraft No. 5286. All results
were satisfactory.
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TABLE XXIX

SURFACE ENERGY MEASUREMEMTS ON P-3B WINGS AFTER CLEANING

(dynes/cm)
Port Wing Starboard Wing
&0 C.w,
70 c.w.
&0 C.w,
C.W.r> Cc.w,
72 C.w,

*Complete Wetting

Cost Parometers

The normal time required to clean a P-3B wing by the standard Lockheed-Californic
procedures is approximaiely 35 manhours. The time required to clean o wing with the
Cieaner il procedure was 40 manhours, and the time required using the Cleaner V! pro-
cedure was 35 mannours. However, approximately 5 hours of this time waos due to the
unfamiliarity of the cleaning crew with the procedures and to the mixing and checking of
the cleaning ond rinse solutions. Each wing has approximately 1200 square feet of area on
the upper and lower surfaces combined. Ten gallons of cleaner were used for each wing.

Assuming a labor cost of $5.00/hr, and making allowance for the unfamiliarity of the
cleaning crew with the experimental procedures, the estimated cost per square foot by
each cleaning procedure is as follows:

Cleaner ili:
35 monhouyrs x $5.00/menhour + 10 gal Cleaner ili @ $10.00/gal _ 50.229/,“2

1200 sq. ft.

Cleaner Vi:

30 manhours x $5.00/manhour + 10 gal Cleaner VI @ § 2.00/gal _ $0.141 542
1206 sq. Tt 141/
Current Method:
35 manhours x $5.00/manhour + $25.00 for Scotchbrite pads 2

= /8
1200 sq. ft. $0.166/%:

The above figures are opproximations for comparison purposes only and do nct include the
costs of the odditional solvents and chemical solutions. They cannot be compared with
the cost figures for cleaning C-130 aircroft because extra steps involved in the P-38
procedures. Also the C-130 surfaces are considerably larger and the cleaning cost per square
foot decreases as the surface sizes increase.
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P-3 Aircroft 5286

Results of 6-Month Inspection

Aircraft 5286 was originally scheduled for service in the South Pacific. A few weeks after
it had been painted, a change of Navy orders received by Lockheed-Califomia called for
an extensive modification of this oircraft before it was assigned to active service. Pending
modification, the aircraft was stored outdoors under conditions which were quite sheltered
except for exposure to sunlight. A &-month inspection revealed the accumulation of o

dust coating but no detericration of the protective coating system.

Results of Final Inspection

The P-3 aircraft which was cleaned by the experimental procedures bafore painting, and
which is now the property of the Royal Australian Air Force, was inspected at Edinborough
Air Base at Elizabeth, Australia, on 18 May 1970. Squadron Leader Jack Roe arranged
the details of the visit and inspection. The P-3 airzraft was originally cleoned and painted
on 7 August 1968. It was stored outdoors at Lockheed-California for almost o year and was
sold to &e Australion Air Force in August of 1969. Since then it had been operating os o
potrol aircraft out of Edinborough Air Base in Australia.

Figure 38 is an overall view - the P~3 aircraft in its hengar at Edinborvugh Air Base in
Australia. Figures 38 to 41 are views of the starboard side of the aircrafi, while Figures
42 and 43 show the port side. The appearance of the aircraft was that of one which has
just been painted.

As shown by the close~up views in Figures 44 through 48, all painted surfaces of the
aircraft were in excellent condition. There was good gloss and no indication of blistering
or peeling. The painted surfoces were smooth to the touch, but the beginning of surface
oxidation was evidenced by the white powder which came off when a hand was rubbed on
the surface. There was no detectoble difference between the paint on the fuseloge, the
port wing (Figure 47}, ond the starboord wing (Figure 48). Each of these surfaces had been
subjected to a ditferent cleaning procedure prior to the applicction of the paint system.
The fuselage had been hand-scrubbed with Scotch Brite, and the port and starboard wings
had been treated by the experimenta! procedures developed under the Navy contract. The
absence of blistering or peeling indicates that ali the cleaning procedures provide adequote
adhesion between the paint and the metal.

The excelient condition of the painted surfaces is partly due to the excellent maintenance
and washing procedures used by the Australian Air Ferce. Every time the aircroft comes
bock from a patrol mission, it is washed with 2,000 gallons of demineralized water. Once
every 2 weeks it. is washed with a Turco detergent and viased with demineralized water.

83  Preceding page biank
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FIGURE 39
REAR STARBOARD FUSELAGE

FIGURE 40
FRONT STARBOARD FUSELAGE
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CLQSEUP VIEW CF
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FIGURE 42
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4 FRONT PORT FUSELAGE OF
- AJRCRAFT NO. 5286
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FIGURE 43 CLOSEUP VIEW OF PORT FUSELAGE
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FIGURE 44 UPPER CENTER FUSELAGE OF P-3 AIRCRAFT NO. 5286.
NOTE COMPLETE ABSENCE OF DEFECTS.

FIGURE 45 REAR UPPER FUSELAGE OF P-3 AIRCRAFT NO. 5286.
NOTE HIGH GLOSS ON PAINTED SURFACES.

83




PG RIS AT

d >
]

2 S50e e MM ¥

=

FIGURE 46 REAR PORT FUSELAGE OF F~3 AIRCRAFT.
PAINT IS IN NEAR PERFECT CONDITION.

FIGURE 47 CLOSEUP ViEW GF UPPER SURFACE GF PORT WING
ON F=-3 AIRCRATT NO. 5285
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LOSEUP VIEW OF UPPER SURFACE CF STARBOARD WING
NO. 5288

OF P-3 AIRCRAFT
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U -130 Aieecy Mol 1533335

Rewslis of & fonth Inspection

After ihe recondiivning ond repciating coerction: awwe cowplatad, £-130 Semefr No.
158655 wos seni o Fulemc Ar Sese B “Oks: <. Ikis orTrofl acs opmmiing os ¢ Snker in
the Vielnoo orec. After conmoxanclely ‘m!:s" seryice, the it mos bspeciad ot
Futems Alr Sose o 7 Ased) 1767,

The porntod fuseloge ond toil surfoces were corefeily exomined, ond dasilad shesagrosis
ware sode of the tes? cress, ’hﬁ‘mm-amb*&: nherad est
creas of Figure 49, (Figures 50 firvosh 73 show ihe cirmeit onc the et oreen )

There wos no 2vide=e of biitaring o0 praling except for ¢ ol Ievizontcl oren o e
storoexad e of the evoemnoge (Ficuoes S5 ond 7Fi). Here the ot Sod flcked i o
ol dozen soots, ecch chout twe sucre inches. TRis neos geoinkéy doe © comgisio
rnsing of Clecnes No. 3, whinh is sxtremely tenorionss and Sifficolt 2o remove. The
white epoxy-polyomide pomnt wes ciolking dightly, ond fere wes o oot the size of e
sthvar Solier on soch side of the cumictt whwre the ooin! Sowed ool el b e It
poet wing arwa of 1he Rneloge, the point wos crocked crond the cirmomference of same of
ﬁemm&cmaéaﬁm}- This wos cogsed by t2e fexing ol the wig
flicht. The epoxy-pohyorids poin? syslem 43 oot bove encech elinsiicily o beidoe the
swcll oops. Twmmmmlrzgé@m,wmmhs&&%m,m
rustas heods (Fisures &2, &3, ond 78, Thecodm Jote Fikm In e recasas of the
m&.bﬁm:ymmﬁw@mmlk@é&sm-

The resclis of the inpection reveoias 32 both exparimenic! cleoning ocedsres bod bee
2Tective in providing good point odbesion . Appoxioctely §95 of the poinled sssfxes
wete i excalient condition offer 5 monils of expossre in Yisteom ond Chioes

Resuits of Fincl fspection
C-130 Airercts No. 150483 wos given 6 el mypection o8 he Mortne Corms Alr Sictiem

ct £i Too. f.c'ivmc,m!»‘::y!i‘, 1975, 19 zocths cfter It wos refmishes & the FAS
Ncde proceo= . The lest oiroec, ‘Ek%-mmmsed'qm% 1983, hed Sean
dcricred gt Okm&zmm‘e:y ma‘:soaducs-oreibﬂamﬂhqme(lw
Alr Stotion doring Hee first oonths of 1978,

hwrﬁwmss&miam c::dmtag-:;eswsem‘;sn,he
mmgqmw&camaﬂa‘w:@m‘m- T2 pomt oa the fxelose ond
upper toil srfoces wes i Toir coadition, ot it hod westhered to the paint whare the gloss
w5 goue ond ide ot wos chofking. bt soo2 creus, the poie? wes begimning o Jevekod
a nets=k of fine ooncke.

Totle XXX ssmmorizes the notes actes opplying 1o the mundered tesy crass shoom 53 Fagure £9.
Fig;gtslﬂ&:&gh 85 cre photogrophs ©F represeniclive tast crecs.

The genexl ccr-&:m of the spoxy-pohomade poit sysiom on €135 ohoref? IS3ESS wcs
fair to good. "n!zcsfg}dgm'e:a*sﬂ.,m@mmm‘sz@mc&%
o e foch. A wiits pondes coma off whies the hoad wos nubhbed ighs :ste.-?'ia-ss‘-.z:e-
Howevar, excest o %Ws‘-&m%&.&umﬁcm&&cmu
Sw-spc:m&em:rpu: side of the &Ko &mm,mci’ba:gwaiim:m

not blistering or paeliing.
1
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STARBOARD SIDE
TEST AREA

FIGURE 49 TEST AREAS ON NAVY C-130 AIRCRAFT NO. 150685
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FIGURE 50 C-13C AIRCRAFT 150685 AT FUTEMA AIR BASE IN OKINAWA
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FIGURE 51 FRONT TEST AREA ON STARBOARD SIDE

FIGURE 52 REAR TEST AREA ON STARBOARD SIDE
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FIGURE53 FRONT TEST AREA ON PORT SIDE

FIGURE 54 REAR TEST AREA ON PORT SIDE
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FIGURE 55 TOP FORWARD SECTION OF FUSELAGE,
TEST AREA NO. 1 (WHITE AREAS;)
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FIGURE 56 TEST AREA NO. 2
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FIGURE 62 TEST AREA NC. 8 {NOTE RUSTY
PHILLIPS HEAD FASTENERS)
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FIGURE 63 TEST AREA NO. 9
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FIGURE 7¢ ENLARGED VIEW OF DARKENED FASTENER HEADS IN TEST AREA NO. 2

FIGURE 71 ENLARGED VIEW OF DEFECT IN TEAT AREA 12 SHOWING DEFECT WHERL
PAINT HAS FLAKED OFF, THIS MAY #4VE BEEN CAUSED BY
INCOMPLETE RINSING OF CLEANER PRIOR TO APPLICATION OF PAINT,
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FIGURE 72 ENLARGED VIEW OF RUSTY PHILLiPS HEAD FASTENERS iN TEST AREA 8
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} FIGURE 73 DEFELT IN PAINT ON UNDERSIDE OF FUSELAGE, THIS WAS RIOT A

E & PORTION OF THE TEST AREA. PATTERN SUGGESTS THE RBEGINNING
OF FILIFQRM CORROSION
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TABLE XXX

CONDITION OF TEST AREAS ON C-130 AIRCRAFT 150685
(FINAL INSPECTION)

Test Area No. Observaticns

] Paint in good condition.

2 Bare spot cpproxirately 12 inches ‘vide ond 18 inches
long several feet in pront of propeller line.

3 Corresponding area on the starboard side of fuselage was
much rougher than other painted surfaces.

4 Chalky powder rubbed off on hands.

5 Chslky powder tubbed off on hands.

6 In good condition.

7 In good condition. (Walkway coating in center of
fuselage, which was not o port of the test area, is
beginning fo come off ot demar=ation line between the
two areas. This may be due tc paint stripper getting
under the mcsking tape ot the time the test area was
siripped cnd painted.}

& In good condition. (Four cadmium-~coated stecl fasteners
in this area were badly corroded.)

9 In good condition.

10 Paint is just beginning to develop o network of fine crocks.
11 Paint is just beginning to develop a network of fine cracks.
12 In good condition.
13 This area has several rusty steel fasteners with most of the
original cadmium plating gone.
14 Paint is in good condition, but is just beginning to crack.
15 This was the worst orea on the aircraft. Blistering in
many smail spots. Bore creas the size of a half dollor.
Paint very thin on forward portion.




FIGURE 74 TEST AREA NO. 2 - C-130 AIRCRAFT 150685 - FINAL INSPECTION.
BARE SPOT APPROXIMATELY 12" x 18" MAY HAVE BEEN CAUSED
BY DUST & DIRT THROWN UP BY PROPELLER REVERSAL DURING
LANDINGS.

FIGURE 75 TEST AREA NO. 8 - C-130 AIRCRAFT 150685 ~ FINAL INSPECTION.

PAINT IS IN GOOD CONDITION EXCEPT FOR FOUR RUSTED
STEEL FASTENERS.
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FIGURE 76 TEST AREA NO. 8 - C-130 AIRCRAFT 150685 - FINAL INSPECTION.
CLOSEUP VIEW OF RUSTY STEEL FASTENERS.

FIGURE 77 TEST AREA NO. 9 - C-130 AIRCRAFT 150685 - FINAL INSPECTION.
PAINT 12 IN GOND COMDITION.
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FIGURE 79 TEST ARE

FIGURE 78 TEST AREA NO. 11 -

PAINT IS 1UST BEG!
CRACKS.

A NO. 14 - C-130 Af
PAINT IN GOOD CONDITIO
CRACKS,

AR T

Rkl
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C-130 AIRCRAFT 150685 - FINAL
NNING TC DEVELOP A NETWORK

INSPECTION.
OF FIMNE

RCRAFT 1506C5
N BUT BE

~ FINAL INSPECTION .
GINNING TO SHOW FINE
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FIGURE 80 TEST AREA NO. 15 - C-130 AIRCRAFT 150685 - FINAL INSPECTION.
E: PROBABLE CAUSE OF BLISTERING AND BARE AREAS IS INCOMPLETE
RINSING OF THE PASTE CLEANER USED ON THIS PORTION OF THE

AIRCRAFT.

i

FIGURE 81 TEST AREA NO. 15 - C-130 AIRCRAFT 156485 - FINAL INSPECTION.
3 CLOSE-UP VIEW OF BARE SPOT.
3 116
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FIGURE 82 TEST AREA NO. 15 - C-130 AIRCRAFT 150685 - FINAL INSPECTION.
CLOSEUP VIEW GF BLISTERS AND BARE AREAS.

FIGURE 83 DEFECT iN PAINT ON UNDERSIDE OF AIRCRAFT IS UNCHANGED N
APFEARANCE SINCE LAST INSPECTION. ({SEE FIGURE 26.) THIS
WAS NCT A FORTION OF THE TEST AREA WHICH WAS COALTED
WITH THE EPOXY-POLYAMIDE PAINT SYSTEM.
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The blistered orea onthe duckiail had baen noted in the first inspection and was cttricuted
to incomplete rinsing of the paste cleaner used on thot side of the circreft prior tc the
application of the point. Ceptoin 'Vaitt, the Marine Corps cfficer who ccordinated the
final inspection of the oircraft, suggested that the bare grea on the port fuselage (Figure
74) may have been coused as sand and Just were thrown up by the propellers when they
were reversed to slow the aircroft during londing operations.

The overal!l results of the finai inspection indicatad that the cieaning procedures used on
the aircroft prior to puinting were satisfoctory and hod provided adequate adhesion
between the paint system and tha whsirate,
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All objectives of this program, (1} developmen* :f o relinbie method for measuring surface
clecrliness, (2} evaluetion of cendidate cleaning procedures in the lcborotery, {3} evalu~-
otion of strippable coatings, (4) opplication of the tvo best c leaning methods to ¢ C-130
crd a P-3 aircraft o estabiish cost porometers and determine performance under service
conditions, huve been successfully accomplished.

Method for Determining Surince Cleanliness

The Surfascope surfoce energy kit, which measures surfoce cleenliness on the basis of drop
diameters, proved to be an accurote, repid, ond reliable instrument fos determining
whether o surface has the cleeniiness required for good point adhesion. It is of special
interest that, in the course of apglying the two best cleoning procedures o the Navy
C-13 airciaft, suifcce-energy readings were taken on vertical penels of the fuseloge with
iittle difficulty.

The results of the adhesion tests on panels which were dzliberately contamined with steoric
ccid befere they were pointed shewed that good edhesion was not obtsined when the surfoce
energy wos less then 30 dynes/em. The minimum ccceptoble surfoce energy for ecch sub-
strate must be determined expesimentally. This volue should be ct least 10 dynes/cm

higher thon the criticai surface energy below which paint will not cdhere. A good

stendord for chromated clod cluminum airerft surfoces is 40 dwnes/cm.

The development of ¢ repid method for measuring surfoce energy cad the experimental
verificotion that ony susfoce energy greater thon 40 dynes/cm will give excellent point
adhesion are highly significont. These foctz show thot the present woter-bregk-free
method of checking for cleanliness, which represaats ¢ surfoce =nergy of 72 dynas/em, is
sevese. in the pest. aircraf? surfeces which showed woter brecks during the finel rinse
were considered unccceptebie for painting ond were reclecned. The use of the Surfoscope
cnd the ctomizer sprsy test will revec! the degree of cleonliness end con help redice
clearing costs. lockhead Air Services of Ontario, Colifomia, is prodicing ond distribu-
ting the urfece clzenliness inspection kits. The lotest U. S. Mevy Cormosion Contred
Monuvol recommends the use of the Suifocope to check sircroft surfcces before they are
poinfed.

Laboratory Evaluation of Clecning Procedures

The battery of evoluation tests demcnstroted thor Clesners ! and VI were the most
effective of the group which wccessfully possed the hydrogen—embrittlement screeniny test.
On the basts of surfoce-energy measurements, Clecner 1o, 1l did o slighily betier jot of
clecning then Clecner No. Vi, but cleaning efficiencies of both were very kigh. The
cpplicotion of the ciscness to the C-130 ond P-3 circo?t revesled other differences.
Cleoner No. Vi mixed recdily, wos scsy to opply, ond wos essiiy rinsed off ofter the
scrutbing operaticn. Tlecner No. HI wos more difficuit to mix Sacouse i wes in poste
form. It wos sproyed on e odherent, yellow froth whict proved 1o ke quite difficul? 1o
rins2 off after the scrubbing step. Ssush morks were visitle on printed surfoces where the
rinsing wos not Quite cdequcie, ond extic monhours weve vsed in reclecning these orecs.
Llecner HI will stoin light—colored pointed sutioces, ond the mitiol cost ar goilon is five
times that of Clecner VI. Clecner VI shouvld be used on oll suifeces of the circroft excent
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tvaluction of Stippeble Cootings

The laborotory rests cemonstrotew the effectiveness ot the sirippuble ceotings in protecting
freshly clecned surfoces from contamination during fabricotion opesutions. Coating No.
11 wos the best alksline-removable meterial, ond Cooting No. 14 was the best of the
hond-peelcbie coctings. Both cootingt ware further evclucted in the production of P-3
fuselage ponels. Hend-strippable Coasing No. 14 provided good prolection for the poneis
during chemicai ciecring ond during éri-.?ng, co “Mersinking, ond riveting operstions.
Chemicelly strippable Coating Nc. 17 pravided goog protection for the penels during the
drilling, countersinking, ond riveting deps.

Cost Parameters

The cost parameter study of the use of the
the C-130 otrcmit showed ¢ cost of $G 4%
50.059.112 for Cleaner No. VY.

f »;.r:z';:? sxgerimentol cleoning ?r:x:edura o
} 1€ for Clagser No. Hi ox compored witk

The costs of "ieenhg the P-3 circroft were greeter becouse of the smeoller surfoces ond the
extre cteps in the P-3 cieoning pfo.esu;es. The cost of g:rfoce one;crcim was 30.229/712
with Ciecner No, i and $0.141/52 for C séznat No. ¥i, while the cumrent method,

which requires tiae use of Scotchbrite pads, was 38, .66"‘3?

Resuits of Fizld inspections

After the initial inspection of C-130 Aircmift 132485 wos completed, o conference wos
held with Mojor John Mosters, the Heod Mointencoe Offices, ond with Mr. Ed Prost, the
Lockhsed Field Service Reprasentative on Okinowo. Maojor Mosters wos concesaed with
the corrosion ond pitting on the uapciited crecs of aircroft staticned ot Ckinows end
opersiing in Vietnore . H. scid thot frequently the wind would blow ot a vebecity of 25 o
X miles en hour ="ﬁ: ig doys ot ¢ e, s..az:g*ag sait specy ond grit on on ine aireeft of
high velczitios, Even the cluminum—<clod sudoces pit od corrode once the cr:grs:c!
smooth suifoce hos been broken. He emphosized the need for 1009 painting of the cir-
croit ingtecd of pointing anly selectzd crecs.  He olso mentioned the conusion which
ocsurred becouse ot gray entared the crevices between odjozent skim pe:ae!‘s ongd he
asked if 3§ would be possible o szo! these creviczs. The ides! moterial for this would be
the akibitive sealont PRISZIG, which 35 used by Loctheed =i groduction oicroii. I
shouic be possidle e run o thin “beod of thie motevicl inte ecck crevice end to wipe off the
exzess o ihot the secled joinf is Fhah <ith the snfcce of the faseloge ond wing ponels.

The sversii resulis oF the &-moath: nwdaction of 130 Aswcreft 153485 indiccte tict ot
mmm ! clecning protedures were effective ond thot good point odhesion was
ohinined. Fhwe fsl mspaciion of s sirercit, mcde 1 Mcy of 1978, tevesk-é thet the
pont s;-ssezﬂ s P::;emxiiy daterisenitag tet, with the eﬂ‘e;:-!m of one iocol oren, tha
soint was odhesing well cnd was not blistering or peefing.

The finas ingection of the §-2 ss._,.,.~2 ravecied thot ol surfoces were s sxcellen:
Corgitege . :".*:re =gz 70 Satezichle Jiffaree in the condfition of the obi o the Hyee

iz




!!‘OSOI' test areos, ecch of which had been clasnad 53- o Sifferont peacada  Tha rooddte af
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IX - COMCLUSIONS

The drop-diameter method is ¢ reliable and accurate procedure for determining the
degree of cleanliness of aircraft surfaces.

The Navy epoxy-polyamide paint sysrem adheres wel! to chromated aluminum surfaces
which have a surface energy greoter than 40 dynes/cm.

The water-break test, which represents a surface energy of 72.4 dynes/cm, is severe
and frequently results in overcieuning of aircraft surfaces prior to painting .

On the basis of the laboratory evaiuation tests, Cleaners 1if and VI gave the best
combination of ease of applization, high surface energy, and accepiable paint
adhesion .

Hand-strippable cooting No. 14 wiil provide good protection for aluminum ponels
during chemical cleaning and during driliing, countersinking, ond riveting uperations.

Chemically strippable coating No. 11 will provide good protection for aluminum
panels during drilling, countersinking, end riveting operations.

The results of the field inspections of C-130 Aircraft 150685 and P-3 Aircraft 5286
indicate that both of the experimental clecning procedures which were used grior to
the application of the Navy epoxy-polyamide paint system (utilizing Cleaners til ond
Vi) were effective in providing good adhesion for the coating.

Aircrafs which are scheduled for South Pacific service sheculd be given 100% paint
covercge.

Crevices between adjocent wing and futelage panels should be sealed to prevent
faying-surface corrosion.

17 Preceding page blank
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X - RECOMMENDATIONS

The results of this program have demonstrated; through both laburatory and field service
tests, that the cleaning procedures using Clecner No. Vi are simple, economical, ond
provide the kigh surface ensrgy necessory for gocd paint adhesion. It is recommended thet
these procedures be used in the surface treatment of cli Navy aircroft prior to painting .

The water-breck-free test currently used as a stondard of surfoce clecnliness is severe and
frequently results in unnecessary cleaning operations. !t is recommended that the surface-
cleanliness measurement techniques developed in this program be used as stonderd
inspection procedures at all aircraft painting facilities.

Despite the good cdherence provided by the surface treuiments prior to painting, the
epoxy-polyamide paint system on C-130 150685 is beginning to deteriorcte cfter opproxi~
mately 18 months of South Pacific service. The ctalking ana cracking are coused by
ultraviolet degrodation and embrittling of the paint film. It is recommended that ¢

program be initicted to develop a paini system which will resist photo~degmdation for at
least 3 years.
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APPENDIX 8
OPERATING PRCCEDURE FOR SCRATCHMASTER PAINT ADHESION TESTER

Lock ths balance am into the level position. The recding of the Ames goge on the
right side of the machine is faken as the zero point with the plotform set ci the
T-centimeter mark.

Ploge the pone! o be sasied o the platform with one =dge squcrely cgainst the riser.
Moderateiy tighten the knuricd clomp odjusiment knob. Avoid excessive pressure,
which will buckls the ponel.

Lower the balonce arm so that the blede rests on the surface of the ponet. Through

the use of the clomp odjustment on the blade holder, level the boicnce am sc the
reoding of the Ames goge ogrees with the zero point previously determined. Lock the
blode holder with the setscrew on the left side. It is necessery to zero the balonce
am only once for each panel. Subseguent scrotches con be mede with good repro-
ducibility by opproximating a standard tension on the panei with the clamp odjustment.
This saves much time, since the olatform need not be run bock to the 1-centimerer
merk for adjustment before mcking ecch new scrotch.

The readiag for each ponel is the overcge of three scrotches which do not differ in
length by more thor 1.0 centimeter. The scretch length used to calculate the end-
point load in kilcgsoms is the difference between the measured length of the cut on
the ponel and the totol blade frovel of 14 centimeters.

The lood on the cutting ¥nife at the end point is colculoted by using the following
formula:

L= KWD
L = loed at end point
K = calibration constant {0.067 for this instrument)
D = difference between measured scratch length and 14 centimeters

W = jotal weight of castioge.
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