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ABSTRACT 

An invastlgatlve atudy was made of th© stata-of-tho-art of ocind and 
dust environmsntal teotlng. Field and laboratory studlee wera conducted 
in order to obtain sufficient reallotic data concerning the oand and dust 
enviroreaonto for uoe ao guidance in preparation of Military Standards for 
Sand and Dust Eovironeental Tooting which oiraulates the degradation and/or 
damage done by blowing sand or sand and duat in a desert environoont. 

Due to the lack of Gufflciantly severe wind otortao in the toot aroao 
chose.., information collected over a two year period failed to provide oil 
of the field data required.  The laboratory data obtained uoing Gitlotlng 
Sand and Buot toot chadboro ucro not able to supply all of the anouero 
needed.  A new type of toot chocber has been designed for thio purpooe, 
which when installed, will be used for continuation of the eKporinental 
inveotigaciono. 

Thio report rocoEaonds that two toot proceduroo bo ootobllohed; one 
for "Dust (Fins Sand)" covering the 10 to 150 aicron oiso range, and tho 
other for "Sand" covering the 150 to 800 micron eise range. Soma racoa- 
sendationo for iocluslon in the "Dust (Pine Sand)" MIL-STD are presented 
in this report. Bscoisaendationo for the "Sfand" MIL-STD cannot be made 
until after adf^ional data is acquired utilising the new design sand 
test chattber. 
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OBJECT 

The  objectives  of  the   program are 

1. To collate  and analyze  exlsttng data  en  aliborne  sand and 
dust,   up  to eight  feet  above  the  ground,   to  collect  additional data  to 
bridge  the  gaps   thuo  unearthed,   and  ti   inveatigate  coisblnatlono  of varying 
fa-tors  such  as velorlty,   partlile  Dlae,   teiaperature  and density,   in order 
to  determine  tr.oaa whica are moet  pertinent and  eliminate  insignificant 
variables   In currant  oand and dust   ceet  prc:edures,   for  standardization 
purposes. 

2. To prepare  a  new oand  test  specification   ^MIL-STD)   for  use 
by   the  D^partmant  cf  Dofonoe   'DOD'; ,   far  ground equlptsant. 

3. Based on the results  of findings  of  this program,   if uarrantod, 
to propose a revision cf existing MIL-STD testing procedures  for penetration 
type  Dust  (Pine Sand)   tests,   for vehicle-mounted and airborne equipment,   in 
lieu of the present Sand & Dust  (S&D',   Test. 



SAND AND D'JST TESTIMG - BACKGßOlMD  IKPOÜI-mTION 

Over   «:he  years   the potential  danage done by oand  and duot    hao beec 
evalaat.eii   in many ways j;   surface   et :eion,  scaurlug,   Intarference with 
taevlng parrs,   penetration,  blccka.ge  of pares  and openings,   and the  fouling 
of electrical contacto.     Each has been ucsd ao  the baoto   for eotobllshlng 
a given  test,   and aeveral general anil many detail oaad and duat toots are 
in eaiatanre.     As many of these as  are knrrwrv to be different,  and appropoo 
t: military ^aterife^  will be  discussed belim. 

In  1959  the Ordnance Corpo,   no^7 part of the Artay Materiel Cosaand, 
öea aoslfaad  the 4ray responsibility far preparing a UQV Military Standard 
fcr Saaf i aat testing of Military «aterisl.    To conply with the several 
prflgrta objectlvas,  aoveral phAses were to bo invastigatod by Prankford 
Arsenal  (PA),  Ukito Saado MIOOIIG ßaago  (Ilöt-Iß) „  and a contractor,  Th« 
Sout'ikVtttt lesnarch Institute  (SvRI) .    FA had and still haa  the roop&nsiblllty 
for c'ordiaatiag thü ovorall invaettgatiom.    IIMI had ths responoibillty 
for  coardißütiEß tho tochaicol oopecto of the progroQj but since tho ro<= 
organlEstlon cf the Baparöiant 3f tho Aroy,   in Octohor  1962, with n®v 
aooigffiESQta   for \MWL (and less  of thotr koy caia ©n tfeilo  progron), PA boo 
also aaoeoad the raspanalbility  for coordinating tho  tachnical phases of 
this  program,   and far c:3apietlng  It. 

Ä cvÄplfttfe review of existing epecificattsns  and standards dealing 
with S&J)  tft^tlag apptarftd t: be   the natural starting place for this project. 
This  review hai» bsen i&o*t er lightening -- and discouraging. 



SPICiriCATIORS - GIIIRAL OISIR ATIORS 

Specifications fall into two general categories: 

The first type is generally referred t ('l ae a "detail" specifieal:ion, 
and rel&tes to the pr~cure.ent and tetting of a specific it... Thoae who 
initially prepare them, 8pel l Dut the details ~f the teat• vbich they 
believe will, if euceeeafully aura~unted, assure the succeaaful lonaevity 
and uti 1 i ty , . f th.e i tea under a 11 in tended storage and ua e condi tiona • 
The detail specification .. y spell cut every teat step, or it .. y refer­
ence a "general" specification or atanclard, vbich i a to be follond u 
written, or as sp•cially .odified. The detail apecification nor.ally 
1pells cut the goalt or teat retulta re~uired. 

The "genaral " spacifi~ation .. y take !na.ny f orms, such as the World 
War II J oint Arwy•Bavy (JAM) Specifi.eatic-.n=. Mi.li t .ary Specifications, 
Mili t ary St&ndarde ~ federal Standards, and sta~darda produced by and 
for t he u~e cf one branch or service. Mcr.ally a general apecification 
will cover al: typea ~f environ.ental teats . f~r one ca.plete claa of 
.. teriel, or it .. y cover only one specific type of t e1t , in co.plete 
detail. 
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CUIIDT lliVIIOIOIIMTAL UIID & DUST TISTIRG SPICIPICATIOHS 

In dealina with any teat apeeification or· testing standard, we .rust 
firat a•k (l.u:-aelves wb.t.t it b ve hope t~ ace;.a.p.lhh by ita uae. Are we 
atteaptin.g to ~bwlate a:tl ~xact dup l iution .of a naturai env iron.entT 
Or, are we atte.ptina t . &cceleratE> the pt· .:.~.u c f degradation caused by 
a natural er..vir t!>·~ntT In .c::her w~rd!'-. wh.~i. ~ !.s t k:.e p•.r:p-::a .e :~or goal of 
Cllu.r ce:etaT 

In tt~ mi·tid c·f t he e::tsi.a.~c:tn: "::' r-e 'tn1 ~ t&n wh :. r>r·epare~ e-u..:;h a 
1pecification or 1tandard, a aoal auat exiat. It .. y be specifically 
f~.:.ulate:d a.~~ tak~ 1.t..t<~> c.c:n..i: i.d<!::tat.i:'1'a.1. -uny va:r.yina fa.:: t~r~ and cOIIbinad.o ns 
Clf fate t .<Pr•. On thfl .crth~r hand » «inc·~ ·\)lltf: .aml.,\·. ~ be 5n exper t in a l l fielda, 
and the t:.eat prepuer ~y not rec~ar.tze th!. nfled of te:ating .,xpe:rtiae 
whi~Ch aay lie in e.oth.ar ~raoizati.-;:· !Lf; :. area, b.e aay pr"'par'" a speeification 
which h 1~-~~lett< ~C"r • ven value l~••, o:r a a{'eeifi t ation v .... i cb acco.pliahea 
r~nly (JDa • r tv~ l{tf th6 ahove•liatf\d &·)•l•. Ee aay ntlt evtn re.slize that 
other t6a t i g altsr~tivea exist t o t~e onee vhi~h he spells out. 

ao.e t61tl, and even atandard~, have b~en approved, and have reached 
the teat engine r crou-ched b . au.zh teru u to be iapoaaible to conduct, 
to be t (O) _ .uw.er.e, c r t•IJ' b2 10 aiid ~• t' neve:- pr.odu,:e aea~inaful results 
for thtl p.erti ~ul&r item t·~ vhi~h. it i~ applied. 

Spet:ifi .... atiol'..a and t~att whi;eh b.ave bef:n valid in en~ field, have 
often be .. n b~~r:-ove .d inta~Ct ~ r rf>f<!:re:n.c~d ~ i"l ar, ~r.tirf'ly different 
appli "&ti:ln where t heir uae is inva~i.d ;; i nvalid p · 1.aib l v l>E: ::ause the true 
aia of th·~ 1> ::-rrowe:r r~.qu1.ree a c!ifferan.~ )lbje .:tiv.e cr appr ~ at :.h than that 
which ftc-~·:l the basis f l!>r the c.r.igin~l ep~·.:. ift ,;.ati?n . 

Changing a epe.-: if!..:a t. -: n nr at<1i.n.dud i-! d!.ffL ··yl t . Oace: a d cument 
ia appt'ov~d and in prin~p it ae~ t •" :.U.e o·n ".:~uh~Uti .;<; auth :Jri t.y", 
which even t.b.e experta h <ed.ta e t q:ue~ t i.on. Po••il~ ly they an:: afr aid 
of "atepplng on the U·~~ " f t t · •pe.c1f1caticn 's unknown ,.._,rigin&t. r, in 
ano-ther b,ru•: h t!, f: t b:,6 e ~n·i c.f<. It u ;ems tJ bi@! e.uier snd the t h of 
least re•i•tance~ t hat wten an ~xi· tina ap~ cifi~ation is tecognize.d aa 
invalid, t > ''waive" ~r 1gr.-~t··a it. 'ftda say be easily j u.atifi ed t ·o one's 
iiuperio re~, by •rely "pr..win.g" that n -G .ftb.e:t· test c:s.n be re.6.dily l ocated. 
The waiver 11AY .c·.;,::ttln:ue t;o be pe rp.E:tu&t <!:d t o a P"'int whf:re no .oue re-calla 
vby or when it aL&eted D and th~ t~~t engineer heara hio cust ~~r• say: 
''We nev~r bother wit'~:!. that test ~t ~11 ". 
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The .ore coaacientioua enain&~ recoanizin, the invalidity of a 
aiven teat, .. Y .. rely write hie own, for local uae, aad without inter­
aerviee coordination. Thia .. Y or may not be 110re valid than the one 
he deairea t o cireu..~ribe. 

Often when a teat prceedure is f ,..,llQ,wed , and the it .. faile to 
co.ply with the teet engin~er'a in~~rpr~tati~u of the teat apecificationa, 
the v~nd r or cus::mHr vil.l indignantly atta:.k the validity of the teata, 
and req~~•c a ·~aive~. 

It ia eaey to criticize, loaically, e.pirically, or from an .enaineerina 
point f view~ and au.z·b d:1Jagree.ent appears •• to the interpretation of 
thfl reeulu 1;.f ~ertain enviroDJMntal taate. The a.ount of diaagre-nt 
v~ries with the &•l.tl that th.6 pera~n criticizing hae in aind, and with 
hi• ovn experi~n~~ in t \ at fi~ld. 

lefo,re conaitetina t't.~ 1'-.atural environ.ent of aud and duet, let ue 
exaaine in detail •~~ c f the eaiatina at.ulated teat apecificationa in 
that area. 

MIL-D-115 70 

MIL-D-D570 {01'3 llil it.ry Spe..-:.ifi~atio·n~ Dliat, Teatin& by 
lxp~.~~~ur·e t c. ~ ~lef a APt:·.-.rdb. l ) 1 ia tb~ e-niy general Orcln.ance apecifi­
catton i n this field. r~ it ~ated 1~54 r~Fla~ing a WOrld War II ~ 
Specifi..:&ti -:,~'1 daUJ ~'144. ft~ k'~y p . int. · i this specification il ita 
requireaent f ·:·r tbe t.H. • f tt .n p unds f du~t. f:.~ t: avery 27 cubic feet 
c f chcllllber ~pa.:-~., t \ ... · .'i:~~mL:d t.:-wap Jit:i. ::r. .u.:l partL:le aize diaperaion 
of this du~t i a g!v£o . tut r •. t ite t ut- c.e . A b.ter paragraph in the 
~ p.e . ifi (. Sti. :n 6 .2) rll\f~t ,:. r).. trldt!' r vi,. •-:-sat StlFaT&tu.e 5nd ee.nditiou 
&rf: :' :tGaparat_,l~ t: '-' t h.t t .~ pt ... 1fld!d f : r ~h· ·tr-i c. t O::(apt('U~Dtii by S.A.I.". 

S. A. E. 18 an al~ n•vl.t-ti. n ( r t h•t S;)ciety .. -.. f Al;;taaotive Enaiaeera, 
and th~ only a .t .!.r.g W · "d·.~$ :-" cr " .tan(i 11nd c!u .t " in the index of their 
h .an.dbo ·,k_ h t:o "U.gr • . tn~ £ ~ t...1fWnt f . 1 II<': t . :· VtJ .. l =-··"" SAl J575, a atandarcl 
fb:at appr ~ved in May Htt:' , and br.>ught up t .:- d:st:f. i> Jane 1~61 with only 
minr;t edit:~·rial c!Yng~tt {ltt:f \}.), And AppE:; :H.x I l}. 'lhis calla far teat­
i n g in a 3 f .eet by 3 feet b'"'·x, using t~n p ···.m-ir ,) f fint- p.ovdered c nt, 
in a test design . .!d t .) d~t:if,ntine vbather t.ht. f.gt.t frca a vehic le l.ap ia 
diainiehed hy du!t {ai • p.;;vdered ce.ent) ad:':.aring t o ita •urface. !he 
ce.ent, acc;a.rding t. tb.~ir n.fer~n~f(d ~r ic-.n $ (!,-; Lety f~r Tea ting 
Materials (AStM) epe .ifi~.t.ti.~n, (R.ef d) do~· f.. i l:l.O t chE:aically etOaply with 
that call~d cr~t hy M1L·D-13570. On~ -m1t.y w~ll lpe-c•d.-te •t this point 
aa t~ how many te6t engir.eers ani d~signer~ 'v~r the years, have traced 
this &pt..c.ification ha.-.:k tbLt far , n~ t~:d t '\H: -: - rhs~' · e ).:t r: ; i P. ~, shruged 
their shoulders ~ a::td 1 i t it a:~:.: n~» hsi!.cloi~d ?rH! u:1t .· : .:hc d! 



ADotber SAl apecificatioa apella out a duat uaed and distributed 
by A. c. Spark Plua eo., in llichiaan. After ao.e research this vu located 
uacler the title of "Air Cleaner Teat Code - SAl J726" (Ref e and Appendix 
III). Bere the dust ail:e diatribution and c:haical coapo•ition .. t .ch our 
apecifi.eati~n, and ita c:a.er;cial •~ur.c.e h U.tted aa A. c. Spark Plua 
CQ~~Pany. Ita diatribution in that te-.s: ) h.ov!:ver, ia t'nly 0.025 g/cu. ft. 
of air, which the filter il aupp..)'ied t ~ r ·• ·· v~ at a ~ingle pua. 

One .. y n.av ••f~ly eurat.ae that MIL·D-13570, far froa beina 
hallow4, ia t4e illeaitiu.ta ~ffapring of b ~~~ _f theae SAl apecificatiou, 
ad w -Y further queation whether the •tllbled aea-ata of each which ve 
uye t~ vorlt with are eapab le '!11£ pr<e>vin& a~ything oOJf "'alue. Th.ia apeci­
ficati~Qln hu u,OJt been uaed in Fr&Dkf~rd Araenal 1~ a.t leut the put 
deca41•, altbouah it ie refl!:l'en~ed .,,. IIIL•A•ll488J (Ord) (llef e), and -y 
be uaed hy ca.th.er 1natalla~1..o.u. 

11Ii.•C•9436·A (ASG), Military Speeificati~n, Chai»er, Sand and 
Daat Teating (lef. f, Appe~diz IV), appura to have .. de ita firat 
ap,..ru.~• in 1954. It vU.l be shown below that it vu aot quoted in 
aeyeral DID epeeificatiou ieaued aulue.quaat t il) that y&ar. It ia the 
oaly foraal ehalb~~:- daa;ip. apeccification vl'r.id t can. b~ located, and re­
q~~irea that the chab.er be capable ~f pr clu~~: iJig th~ ..-eyelae spelled out 
in JIIL-1•5272. Bo •pa cifi~ tMntil)n is a&c!6 of th.e·' chuber coaplying 
with the hu:!llldity r.equirf<r~nt• ~ f lf.lL-1~5~7~ :· bc.t t hat h implied. 

'ro pr<O .... ~V~~ t ::...e vari~·!la deta11e:d r.a 1_'l11rec.aente . .:. f Mll.-E·527Z, 
thia ape~tifi:~ati :n t h.,;,·uld be .-a·n; de.tai l &d th&n tbe fn11'1 :h .. which it 
.curre.a.tly appeare. 

!IL-1•527~ 

Many ap~cifictti ru bear the iutrt. ~ ::!.· :O!"' t h..!Jt. 1t& L~tes t 
editi · ::1 ::> '...1ra·,:; ede• all f i t• earl 16r 101nea~ a ltl:.. o·u!;h th~y rt:mal.n in 
effec t t t• c;vet:' p:-.c urf411t:l).t :. £ preRJi~··u.4ly designed ite.1M cr materiel. 

IIIL·I-~272 , lnvirLn.Antal T•a t ing f A~r~n&cti~al snd Associated 
lquipMnt, p::i:Mrily an Air For \Ce Sp6eifi:;.:&t1 n , J:?.as g·.}ne thrto ugh t!lree 
reviatcaa (aefere~~~• 1, h , i ~ Appendi~e~ V! VI P Vl!), in each of which 
there have been change• in the Sand and Dust pr ·c~darea. 



The cheaical ca.poaiticn of thia aand and duet and ita particulate 
aize diatribution baa r ... ined eonaiatent . Althouah a aouree ian't liated, 
it ia well kaoVD and readily available . 

What baa varied ~ thrl01up the r•vbiona, hava b.aen tha deuitiea, 
velocitie•, aad durati~n of azpoaura, vbi~h vill ba di•cua••d in detail 
further on in thla r~p<crt . Ra1l.sth'• h..a1di ty r~t 1qtuirn~ente have r ... ined 
eon.tant throuah~ut . 

Alth.alup th~• ''I" ravia l en of MIL·I·52i :Z va• iaau•d in 1957, after 
MIL·C-9436, no apeeifie teat ehai»er duip ia Mntioned. Tha "C" reviaion, 
dated 1959 d~•• ref•r•~~• th• ~~•r •P•~ifi~ati~n, but require• that tbe 
c~er be vented t~ t~.a a~•p~sr•. With~t aoina tnt~ a ta~bDical die• 
~uaaion at : bia p.a>int, it ia auffi~bnnt t .OJ ••1 t 'h.at a chuber vented to the 
a~aph•r• ~•nn~t .. intaift £ ~~~t•~b relative bu.idity» vith~t a very 
elahorata ~nd axp•n•ive aenaratl~& ~thcd and c~trol ayat... Thua, aiuce 
1959 it baa bs•~ ts~hni~ally i~ra~ti~al t~ c~ly ~Ka~tly with aaad and 
duet teata l u the MIL·I-5~72 aeriea . 

Sin~• ther.a 1• e'V'ldaD.ca tat nei ther the ''I" nor "C" rnlaloM 
vera appr®Vad by th,a Dllil'•r t• r.mt <DJ f t he Anly ~ th~r• aay b• a queation u 
t c wbid n lp~~: ((';ifV~au.,c"n t·:u b.a.tiu val1i..d <t~U '!:lh -t::tll ye,ar • f !Q,r OOD u1a. In 
a1 .U(l!h •• M"JL•I.,S:21~: h'*lf b•.,lnl on• ~£ t lhl• ~rim .. tac.&t~r~ u• ad f <Or Ordunee 
Sand aad Du<a t t•• 11!\g , .ll'llld th.l6 m~~o• t £!'ctJ•1JU<tint l y refer~n~<5d >ef al l environ­
•ntal te•ti ltul c£ l."'·u..,..cu ~ t b•r• ~M.y b* a .'ilill~~ ti~~.Yl!l •• t~ -.bether cleaip 
enaineer Vt c- ·~·~·e>J tlt-d 1. S.t\~d .t~n\d: Duwt t~t• lt f :r.Q!It t~'Ltt "late•t r•vilion" of 
M'l'l.o£~5~ 1:2 we~ Vl·H !-n dt i :n:g • • '}. 

\":.1! Ai.r ·~o:· ot..e: :tia .c appar~ut j,y •b~.,l~\Oin~~:d t h<e: MJr)Lolo5~ 1~ aeriel* • 
but •t.n.tee th~r., h tli•o ap.e:.c i f! .z lll.-Q/U . ~ t Q> t 'h&t eff•~tt , th~ u.wuape~tin& 
dalipttr cr p.r. r. ~li. ~twnt: p &I'-.J, •>· 'U .-e;l lMY ~ till .qu.')t • !.t . '.:':t• ir n•v •~>•rei .. 
f1 c:all '>n • »l'J.LaS::&-6 l J » 1Nt h n,.J :S 'Jl.O, S.cnd &D.d D~ t , C!'•.t..t.in\lltt.• t \QI W~~4ify 
tha bai•-: t·• ~ I' .f~> 't.drl!l·~n'::.t of t.h~ il! l.•I .. SZ /:2: aerie"' v e U.ain&te• the 
~ha.b•r venti l.a t i <' n and l b u a • ·OJUll'c .e f 01r t 'he ~ttandard due t. 

-------------------~~~~·--~----~---- ----------------------------
*M~te: MIL•Ea:S: n : h.&tt b>~·~n 8-llllper•~led by M11~s·ttp8l (USAF ' , Military 
Standard• f~r Aflr •~ lfpl&(1; ~ an& .Gll' YIUlllld r·~,ud.fll!.!lnt , Ref j r Ap~illtadb: ~'III. 
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IIIL-1-4970 

The sand and dust teat in MIL·I-4970 (USAP) lnviroa.ental Testing 
of Qrcund Suppli:lrt lquipaent fJ.ef k) l a still ext.an.t , a~ci i.e thP. same u MIL• 
1-5272. 

Fede!:al Test J1eth1:td Standard 110. 141 . ' 
M'? th ·d 61~1 ,f this wtandard 9 Abrad.c·a Reeiatanc.! (Palling Sand) 

'11 · • •). -n entir~ly different type of teat, deaiaued only to •uure 
the amount of abrasion cauaed by sand falling upon a painted surface fro. 
a kntjwr_ height. Its aand i• ap·eeified, and a e-Lurce for the sand is given. 
The equi~nt uaed ia spelled out 1u d~tail ~ s:r.:.d .. Y be cOMtrued easily 
and iaexpena lvely by any l&oratOJry. 

KIL-1·5-tOOr (dG) 

This spa~ifi~ation: llectr~nic lqai,..nt, Aircraft, General 
Specificati~~n for, (Raf a), has a •blple t't.r<!:e-lillle parasraph appropos 
to this topic.: 

3. 2.21.7 Sand & Dust The -~~ip~n~ eh•li w1thst.nd, iu 
both &n op~rating and t::•'·ta\•operating ct.l!)nd:l.!:i~n, exF sure to san~ and dust 
p&rti~les as encounter~d in dea~rt are-.. 

Vi thin ~nvir:·:raent•l te&Sting d .r .:1 s a @reat deal of discussion 
has g~ne iut~ t he i n .~rpret&ti. n of tt1~ ~c•tea~nt, and many r~searcb pro­
ar.-s have S C far ·.:t. ~; t provided 41l t::l.&ie! 't a.!il<i*' !':r .&~ t ;O Wb.&t V f> 6r~ tO li.Ulate, 
h~v t o do it ~ and t c ~ the re~ults ab~uld te i~t~rpreted ~fter the testins 
has be ~n ~~~p!et~d. 

'ft,e:-~ are ~tt.> addi t i ··nAl ''Prap.c ··~c! " -~ t .'i-;.".d,u<!~ ·t~ : rth ~~·ti.:>ning 
at t h ie pa int: (a.) llilf.tuy Standard, S~:\J I)J;-~ t t~4t f Jr ,_..e in the 
Devel'.'piMDt q:.f 1't12:es (lte! n) ( NO'l'l .... n t S&:..d !:~ ~~ t.~ but Sand Dust), 
and (b) Mi l lt-~ry S~;.·~;A.ud, S.an·d & J)J.st Teat f - :' ..... tt.e l n th~ d~vtdopme:nt 
ofMU. 1~.:rn :: ;_ li i mt-.n :: (lt•f (•) . Meith~r 1.·eu-::. .~rl d ,.e apf t ·c.vt;d 9t•ge; both 
v~·-. :::·k~d w1t.1 t~H, "standard" MI:.-1-5272 b.ui ,.. f. ;·~!.pm~mt and methods, vitb 
minGr vs.!"h t i c ns . Tbb cur-rent inveetig.ativ~ F·!· ~ grat4 wa• promul gated as 
a reault o f • tt·i-servi-c.e di.•agr6eaent during the ~t:taapte.d c'O'ardination 
of the lut Mnti<r~ned Pt'·~·pm!t:d MIL-STD (b) . 
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It is believ~d by .any peopl e vith expertise 1n the environmental 
testing field that thete "proposed" pr ~edurea neve!' beeae standards, and 
that •end and dust teeting beca.e unp~pular as a whole, ~ecauae of the 
&ppare:llt la:~k a f ·~\:.rre!.ati.C- !i bet.va~&n ~u,pe-; ted ttd bs.!l::-ved r.stural pheno• 
•na 4nd the pr>pca~d d ,S'\:.latt.d t E:itt in 4 l~~ ~•t~ry ch.abar. Many people 
in ? ffi::i.otl ~irc:~s hav.e r..U~·!t nt t~· ::-f thie, ud afw·eral pro je.ets have 
be:t::n. st.e..=ted .a,. a r:.-..eult --- ine'!h.tdfn~ t.h.b ~· e . 

!'o tt.::'~!'. Yh~~ a::~ vtt&i lv r. · r..:: t.r.ned with th~ 
•pt.c ifi. sthn.aJ , and .r;ftfl!: f.t :e.:i vito t.n~ ~~ .::~.aaity ..-: f 
test step they .ake, a p~asible respite nov appears. 
(&~f p, ift4t~6:: 

preparation of 
d.efeiitding each 
AMC Regulation 700•15 

"4 - t ,. !P"! ~·~;': ! al fa':'.t .r rs t~ b~ c:"'n•idered in reliability 
assuran.::-e ~-~: (~'t ~ . -= ~ff~ .· . ~iv·e:ne•• cf specific.atio:k criteria in 
aimulatlr~g t.t.:e; t·eal -::,vL' _ ~· .. r.;;r_ t poa t~l&t~d in the ailitary sp6cif1caticn. 
(~en rflal .. m.vlr:·o~nt : ;;..nn :,t l:-!: simula~e:d , quccit ative . .::orrelaticn 
will be !f.!1Uit'<~d.) 

~ - f. TIO th£ ~xtf!ntpt·a.:: ticable, teat• of increuecl severity 
(bey,e~n·d tt. ae t:nv1r ·!lia!nt• n.oraal~y exp.acte.d in uee), and teats to du• 
traction should b• ~~rf~r3ed t~ e1tabli1~ kn~w:~dae ~f the l~tatiou. 
of tb·~ IJ _V~tl!ll, t he .. rgiu ~.: 8&ff:ty inb.l!~t:1l.t i n the df!sip. '!Jof the aystea, 
a!td f•i.l4.r.~e m ~·-.1~~ • " 

F:o..re!:~t: '!:'~ . ·t· .. •-ever r the Envi.r- ~.!'f.O•Hl ". &-1 Engiueer 4Jlld h.ia te•t 
~r~.c-D.~f. ;_ t .!tve btoll!!n .o:.xp ::-: · t:ed t detf':nti.!H; th•:. 1 ngevity o f a test apeciMD 
un.d~t· t :11. i " • " .. :::. ~; l~.·~r&t! :. f \0-lriak !~ .... l' y a~u: · ·: t .~ ~~ !;') whi ~h ~.'! it 
b ~.~~:.:td liy f !.r.mly fi.t:~d f-.u·~~·~l'a --- <~::~t.d-11 ;;;h~.d t-y ( -:-.'t~r~ . Mrore c ften 
tbAn T', .. ' t h~ i$ t ht.: tuge :: l!."· f the ger~l@\!'al c .. ~· !.t.L:leu th~~ e.!.ther ''he hu 
n.c:t c~1i.~:,.1 w!.th t he ep~ .:: i.{icati n"r -C'·r t-:hi~ tb.e te8 t e. ;:u.ipzte~t ia faulty 
~r l'lut .::. f ·· IS l ~ ~ r :t ti o.i.. Few f·e.., pl~ t.sv~ t<.:-~'t' s cbitte.d th•t A t~a t apeci• 
fica t i ·"·r. .:f r.r.:::: L:. · "'n , .... r~lB.ti..~ t .! fault1 ~ .r f.&i~a t " pr:,}d.l.ce the de•ired 
result~. 

Si.n.· ~.~ '-L te~t haa t ;e;:.-:1 pr~pareJ w"it~ t !'_>!: &c "'f. t ar.ct ·· f an end 
item as lt:s &\0·8..1 , " <tly l iait"d tilal: ~ m)n~y p !c·.d eng1.!r.:~ring talent ha. 
been aadf!' a~ailsb~e> f -:.r re~~:- ar .... h 3 dt:u.:fy ~ md ~":ahliltt·-l:k f th~ correlative 
fActoTs between t~e natut·~ t :::r;~ it' ~~-:., t. ~ .£.:'•d i ts • al: .~:-at·'ry "oeq .livalent", 
We ar·e a lrm.g way f.r..ce ~~in .e, ~, 1~ r:"' ~&y tl1. :2.t ''1c:" b. 'J;ura in a .challlbe.r equals 
''y" lDDD.tha l)t' yt>:ar/i und·~= A i1.v•.n ii.E: 1d ~·«r . : · ..P.:-~ ~ .. ~diti \!'~ . 



lo •t.ple, or •inale te•t, will be the anaver, but peraiatent 
effort can produce .. aainaful teata, if, aa the•e teata are prepared, one 
conti· 1e• to keep ukina: "Juat vbat ia thie teat expected to do?" 

N-ov f..;,r a lllC1IeDt ~ l f't Ull .::o~t.der t:he n .. ~tural envir.Jn.ent with 
which w, are dealing. 

Th re c ~• :· ,,_ •1 o <H gu~~ae : ~ with the atateMnt that any natural 
t:r:.virc•n:De!tt lleh.:; t =- i !~·r : .:..r.A i .Iera~i~n vi.l l ;-·r ove t o b .s , in itaelf, a 
variable. Minor &!.d Mjc!' d1ffer61tcea f ,cr f!Ach cl.i-t.i'" pl:.-encaenon can 
be deterained by M ,u ~~-: ... nt~ Mda at differf\nt l ·01eationa nn the aurfaee 
of the aarth; •~ti•• e~•n i lk l '"'·•ti ou c:cnd.d~r• ~ .c l oae together . 
Clill&tie envir~~ntt.!. plll6.rc: .. .,. .• n are n.~t. c~!tt~ely indep.a!ldent, bu t 
u~e 12trtra~t1·~u vbic~ a.r f' tt::f!lal'<f;1V <f>4 varia!: l n. 

The De~J.W.:' '!:Mnt o f t t e AJ. .. y h&t re .r:'llgni~&d t he: '!lfled f .or r~alia tie 
aaad and ~t fi~!d dat•, .and aver tt..~ pat decade a seriea of atudiea 
have been a.d<e hy varl~ ·J'.s 1ail!.tar;- aa.el!l.:-ie.a c.cd ~ivilit.n rec1earch or­
aan!.z.tti·ot1fi> trlli.hl' t b.·e i r -~·)piz;.,l!h .. ~ . l•fere'L.:: ~e {q) t b.l"-''agt. ( ::), (ar­
ranied cku.>.·~ 1 -: gi.r;,t. l l y) ar~ t ypi c:.a1 rt:pr ·t;~tt.r.•t•tivt:• of thl! r.~p.,rts re­
ault i :n.@ f!' 1.~ll Ef!:;.;.: t.: eff ij'r. t•. Th~.J e r~r~.: : t~ f.r . ..; ludt. Vea *.:t.el' !t'~t-~·.1 data, 
oba~rv4t~·'·Y~..Ji by q;~.a. . i f1.~d u pe.ru, ~t.~::1st:: 1 : ~1 s.2os.lyeil:) -;.t r, .r-,me c,f the 
da~4 ccl l~-=t~d, c1i.:n.d ~ .';r~ ~':l i.ie·-J i:i _:-"n.~ s~ r.C~ t .\ .. a f..,,na a .:.d d!.re ~t i ·)n in 
wlli ·d: t~; .• t. tr.'::-ea ti.gst1 ~ 'il r.~f ~ .anc '9'.nd dt~ot. t~s !:i.~@ &~t.: .. l' "r:.d g~ · . 

u ;uy 1· ~ 1!'-tpe r-: t.~! C , t h e. 1n.;.o::t.f.fh t .e:n.ci f!a i r. ~..:..ture: t:. !'.e r .fle:.ted in 
tt.eae r tti'r>-:- t l3> ~tnd th.~re a:-e AT ~&! t,o.'U :.::. l<.A·"~ 'l::t. t· ~'!~ ;·. ~p:.•tely et::died. 
Purtbt!t"'DUl'~ r !'. ~ tJ<!: ~ i!ic 8 · ~r..da:: .i -~ : := r~--~i t :!. ~! 'ii.t .L. r.. ~~-;.; x· :. ~ u ~t~:;d f r CIIID these 
rep-.,rt•. 

It v aa t:~ • .e int<e:.:': o f t b.t a (:~n·~·,t pr :.. j.::.::t t i .'f at.a-;~.J in i ta r.b jec tive, 
to p·-111 t :;ge> t bot't ' ex i s tin.g da":s, c::::- ile <:: t: ·• ddi t :i ,· :t ... tl. dsta :: ~ LJ:" .i. dge the gaps, 
and t ."' pre>pare nr~t a a inglf! (.:at .. ; 't::-a i.l a pe;·. l i -:·& .. i r-r.:t. ~ but ee\vc::-~1 closely 
rel ated envil"!):maental pr.o,ce dur!!:i in.t'!:rde.d t ~ b e r~?r~sEnt&t i.v'! !"f the i e­
sir~d g al. Pr::: m t he a.! i t was 'l:l._;.ped th4.t t~e V!lt'i·s d f ,ac t oC:t' IJ of de~~rt 
dearadati(I·U - ~,ald b~ e:xtrap~c b.t: -:d in t:l!t"GGai f ::~-:: ·.u; i l i t.y &nd l ife f\l\.• 

peetanc:y " f ailitsry gr.o'und a&.t!.r:t.a. l wt : red · r o.a~d in a l:!esert area. 
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THE INVIST1~TIVI PllOGUM 

To this end, c~nf rences ~re hel d hetveen repr•aentativea o f cognizant 
teating and user agencies d~::-ing 195~ .. c\O •·~ t~o.;- th~ gcale oi thia project, and 
the .. nnf!r in which it W&3 t. ~~ be purtt.?.d. Add!tit.:.a l . technical .. etinp were 
held betwe.n th~ three af~re:-1antion~d parti.d .paat.f. (P .A., WSMil and SvR.I) aa 
to the pr~eedural me ~h~~ Gf tmp1€~hti~g ~~. Rerorta ~f the technical 
d~tails {)f theae meeti.nll~ hav .. le:!!:t. prt~pared durin g the put few year a. A 
ecaplete r.eaume o f th~ w~ "!"k f and th~.~ e: t'c;: ~rt:t ~ wiJ.l b~ given here. 

Objectives 

There were t·~· · ;:>:cia pha1.e:a ~ :!' it7t.Bti~atio~! ver·K t o be conducted 
by the proj~o=t .' ~ thr~& parti~i~. 

Thie fhU~ ( .. f tb:-e prc.je:c t vJ.s ur·d~rtaken by WSKil, uaina deaert 
sites in th~ir c 'W':i rana!l, at 'fUJM Ter,t St&ti.~'J'., Arizona ffTS) and at Dupay 
Proving Grcund, Utah. 

f :::l:- ~.x; ;., 2; ·~= 2:: ra -· ... ~ we.re tui!. ~·. fr :·:n .a_-. c:-iglr.a l ckalgn, so 
ccMtru.:: t ·'!d &3 t :-. t~e ! .e:! f ... :·ri .~~ tating vi 'd1 the vh.t. . ':'he e devices held 
spe..:itDoe:.t! c. f ~x;•-='a,ur~ ~t.mp ! e: t t vari£; -lS deraT:-::::J o f ~XFIO.i•ure t.:> the wind 
(right 9.ngle, J({'' a ::..d 45 '·) 11t 4" int~t"v~L 1-.~ .:-m gr· und lttv~l t o 8.7 feet 
abov~ the gr..: u!!d . fs&g.6\ f ' · ~ J ~!.~Jt'le:d a t .u . .:~, 4 " : eve;l &lao c -c llt-oc t e d specimens 
c £ sa.nd &:l:i d· .l~ t"t<": .. ·wing at t'h :.f.e: lev~ 'f .. s. 

'I' ... . ... G.ia.~~ 
') .... St:t:c l ( 1C2C) 
3. St·e:el ( 1020) ' n •t pri.DE.d, but ~r.amel painted 
4. Stf.:~ l (1{;20) t pri~d ar..! $:'d&m~l painted 
5. Stee l ( ::.0:20) p nJ.-ckel p lated 
6. St e:e i ( iO~O) ~ e i~v~r ~-h .. ted 
1. St~!..e ~. (1.0:20) ~ (' !'.:: . '1.Df: ~ .. atC!d 
8. :8ra~e 

9. * Ahminum Al L"'Y #3003 
10. Aluainum All:. ·:~ #3(,03 , AA : dh;e.i 
11. Alwait:.~ AL . J #3:03 r An~di zed and !aaael Painted 
11 . • s t."&!n. "j ~.~ ~ ~ ':·H 1 r t"'y-p • J ... ;;. 
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s..,tea prior to, and after expGaure, were to be examined by 
a ''Mtalop-aph'•at WSB. s..,tea, plua bap o f collected blowing aand from 
outlJl• atatiou ware to be ahipped to Willi for analyst.. An elaborate 
achedule waa eat up t o deterai~~ vb.e::n:. a new l " t watJ t o be t;Xf'~"' <S ed ~ t hh 
acheclule varytna br:h vith t:be &:\d vi'.:~ v i n.d I t e rm a~tivity. 

•the 'IIIA~eria!a ~xp~:t.ed at t::a =h po:a ititrn were later reduced 
froat rwebra t o t~.rtJe , 4.!- indic¢~d b y t:h~ • •t.e'!:" h ka (*). 

(b) Pa~ticulata •iz~ di !tr lb·..otic~ : :; i ~ :;. :::-;dr.g sand and 
duat in the daaart, f or chang&a in • l evati.::!TA . 

( c ) ~· ;:.. ~ ., :..Ir e nE- :-.t o~ d6.aag~ d na t o the.; a :-eplii.!at~ 34mples, 
at ea.eh of the thr~a d o:. ::.. ·· tor..T: L\- .:., -:1 ~-.d at ea.:-.t e:evaticn .• 

Thb phaae >!· f t he ;;n 61'a-'ll v.u t o e~ter.llitll": ~h" effect c f 
blowing ~and and dus t ·v-er r at-11.:a.t:.a Bi~d.mf!~~ handlsd ~. J~r str i c tly con­
trolled lab.orat , ry c~nctiti~·.!l!! . Ta C.·> t .:::b t he ! ll;:.vi~g faet .... r s had t o be 
coui~red: 

{a) ~t2 type o { o t.~~~~al ~·~d , anJ i tB p~rti~ulate 
diatrlbuti~n, a•;all&ble f ,: r lab.:.rat ·.r y t~.:.t.i.!l.g . 

( l ) De\~!.ty 
( 2) T~.llpe:ratu:-.f 

(3) Vl!l b c l ty 

( c) s·uitah l~ e &.ni i.e~ a v·.a ilab lt! in rc:;-4L:& t~ f or: e:a:pcaure•, 

(d) M6 t t • .c de ,~ f ~-...a:"_&ti.:mg t'n~~-e t' . .t.mp >e after r:=xpr..•ure t o 
atve aeaninaful or u.eful c~rr.e1ati.-n lthfn·aatb :t. 

rrankfcrd Ar~~n.& l a:- :i S -·ut:hweil t Res e&rd . IM t it-.. te bc~h pa r tic:ipated 
ia thia phaae of the w~rk. 

*Iota: A ct.vice f or ob••rvina/ph~t~ar·~~ina the aicrcetruc ture of a ... 11 
apect.ea'• aurfa~e. 
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C~rrelation Studies 

The third phase o f th~ program which had t: b~ ~~~Fleted before 
spe.~ ification8 ··.;.uid h ~. ~'Tit t.:n ~ ;,wu t · d~t:u··lli.n ·. t:-.e ::. rts~a-! -:- :t btlt~en field 
expcsurf! da:a&g~ ~ s:.:d lat .:·..: at :~ry aim~!~t·ec d.11mage. Ir. ~·ne eve::.t tha~ c -:>rrelaticn 
wa-s no t rf!&dlly ap;:..t.ren:: , it wa--r s::-. t ! .·:- 1p.&t<!.ci t h& t -:u.t Fr ~ ~e:Ju:-es vculd have to 
be mcdifie:d t; :. ~r-e r_ ~arl:v !1:nula ~e a ..- :: .Ja ~ field _ ::;~di t!. c':l:J . 

Field 

L1&1. f.c•rt·a-:.a t:-!;1y ~ dt.ri·r.g :.":.-:. :t, ,~ r'll& .. ~f t:xpc!~ !:t>.d w·i ndy e.cast•:ls o f 
1961 and 1 :16 :2 , na: ·..:re fail ~.:! t: 'J ~ - · ~ ;.~r at.;, u .d wi nd e t ? rm activ--:tt~a were at 
a min!-fi!Jl~ t.he t r ue ~ar.i~@: : ! .. ·t.e. I:Zata tl"_ua .:. ~ 1e~t.e.d fr..11n th"! expoaed aamples 
1a ope·n t- ~· ;·:~ -=:: t i :;n, ;.:-:..u~ily t- ~; .:.a·~ ~- i.t i~ e ~ a ,-:s.rae. ~dt!l ~e.3pe..:t to higher 
v·el.o·:: ity c n • .:iit.ic:Y . S-!:ar;.. :.!a:rt-e .. .:.tlyr dt- H .r : r.! t 9 b~~ :t he!::! i."'! the l -ower 
c::)ll~<Ction bag?~ t::b.e:toJ:-i h-::.:~. ~ i~ .:. ,:h~-t· _,., a r...! ma:r.y -: f th~' bag;:; be:ame filled 
with o ther f l;J·1:1l.g d:b::rb. ':"nh mi~h· ~ e - - ~~-= ="" a >:.Jtnplete new investigation 
as t o the dama~t>:p if a.~"l'f r :.! 1·.··.~-u.-:-.i a::d dust f&t'~i ;.!es b l.,wing through the 
desert, -'U c~ a.;. ::.ave~ p t··:.~~, e ~ .:. . 

Dc;.? pf.!;~ ::l".:.. !':i --: ~;· at r .:, : n.u'ili;..--.: ~· f , u r-lc.i f )r ea ;h exp·J~ ur e 

w~-c~ la:.e:r rs .!·.L-~..1 , t:. :: dl".~u- ~ ·:. :-·.; ~ :. !A :. ~a.:tt~. tr :.·.\." lT .. .! -: -:.·::u it' ~d mo-=e mttalograob 
c perating mAr~-h :"J.r~ than w;,z :-, a~ a' L at :~. (:..;·c it !o t ::.c- w: rkL g wa~ ·k. It should also 
l»"".! n ·:.tf.:d th&•.: .. · f ':-' r&r i .::.g --: '· . ~ .~ ~. !:.<i'.!.r ·.:.mt- :.:n: :: . .r.t 1:r .. . ··J.t> ~~,- • .- a~.,- E~ t!'}' t:. fatigue which 
inf lue.-.c~-3 ~l-. .: t 'C:eu:.t ..,, ·~e ~""'I.:· ~J~ o.nd t~·..a - ~·"· ·-~ ~ ~ - '1:1. ::. H!Jt.f- ·;. ~:-at :·r c? nducts 
t~,e b~i ~ ! 'ot:: atd aft~ ;-= f:)'ji ' 'O.':r l.'~ .... t~. :. : E- !':'"' : : ~- .: ='· :. .;,. :~ .L&: =- c:· :· "' · r. . 

A,~ ~ ... ~ ~~· ~;!.':": .- .. · .. ~ ~E ~ ~: ~:-. !z ; :~ n - ~ '"J - rJE ,,. : !· !:~:- .:. ~ ... f tl1e 
Al'flfY i ::. O..: t· ·~ ·-r 1~£ :~ ~ r.h =-::: c: 1-ih :..!.-=.tt a r-:• · a ·d. ~"!:':...r. - c- ': - ~· rt.!. ~ · !. :u a :t: i ·J e rk forces 
at WSMR. ~-~. ~ tr ~ t- c-. :- ~' : ~ ·;.. -:.-._ f : ::·!J)i: : • !1 ~ -~· - · < ::-J.~ :i ··! ::·.:-.. ~: .:. .~ ;r: · "' g:-am have "•ther 
illa !l !.r.m.:::~ ::~. F::t=· ~'t .c.rm· · ~-: ... t..e·h'."f. ;_ ..; ~. ;: ~.:a:.rt £- d ~'1 "' * 1 t h -: mE:"a1·~ F&Ph 
wb-~ ; A&.m.i:r.,":d t':":.:-< c:H::< !~:; f ~~~. :f 8~;; ~A~K:nS: &IE> f ,' ~"•!;-:-:" 8.'.,· 8- ~ :_;,l:<.t. , 

La" ' . t ' .. ~ ' - ··· - - ~ - ... .. ~ ~;z 

i'h-'.r' ~ 1 ~ a :-l'.~~ -r :'l , &~ J i:~'". 

unpr ven, tnat .;: :e. :!. : n b7 S~D ex~ -:.:> .n·-:" 
wheth~t' in th~ i.at. cr.a t .:- ry 1)~ ~ !! :-::-. ... u ..... ·. j~ 
is not linec ~ b e. ~ f H .. ··•'$ a type. .,:.f "S" 
curv~ aa s h tW!s. Th.:. ,. harp .,_.ta·:.. ~· ,., l r: .to l f ·:­
in the ''B" are.a 'Ml be du.~ ~ ' :-:-. •. t r .. s..lc. t:-.! 
o ff ('f pi~:~t>.e -:,f t h tl b&~ ! -: m t a~ : ··r L:. 
plati:lg i.n t~~ :.ate •' f rla::~d ma ~f:ri&: .. 
Tbig .. , n •:-t"GWtlly be: eo.xp~ ..: ~c. J ·· · vu y wUh 
the tYI·~ c f JMt.;; ::- ial, &::..g:.e- ·.~ t .c.Ap : !urr:o. t~ 
S&D tmp•.c t, v:l ~ ~'= tty · t.' ~:mpac: t ~ p :n; ; .· 'l '·. 
siz.p; cf S&D~ t.:·a !' t:L :1.e- har11:-:-..: . .., ~ r · -: e. ______ __._ _ __, ___ _ 
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co.bination of aeveral of these factors. It was hoped to find this sudden 
chanp in a lope, or 'break" in the curve, and make use of it aa a criter ia 
for further iaveatigation. 

Three diatin..:t lab..a·ate~y i-.nvestigati~n.t were t o be conducted, 
each with & differ~nt aet o! variab l•e: 

(1) v~l~city &L~ c~nce~tratiou constant; particle aize 
varied &tad plc't~e.d &iair:..J t et\~Jtaitl'n. {Thb re~u1.r ~d daily chamber cleaning 
and varying :'>! t he typ·• n,f s&~.i) • 

(2) V•lc=ity and partic le slz• ~onatant; concentratton 
varied and plott•d apb.at erolilior... (Thil requir·ed daily varying of aand 
~e3centration in~hamber). 

(3) Oconce:r:.trat:L.or.a and parti:le si~e coutant; velocity 
varied atlld pir;ttad again• t erG>;~ icn . (Thi• re•q-J<~ired daily varying of velocity). 

th~ exposure ?&~iod f~r aay aiven aa: of ftztd condition. waa 
four (4) hwr~ . Weight loss, to four decimal place a, •• to be uaed aa a 
•aeurt: of e.r:.:~J ict.., and vas t o b'a pl:lltted aga!uet tine; a 11eparate plot for 
eaeb Sp6C"l:""..=!"G f ""'%' et.~~h d3.j' 1 

S ~~p.tesure • T{,e pl::r.t C•f e;a~h, c :ra;:aining five 
p6 inta, f.'l2l~1t~d &n:y c~"te · f ~ ev fi:-&1 (!;;t:~nfigurati~:u . If there vas a break 
in t his C1Jl"v-o.i , it~ \"&l!~.a wnu~d t.~ u.ged. 1.f t1:tc.r.e waa no brea.it. , then the 
teraiual vd.gt.t :,~~~ wa.s t :o be USl.!:i t. rept:~:Je-ut the ·conditions of that ex­
po~ur•. T".Qb r.~!::T.g'!~i-e ;. "·ir.:t "WIUI t .., be c~e.i t ,'l dt·velr.JF the ..:::1;r ve representing 
the variab1 ~ -n f t t a ps:rt i--:ul ii.r i :lve:•tigati<-:n . 

Af. t c.r d-!: ~pe.c!.men. f ,,,: t he ~y'a •xpvs ure had been selected, 
rh.~i.r. {: r :: t- :·-: :. . • : ., :.n ·~~-'? y T .::-- ~ !."~if6d fr :'!ll r :.l! l!l~d~. ·~YE1 !ng extrema care, 
r. ;·, ~ ~: ,~. _ - _,: . ... · · .. .. ·. i.~' - ·.! ~ , .:. ·.J ·d dn i::;., ·~rt d i l tn·dr. ree~·a·.::tive holders. 
(3C.B h;s. ~ ~~· ··.;~ . p, ::_c... _-;: .;. ··-'lu ~c (..:..: r.di::i :...r...e 1-.a.i "h•!';a !!l t.t.a.bi lizfd, t ho!:>! h olders 
4nd a p<P. ·i.ll<'·:-. ... e.r ~ p:l' : e J t~ t.ho r.:h.t:!llf: er . 

At t~:Si .e·:.d ... f ~ :n!! t ·.1r f"! ~·.q.-:•.J-.:.r'!: the h,~ld.nr iJ w<!lre removed, 
and b l o:wn d:7 t y ~r~e&ns ·- f a s tr~.,.., :. f: •.: :~.&'!' .. dry ct~apr~tsat~d air. Each apeciMn 
W&!' then ~!'t:sd in a ' ;icaL : ..:. c .-&·r. p · .: ·, r ::. ··at away •n.y rf!1DIIin i ng dust 

* Prel!•ur.e~•9e·.nA itivoe. (; O'Il' ~rin.g V&8 r~et .e: :i:ub i in the: o::iu . 'i' l {a l~:tllta.> l), which 
vaa verif!.·ed in &r .. ·ar. -:.e . 
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particles, air dried and veiahed. Thia pr~c••• vaa repeated ea~h hour for the 
four hour peri.od. It vaa deairab le that th.e 4 hour expoaure be c011pleted in 
one work-day. 

Utsr ..-:•YlAph.dr.g ·~'he 4 h~'.·.:r fj~pe>~ure; ea.ch 1pect.en vae to be 
ecribed <e.r ~ngra.ved al.c:~g .c.:r _ _e .of ·h.!: ::.\ " .. d.~~~ !:<l.' identify: 

Exp!C~·ur·s ... o-:tcH. t!.c:::s 
.\:.'li,l ·~ \Of 'In..:. Hna tl.:..·rt 
':!t>C .OJ! Sp~~.im•~ 

Sin-::6 eac:t e::&p~·~~x.e: re~~ired ' r~:e work-d&y, tlte t otal n~er of 
expoeur~&a whi~b b.ad t~ be ZL~e wc1 t '[l."' pr~du.c: t .r.f: (1) the n\Diber of 
vel~.:iti6~, (~) tbl!t. r:aber of partic.l~ 1i~ee, (3) the nllollber c f coneentra­
ti~u, il.rtd in th~ C.f.it.! lCI= F .A., (4) thifl Ilt"Uilllber ~f tb~era:~el • 

'!h.• curve• r~•u!!~:n.i r~· .:11 t he firat t'!lree ilNe•tiptiou wre 
t o be ~nalyzed t~ detaraiL~ ~r•ak• ·~ ~th~r indieatiu~ ~f extre.e eroaiOD 
ccnditi<t··u, .,!:ld thia data ~••d i t!. tb.s prail&ratbn o f the ll6V apecification. 

7£)t ¥isillf\.i~h ' ·" Y - ~r~ v rk.i:r.,g w::~"t ma~e-:!.al• , and Ullder cODditiolll 
whi~h llfe::a ;!!t•' t t.t <>·rmal ':.y f~ LL )'Wd l:: r · '.l~i.· -'"' S61D t~•t~ , we: had t~· .e.c•rut ider each 
ac:ti,O\n &Sf•.$r&~£~~~ . -.~U . a ·;r !.~:w t - h~ ·" e·.; , ;:~ a ;.'<'t"•. ·..::edurt: weul d ap~·ear in tha 
future, 1! ir.. "lJ: t<-!;,:if.! .. ~a,U :·n i ·::'ll , d: ::~• ..,-.c-z:-a t -:- }, f\ carrie d (:ut by the reaular 
labe- ·rat~~ry t\!l.:-.h~!. .:- t i.. • :L ~ j ,e: : · ··"'..•· i.d.~rd a . .l"tov•ut&ie•.:rl.~S here t ") diacuaa each of 
the8~ va ri.-b : ""~ ·:.n. d B a-t: . 

W~th a f.il• ::~.~ ;.ig:t't:e excepti?·;..$ , ~a:::d i n particle 
li:tM r&c':t@'ing f!'·rr!ft J. ,p t : 8~3 ./" (~ .r ',,M) ca.·-1 be fc u.~d i n IILD.y plac'=!a in 
nat.u::.'e. S<. '::D><". ~- i t.h.h ~&-.:d a·-~ d\l.~t h ...:arr ~e.d • ~ ~ft by wb Lda under certain 
.r.~~ndi t~. ~n.t , : c t:a. ! .. .,. f.~ .!.~ 1. · v .~ ~ . ,."' h; b-/ ,;· .. ~:nt ... ~~3 m)Vin.g a,'.r • .·!i~ tha desert. 

:~ ,.... :L!,';t,r· i&l {~ t~. l..;a f'~ :·J:r ) rr~urntly called f or in 
M!l, .. E- .::·_,.;; .and M~:l .... S'l'~es:.t' ! .. u a 1~.:11itsd ~ ·~ t..r..:' " ' and ~- owd::r.e J Ot t aa R.iver 
s and dt.a t. h gt.:-. .=~:-&1 :iy e.~ ·:. ~· . l!~!i~~ua;~ .:_ :: i U e ·· "-"r .::e, a n.:i tb.e -: ut. terucy f it8 
part1'1!le de:llti~y, s ha:t p• -.: ~,·~ ~ -: ;:;~ .~ t!l.,t'l' 18 d ·· .:.ht:a~ ·r:., i t~ .:;!\::- r~lation with 
the fine pard !:.?.s 1 . . .:": f :. ': }. c;, -fHet r vh ·•~ bar• t4!rb~i~Cii are le., unifol'11 . 
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It vaa oriaiDally thouaht that to perait repetitive 
t .. tiaa, particle aiaea which could be ••parated by 1tandard laboratGry type 
eiev .. wre t.o be utiliaed. A fine arada of quartz sand, preferably fr011 the 
.... aourca lvcatiO!l, v&a acu&h t by t .. ~th Sdl -1nd rA. I'A ,.. t ..;> wrk with 
particl .. in the aieve rans-• c f #70, 60, SO and 45, ea.parint to 210, 250, 
297, and 350 aicrou, r•ap:!iit:t h ·e1y . Swit w~s t t' ue:e the •- size particles 
aa .. 11 aa laraer siaes, ah~ve tieve size 45, u~ t~ the ltait that their 
eqai,..nt would ke•p •u~h rarticle ai~ea :n f-U~~£~1on under te1t ~onditi~ns 
(up tG 80~ ). 

Jzhauative invaatiaation and correapoadence between 
thil A.rasul and aoaJriplierl <tllf aand e1ict.te4 the 1~f~rmat1c.~ t hat tb• li&e 
rena•• of aa.ud that w required are not e~--'t'.eially available or are 1aooth 
partitel• sand rathar than •~rp adaed. 'fh,, D»lt aatbf~ctc.=y aaDd that w 
coUld JNI'Cha~~~ {Peaaylvaui& Glaea sand c~rp. #22) 1f'L<~ .,btail!f~.ed 1n sufficient 
quantity e.o that by li .. vb:.a •·• v .o>u1d the 't'etlea:l y d ':&in a •uffi.c ieul: ~uaatity 
of all parti~ulate siz,u t b&t wt~re r•qo.li.!'si!. 

E ·W.v~r, laborat~t~ry .::qu.iFM-t~: avaiiable c-r readily 
obtainable prc-re~ to ~. untu!table f or ~ <ttp&!'ation ~·f any but extr emely small 
quanti tb"J ~ 11liAd6quLte f t1r ev~;n ~xeli::l\ir..a:-y ~tu.if.~~ (: f tt.• e l-r.~u laU<"n 
v:ithi -:1 r.he '~ltUibtor. 

A!r 1U:parat i •n1U of t:he cl\&::.i is p-~~J~ib!·3 with expensive 
c~re:ial ~q11ip.e.:.c. t ~ueh &ii that '!11: .. !ll t..y th~ aa.:c.uf&.cturar~ t •f eand paper. 
Conta-.:t>J vi~h p-er•-~-nnel in tb.f.8 ir.d~try i ndi.cf.t,f£.d t.h11y C·'"'"'- 'A serarate our 
#22 •and, but they r<!lfuet!:d t •'ll d•Ol s:o Binee th~1 d!.d t~·'l· t '-'"Ant t~ s~''!nd t.h• tiM 
neeeaaary t~ cl:e&~ their ~q,"tli~t.'!llnt pri··r t~ c ~·:.tv.erti·~g f'c1:1Jl t'l.\.'! ir tMterial to 
our~, a:rd then back &g&il!'ll . 

Cn-rudd.-.:-ab :i9 time was cc~·~~ i tJ ~.h~! prob lf'!l'l , un­
anticipated at tb.~ start • i t h.!! r"lC'IOl j ~t:t. '11M ~d~.iti,~n~l l,~·te f IZ41ld W-e.re 
fiully a4leured, the t~!re..~ i .. t ::i !?"terlar'lpin& in t>·tt't~ •.le stz"" b u t n·~·t in db• 
tribution. While n~t e~tir-~:Jly sati~fa~t~ry, it is th·':'. he~~t. ):h&t ~~s.~ be ob• 
taiue4 c~rcially. Svi.I t.:l t'l"·u: ·!;u~i !:1:~ " a.me .,~ ,.: ... ls-mp ~~& a.'!co. a similar 
c~roaiae. 

It ia t :.> h~ :. j.te;d tha:~ '!:~<"~'! ..:·:·a t ~f t't'fln!p..:.rting 
the aand t the lab~r•tcry may .. xce~d the mat .. ri•l e~~ t, d~9pite purchaaing 
sand ~lo!:ally". Lot~ ft·,"lll .:.:.·,,- s -1{·mten-: uy ~-::.·t ..-: ';UU.i n t r .. e ez411ct same db• 
tribution of parti~ulatf: ai:Z ~~-", arrd ~·-rd.e.r-J fr·e:lll c.'t>.'t ea.e YC!'> :f .. -: may cmae 
frc. different guarr. if.~ ~ a:-d -. ... ':.1 '. ! a ·, .. d!ff·o'lr~nt d.htributir:'l~:~. Tb.u8 from 
the point co£ view .-.,f gc.od :a: · :;:a '~ q ·::- r1t.t··· ·~ ~ :: e.Jq:·eriaent:~, we started under 
a ba~ h~ mater i.als handi.~&f•· 



The quantity of aand needed t <:• ~onduct 
a 1and and du1t te1t will vary, dependlna on whether the teat i1 
conducted in a 11nale-paa1 or re-circulati~g type of c~er. 
Thil vill be dlacueeed in detail lat~~. 

Origb .al1'1 t 101th FA c...'"'td SVI.I ware t o Ule 
c.cnca::1tratill;lu of ••~J i n f<~;\1%' deMitifl•: o.ol, o.os, o.l and 0.2 
ar-1 cubic foot. 

"rhe St~nd and Duat ~er which w are u1in1 
f~r thla research ¥&3 d~1dgned t 10 psr£ t1D r !>·..1tine aaud and du1t tut• 
utilizina the du1t •p~1:.1!11d (.;u t i za :3J.l£Cification IIIL-1•5272, and i1 a 
cl·o••d ayatea. An e l(l!!-tt r itliTLi ·.: eaoktt i ndie&t1!:'ir attache d t o the chulber 
vu ~•lf.brated t o in'l!L::at~ t he t'X'O?·=-.C :len!.ity of thie dust vithiD the 
chalber. Thb •~k.e i~dicat:.:;r will not -=••urs the deulty of our 
reaearch type aa!!ld, ?rc~&b ~1 b e:ca.ui!e: t ht::re ar.e leaa particle• in 
auap!!:ruSi't•e: due t 10 th·!! inc:t<ll&:!~d 'ii\C 1·~ ,1 f each particle. 

A. ee~•Q' t"&~ ao. ::!i~C:•d .-_, f ~•suring dens ity, the 
r e:mv;ral • f a k:~ .. ovn. w. l ume .:.. f sand-l:.· .e&!' i:m~ a i r by a '9·a ..:uum pump throuah 
& f E .t:sr, a~.d r.t.~ w·~'tghir.g !:h~ a;am;i4Q rem<:tVlld, a leo pr~·ad uuucceaaful. 
~t ·~i'l~~•=f\J that a ga ll ~ \::.·.;tit>·::: l bt'! 1'!1$f>r t~;d into the c.h&llber, if 
factld t .r.war.is t he b l ·"··w:i ng ~and, t--e~ame 10:: 1 ~ .ggrlild. If tl:.e s •.1c tion line 
fa..:.ed dr,:~wruttr~ t•:.":' a,,.;:- ;.·~'! e?::r!laa, it wc uld n-:.t suffi. iflln t l y· divert the 
mc;~irr.g p&rti·~la~ f't' · . .m t'he it· .o.rigit~al J ire =t i . n i movement . 

JUu'irl~.~ t'h · v <:. lwnQ. :: f t h '" ~t:.'!:lr~ S• nd and 
l)lJ.~ t c·~~r ~l ~;a.:.d ~JI S~ -:~, A liJ a ,uuming tha t t h E v~l':'•.cU:-1 h 
euff!ci <f.lt_t t ·'l ke<~~p a l l , f t:~.e. gau "! h - eusp.~Mit'ln, it was th~ught that 
i t 21i&h.t be ~·.~~u !.b.h t·~· 1~-rc.·du,;:~ th.tt p·r ':.l:p~: Wl!il i&ht ~ f £and t o produce 
the der.u t.t:y de"i.r ~d . '(;. .':.roll·;;·~:-, hh a.J:.~v h.s.~ fT~~n to b e an unreliable 
meth~d £·1= t'to~.:'\1 r~&i!J -:;;1'1~ : fir cll":: , t he hi :id!!'l!l p.art~ -of th!: eha.ber, 
C•:'<ollng cc•il surf • .. ~e•, l~dg-e~, jr_-.,1r"·1:~ , et~ . , an 1 c.apa~le of t.ntrapplng 
. .;. r cr ti:;:u .t~f thE! c. ircul a tlr.g e.!.nd, f \m.J c·n~tinually redu~ing the deulty 
of t he ma~t.r ial i:G~ circu1ati<:--~ . SE·~ :.: .:d.ly~ iM~.ce!!,~i't ility t o .uch of 
the s ystam ~reve·AU t h.ll.r ",ugh :;;le.An i.:tg ~ &nd operating p-.er ii!~al can never 
be a eaurf!d that: et_·~rap.t ~ i aiit~.t' ial f't·..;m a p.r~v·i.;. UeJ r~n wi ll not. re-enter 
the ayatem &8&1n and u f,e e t tb~ n .?.~ d~:rr.~ i t:v. 
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SVII alao encountered thia problem, and solved it by 
coavertina their e~er to a ooe-paae systea. It ia t.perative that we do 
the s ... before continuina this proje~t, for two reasons; (1) Recirculating 
sand particles shatter upon contact with projecting edges of the chamber, and 
the input particle size distribution becaaes changed ~re ~•ents after the 
cballber circulatiQn is stat·ted. (2) The ree:it·culating sand abrades the systea's 
ctreulatina fan, picking up _..tal partie:les fra.a the fan blades which also 
atrike the exposure speci~n. 

Our fan ultt.ately beeam~ unbalan·ed fr~ eroaioo 
and bad to be replaced. A one pass syat~ can be so designed that sand will 
not paas through the f&n aste~ly. 

Ve J..ocitJ: 

To cover the vide ranae of velocitie1 oriainally envi•aaed 
ia the early staaea of thia project, r.A. va' asaigned the alower veloeitiea of 
1300 + 200, 2250 + 200, 3000 + 300 fpa plus one other point between 1000 - 3000 
fpa believed eonslatent with the deaian ebaracteriatics of our cha.ber. Any 
cbanae in velocity required ebanaing a aet of pnllie•) a tt.e consu.tna and 
dirty job. The velocitie1 vhi<:h resulted were n .t t t .. _.:·se empirically desired 
due to the 1pedflc limiting .-:'h&r&eterhti,~s r. f tt.~ fan used in our ehaaber. 
Before the fan blade dieintegt:atic\11 , it toraa determin•d t n.at in the attempt 
to attain a 3000 fpa velocity we had ex=eeded th!: duign ~naracteristics of 
<the fan, that vel ·~.:ity W&Cj actually being retarded , and t cp velocities were 
not reached. 

s~RI htving a different type cf fan utilized velocities 
intended to overlap thoae :>f r .A. , fr.;,m juot below 300J fpm up to a uxi..um of 
5000 fpil. 

All participanta pre.pare.d t ht:ir own expoaur e samples. 
WSMil uaed apeci.en1 approxiMte!y 1" X l" X 1/1~ " Iince their surfa.:P-s were 
to be aicroacopically exaained . Svi.I ar.d FA bU:d apprJ.d:JDAtely 1" X 1\" X 
1/16" apeci .. na and weiahed their lpeciae'lla f or weight l .c-acl. WSMR u•ed 
twelve specimen (previously liated on p•ge 11); •~d fr~• their list we used 
four. 

Glan (one-half of a standard aict·~s .;l)pe slid£) 
Aluainua, Alloy 3003 {Sur fae:e Har·dness Rc .:kwe 11 ( 1±2) 
Brass, Hardness Rc~kw .. tl B 40 or r 79 
Mild Steel, Type 302 (18-8), H~rdnes~ Rockwell B 80 

Frankford Arsenal also exposed three typ~s ~f plastic specimena. 
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All aetal ea.plea were purcha•ed to have a #7 industrial 
finiah on both aides, and it was specified that they were to be received 
with an eaaily reaoved preeeureweeneitive paper protectina each aide. Ida•• 
were to be fr~e of burrs. However, vor~nship of .etal Auppliers varies. 
A comparison study of the aa.plee cbtained by the three contributors ahoved 
oura to have an uneatiefAct~ry surface finish . Al so, our speci.ene bad 
b~rrs and sharp edaea which .:..:~uld r.Q::\c.e.ivably chip off under sand i.-pact, 
and t.pr~perly affect the speci~n weight. Atteapts .. de to improve our 
speciaens still fell sh.ct·t t) f desired conditions. 

Speci .. n RolderJ! 

Three (3) ape~is~n holders were constructed to bold one 
of each type cf test specimen by a 1/16 - 3/32 in~h arip on oppoetus edse• 
of the lt in~h aide. The holder• were •~· sount•d that upon betua placed in 
the teet eha.ber one vas normal to the air stream, and one each at 30° and 
45° to the air streaa. A eket~h •h~wina the design of these holders is 
ehOVD below: 
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Th••• holdera have not been ca.pletely aatiafactory, 
and .. y have been partially reaponaible for the erratic reaulta obtained. 
Sand and duet perticlea which could not be ra.oved by an air blaat were 
able t o penetrate between the holder aad the •P•~Ci.en at pointl ''X". Tbeae 
were capable of acrat~China the apeei .. n aurface upon r~oval . 

All of the field data collected durina 1961 and 1962 baa not 
yet been analyzed and forwarded t o U.h Araenal , pou ibly d"Je to the afore­
.. ntioned chana• in WSMR ~aaion reaponaibility and peraonnel. Graphed 
data ia a•ailable, however, ahowina the grains i.pact/aq .. va. cu.ulative 
ezpoaure ti .. oa the exposed plates . A partial anal yaie of the sand col­
lected at varioua levels ia alao available . Althouah this ia inco.plet&, 
there ia aufficient infor.aticn availab l e t o show that particles aa lara• 
aa 840~ are a l oft up to 8 . 7 feet above the around in high winds, al­
thouah the larae•t parti~lea colle~ted that exceaded 11 by weiaht vas in 
the 385 - 420~ ranae . 

Wind vel~~C ity data w•• ala~ nl y partia l ly cnaiyzed . How­
ever, I"•U t; l U thu1 far anal yzed showed a pea ve l iO·<C ity of n. IIPh Maaured 
durina May 19&1. Durina May, 1961, the fol lowi~g -.xi.um wind ve l ocities 
and durati ·t'ln of c ntinuoua wind activity were r~corded . 

Dur ation { :e!ra) , Mu Vel (Mn l 

82 \ 50 
u ; ~~~ 

15 4:> 
4, \ n. 
20 40 

The duration of t he .axi .. ar e n ~t kn~wn , but &re i~te~pret~d t o only be 
abort duration guets . 

No .. ani ngful data ~~uld he de~ ived fr~ t he liaited 
data "obtained at this Ar senal dur i DI the el~ven (1 1) r uns ~de prior to 
equipaent failure . Aa diacuaaed, thi• .. Y be due t o iaproper preparation 
of the .. tal aa.plea, uncertain densi t y of aand i n the ~ha.ber, and i t a 
rapid reduction in par tic l e abe with au(ctt:• • • ive pat:u• tl~r~uah the re­
circulatin& cha.ber . 



Southwest Research Institute (SWRI): 

This Arsenal has received a preliminary rough draft copy 
of SWRI's laboratcry f orthcoming report. This document gees into aa.e de­
tail in reporting weight loss in exposed samples, ~ith acme secondary ob­
servaticns as to changes ln surface rcughness, discol~ration, surface re­
flection, and shape. 1n all, they made f~rty (40) runs to complete tv eeta 
o£ data, which data includes measurements and calculations of iapacta at 
various veltcities and for varicuB psrticle sizes. Sa.e of their samples 
did i:-.dicate (. .)~&is tent weight l.osa Wit.h time of exposure; others were so 
erratic that reliable weight loss statistics could not be determined. 

the SVIti t'E:p..; r·t pointeod c ut the different trends .mich 
could be indicated, depe~ding on which fac t or was used as a basis for 
analyai~ ; i.e., ~~poaure angle, eand concentration, velocity, particle size, 
type of specimen .aterial expoaed, variation in surface rGu&hness, etc . , 
and the 149 ~ombir.ati. -:;!.8 of gr:.ups ...tii ~h were a!.s-o pouibb in presenting 
al l of this dats statistically . 
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OONCLUS!ORS AND RICOMM!MDlTlONS 

Specific.ations 

~~t (Fine San~ 

there h !.~w avai l Able s a ffi c lent dsta t" show that 
• iaua air sp!?Oed:9 in the due:-t <"<i.~. rea·.:h 72 •pl (f 3 36 fpm)•durina 
pat ccrttdid. ·_:~n~ . l t ther6fc:re would appear t o be reasonable t'l re­
c~nd t hat the velocity of th air in th~ sand and dust exposure test 
be increased to at least 6000 fpm. Thie reco..endation will be .. de 
to the Ad•Eoc Cc,•itte·~ c:r. revie t on d eand .a:t:f dus t t est specifications. 

Im~cifi.::iE-o.t nP.w da ta exhtl t o warrant .odifit:ation of 
the C!lln.ct:ntr•tL.·:l of the "du.tt" u11ed in these te:f> U, • ·.1ci therefore no 
recc.111M!ndati -;,n is -..de f e r varying it . Ulti .. t~l7 t.hie "dust (fine 
sand)" apecific:ati U!n t .hculd be oriE:nt ated t .:lwardt a particular type 
of ct.aaae/c!.errad,a~il)t..: i. e ., pt..letration , obs ; uring light paaeaae, 
p1uaaina a fi l ter , e:e:tro ~tatl: ~~nduction, ~t: . , and if necessary, 
specific sub-s e. ..: tt ·~ ~ns &h r)uld b t: in)C!e:rted t ·) tue c are of each of these 
c ondi t i• ·n~ . 

:a t:~.e .. ~:..sml. c.r '! f c .: ifi : &ti.:m {1\efere:n.::e a ) ie s~~ill t~ 

remt i.n eJCtA:: t .. it ~hc·.1 l.d 1:..: reviH•.i t :. i -.:: i u ie: o~~ p·:· :~1tiv ·a st:.~teme;'lt 

c .::>n ~ E.n.ing b• .. :J'li d i. r y .:. :. ntx· ~l. . 

... t ls further r~ : : ;.nme.~:.if.d t'r. st t ·r,e pt· . peor a ·;.ot h:>r i ties 
be alert ~d t :. '-<L'1c e 1 c .: tdfi t f.d : .r: n ~ n-used ape·.:. iti : at i -:>n9 r e:Iate d t o 
Sand 6a Dr-~t , S.ad t .i n:-Vif':W, t ·evi ae, &r,d up- gr&de th·-:..~e t hat a!'e :." ti 11 
in c~. e t -: r ·e.fe:r· ->:~, ~ ~ t he i<t.•>: .~ t: appr ... v e:.-1 t ~;.t mf't~ ;.d':' 

S'Oin d 

Ai. thr ~g'!:l n . ~,_ .r:r.e 1a t L ·.:\ studh.::- :ts .;e id yet t e £.n made be­
twe~n t:he fielrJ tn:.d r.r, ·: :a.·~ort~ i·.~ t · f c::~tp ce.xt€ • th.e.r., !<t auif i _ Le n t ~vidence 

t o juatiiy t h e rc:· :~F:nd.ati >n u •. u an E>nt1.r-e :Y ne.w ''Sancl " e:xy.:;eure spec ifi­
('at Lcn /standat·J b~ pre p&.t·ed . Sudt 4 oc; :J.me n mu~ r t3.~e 1nt.:> ;:')nsideration, 
AD-:.ng the.r h . t • .. re . th~ .t..f.:.n-.nenti :>-:-.. c d pr c!-le·.:n ~ E'.r.-::. ~ uT:.t:~ ; ·:!' J by this in­
veet i.g.s t i..::n ; 

~11) Ih-:S ! r.he S !tn::A s pc ..: iii ::> d muC~ t have a n .tr.ge of 
pax·t!.cuL&\·.e 1.>l ze d1 H r·ibuti ;.n tr.u i lf ~an1ngiui. , te s t wise . and still be 
readily a.vsi l.>ib l~ i n a il p.:. .:-H .: ~ d ,e .. ...~untry . PreiiEnt tt- ;e~:r~h r esults 
would gee11l t J) ~up(l"1l't e .c- ~f .: tl ·:·1 of p.utL u '!.ate. si.z~s r&n&ing f r CilJI 150 
llli.creons t ro 8.)C mLx .>r:a • 

*"cte: fr ll•:tli. l:ii.!U :t.t" ·-::lh P".r- ~ ,p r .r .d ft "i - tc rr- ·ll.ttt '{>~ l!. ·~ 't'W'l~r.l ~ .. "··ral Sand and Dust 
Phe~O\Jdn n t l!t·& ~-'~'t iru!all!~iQ·:n.~ A1tit6! ~tUC<!i 1f.n 't Ct'fl~<U, WS'Q i Sept . 1960 

~~----~~--~---- -~·-~---~-------



(b) That a new type of chamber (ncn-recirculatlng) must 
be spelled out in this specification, relatively economical to build or pur- 
chase, since current Sand and Dust chambers of the re-circulating type will 
not suffice. 

(c) That the density, air velocity, and duration of 
expoaure specified produces degradation which is realistic when compared to 
extended field exp.surea, sr.d fallR within the purview cf Reference p. 

Nc details ci such a proposed specification can be given at 
this state of the investigation. 

Program Continuation 

It is recommended that this program b* continued in order to 
pursue the investigations started, and tj cille:t additional and more 
meaningful data.  T\a ultimate gcal  t this project will remain the 
issuance :f a relaistic "Sar.d" test spe.'illcatl on. 

Participants currently funded to continue this work are this 
Arsenal, WSMR, and Aberdeen Proving Grounds (APCO •  It is anticipated 
that SwRI, wh.» did t^e bulk of the reported lat:rat:ry phase of this project 
to date, will be re-contra:red tc ccntinue their participation. 

This proposed program will ».cnslst, fundamentally, of each parti- 
cipant exposing replicate sampled cf specimens in the same manner, each in his 
own equipment,  it is Anticipated that the variables to be investigated will 
be reduced to sand dtnfllties and ve i-ccit ies.  The sand particulate sire dis- 
tribution is to be specified and thus become a constant.  If time permits, 
temperature will be introduced as another variable at the end cf the program. 

C j-npar is ."-n.-} t; degradation d^ne by the vari.us contributors will 
help evolve a degraditi n standard.  Correlation between this and field 
damage will alp. have to be established 
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APFEHDK  I 

MIL-D-13570(ünl) 
9 August 195^ 

SIIFEHSEDING 
ABC? 60-901-1 

3 March 1944 

<^ 

MILITARY SPECIFICATION 

DÜ3T,  TESTING BY EXPOSURE TO 

1    SCOPE 
lol    This  specification  covers certain test procadures,  pertaining to th« 

testing of the resistance  of, conponents and their materials to the  injurious and 
otherwise deleterious and  imdosirable effects caused  by exposure to specific 
test dust,  under prescribod  conditions. 

2.     APPLICABLE DOCUMENTS 
2,1    The  folloving specificationa,  of the issue in effect on date of applica- 

tion of this specification,  shall form a p.irt of this specification. 

SPECIFICATIONS 
Military 

MII^V-3329 

KIL-V-3798 

- Vehicles, Combat, Self-Propelled and Towed; General, 
Requirements For. 

- Vehicles, General Purpose and Special Equipment, Self 
repelled and Towed, General Requirements For. 

(Copies of specifications required by the contractor In connection with 
specific procurement, functions should bo obtained from the procuring agency or QO 
directed by the contracting officer.) 

3. REQUIREMENTS 
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 exposur® 

to dust on the components and materials beinp tested. Tests shalj be accomplished 
wholly or in part by the use of suitable equipment (see U.6). 

3.2.1 Test result determination. - The result as to the extent 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 detonrined in 
accordance with the detail specification applicable to the component or material 
under test, 

3.3 Workmanship. - Tests herein specified shall be made by, or under the 
direction of, a person or persons well qualified by experience and knowledge to 
conduct tests in conformance with this and pertaining specifications. 

• 
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(Ord) 

4. QUALITY AS:3UHANCE PROVISIONS 
4.1 luspection. - Government inspection and tests sh:U.l be conducted in 

accordance with this ar.d the detail specification of the comp~>nent or material 
wader te1t and in accordance with the applicable requirements of Specifications 
~V-3329 and MlL-V-J79S. 

4.2 EJace of inspectioll:. - Unless otherwise epccif i ed, the inspect - on and 
test1 of components and ma·.eri.Us ~s prescribed herein ~ ;1a 1 be made at a place 
cle1ignated by the contracting officer. 

4.) Lot size. - A lot shall consist of all components of a type or a kind 
1ubmitted for inspection at the same t~me by one manufacturer, or as specified in 
the detail specification for the com~onent. Specim~n for test shall be selected 
by the inspector from the lot reprasented. The lot and test specimens selected 
lhall be in c .::mfonndllcc with the requi rerrents of the detail sr.dcification f or the 
componellt. 

~.~ Vi s ua l ami e 'le ine insncction. 
4.1 .. 1 Visua in spe ction. - Each specimen shall be g iven a complete v~sual 

inspection befot -e test:nr, , t~> ascert lin th r1t a ppear ance a.nd manu."acturine processes 
have ~en eati~f.Lcto r~ly co~ple ted. 

4.4.1.2 G ~ein£ inspec~~on.- Each specimen 3hall be gaged and checked for 
hardness • we irht , din.cnsions , and cher.-tical and phys ical character:i sties. When 
necessary du <.J t o c rm ;'orm:mce to reoui r €'ments of detail ~pecifi cations, an inspection 
or each pili'"t " C:lmr oMnt shall be m:1de prior to the test. Individual parts or ~ 
component shu . '" e ;,.-de pr ior to thP. test. Individual parts or components shall 
be inspec t e d r r\ or t o u!33er:.bl y. Complete s pcci r.-ten ghnll be disassembled and in­
spected. The rt!S~ t !3 u!' t il l! in::~r•ection of pa r ts :in ne w condition shall be recorded 
for the pur: o ~lt.! of c -.~ . ;.pd ri son to Jetcrmine if the r e ha s b··en any change in dime ns ions, 
physical, or c r.tH:: i c.1.l d: ii r a c te ri sties, ctue t o wear or abra~ion, or chemical action 
of the te s ts. 

4.5 Test. : l i.!_~=~ - lln l P~ ;, oth•.: rw ise s pecil'ied , dust use .i i n the te sts ~h~l have 
the fr'.low :~: ,· C l l -, r.'l ·~t ..; r : :;Li, ::i: 

4.5.1 ·~ -:re en: r ;• t ·c~~~t.s . - The re shall be no residual matte r evident 
after screenint• t es t dust t h r oup,h a 2CO me sh ~creen. 

4.5.1.2 Fa1~L i cle size an1lysis. - P~, rti cle size analys i s of the test dust 
ehall be a ~ f ol ov1s: 

Pe r cent of t ot.al weigt :t: 

0 t a 5 ------------------------------- 39 -t 2 
5 lu J.C ------------------------------- 18 + 3 -l G to 'U -·- --- -----.. ----------------------- 16 + 3 ...,,_ • I ,.., - - - -- -------------------------- 1 ?. + 3 .. .. c. '• '-' 

40 t o E'O ------------------------------- 9 + J 

4. 5 • . 3 Cher.-,ical analys~ s . - Chemical analysis of the test duet shall be a~ 
follows: 

2 

f 



Sub~tnnce 

Si02 

Fe2o3 
AJ.203 

CaO 
~~0 

Total Alkalis as 
Ob.2o) 

Ignition losses 

Percent of total weight 

67 to 69 
3 to 5 

15 to 17 
2 to 4 

0.5 to 1.5 

3 to 5 
2 to 3 

(Ord) 

4.6 !£.~t- :>.nnaratus and cc.1di tion~. - Unless otherwise specitied, and wheD 
not in confli c ::. with detail specification, test apparatus antl conditions shall 
be as specified in 4.6.1 throuph 4.9 (see 6.2). 

4.6.1 T'.·..:\ t i nr: char .. ber. - Testinr, chamber shall be of adequate size to accomodate 
the specimen t o b~ tested and permit ~ountinr. as specified in 4.10. 

4.6.2 D ·· t r.uMti t:r:. - Ten pounds of dust shall be placed in the testing 
chamber for e ;_r[l 27 cubic f eet thereof. 

4.6.2.1 I> nsity of dust. - Dust shall be completely and uniformly diffused 
throughout th~ cube of the chamber when agitated as svecified in 4.6.2.2. 

4.6.2.2 ~ · :J st aeitation . - Air blast shall be in a downward direction into 
the dust in a ... :.nner th"lt will diffuse the test dust as specified (se~ 4.6.1.1). 
The dust agit ~~ion cycle shall be 2 seconds of air blast at 15 minute intervals. 
Test shall be conducted for a minimum of A hours. 

4. 7 Air ·:,': r..pe rature. - Rer:ardless of ambient .1ir conditions, temperature iD 
the testing cl . ~ .:be r shall be uniform throu~hout and not less thar. 70°F. nor more 
than 100°F. 

4.8 Air ~re ssure. - The absolute air pressure in the testihg chamber shall 
not exceed tl~c : b ~olut~ preJsure of the ambient air by more than one percent, 
unless otherwi ~c s~cified. 

4.9 }!oi ~~~ - The relative humidity shall not exceed 30 percent at any time 
during the te st- . 

4.10 r-~~ thod of mounting . - The sr·:- cimen to be tested shall be mounted in the 
aame manner a~ a pproved for the actual installation and application or as specified 
in the detail ~pe cification. 

4.11 Or ~ :· .•tton of eledrical uni t s. - Unless otherwise specified in the detail 
specificat~.on, c .:1ch electrical terminal or connection normally attached to an 
electrically cncreized part, that in the actual installation and applicati~n, will 
be operated el(J ct.rically, under electr ical load or in an el ctric circuit or circuits 
shall be inclurlcd in the te~t. 

4.12 Ad 1ustm•c?nt :md inspection. - Adjustrr.ent and inspecti"r of the specimen 
during the te~t shall be m1de as reouired in the detail Spdcifica~ion. 

4.13 QE·~ r.1tion durinr" test. - Unless otherwise ~pecified ir. •.he detail 
specification, ~pc ci rr.ens that will bd electriC<llly, pneum:1.ticr L.:' , ~1ydraulically, 
or mechanically operated in their actual installati ons and arplications shall be 
operat·: d durinG tests in the saT.e manner as in their actual ir:stallation and 
application. 



Y.IL-0- (Ord) 

4.14 Operation .1fter test - ~·then addltion:U tests .-:.re necessary due to con­
for~ce to reou:rements of the detail specification, the spc~imen shall be care­
fully removed from dust ch~ber, s~ as not to disturb nny accwnulation of dust on 
the specimen. T~sts shall then be conducted as specified in detail sp8 cification 

4.15 ~jection. - Dimensional ch~p,es, (see paraRraph 4.4.1.2) or chan~es in 
physical or chemical characteristics exceeding the limits specifi ed in detail 
specificcltion, or the leaka~e of current to ground or short circuits of elec~rical 
components, as a result of this test, 5h.111 be cause for rejection. · 

4.16 Ret3sts. - Retests shall be conduct~d as required in the detail 
specification. 

5. PltEPAHATION Fvk DELIV:;RY 
Not applicable. 

6. NOTL:.S 
6.1 The tests and procedures covered in 

automotive-type vehicles and trailers ard the 
6.2 Test apparatus and conditir.ns (4. 6) 

dlectrical components by S. A. ~. 

t his s peciiication pert.1j n to 
components parts t he reof. 
are comp~r~ble to th~t ~~ cified for 

Patent notice : When Gove rn~nt drawinf,s, speci f ications, or ot hc ~ dat a are 
used for any purpose other than in connection with a defini t ely rel~tcd Government ~ 
procurement or~ration, the United States Government th~ reby i ncurs no responsibility 
nor an7 oblieation whatsoever; and the fact t hat the Gov~rnment may have formulated, 
furnished, or in any way supplied the said drawine,s, s pe cifications, or other data 
is not to be rep,arded by i mplication or otherwi se as in any manner licensi np, t he 
holder or any other pqrson or corporation, or conveyinh any ri p,hts or permission to 
manufacture, use, or sell any patented invention th~t may in any way bo re l rtted 
thereto. 

CUstodian 
~ - Ordnance Corps 

GI'O 110 H O 



APPIIIDIX II 

SA! Standard J5 75 

Thia epe~ift~ati~~ ic a r•p~rt ~f Liahtina Di•iaion appro.ed May 1942, and Lalt 
r••hed by Liptia& C~ttae April 1960. Editorial cbaaae, Juae 1961. Scope 
e~•r• 19 Yarietiea of h•adtc.p unita » p .. aina la.pe, apecial identificatiOD 
Uahta p •t.e. 

C. D'D'S'l' T!ST 

A aa.pl~ unit with an drain ~~le cl~•ed ahall be .aunted in a nor.al 
oper•tina p~~iti~, at leaat 6 i~chea fr~ the vall in a box .... urlna 3 
feet in all dira~timu» !!l<l-ntainiua 10 ptct"Unda cf fine po--wdered ceMnt n 
al!:cordalll''=* vith ASl'M c 150·5' Specificati.o>n f~r hrtland c-nt. At inter• 
val• ~f 15 aiuutea thia duat ahall be agitated by coapreaaed air or faa 
bl~.er by pr~j•~tiDI bla•t• of air f~ a 2 aeeond period in a dowaward 
direeti~n into the du•t t n ~u~h R way that the duat ia ca.pletely and uni• 
folt'llly diffu..ed tbr,l)ugh,~ut t l , r e (!\lib a. -rhe dua t 1a then all ... d to 
•ettle. !hie teat •Dull be ..:oth L.'J.S:d f o1: 5 hoc•. 

After t.\e duat tut th• exte:rh1r •urfa~• ah•ll be c leaned ; and if the 
.axt.ua ·~•~d1~~~r 1• within 101 or t h• ..xi~ a• ~~arad vith the con• 
diticgn aft•r t b.e Wlit 1a <e leant l inaide and ~ut , aull be ~~naidered ad· 
e~uately du•t tiaht . Vbere ee•l•d unit• are uaed, the duat teat ahall not 
be required. 

~8 



APPENDIX  III 

StAUMRD SAE  J7 2t 

AIR CLEARER   TESZ   CODE 

Excerpts   £r ;.m 

1.0 SCOFF 

This  teat cade iß  fit  latcratary us©  im döterainlng tho oporatinQ 
charactoriotlco  of air  claanorta.    It reisrsa   opüciflcslly t©  laboratory 
tasting of oil batln,  «11 ^&tti>d, dry and Emltlstage air clttancre.    Other 
typoo  ohould f:lion ehlo xazm^^ndod practice ^lisrevsr applicablo.    Multl- 
otoßo typGö Gküuld bo ovalaatad ao a ccciplatG aooaEbly although,   If do» 
sired,  a CA'Sjiaaant ttt&ge can b« tested separately in accordance with its 
individual type. 

Thi« code cortaiais alternate prccedurea &n<i permits  prescribing 
certain specifi:   csnditioaa of a tft«t.     Hkerefore raparted results of 
tests are not   c;'iiaplete ualea^ «.::C'A!peinlad by statements, where applicable, 
of the specif it  cj-ndlticna such 4,4;     {1)   rated air flow,     (2)  prescribed 
air  flow,     (3)   uteauy  -r  variable eirfliw,,     (4)   fine or coarse dust, 
(5)  aawuct cf dust,  aiid     (() aaxiBuia permissible restriction. 

2.0 MATEPIAL Am APPARATUS 

Tß^c oil  fir oil 16.t\ tjrpea   s-hail be   :f  n*D gradea-     (a)   light, 
SAE   K,     'b)   t*&vi\   SAE  20. 

T&9t dust    stiftil be  standardized and shall be  af  c^a  grades 
(labeled "fine" *iad  "-.'Aiae"?.    T'bi*  fr-llowijL^   .hexl:al analysis   la  typical: 

X ly Weiset 

>> ? t .■ a 
3   t     ! 

15     t L' 
.'   t :  ^ 

C  5   to   1  S 
3   t^ 5 
L   t"   3 

t^fc'Xl f.« 1 

srj4 

F.^3 

CaO 
MgO 
Total A1«. fti 16 

Ignltl :n !Uo»s 

Obtainable   from AC Divlslja.   O^neioi Mot.ra  t orpuratl.n,   Flint,  Michigan 



12 + 2 
12 ■f 3 
14 + -a 

23 + 3 
30 ■?- 3 

9 •;- 3 

The particle size distribution by »eight as  measured with a Roller 
analyzer  shall be as  fellows 

Sls»r Mi'crras ria<ft  zrii* C-caraa tfrade 

0-5 39+2 
5-10 IS + 3 

10-2J It   + 3 
20-40 18+3 
40-80 9+3 
80-200 ----- 

Ä* du4t feeding saci.aata^ encuid f&ed t^e deslrsd grade of dust 
at a stfeftdy  rate  ti diaperff« a cr'ntiimaualy anif'.rs» partlcle-slre dia- 
trlburici IA the  nil  etreim before rtic.hir.g the air  cleansr.     The particle 
site  «hall »..t be   changed t>   ti« dutt  feeding »ftihAjitja. 

8.0 DErgRMl'Mr.DN OF EFfXCIEACI 

(b >    T" & dust  feed rate shjuld be  r.fticulated using the dust 
cmocentrafl:.iu    f 0,025 g per   ^u ft   af air   ^'..5 g per hr per  cfm). 
Either  ii-e    /   ^.«xae test ciuat m&/ be pr t>s-.ribed. 

9.0        DE
4;£]mv'.A:.:>*« OF DüS

-
-' CAMC";rr 

'•' S^ftdy Airf.ov - 

' .) 1% dufft  feed rA4.e sb juld be  talculated using the 
dust  .c cActa"..-A'J'lc'n   :f 0,0^5  g per    u ft  of air   (1„5  g per hr per cfa). 
El ».her   fire.   :r      .«.r-^a   ttit   iuit TSA? be  pTiW.'lb«d 
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1. SCOPE 

MILITARY SPECIFI CATION 

MIL -C-9436A (ASG) 
5 MAY 1955 
S:.~persed:ng 

~IL- :- • . )6( ~~ ~ : ; 
2 Febn ary ~ -6. 

CHAMBER, SAND AND DUST TESTIIlG 

This specification has been approved by '.he Dt ;::ar•_:'\ r!. 
of the Air Force and by the Navy Bureau of Aerona<~ !.. · :.; . 

1.1 Slope.- ThiJ specification covers sand and dust cn~~ber ~ 
environmenta testing of aircraft equipnent. 

1.2 Classification.- The environmental t est chambers shall be ::> ne of '.. ."1e fo . J OI­

ing types shown in table I, as specified ( see 6 . 2): 

TABLe. I 

Test ccmpartmeP '.. s izes (inches) 

Type Width Height Dept h 

I )6 24 18 
Il 48 48 48 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications and standards, of the issue in effect on dat e ~ f 
invitation for bids, form a part of this specification to t he extent specified her ein : 

SPECIFICATIONS 

Milit&rf 

MIL-B--S272 

MIL-P-116 
JAN-P-100 

JAN-P-104 

STANDARDS 

MIL-STD-129 
MIL-STD-130 

Environmental Testing, Aeronautical and Associ at ed 
Equipment, General Specification for 

Pres~rvation, Methods of 
Packaging and Packing for Overseas Shipment -

General Specification 
Packaging and Packing for Overseas Shipment -

Crates, Sheathed, Wood, Nailed 

Marking for Shipment and Storage 
Identification Marking of U. S. Mlli tary Property 

(Copies of specifications, standards, drawings, and publications required by .:on·· 
tractors in coMection with specific procurement functions should be obtained from th~ 
procurin& activity or as directed by the contracting officer. 
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) . REQI I ~E~NTS 

) . 1 Ma teri .:~ ls .- The materials , component parts, and . . _chanica! assemblies, used 
in the construction of th is chamber shall be of the best commercial quality consistent 
with t he performance requi~ements of this specification. Materials which will resist 
erosion and insure a s ntisfact.ory operating life will be used for the ducting and fan 
blades. All prot ec tive features normally incorporated in electrical and mechanical 
&pparatus of this type shall conform to the standards of the National Electric Manufac­
turers Association and t he best practice in industry. 

).2 Design and construc tion .• -

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 
s;Jeci fied under paragraph titled "Sand and dust tests," of Specification MIL-E-5272. 'Ihe 
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 f 0r visual i nspec t ion of the test specimen. Sufficient heaters to 
ma intain ~.e test chamber at l 60°F {71°C) shall be provided. 

).2. 2 The f ac i l ~ ty shal l be designed to meet the performance requirements outlined 
i n 3.3. 

3.2.3 Figures 1 a nd 2 are for reference only and in no way limit or restrict the 
freedom of the contractor i n 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 dustti ght cabi net, with the floor 
designed to permit the dust to fall into the hoppers for recirculat ion and capable of 
supporting 100 pounds per square foot. The door shall provide full front area claarance 
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 int erior of the facility. The chamber shall be adequately l ighted. 

3.2.5 Controls.- The facility shall be automatically time- cycle-controlled to 
accomplish the exposur& and s hutdown required in: 

Procedure I, under paragraph t1 tled "Sand and dust t ests, " of 
5~ecific ation MIL-E-5272 

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

Manual choice of either Procedure I cr II shall be possible by means of a s i ngle switch 
or: the control pan~l. Convenient manual settirw of the cycling control to "start" shall 
b~ possible. The thermostat control shall be located for convenient manu&l adjustment. 
Specification ~L-E-5272 temperature requirement for 77"F {25°C) shall mean room­
t emperature operation be tween 77°F {25°C) and 89.6-r (32~C), and the 159 .B•F (7luC) 
requirement shall have a !4°F (!2°C) tolerance. 

).2.6 Bl owers and ducting.- A blower and ducting shall be provided to circulate 
the dust throughout the t est chamber with the velocity and concentration as outlined in 
paragraph t i tled "Sand and dust tests," of Specification MIL-E-5272. 

).2.6.1 Auxiliary blowers or fans shall be provided to generate velocitl es of 
2,)00 !500 rt/min through a minilllwn area of 1 square foot in the test space. 
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).2. 7 Tel'lllinal board.- An electrical ternd.nal board shall be provided on the 
control panel, WiUi connections being or the "jack-plug" types and electrically con­
nected to an ezposed terainal strip inside the chamber through a dustproof penetration. 
The tollowinc electrical power conaectione shall be provided: 

4 - lSO up, jack and plug terminals 
4 - 7S ~. jack and plug tel'lllinal.s 
4 - 40 ~. jack and plug terminals 
4 - 10 anp, jack and plug terminals 

Studs may be used through the chamber valls, pro·tided they are wired to jacks located en 
a.panel mounted on the !acilit,r. Jacks and plugs shall be similar to and interchangeable 
ilith existing laborat.o17 equipiiiMt and must be approved by the procuring activity. 

3.1.8 A 2-inch diameter opening shall be provided at one side of the chamber to 
accolll!lodate rotating shaft drives for test equipment. The opening shall be provided iii th 
a cover plate for proper sealing when the opening is not utilized. 

).2.9 Two threaded plugs in the back or sides of the facility•shall be provided to 
accornodate electrical cables. The plugs shall be dustp oof and shall be ot 1-1/2 and 
2-inch size (internal diameter). 

).2.10 Instruments.- Temperature-indicating instrwnents shall be provided to show 
the temperature or the chamber. 

3.3 Performance.- The facility shall be capable of establishing, maintaining, and 
withstanding all environmental conditions spet:ified under paragrarh ti.Ued "Sand and dust 
tests. II or Specification )of[L-E-5272. 

3.4 Identification or product.- Equip~nt, assemblies, and parts shall be marked 
for identification in accordance With Standard MIL-STD-130. 

). 5 Worlananship.- All details of workmanship shall be in accOrdance with best 
commerc ial practice consistent with the performance requirem!!nts or this specitication. 

4. QUALITY ASSURAtcE PROVISIONS 

4.1 Ins~ection.- Each chamber shall bt: inspected to determine compliance w1 th the 
requi rements o this specification. 

4.2 All parts, specilll8ns, or assemblies destroyed i n making t es ts required by this 
specification or drawings, to determine compliance with the specification or drawings, 
shall be in addition to the quantity specified ir, the contrac t or purchase order and 
shall be f'.U"ni5hed without increasing the cost of the c-ont ract or order. 

5. PREP AliA TI 0 N FCJl DEll VERY 

5.1 Arelication.- The requirements of Section 5 apply only to direct purchase by 
or direct sh J:~~~ents to the Ooveri'UIIent. 

5.2 Preservation and packaging·- The chamber shall be protected from corrosion 
and deterioration during shipment or storage in a ccordance with Specification MIL-P-).16

1
, 

Method lla. 

5.3 Cushioni~, blockiff, and bracing.- Cushioning, blocking, and braci ng shall 
be in acco r dance Wi the app cable paragraphs of Specification JAN-P-100 . 
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5.4 Domest1c and overseas shipment.- Chambers shall be packed in a container con­
forming to Specification JAN-P-104. Requirements on seal case liner are waived. 

5.5 Marking of shipnents.- Interior packages and exterior shipping containers 
~hall be marked in accordance with Standard MIL-STD-129. The nomenclature shall be as 
follows: Chamber, Sand and Dust Testing, TJpe (I or II, as applicable) Specification 
fifl:L-C-9436A, Manufacturer's Part No. * , Stock No. * , (Fe<ieral, 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. NOT~ 

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

6.2 Orde~ing data.- Requisitions, contracts, anci purchase orders should specifY 
the following: 

(a) Title, nu.ber, and date of this specification. 
{b) f1pe ot ch-.ber required. (See 1.2.) 

6.) Instruction .anual.- An instruction manual shall be furnished which provides 
the followiDI tnior.at!on: 

Operating instructions 
Maintenance instructions 
Assembl7 and disaasembl7 procedure 
List and description of all replaceable parts 
Detailed assembly dr awing 

PA'JENT NOTICE: When Govem.nt drawi~s, specifications, or 
other data are used tor ar17 purpose other than in coMection 
with a detinitel7 related QoverM181lt procure~~~ent operation, 
the United States OoYern.ent thereby incurs no responsibility 
nor arrr obligation tlbataoeverJ and the fact that the Govern­
•nt u.7 have tonNlated, furnished, or in any vay supplied 
the said dravincs, specifications, or other data is not to be 
regarded by implication or otherwise as in aqy menner licens­
inc the holder or anr other person or corporation, or conveyiQI 
&JV rilhts or perllisaion to lll&l'lu!acture, use, or sell any 
patented invention that 'lfiiA7 in arrr way be related thereto. 

Custodians: 

• 

la"7 - Bureau ot Aeronautics 
Air JPorce 



APPEEDIS V 

MIL-E-5272A 

16  Septei!rf>4r  1952 

EtmROKIMEOTAL TESTIKC,,  AEROHACTICAL AMD ASSOCIATED 
EQÜIPMKNTN   fiEHERüL SFECIFICATIDM POF 

Exctrpt fro® 

4„11 Sacid aad Dust  leata.- 

4.11.1      Pra^adura I.°    The equipment shall b« placed within the teat 
chafer and the sand and dust density raised and maintained at 0.1 to 0.5 
grass per cubic foot within tho  toot opaco.    The relativ© huQldity shall 
not exceed 30 percent at any tiE® during the test.     Sand and dust used In 
the test shall be cf angular structure and shall have characteristics as 
follows; 

(a) 100 pert&nt  of the sand and dust shall pass  through a 100- 
«esh screen,  U S Standard Sieve Series. 

(b) 98 +2 percent  of  the sand and dust shall pass  through a 140* 
mesh screen,  U S Standard Sieve Series<, 

(c) 90 +2 per-ent  of  th* sand aad du«t «Ltli pas«  through a 200- 
mesh screen U S Standard Sieve Series. 

(d) 75 +2 percent cf  the a and and dust shall pass  through a 325« 
ssesh acrecn,  ü S Standard Sieve Serits. 

(e) Chssicai analysis  of  the duat shall be as   follows: 

Subßtance Percent by Weight 

SlOj) 97  to «9 
F62*3 0  to 2 
Al203 0  to 1 
Ti02 0  to 2 
MgO 0  to 1 
Ign Losses 0  to 2 

3/ 



Tlbo  iafcoraal  tüoporature of the  taot chcuiber ohall be Ealntalned at 250C 
(77°?)   for a period of *  hours with oand and duet velocity  through the  toot 
chacbcr botwoan 200 +100 foot por oinute.   (2V300 +500  feet per miaute if 
specified by the detail specifIcatlQn;,     After i hcuxs at ab^ve conditions, 
tho tospetature ohall ht rai«ed tc  and maintalnad at  7I3C  (l^O^F).    Those 
conditions  shall be isaiiitalced  fcr € haurt.    At  the end of  tnia   test petiod, 
the equipment shall be. reci&cvsd mud alla'wsd t.a  L:O1  to rccs to-isporature and 
ohalli. be  o-porated and t\a results   ^rapared t.^  t^»« cbtainei  in paragraph 
3.6- and ©samin&d la acccrdance wttb, pardgrapi  3  7. 

4.11.2       Procedure II.-    This  teat shall be the same as  Procedure I 
except that tit c&st ni li^C akali be J£ 8 Liurs duration,  aud the test at 
71CC »kail be delated. 

3.8 



APPEMDIS  VI 

Ml I>B**W* ^^ÜSAP) 

3 iii'V»  lib 7 

üä&d  ir. Ll&u of MI>'E~52?2Ä 16  S©pt  195? 

wf mosr^wTAL r^roi^, AEROMirncAL AHD ASSOCIATED 
EQUIPMENT.   GEMERAL SFECIFICATIOH FOE 

Es:«rpta   irc-m 

4.11 SASD A«D DiJST TESxS 

4.11.1      Procedure I,-    tit* e^utpatat shall be placed vithin the  teat 
chaaber and the sand and dust density raised and maintained at 0.1 to 0.5 
graaa per cubic foot within the test space.    The relative huaidity shall 
not exceed 30 percent at any tiase during the test.     Sand and dust used lira 
the test shall be of angular stru:tur« and shall have characteristics as 
rollov«? 

(&)     100 p%ti«At of  the £&r.d and dußt shall pass  through a 100- 
eesh screea,  U S St.mdl«;rd Sieve Series, 

(b)     98 +2  pe:   £<at at  the  sand and dust  shall pass  through a  140« 
nesh acrsen,  U S Standard Siev« Series„ 

)     9C +^ p«r.4T.t   ai  ta«  ««.ad aad dust shall pass  through a 200- 
h screen U S St«K,iard Slftv* St^ie.^ 

(d)     /5 +2 percent   :f  the saad and du»t  shall pass  through a 325* 
aeah screen,   U S St&^deid SlAve Series. 

{(i\     Ctxealcal analysis  ot the  dust   shall be  &s   follows: 

Süba.'&nre f^rMvj.r by l-Jai^t 

SiC2 9 7  t3  94 
Fei03 0  to 2 
Al203 0  tö  1 
T102 0  to  2 
MgO 0  to  1 
Ign L^sse« C  to 2 

J) 



Tba  ^otoraal  tGE^feiature of the toot chadber ohall bo caiatalmed at 250C 
(TTW)   for a period of ö houro ^ith oand and duot voljclty through tho 
toot char^or bot^ooa 100 to 500  foot per niaute  (2.300 +500  foot par aim- 
uta if specified by thö detail opacift^atlcc.).    Aftor € hours at above coo» 
di£l©aoc   tho  tcnnoKctuTQ shall he raioad to and oatatalaod at 71ee (16@®Pp 
200®P for aay C4D itoia).     Thooe condttl^tu) ohall bo Ealataluöd for 6 ho^sro. 
At  tho and .of  this  tast purled,,   the s^alpiE^ot ohail bo racsvod oad alle^jod 
to ca<ol  to rO'0«a tessp^raturo fl.ad ohail bs unrated ."»ad the rooults cooporod 
Co thoe©  obtfilaed la 3„& aad Stxaminetd i-a. Aicordaai© td.th 3.7. 

4.11.2      Prosodaro II. =■    Thio  toot ohall bo tho OCLZO ao Proeadur© I 
cscopt that ths. tcot at 25CC ohn.ll be  of 8 hours duration,  aad the teat at 
710C shall be delatftd 

40 



APPDDIX VII 

MYL·!-527lC(ASG) 

ll Apt" it 195 ~ 

EINIROMCDTAL TIS'trNG, AnOKAtrriCA.L ABD ASSOCIATED 
IQUIJIIIItn' , GDI1lAL SP!CIPICATIOB FOR. 

4.11.1 Procedure 1.- The •quipaent ahall be placed in a teat 
cha.ber equal t c MIL-C-~436 and th aand and duat denaity ralaed and 
.. intalned at 0.1 t~ 0. 5 ar ... per cubie f~ot within the teat apace . 
The telt c~er aball be vented t~ che ac.~aphere . The relative 
huaidity •hall D@t ex~~•d 3~ pet~ent at a~y ti.e durin& the teat. 
Sand and duct u.aed in the teat ah.tll be f angular atructure and 
ahall have ch&r&Gteriati~l a• f~ll~va : r~~AA Appendix V). 

Part I : fh• inter~l t~~•ratura ~ f th~ t~&t c~a.ber 4hall be .. tntained 
at 25Q)C (770,) f .n a period o f 6 h.01ur• vit'h 1e1d and dutt velocity throup 
the ta1t chaD•r bet'Veen :oa· and 500 fe.et per ai.n~J&te, (2 , 300 + 500 feet 
per ai!l!.uU if a:~ :-e·;ulre d by t b.e app.U r;:ah e * '~""U11JM'·4t •P•·d.ficetion) . 

Part 11: Aftar 6. h· ur• &t t ht. &b· ~v~ c ~·"hditi :n: .s . th~ tqape:rature ahall 
be rabed to and a&iflltained at 7l'01C { l e,O'"'F). 7:'n~•~ cond:itiona ahall be 
.. intained f (l>r ti h({l>ur•. At t h• end f thi• e.xp<Oaure per i <Ood, the e4(Ulp­
.. nt aball be re.oved and all~wed t~ c~~ l t ) r~.~ teaperatur e . Accuau­
lated duat ahall be reauved h~ br~shina , vipi~a ~ }r ahakina, care beina 
taken t .o avoid introdueti~:n ~f additL. ul duat int o the aquip.ant , 
Und•r no cir ·~uxutanc•• ahall du.at be r.e.ce v•d hy toi t har b laat or ·vacu-.. 
cleanina . The e~uipaea~ • h•ll be ~p~rat•d and inape.~ tad .. dire~tad in 
3.8. 

4 . 11.2 Pr.o.t.edure II . - Di~ .; o!l! t.in.u.<ed ~ te Pr·c·~edure t , Part I, 
4.11.1. 

4.11.3 Pro.eedura !II .• fte e~.:;,eral pro.:edura &&d t 'he aand and 
duat ueed ahaiibe the 1 -.e •• Proc~dure r, but t he duat concentration 
ahall be 0 . !. t o 0.25 &r ... p4lr ~ub1 ~ f c •O!: 9 the Uwperature ahall be 
250C (770,), the air ve l ~~ity • h• H be ~ .. 500 + 500 fe•t per ainuta and 
the dura tion of the te• t aha L. b·e l hoo: e . 

4 



5.4.3 Sand and duot.- Tho oand and duot opQcifi©d for UOG In 
Proceduroo I and IH lo cccnorcially kno^m ao "14O°E30h olllca flour", 
Band ■   duot (140~c3oh oilica flom') producod by tho Fosaton Foundry 
Supply Company, Dayton, Ohio, and Ottawa Silica Company, OttaüQ, 
Illlnolß,, or equal, is satisfactory for use in the performnce of 
the®« teats. 

<*: 



APPIMDIX VIa 

Ml:!'llOD 5 :o 

1. Pnl'OSI 

The aan..i and du1t teat h c~udu~tad t.~ claurain.a tha raaiatanca of 
aaroapaca &lD.d ar.c>und ·~'!lipMnt t·~· h ~.aviua fin$ •and and duet partlclu. 
lacaua of ita abruiv• charac ter 11 aan& aud duat uy affect tt- havina 
.ovina part• Vh~r• l&llld .. Y enter . It ~1 al• ~ :•ua~ tha parte to biad, 
and M1 i!litcrfe're wi t h •1•-ctri~al ..:;.e::..tl.~t• . L'sat: p.ard.:t.• .. , alao for. 
mu~ lei f t c·cndif.U&ti<CJ1ll of aohture ~ u .. ~• a !.d!.l!l& in corroaion. lqutp~~ant 
My .aifu:n ;ti ~m du• t~ cl .. l)utua ~! atr f1ltu ·.t . 

Sa'lld acd du•t ueted in the t•• ·.:. ah•t ::. b)e .:> f angu: ar ttructure and 
I hall uv• ~ura.~ t«.rilltiu ... ' ; ·:.!qv• ~ 

( a ) 100 pe i' •r-.~nt ... t t :t ... u.ltl.d a nd ~u ·: ·~~ ~ pau tltr~uih a 100-
iH•h acr•er. 1, 'U . S. Standa:-d Si. v~ s .. t'fu . 

(b) 98 + 2 p!r ,c-.<till t c f tb.• ••:t d • ·o.d d \l.H lf l'.~!l pau tlir .ouah a 
140•\Mih t -::: r•.f!~, U. S. Stand rd S1 "'1H s~~ 1..U . 

(c) '10 + :L p.n~eC&t o t tb~ •and a.:nd d~ .. : •~ • • pau thr<l)u&h a 
2~-.sth • ~r ~•~. ~ .s . StandArd Slav• S•ri~• . 

( d) 75 ,:!: 1 per-t-eDt t:-! U.~ •~nd Lnd d;.o• t ~·hAu pu• throuah a 325• 
... b •~r•en, u.s . StandArd Siev• S&rit • . 

Sul).lta~c<t _f.e·r ·~•nt bi Waf &h t 

SH~] 'H t · ~ ~ 
Pe~03 t a ~ .. 
Al =:03 0 t .o- 2: 
TiOz 0 t ? z 
MaO 0 t 1 
~p L:..••e• 0 t .r. 1 
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The  sand and  dust   Is  coraserctally known as  "140-i^sh silica  flour." 
Sand and duet   (140-isQah silica  flour)   produced by  the Fenton Foundry 
Supply Company,   Dayton,  Ohio,  and Ottawa Silica Compsmy,   Ottawa, 
Illlcott,   or  equal,   le  sacisfactcry  for  uae  in the  ptrfcrma-ace  of 
chase  tests. 

3.       PROCFDUTIE 

Ptzz&dme   i.     The.  test  ites &a4li be p*.aced  in a test chasber equal 
to  that specified in MIL-C-Kit,   in a:: ^ddiue with section 3.2.2.    The 
sand and dust donolty shall bo raioodotd EQtntainod at 0.1  to 0.25 gran 
per  cubic  f;ot AS vestured st  least  c^iree different  locations withing 
the  teat area utiiizlEg approved collecticn devices.     The relative 
huaidlcy shall net exceed 30 percent at any tl@6 during the test.    The 
ititernal temperature of tie test cheater soail be maintained at 250C 
(TT^F)   for a period of net  lesa   ti.an 2 iours with the air velocity 
through ti\e  test chamber at 100  to 500 fset per minute.     Following 
this 2 hour period the teaaperature shall be raised to and maintained 
at 710C (HO0?).     These joadltion® shall be salntainsd for not lees 
than 2 hours.    At the end of this exposure period,  the reet ite© shall 
be reaoved from the test chaofeer and allowed to cool to rooa teaperature. 
Accuaulated dust shaM be removed  froa tht  te^t itfm by brushing,  wiping, 
or  ohaklng,   care b«ing taken ts 4vctd Ititr *dutrl>n cf additional dust 
into the  test  It«'««,     under nc  cirCOM«taue** a^ail dust be removed by 
either air bla*t   or va.uu:o c-leaalng.     T'&.e t^at  iteis shall  then be 
cperatfdj   tap  iaault«   .:«pared with th.ae  obtained  in accardance with 
section  3.?.i,   and  i.^ape.-ted In « t cor dance wl rh section 3.2.4.     In 
the  perforaan*.e   of  tile   inspe^tiia,   te»t   iteas   ■ 5ncaining bearings, 
grease  seals,   iubil.drjta,   etc,   shaii  te   carefully examined  for  the 
pieaen'.e  of 9and and dus*   d&po*lte. 
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a . 

h . 

d. 

e. 

f. 

i.. 

j . 

k. 

MIL-D- l 3.S10 {Ord) . M! H t.tr1 Spt.d. ii. <(".&ti c:, , Dut ~ 'b.tting by !xpoaure 
t (l' ~ dated 9 Aug U:54 , aupeu~ding A:nuy tC-S>C. l-1 $ datt.d 3 March 1944. 

SAE J5 5 r U.gb. ing E ~·J.d.pr:aut f ~ r MP!.· ~:"' V~<hi.de•, June 1961 reviaion 
~ f aM._ ' i~4C appr )>V~d d 9~UMnt . 

SA! Ji·: ! . S c-daty cf At:: t 'I!Hi.ve En&l 'leer• Air C1.a:ner Teet Code 1960 
Revil!on of ;~n ij4i appr~ved docu.ent . 

AS~ Cl50-!l~ ~ri~a~ s~~~•ty f er l••tins Materiala Standard Spec1-
f1~atl Q~ f~r P~rt1and C~t~t ; 4 l~$1 reviaion of a dc~u.ent adopted 
i llll U41. 

M"I L·A- 1.34888 { ()rd' ~ Mi.:.P·ar y Spe.eii1~Cat1on, Air Cleaner, lnaine; 
HU.Vj I7!A~.~ , 011-Jat"- Type (fc>r hlUirntil"'c•Clllbuation ensinel); dated 
24 Fl!.!>· H Hl, •uptlit'led1na MIL-A- 1348&& {Cird) dated 2:2 Dec 55 - Section 
4 . 5 . 1.4 , 'l~~tt nu-t r and 4 . 5 . 3.6 . ltfi it cy . 

Ml~--L~ ~4) ;·A ~AS .. >. Milieu j' Spt.·d !I c.to:tion , C~er , Sand and Duat 
T•nh'•! P dau,d '>May ~ ... 55 a p~n•ding MIL .. C-9143.5. {USAF), dated 
z teb a 4 . 

~UU..U:J' Sp.,~ifu:ati in~ MIL-Ie5:l7ZA P lnvirciliMntal Teetin&, Aero• 
naut:i~A - aod A6•· 01·d..ated ! "{Jlip11n.t, Gefiera1 Specif1.eati.OJna for. 
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h .. ,Jj <O f KI-:..~a-s ::: 7t.A ; {'rM.:t t J<,.r.t ... n ~·tt:d u tlnat it h.&• n.ot bHn 
•J>p.n ·ll'.,.i t ·'l 't' pr ;:,-1&'*ti ?:n: u a t ' vhi·cv:s of Mn.-I-S212A). 
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Gr.o;und Supp t't !quip.ell!lt. ~ C'"*lll+r-.: Spe:H L 41t1>o:U f ,, r 9 dated l Mar 
195 '~ , •uperaedina MlL .. !-4') 10 f iJSAl') 11 d11 ted 1 Jun l'S5, Section 4.10, 
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by a V•hi~l• Operati~l Ov*r ~urf•~•d t errain, Pr•pared for the 
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