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II - LIGHTNING CONDUCTOR MATERIALS

High Voltage Laboratory
National Bureau of Standards

SUMMARY

This report summarirzres information of the types of material
wilch can be used for lightning conductors on nommetallic alr-
craft and reports the results of experiments on the more Importent
properties of such materials., Tables I and IT give the weight
per fcot and the wldths o shieet metal required for certain
agsumed surge-current carr;ing capacitieas. The section on Appli-
caticn gives scme preliminary suggesticnas as to tho applicaticn
of such lightning conductors. The experimental work to date
suggests the fcllowlng tentative conclusions:

1. Aluminum has greater surge-carrylng capacity than
copper of the same welght.

2. Rolled sheet metal has more surge-carrying capacity
than sprayed metal of the same welight,

3. Aluminum strips 0.002 inch thick can be molded in
the surface of tego-bonded plywood with excellent
moechaniocal and electrical properties.

4, Metal gtrips fastened by an elastic cement may give
trouble if subJected to alternating strains,

5. 8prayed aluminum adheres well to properly roughened
plywood surfaces.
GENERAT, ANALYSIS
The funotion of a lightning conductor is primarily to guide

the electric current harmlessly between the points where 1t
enters and leaves the oraft., A detailed analysis of this function




hag been given in reference 1. The purpose of the present report

1s to summarize avallable data on the varlous alternative materials
which may be used, singly or in ccmbinetion, &s lightning conduc-
tors, and to report the results of some experiments on such materials,
This report 1s by no means exhaustive, Experience In applying these
materlals should suggest other materlals and techniques of applica-
tlon as well as other test procedures for determining their signifi-
cant propertiles.

In the following sectlons the three maJjor classes of materisl:
nemely, (1) solid metal, (2) sprayed metal, and (3) conmductive
palnts will be discussed, and the possibllities and limltations
of sach will be polnted out.

Next to its electrical guiding actlon, the most important
Property ls probably lightness in welght. Adhesion, durability,
applicabllity to an already completed ailrcraft are also important,
At some locatlons the conductor may have to carry only the very
small charglng current of a sideflash whlle at other locatlons 1t
will have to carry the full lightning current. Such matters will
be treated in the sectlon on Applicatlons.

This investigatlon was carrled on at the National Bureau of
Standards under the sponsorship and with the financial asslstance
of the Bureau of Aeronautics, Navy Department.

SOLID METAL

The most obvious materials for lightning conductors would
be wires, tubes or rolled strips, and sheets of a metal such as
aluminum or copper which has a high electrical conductivity,

The questions whlch arlse in commectlion with such materials con-
cern the cross section needed, the method of attachment so as to
be secure and yet not increase the aerodynamic drag of the craft,
the risk of damage at the polnts of entry of the lightning dis-
charge and the mechanical durabllity. These wlll be treated at
least partially, in the immedlately follcwlng paragraphs,

Surge-Current-Carryling Capaclty
A rational basls for estimating the surge-carrying capaclity

of a glven wire or strip of solld metel 1ls obtalned by camputing
1ts momentary temperature rise oncthe assumptlion that the surge



is of such short duration that all the Joule heat developed in
the wire remalns in 1t and goes to ralsing its tmperature. The
-following notation will be used:

1 length of conductor, centimeters

A oross section of conductor, square centimeter
M mags of conductor, greams

4 density, grams per cubic centimeter

P volume resistivity, olm - centimeter

c specific heat, Joules per gram
i instantaneous current, amperes
R reslstance of conduotor, olms
The heat H developed in the wire in time t 18

%
1 2
E =< J; 123t Joules (1)

and the temperature rise T (deg C) 1s

H
clAY

T =

(2)

As the metal heats up p, and to a lesser extent ¢, will

inorease. However, to a satisfactory approximation these quan=-
tities may be regarded as constant durlng the process, provided
mean values are used, which correspord to the temperature range

covered, Combining equations (1) and (2) gives
f 124t = °:T | (3)




as the carrying capacity of a conductor of given material and
oross section. In terms of the other variables, resistance and
mass we have .

‘ a = c 7pT
ji dt -—E-(R/Z)B (4)

f 1%at = -E% (—':-\)e (5)

reepectively. It will ve noted that in each of these three equa-
tions the surge-carryling capaclty is expressed in the form of the
product of (1) a factor which is a composite of properties of the
material, (2) the permissible temperature rise, and (3) a factor
which expresses the slze of the conductor in terms either of its
area (vclume per unit length) or of its resistance per unit length
or its mass per unlt length. For any given metal and aspumed tem-
perature rise T, the combination of quantlties

P (D) = A |2 (6)
7p

is a meastre of the utility of the metel in glving surge carrsing
ability for a glven weight per unilt length, The square root 1is
introduced so that the values of F will very as the first power
of the weight of material required or of the current (for a fixed
duration) which can be carried. Table I gives values of F(T)
for pure aluminum and for copper. It wlill be seen that even if
the copper can be operated up to its melting point, which is
materially higher than that of aluminum, its greater density
8till renders it less effective than aluminum. If operated at
the same temperature, aluminum has the advantage by a factor of
about 2,2. Aluminum alloys wlll have somewhat leas conductivity
than the pure metal, but the difference will not be enough to
offset this advantage, unless other considerations such as ease
cf soldering enter,

To determine the required value of M/1 1t is necessavy to
estimate the valus of J"2%dt for the most intense lightning
stroke which is to be guarded against., Unfortunately, adequate
statistical data on this quantity are lacking. The best inforxrma-
tion by McEachron (reference 2) shows that of 36 individual



component lightning discharges the most Intense had a wvalue of
200,000 amperes squared-seconds and that 50 percent exceeded
10,000 amperes squared-secomds, These values were observed at
the Empire State Bullding on clound-to-ground strokes, Scme authori-
ties suggest that cloud-~to-cloud strokes are on the average less
intense. If we take 200,000 amperes squared-seconds for the dis-
charge and 200° C for the permissible temperature rise, the value
of M/1 for aluminum comes out 0.1l grams per centimeter or
0.0075 pound pei fogt., For copper with the same rise M/1 ocmes
out 0.22 gram per centimeter (0.016 1b/ft)(No. 13 AWa). This
valus gives an lnteresting contrast with the minimum value of
0.187 pourd per foot required by the American Standerds Associa-
tion, Code for Protection Against Lightning, The very heavy ocon-
ductors specified in this Code for bulldings and obJects on the
ground where welght 1s of no importance were chosen partly to
allow for possible corrosion over long periods of time, pertly
to insure mechanical strength, and partly because at the time
the Code was first written much less was known than at present
about the. magnitude of lightning currents.

: Rolled sheet aluminum can be obtained thinner than 0,001 inch
arnxl 18 usually specified in terms of thickness or gage number,
Sheet copper is usually specified in terms of weight in ounces per
square foot, Sheet copper made by an elsctrolytic prooess is
available in weights frem 1/2 ounce to & ounces per square foot
(0.0006 in. to 0.008 in, in thiokness). S8uch copper sheets have
a relatively low ultimate elongation (approx. 3 percent) as come
pared with annealed material.

Table IT gives the width required for strips both of alumimm
and of ocopper which would safely carry the indicated surge cur=-
ronts with the stated temperature rises, The valuea of width
(in in,) given in table II correspond to the weights (in 1lb per
linear £t) given at the top of each column, and to the thickmesses
indicated (directly or by gage number or by weight) in the first
four columns at the left,

Methods of Attachment

Four methods for fastening strip-metal lightning oonductors
to the plywood alrcraeft suggest themselves,

1. Cementing to the outer surface.- Such a process would dbe
applicable to an already completed craft., Rubber-base cements




poem to glve good adhesion even to mmooth metal. Several samples
wore made up using ons of the better grades of Bostik Universal
Cement, No. 292 Black (made by the Boston Blacking and Chemical
Co., Cambridge, Mass.). These samples showed good adhesion even
after severe mechanical treatment but on the repeated flexing
tests described below, they developed wrinkles and cracks which
rapldly progressed so e&s to.break the electrical continulty of
the strip. Figure 1 shows two of these strips af'ter having been
subJected to 12,000 cycles of bending (max. elongation about 0.3
percent), It 1s probable that these effects resulted from the
oxtreme elasticlty of thils cement and that 1f the atrip were
anchored in a more rigld metrix which could force it in compres=-
slon as well as 1n tenslon better results would be obtalned, A
search for a satisfactory cement remains a difficult problem

for the future. Presumably this could be attacked by a competent
manufacturing concern. Perhaps scme much thinner adheslve applled
to the metal strip in the factory as In the manufacture of Scotch
tape, may have possibilities.

2. Teacks or staples.~- The use of metal fasteners driven Iinto

- the wcod may prove quite satisfactory ln the rather common case Iin
vhich & lightning conductor can be mounted by nalling through the
skin into a spar or longeron. Here the tlp of the tack would be
embedded in dry wood and would be thorefore unlilkely to start a
dlscharge., A much less desirable sltuation would exist 1f the
point of the tack proJocted through the plywood skin of an alr-
foll. If 1t ends near some metal such as a wire or control cable,
or near another tack which protrudes from the opposite surface of
the airfoll, a dlscharge is llkely to occur. If the lightning
current happens to be large, the airfoll may be wrecked by the
explosive actlion of the discharge, FExperimental trials should

be made on this polnt,

3, Molding (hot-pressing) on the outer surface,- Sheet metal

may be attached to cross-laminated plywood by hot-pressure molding
with a sultable roesin binder. For a trial of this mode of attach-
ment, & number of hot-pressed (flat) samples were made by the
Plaptics Sectlon of the Natlonal Bureau of Standards. These sam-
ples, roughly 0.08 Inch thick, were made of elght symmetrically
assembled layers of 0,0l-inch-thick poplar plies and tego (a paper
bese containing a phenolic thermosetting resin, approx. 2/3 resin
and 1/3 paper). The symmetrical asscmbly (to avoid warping) wes
a8 follows: beglnning at the center, two sheets of tego were
crossed; the grain of the two wood plies on elther side of the




center were run parallel; from those two layers to the outermost
layers the grain of each successive wood ply was crossed at 90°
to that of its predecessor, and ea.ch a.lternate a:lngle 1a.yer of
tego was similarly crossed. .-

In some samples the sheet metal-foll strips were surface
mounted 1n the hot-press by placing two crossed sheets of tego
between the outer wood ply and the metal strips. In other samples
the metal strlp was covered by a single sheet of tego, in which
case a single sheet of tego orossed with reference to the outer
sheet of tego cemented the strip to the outer wood ply.

In scme samples the sheet metal-foll strips were surface
mounted 1n the hot-press by placing two crossed sheets of tego
between the outermost wood ply and the metal strips. Scme of
the metal strips woere perforated with holes about 1/4 inch in
dlameter 1n staggered rows as shown in flgure 2. It was thought
that this construction might give a better bond and also distribe
ute more unlformly the dlstortion caused by strain and thermal
expansion. Some of the alumin'm strips were anodigzed while
others were of plaln rolled skeet. This symmetrical comnstructlon
was used in order to secure as good adheslon of the sheet motal
to the laminate as possible. Better adhesion l1s secured 1f the
coefficlents of thermal expanslon of any two cemented obJects
can be made to match. In the case of tego the measured coef-
ficlent along the machine direction of the paper was found to
be 15.4 X 10~ ° per degres while across the machine direction it
was 38.4 X 10"%., For a sample built up with alternatoc layers

of orossed tego tho value was 25.7 X 10-%, Thus the coefficient
of crossed tego nearly matches the coefficient of thermal expan-
sion of aluminum which 1s 22.3 X 10-%, There is, therefore,

vory little tendency for d.if‘ferentia.l expanslion to separate smooth
metal from crossed tego. It may be pointed out that, because of
its rough surface, wood bonds well with tego in spite of its
amaller everage thermnl ocoefflclent of expansilon.

Similar specimens were made up with 0,004=~1inch coppor by the
same procedure, but the adhesion was very poor even with the por-
forated strips., Hence no bending or other tests were made with
copper strips. It 1s, of course, possible that some other bonding
conditions might have given better resultis,

4, Embedding below outermost veneer.~ The metal strilp
(preferably perforated) may bo placed between layors of tego in




the mold Just below the outermost layer of wood, This construc-
tion gives greater mechanical protectlon to the strip and insures
a uniform outer surface appearance which is ldeal for later paint
and camouflage coatings. However, 1t 1s difficult to make con-
nections to such an embedded strip. Also, theoretically, the
lightning will surely do a little damege in penstrating the outer
layer of wood to reach the metal., Moreover, if any crack or bad
Joint develors 1n the metal strip, the arc forming at the bad
contact may cause further demage.

Trials of two samples (L-15 and L-16 of table ITI) showed

no slgnes of deterioration after many repetitions of benmding strain.
Flgure 3 shows tie relatively slight splintering which was produced
both at (A) where a 22,000-ampere surge penetrated the outer veneer
to reach the embedded metal and at (B) where the discharge Jumped

a gap between two embedded strips. It 1s planned to make further
trials with larger currents as soon as a new ourrent-surge genera-
tor 1s completed.

Mechanical Durabllity of Sheet Metal

Under service condltions on alrcraft, the lightning conduc-
tors must stand up well mechanically under extreme fluctuations
of temperature and of mechanical stress. Tests were therefore
devised to obtaln an Indication of the effect of such conditions
on pleces of plywood to which strlips of thin sheet metal had been
attached.

1, Temperature cycles.- Two alr baths, one heated eloctrically

and the other cooled with "dry lce" were arranged so that, by a
motor-driven mechanism, a group of specimens could be alternately
railsed into the heated chamber, held there for a predetermined
time and then rapldly lowered into the cold chamber. Flgure 4

1s a graph which 1s typlcal of the temperatures indicated Dby
thermocouples attached to the two ends of such a specimen during
a cycle.

Six of the specimens described above, 1n which metal strips
had been molded to 8-ply tego-bonded poplar plywood were tested,
Botk plain and ancdlzed aluminum strips 2 mils thick and 1 inoh
wide were used. One strlp of each material was perforated.
After being subJected to 270 temperature cycles, no sign of
deterioration or of locsening could be found. The electrical
resistance was found to be practlcally the same as at the



beginning of the test although this measurement is a very sensi-
tive means of detecting oracks., For these particular samples it
‘seems probable that- the temperature tests.were similar.in effect
but less severe than the mechanlcal-straln teste which follow.

2. Repeated mechanical strain.- A number of repeated stress

trials were made on mebel strips surface-molded to tego-impregnated
plywood., The plywood specimens had the shape commonly used for
fatigue tests and shown in figure S. A metal strip 1 inch wide
was molded to one slde of the 9-inch speclimens. When such a
triangular cantllever beam is bent, it takes on an approximately
uniform redius of curvature and hence a constant strain through-
out the length of the beam, The elongation of 0.3 percent used

in most of the trilals 1s comparable with the maximum design

values of 1 percent and of 0.5 percent given in the A.N.C. Hand-
book -for crosswise and for lengthwlse stress, respeotively.

Such large values of strain would be expected tc occur
only rarely ani usually would not altermate rapildly. However,
it was thought possible that reapid fluttering of thin sections
of plywood skin might occur. For this reason and also to make
the tests severe enough to distinguish between the various speci-
mens, the flexing tests were continued through several thousand
cycles.

The results are shown 1ln table III, in which the specimens
are arranged in order of improving quallity from top to vottom,
This shows, as has already been noted, that the specimens L-1
and L-3, fastened with an elastic cement developed wrinkles and
cracks which completely opened the circuit (fig. 1). The
thicker (0.004 in.) specimens seem definitely inferior to the
thinner (0.002 in.) ones. The anodized specimens appeared to
be more brittle and showed on the whole more increase in resist-
ance than the plain aluminum sheet. Since this latter showed
no tondency to came loose, therse would seem to be no need for
the anodized surface which was tried primarily becanse it was
thought that 1t would be better wetted by tego and consequently
would have greater adherence., The perforations seemed to make
little d<fference, The proesence of the overlay of tego gave a
‘definite improvement in the performance, and the specimens which
had the tego overlay were almost as good as L-15 and L-16, which
had a wood-veneer overlay.

The 0.002-inch piain aluminum strips, without the tego
overlay, finally developed a curious "crystalline" appearance




10

gshown I1n figure 2. This seemed to be due to the formation of
minute wrinkles but did not involve any marked increase in
reslstance, The anodigzed strips and the 0,004-inch plain strips
without overlay developed fine transverse oracks as shown in
figures 6 and 7,

Arc Damage

At the polnt where the electric dlscharge passes from the
ailr to a metal obJect, or vice versa, there is & local concentra~-
tlon of heating which tends to melt and vaporize socme of the
metal., Lightning conductors on grounded structures are made so
heavy that the slight melting by the lightning discharge of the
tips of the alr terminals is negligible. To make the conductors
on an alrcrafi-protective system thick enough to be lmmune from
such arc demage would require a prohibitive welght of metal,
Hovever, the damage done by an arc to a strip of thin sheet metal
1s very localized and should not be taken too serlously. The
melting 1s not likely to extend completely across the full width
of a wide metal strip and even 1f the conductor 1s burned in two,
the resulting gep 1s almost sure to be near an extramity of the
oraft In such a locatlon that the protection of the personnel
from a subsequent stroke would not be lmpaired.

SPRAYED METAL DEPOSITS (METALLIZING)

Sprayed metal has the great advantage of belng applicable
directly to curved surfaces and to completed alrcraft. Therefore
congslderable time has been spent in stvdying tils material.

Procedure in Spraying

Most of the data on sprayed metal glven 1n this report are
for material deposited by a "Mogul Model P" spray gun made by
the Metallizing Co. of America, In this gun the metal wire, or
rod, to be sprayed 1s drawn in between two gear-rolls, driven
by en alr turbine, and fed through the center of an oxyacetjlene
flame which 1s surrounded by a concentric Jet of compressed air,
As the tip of the wire fuses in the flame, 1t 1s "atomized" by
the air Jet and the molten particles are blown against the
surface to be coated. (The alr pressure was usually about
75 1b/sq in., while both tho acetylene and oxygen pressures
were about 15 1b/sq in.)
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The propertlies of the deposited material depend somewhat on
the conditions of operation, for example, distance from nozzle
to work, rates. of supply of acetylene, oxygen and air and of
motal; time of application and number of applications of the Jet
to each part, and so forth, The technlque of operating the metal-
lizing equipment is not difficult and should be readlly learned
by a good workman, One should strive for a flne-grained smooth
coating. The practlice of making repeated light passes over the
same area with time allowed for cooling between passes gives
best results. A thickness of 0,005 inch to 0,01 inch seens
most desireble for thils application,

As in the case of stucco, the adherence of the coating
depends primarily on the keying quality of the surface to whilch
it is applied. Very little, if any, adherence is obtalned if the
surface 1s polished or very smooth. Hence a smooth surface should
be scored or roughened, preferably by sand blasting, before spray-
ing. The surface must be absolutely free from grease (even finger
prints make trouble). The structure of some woods such as poplar,
even when smooth cut, offérs a good keying surface and need not
be roughened. Others, such as mahogany, are Improved by a light
sand blasting which removes the softer fibers and leaves a better
keying surface. Certain metals such as tin, lead, zinc and
aluminum adhere gulite well to wood suwrfaces. In our work copper
did not yleld such good rosults, presumably because In the process
the wood surface 18 heated to such an extent that melted or
vaporirzed resins appear and prevent adherence. Copper may, how-
ever, be sprayed over an undercoat of sprayed aluminum, and good
soldered connections can be made to the copper of such & dual
coating, Sand-blasted Luclte plastic may also be sprayed satis-
factorily with aluminum, Masking tape, as used in spray paint-
ing, was fourd to be effeoctive 1n confining the spray to the
flesired area,

Because aluminum sprays and adheres well, has light weight
and high conductivity and incidentally 1s considerably less
toxic than meny other metals, it appears to be the most desirable
metal for aircraft lightning conductors, at least until tin again
becames avallable. The data given in this report were obtainsd
on coating sprayed from wire 0.090 inch in dlameter, contalning
1 percent of zinc (Bur., Aeron, Spec., A-25).
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Resgistivity

The fundamental properties of sprayed deposit which are
important in this application are (a) the longltudinal electrical
resistivity (the resistance of a unit length of deposit of wnilt
width, that is, the resistance between opposite faces of a square)
which will depend upon (1) the nature of the deposit as well as
(2) 1ts thickness; (b) the weight per unit arsa (surface density)
of tho deposit, and (c) the mechanical durability of the deposit,
which depends in part upon its adherence to the swurface coated.

The deposit is always granular so that micrometer measure-
ments of the thickness of thin coatings are of little signifi-
cance, It 18 also usually not feasible to welgh the deposit.
Hence 1t happens that the most convenient means for expressing
the amount of deposit on a freshly-sprayed surface is to state
its longltudinal resistivity (the thicker the deposit the less
this resistivity), To determine the quantitative relation be-
tween (a) the longitudinal electrical resistivity and (b) the
welght per unit area of the deposit, previously welghed, ground-
glass plates were sprayed as uniformly as possible, that 1s,
(1) the nature of the deposit and (2) tle thickness of deposit
were both held as constant as possible. The electrical resist-
ance and the total weight of each was then determlined, The
results are plotted in figure 8 for aluminum and in figure 9
for tin end copper. Hero the abaclssas are the surface density
and the ordinates are the product of surface density multipliled
by the longitudlnal resistlvity., If the material were uniform
this product should be a constant (the "mass resletivity").
Thus a layer twice as thick would be twlce as heavy but would
have only half the reslstance. It is evident from figures 8
and 9 that this product is roughly constant over a considerable
range but that for thin fllm, that is, those weighling less than
0.020 gram per square centimeter for aluminum and 0,030 gram
per square centimeter for copper, the resistance is abnormally
high, presumably because of gaps between the individual gralns
of metal, The straight, horizontal lines in figures 8 and 9
indicate the mass reslstivity of the metals in bulk, It is
evident that even the relatively thick deposits have a materi-
ally higher value for this prcperty. This increase is by a
factor of 5.6 for aluminum and of 2,2 for copper, and 1s pre-
sumebly the result of porosity, incomplete contact between
gralns, and perhaps of occluded oxide fllms,
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Measurements of the density of the sprayed material by an
irmersion method gave 2.47 grams per cubic centimeter for
alumimm and 8.08 grams per ocubic centimeter for ocopper. These
values are about 0,9 of those for the solid metal, In this
method the liquid penetrates the pores to a considerable exbtent,
If the volume is obtained from micrameter measurements of thiock-
ness over the tops of the granular structure, the apparent
density of epreyed aluminum may be in some cases as low as 0,8
gram per oublc centimeter,

Surge-Current-Carrylng Capacity

The surge~current-carrying capacity of a strip of smprayed
metal might perhaps be caloulated from equation (3), (4), or (5)
by using appropriate values for mass resistivity (i,e., for the
product py)., However, it was thought desirable to confirm such
calculations by direct experiment. The owrrent surge used for
thle purpose was produced by short-circulting a 33,000 Joule
surge-voltage generator through the specimen. The current had
a crest value of about 22,000 amperes and decreased in a damped
osclllatlion which had a frequency of about 130 kilooycles and
gave a value for V42at cf 5250 amperes squared-seconds,

The speclmens for thls purpose were of aluminum sprayed
on a plywood backing., BEach deposit was tapered elther in width
or thickness, so that at same intermediate pceltion the deposit
would Just fall to carry the particular test surge. Before the
teat each specimen was "surveyed" by measuring the electrical
reslstance of successlve portions each 3 centimeters long. After
the -tegt the width or the longltudinal resistance at the boundary
of the undamaged reglon was taken as an index of the performance
of the deposit. BSpecimens of this type are shown in figure 10,

In figure 11 this width (in in.) at the boundary is plotted
as absclesa and the longitudinal resistivity (in ohlms between
opposite sides of a square) for the particular part of the
deposit which was on the point of failure 1s plotted as ordinate,
The observed points lie falrly olose to the straight 1line which
corresponds to a longitudinal resistivity of 0.005 ohm for a
width of one inch, This is, of course, equivalent to a linear
reslstance of the strip of 0.005 o per linear inch or 0,06 ohlm
per linear foot (0.002 olm per am), It is interesting to note
that if this value of linear resistance and the value of mass
resistivity (40 X 10~® olm grem cm™?) or 0.40 clm (meter, grem)
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shown for sprayed aluminum in filgure 8 are lnserted in equation
(4) as the value of the product "py", the corresponding crest
temperature comes out at 610° C, which is in fair agreement with
the melting point of aluminum of 660° C. The difference may
perhaps result from lack of uniformity but more probably i1s
caused by the heat of the arc at the overstressed parts of the
specimen, This arc tends to spread and damage the 1mmedlately
adjacent wider or thicker portions which could carry the surge,
but wlth only a slight margin,

Mechanical Durabllity of Sprayed Deposits

Tests to obtaln an Indication of the mechanical ruggedness
of sprayed deposits were made with the same apparatus and In
much the same way as with the sheet metal conductors.

1. Temperature cycles.- A number of sprayed deposits were

subJected to 270 cycles of temperature in much the same way as
described for the sheet-metal specimens. The results arg sum-
merized in table IV. The values of reslstance are the average
over the length of the sample of a number of short sections.

It will be noted that the increase in resistance is very slight
(about 20 percent). It was falrly uniform over the length of
each speclmen, No tendency for the deposit to flake off could
be detected and 1t would appear that even extreme and falrly
sudden temperature ‘changes do not have any deleterious effect on
the deposit.

2. Repeated mechanlcal straln.,- A conslderable number of

specimens of sprayed aluminum deposits on plywood of various
thicknesses and origins were subJected to repeated flexing tests
similar to those descrlbed above for the sheet-metal strips.
Fwo sizes of specimens were used. Thelr dimensions are shown
in figure 5. The resistances per unlt length of successive
portions (1 cm long) of each specimen were measured before they
were subJected to the flexing and at intervals during the run.
The flexing occurred at the rate of 150 cycles per minute, In
most cases the outermost wood ply ran crosswlse to the length
of the sample so that the maximum strain was across the graln
of the wood.
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None of the coatings showed any vielble signe of deterloration
nor any-tendency to peel off as a result of these tests. However,
1t was found that the electricel resistance increased with the
number of cycles of bending. As might be expected the increase
was much more marked in those speocimens which were the more
severely strained. The results are shown In table V. The values
given in this table are the factors by which the averapge resist-
anoe across a unit square, measured after the mumber cf bending
cycles glven at the top of the column, exceeded the inltial
reslsvance of the same portion., Bpeoimen G-3 after 10,000 cycles
of a strain of 0.05 percent showed an inoreamse of 15 percent in
resistance. On the other hand, with specimen M-6, after the
same number of oycles of the much greater strain of 0,71 per-
cent, the 1lncrease was by a factor of G65.

When Interpreting these increases in reslstance lrito decreases
in surge-carrylng capaclty, it should be noted that the factors
in table V indlcate changes In the reslstivity p of equations
(3) and (5). Since no appreciable metal 1s removed as a result
of the flexing test the mass of motal to be heated by the surge
1s not reduced. Hence 1f the resistance por unit length has
been increased by a factor of 4, the surge-carrying capaclty 1s
theoretically reduced to the same extent as by the removal of
half the width (or half the thickness) of the strip.

Actually the performance of sprayed depcslts which have
been lncreased 1n reslstance by ropeated flexing seems to be
sometimes even better than thles analysls would indicate. Per-
haps the surge current prcduces a coherer actlion and restor=s
conducting paths whlch had been broken by the bending, This
effect is exemplified in table VI, which gives values of the
measured reslstance per unit length of several specimens of
sprayed aluminum, The fifth column glves the initial resist-
ance ry, the seventh column 3ilvss the resistance re aftor

flexinz. The values of r; 1in the elxth column are the oriti-
cal values of reslstance per unit length which would on the
Toregoing thecretical assumption be expected to barely carry
the test surge ( V183t = 5250 (ampere)® sec). The valus of
r, for this particular surge 1s glven by the formula

r, = (0.005)%/r; ohms/inch (7)
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The values in the tenth column are the resistances measured
after a single teast surge had passed through the specimen.

It will be noted from teble VI that after 129,000 cycles
of flexing specimen H-11 hed a resistance (rp) which was

not only greater than the limiting value of 0.005 ohm per 1lnch
but also considerably greater than the values of ry; given in

the sixth column. Accordingly, the deposit was wrecked over 1ts
whole length by the surge. As shown in figure 12, specimen G-32,
on the other hand, had a deposilt which was so heavy that the
initial values (r;) are less than the limit of 0.005 chm per

inch and 1f tested before flexing 1t would have survived. After
flexing the reslstance (ry) was materially higher than the

0.005 limit but was less (except at the top point) than the
critical value (r;). Hence 1t survived the surge ard surpris-
ingly enough showed, after the test, values of resistance almost
as low as before flexing. A simllar reduction in resistance 1s
shown by G-3 and by G-31 except at its marrow end (fig. 10). It
may be noted that the top pcint of G-32 and the bottom two points
of H-7 survived in aplte of the fact that thelr reslstances after
flexing were scmewhat greater than the ccmputed critical values.
These instances lend support to the i1dea that by coherer action
the surge reduces the reslstance from 1ts higher flexed value,

3. Camouflage palnt.- Some ccncern was entertalned as to

the posslble detrimental effect of camouflage palnt on the
sprayed metal 1f 1t were later flexed. Sprayed metal specimens
were, therefore, peinted with one coat of blue Navy camouflage
paint and subJected tc flexing tests. The results included in
table V, based on resistance measuresments, indlcate little or
no detrimental effect from the peinting. These samples were
not tested with a current surge.

4. Ailr blagt.- The Jet of alr supplied at 90 pounds per

square Inch to the nozzle of the spray gun vwas used in attempts
to blow the sprayed aluminum deposlt cff from 1te backing. In
all cages where the backing had been cloaned and reasonably
rough before spraylng no loosening occurred.
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Arc Demege

The effect of the arc at the polnts of contact of the light-
ning path and a sprayed metal coating ls much the same as that
with rolled sheet metal., Figure 13 shows two sprayed aluminum
deposlts which have been subJected to a 30-coulomb aro. Even in
nominelly still air the arc moved about during its l-second
duration and burned a path which had a total length of 14 inches,
Sample E-7 had been scored with a knife prior to the discharge.
The heat of the arc at this gap has burned back the deposit and

. has slightly scorched the wood beneath, It 1s very unlilkely

that the wood of an airplane in flight would catoh fire from
such an arc because the air stream would probably blow the arec
along the surface and also cool both the arc gases and the wood.

CONDUCTING PAINTS

Preliminary trlals showed that the presence of a strip of
conducting palnt served to gulde an electrical surge so that
the current passed in an arc in the air adJacent to the palnted
strip. This seemed to offer possibilities which mizht be of
use In certaln cases when it 1s important to keep the discharge
from shattering wooden members but where the presence of the
flash and of the ionlzed path which may be blown about by the
alr stream would do little harm. It was later found that
strips of nonconducting aluminum palnt, or lines of discrete
patches of conductling paint showed a simllar gulding property.

Such palnted strips have the advantages of ease. of applica-
tlon and of lightness. A strip l-% inches wide of the type used
(Ohio Brass Co. No. 608) welghs only 0.0026 pounds per foot
(0.01 gram/cm®) per coat. The longitudinal resistivity 1s about
300 ohms,

The use of painted guldins strips has at least two serious
disadvantages. The first of these arlses from the. fact that
the resistlvity 1s so hizh that the voltage gradient along the
length of the strip rises to a high value. It 1s, of course,
this gradient which establishes the arc in the alr adjacent
to the strip. For this reason painted strips should not be
used in the protection of the fuselage or of any other part
of the alrcraft where personnel may be stationed.
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It might be thought that the process by which the arc forms
along a strip of, say, aluminum paint is & progressive one, so
thet the gradlent, although high enough at the one locatlon when
the arc 1s developing, might be low at other parts of the path,
with the result that the total voltage drop across a conslderable
distance would not be excessilve, An experlment to check on this
peint was made by sending the discharge through (and over) a
layer of paint applled to the outer surface of a cardboard malling
tube, shown at A B C figure 14, A metal sphere S, 4.92 centl-
meters 1n dlameter, was centered in the tube by an lnsulating
washer W and connected by & metel rod D, to a copper cap C
at one end of the tube and thus to the palnt and to the surge
circult. The measured peak voltaze (50 cycle a-c) required to
spark from the sphere throuzh the cardvoard to the palnted layer
wae later found to be about 16,300 volts. The sphere 1s almost
perfoctly shlelded electrostatically so that there should have
been no tendency for electrostetlic sidaflash. If the discharge
had been localized 1in an arc one millimetor In dlameter exbtending
from B to C, the electromagnetically lnduced voltage should
have been only abcut 3300 volte. Yet, when the experiment was
tried the discharye passed along the central rod, Jumped the
gap from S8 to B puncturing the tube and continuing in an
arc outslde the tube from B to A. Thls seems to Indicate
that the longitudinel volta-e drop between B and C was
greater than 16,000 volts and that the theory of progressive
development of the arc 18 Incorrect. The same result was obtained
with a tube coated with aluminum palnt, but when a control experi-
ment was trled using e tube coated wlth a layer of sprayed alumi-
num, no puncture of the tube took placse,

The second disadvantage of palnted strips arlses from the
"blest effect" of the arc. The suwdden liberatlon of energy
in the dlscharge heats the alr and develops a very considerable
momentary pressure wave, In cases where the conducting (or
aluminum) paint 1s open to the air, the blast from the laboratory
tost dlscharpe which had a crest current of about 25,000 amperes
was not enough to damage any of the plywood tested, even the two-
ply material 0.088 inch thick. However, 1f the conducting palnt
1s covered with a layer of camouflagze peint, not only 1s the
latter blown off by the discharge (fig. 15) but the added mass
of the outer palnt layer may cause the blast to develop more
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pressure end to damage the plywood. With the larger orest cur-
rents which might ocomr oocasionally in natural lightning thils

‘ "blast effect would-be-correapondingly worse..

APPLICATTONS

With the three types of material which have been discussed
above to choose fraom, the next question 1s which to use and in
what locatlon. The detailed answers to such questions must
awalt the results of further laboratory studles on actual air-
craft parts. Certaln general principles, however, secm alrsady
falrly evident and lead to the followlng. suggestlons:

1. TFor the protective Faraeday cage around persomnel and
sensitive cargo:

(a) Metal sheet screening or sprayed deposits
should be used and conductive paint
should nct be relied upon,

(b) Joints between adJjacent conducting strips
should be such as to minimize the develop-
mens of &an elr gap of appreclable length
and should preferebly be bonded by a
clamped or soldered connection.

2, For the main conductors to the wing tips and tall
surfaces:

(a) Solid metal or sprayed metal 1is preferable.

(b) Conductors should be run as directly as
possible from one extremity to the other,

{(c) Unless interior metal such as wiring and
control cables are bonded into the light-~
ning-conductor system, (1) a good clear-
ance (preferably 8 in.) should be main-
talned betwesn the lightning conductor
and the interior metal; (2) scme of the
main conductors must run roughly parallel
to the interior metal so as to intercept
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5.

6.

any stroke whioh mlight otherwlse strike
through to the interior metal; (3) strips
or areas of oconductlve paint may prove
useful 1n interceptling strokes and gulding
them to the nearest maln conductors and
would be much lighter than metal,

Sprayed metal should be located so far as possible
at places free from flutter and with a minimum of
strain (i.e., near the neutral axis of the member).

Conducting paint should be applled preferably at
locatlons where the skin is braced by ribs, spars,
or other solld material in order to minimize the
danger that the "blast effect” will damage the
unsupported skin adJjacent to the dlscharge.

Vhere explosive vapors (gasoline fumes) may be present
every plece of metal should be bonded to avold side-
flash sparks. -

Bmall (1.e., less than 1 ft long) pleces of metal
need not be borded purely for lightning protection
provided sparks to them frcm the conductor system
will not pass throuch explosive vapor. However,
such bonding 1s usually needed to reduce preclplta-
tlon static. The question whether or not conducting
paint wlll glve a bond which 1s satisfactory for thls
latter purpose remalins for future Investigatlon.

Local melting and burning of the lightning conductor
at the polnts ol entrance of the dlscharge muat be
expected and should not be regarded as an indica-
tion of fallure of the protective system,

National Bureau of Standards,
Washington, D. C., June 30, 1943.
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TABLE I.- SURGE-CABEYING FROPERTIES OF SOLID MBTAL CONDUCTORS

Maximum Temperature 100 200 660 1080
Reslstivity at Meen (A1 | 3.3 x 10™% | 4,0 x 10-° | 7.1 x 10~8 oht~cm
Temperature (0w | 2.0 x 10~® | 2.4 x 10~¢ | 4.0 x 1078 | 5.7 x 107 Do.
Specific heat at (A1 91 .94 1.1 Joules/e
Mean temperature (Cu .39 .39 M2 Rh .
Denelty (a1 2.7 —— e glem®
(Cu 89 | - —— Do
F (1) (a1 2800 1000 6100
(Cu 1300 1800 2700 3000
Linear welght for (A1 .0106 .0075 0049 1b/£t
J 13d4-200,000 (Cu .022 016 011 .0099 Do.
Linear welght for ( .003}4 0024 .0016 1b/£t
J 124£-20,000 (Ou 0071 .0052 .0035 0031 Do.

ee



TABLE II.~ WIDTH OF STRIP (IN IN FOR VARIOUS STANDARD WEIGHTS AND THICKNESSES)

Aluminum - Copper
134t (amperes® sec) 20,000 200,000 20,000 200,000
Max. temp. (°C) 200 | 660 | 200 | 660 | 200 | 660 | 1080] =200 660} 1080
M/1 (1b per linear £t) |0.0024]0.0016|0.00750.0049]0.0052|0.0035{0.0031} 0,016 0.011 10.0099
Gage Weight Thick~
number |(og/sq ft)| ness (mile)
(A.¥.G.) Cu A Cu :
i 0.68 1.98 | 1.34 | 1.20 |6.26 | 4.25] 3.80
1 2.02 { 1.33 | 6.40 { k.21
1 1.35 .99 .67 .60 13.13 | 2.12] 1.90
1% 2 2.03| 1.01 .67 | 3.20 | 2.12 .66 R 4o |2.02 | 1.41{ 1.26
2 2.70 .49 .33 .30 {1.56 | 1.06] 0.95
40 3.14 [ 3.4) .64 A2 ] 2.03 | 1.34 A3 .29 .26 {1.35 Jg1| .82
38* 3 % 4.06] .50 .33 1 1.60 | 1.05 .33 .22 .20 |1.04 1| .63
36 5 5 23 .27 | 1.29 .85 .27 .18 { .16 |0.84 57 51
6 .34 .22 | 1.06 .70
34 6.30 | 6.30] .32 21 ] 1.02 .67 21 A |13 ) .67 A6
3% 6 g g.12| .25 17 .80 .53 .16 11 10| .52 351 .32
30 10 10 201 W13 1 .6k | M2} 13 .09 ] .og) .42 .29] .26

*Thicknesses given correspond approx. to diam. for this gage.

¢e
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TABLE III.- EFFECT OF REPEATED FLEXING OF ALUMINUM FOIL STRIPS ATTACHED TO PLYWOOD

Specimen  Refer- Plywood  Elongation Size Foil data Anodiz-  Attachment Overlay Ohme per linesr inmch R/By Cycles (g)

ence Base (£) (in.) Perfora- ing Initisl, R, Final, R
tions
L-1 Fig.1 (a) .003 .002 x 1 (e) Yone "Bostick"  None .0008 (open) ~——- 10,600 Poor-
1-3 Fig.1 (a) .003 002 x 1 (e) Yes do. None .005 (open) ---- 12,500 est
1-9 (bg .003 .00k x 1 (c) Yes Tego None .0005 0.32 6uo 10,000
L1l Pig.6 (v .003 .00k x 1 None Yes Tego None .0003 .16 530 9,600
1-13 (v) .00% 002 x 1 Fone Yes Tego Fone .00075 .ok 19 9,600
.03 I 1k,000
L-12 (v .003 .00k4 x 1 (e) Rone Tego None .00043 .00163 3.8 8,500
L-11 Pig. 7 (v) .003 .00k x 1 Nore None Tego Yone .00029 .00095 3.3 8,500
L-g (v) .003% .002 x 1 (e) Tes Tego None .0011 .00305 2.8 10,000
L-5 (v) .003 .002 x 1 None Yes Tego (a) .0013 .0027 2.1 9,100
L-7 Tig.2 (v) .003 .002 x 1 None None Tego None .0006 .00165 2.7 22,300
.0093  15.5 96,000
L-2 Fig.2 () .003 .002 x 1 (e) Yone Tego None 00083 ,00162 2 23,000
Ll (1) .003 .002 x 1 (c) Yes Tego (a) .00097 00155 1.6 25,000
1-10 (v) .003 .002 x 1 (e) Yone Tego (a) .00082 L0009 1.2 46,400
L-6 (v) .003 .002 x 1 None Yone Tego (a) . 00056 .00057 1.0 42,500
.00235 2.4 115,000
Best
1-16 (e) .0015 .002 x 1 Yone None Tego (e) .00056 .00057 1.0 11,500
L-15 (e) .0015  .002 x 1 (e) None Tego (e) .00081 .00082 1.0 11,500

Reference Hotes:

a) Plywood cut from wing section received from Wright Field; mahogany, two-ply disgonel, specimen O.07€ inch thick.

b) Plywood mede by N.B.S. Plastics Section; eight-ply, layers crossed at 90°; bonded with Tego (pp. 6 end-7); over-all thickness 0.075 inch.
c) Perforations: two staggered rows of 1/l inch holes; holes 1/2 inch apart in rows; rows 7/16 inch apart én centers.

d) Overlay: foil covered by a single sheet of Tego (crossed with reference to single sheet which cemented foil to plywood base) .

(e) Plywood mede similar to (b), but foil buried beneath two plies of wood, putting foil midway between center and surface.

(f) Elongation computed as ratio t'/R where t' 1ig distance from central plane (assumed neutral axis) to foil, and R = bending radiuns.
(g) Each cycle represents a double flexure, putting foil once in tension and once in compression for each cycle.

VOV
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TABLE IV.- EFFECT OF CYCLIC CHANGES ON RESISTANCE OF SPRAYED ALUMINUM DEPOSITS

Mean Longitudinal Resistivity
Specimen | Plywood| Base (Omms for a unit square)
thick-{ num- | Initial R R R/Ro R/Ro Approx.
ness | ber Ro at 170 | at 270 | at 170] at 270 temp.
(in.) plies cycles cycles cycles| cycle range
J-4 .075 2 0.0096 | 0.0110 | 0.0112 1.15 | 1.17) (-20° to
J-6 .038 3 .0075 .0089 .0093 1.19 | 1.24 83°¢)
J-9 .038 3 .0087 .0099 .0102 1.14 1.17
J-10 .038 3 .0102 .0132 .0134 1.29 1.31
J-12 .038 3 .0053 .0064 .0068 1.31 1.28
J-13 .038 3 .00L5 .0054 .0055 1.20 1.22
J-15 .10 3 .Q0L6 .00573 .005l 1.15 1.17
J-16 .10 3 .0040 .0043 Nolo)DMIX 1.05 1.10
K-1 .038 3 .oou7 | o055 | .0056 | 1.17 | 1.19 {(-12°+to 76° C)
K-2 .038 |- 3 .0114% | .01h5 0158 | 1.27 | 1.39 [(-12°4 76°0)
N-7 .10 3 0039 | —mmmm 00U5 | —mmm | 1.15 [(~1E°t0 97° 0)
N-& .038 3 L0040 | ———-- . 0054 e 1.35 {(-48 to 97°C)
N-9 .038 3 0053 | wmmem L0061 | ———= | 1.15 [(40°to 95°0)
Av. R/Ro 1.18 1.22

Note: Samples J-15, J-~16, and N-7 approximately 9 in. long cut from etock
supplied by Philadelphia Navy Yard, April 4, 1943; remainder,
2% in. long, cut from wing to tail sections sent from Wright Field.




TABLE V.- EFFECT OF REPEATED FLEXING ON BESISTANCE OF SPRAYED ALUMINUM DEPOSITS

Specimen e Length | Thickness| Plies| Av. Long Factor of increase in resistance
(in.) (in.) Res. ohm
per unit 114,000 | 20,000 50,000| 75,000 | 100,000 | 150,000
square cycles cycles| cycles| cycles | cycles cycles
-3 .0005 9 .25 1P3(n) | .o0193 | 1.15 1.17] 1.20 | 1.21 1.25
G-l .0007 g 073 | 2(D) .0227 | 1.36 1.46 | 1.58 | 1.65 1.90
10-4 .0015 9 .037 3(L) L0132 | 4.2 5.2 7.1
M-3 .0025 2% .037 3(T) .0089 3.8 4.3 5.2 5.7 6.4
10-1 .0035 9 .090 3(1) .0010 |13 17 22 32
M-L .00k 2% .037 3(T) .0070 7.0 12 19 21.5
10-3 . 0048 9 .125 3{L) .002 28 34 38 50 75
M-2 .005 2% 037 3(T) .0086 {38 38 66 68
M-5 .0063 25 .037 | 3(T) .0123 |53 100 170 280
M-1 .0071 2l 037 | 3(T) .010% |70 g0 180 260
M-6 .0071 oL .037 3(T) .0283 |65 120 (500)

1Specimens 0-1, 0-3 and O-4% were sprayed aluminum covered with 1 coat of blue Navy camouflage paint.
®L indicates grain of surface ply was longitudinal, that is, in direction of bending.
D indicates grain of surface ply was diagonal to direction of bending.

T indicates grain of surface ply was transverse to direction of bending.

ge
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TABLE VI.- EFFECT OF SURGE CURRERT ON SPRAYED ALUMINUM DEPOSITS AFTER REPEATED FLEXING

Specimen Plywood Initial Computed oritical Final Resistance  Flexing cycles Resistance® after
resistance(r;) resistance (r,) after flexing (re) for final 1 surge
Thi(.dm;ss Plies Grain? (ohms/1n.) (ohms/1a.) (ohme/in.) resistance Tlongation (ohns/1n.)
in. ’
E-7 0.038 3 (W) 0,008 = emme- 0.071 129,000 0.002 x: Tigare 10
0053 emeeee .058 x . :
.ooL3 0.0061 .oas x .
L0051 (.00%51) .0l x.
.0025 .0100 .025 0.0033
.0025 .010 .025 .0033
6-32 .038 3 (1) .0036 007l .0076 5,300 .002 0033,
+0025 0100 .006Y .0028
.0020 .0130 .0069 .0025
.0020 .01&) .0099 .0028
.0018 .01 .012 L0031
. .
-3 .025 3 (1) .0028 .0092 .00k 150,000 .0005 .0025
.0023 .011 .0030 .0023
.0020 .013 0025 .0020
.0015 .017 .0018 .0018
.0015 .017 .0018 .0015
G-31 .038 3 (m .0068 —— .001Y4 540 .002 x
.0023 011 .0033 .0023 Tigure 10
.0023 .011 .0038 .0023
.0023 .01 .0066 .0023
. 0015 .07 .0061 .0023
HE-11 .038 3 (1) .0051 (.0051) .0396 129,000 .0016 x Tigure 12
.0033 .0079 0221 x
.0033 .0079 .0251 x
.0036 L0074 .0262 x
.0036 0074 .0305 x
.0o43 .0061 .olin5 x

3L indicates grain of surface ply longitudinal in direction of bending.

T 4indicates grain of surface ply transverse to directimj of bending.

3X indicates that this portion of sample failed on surging. Resistance of unflexed sprayed alumimm which will just break down under the test sirge
was about 0.005 ohms/in. length.



Figure 1.- Anodized (L-3) and plain (L-1)

aluminum strip cemented with
Bostik, after 10,000 cycles of bending with
an elongation of 0.3 per cent.

YOVN

Figure 2.- Plain aluminum strips without tego
overlay after 23,000 cycles of

flexing with elongation of 0,2 per cent. Note
frosted "crystalline" appearance between AA

and BB. Outside these limits the area under

the clamp at the wide end and a considerable 3
part of the narrow end were subjected to less @
or to no elongation and do not show this 2
appearance. H

-

o




NACA Fig. 3

FPigure 3.~ Specimen conteining strips of 0.002" aluminum

covered with 2 layers of wood veneer, after a
25,000-ampere surge. Demsge at A is where arc penetrated
to strip; at B is where discharge passed from one strip
to the adjacent one 1 1/4 inch away,
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Figure 6.~ Anodized aluminum strip, 0.004"

thick, without tego overlay
after 9600 bending cycles with elongation
of 0.3 per cent. Note halr cracks in anod-
1zed surface layer.

LY .

Figure 7.~ Plain aluminum strip, 0.004" thick,

without tego overlay after 8500
bending cycles with elongation of 0.3 per cent.
Note cracks.

YOVN




Figs. 8,9

RELATION OF MASS RESISTIVITY
TO WEIGHT OF DEPOSIT OF

ALUMINUM SPRAYED.

60

40

.3 LHVI GEJ I-12-43
G I13Vv-5-43

.. ' FIG 8

mass resistivity

20

Samples 1,2 3,4 sprayed with electric qun on ground glass
Others sprayed with acetylene qun on ground glass

x- Point corresponding to sample 12" wide which would
stand up under 22000 amp. surge

2. 3.

X10°°

a
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| |

300

200

X 10%= mass resistivity

100

20 30 40 50 60
X.00i= Wt in gms./sq.cm.

._ Specimens of copper sprayed by acetylene gun on ground glass
a- Specimens of tin sprayed by electric gun on ground glass

RELATION OF MASS RESISTIVITY
TO WEIGHT OF DEPOSIT OF

METAL SPRAYED.

1-3 LHV GEJ: 1-12-43
Gi3v—5-43
p FIG9

A
N ~—MASS RESISTIVITY OF TIN USED

~—MASS RESISTIVITY OF COPPER USED
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X .001= Wt. 1In gms./ sq. cm
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Figure 13.- Two sprayed aluminum deposits

after carrying a surge followed
by a current of 30 amperes lasting 1 second.
The discharge passed to the deposit as an
arc which moved about erratically burning
the "trails" shown. Specimen E-1 was scari-
fied before metallizing to improve adherence
of the sprayed metal.
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Figure 15.~ These two samples of thin plywood
were painted first with a strip
about l-inch wide of (on #51) aluminum paint
or (on #53) conductive paint. On top of these
were painted strips about two-inches wide of
blue Navy camouflage paint. The surge current
(22,000 amperes) was then passed from end to

by
end of the strips. The discharge blew off the g
central portions of the paint so that the grain @
of the wood is exposed. The dark overlap where
the insulating camouflage paint was not under- 5
lain by conducting material remains. The blast v
action blew a small hole in #053 and cracked o

it for about 5 inches.
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