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Klectrically Conducting Coatings for the Reducetion of Precipitatiag Statie”,
formerly RDO No, 112-28, "Suppressiom of Precipitation Static® sal was
adainistered mdar the direction of the Materisls Iaboratory, DMrectorate
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I, H, Bullis actiag ss project engimsers,
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ABSTRACT

couting wvas flight tested and was ahls to resist the forees of rxin sro-
sion for a considerabls period of times without undergoing much change.
Howevsr, additional flight tests have shown that the degres of static
elimination which can be sxpectsd by the nse of conductive coatings on
windshislds and canopies is saell and does mot provide a worthwhils

In view of this fact, work on this program has

PUALICATICE BENIS
This report has been reviewed and 19 zpproved.
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" MEASE

be drained asmy frcm such critical arsas and then dissipated in

SECTICF I
1RTRODUCTION

During f1ight under adverse weather conditions which seversly
it visibility, aircraft pilots must often rely either partly or
entirely wupon communication and navigation squipment for sale guid-
ance. Tnfortunately at the present time such squipment (e.g., the

interfsrence and

" radlo and radio compass) is susceptible to static

My be rendered useless when needsd most. Under such conditions
a serious salsty problem is crsated and crashes of aircraft have
been attributed to this caunse,

© Work dirscted tousrd a better understanding of ths causes of
nch'prud;:itaﬁ.onftgtic'uniitnmlhnbomupnrbeﬂu-
v "2 and will not bs discussed in detail hers.
General belief at present is that the static is associated with a

4+he zir stresm in the vsual mxmer,
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The properties which such a conducting material would need to be
effective vers considered in detsil, Optimm resistance of the mater—
ial wvas establishad as being 1=10 mapgolms per square. The lower limit
was rsquirad to pravent significant attenuation of incoming radio
aigna.la the upper 1limit was required to insure sufficisnt conductivity
to mamodato the expected charging currents, Other requnirssents wers
more obvious: high 2ight transmittancs (B0Z or better), low optical
baze (1% or less), insoluhility in water, lack of sensitivity to changes
in atmospheric temperaturs, pressurs, or humidity, and sufficient dure—
bility to wvithstand prolonged exposurs to high-speed air streams.

The above cambination of propertiss was not found to exist in any
availabls material, and in December 1949 ths Communication and Mavi-
gation laboratory, WADC, requested the Materials laboratory to initiate
a progran for the development of a sultable matsrial. This resulied in
the formation of a ressarch program directsd toward the developesnt of
transparent, elsctrically conducting ccatings for the reduction of preci~
pitation static, projsct "Statkote”,

Projsct Statkote contirvad from December 1949 to July 1954. Do
ing this tizes ssveral private research organizations asais’sd in the
work on the problasm undar Air Force contracts, and coopsration was cb-
tained from many other organizations as the work pregressed, This work
is summarised on the following pages and comprises the princiral part
of this report,

Moarwhile the Commmication and Havigation laboratory continusd
wvork teuard a better undeystanding of the cavses of precipitatiom
static and the relative contribution tkat charges on various sectlons
of aircraft make to general static intarference. This work invelwed
a considerable samount of instrumentation and flight testing, tut evend-
mlly it wvas possible to melw preliminary flight tests of scme of the -
mtarials developed under the Statkots projsct.

Initial tests of ccating matarials were inconclnaive; equipment
protected by such gcatings did not seem to be particularly less Vol
nerabls to precipitatien static intarfsrence than equirmsnt that was
not. Further instrumentation was carrisd out by the Commmicaticn and
Bavigation laboratory and more elaborate tests resulted in tbe finding

tiat such coating materials do rsduce the total amount of noise encomntar
of

od in susceptibls equirwent, but only under~cerditions axtroms pro~—
cipitation static weather. It was concluded frem flight tests that the
degree of noise reduction that could be obtsined from the use of costings
was not sufficient to provide a worthwhile operaticmal improvessnt, and
that such improvemsnt was not sufficient to justify the expense and
difficulties of developing and applying coatings.
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As a result of this conclusior, work under project Statkots was
abandoned and attention was shifted to the subsidiary problems of
developing antistatic coatings for acrylic radar plotting boards and
indicating instrument meter windows,

This report smmarizes the major materials development work of
this program and is the final close-out report on project Statkets.

SECTICN 11
RESEARCH WCEK

This section 1s devoted to a sumary of werk
dsvelcp a material suitable for use as an anti-prescipi
coatirg, Such work can conveniantly be gromed for the.purpo
discussion into thres general categories: (1) work dirsctly
by WADC research contracts, (2) merk supportasd by other military
services or conductel by private organizations without coemtractual
support, and (3) work conducted by WADC,

E

E
¥

A. WADC Cantract Work

Work proceeding toward ths development of a coating for asrylis
plastic having the preperties outlired previously was carried out under
Contract AF 33(038)-122!0 by the Balco Rssearch lLaborateries, Newari,
New Jersay; under Contract AF 33(038)-23319 by the Bjorksten Rsssarch
ichecvinries, Madison, Wisconsing and under Contract AF 33(£16)=-2027
by the hx-=%< Company, New York, New York.,

' 1. Contract A¥ 33(078)-122.D

The first coniract for =ssasrch and development wark iz this
fisld, sponsorad jointly by the Materiaic X aratory snd Cosmssnicatiam
and Havigation Laboratory, was negetiated wita the« Balse Resssr=h Labarse
tories in sprdl 1950 and contirmed until Cotober 1951. Tuoring this time
three separats spproaches to the probilem were wadel, Thess Izw=lwd

The first six months of the program was centered aboul semicenducter
mﬁmmmmdmummmmm
of the oxides of Sn, Ti, and Si, Preliminary afforts were made to
mw:mmmmmmmhmﬁ-,
and these efforts were successful, Using standsrd selutiom-cosating tech-
nigues, very hard, adherent, clsar and highly transparent filzs of the
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various oxides of Sn and Ti (particularly the latter) were then laid
down upon plastic subsirates, These films, however, wers non=conduct--
ing. Attempts were made to render them conducting by the addition of

' comtrolled amounts of impurities, but the desired conductivity could

not be obtained, Varied mixtures of the Snm and S5i oxides wers like-
wise found to be nonconducting, One of the major problems in produc-
ing the oxide coatings was that of curing them: the films would not
cure below 5009-600°C, temperatures much too high to be tolerated by
existing plastics. An attempt was made to separate the problems in-
volving film composition from those of film cure by initiating a
program of vacum gvaporation, By this method films could be laid
down in a relatively simple mamner. The vacum evaporation program
initiated in this fushion soon replaced the work on solution coating,
which had largely been unsnccassful, -

Most of the subsequent mine months! work involved an investigation
of the properties of svaporated films of Ag, Cr, Fe, Ge, Mo, Ni, Pt, Bh,
Se, and Ti. Several phosphors were also evaporated. lNene of the coat-
ings thus formed were completely satisfactory. In most cases the filas
were either fragile, non-adherent, or unstable with tims, In no case could
a material be prepared with a resistance between ons and ten megohms per
square and a transmittance of eighty psrcent or bettar. Praecozting of
the plastic by the solution methods prsvicusly developed, followed by
evaparation of the metal, was often helpful in increasing adherence and
sometimes conductivity but was mot sufficient to permit attairment of the
desired properties. The phosphors investigated during this phase of the
program were for the most part non-conducting and non-adherent,

- Moch of the remaining thres moniths of the contract period was de= -
voted to studies involving modification of the plastic surface by wvarious
chemical means to prodoce transparent, condueting polyelectrslyte films,
the acdhesion of which was poor. It was soon evident that f£ilms such as
these depend primarily upon their moisture content for their conductivity
and are thus obviously unsuited to high altitnds applications there tempe
eratures may reach -65°F, The moisture in the filus freeses  long bew
fore this point is reached.and the filns lose their condnctiwity.

2. Comtract AF 33(038)-23319 = _

The second contract for research and development in conducte
ing costings was negotiated with the Bjorkstem Ressarch Labaratories in
JmDSJ.mdconﬁmgdnnﬁlJamyl%B. During this time a graphite
coating was developed” which, in conjunction with an overceating, Tul- = '
fi1led many of the established requiremsnts., Work involving coatings of o
metals, metallic salts, resins, and fiber mats, however, was in each ’ -
case elther unsuccessful or irdeterminate?, ,

WADC TR SL=U52 L




Imitially, graphite coatings were applied to acrylic plastic sur-
faces by rubbing micronized graphite onto the surfaces with a soft cloth.
Application of the graphite in this manner required the nse of considerable
manual pressure and usually resulted in a coating having too low a resist-
ance and too low a transmittance. Further light buffing with a clean cloth
was necessary to increase the resistance and transmittance to the walues
desired. These original graphite coatings consisted of a greyish-appear-
ing £11m containing a few minute graphite-filled scratches, Examination
of the films under a low-power microscope indicated that few of the
scratches intersected one another, so it was at first thought that the
conductivity was due to the greyish film rather than the scratches. Sub-
sequent examination of the coatings under much higher magnification resulted
in the finding that the greyish film itself was largely composed of micro-
scratches. It was thus evident that in rubbing the graphite onto the
surface, the rubbing cloth simultaneously scratched the plastic and packed
the graphits into the scratches, forming an intercomnecting conducting
network over the surface. The harder or more extended the buffing, the
lower the resistance and tranmmittance would be, dune to the formation of
additional scratches. ILight buffing with a clean cloth simply removed
graphite from the scratches and resulted in higher resistance and trans-
=mittance,

Attamptis were made to introduce uniformity into the production of
coatings by controlling and standardizing the scratching of the plastic
surfaces, Initial attempts to control the mmber and xize of scratches in
the plastic were made by abrading the surface with a mixture of corn starch
and fire xilicon carbide. The graphite was then rubbed into the scratches
arnd buffed to the desired transmittance and resistance, as before, except
that the process row involved corsiderably less effort. The fact that con-
ductivity was due to the graphite-filled scratches was at this time defimite-
ly established by abrading several test panels unidirectionslly. In these
cases the resulting coatings would conduct only in the direction of the
scratches,

Furthar attsmpls were made to obtain consistently umiform coatings by
a prescratching method utilizing various mechanical devices for the scratch-
irg. The best method devised involved the use of =mall brass bristle brushes
having bristles 0.004 in. in diameter and orne-half inch long. By making
two sets of scraiches in the surface, perpendicular to one another, con-
ductivity in two directions was obtained, Controlling scratches in this
marmer jmproved the tranemittance appreciably and permitted a much simpler
application of the graphite. None of these improvements in the graphite
application process, of course, improved the adherence of the graphite to
the plastic, which war very poor. Scme method of protecting the graphite
film from abrasion was obviously necessary.
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CONFIDENTIAL Security Information

Table B

Fersistency of GB on Ssveral Surfaces

Surface Temperature Persistency®* at indicated
.O contamination densit
2.0 0z,/8q.yd. 8.0 0%./8q.
.5 hr. | hr. =
&nd 0 605 -
25 L 12
37 4L 13
Sandy Loam 25 4 22
37 2.5 22
Loam (high humus) 25 4ol 12
) 37 2.6 2l
Concrete 0 6.5 -
25 2 2
37 2 3
Asphalt 25 4 2
37 2 1.9

Note 1 - Total recovery was about 25% from concrete.,
total recovery varied from 50% to 80%.

From other surfaces,

Note 2 - Time required to collect 90% of total recovery was about 1 ¥%o0.5
hr. in all cases.

# Persistency Time - Number of hours required to collect 99% of total

amount recovered.
Table C
Persistenzy of GF on Sandy loam

Surface Temperature Persistency* at indicated
Fcontaminat,:i.on density
2.0 0z./8q.,yd. 8.0 0z./8q.¥d.
c.% hr. hr.
Sandy Loam 25 L7 52
37 42 IR

Detailed resul:.
21 of Appendix A.

are reported in Tables 1 through 5 and Figures 1 through

CONFIDENTIAL Security Information
6




The method used in applying the graphite coating to plastic sub- ° n
strates is known commercially as the Marklad process and consists of !
‘subjecting the plastic substrate to a multitude of repsated contacta .
with relatively amall particles which have besn previously coatsd with |
a tranaferable conductor. Prior to the comtract the process had been |

to the point where relatively small sheets of plastic, of |
the order of four sguare inches, could be coated. EBarly work under
the contract was concentrated on increasing the size of the sample to
the point where the method conld bs applied fo the coatirg of aircraft
cancples, This work progressed mmtil sheets up to three square feet in
- area could be coated with promixing resnlts. Most of this work was
imolved in elimirating nomumniforaity of the coating dus to the ¥arklad-
inrg process; certain arsas of these large pansls oftan resceived an sxcess-
ive amount of graphite while others did not receive enough, or the graphite
would be depoxited in such a way as to produce a coating hawing prafarrsd
conductivity in certddin directions, Variations of the
in the Marklading process r=moved these difficulties to an appreciabls

E
%

valus in the coating of full-szize air=raft canopies could be cbtaired,

The acherencs of graphite applied to plastic by the Marklad process
was o betisr than that dsmonstrated previously for graphite in work dene
by the Blorkstan Laboratories. Hajor importance wes therefore placed wpon
the develcpmant of an underccating io increase the acherence of the grepiite
and an overcoating to protect it from abrasion. It wvas found that vaing
the ssme material for both auxiiiary costirgs rsenltad in an

the ¥arXlad process nor &34 an Zevaloped by the
Lockhesd Adreraft Corporation (see IT.3.2). sther matarials .
were irvestizated., A material uﬁmmmmmaa—?,

later zork showsd that a vary fins laiax of polyvinyl acsixtias

in water (1dentifisd as Tyoo B=aln AL 1D by the marufactursr, Cryx 01l and
Chemical Cowpany) was far superisr to any other material, Ths rexistance
<0 atrasion vas zood and an svercoating many tizes the thickoase of pre-
vicosly investizated svercostings mo mre Taa deshiled the surface resisti-
ance of the condurting coating., The enly cifficzultiss experioncad with
this material lay in its canxitivity to watar and the tendsocy of aaall
particles to form spois or strssks vhen pansls wars flow-coated.

4o @

— e S ol @ 12 ) b8
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The advantages and diszdvantages of flow-coating as compared to

- spray-coating were investigated. Some of the disadvantages of the

latter method were already known from previous work done by the Bjork-
sten Laboratories (see Section III). The AA L0 material could not be
Bprayed satisfactorily but was found to flow well except for occasional
Streaking. Filtering the solution and then coating panels in a dust-
free box was found to ramove much but not all of the dust and small
particles responsible for much of the sireaking.

Work on the design of an apparatus io be used for the coating of
foll-sized F-86 aircraft canopiss was progressing at ti» time that
experimental results obtained by the Commmication and Ravigation
Laboratory demonstrated that conducting coatings are of guestionables
value in reducing precipitation static (see Section ITI). Consequently
this work was terminated and efforts were directed instead toward the
secondary problem of obtaiming coatings having antistatic propertiss
suitable for use on radar plotting boards and indicating

B. NonWADC Contract Work

Work proceeding towsrd the dsvelorment of a coating for acrylic
plastic having the properties outlined previonsly was also carried out
by various orgamizations withont dirsct rt throongh WADC contracts.
This included extsnsive research work by (a) the Lyon Rssearch Laboratory,
Cheverly, Mary (b) the Lockhead Aircraft Corporation, Burbank,
California, and (c) support work by seversl glass and cptical companies,

1. Lyon Ressarch laboratory

In Angust 1952 the Unmited States Navy negotiatsd a contract
(Buresu of Aeronauntics HDas 53-Z10-c) with the Lyon Ressarch lsborstory
for work toward a solution of the precipitation static problem 12, The
primary objective of this contract was "the development of a corduweltirg
transparent coating for application to aircraft canopies made of acrylic
plasticecces30 a3 10 prevent the accomilation of static charzes cn the
plastic surfaces wirich, in dischargirg, interfere with high freguency
ccmmnication egquipment®, The approach taken hare was to Tfind a sultabla
parting or "transfar® agent. This parting agent, when applied io glass
prior to forming 2 condoctirg tin oxide coatirng, would permit ths tranafer
of the conducting coating to plastic. The oxide-coated glass was then
used as one =ide of 3 casting cell and methyl methacrylate monomer uss
polymerized in contact with the oxide.

Initial work under the contract was directed touward finding a sultable

WADC TR Sh-452 B




parting agent. Some materials, such as graphite anu soot, were found
to be satisfactory parting agents but their use resulted in rough tin
oxide films having high haze values. Others, such as antimony tri-

' cxide and the orthosilicates of zinc and cadmium, became milky at high
temperatures or had other undesirable effects when deposited on glass,

. Thick f£ilms of evaporated sodium chloride also became milky at high
temperatures, but it was found that thin films af approximately 2500 %
thickness did not, and the latter films were highly satisfactory parting
agents., Not only did they allow the tin oxide films to transfer to the
plastic while retaiming most of the latter's desired characteristics,
but they had no adverse effect upon subseqguent polymerization of the
plastic and could afterwards be ea=ily removed by washing with water.

Having successfully obtained conducting tin oxide Iilms on plastic,
attention was directed towards forming the plastic into shapes compar-
able with those found in aircraft canopies. This process invariably
ruptured the films and thereby produced haze, =dlkiness, and loss of con-
ductivity because of a multitude of small cracks in the coastings. It
was found that overcoating the conducting film with a tidn film of methyl
methacrylate reduced the forming difficulties and also increased the
rezistance of the coating to weathering. '

Two methods of overcoating the conductirg tin oxide film were then
investigated. The first approach consisted of casting a ihin layer of
partially polymerized methacrylate in comtact with the conductirg coat-
ing. This method failed because the thin conductirg film was penetrated
by the volatile components of the moncaer-polymer mixture causing the
solid plastic beneath the conducting film to soften er parilally dis-
solve. Inasmuch as the polymerization could not be speeded up to the
paint where the solvent action could be halted before rupture of the
conducting film occurred, tils approach was abandoned. The second ap-
proach consisted of applying an overcoating layer of Roim and Haas
Acryloid B-7 (the same material investigated by the Markite Company)
by a spin-coating tachmigue allowing for rapid svaporation of the sol-
vent, dichloroethane, before break-vp of the £ilm was resached. Evapora-
tion of the solvent tcok place so rapidly that it was nscessary to add
a tiinner, xylene, to produce umiform overcoatings. Sunbsequent work
showed that the relative concentrations of dichloroethane and xylene
were unimportant and that xylene alone could be used satisfactorily.
The most satisfactory formulation found was that obtained by mixing equal
weights of the Acryloid B-7 and purs xylene.

The resistance of tin oxide films formed on plastic by this trans-

fer method was at First thought to be in the range of 10-20 kilohms per
sguare, considerably below the target range of 1-10 megolms per square.

' WADC TR Bh=452 9
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When soms of these films had cooled, however, it was found that their re—
sistances becams very much greatsr. An investigation of this apparent change
resulted in the finding that tbe glaas upon which the tin oxide coatings
criginally wers formed was itaelf conducting at 4592-500°C, sometimes being
a8 low as a few hundred kilohms per equare, and therefore was intarfering
with measuremsnts of the resistance of ths coatings,

The above work covered most of the contract psriod and the main problem
which remainad was the irability to form the coated plastic. Thersfors, ore
more method of overcoating the plastic, in addition to the two already describ-
ed, wvas attempted, This involved painting or spraying tbs overcoating material
on the conducting £ilm, followed by heating of tbe plastic to its softening
point, about 375°F, The overcoated plastic wvas then pressed at high pressure
between glass plates to make an optically smooth surface. This method could not
be investigatad fully dus to insufficient time and lack of proper facilitiss.

2. locikheed Alrcraft Corpepation,
A program of work, in scas respects similar to that of the Bjorksten

Bessarch laboratories, was undertaken by tbe Lockbsed Aircraft Corporation in
an atiampt to £ind a sultabls coatirg'3. Instesad of attempting to fird a comb=
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Ihe Lockiwed approach also concentrated upon graphite as the condueting
matarial, but smpbasis was placed upon the use of an undercoating to increass
the adbesion of the graphiis to the plastic, IThe resuli of this work wvas the
develorment of the lockheed ATC~1 ccating, which consiszia of a plastic primer
material covarsd vith a laysr of grachits. In applyirg tke cocating to a plastic

canory ihs canormy is first clesarsed as in noreal mainiapance and ia
ilen clsared with a matarial callsd ATC clearner. This matsrial provides a
mild buffing action and results in a uniformly smooth, clsan surface., The
sprayed with ATC-] Prizsr frcm an aersol bomd, unaing a very light,
spray. The primer is then smocothed out by buffing with a scft flammel
cloth and graphits is rubbsd on the priser using a grachite-di=pregnated velvet
=it, '

This costing was flight tastad by lockbesd and did not appear to be affech~
Yy flight through dry air sven though no overcoating is used. Subsequent
the Materials laborstory (m&cﬁmn.CQ)miﬂdm:uanh.
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' 3. Glass and Optical Ccapanies

Thus far only the attempts to pravent ths build-up cf charge on
plastic aircraft surfaces have been reviswsd, Thera was no reason, however,
to assums that static charges formsd on other non~conducting surfaces did
not contribute to interference in ccmmunication and navigation equipment. In
particular, the effect of static charges on glass windshields and sids panels
wvas unimown. Although such components are in general further removed physically
frcm antennas than are canoplass, they comprise the primary frontal arse to the
windstream and could thus be expacted to accumilates considerables amounts of

charge.

In order to determine the contribution of such arsas to overall static
intarference, it was necessary to obtain these parts coated with transparent
elsctrically conducting coatirgs. low rssistance coatings for glass had been
avallabls for a number of years, largely for heating purposes, and thus ths
possibility of obtaining high resistance coatings on glass appsared promising,
Several commercial ccmpanies wers thersfors approached for assistance in this
phase of the program,

The Libbey-Owens-Ford Glass Company was the first of these to actively
cooperate in the work. At the request of ths Air Force, ths Elsctrapare
Division of this ccmpany locatsd at Tolsdo, Chio, ccated a set of glaas center
pansls and two glass side ranels for an 786 aircraft with the Elsctrapans
conducting coating., In addition to these parts, thsy alao furnished for ex—
perimental purvoses several six-inch square glass sheet samples coated with
Electramans of both high ard low resistancsa,

The Libarty Mirror DMvision of this ccwpany located in
hmqlmin,d:ocmpuatedhtbm,supﬂﬁngtmuﬁof?-&nhh
craf't glass center panels which kad been coated with the Bl-Z elactrically
corducting ccating, arplisd by vacuom evaporstion. In addition to tiese parts
several samplas of glass sheei bearinrg coatings of Bl-3, 60-E, and T8 elacirio-
ally conducting ccatings wars suppliad for test purposes. Attzmpta to coal
side panels for R-B6 aircraft, which ccsponsnts are of lamireted constrnction,
wars not undertaken tacacss of the peasibility of cracking undar high vecurm

precessing conditions,

The Pittaburgh Flate Glass Companyy, Pittaburgh, Pannaylvania, also coopar—
atad in tiis pregram, furnizhisg thres glass centar panels for 236 sircraft
and one set of side panels, all of which wers coatad with toze Dsse elsctrically
conducting coating, Other Nese—coated glass samplss six inches square, twelwe
inches squars, and one by two fset in aise, respectively, were furniszhed for
exparimental purposes at various stages of the program, the samples inclnding
both low and high resistance coatings,




[ SO

The American Optical Company, Southbridge, Massachusetts, cooperated in
coating an F~9. »lastic nose section and a glass F—86 alrcraft windshield center
panel. The nose section coating did not have a resistance within thes 1-10
msgohms per square range, howsver, but was of the order of one or two million

megohms oer square, giving it antiatatic properties rather than elactrical
conductivity.

A1l of the coatesd comnonents described above were delivered to the
Materials laboratory for measurement of optical and elsctrical propsrties,
following which most of them were forwarded to the Communication and Favigation

laboratory. Many were valuable in obtaining experimental flight test results
(sce Section II.C.2).

C. MADC Mork

Work at WADC directed toward a solution of the precipitation static prob-
lem utilizing conducting costings has teen carris=d out jointly by the Matarlals
laboratory and the Communication and davigation Laboratory. This section provides
a brief summary of the principal phases of thls work.

1.  ‘(aterisls laborytory

The Materials laboratory began active rarticipstion in work on this
problem in December 1949 at the request of ths Communication and Ravigation
laboratory. Initial work was concentrated upon & detalled examination and
evaluation of a larges number of materials, including powdars, sprays, ligquid
and paste waxes, and bulk and surface ssmi~conducting solids, to dstermine if
any of these materials ware either setisfactory for use or could be modified
to such an extant as to make them useful., None of these materials, hovever,
was founi to be of any rromise,

Following this survey of available materials, equipment was set up to
begin experimental work toward the develorment of a matsrial with the desired
propertiss. Facilities for flame-spraying metallic powdsrs and for vacuus
evaporation of metallic and dislectric materizl wers obtained. Most of the
common and precious metals were evaporated upon plastic to form thin filss which
were svaluated with respect to ik requiraments previously established, ¥Fluoe
rescent powdars of various typss wers also evaparated, as well as mixtures of
such powdars and powders baving controllsd amounts of impurity addition agents.
Other films wers formed by anodic oxidation of metallie m;m-atadri]morby
deposition from sclution. Noms of thess films formsd ac descrited above, how—
evar, met the requirements, '

It soocn becams aprarent that the development of a suitable matarial wes
too complax to proceed without assistance, so part of the work was contractsd
to private research organization: as summarized previonaly. The Materials
Iaboratory, in addition to proceeding with its oun ressarch, then acted as the
monitoring agency for these other efforts and served as a cenier for the coord—
ination of efforts of other interested organizations. The latier work involwed
obtaining the interest and cooperaticn of various commercial ccmpaniss as
previously describsd, coordinating activities within WADC and meintaining liaison
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with other Government agencies, and continued teating and evalumation of
materisls which showed some promise of offsring a molutiosn.

Tha matsrials moat thoroughly tested wers the Bjorkstsn coating and the
Lockbeed ATC~1 coatini, Results of tests performed by the Bjorkstsn labor—
atories®?? wers in general substantiated by Materials laboratory tasts and
will not bte reported hers., Results of comprehensive testa of ths Lockheed
ATC-] coating were reported in WADC Tecimical Raport 54-39214, Brisfly, tbe
results of these testa demonstrated that this coating although quite sensitive
to physical abrasion; wvas extramely durable under actusl conditions of flight,

" both in wet and dry westher, A long series of flight evaluation tests con—
ducted by the Materials laboratory with ths assiztance of the Flight Tast Diw-
ision, WADC, demonstrated this durability. ¥Flight tests of the Bjorksten
coating and ccxted aircraft ccmponents supplied by the ccumsrcial glass com~
paniss were also conducted, in this case with the Commumication and Favigation
lLaboratory assuring prizary responsibility. These tests ars discussed in the
following section.,

In addition to this tast ard dowslopent work, attention wvas twrnsd to
ths findamental naturs of such ccating matarials in an effort to establizh
battar asttods for oreducing them, Thess studiss weres largely carrisd out
by examining the microstructurs of ccatirgs using the teckniguss of slsctrem
microscopny and elsctron diffrsction., The first detailad study?’S of this
series demonstratad tiat tis conductivity of tis grarhiis as
Bjorkstan and lockheed coatings wvas to a large extsnt dee to preferred orian-
tation resulting from uniform rubbhing of the graghite in forming a thin fila,
This probably is also tree to a large extsnt with regaxrd to ths Markits com
This study also pointad out the correlaticn batusen microstruciure and Dase
of corsereial coatings of tin oxids on glass. Scme such cocatings wers full
relatively Z=-3% holss, which cansed high degrees of optical hazs. 4lso,
information was ott=Irad concerning the path followed by the courrent when such
filus vare caused to x>\ Aoun under electrical overload,

investigation of the microstroeturs of glass swd various tyrss of acrylie
plasticlé with attantion being devotad to those rrrr~criiss which might aild
in the formeticn of conducting ceatings. It wvas found W% contrary to
ropular balisf, acrylic plastics such as wethyl methacrylate cxa = made inde
highly crystalline thin fiIms Ly proper treatment, and tiat soch izduoes3
erystallinity may or may not changs with the agirg of the filns,

2, Cmﬁmmdmm

Prizery responsibi}ity for the overall precipitation static problam
has restad with the Commmication and Navigation laborsticry. This laborstory
in 1949 exphasized the fact that Air Force aireruft smnloying the pdlot's
canory as a housing for the radio-compass antermas had besn experisacing radio
interference ssvere enough to render the compass uselsss uvhensver the flight
path lay through precipitation particles. Data obtained from flight tasts led
to the conclusion that dercaition of electric clarge on windshield and canopy
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-gurfaces by particls impact was the cause of the intarference. These chargss
accumulated until disruptive dischargss across the siurfaces occurred and
conveyed the charge back to the airframs. The discharges produced s series
of small sparks on ragions of the canopy and windshield surfaces which was
thought to have appreciable radio~fresquency coupling to the compass antennas,
The result was the creation of s strong "bash" type of interfarencs, which
£irst masked the audio signal from the compass and then, as the intensity
incrsased, caused the ADF indicator to swirg wildly or rsvolve continucusly,

It vas reasoned that prasence of a conducting surface on the canopy and
windshields would raduca this typs of intarfarence, because charge could then
flow to the airframe without creating impulsive disturbances. It was establish—
ed by laboratory tests that a surface laving conductivity adequate to prevent
build-up of voltages to tbs sparking point would not appreciably attsnoate
radio-compass signsls on the antammas, provided the surface resistivity was

- 1n the range of a fsw megolms per square, ' :

. The first aircraft canopiss to have surface rasistivitias of this order
wers F-26 canopies to which the Bjorkaten ccating had been applied., It wvas
spparent that fiight tests would bte recessary to provide dsfinite proof of
izrrovemsnt by application of the coatings and to obtain preliminary data on
resistance to erosion and weathsring. The Commmication and Favigation Leb~
oratory tharefore undertook to condurt a flight test program using these
coatad canoplas in commection with ccatad glzazs components previoualy mentionsd,
Two 286 and one 204 aircraft were used in ths tast program,

The first 236 vas instromented with a wirs voics recordsr and with small
segmentz of zkin metal burisd in the lsading edge of the wings and insgulatad
frem the airfyems, Ths wing patches ware connectad to a simple DC amplifier
which actmated a sero-centar micrcammetier mounted in front of the pllot, A
ealitration table for conversion of micresmmeter readings to current flow to
the patches was preparsd, and the calibration wvas checked at frequent intsrvals
during the test progrim. -In this way, patch currents ranging frcm about 0.5
micrcamparss to about 20 micrcamperss par sqruare feot of projected froatal
area could bs r=ad, o T ' '

canory to obtain some data on the current~roise ctaracteristie of ths  un—
treated installation and to check normal compass operation. Norzal ecapaas
operation was checked repsatedly to a distance of about 300 miles from a given
ranpe station. A seriss of fligita wers thon made through precipitation statie
weatbar, The flight path was east of the range station to which ths ccmpass
was turned, on a bearing from the station between 90 and 120 degrees.

frex the ssnse antenna vers masked by noise with patch currents of 0.9-1.5
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microamperes per square foot. Distance from the atation was not firmly
established in these flights and was different from one flight to the next.

A conducting coating having a resistivity ranging from 1~10 megolms per squars
wvas then applied to the canopy. The opsration of the compass was again chacked
in clear weathsr over the sams landmarks used in the first flights and was
found to be normel. More flights through precipitation static weather were
mads and the results showed that the operation of the compass was only slight—

ly improved over ths times when no coating was used.

The second F-86 was equipped with conducting windshields in addition to
conducting canopy. Ths instrementation in this aircraft was sim!lar to that
used in ths first except that an effort was made to use one of the coated -
rarels of the windshisld as a charging patch. Both F~86's wers flown in
formation to obtain direct comparisons between a coatad windshield and coated
canopy installation and one where ths canory alcne was cratsd. It proved
necessary to rely on the wing-patch installation in the first aircraft for
measursments of charging currsnt btacause tbe windshield panel on the second
ailrcraft did not maintain sufficient insulation from ground. On the first
flight a third F~86 aircraft baving a standard installation without ccating
ckanced to fiy in tbe vicinity of ths secund test aircraft. Both planes were
at altitudes of 32,CCO fast or highsr, and a very thin layer of ics crystals
was rresent above 32,5C0 feet. The radio ccapsss in the third aircraft wvas tunsd
to one range station and that of tks secord aircraft to another, more distant
than ths former, Each time ths third aircraft entared the ice crystals tte com-
rass rotated 360 degrees and no sigral could be hsard over the noise. The
ccmpass in ths second aircraft functionad normelly, without disturbtance, althongh
1t3 compass wvas tuned to the more distant station.

Aftar this flizht, a seriss of fiighta were rmm with ti» firat two air-
craft fiying aids by side, so tks instrowsntation in the first could be used
to obtain a msasure of citarging current and direct ccmparisons could be made
ty pears of radio comtact between ths aircraft. This tast pregram wvas continued
using LC amplifisrs in ths instrcasntation, and vas asaistad by ths
Matarials laboratory flight teat program for the Lockheed ATC-1 ccatirg. This
latiar rrogram invelred many bours of f1ight and pllots' comssnits wars obtained
cn ibs raychological effxcis of ths ccaisd canory as well az the opsraticnsl
ezaractaristics of ths ecczmunicaticn squirzent. Ths results of the flight tasta
are dissussed in the follcwirg secticn(IIX),

Farther work involved instrmmenting an ¥-94 aircraft with a diviiad radcas
noss section so that comparison could be made batween ccated and uncoatad
balves of the radcss. Antennas were located directly behird each Enlf of the
- pose section and were commected to radio~frequency noise meters. Flightas with
this aircraft were made firat with both talves uncoatsd and thun with cne half
coated with a conducting coating of resistivity 1~10 megolms per square, Al-
though arcing of charge om the coatsd half was thersby eliminated, the actual
redustion in readio~frogqusncy noise was not arpreciabls,
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- SECTICN III

DISCUSSIOHN

As described previously, werk dirscted toward thes development of a trans—
perent elsctrically conducting coating intanded for the reduction of precipitation
static was begun by the Materials latoratory at the request of ths Communication
and Favigation Laboratory and was soon contractad out to the Balco Besearch Labor-
atories. One of ths important points emphasized during this work, as well as in
all subsequsnt work, was that many used aircraft canopiss alrsady in service would
hawve to be coatad if a suitable matarial were developsd. Since many such alrcraft
canopies would be on aircraft in relatively imolated places, ths coating process
wounld have to be kept as sinnple as posaibla, The dip-coating mstbods originally
investigated by Balco veres promising frem this point of view, sirce immsrsing a
canopy in a coating solution did not appear to involwe very special or complicated
apparatus or fine control over technignes, This cannot be zzid for vacuum evapor=
ation, however, for although ccating a canopy by this method was not comsidered
impossible, the engineering aspects of such a prograam wonld bkave been enormous.
Furthermors, coating used or in—service canopies at isolatad locations would bave
been virtually out of ths question. Ewaporation coating methods had been studied
marely as a time—saving device, Whsn solution coating methcds proved unsuccessful,
more effort was shifted to the evaporstion stedy.

Vacuum evaporation was a waluahls tool for use in quickly proparing a
wvaristy of coatings for examination and tast. The final proparties of such coate
ings depend upon many variables'®, inclnding the degrse of vacmm. Unfortumately
during moch of this work the vacuumm apparatus used by Balco wag not operating
sufficiently well to give as good vacumm evaporation conditions as would hawe been
desirabla, Fewertheless, the information obtained was sulficlsnt 4o elimizats a
large mumber of materials from further consideratiom.

Another riase of tkes Balco work, that of chemically modifying the surface of
plastic sheet to make it conducticg, was of considarabls interest. This approach,
which could be carriad out nsirng sizpls equirpment, had also bsen lockad urem Tavor—
ably by a number of other crganizaticns, Extansion of this work to incleds pre—
raration of polyeisctrolytss or bull~comducting plastics, howvever, was pot prooiadng,
since work along this line conld easily bave involved a mge develorasnt zZrozram
that would lave required a long time for ccmplation.

In genaral, insofar as the developsant of a sultabls coating wes conceraed,
ths Balco work did not prodoee the desirsd objectives. This work was therefore
tarmirated ard more emphasis placed on the work of the Bjorkstsn Hasearch labor-
atories, Hers the nowel idea of obtaining a coating by rubbing powdersd graphite
on a canony was being trisd. This icdea basically inclndsd most of the featurss
desired: sase of application, lack of complicated equirment, and gemeral oversll
simplicity. It appeared that such a method would allow in-service canopies to be
coatsd with Jittle disruption in standard canopy mainisnmance practices and would
involve culy a smmll additiomal 2ffort in comnsctiom with »ew canoples,
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Thare wars two hig drawbacks to thls otherwise vromizing method; a
usad canopy treated by this method was often ruined optically, ard ths
graphite would not adhere to ‘the canopy. Tha solution adoptad for the first
difficulty amounted to deliberately scratching the canopy tec assurs that
the graphite would form a sifficiant number of conducting paths for ths
current, and the molution for the second involved spraying a protective
coating over the graphite. :

Unfortunataly nsither of thess solutions worked out vary well in practice.

tioogh scratching the canopy resultaed in a considerable optical immrove-
ment of the coating and the rssulting network of graphite~filled scrateches
providad suitadle conductivity, the practice of scratching canoples in this
way or in any other fashion was difficult te accept. Althongh this factor
conld hsve besn overlooked in visw of the seriousness of the problem, there
ware doubts that a coating consisting of a conducting gridwork of scratches
wonld be affactive. It appearsd possibls that nonconducting areas, betwsen
the scratches, might yet accumlete enongh charge to be troublssoms. :

In spits of these disadvantapes seversl canoples ware coasted by the
Bjorkstan process and flight tests wsre conducted as describted previcusly.
The Communication and Navigation laboratory arrived at the cornclusion as a
resilt of these Tlight tests(described in Section II.C.2) that although the
data obtained d4id not have grest gunantitative accuracy, they 3id effcrd a geod
gualitative commarison between aircraft with coatings and those without, The
test aircraft having coated windshialds and a coated canopy showed consistently
better performanca of the compass in wrecipitation static weather than the one
aving omly a coated canopy. The original conclusion obtained from inmitial
f1ights with the Tirst test aireraft, i.e., that canopy coating did noct immrove
performance significantly, had not been a firmly established one, This was
partly because ths threshold of compass failure for this aircraft wvas belisved
to be somswhat lower than that for the second test aircraft. Comparison be—
twesn an untreatad aircraf't and ome with coated canopy and windshisld showed
a vary wids diffarence in charging currents, the untreatsd aircraft having the
higher currents. This result thersfors suggested that the ccated canopy on
ths first test ailrcrafi by iiself contributed scme protactiom,

Analysls of the test results by the Commmication and Nawigation laboratory
ssamed to confirm that operation of ths compass codld bs meintained in yreciple
tation static weather of mild to modarate intansity by the application of con-
dneting coatings. 3Since s large parcemtage of precipitation static westher
falls in this intensity category, 1t was thought that a worthuiils improvement
pould be obtained 1y coating canoples and windshields, The results obtained
nsing the secomd test aircraft, howsver, showed thet noise was not completely
#)iminated by the coating treatment, but was only reducsd.

Trmsamch as the coating of aircraft canopies apoearsd to be peneficial to
sooe axtant, work was comtinued om the Bjorkstesn coating, with emplmsis being
placed om the sscond diffienlty, i.e., vbtaining a satisfactory overcoating.
Any method pther than apnolying the overcoating by spraying respltsd in washing
the grevhits from the scratches, and svan spraying did so if the canopies were
pversprayad. It was during this phase of the work that the trus magnitude of
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thls difficulty became apparent. To be effective, the overcoating had to

be kept within very fine limits. Too thin an ovarcoating failad to sufficient—
1y protect the graphite and produced a mottled appearance with high values

of haze, while too thick a coating insulated the graphite, caused optical
distortion—producing overruns, or else washed the graphite from the scratches.
Most canopies are much too large to be sprayed ccmpletely by bard by ons pass
of a spraygun, and conssquently several passes of the spraygun were usually
_required. Overlapping of the spray paths would then ofien oceur and add %o
the other difficulties. Also, soms areas would usually be undersprayed while
others were oversprayed due to the inability of the spraygun operator to msin-
tain a complately uniform =peed along the spraypath.

In connsction with the above it should be remembered that the overcoating
had to be an optical coating. Visibility through it might weil be a matter
of survival. Coatings formed as described above, however, cannot bs considersd
as being optically good. Usvally, in addition to the defects mentionsd above
(which are due only to the mechanical spraying procedurs), thers are the
additional difficultiss of blemishes caused by the spray mist picking up
varticles of dvst from the air and depositing them upon ths canopy. These
particlos then serve as cemtars for the condensation of Bpray, canzing mms,
udhtartlmybemmhnlaacuntribuﬁngtomm”rdngupom
from which the overccating begins to ercds,

Ettanninatfm'tamunﬂzrﬁhninmnttupbtoaolnthmting
Troblam., Aftsr the best possibls spray sclution had been formulated, the
mﬂcesdamgnﬂaﬂsmmtmobhimﬂmﬂthrmmmﬂmopiu
were sprayed in a facility having pressurized, filtarsd air. Alihough optical
dafecis dus to dust wers greatly reducsd, they were not complatsly elimirated.
Withmgmﬂtothsnprayingopamﬂnnitaa]f,nn]yonaortbathn-cmpia
appreacked a successful coating. It was the opinion of several exparis that
dmaﬁmnpﬂasmuhbmcaadﬂbamaﬂwithmopﬁmlmmm
as tbat desired providsd the spraygun oparator was s man of sufficisnt sidill.
It was therefare concludsd that objscts the mize and shape of modsrm aircraft
cmpiascanmtbaspmwcmtadwithagnnﬂopﬁcalmﬂngﬁthmvhhingm
than rardem sucfess.

' It was about this tize that extensive tests wers tegun on ths Locikheed
ATC-1 ccating., This ccating was ths only one kncwn that was truly suitabls
for application to in-sarvice canoplas without requiring cemplicated apparatus,
It was sntirely conceivable tiat ths ccating could sasily bs appliad to air-
cralt based sven at ihe most remots outposts. Also, the ability of the coatirg
tomhinitsahctricdcmtuiaﬁcamﬂighhthmnghrainmw
ing in visw of ibe fact that it bad wirtually no resistance to rhysical abrasicen,

The chiaf difficnlty with the Lockbmsed ATC~] coating was its poor optical
guality when it was applied to used or in-sarvics canopias. Most such
ars alrsady somswhat scratrhed and bave isperfections resulting from constant
use and clsaning., Thus they oftem bawe areas of considerable extent which
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bacome clogged with an excess of graphita and sbow up as dark lines or
blotches. When viewed from the inaide, using a light blus sky as a back—
ground, virtvally any used canopy coated in this fashion is at best ex—
tremely poor optically. Although thess lines and blotches may not appsar
troublesome on the ground, in flight one's eyes tends more to find the im—
perfectionas conspicuous, to the extent that ocne observer complained of a
feeling of claustrophobia after several flighta. Most of the test pilots
who flew experimentally-ccated aircraft agreed that they did not like the
coating and thought it highly unlikely that any fighter pilot would care to
use it in combat. Only one pilot was indifferent, and stated merely that he
did not £ind it objectionabls. No pilot was ever recorded as saying that he
approved of the coating.

Becauss of this almost universal reaction and also bocause of objections
raised concerning the relatively low light tranemittance of the ATC-1 coating,
as well as the fact that the effectiveness of such coatirngs had not yet teen
definitely proved, the ATC-1 coating was never formally reccommended for Air
Force use, Efforts, instead; were contimued toward developing a better coab~
ing., Most promising in this respsct was the Markits Company's Marklad coating
(described in Section II.A,3) which was the most uniform and highly—
graphits ccating yet found. The coating of flat sheet or curved spucimens of
relatively small size by the Marklad method was quits simple, but extensicn of
this method to the coating of largs complex curvatures raised other difficult~-
ies, not all of which were complstaly solved., Even in this work it became
apparent that if a solution were reached, it would not be one that could be
appliad to in-service canopies at remots airfielda.

At about this time tests by tte Commmication snd Nevigation laboratory,
using the instrumented F~9/ previously described, resulted in informetiom
having a decisive effact upon the ccatings program. It bad been knovn, as
was previously mentioned, that the use of coatings did somewbat reduce the
total amount of noise expsrienced in intense precipitation static weather.

It was now shown tkat the amount of roise reduction obtaired was not suffi-
clent to provide a worthwhile operaticnal improvement, The Cczmmmication and
Ravigation latoratory reportad that wortbwhils improvement in ccmpsss operation
could bs expected only for the limitad case of strong signals and strong noize.
If, for exampls, the flight path ware close to the station in the presence of
intanse precipitaticm static, the ccatings might then make the difference be-
tween reception and mo reception. This limitad case was not considsred to be
of mich operational importance, however, because the geographical area of
possible immrovement is so =mall; the noise lovel was still sufficient to
override signals at appreciabls distances from a station. It was therafore
concluded that the degree of improvement which could be obiained by toe use of
coatings was not sufficient to justify the expense and difficultiss of furthsr
developing and applying them. In view of these facts, work under project
Statkots was concluded.

Th only available method now known tu the Communication and Kavigation
laboratory for improving precipitation static ctaracteristics of the radio
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compass is that of relocating the antennas outside the canopy, in a
location well removed from the vicinity of the caropy and windshield,
Otber approaches to the problem of reducing precipitation static effects
zre unde: dsvelopment by that laboratory, but none are availabls as yst.

SECTION IV
CONCLUSICHS

One of the basic conclusions that cvn be drawn from the work in this

program is that a thin, optically good c:rating cannoct te appliad to a larpge,
cemplax structurs such as an aircraft canopy without the use of a ccmplicated

}nwas -

This thought apnlies to virtzally all of tbs work encountared tims far,
In all cases, attempts to obtain improved coatings necessitatad the use of
ccaplex and cumbsrsome procadures amd apperatus. This also applies to the
Iycn Basearch labaratory coating, raquiring es it dees the evaporation of
salt upon lmge sheets of glass, followed by spir-ccating of equally uge sheeta
of plastic. It is highly unlikely that either of these procedures could be
found practical on a production bmeis.. One must conclode that nons of the
coatings discussed in this resport are practical for use on aircraft canoples.

i} Simecmﬁngumhuthoudamibadahonmsﬂllinmham
state of develormsnt and have besn shown to be relatively ineffactive, no
further work in this dirsction is contamplated.

S mew
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