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ABSTRACT

An investigative gtudy was made of the state-of-the-art of sand and
dust environmental testing. Field and laboratory studiee were conducted
in order to obtain sufficient realistic data concerning the send and dust
enviromments for use as guidance in preparation of Military Standards for
Sand and Dust ¥avironmental Testing which simulates the degradation and/or
damage done by blowing sand or sand and dust in a desert environment.

Due to the lack of sufficiently severe wind storms in the test areas
chose.., information collected over a two year period failed to provide all
of the field data required. The laboratory date obtasined using existing
Sand and Dust test chambers were not able to supply all of the answers
needed. A new type of test chawber has been designed for this purpose,
which when installed, will be used for continuation of the experimental
investigacions.

This report recommends that two test procedures be established; one
for '"Dust {(Fina Sand)" covering the 10 to 150 micron size range, and the
other for ''Sand' covering the 150 to 800 micron size range. Soms recom-
mendations for inclusion i{n the "Dust (Pine Sand)" MIL-STD are praesented
in this repocrt, Recommendations for the '"Sund" MIL-STD cannot bde made
untii after add ional data is acquired utilizing the new design sand
test chamber. !
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OBJECT

The objectives of the program are.

1. To collate and analyze existing data ¢cn airborne sand and
dust, up to eight feet above the ground, to collect additional data to
bridge the gaps thus unearthed, and t: nveastigate combinations of varying
faztors such as velo:ity, parti:le slze, temperature and density, in order
to determine tiose wnica are most pertinent and eliminate insignificant
variables 1in currant eand and dust test pro:edures, for standardization
purposes.

2. 7o prepare a new sand test specification MIL-STD) for use
by the Departmenz cf Defense DOD), for ground equipment.

3. Pesed on the raesults of findings of this program, if warranted,
to propose a revisicn cf extisting MIL-STD testing procedures for penetration
type Dust (Fine Sand, tests, for vehicle-mountad and airborne equipment, in
l1eu of the present Sand & Dust (S&D, Teet.




SAND AND DUST TESTING - BACKGROUND INPORMATION

Over the years the potential damage done by send and dust has beec
evaluated 1n many waye, surface er:sion, s:ouring, interference with
meving parte, penetratisn, blcckege of pores and cpenings, and the fouling
of eleztrical centacts. Each hes beez used as the basis for establishing
a giver test, and several general and many detall sand and dust tests are
in existence. As many of these ag are krnywn to be different, and appropos
ts miiitery materiel;, wiil Ye discuseed belogw.

Ia 1959 the Ordnance Corps, now part of the Army Materiel Command,
vas aseigred the Army respoasibility for preparing a mew Military Standard
fcr Send end Dust testing of miiitary materiel. To comply with the several
progrea cb jectives, several phases were t3 be investigated by Frankford
Arsenal (PA), White Sands Missile REange (WSMR), and e contractor, The
Southwee:t Ressarch Imatitute (SwRI). PA had and etill has the responoibility
for crordinating the overall investigation. WSMR had the responsibility
for ccordinating the technical aspects of the program, but since the re-
organigetion cf the Department sf the Army, im October 1962, with new
asoignments for WSMR (and loss of their key man on this program), FA has
aleo assumed the resncmsibility fer coordinating the technical phases of
ttis prograe, and for c:mplating 1:.

A z.apliate veview of existing specificaticna and standards deualing
with §&D testing eppeared t> te the natural startiang place for this project.
This raview hse been mest eviightening -- and discouraging.




SPECIFICATIONS - GENERAL OBSERVATIONS
Specifications fall into two general categories:

The first type is generally referred tc as a '"detail'" specificacion,
and relates to the procurement and testing of a specific item. Those who
initially prepare them, spell out the details of the tests which they
believe will, if succesafully surmcunted, assure the successful longevity
and utility ¢f the item under all intended storage and use conditionms.
The detail specification may spell cut every test step, or it may refer=-
ence a ''general' specification or standard, which is to be followed as
written, or as specially modified. The detail specification normally
spells cut the goals cr test results reguired.

The 'genaral" spacification may take many forms, such as the World
War II Joint Army-Navy (JAN) Specification:- Military Specifications,
Military Standards, Federal Standsrds, and standards produced by aad
for the uae ¢cf one branch or service. Nermally a general specification
will cover all typeaz cof environmental tests for one complete class of
materiel, or it may cover only one specific type of test, in complete
detail.



CURRENT ENVIRONMENTAL SAND & DUST TESTING SPECIFICATIONS

In dealing with any test specification or testing standard, we must
first ask curselves what it is we hope t» sccomplish by its use. Are we
attempting to simulate an exact dupiication 5f a natural environment?
Or, are we attempting to accelerate the pro:ess of degradaticn caused by
a netural enviromment? In sther wirde, wha* iz the puvpcas or goal of
our testa?

Iaz the mizd of the sagiseer v reclaizian wh: preparea cuch a
specification or standard, a goal must exist. It may be specifically
formulated and take {ro conzideratica many varying factersz and combinatio ms
of factors, On the sther hand, 2ince one cannct be an expert in all fields,
and the test prepaver may not recoghnize the need of testing expertise
which may lis in ansther srgamizsti-nal area, he may przpare a specification
which {e {r~:mplete or sver valuelass, or a specificaticn wrich accomplishes
cnly cne o1 two of the aboveeliated gosis. Ee may not even realize that
other teariug alternitives exist to tue cnees which he spelis ocut.

Some testa, and even standard:, have been approved, and have reached
the teat a2ngineer couched iv such terms as to be impossible to conduct,
to be ton zevere, cr ¢: bz so miid &8 *> never produce meaningful results
for the particular item t» whichk it 1+ appiied.

Spe~ifi~ations and tasts which have beéen valid in one field, have
often been borrowed intact, or referemced, 17 an entirely different
applicati.n where their use 13 iavaiid; invalid p-4sibly bezause the true
aim of the b-rrower regquires a cdifferert bjeztive cr appr-ach than that
which formei the basis for the criginal specification.

Changing a specificati-n or standard 13 diffi.sit. Once a document
is approved and in prini, it serms ¢~ take omn "charismatic authority",
vhich even the experts hesitate to gueation. Possibly they are afraid
of "stepping ~a the t:2s" of the specification's unknown criginator, in
ancther branch of tte gervice. 1t aeems ty be easier and the psth of
least resistance, that when an ¢xisting specification 1is 1ecognized as
invalid, t "waive" =r igr:tre it. This may be easily justified ts ome's
supericrse, by merely 'proving" that no #ther test coan be readily located.
The waiver may ¢-utinue to be perpetuatsd to & point where no one recalls
why or wben it started, and thé te:zt engineer hears his cust:mers say:
'""We never bother with that test at all",



The more conscientious engineer, recognizing the invalidity of a
given test, may merely write his own, for local use, and without inter-
service coordination. This may or may not be mcre valid than the one
he desires to circumscribe.

Ofcen when a test procedure is follcwed, and the item fails to
comply with the test engineer's interpretati:u of the test specifications,
cthe vendor or customer will indigrnantly attack the validity of the tests,
and requeart a waive~,

It is easy to criticize, logically, empirically, or from an engineering
peint of view, and much disagreement appears as tc the interpretation of
the results cf certain environmentsl tzaste. The amount of disagreement
varies with the goal that the pers:n criticizing has in mind, and with
his own experiznce ir that field.

Before considering the mstural eavironment of sand and dust, let us
examine in cdetsil some ¢f the existing simulated test specifications in
that sarea.

MIL-D-13570

MIL-D=1357C {(0rd), Miiitary Specification;, Dust, Testing by
Exp sure to, {Ref a, Appendix I, 1s the cnly general Ordrance specifi-
cation in this field. % 12 dated 1354, replacing a World War II Army
Specificati-n dated .544. Tre kay paint of this specification is its
requirement f:r the uze ~f ten pounds of dust for every 7 cubic feet
of chamber =pacz, the -hemi al compositi.t and particle size dispersion
of this dust 1z given, tut n.t its ecurce. A later paragraph in the
spe-ificazi .a (6,2) rafers the veader, viz, "Test spraratus and ccnditione
are ~omparable t. thsat specifisd for ele-trical c-mponents by S.A.B.".

S.A.E. 13 an attrevieticn for the Society of Automctive Engineers,
ard the cnly ‘flsating .- "dust" or "sana and dust" in the index of their
hardbock 1is to "Lighting Bouipmen? for Mocor Vell:-le3" SAE J575, a standard
first appr:ved in May 1s4l, end brought up t» date 17 June 1961 with only
winor editorial changes {Ref (t), and Apperdix I1). 1ihis calils for test-
ing 1in a 3 feet by 3 feet box, using ten pounde .f fine powdered cement,
in a test designad t> derarmine whether the light frcem a venicle lamp 1is
diminished ty dust {sic. pcwdered cement) ad-eéring to its surface. The
cement, according to their referenced Amcrican Sc:lety for Testing
Materiais (ASTM) specifizati'n (Ref d) d.=3 not chemically omply with
that called cut by MIL-D-13570. One may well speculate at this point
aa to how many test engineers and designers :ver the years, have traced
this apecification ba~k this far, acted thezc dis venas sies, shrugged
their stoulders, and left it alcme, hallcwad snd unt.uchedl



Another SAE specification spells out a dust used and distributed
by A. C. Spark Plug Co., in Michigan. After some research this was located
under the title of "Ailr Cleaner Test Code - SAE J726" (Ref ¢ and Appendix
III). Here the dust size distribution and chemical compasiticn matcsh our
specification, and its commercial scurce is iisted az A. C. Spark Plug
Company. Its distribution in that teat, however, is only 0.025 g/cu. ft.
of air, which the filter ie suppuzed t» removzs at & single pass.

One may ncw safely surmise that MIL-D=13570, far from being
hellowed, is tae illegitimste osffspring of hoth of these SAE specifications,
and we may further question whether the eantwined segments of each which we
kave to work with are capable of proving srything ¢f value. This speci-
fication kas not been used in Frankford Arsensl in at lsast the past
decade, sithough it is refevenced bv MIL-A-134883 (0rd) (Ref e), and may
be used by cthar instaila*ione.

MIL-C=3436A (ASC)

MIL=C-943€A (ASG), Military Specification, Chamber, Sand and
Dust Testing {(Ref. 7, Appecdix IV), sppears to have made its first
appearance in 1334, It will be shown below thet {t wae not quoted in
several USAF specifications issued subseguent to that vear. It is the
only formal chasbe- dezign specification which can be located, and re-
quires that the chamber be capable =f producing the ‘cycles spelled out
in MIL-E=5272. No specifi- mention is made of tihe chamber complying
with the humidity requirements of MIL~E=327.. but that is implied.

To proviie tie varicus detailed vejuirements -t MIL-E-5272,
this specification 2h-uid be more detaiied than the form ic which it
currently appearsa.

MIL-E-5272

Many specificetionas bear the iastru-ticne thel its latest
editicn zupersedes all of 1ts earliser cmesa, slthouah they remair in
effect t« c:ver procurement of previcualy designed itemz or materiel.

MIL-B=5272, Envircamental Teating ~f Aercvnavtical and Asscciated
Equipment, primarily an Air Force Specifi:-stisn, tas gone thrcugh three
revisione (Refererces g, h, 1. Appendices V. VI, VII), in each of which
there have been chsauges in the Sand and Dust procedurés.



The chemical compositicn of this sand and dust and its particulate
size distribution has remained consistent. Although a scurce {sn't listed,
it is well known and readily availasble.

What has varied; through the revisions, have bsen the densities,
velocities, and duration of expcsure, which will be discussed in detail
furthtsr on in this report. Relstive humidity requirements have remained
constant throughout.

Although the '"B” revision of MIL-E-5I7/2 wae issusd in 1957, after
MIL-C-9436, no specific test chamber design is mentioned. The "C" revision,
dated 1959 does referencs ths chamber specification, but requires that the
chamber bs vented to ths atmosphere. Without going into & technical dis-
cussion at chis point; it is sufficient to say that & chasber vented to the
atmosphere cannot maintain & conetanc relsative humidity, without a very
elatorate snd expensive gensrating mathod snd control system. Thus, siuce
1959 it has bsen technically impracctical to ¢comply >xactly with sand and
dust tests in the MIL-E-527% series.

Since thers is evidance that neither the "B" mnor '"C" revisions
were approved by the Deparimeat of the Army, there may be & question as
to which specification tas besn veiid all thlees years for DOD use. In
as much s¢ MIL-E-2272 has been cne of the prime standsrds used for Ordnance
Sand and Dust testing, and the wcsl frequently refersncsd of all eavirom-
mental testicg do-uments, thers may be & guestion ae to whether a design
enginesr wh: cucted a Sand snd Dust teel from the "latest revision" of
MIL-B-5.72 wae wise in doing #o.

2¢ Ay Porce nas apparent.y absndoned the MIL-E-5272 series*,
but siace there {s noc epecifi: nolice to that effect, the unsuspecting
designer ¢r pro-uiement perdonnel may still guote {t. Vieir new epeci-
fication, W L-5.0=810, Meth-d 510, Sand and Dust, coutinues to modify
the basis test recuirements of the MIL-E-S177 series, eliminates the
cthamber ventilsticn and iists & scurce for the standard dust.

*Note: WMIL-E-527: has been superseled by Mil-STL-81i0 (USAF', Military
Stendards for Aercspace and (rouad Equipwent, Ref j, Appendix VITI.
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MI1-E-4970
The sand and dust test in MIL-E-4970 (USAF) Environmental Testing
of Ground Support Equipment fRef k) iz still extant, and i{s the same as MIL-
B-5272.

Federal Test Method Standard No. 141

M=th:d 6161 < this standard, Abrasioca Resistance (FPalling Sand)
(ke 13, an entirely differeat type of test, designed only to measure
the amount of abrasion caused by sand falling upon a painted surface from
& known height, Its sand is spacified, and a e2curce for the eand is given.
The eguipment u2ed is spelled cut in detsil, snd may be comnstrued easily
and inexpensively bv any laborstory.

MIL-E-5400F (ASG)

This specification: Blectronic Equipment, Alrcraft, General
Specificaticn for, (Ref m), has a simple ttree-line paragraph appropos
to this topic:

2,2,21,7 Sand & Dust - The equipmen* shall withstard, in
both an operating and rone-sperating condition, exprsure rc sard and dust
particles as encountered in desert areas,

Withia =avir:ozmental testing cir.ies a pgreat deal of discussion
has gome intc the intzrpretaticn of this scatement, and many rzsearch pro-
grems have sc far =t provided an exact answ:ir i+ to what we ave to simulate,
how tec do 1t, and %cw the resuits shcould te inzerpreted after the testing
has be=n csmpletad,

Tter= are twe addizicnal "Proprasd" =‘sﬁda.c° w.rth mentioning
at this point: (a) Military Standard, Sand Dist test for usde in the
Devalopment cf Puzes (Ref n} {NOTE -~ not SA«” #nd Dusc, but Sand Dust),
and (b) Miiitary Sts~dard, Sand & Duvat Tear f : To8e In the davelcpment
of Miii®ary L~iipment (Ref «y. Nelther rea-ted <ze approved stage; both
worked witl rhe ‘standard" MIL-E-5272 baai:c € julpment and methods, with
mincr varisticns., This current investigative prigram was promilgated as
a result of a tri-servize disagreement during the sttempt:d ccordination
of the last menzicned Propozed MIL-STD (b).



It is believed by many peopie with expertise in the envircnmental
testing fieid that there '"proposed" pr-cedures never became standards, and
that sand ard dust testing became unpcpuler as a whole, tecause cf the
apparent lavk of ~orrelatica between suspe-ted ard cbserved ratural phenoe=
mena ard the propessd simulared teste in a iibcratery chambar. Many people
in official circlias have rak=n nite ~f thiz; and several projests have
been started g2 2 vesult ==~ including thisr ¢ne.

To those whoe are vitalily . nlerned with the preparation of
sproificaticns, and ofcer £2-ed1 with the necessity <f defending each
test step they make, a possible respite now appears. AMC Regulation 700-15
(Ref p) states:

"y = b, Ess:z--izl factors tc be crrsidered in relisbilicy
assuran~e ars: (&Y T - afrfa- tiveness of spezificaticn criteria in
simulating thke real -wvi_cacct poatulated in the military specification.
{When real enviromment -ann:t t: simulated, guaacitative cocrrelation
will be fejquirsd.)

5« f, To the extentprazticable, tests of increased severity
(beyond those envircuments rnoraally expected in use), and tests to des-
traction should be performed to establish knowledge of the limitations
of the system, the margin of safety izhevent in the design ¢f the system,
and faflcze modes."

Diszcussior, Corclusgi.we

Farznof.ore, t sever; the Envir-nmenal Englacer and his test
pereonne’ hsve been :zxp:oted to determinm: the lcogevity ¢f a test specimen

vader this conglomerati o of variables by test ov te3ts &2 which he {8
bouad by £irmily fived parametcrs ~ee cztgblizhed by c“hera. More cften
than Tt he {2 the vtarge: f the general c-itirtems that either '"he has
nct complisd with the specificarion, ~r that the test ejuipment is faulty
or out of ~aiihration, Pew perple have ever admitted that a t2s8t gpeci-
ficati » 1 rr=1r wn ‘reati:n 18 faulty., or f3i.3 t> praduce the desired
results,

Since a test haa teza prepared with tre ac eptacce ¢f an end
item as its goal, aly ilimited time. money, s-< engin=sring talent has
been made avaiisble tur research, study, snd evaluati-n <f the correlative
factors between the nactural eavir zment. sod {ts [storat-ry "equivalent'.
We are a leng way from beisg atle no zay thaet "X" hrurs in & chamber equals
"y'" montha or years undsr a glven fieid axp :sre condition,



No simple, or single test, will be the answer, but persistent
effort can produce meaningful tests, if, as these tests are prepared, one
conti ies tc keep asking: 'Just what is this test expected tc do?"

Now for a mcment, let us ousider rhe ratural environment with
which we are dealing.

THE NATURAL ENVIRONMENT

There car e a0 argume:. with the statement that any natural
exvircament acicectsd for coriiaeratisn will prove to ba, in itself, a
varieble, Mivor svd major differarces £:r each ciimstic plenomenon can
be determined by mescucemente mads st different locstions oa the surface
of the sarth; scmetimes even 13 L:cetions conalidered cloae tcgether.
Climatic envircamentsl pler mecon are nit completely independent, but
kave iateractions which srs themeelvesd variables,

The Depsrtmeat cf tte Army hae rezognized the aeed for realistic
sand end dust field date, snd cver the pazt decade g series of studies
have been mads by vario:us miiitary agarcies axd civilian research or-
genization: under toelr ~ogmizemce. Referezcz:s {¢) througt {z), (ar-
ranged <hrevclsglealiy) are typical reprazentatives of the reports re-
guliting 7o suck efforta. These rep -te ir:lude Weatter Sursau data,
observatl va ly gualified experts, 2talistical axslyels -7 s-me of the
da*s ¢ollected, ard some suggesidine a¢ cto *he frm a:d dire-tin ia
whict tne irvestigaticon of #and and dust ta:sting shouvid gr.

As may b= experted, the inconsistencies in nsture ace rzflected inm
these reporte, snd there ave arcas whish have nce beer wpplsately studied.
Purthermore, ro spa-ific standard v specifization ba3 rizuited froam these
reparts.,

It waa the intest 2% this curra . project,. a3 2tat:d in 1ta cb jective,
to pull csgether exiating data, cciiect additi wal data ¢: bridge the gaps,
and to prepare rot a2 single catoreail spe ifi-a®icin, but zeveral closely
related envirsnmental procedurss intended *. bte representative of the de-
sired gral., Pr:om thez2 it was hopad thar the varizd factcrs of desert
degradaticn coculd ba extrapczlared in ferm: f th= atilicy and 1ife ex-
pectancy ~f military grouad material st red ‘r wsed in a Cdesert area.

10



THE INVESTICATIVE FROGRAM

To this end, conferences were heid between representatives of cognizant
testing and user agencies during 1553-60 a3 t~ the gcals of this project, and
the manner in which it was t- be pursuzd. Additiczal technical meetings were
held between the three afure-~menticn:d parcicipante (F.A., WSMR and SwRI) as
tc the procedural merhod of implementing same, Reports sf the technical
details of these meztings hgvs: teen prepared during the past few years. A
ccmplete resume of the wivk, and thize rey.rte, wiil be given here.

Ob jectives

There were tw: prime phazes :f irnvestigatioral werk tc be conducted
by the projeczt's thres participems.

Field investigati- -,

This shes: ~{ the prcject wis undertaken by WSMR, using desert
sites in their cwn range, st fuma Test Staticn, Arizona (Y73) and at Dugway
Proving Ground, Utah.

Four ex;.surs racws were tullt from s criglinal dealgn, so
conatruzted a3 t. te gself-~.rizntating wirch the winl. These devices held
specimens < f expozure gsamplis t. varicus degr-:=: of saxposure to the wind
(right angie, 30" 2:d 45°) at 4" intervals ir m grcund lzavel ¢o 8.7 feet
above the griound., Bags p-3iziired at fa:h 4" level also cclliected specimens
cf sand and d:iett . wing at th- a2 levels,

Ire ¢;=-imers zigirelly plan.ed fir expreure &t each location
ornzisred of:

*  iass
Steel {17c0)
teel {(1020), not primed, but eramel painted
Sreel (1020), primed and enamel painted
Steei (2020), nickel pliared
Steel (i020), siivar plated
Steal (10:0), chr vme plated
brases
* Aluminum All-y #3003
Aluminum Ali:y #2003, Aa.dized
Alumirum Al. y #3293, Ar~ndized and Enamel Painted

v
.

12, * 3Sueini:sge Sueel, Type 0L

V- BN R I N S
L]

et
=
L] L]
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Samples prior to, and after expcsure, were to be examined by
a "metalograph'vat WSMR. Samples, plus bags of collected blowing sand from
outlying stations were to be shipped to WSMR for analysis. An elaborate
schedule was set up tc detarmine wher & rew lot was to be exprsed, this
schedule varying beth with time and wich wind etcrm activity.

The materials expc2ed at each positicn were lacer reduced
from twelve tc three, a2 indicgted by the asstarizks (*).

Tha ebjective ¢f thie phase »f tne jTogram was to determine:
(a) Worzal Jscert zarirommantal comporants

(t) Particulate size dlatributicn 57 !iowing sand and
dust in the desert, for changes in elevaticsz,

fc) wme=surenent of demage done to thesa repiicat= 3amples,
at each c¢f the three cde-:c- locn:iici- 324 at earn elevatisa,

Laboratory Investigationz

This phaze ¢f the regrem was to Zatermin: the affect of
blowing 2and and dust cver rezliizate zpecimens handled uwoder strictly con-
trolled iatoratsry conditisnz, 7o <o tils the fcli-wing factorza had to be
considared:

(&) 7Thz type of ¢rmmercial gand, exd {te parti-ulate
distribtuticn, avallabtle f.r lab:rat:.ry testing.

(b Craghar varisblcz snd Their effec:x

(1) Denzit
(2 Temperazure

(3) Velscicy

¢) Sultabls samjies avaiiablie in repiicate for exposures,
)] i
ard

(d) Methcdes of evalcating thase eamp ez after expraure to
give meaningful or useful correliaticn infrrmatica,

Frankford Ar2eral a-i S ulhweat Research Institute beth participated
in this phase of the work.

#Note: A device for cbserving/photographing the microstructure of a small
specimen’'s surface.
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Correlaticsn Studies

speciticacions
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combination of several of these factors. It was hoped to find this sudden
change in slope, cor 'break'" in the curve, and make use of it as & criteria
for further investigatiom.

Three distinct laboracory investigations were to be conducted,
each with & differant set of varisbles:

(1) Velccity and concextration constanc; particie size
varied and plotted agairat ervaica. {This regulired daily chamber cleaning
and varying -f the type of gand).

(2) Velo:lty and particle zize constant; concentration
varied and plstted agairst erceicn, (This required daily varying cf sand
ceacentration in chamber).

(3) Concentrativa and particle eize constant; velocity
varied and piutted against ercsica, (This regquired daily varying of velocity).

Tae exposure pericd for any given set of fixed conditions was
four (4) hours. Weight loss, to four decimal plecea, was to te used as a
measure of erciior, and was to bz plutted againet time; a separate plot for
each gpeciman for e=2~h day's axpesure, The plot of each, crazaining five
pointe, followed &ny tne of asversl ~onfiguraticas. If there was a break
in this curvs, 1ts vaiue would be uzed, If there was no breax, then the
terminal wsight 1-oa2 waz to be used o reprezeat the conditions of that exe-
perure. Tole single poinc was to be uveed ts davelop the curve representing
the variabls of tila partlizuler {azvestigatica,

After tt: specimen fur the day's expusure hLad been selected,
their prot:on Scuiritgs wers remeved from cne 2ide, Ve ing extreme care,
Coe came erowocn saiptaed, anl then lazertad {1 thelr recractive holders.
(ces fig. Zcp ",, ATSer (tame=r conditiure tad besn stabllizeld, the bolders
and speciman e<re plzi=d L2 tha chsmber,

At the snd ~f -ae b ur ef expoaurs the noldars wore removed,
and blown dcy bty meacs _f a stresm .0 _lean dry compressed air. Each specimen
was then {mmersed in & -citat is o .zeaweévt oo f1 2% away ery remaining dust

* Pressura-sengitive cocerirg was ret esluble in the clzamer [aicchol), which
was verifisd in saivarn-e.
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particles, air dried and weighed. This process was repeated each hour for the
four hour period. It was desirable that the 4 hour exposure be completed in
one worke-day.

After completing *he & hour exposurz each epecimen was tc be
scribed cr ergraved alorg cra of the T&" edz2s *o identify:

Expcaurz (onditicns
Arglz of ‘n-xinn-gun
Type of Spacimen

Sizce each expezure reguired cne work~day, tche tcotal number of
expcaures which had ¢t2 be msce wae tne product cof: (1) the number of
velccities, (2) thes zumber of particile aizes, (3) the number cf concentra-
tione, and in the csze of F.A., (4) thes number <f temperatures.

The curves resulsing fr:im the first three investigations were
to be analyzed ¢ detarmire bSreaks tr cther izdicaticns ¢f extreme ercsion
conditicne, exd tols data used in the prejaration of the new specification.

Tresmuch 63 we wers workizg wi*h ma*erlals, and under conditions
which were oot normally foll-wed L2 r-uzire §&D t=stz:, we had to c-maider each
action s&pira:el?, with a wiew t. now 2uch a procedure wou'ld appear in the

future;, 1f ir syecificati o © vm, =hev weras to te carried cut by the regular
labcratory ra*hn¢ iar. I% 13 o asiderad adventagests here t> discuss each of
thess variabl«s in dersll,

Avalish l 1¢y of Oommer:lal §a>d for LabrraZ -y S&D Testing

€ A —————

Fa~=i-1s S§ize:

With a réw nagiigibtle exceptionsg, s8=d ia particle

sizes rasging from 17 t. 873 (mf~r.nzy caa be fouad in mary places in
nature, Scos of this asxd &l duet 13 carvied aicft by winds under certain
conditiope, ~r valszad Lo 1@ »7 wuds by vanicles moving acro3s the desert,

Jhe macerial fsilli:a fl.ur) presentiy called for in
MIL~E~ 77 and MIL~S3TD~6.0 tez & limited =~:urce, and powdsred Ottawa Kiver

sand dust {+ geterailiy ws<l, Becauvzye i itg g-urce, and the conziatency cof its
particle deasity, sha*p elg-s. =iz, thereis & btas 2o it correlation with
the fine parti:"as t.. .. {- +he Zeserr whose characteristice are lese uniform.



It was originally thought that to permit repetitive
testing, particle sizes which could be separated by standard laboratory type
sieves were to be utilized. A fine grade cf quartz sand, preferably from the
same sourcs locatica, was acught by toth SwRI and FA. FA was to werk with
particles in the sieve rarges of #7C, €0, 50 and 45, comparing to 210, 250,
297, and 350 micrens, respectively. SWRI was to uee the same eize particles
as well as larger sizes, above gieve eize 45, ¢p to the iimit that their

L]

equipmsnt would keep such particle 2izes in suspeasion under test conditions

(up to 802/11 ).

Exhaustive investigation and correspondence between
this Arsenal and suppliers of sand elicited the informatica that the size
ranges of sand that we reguired are nct commercially avallable or are emooth
particle sand rather than sherp edged. Ths most satiafsctery sand that we
could purchase (Pemnsylvania Glaes Sead Corp. #21) wes obtained in sufficient
quantity 2o that by sisving we weuld thesretically ctzain a sufficienz quantity
of all particulate sizee *hat were requized.

Ecwevar, laboratiry equipmen: available cr readily
obtainable proved to te unsuitable for sesparation ¢f any but ext emely small
quantitics, inadaquate for even preliminary studies of {re elrculation
within the ~hamber,

ir aeparation <f the canl {8 poselidbls with expensive
commercial aguipmen” such a3 that ured by the manufacturerz «f sand paper.
Contaczts wizh perscaonel inm this irdustry indl:eted thay covl? separate our
#22 sand, but they refused to do an sinse thay did oot want to syend the time
nezes3sry to clesn their eguipment pricr to couvertiag from thzir material to
ourz, anl then back agsin.

Considarat iz time waz conzumsi {n =kle problem, un-
anticipated at the astart of the j;roject. Two additlonsl lote of zaad were
finally secursd, the thre2 1-ts overlapping in particle slz= bet not in dle-
tribution. While re? entirely satizfactory, 1t {s the best “hat can be obe-
tained commercieily., SwRI encournlers? the same pro.liem, &od mele & similar

compromise.

It is to be nited tha* the oozt of transporting
the sand to th= laboratcory may excead the material coat, despite purchasing
sand Mlccally"”. Lots from cne ghipment mey vot contain the eract same dis-
tribution of particulate zi:22, and «rders from the zame vead.: may come
from different quarries, a~d .= Pav. diffareat dlecributicms, Thus from
the point of view of good L&t "1a” ¢y ccatro L ¢ f experiments, wa started under
a bazi: materials handi-ap.



The quantity cf sand needed tc conduct
a sand and dust test will vary, depending on whether the test is
conducted in a single-pass or re-circulating type of chasber.
This will be discuesed in detail later,

Chaxt «r Variables and Thelr Effects

Deneity:

origirally toth FA end SwRI were tc use
conceatraticaz of eand in fuur densities: 0.01, 0.05, 0.1 and 0.2
grams/cubic foot.

The Sand and Dust Chaember which we are using
fer this research was dizigmed to perfeorm routine sand and dust tests
utilizing the dust ep2llsd cut ia Jpecification MIL-E=5272, and 1is a
cloged system, An electron!: smoke indicator attached to the chamber
waz csiibrated to indi:ate the prop-c denzity of thie dust within the
chamber., Thiz smcke i2dicat:r will not measur2 the density of cur
research tyre sand, probably becauge there ar: less particles in
sugpansics due to tha {ncreased velume ~of each particle,

A s2ronl mezhed of measuring density, the
remcval of & kuown veliume of sand-~bcaring eir by a vacuum pump through
a filter, axd the: waighing the sampi: rem-ved, also proved unsuccessful,
it s&p;csTed that a 3mall sucticn 1ine {asertad into the chamber, 1if
faced towards the blowiag sand, bte-ame cl:ogged, If the suction line
faced downatraam - a r #? stream, it would nst sufficiently divert the
moving parti~ies fr.m their originel dira-tion of movemernt,

Kitgwirg the volums <f ¢he entirs Jend and
D:at Chamber clossd sw:tem, and az#uming that the velocity is
sufficient t> keep all of %ne san? iu sugpension, i¢ was theught that
it might be porssalbls ¢~ introduce ths proper weight of gand to produce
the densgity desir:d, Vewever, chie alss hss provaan to be aa unreliable
methed for tws reassoe:  first, the hidden parts »f the chamber,
cooiing coll surfeces, ledges, jolr:, eto., are capable of entrapping
i perticn of the circulsating serd, thus contirually reducing the density
tf the material in circulaticn, Sec.aily, ifnacce2sitility to much of
the system preveats thor-ugh cleaning, and operating perzconnel can never
be acsured that e:“rapj-1 material from a previius ruz will not ree-enter
the system again and upeet the nze density,



SWRI also encountered this problem, and solved it by
converting their chamber to a one-pase system. It is imperative that we do
the same before continuing this project, for two reasons; (1) Recirculating
sand particles shatter upon ccntact with projecting edges of the chamber, and
the input particle size distribution becomes changed mere mcments after the
chamber circulation is started. (2) The recirculating sand abrades the system's
circulating fan, picking up metal particles from the faan blades which also
strike the exposure specimen.

Our fan uitimately became unbalan:ed from erosiomn
and had to be replaced. A one pass system can be so designed that sand will
not pass through the fan asserbly.

Ve.lccity:

To cover the wide renge of velocities originally envisaged
in the early stages of this project, F.A. was assigned the slower velocities of
1300 + 200, 2230 + 20C, 3000 + 300 fpa plus cne other point between 1000 - 3000
fpm b.liovcd conliotent with the design characteristics of our chamber. Any
change in velocity required changing a set of puliies, a time consuming and
dirty job. The velo:zities which resulted were = :t th:se empirically desired
due to the specific limiting -haracteristics ~f the fan used in ocur chamber.
Before the fan blade disintegraticn, it was determined that in the attempt
to attain a 3000 fpm velocity we had exceeded the design characteristics of
‘the fan, that vel:city was actuaily being retarded. and tcp velocities were
not reached.

SwRI haviag a difierent type cf fan utilized velcocities
intended to cveriap thuse o>f F.A., from just telow 3000 fpm up to a maximum of
5000 fpm.

Expcaure Saaples

All participants prepared their own exposure sampies.
WSMR used specimens approximately 1" X 3" X 1/1¢" since their surfaces were
to be microscopizally examined. SwRI and FA used approximately 1" X 13" X
1/16" specimens and weighed their specimens for weight lcsa. WSMR used
twelve specimen (previousiy listed on peage il); and from their list we used
four.

Glass (one-haif of a standard wmicrcscope slide)
Aluminum, Alloy 3003 (Surface Hardness Rockwell €142)
Brass, Harduness Reckwell B 40 or P 7%

Mild Steel, Type 302 (18-8), Hardness Rcckweli B 80

Prankford Arsenal als: exposed three types +f plastic specimens.
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All metal samples were purchased to have a #7 industrial
finish on both sides, and it was specified that they were to be received
with an easily removed pressure-sensitive paper protecting each side. Edges
were to be fres of burrs. Hcowever, workmanship of metal suppliers varies.

A ccaparison study of the samples cbtaired by the three contributors showed
ours to have an unsatisfactcry surface finish. lsa, our specimens had
burrs and sharp edges which could ccaceivably chip off under sand impact,
and iwproperly affect the specirzen weight. Attempts made to improve our
specimens still fell sh:ort of desired conditions.

Specimen Holders

Three (35) spelimen holders were constructed to hold one
of each type cf test specimen by a 1/1€ - 3/32 inch grip on opposing edges
of the 1} inch side. The holders were s: mcunteéd that upen being placed in
the test chamber one was ncrmal to the air stream, and one each at 30° and

459 to the air stream. A sketch showing the design of these holders {is
shown below:

1 Air SHream l

Free A.r F%s:gjts

Figure 2
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These holders have not been completely satisfactory,
and may have been partially responsible for the erratic results obtained.
Sand and dust particles which could not be removed by an air blast were
able to penetrate between the holder and the specimen at points 'X". These
were capable of scratching the specimen surface upon removal.

Results

Pield Investlggtionn

All of the field data collected during 1961 and 1962 has not
yet been analyzed and forwarded ts this Arsenal, pcssibly due to the afore-
mentioned change {n WSMR mission responsibility and personnel. GCraphed
data is available, however, showing the grains impact/sq mm vs. cumulative
exposure time on the exposed plates. A partial analiysis of the sand col-
lected at various levels is also availiable. Although this is incomplete,
there is sufficient information available to show that particles as large
as 840 o~ are aloft up to 8.7 feet above the ground in high winds, al-
though the largest particles collected that exceeded 1% by weight was in
the 385 - 420«  range.

Wind veiccity data was alsc only partially &nalyzed. How-
ever, results thus far analyzed showed & peak veliccity of 7. mph measured
during May 1961. During May, 1961, the foilowing maximua wind velocities
and duratisn of continuous wind activity were recorded.

Duration ’Ers) Max Vel (MPE)
82 k& 50
i1 % F5
15 43
43 ¥ 72
20 4

The duraticn of the maxima are not known, but are iaterpreted to only be
shert duration gusts.,

Laboratory investigations

Frankford Arsensl:

No meaningful date could be derived from the limited
data obtained at this Arsenal during the eleven (1.) runs wade prior to
equipment failure. As discussed, this may be due to improper preparation
of the metal samples, uncertain density of sand in the chamber, and its
rapid reduction in particle size with successive passes through the re-
circulating chsmber.
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Southwest Research Institute (SwRI):

This Arsenal has received a preliminary rough draft copy
of SWRI's laboratcry forthcoming report. This document gces into some de-
tail in reporting weight loss in exposed samples, with scme secondary ob-
servaticns as to changes in surface rcughness, discolsration, surface re-
flection, and shape. [n ail, they made forty (40) runs to complete two sets
of data, which data includes measurements and calculations of impacts at
varicus velccities and for varicus particle sizes. Some of their samples
did indicate coasistent weight 1css with time of exposure; others were so
erratic that reliable weight lcss statistics could not be determined.

The SWKI report pointed cut the different trends which
could te indicated, deperding cn whith factor was used as a basis for
analysis; i.e., expcaure angle, tsand concentration, velocity, particle size,
type of specimen material exposed, variation in surface rcughness, etc.,
and the 149 zombinati:»s of groups which were alas posaible in presenting
all of thig data statistically.
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CONCLUSIONS AND RECOMMENDAT1ONS

Specifications

Dust (Fine Sand)

There 1= ncw avaiiable sufficient data to> show that
macimm air spzeds in the desert csam reach 72 mpt (€33€ fpm)«during
gust condicims. [t therefcre would appear to be ressonabls to re-
commend that the velocity of th air in the sand and dust exposure test
be increased to at least €000 fpm. This recommendation will be made
to the Ad-Eoc Cemmittez cn reviefion <¢f eand and dust test specifications.

Ingcificient new data exists to warrant modification of
the concentraci:n of the "duat'" ua2ed in these testz, aad therefore no
reccmmendation is aade fcor varying it. Ultimately this "dust (fine
sand) " specificatisn should be criencated t:wards a particular type
of damage/cegradatisr: {.c., peretraticn, obs:uring iight passage,
plugging a fiiter, eleztrcstatiz c:cnducticn, et:., and if necessary,
specific sub-se ti:ns shuuld be inserted t» take care of each of these
conditions.

if tre camber specifization (Referen:e a) i= still to
remsin extaxt, ir sheuid be revised to 1~ :luie a prsitive statement
cou~eruing humidity ciatrol.

it is further re: - mmended tist tre pr per authorities
be alerted t- caacel cutdated -1 n:n-used spe.iti.atisns reiated to
Sand & Dust, aad t: review, revise, and up~gracde thi.se that are :till
in vee t: refersu-ce the lavzsr appr.ved test methads

Aithrsgh n. orretati a studier tije &3 yet tecn made be=-
tween the field aud tn: laboraiocry éxpr-egures, there Is suffi_lent evidence
to justify the re:muendatisn that an entire.y asw "Sana" exposure specifi-
catisn/standard be prepared. Such a decumsnt mus¢ take {nt> ~-asideration,
awsng other fastors. the af-rementisred priblems encounter=d by this in-
vestigati-u:

fa’ f{hat che sanc speriti=d muzt have a range of
particulsce size distribution that is acaningiul, testwise. and still be
readily available in ail part: ¢ the country. Present research results
wouid seem to support setectiom of parti.ulate sizes ranging from 150
microns tn 85C miirors.

Mcte: Trow Reswarch Propceal #3 o Correletion Between Nat-ral Send and Dust
Pherowsrsn and Thawver Siwmuletion. Avwy Niesile Tase Cenver, WSHR, Sept. 1960

— e —— A — e
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(b) That a new type of chamber (nen-recirculating) must
be spelled out in this gpecification, relatively economical to build or pur-
chase, eince current Sand and Dust chambers cof the re-circulating type will
not suffice.

(¢) 1That the devrsity, air velocity, aand duration of
expcaure specified produces degradati:r which is realistic when compared to
extended fileld expcsures, szd falls within the purview ¢f Reference p.

Nc details ¢!t such a propcsed specification can be given at
this state of the investigation.

Program Continuation

It 18 recommended ttat this program te ccntinued in order to
pursue the inveztigati-ns started, and vy z2ylle:t sdditi7nal and more
meaningful data. 7Tw.e ultimare gral t this project will remain the
issuance :f a relsistic "Sard" test spe.ification.

Participants currentiy funded to continue this work are this
Arsenal, WSMK, and Aberdeen Proving ¢rounds (APG). It is anticipated
that SwRI, why did the bulk of the repirted lat:rat:ry phase of this project
to date, will be re~contrazred to continue their participation.

This propcsed program will (7nsist, fundamentelly, of each parti-
cipant expcsing replicate sampies ¢f specimens in the same manner, each in his
own equipment. 1t 1s &nti-ipeted that tne variables to be investigated will
be reduzed to sand densities and ve.r:zities. The sand particulate size dis-
tribution is to be spe.ified and thus becsme a constant. If time permits,
temperature will te introduced as ansther varisble at the end cf the program.

( opavri1s>ns (. degradation dune by the vari:.us contributors will
help evslve a degradsti n stendard. (ovrrelati»n btetween this and field
damage will als. have to be e3tablished.
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APPENDIX 1

MIL-D-13570(0rd)
9 August 1954
SUFERSEDING
ARMY 60-901-1
3 March 1944

MILITARY SPECIFICATION

DUST, TESTING BY EXPOSURE TO

1 SCOFE

1.1 This specification covers certain test procedures, pertaining to the
testing of the resistance of, conronents and their materials to the injurious and
otherwise deleterious and undesirable effects caused by exposure to spscific
test dust, under prescribec condi.ions,

2. APPFLICABLE DCCUMENTS
2.1 The following specifications, of the issue in sffect on date of anplica-
ticn of this specification, shall form a part of this specification.

SPECIFICATIONS
Military .
MIL-V-3329 - Vehicles, Combat, Self-Propelled and Towed; General
Requirements For,
MIL-V=3798 ~ Vehicles, General Purpose and Special Equipment, Self

ropelled and Towed, General Requirements For.

(Copies of spe~ifications required by the contractor in connection with
specific procurement functions should be obtained from the procuring agency or ae
directed by the contracting officer.)

3, REQUIREM=ZNTS

3.1 Materials. - Materials used in tests shall conform to analysis es
specified in paragraphs 4.5.1.2 and 4.5.1.3.

3.2 Tests. - Tests shall be accomplished to determine the effect of exposure
to dust on the components and materials being tested., Tests shali be accomplished
wholly or in part by the use of sultable equirment (see 4.6).

3.2.1 Test result determination. - The result as to the axtent of injurious
and undesirable effects caused by exposure to specified test dust conditions, with
relation to the operation and function of the component, shall be devermined in
accordance with tha detail specification aprlicable to the component or material
under test.

3.3 Workmanship., - Tests herein spacified shall be made by, or under the
direction of, a person or persons well qualified by experience and lmowledge to
conduct tests in conformance with this and pertaining specifications.
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MI1~-D- (Ord) (

4e QUALITY ASSUHANCE PROVISIONS

L.l Inspection. - Government inspection and tests shall be conducted in
accordance with this and the detail specification of the component or material
under test and in accordance with the aprlicable requiremcnts of Specifications
MIL-V=3329 and MIL-V-3798,

4.2 Place of inspection. - Unless otherwise specified, the inspect.on and
tests of components and ma.erials ~»s prescribed herein siall be made at a place
designated by the contracting officer.

4.3 Lot size. - A lot shall consist of all components of a type or a kind
submitted for inspection at the same time by one manufacturer, or as specified in
the detail specification for the component. Specimen for test shall be selected
by the inspector from the lot represented. The lot and test specimens selected
shall be in conformance with the requirements of the detail srecification for the
compone.it.

L.4 Visual and papginy inspection.

4.4.1 Visual inspection. - Each specimen shall be given a complete visual
inspection before testing, to ascertiin that appearance and manu”acturing processes
have been satislactor.ily completed.

L.L.1.2 G.ing inspection. - Each specimen shall be gaged and checked for
hardness, weight, dirensions, and chemical and physical characteristics. When
necessary duc to conlormance to recuirements of detail specifications, an inspection
of each part -~ component shill be miade prior to the test. Individual parts or {
component shai ‘e mile prior to the test. Individual parts or components shall
be ihspected pricor to asserbly. Complete specimen shall be disassembled and in-
spected. The results of the inspection of parts in new condition shall be recorded
for the puryose of cosparison to determine if there has bren any change in dimensions,
physical, or chrurmical characteristics, due to wear or abrasion, or chemical action
of the tests,

L.5 Test aust. - Unless otherwise specified, dust used in the tests shu.ll have
the fcllow:ny clhinrazteristics:

L.5.1 “zreen:ng reguirerents, - There shall be no residual matter evident
after screenin, test dust through a 2C0 mesh screen.

L.5.1.2 Farticle size anilysis, - Particle size analysis of the test dust
shall be as follows:

Size in microns: Percent of total weight:
O I B T 39 ¢ 2
5 Lo 10 ==mmm e e 12 + 3
10 L0 20 m=mmmm e e e 16 ¢+ 3
20 00 40 = - rmmr e s e le hd 3
LO to £0 —=-mmmmmmmee -—== G &3

4.5.1.3 Crermical analysis, - Chemical analysis of the test dust shall be as
follows:
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Substance Percent of total weight
5102 67 to 69
Fe203 JteS
A1203 15 to 17
C=0 2to 4
NM:0 0.5 to 1.5
Total Alkalis as
(!5?‘.20) 3to5
Ignition losses 2to3

L.6 Test ~nparatus and cc.aditions, - Unless otherwise specified, and when
not in conflic:. with detail specification, test apparatus and conditions shall
be as specificd in 4.6.1 throurh 4.9 (see 6.2).

L.6.,1 T. ting chanber, = Testing chamber shall be of adequate size to accomodate
the specimen to b2 tested and permit mounting as specified in 4,10,

4.6,2 Dv t cuantity. - Ten pounds of dust shall be placed in the testing
chamber f{or e.ch 27 cubic feet thereof,

4.6.,2,1 D' -nsity of dust. - Dust shall be completely and uniformly diffused
throughout thc cube of the chamber when agitated as specified in 4.6.2.2,

4L,6.,2,2 st agitation. - Air tlast shall be in a downward direction into
the dust in a r-nner that will diffuse the test dust as specified (see 4.6.1.1),
The dust agitation cycle shall be 2 seconds of air blast at 15 minute intervals,
Test shall be conducted for a minimum of & hours,

4,7 Air ‘-mperature. - Repardless of ambient iir conditions, temperature in
the testing ch ..ber shall be uniform throughout and not less thar 70°F. nor more
than 100°F.

L.8 Air rressure. - The absolute air pressure in the testihg chamber shall
not exceed tho sbsolutce pressure of the ambient air by more than one percent,
unless otherwicc specified,

4.9 Moi:'ure. - The relative humidity shall not exceed 30 percent at any time
during the tesc.

4,10 Mothod of mounting, - The spr~cimen to be tested shall be mounted in the
same manner as approved for the actual installation and application or as specified
in the detail spacification,

4,11 Oy ration of electrical units. = Unless otherwise specified in the detail
specification, cach electrical terminal or connection normally attached to an
electrically encrgized part, that in the actual installation and applicaticn, will
be operated elcctrically, under electrical 1oad or in an electric circuit or circuits
shall be included in the test,

4.12 Adjustment and inspection. - Adjustment and inspectinr of the specimen
during the test shall be made as reouired in the detail specifica.ion.

4.13 Op-ration durine test., - Unless otherwise specified ir. “he detail
specification, specimens that will be electrically, pneumatierl.y, hydraulically,
or mechanically operated in their actual installatlions and applications shall be
operat=d during tests in the sam2 manner as in their actual installation and
application.
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L.,14 Operation after test - VWhen additional tests are necessary due to con-
fornance to recuirements of the cdetail specification, the specimen shall be care-
fully removed from dust chamber, s» as not to disturb any accwaulation of dust on
the specimen. Tests shall then be conducted as specified in detail spzcification

L.15 Rejection. - Dimensional changes, (see paragraph 4.4,1.2) or changes in
physical or chemical characteristics exceeding the limits specified in detail
specification, or the leakage of current to ground or short circuits of elecirical
components, as a result of this test, shall be cause for rejection.

4.16 Retasts. - Retests shall be conductz=d as recuired in the detail
specification.

5. PREPARATION FOR DELIV=RY
Not applicable.

6. NOTLS
6.1 The tests and procedures covered in this specification pertain to )
automotive-type vehicles and trailers ard the components parts thereof. =

6.2 Test apparatus and conditicns (4.6) are comparable to that s;p>cified for
electrical components by S. A. E.

Patent notice: When Government drawings, specifications, or othcr data are
used for any purpose other than in connection with a definitely related Government
procurement oreration, the United States Government thereby incurs no rasponsibilitf
nor any obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other data
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other parson or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way bc related
thereto.

Custodion
Army = Ordnance Corps

GPO 0805340



APPENDIX II

SAE Stendard J575

Lighting Equipment for Motor Vehicles
Excerpt from 1962 SAE Haandbosk

This speciffcation iz a report of Lighting Division approved May 1942, and last
revised by Lighting Committes April 1960. ERditorial change, June 1961. Scope

covers? 19 varieties of headlamp units, passing lamps, special identificatiom
lights, stc.

G. DOST TEST

A sample unit with an drain hole cloeed skall be mounted in a normal
operating positiom, at least 6 inches from the wall in a box measuring 3
feet in sll directioms, contsining 10 prunds of fime powdered cement in
accordance with AST™ C 150-56 Specification for Portland Cement. At imter-
vals of 15 minutes this dust shall be agitated by compressed air or fan
blower by projecting bleste of air for a 2 second period im a downward
direction into the dust i1n such 5 way that the dust is completely and umni-
formly diffused throughout t! ¢ re cube, The dust is them allowed to
settle. This test shall be cou.i.ucd for 5 hours.

After the dusc test the exterior surface shall be cleaned; and if the
maximum candiepower is within 10T of the maxiwum as compared with the con-
dition after the unit is cleane.! inside and ¢ut, shall be considered ad-

equately dust tight. Where sealed unite are used, the dust test shall not
be required.

<8



APPENDIX TII

STANDARD SAE J7<v
AIR CLEANER IEST CODE

Excerpts fr.m

1.0 SCOPF

This teat code ip for leboratory use in determining the operating
characteristics of afr cleamers. It refiaras specifically te laboratory
testing of oil batl, cil wetted, dry &nd multistage air cieaners. Other
typee ehould frllow this recommended practice wherever applicatle. Multi-
stage types echould be evaluated as a complete assembly although, if de-
sired; a component estage can be tested separate.y in accordance with its
individezl type.

This code conteins alternare procedures and permits prescribing
certain specifi: -:-nditicas of a test. Therefore reported results of
tests are uot coaplete waless a::compeniad by statements, where applicable,
of the spe:ifi: c.rditicns suth ss: (1) rated air flow, (2) prescribed
air fiow, (3) vteaay -r variable eirfisw, (&) fine or coarse dust,

{5) amourt cf dust, and (f) marimue peraissibie restriction.

2.0 MATEFIAL AND APFARATUS

Teat adl for ofl tath types :hauii be :f tws grades: (a) light,
SAE 11, “b} weavy, SAER 0.

Test dust” &hail be stsndardized and shali be of two grades

lateled "fine" and "-revse'y. The f:ilowizg -haexri:al sneiysie 15 typlcal:
&
Chemtre s Lty Weigat
59 D2 ATt &S
OB I
A 110 s 50t I
cad N A
Mz0 G 5ty 1.5
Total Alxgile 3ty S
{gnition Lose <t )

#* Obtainable from AC Divietoa, (enerst Mot.raz {orporati.n, Flint, Michigan




The particle size distribution by weight as mecasured with a Roller

analyzer shall be as f:llows:

Siza, Microns Pias STaie Cosrse Rrade
0-5 39 + 2 12 4+ 2
5-10 18 4+ 3 L

10-23 43 14 + 3
20-40 18 + 3 23 +3
43-8¢ 9+ 3 30 +3
80-200 = eec=e- 9+3

The dust feeding machanien sncenid feed the desired grade of dust
at & g%eedy rate t- disperge & <-atipucusiy unifsrm particlie-size dis-
triburicz {a the afir srtream before reaching the air cieaner. The particle
slze sheli n:t te chaanged by the duet feeding me: heafen.

8.0 DEERMNAY,ON OF EF®LCIENCE

{by 7Te duat feed rote shisuld be zsiculated using the dust

conzentrati-; +f G.025 g per ~u ft of air [..5 g per hr per cfm).
Elither {i1-e 7 _aTse test dust may te preg:ribed.

§.0 DECERM a2 0N OF DUS™ CABALIY
9.1 Steedy Atrf.ov -
H T7-a dugt feed ra‘e shruld be ~aliuisced using the
duost ::ncent:arizn of (.005 g per o ft of air (1.5 g per hr per cfm).
Bither fire =7 .arre tes? Zust mav be praw vitved




APPENDIX IV

MIL-C-9436A (ASG)
5 MAY 1955

Superseding
MIL-C-9L36(USAF

2 February 1754

MILITARY SPECIFICATION
CHAMBER, SAND AND DUST TESTI!G
This specification has been approved by *h= Department
of the Air Force and by the Navy Bureau of Aeronauti-s.
1. SCOPE

1.1 Scope.- This specification covers sand and dust chnambers to v used tfor
environmental testing of aircraft equipment.

1,2 Classification.- The envirommental test chambers shall be one of tne follow-
ing types shown in table I, as specified (see 6.2):

TABLE I

Test ccmpartmert sizes (inches)

Type width Helght Depth
I 36 2l 18
11 L8 L8 L8

2.  APPLICABLE DOCUMENTS

2.1 The following specifications and standards, of the issue in effect on date 5f
invitation for bids, form a part of this specification to the extent specifiea herein:

SPECIFICATIONS
Military
MIL-B-5272 Environmental Testing, Aeronautical and Associated
EqQuipment, General Specification for
MIL-P-116 Preservation, Methods of
JAN-P-100 Packaging and Packing for Overseas Shipment -
General Specification
JAN-P-10L Packaging and Packing for Overseas Shipment -
Crates, Sheathed, Wood, Nailed
STANDARDS
MIL-STD-129 Marking for Shipment and Storage
MIL-STD-130 Identification Marking of U. S. Military Property

(Copies of specifications, standards, drawings, and pubiications required by con-
tractors in connection with specific procurement functions should be obtained from the
procuring activity or as directed by the contracting officer.

3
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3.  REQUIREMENTS

3.1 Materials.- The materials, component parts, and ...chanical assemblies, used
in the construction of this chamber shall be of the best commercial quality consistent
with the performance requirements of this specification, Materials which will resist
erosion and insure a satisfactory operating life will be used for the ducting and fan
blades. All protective features normally incorporated in electrical and mechanical
apparatus of this type shall conform to the standards of the National Electric Manufac-
turers Association and the best practice in industry.

3.2 Design and construction.-

3.2.1 General.- This sand and dust testing facility shall be a self-contained
unit capable of establishing, maintaining, and withstanding the environmental conditions
specified under paragraph titled "Sand and dust tests," of Specification MIL-E-5272. The
facility shall consist primarily of a dusttight chamber with a blower and necessary duct-
ing installed to produce the conditions specified. A desiccant may be used for control-
ling the relative humidity. The facility shall be well lighted and, if necessary, a
vibrator shall be installed on the dust hoppers to assure proper dust flow. The door
shall include a large glass panel with an effective means, such as a wiper, for keeping
the glass clear for visual inspection of the test specimen. Sufficient heaters to
maintain the test chamber at L60°F (71°C) shall be provided.

3.2.2 The facility shall be designed to meet the performance requirements outlined
in 3.3.

3.2.3 Figures 1 and 2 are for reference only and in no way limit or restrict the
freedom of the contractor in designing a facility to meet the requirements specified
herein. The facility shall, however, generally conform to figures 1 and 2 and provide,
by some approved means, all the features indicated thereon.

3.2.4 Chamber.- The chamber shall consist of a dusttight cabinet, with the floor
designed to permit the dust to fall into the hoppers for recirculation and capable of
supporting 100 pounds per square foot. The door shall provide full front area clearance
and shall close tightly, in order to prevent the escape of dust from the chamber. The
door shall include a glass panel and shall be of sufficient size as to expose the
complete interior of the facility, The chamber shall be adequately lighted.

3.2.5 cControls.- The facility shall be automatically time-cycle-controlled to
accomplish the exposure and shutdown reguired in:

Procedure I, under paragraph titled "Sand and dust tests," of
Cnecification MIL-E-5272

Procedure II, under paragraph titled "Sand and dust tests," of
Specification MIL-E-5272

Manual choice of either Procedure I cr II shall be possible by means of a single switch
or. the control pan:l. Ccnvenient manual setting of the cycling control to "start" shall
be possible. The thermostat control shall be located for convenient manual adjustment,
Specification MIL-E-5272 temperature requirement for 77°F (25°C) shall mean room-
temperature operation between 77°F (25°C) and 89.6°F (32°C), and the 159.8°F (71°C)
requirement shall have a *L°F (22°C) tolerance.

3.2.6 Blowers and ducting.- A blower and ducting shall be provided to circulate
the dust throughout the test chamber with the velocity and concentration as outlined in
paragraph titled "Sand and dust tests," of Specification MIL-E-5272.

3.2.6.1 Auxiliary blowers or fans shall be provided to generate velocities of
2,300 %500 ft/min through a minimum area of 1 square foot in the tast space.
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3.2.7 Terminal board.- An electrical terminal board shall be provided on the
control panel, with connections being of the "jack-plug" types and electrically con-
nected to an exposed terminal strip inside the chamber through a dustproof penetration.
The following electrical power conmections shall be provided:

L - 150 amp, jack and plug terminals
L - 75 amp, jack and plug terminals
L - 4O amp, jack and plug terminals
L - 10 amp, jack and plug terminals

Studs may be used through the chamber walls, provided they are wired to jacks located cn
a.panel mounted on the facility., Jacks and plugs shall be similar to and interchangeable
with existing laboratory equipment and must be approved by the procuring activity.

3.5.8 A 2-inch diameter opening shall be provided at one side of the chamber to
accommodate rotating shaft drives for test equipment. The opening shall be provided with
a cover plate for proper sealing when the opening is not utilized.

3.2.9 Two threaded plugs in the back or sides of the facilitysshall be provided to
accommodate electrical cables. The plugs shall be dustproof and shall be of 1-1/2 and
2-inch size (internal diameter).

3.2,10 Instruments.- Temperature-indicating instruments shall be provided to show
the temperature of the chamber.

3.3 Performance.- The facility shall be capable of establishing, maintaining, and

withstanding all environmental conditiocns specified under paragrarh titled "Sand and dust
tests," of Specification MIL-E-5272. .

3.4 Identification of product.- Equipment, assemblies, and parts shall be marked
for identification in accordance with Standard MIL-STD-130.

3.5 Workmanship.- All details of workmanship shall be in accdrdance with best
commer ial practIce consistent with the performance requirements of this specification.
L. QUALITY ASSURANCE PROVISIONS

L.1 Inspection.- Each chamber shall be inspected to determine compliance with the
requirements of this specification.

L.2  All parts, specimens, or assemblies destroyed in making tests required by this
specification or drawings, to determine compliance with the specification or drawings,
shall be in addition to the quantity specified in the contract or purchase order and
shall be furnished without increasing the cost of the contract or order.

S. PREPA:ATION FOR DELIVERY

5.1 Afglication. The requirements of Section 5 apply cnly to direct purchase by
or direct shipments to the Government.

5.2 Preservation and packaging.- The chamber shall be protected from corrosion
and deterioration during shipment or storage in accordance with Specification MIL-P-]16,

Methed 1la,

5.3 Cushioning, blocki and bracing.- Cushioning, blocking, and bracing shall
be in accordance e applicable oaragraphs of Specification JAN-P-100,
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S.4 Domestic and overseas shipment,- Chambers shall be packed in a container con-
forming to Specification JAN-P-10L. Requirements on seal case liner are waived.

5.5 Marking of shipments.- Interior packages and exterior shipping containers
shall be marked in accordance with Standard MIL-STD-129. The nomenclature shall be as
follows: Chamber, Sand and Dust Testing, Type (I or II, as applicable) Specification
MIL-C-9436A, Manufacturer's Part No. #* , Stock No. # , (Federal, USAF, or Navy,
as applicable).

# Applicable data to be entered by the contractor.
If the Federal Stock No. is available (either stated in the
purchase order or furnished by the procuring activity), omit
the USAF or Navy Stock No. If the Federal Stock No. is not
available, insert the USAF or Navy Stock No., and leave a
space for subsequent placement of the Federal Stock No.

6. NOTES

6.1 Intended use.- The chambers covered by this specification are intended for
use in accomplishing sand and dust tests in accordance with Specification MIL-E-5272.

6.2 Ordering data.- Requisitions, contracts, and purchase orders should specify
the following:

(a) Title, number, and date of this specification,
(b) Type of chamber required. (See 1.2.)

6.3 Instruction manual.- An instruction manual shall be furnished which provides
the following ormation:

Operating instructions

Maintenance instructions

Assembly and disassembly procedure

List and description of all replaceable parts
Detailed assembly drawing

PATENT NOTICE: When Government drawings, specifications, or
other data are used for any purpose other than in connection
with a definitely related Government procurement operation,
the United States Qovernment thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data is not to be
regarded by implication or otherwise as in any mgnner licens-
ing the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto,

Custodians:
Navy - Bureau of Aeronautics
Air Force



APPENDIX V

MIL-E-5272A

i€ Septemher 1952

ENVIRONMENTAL TRSTYNG, AEROMAUTIZAL ARD ASSOCIATED
EQUIPMENT, (ENERAL SPECIFICATION FOP

Excerpt from

4,11 Sand and Dust fests.-

4.11.1 Procedure I.- The equipment shall be placed within the test

chamber and the sand and dust density raised and maintained at 0.1 to 0.5
grams per cubic foot within the test space. The relative humidity shall
not exceed 30 percent at any time during the test. Sand and dust uveed im
the test shall be of angular structure and shall have characteristics as
follows:

eegh

mesh

mesh

nee

(a) 100 percent of the sand anrd dust shall pase through a 100-
screen, U S Standard Sieve Seriea.

(b) 98 42 percent of the zand and dust shall pass through a 140-
screan, U S Standard Sieve Series.

(¢) 90 42 perzent of the sand and duet ehall pass through a 200-
screen U S Standard Sieve Series.

(d) 75 42 percent ¢f the send and dust shall pase through a 325-
srreen, U S Standard Sieve Series.

{e) Chemical enalysis of the dust shail be as follows:

Substance Percent by Weight
Si0 57 to 929
Fe)Yj3 0 to 2
Al1204 0 te 1
Ti0, 0 to 2
MgO 0 to 1
Ign Logses 0 to 2

37




The internal temperature of the test chamber shall be maintained at 25°C
(77°F) for a period of ¢ hours with sand and dust velocity through the test
chamber between 200 +100 feet per minute, (2,300 +500 faet per minute if
specified by the detsil specificetiony. After € houre &t above conditiouns,
the temperature shall bte ratsed t¢ and maintained at 7:°C {i£0°F). These
conditicne shall be maintained fcr € hours., At the end of tals test period,
the equipment ehall be remcved and allowed to .20l to rcom temperature and
shall be operated and the resalte compared t: totse cbtained in paragraph
3.6 and examined in sc:crdance with paragrapa 3 7.

4.11.2 Procedure jI.- This test shall be the same as Procedure I
except that ths test a% 22°0 ehall be af B hours duraticn, amd the test at
71°C akall te deletead.




APPENDIX VI

MLLS D064 Y IP 1S AP)
5 cute 1357
Used - Lieu of MYL-E-5272A 16 Sept 1957

EWVIRORMEWTAL TRESTINC, AERONAUTICAL AMD ASSOCIATED
EQUIPMENT. GEWCRAL SPECIFICATION FOR

Ex:erpte from

4.11 SAND AND DC3T TESTS

4.11.%1 Procedure 7.- The eguipment shall be placed within the test
chasber and the sand and dust density raised and maintained at 0.1 te 0.5
grams per cubic foot within the test space. The relative humidity shall
not exceed 30 percent at any time during the test. Sand and dust used in
the teet shall be of angular astru:ture and ehail hava characteristics as
rollows:

fa) 100 perzent of the 2and and dust shall pass through a 100-
mesh screen, U § Svanderd Sieve Seriles.

(b) 98 +Z fpe: ent of the sand and dust shall pass through a 140-
magh gcresen, U § Standard Sieve Serias.

70y 90 4. perceat af tae xend aad dest shall pass through a 200-
mesh screen U S Star.dard Si1ave Setes.

{d) 75 +2 pe:rcent :f the ssnd and dusc ehail pass through a 325-
mesh screen, U S Standard Siave Series.

{eV (heail:el analysie of the dust shall be as follows:

Subsrsne Per:snt by Weight
SiG2 37 tos 9%
Fe303 C to 2
Al;T) 0 to 1
T10, 0 to 2
Mg0 0tol
Ign Laeses 0 to 2

33




The ‘mternal tempeiature of the test chamber shall be maintained at 25°C
(77°F) for a period of 6 hours with sand and dust velocity through the

teet chasber between 100 to 500 feet per minute (2.300 +500 feet per min-
ute if specified by the detail specificaticn). After ¢ hours at sbove com-
ditions, the temperature shall be raised to and maintained at 71% (160°F,
200°F for any CAD items). These conditisns shall be maintained for é hours.
At the end of this test pericd, the eguipmsnt shall be removed and allowed
to cool to roum tempirature end shail be opsrated and the results compared
to those otteimned ({n 3.€ and exemined in accordamce with 3.7.

4.11.2 Procadure I1I.- This test shall be the seme as Procedure I

except that the tast at 25¢C shail be of 8 hours duration, and the test at
71°C shall be dsleted.

40




APPENDIX VII

MIL-B-5272C{ASG)
13 April 1953
Superseding MIL-E-005272B (USAF)
ENVIRONMENTAL TESTING, AERONAUTICAL AND ASSOCIATED
EQUIPMENT, GENERAL SPECIFICATION FOR

Excerpts frem

4.11 Sand and duast tests.-

4.11.1 Procedure I.- The eguipment shall be placed in a test
chamber equal to MIL-C-343€ and the sand and dust density raised and
maintained at 0.1 to 0.5 grame per cubi: foot within the test space.
The test chamber shall be vented to the atmosphere. The relative
humidity shall uot exceed 37 percent at any time during the test.
Sand and dust used in the test shall te cf sngular structure and
shall have characteristi-s as follicwe:  eege as Appendix V).

Part I: The internal temperature of the test chamber shall be maintained
at 25°C (77°F) f-r a period of 6 hours with sand and dust velocity through
the test chamber between 1CC and 500 feet per mimute, (2.500 + 500 feet
per minute if ¢ reguired by the applicab.e equipment specification).

Part I1: After ¢ houre at cthe above c:nditicrs, the temperature shall
be raised to and maintained at 71°C (150°F). These conditions shall be
maintained for © hoursa. At the end <t this exposure pericd, the equip-
ment shall be removed and allowed t: ¢ccl to r:uom temperature. Accumu-
lated dust shali be removed by brushing, wipiag, >r shaking, care being
taken to avoid introduction of additi:nsl dust intc the eguipment.
Under no circumstances shall dust be remcved bty either blast or vacuum
cleaning. The equipmen® shail be cpeéerated and inspe:ted as directed in
3.8.

4.11.2 Procedure II1.- Disccntinued. use Procedure T, Part I,
6.11. 1.

4.11.3 Procedure IIl.- The geaeral procedure and the sand and
dust used shall be the same as Prccedure [, but the dust concentration
shall be 0.1 to 0.25 grams per cubi: fcor, the temperature shall be
259C (77°F), the air vslccity shali te .. 500 + 500 feet per minute and
the duraticn of the test shalil be 3 hours.



5.4.3 Sand and dust.- The sand and dust specified for use in
Procedures I and III 18 commercially known as '"140-mesh silica flour'.
Sand and dust (140~mesh silica flour) produced by the Penton Foundry
Supply Company, Dayton, Ohio, and Ottawa Silica Company, Ottaws,

Illinois, or equal, 1is satisfactory for use in the performance of
thess teats.




APPENDIX VIII

M -STD=810 [USAF)
METHOL 5.0
6 June 1962

SAND AND DUST
Excazple frox

1. PURPOSE

The sand and dust tsst is conductad to detsrmine the resistance of
asrospace and ground equipment ¢¢ biowing fins ssnd and dust particles.
Because of its abrasive character, sand and dust may affect items having
moving parts where 2and may enter. It mav als: zsuse the parts to bimd,
and may incerfere with electrical contacte. Dusgt pariicles may also form
nuclei for condensatican of moisture, taue alding ia corrosion. Equipment
may maifun:tion due to ciogging ¢f air fiiters.

2. CHARACTERISTICS OF SAND AND DUST

Sand and dust ueed in the tea: atal. be of gaguiar structure and

#hall have characteristics as f: . lowse:

{e) 100 percent of the sand and Qus: shaii pass thrzugh a 100-
wesh screen;, (.S. Standard Sieve Sevriss,

(b) 98 + 2 percent of the sazd aud duer sball pass through a
140-mesh ¢:reez, U.S. Scandard Sieve Seriseé.

(¢) 90 + £ percent of the sand and dus: ¢ all passa through a
¢pJewseh &-Teev, U,.S. Standard Sieve Seriss.

(d) 75 + 2 percemt oI tre sand and dust ehaii pass through a 325-
mesh screen, U.S. Standard Sisve Series.

(¢) Chemicsl analysis .f the cue? sha.. te as folilowe:

Substaace Fercent by Weight
S19s 37 ¢t~ 39
Fe20y ¢ to <
Al;03 0 to 2
T1i0; 0 to 2
Mg0 0t
Tgn L.ases 0ta 1l



The sand and dust is commercially known as "140-mesh s1lica flour."
Sand and dust (140-mesh silice flour) produced by the Fenton Foundry
Supply Company, Dayton, Ohio, and Ottawa Silica Company, Ottawa,

I1liro{c, or equal, 12 satiefactcry for use {n the perfcrmance of
these testa.

g. PROCEDURE

Pricedure 1. 7{he test item ehall be piaced in a test chasber equal
to that specified in MIL-C-3436, in a::>:dance with section 3.2.2. The
sand and dust density shall be raised end maintained at 0.1 to 0.25 gram
per cubi: fiot a8 messured at ieaat chree differeat iczations withing
the teast area utilizing epproved colliecticn devices. The relative
humidity ehall nct exceed 30 percent at any tims during the test. The
interna. temperature of the test chamber snall be maintained at 25°C
(77°F) for a period of nct isse tian Z hours with the air velocity
thrsugh tive teat chamber at 100 to 500 fget per minute. Following
this 2 hour perisd the temperature shall be raised to and maintained
at 71°C (1£0°F). Thess :3nditions chall be maintainsd for not lese
than 2 honrs. At the end of this exposure perisd, the vest item shall
be removed from the test chamber and allswed to coosl to room temperature.
Accumulated dust ehail be remived from the test item by brushing, wiping,
or shaking, zare being takean t) avitd fntr-ductisn ¢f additional dust
int> the test itea. (nder n¢ cirzumatan:es snaii dust be removed by
efither air blast o7 va.uum leanlng. 7The test item shall rhen be
cperated,; the resu.ts ::mpered with th.se sbtained in az:zardance with
se-tisn 3.7.1, and 1aspe-ted In a-:ocdan.e with eacticn 2.2.4., In
the performence of tnie inepectisn, test itens -~o>ntaining bearings,
grease seals, iubri.ants, etc., ehaii te czarefully examined for the
presence of eend ard dus* depreite.
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