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GCIC: II Ill I Ill 

ABSTRACT 

Thia Tenth Quar~erly Pro1reu Report for the per\od from September 4, 
196Z to December 4, 196Z preeenta the reaulta of continued work under COil• 
tract DA-18-064-CML-2745, "Dluemination of Solid and Uqulcll3W A1ente 11 , 

The result• of the etudiea of tbe mecnanica of dry powdera are clle
cuaeed under two headinJ•: compaction charac:teriatica of dry powdere, and 
the behavior of powdera ln the compacted ata.te. ~rely theoretical ttudiu 
are p:reaented which ag:ree with reault1 of experimental inveatlJ&tione, 

Improvement• to the aerophllometer ueed to study propet-tiet p£ &eroaola 
are deecrlbecl. Experimellt&l and theoretical inveetli&tion• are di8cuated 
which demonstrate that &IJJlomeration ia of no c:onaequence ln the experimen
tal apparatue. 

Flow rate data are preeented. from teata in which the full-ec;ale experi
mental feeder waa uaed to feed powdered eusar, flour, and talc, with a rate 
of 91 lb/min being achieved with compacted talc. 

Experimentl are deacrl.bec:l tn which loamed plaattc wa• used to encap
aulate cy1in.dera of compacted powder which were eubaequently fed through 
the experimenl&l feeder, A aulficiently etrong package ba.e not yet been 
obtained. 

Succeu!ullaboratury &nd field toetini of the E-41 Spray Tank for dry 
&IJenta ie dilc:uued. 1'he structural teat repol"t and a preliminary report of 
the air-worthineu flight teete are presented. Laboratory func:tlonal teet11 
are deecribed. 

Plane for biological £11ght teste with both the E-_.1 and E·42 Spray Ta.nk• 
at Dugway Proving Ground &ra dileuued. 
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TENTH QUARTERLY PROGRESS REPORT 
ON 

DISSEMINATION OF SOLID AND LIQUID BW AGENTS 

1. INTRODUCTION 

.···,.,._,. 

·.· 
' . 

This Tenth Quarterly Progreu Report covers the .wo~k P.erfor.m~d U,nder ~p· 

Contract DA·l8-064-CML·274S during the three-moh~h p~riod ending . .. . : .. . .. , " . 
December 4, 1962. 'l'be scope r::: thi11 progr~m incluciea. L~~ore~~cat.ari.~ 

experimental studies in aeveral are;.& related to the diu.~mtn&tion, p"l B.W 

agent11, and also th" design, !abrlcation and teatina ot prot<:l~Pe unit• of 

external-1tou airborne ciiauminatou for liquid.arid aol~dBW· asenta• :Be-. 

cause of the broad scope of the program, the. tY-pes o~. a,u.!;IJectll· ~iic~ii.sed in 
this :report vary considerably. Additions.l background inf~r,r,_ni.tio~"~n._ ea~h: .. 
are& o! interut is available in o11r previou1 ·Quarterly Progreu R.e_por:ta. on_ 

1 

thia Contract. 

Durin& the period covered by thia report, f&brication wa,_con'!P.letecl on 

the E-41 Spray Tank !or diueminatioa of dry finely-divided BW at~~te. 
. . • ~ '"f::~ <:'' ..... 

Thi1 prototype unit wa.• •h1pped to the Patuxent .R~y'r Naval .,._~-·~t-=tiOti ... ·. 
where the !light teste to demonstrate the air-wo:rtbin~~•- !'-n<i. fu~ctio"&.l c~pa .. 
biUtiea of the diuemiaator were conducted: _The 'ciiiliiemi~toi· perfor~ed , . 

aucceJIJafully in the•e teat• and did not produce ~nY U.'nueual effecta ~~-:~atr ... : ·· · 
craft performance. Completion oi the fabr1cation and theae teitta o_!.t}.\,·E-.;:41 

were two of the major goals c:.t the program. 

1-1 

,.' \ .... 

-~ ... ., ... u 

.. .;.. " .. ;.. ... 
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2. THEORETICAL AND 1!:XPERIMENTAL STUDIES OF THE MECHANICS 
OF DRY POWDERS 

The following section• ducribe the current et!ltua of our coordinated 
theoretical and experimental effort• in the chara.cterlaation of particulate . .. 

r: .' ~. ·"- · . materials. We intend that this activity will expand our fundamental know-
: I • ,. ' • • ',. • -

· • -. .. ledge of fine pt.rticle technology and will result in the development o£ both 
· · ' th"e~'Ti_e• a~d .e:per)~eni.a.l techniques sufficiently accurate to elauity fine 

: .· pOwder technology &ll ''exact" science. ,. • ' • ;· •• ~- ,"- •• • ' y l 

·,,~ ;~ ~:;":.(i,; j . . ' . ent!,~t:':~:~~::::::.-~: ::'; •;,:::::,:u: v~~ ::::• :;•::::,:':::::, ~f 
.. -.. _,_.-. '' .. • 

,,.,,. 

...... , ... 
,,_ ...•.. _;;· ,., ...• : ' 

..:.;·· 

..... 

.. ·._, 

• ....... l 

. ; ' .. •' . • ... '"' . 
•• 

. .' ~ine whetliij'r the data obtair.ed ~~- -~;:dt.~.ect mea.sure of a fundamental powder 
property,. or. represents a value cloaely relateti to that property. Both types 

,. o£ l~f~r;,a:tio·~ .. ~re of signiflc~nt value, 'but we---.pould be able to c:Uatinguish 
-. on~ 'from· the other. ·In order to IUtabii~h-:that the ~H&racterizationl we have 
. -~a.~~ . .;:re_ f;~d~ll)_en_tal pr?pe-rtiea.'~i powder~ and not a. hmct!on.of apparatul 
·a •• t,~. -~e ar'e. det~.rmin'i~g the 'powder property wherever _po'uibie by more 
than one indep~~dent .. rn-~thod· ... Th_i~ appioach ls essential to a,;,.y reapon8ible 
acientific endeavor . "-',. 

-- .· 
We ar~ now i~ th~ proc . .:~.s -~! .det~·;~ini~~-t~e ~,_~er,gY,. corieeptr~~H'ma that 

cause powde~ .. to she~r,':t~·:·~O~Pa~~. ··~nd to fail u~·der t~~ai'6n/;··W~"are 
~ 0 

•' • -,ao' '• • CiJ ' 
learning how readily .tll'ea.e·powdera'dieperae anq the modea and ratu by 
which the .aeroaol so _!orm~d--decaya.: Certainly buic to all these characterie• . . • .. ' .. 
tica ia the nature of the sur!&ce o! the particle it1elf. A program of 1tudy i1 

,... ··now underway which haa aa ita goal the determl':Jl:ltlon o£ total 1ur£ace area of ..... .. . 
thr particle a• w;ll &I its rusclity, adeorptivity, and chemical reactivity . i/1.;:::::.·... .... • 

•:z. 1 C Ch £ ompaction aracteriltica o Dry P~_!!.e.!.!.. 

During our study of the mechanics of powdeu, lt has become apparent 
tha.t the mo1t di1tlnc:tlve feature of micron .. eize powdeu le their ability to be 
compacted. In contra11t to materials such As sand and moat aoil media that 

Z-1 
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expand while being ahe&red, finely-ground powden are found to unclerao 
compaction when eheared. 

Compaction of these powders ta directly related to the fact that the bulk 
density of a £ruhly-around powder te generally a small fraction of the den• 

aity of the 1olid material. Thil may in turn be attributed to the la.t"ge sur-

face energy of the ground material relative to the gravitational potential 
energy of the powder maaa. The bulk density of a powder may of course be 

insrea.aed by the~ apP.lication of compreuive atreuu, but thl.a further in

cre&aea;t};t:c:oiitact e;,_ergy o!·the powder per unit'' man. A• a result, com-

• ~~ .• ~i~.t;fpowder u~~lu.•n f~nd to poaieu consi~er~bl .. bulk strength. 

~· ... ni: ~r'ief. dfacuaaf.on_·~~~ie~t. tliat comp'acti~il. phe.no~ena mai well be.·, 
.v,. . • ... •. . '... .. ' ' • . . .• .1 • 

~- :.th.e·:·xey to.~· behavtor of .fi.n,~ly-ground powdera. For this rea.aoni we have ·· . 
. . :· ~j· .a conaide.ll&bl~ ef!~~t t~. d~vei~p- valid c_onceptl of the compaction p;o._ 

• .. • ... .... C' • ., ~.. .. • • • : • • i • ' .. • • 

• • ,,;:,:; ce~e! ~r r~~.~n~:·~~oorettc~l:and experimental work in this &rea ie reported •. 

:~-~-· .. >: };~-~~:.· ... 
~· ...... c .... ~·' •• 

.. ••• r, ..• ::: ~~ ••. z. (: 1 ·:a:xpel'imeh.tar·c~~Pactton Studies 
..... .,. •::.-''·.··.. ..... ..,, . 
... '.:1'\ ... lfU~:: d: .. ·• •->o, •,,._ ·, '~ ~.;.,,, .... _:.. 'J.,, 0

0 

,;" • ,·• 

, . ""- • · ''"'-Two wpea of compaction teata have been carried out durini the current 
.>.. . ·- .. .-" :.t,ep~rt peiiod: 1) teat a of a numbe; o(. p~wders ·~n the ln•tron compaction 

• .. .... !1 ...... 1'* . • • ..,_ ... 
· · unit. t,q determine the ab•olute compaction char&cteriatica o! these powdera, 

- .• _ · ~--<th.cl•2) te;~rto determine the deneity distribution in a compacted powder 
-~ .... .. .. . 

" ~ ..•. o;·~~burin~- .A numb~r r;;j these compactlon·tl'!lltll·wl'lre cll.rrhd out in conjunc-

·~· · "· · tion with aho&r teata to cletezomln'! the relationehip between the shear 

,# •••• 

•tren1th of a compacted powder.aample a~d the compreeeive 1treu em-. .·. 
ployed to compact the .ample. 

0 't.· "• '~ A ~ • - • ~· 0 .. . ...... . . ....... 
'!!'. 

~. ~· Z. ·1.1:1 Experimental Strus-Denlity .Relation•hip• 

Compaction etrea• a.1 a function of density haa been determin•cl for 
uver&l powdere by use of the compaction apparatus shown in Figure 2.1 of 
the Ninth Quarterly Progreu Report. 1 Teate were conducted l.n an Inatron 
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tut macbi.ne at a at:rain rate o! 0. 02 inchu per minute (ipm). The atrel8 
applied to a .!a, powder sample wae recorded. continuously duri.ng compaction, 
rea1.1lting ln a atreu-de£orm1.tion curve typified by FiiUre 2. l, 

Results of these tests are shown in Figure 2. z. Because of tha wide 
range in applled atreues, the data Are plotted logarithmically. It ia 
apparent from the linearity of these curvea that the empirical relati.onahtp 

a.ccurately deacribea the compaction proceu in the range of interest, De
p&rtures from this relationahlp occ"'.r at very hiah atreeau, where the 
streu increaaes 1e81 rapidly with increaaing dentity. lt may a.lao be ob· 
served that the curve !or saccharin steepens at low dendtiea (p < 0.48 g/cm 3}, 
This may have been caused by the existence of large void apaces in the tnt 
powder in thil denaity range. Three tests were carried out at different 
times for ground~ (lot 17). In comparing these teat data, one ahould note 
that the elopes (measured by the exponent m in Equation (Z. 1)) are identical, 
but that the curvea are aubject to acale ahifte £or roaeone not clear at pre
lent. 

In general, we expect that the compaction curve will ahi!t to the rtsht 
with increuins particle size. This is exemplified by the curvu for around 
and unsround "il albumin l&mplu with MMD in the range from 3 to 150 
microna. Moiatur~:~ content wuuld &Lllllo be expected to influence the compac• 
tion proceu. Curve 3 !or !J. anci the curve for ~ were obtained with 
powder eamplea conditioned lor over Z4 hours at a relative humidity of about 
Z percent. In the caae of !&.• the appreciable dlaplacement of curve 1 rela
tive to curves /. and 3 is an incentive for further corrJpn.ctton testing under 
riJorouely controlled environmental conditione and with samples of known 
size distribution. 

l-3 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, Sfption 3.5 
lJate: JUL 1 ~ 2013 



--
40 

.......,. 

~ 36 
z 
:l 32 
0 
Q. 

28 ~ 

11.1 
0 24 a: 
~ 20 

"' z • .. 
0 16 -1-
0 12 

C'j;~;;? f ;. ~ s.cg 
8 --mCDa. :IE o:Eco 

IJ)-
_.a.m 0 <:- {,) () 3 

4 
c::: 01 ::r -· 0 r- N -· ::1 

!'»~~ 
-&>:uo 
<.o g, go-

0- CD 
~:::~ ~c {,):I: ::I 

U.cn~ 
Ill 

~ 
!li 

I 
FIG. 2.1 COMPACTION CURVES FOR I 

BG AND Sm AT 2 PERCENT R.H. J J - -
AS OBTAINED. DIRECTLY FROM l I . 
INSTRON MACHINE. 

.; : I . I I · I I I I 
, 

' I i 

Sm , v I 
. -. -

.~ . . (POWDER MASS 10.88)-,J 
I 

... 

... '"; 

( v . 

L v 
~ 

,p? ~BG CLOT 17-.. .... ...... --1. 

(POWDER MASS : 8.84g.) "' . ~ .... 
I 

1 l J J 1 . 0.02 ... . . . 0.04 0.06 0.08 0.10 0.12 014 • '\ "!!'~ • ., 1 ,. 

~ ·,~, :.~.~~ :::~·I$.TON., _DISPLACEMENT (INCHES) 
.. ~,~_"': .. 1- 'J. . ., ;-. ; .. ·. -. . . . ; :' . : : ·~ . t 

• .- • ~ 1 . • . .. • '• • 

.;,! : 



t -

..... ) t· 
~ ' ' t, :. I 

Q. •· (, '"" ·~ 
·• 

·\ ~· .V:; ¥" 

. "· .. 

• ~o, •I ' 

''·1"..11 "' ... 
.. 

Ill • IJ ,... 

Ui 

..... 

~· , .. 

-.. .... .. 
-~~-+-+-+~~·-· ~~~~~----4---~ ....... ~ "'i' 

7J .. r"'" 

:1 •. ·· ... 

o.z· o-.3 0; !. O·. 7 -b'; ll- -·~ 1. (i· • 
' '~ ' . . . .. . '.3. . . .·. 

DensitY {a/cttl ) · · ... -· 
. .. ·,;.,..,.·,. ..,.,.., 

. ... ..._ ... -·· ...... 

1.5 -. z.o 

... 

:.• 

... ~ ' 

.... 

Fig. z. Z Compaction Streaa -Density Relation1hipa for Several Powdert 

Page determined to be Unclassified 
Reviewed Chief, RDD. WHS 

2..5 lAW EO 13526, Section 3.5 

lJate: JUL 1 9 2013 



t 
I_ 

z. 1. 1.' Bulk Denlity o£ Compreued Powders 

Since powdered augar wa.a considered a pouible substitute for ~ in 
di81emination experimenta, l.t waa dealrable to obtain information concern• 
ing the compaction cha.racteriatica a.nd bulk-density variations of thil powder 

under compreuion. The apparatus and techniques used are identical to 
2 thoae previously described in which the loose bulk powder ia used to fill a 

aegmented column 5 -3/32.-inch m. Following compreuion of the powder, 
the column is cut into l-inch aegmentl to determine ita overall denaity varia
tion. ln the apparatus described, the total column length of uncompacted 
powder was 2.0 inches. 

The results of thle aerie a o£ experimentl are preaented in Figures 2. 3, 
z. 4, anti. Z. 5. Since the bulk matel'ial ia already quite denae, relatively low 
compreaaive loads (Fi.gure z. l) will yield a bulk density of auc:h matnitude 
that c:onal.derable difficulty may be experienced when uling this material in 
the large cl.l.aaemination equipment. The rate of decreaae of bulk den1Lty 
(Figure Z. 4) for powdered sugar ia comparable to that of saccharin but con
siderably Leu than the rate for talc:. Figure 2. 5 shows the marked eff1ct 

upon the bulk density of loose powdeu resulting !rom difierent handling 
techniques, Curve A represents the density variation of the loon powder 
after filling t.he bulk-density a.pparatue in the pretcribed wayz- that ia, 
through a vibratini screen - whereas higher detui.tiu repreaeclted by curve 
Bare a result of filling the apparatus directly from a SO-pound bag of pow• 

dored sugar with a. large han.cl ecoop. 

In view oC the large volumes o£ powder required, future work with thi.a 

appal'&tul will be reatr\cted to powders of specific. interett or to apeclfic 

experiments in controlled-humi.dlty environments. Thia work will provide a 
compari.lon of data obtained with the apparatus and data obtained with other 
amal.ler apparatus now in use, 

In order to obtain bulk-dendty information using small amounts of pow
der· in the controlled envirol'1ment of n glove box, a new bulk-deneity appara

tus (Figure 2. 6) haa been duigned and fabricated. tt it not only being uud 
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&a a acaled-down venion of our bulk-denaity apparatul but will &leo be u1ed 
to supplement ihform.1.tion obtained with the segmented column bulk-tenaile
at:unJth apparatua diaeuaaed Later in thie report. The conat:ruction of the 
apparatua 11 111ch that the aver&Je bulk denaity of the incU.vldual ugmenta 
cO.rreapon<la precisely with the fracture pla.ne in the uameated column bulk 
density apparatua, 

2. 1. 1. 3 Compaction Mecha.nllm of Bulk Powdera 

The larse (5-3/JZ ·inch ID) bulk-denaity apparatua haa been uaed in an 
intereatina way to aait. further insight into the mechanism by which a looae 
bulk powder will compact, In thia experiment • portion of a talc •ample waa 
colored iL medium blue by mixing it with a methylene blue dye solution. The 
blue talc was then dried and run through a fluid-ener~ry mill to brealt up any 
&IJlomeratea formed in the coloring proceu. The firat l-inch ring of the 
apparatua waa filled with the blue talc, and ita weight was recorded. The 
15-Lnc.:h column of ringa wu aubuquently fillf'd with alternate laye:ra of blue 
and white talc. To ln1ure uni!ormity of packtng, the same weiaht of powder 
waa uaed for ea.ch la.yer. Since tha weiaht of the powder eau1ed aome com
pactlon, it was neceuary to add 19 such layera to fill the 15-inch column. 
The powder wat then compac:t~d into & firm plua with a Z70-pound comprea• 
aive load. Following compaction the entire plug of powder wu removed in· 
tact from the apparatua and cut vertic:&lly in hal£, revea.lin1 the new layer 
a~ructure 1hown in Fif!ure %. 7. The "dry river btt:d" •Pp<!>erano::~ "f the aur
faee wa• e&Uaed by the rapid drying of ace-tone sprayed on the powder'• aur• 
!ace to increa.ae the color ~::ontra.st for photographic purpo1ee. 

2. 1. 1. 4 Shear Re1iatanee of Powclers Durl.n& Compac:t!on 

Recent proar••• in the development o! theoretical concepta of the corn• 
paction proceu has cauaed ua to adopt a new poir,t of view in interpretina 
ahear•ltrenath cha.rac:teriatica of powdera. Jt i11 now po1eible for ua to 
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diltinauiah between the ahe-.r atrength of a powder as it undergoee compac:· 

tion and that o_f the compacted powder. Moat of the ehoa.r teat data reported 

earlier, aa well aa the new test data reported here, can be coneidered to 

define the "compaction ahear atrenath11 of a powder. The a hear 1trength of 

compacted powders can beat b~-e9reeaed_:in terms of the "ehea.r locue11 con-. ,·. . . ... ... 
cept, which h conaidered in Section Z. Z of thia report. The cloae relation-

ship existing between compaction shear etrength and shear locus is dis· 

cuued in Section Z. I. Z. 

ln a aeries of experiments tnttiated near the end of the previoua (luarter, 

the compaction shear strengths of talc, cornetarch, and two particle aizea of 

saccharin were determined aa a !unction of compreuive stress under various 

conditiona of relative humidity. 

The techniquelil of measurement uaed were identical to thou described 

in a previous report3 in which the powder, after exposure for at leaat 48 

ho1.1ra to a controlled·humidity environment, is caused to shear while under 

the in.!luence of a compressive streu; The unground aaccharin il compoaed 

of euentially ZO·micron particles, whUe the other three powders atudhid 

are m the < 5-micron range. • 

The reeulta of these meaeu:rementa are preaented graphically in Figure& 

Z-8 thrcuth Z-12. It ia obvious from the d&~a that a. linear dependence o! 

ahear atrength on compreaaive 1treaa exiau throushout this ranse of com· 

preuivo loads. An increase in the relative humidity of the exposure environ

ment ree\1lt.8 in ~ 11rnall inC::T'I'J&IIe in !!hear etrenath. The moat significant 

increa.ae occurs during exposures to relative humiditiee between 2 and 15 

percent. It will be intereating to ue how particle rugosity, diecuuecilater 

in thil report, correlatea with the relative shear atrensthe of theee powdeu. 

An appa.ratua baa been deai1ned and will soon be fabricated which will 

bt'th permit more precise meaaurement of compaction shear atrength and 

improve the data obtain&bla by mea.Qurament of ahea.r atrength under reduced 

loads. Future work wUl include lnve atigation of the effect of changina the 

Z-13 
Page determined to be Unclassified 
Reviewed Ch1ef, ROD, WHS 
lAW EO 13526, Sec:tiQn 3,5 

I.Jate: JUL 1 9 201! 



w 
e 
u .. , 
" ID 
c 
:.... 
'a 

It) 

'g 
)( 

C/) 
C/) 
L&J 
a: 
t; 

" z -a: 
C( 
L&J 
% 
C/) 

80 

70 

60 

so 

40 

50 

20 

~ ~ ~ ~ ~ ~ ~ 

COMPRESSIVE STRESS X 10·3 dyne1/cm 2 

Fig. 2.8 VARIATION OF SHEAR STRENGTH 
WITH COMPRESSIVE STRESS AT 
2 PERCENT RELATIVE HUMIDITY 

Page determined to be Unclassified 
Reviewed Ch1ef, ROD, WHS 
lAW EO 13526. Section 3.5 

lJata: JUL 1 9 201!· . 



20 30 40 50 60 70 
COMPRESSIVE STRESS X 10·a dyne~/cm2 

FiQ. 2.9 VARIATION OF SHEAR STRENGTH 
WITH COMPRESSIVE STRESS AT 
15 PERCENT RELATIVE HUMIDITY 

Page determined to be Unclassified 
Reviewed Ch1ef, RDD. WHS 
lAW EO 13526, Section 3.5 

' LJate: JUL 1 9 2013 

3141 



l 
·J 

I 

.. 
E 
u 

' • • c 
~ .., 

' 0 -
(/) 
(/) 
UJ 
0::: 
t-
(/) 

C) 
z 
a: 
ct 
LW 
J: 
(I) 

70 

COMPRESSIVE STRESS x 10-a dynea/cm1 

FIG. 2.10 
VARIATION OF SHEAR STRENGTH WITH 
COMPRESSIVE STRESS AT 30% RELATIVE 
HUMIDITY 

d termined to be Unclassified Page e 
Reviewed Chief. ROD. WHS 
lAW EO 13526. Section 3.5 

Date: JUL 1 9 2013 

l 
I. 
I 

1828 



I 

70 
N 
E 
(,) 

' 60 ct) 
CD 
c 
~ , 

eo 
(/) 
(/) 

"" a: 40 .... 
(/) 

(.!) 

z !0 -a::: 
c:( 
1JJ 
:I: 20 
en 

10 

20 !0 40 so eo ·1o 

COMPRESSIVE STRESS x lo-a dynes/cmt 

FIG. 2.11 
WITH 

RELATIVE 
VARIATION OF SHEAR STRENGTH 
COMPRESSIVE STRESS AT 45% 
HUMIDITY 

Z·l? 
Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 
lAW EO 13529, Stot!Gn 3.5 

Uate: JUL 1 9 Z013 

U28. 



j 

I 

N 8 
• 
G 
' 7 U) 
L&J z 
~ 6 

' 0 -)( 6 
en 
en 

"' ct: 
t; 
(!) 
z s w 
l: 
(/) 

COMPRESSIVE STRESS X 10 -a 
DYNES /cm 1 

FIQ. 2.12 VARIATION OF SHEAR STRENGTH 
WITH COMPRESSIVE STRESS AT 60 OJo 
RELATIVE HUMIDITY 

Page determined to be Unclassified 
Reviewed Chief. RDD. WHS 
lAW EO 13526. Section 3.5 

Uate: JUL 1 9 2013 



!. 
I 

J. 

I. 

l. 

I 
I 

geometry of the sliding diak a .. embly. We will alao atudy the dependel\ce of 
shear strength on time by malntalnill8 the ahearina force ali11btly below the 
yield point to determine the extent of atreu decay that takea place. The 

eUect of increau in compreuinn time upon ahear atrencth will also be in
ve atigated. 

2. l. 2 Theoretical Con.eiderationa in the Compaction of Powdeu 

During the cunent .report period, several new concept• have been intro
duced into the theory of powder compaction which are o! practical as well aa 
theoretical aignificance. A brief account o~ these development. ia given in 

tbia section of the report, although the implic:a.tianl of thue concepti are of 
equal importance to the compacted state considered in Section 2. 2. 

2. 1. Z. 1 The Dependence of Shearing Strength on Compaction Streu 

For a powder unclergoing compaction, it il rea1onable to expect that the 
overall shear reeiet&nce of the powcler 18 clependent upon twa mechaniame: 
1) 1hear ruhta.nce due to internal friction, and 2) 1bear retiltance ca.uud 
by cohesion between partic:ln and agglomerate• in the powder. · Since th~ 
frictional resiltance il proportional tn the normalstre•• on on the 1hear 

plane, the total shear reeista.nce can be repreunted by an equation of the 
form 

(2. 2) 

wheTS K 1 ia a constant and t(P) 11 an explicit function of the denaity. 

The Slinificanc:e o£ this relationahip can be eeen by re.Cerrina to Fiaurea 
2. 8 through Z. 12, which preaent experimental value• of 1bear atrenath T c &II 

a function of applied normal atreee .a • Theae data, obtained by the direct n 
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shear technique4, are in agreement with previous teat data.5 in ahowing that 

within experimental accuracy the ahear atrength of a dry powder ia propor

.tional to the normal atreu - that h, 

'T e = "n tan ' (Z. 3) 

where • ia the ahear anale. As diaeuuad in Section l. 1. 1. 4, Equation (Z. 3) 

is considered to represent the shear atrength of a powder as it undergoea 

compaction. 

From Equations (Z. Z) and (2. 3) it il clur tha.t the function l (P) h pro

portional to the applied normal atreae 11
11

• But it hae bee11 shown in the pre

ceding eection tha.t in generAl 

It fcllowe that the shear strength o! a powder which behavea i~ accordance 

with Equations (2. I) and ( z. 3) can be expressed in the form 

where K1 ancl Kz a.re c:onatantl. Thau relationahLpe are illuatrated in 

Figure l. l l(a). 

The real significance of .Equation (Z. 4) become a apparent when o
11 

is 

smaller than the atreaa required to compact the powder to the denaity p. 

(a. 4) 

6 This condition deftnea the 11 ahear loc:u•" of the compacted. powder, lf Equa-

tion (Z. 4) correctly definea the she&r loeua, we should obtain a family of 

parallel shear loci, with e11.eh curve correaponding to a fll.ven den1ity &I 

1hown in Fiaure 2. 13(b). Thua, thl# thear strenath properties of compacted 

powders whic:b &re implied by Equation (2, 4) can be verified bY ahear tests 
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of compacted powdu aamplu. Te1t1 for thia purpou are deacribed 1n 

Section 1. Z. Althou1h further te1t1 will be required to eatablhh fully the 

:relation1hipa expreued by !!CJ,U&tion (2. 4), experimental evidence pruently 
available aupportl the above analylia ( ne Section l. 2. l. 1 ). 

The interpretation of shear strength p:ropertiel of compacted powder 

preaented here La baaed on empirical laws - that ie, on Equations (2. 1) and 

(Z, 3), An entirely different and purely theoretical analyeie of the ahear 

locus for a comp~tcted powder (aee Section Z~ Z. Z) lea.da to re•ulta wbic:h are 

compatible with the _conelu1iona reached here ae long &a a ia poaltive (ths.t 
n 

11, for compreasive atreaau). It can be ahown that if en it neiJative, 

Equation (2, 4) breaks down except in very apecial caaea. However, the 

theory of Section 2. 2. 2 alforcla a baais fer extending the shear loeua to con

ditions of tensile loading ln the manner indicated by the dashed curve in 

l'i~Ur. z. 13(b). 

2. 1. z. Z Aniliotropy of Compacted Powders 

It hu become apparent during our study of powder mechanic• that com
paction mu1t take place under conditione o! shear equilibrium. Thh h 

illuatr&ted by Figure Z. 14, which ahowe etreu conditione that the powder 

can 1uataln. without ehearina (circles a, b a.nd c). Each of the etreu circles 
in the fl11.1re il defined by the major and minor prine1pal atreaaee, a 1 and 

a2• The Mohr atreu circle concept has been fully described in an earlier 

report. 4 Clrc:le din FlJure z. 14, bein11 ta.n11ent to the shear locua, repre
aetttl a condition of 1hearin11 equilibrium. The ra~i<~ ::J{ principal etreiiU 

!or thie condition depeodt on the ehear angle ": 

a1 1 + stn -a; = 1-""Slli'¢" 

Z-ZZ 

(Z. 5) 
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Now, if e11 ia further incuaeecl, the powde:r will shear in. •uch a way tbat 

Equation (2, 5~ c:onUauea to be aathlied, and the atreu clrele will Jrow with 

increa•tns o1 aa ahown in tha lipn. 

U a powder aample ia compa.cted in. a pieton•cylinder clevice, the major 

p:rinclpa.l atre .. a1 will be directed alon.1 the cyllnder'e axia, and "z wt.U lie 
in the t:r:ansve:rte plan.e. ('l'he principal atreu triad may ba repruented by 

vectors CJ1, a2, a3 which are mutually orthosonal. However, for a powdel' 

underaollll compaction, it may be al8umed that o2 .. a3 becauae the powdezo 

partic:lu are randomly distributed.) Under these condition• we would expect 
the powder to compact non•isot:ropically and to exhibit an.ilotropic behavior 

in the compacted 1tate. 

Several types of experlmenta have confirmed the aniaotropy of com

pacted powdeu. :tor lnet&nce, sample• compacted in a pt.ton•cylindar de

vice have been found easier to cut in the tran.averee direction than tn the 

axial direction, and the decompreulon teulle teat, ducribed ln Section 
z. 2. 1, Z, ha.• demoutratecl that ten1ile failure invariable occure first Oft 

transveru planu. The effect• of aa.i•otropy will be inveltigated mal'e fully 

in future experimenta, 

2. 1. 2, 3 The Role of Elasticity in Powder Compaction 

AU powdeu inveatigate4 in thia atudy have evidenced el&•tic: propertiu 

to 1ome clesr••· Experimental d&ta on the elaaticity o! 1eve:ral powdera it 
praaentecl in Secti.011 z. 2. 1. 3, for example. Perhape the cleare•t evidence 

of the elastic behavior of compacted powclere waa found in the pt.ton•cylinder 

te•ts reported eome time aao.! The1e tuta sboweu t.h"'' a. powder com
pacted in a cylinder offered appl'eci&ble rutatao.ce to alidin1, even when the 

reetrainlns force F R waa nro. Thie re1ult, u well ae other experimental 

evidence, 7 conclusively demonetratea that the compaction of powder• il 
accompanied by the etora1e ol elauic energy. It appeara very likt'ly that the 

1torecl elaetic ener1y ac;t• at a po"ntlal eneray aource for the compa.ction 

proceu. From thie point of view. powder compaction can be con1ldered to 
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t&ke place in. the followtna way1 Suppoee thAt, under initially applld 
1treuee, a number of eitee wtthln the powder ue at the point of ehearhll• 
wheuae othen are capable o1 etoring en•riY elaetically. With an lncreaee 
in a.pplied etreu, lhearina will take place at the weak 1itee when etond 
elaetic enerJY will be diuipated throuah irrevereible pr~euee. The re
mainder of the powder will 1tore additional eneray ela.tl.cally, which will be 
di18ipated aa the proceu continues. Theu mechaniema may be regarded &I 
functionins simultaneoudy durinl compaction to maintain a certain balance 
between the atored ela.atic energy and the rate of energy di .. ipation. Thi1 
concept il being invutisated aa a pouible baaia for a general analytical 
theory of the compaction procua. 

2. 2 The Behavior of Powclu1 in the Compacted State 

Many powdered m&teriala are capable of being poured when in their 
natural (uncompacted) ttate, Powder. compand of emall particles (with 
MMDarcund5 microns) are found to form rather large looeely·bound as· 
alome,.atel which behave like larger particle• when the materi.alla poured 
or 1 r1 "·red. 

After even il ellght degree of compaction, however, the powder may lo1e 
lta cap~c:ity to flow freely. 'l'bh can be explained by the fact tha.t compaction 
clutroye the Jr&nlll&r nature o( the looae powder tha.t ia reepons1ble for Us 
£1owabUUy by bre&ki.na down the loo .. &ialomeratu and. fort:nlni dennr 
ones. The compacted powder may thue be resarded •• a parttcula.te eolid, 
with the p&rticlee bound together by chemical or molecular force1. A large 
number of 'theee interparticle bond• muet be broken 11 the powder te to be 
rutored to a granular atate. 

The reeietance of A compacted powder to fracture when eubjected to 
teneUe, c:ompreeaive, and ahear atreuee can be expreued in a very seneral r way by mean• of a "•hear locua" a1 ehown in Fisure ~. l3(b). StreeiUie de-l .. 

I 
I 
I 

finins a 1treu circle which liu below the ahear locu• can be carried by the 
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compacted powder. B1.1t if the etnu .. applied to the powder are ine:reaaed 
in auch a way that the ttreea c:il'cle become• tan1eni to the abear locua, the 
powder will fracture. The aeneral b.havtor of a 1lven powder can be de· 
scribed by a family of ahear loci, each loc:ua of which correaponda to a given 
tanaity, aa indicated in the fip:re. 

Fisure Z. ll(b) baa been drawn in accordance with our pre~ent theoreti
cal concepta of the atrenath propertiea of compactible powder a, which are 
dlacuued in Section• z. 1. Z and 2, z. 2 of this report. A considerable body of 
experimental data obtained durinJ our study 11 in enential agreement with 
theae concepta. Recent theoretical and experimental reaulta conce1'nin.1 the 
propertiu of powdera in the compacted state are described herein. 

Z. z. 1 Ex rimenta.l Ev&luation of the Bulk Stren 
era 

Several experimental techniques have been developed during our atudy 
which are useful for !.nvestigatina the bulk strength charaeteriaties of com• 
pacted powders. The triaxial ahear teat 7 is particularly auitable for thia 
pu.rpoae; in f&c:t, our experience haa shown that this teat it practicable only 
!or c:ompa.ctad powden. The direct or ali.din1 disk shear teat can alao be 
uaed for the atudiea of the ttrength of powdera in the compacted atate. Con
siderable paat work haa been done in meaauring the tenalle atunsth of com
pacted powdera. Thil meaeurement aseume• added importance bec:au,. of 
clifflcultiea in experimentally defining the shear locus for •mall valu\11 of the 
normal atreu, aa discussed below. For this reaton, aeveral testa have 
been under inveatigation for meaeuJ'ing thl" bulk tensi.le atrenath, 

2. 2. l, 1 Shear Strenath 

The shear locut lor a compacted powder of denaity p can be determined. 
experimentally by either the direct abear technique or the triaxial technique. 
During the preaent quarter, both teatl have been employed in tutina the 
validity of theoretical concepti outlined in Section Z. 1. Z. The tut data alao 
enable a c:ompariaon of the two methods of measuring alaear strenath. 

2-Z6 
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Z. 2. l, 1. 1 Direct Shea:- T .. t. - The c!lrect ehear teat haa been primarily 
ueed to meaeure the compaction abear •trenlth ot powder• aa doleribed ln 
Section z. 1. 1, 4. The ehear locue may be determined by meana of the 1liclin1 
dilk technique in the following way: The initial etepe in the teat a.re carried 
out ln exactly the aame manner aa for the compaction 1hear teat (aee Sec
tion z. 1. 1. 4)= however, &!ter initially ehearln1 the powder sample with the 
precompaction normal load P c applied to the dlak, the normal load h re
duced to a ema.ller ve.lue P n.. The eample ie then aheared by gradually 
applying a taneentialload F to the disk. By repeating tbil procedure for a 
uriu of normalloada P n' usi.D.J the ume precompaetton load P c in each 
c1.1e, it is poulble to construct a Jhear locue by plotting the shea;ro ltreu at 
failure -r c = F max/ A venue the normal etreu an • PD./ A, where A h the 
area of the diek. 

The results of teste of tbil type for ucch&rin 1.re plotted in Figure Z. 15. 
z Fo:r a p:reooz.,paction etreea ac of 71,690 dynea per em , the shear locus ia 

very nearly a at:raight line aa predicted by theory. The •hear loci lor pre-
Z compaetiOI'l at:reuea of 53, 340 and 42, 530 dyne• per em are not quite 

linear, but are nevertheloaa reaaonably in accord with the theory a• lona as 
an ie not too 1mall. 

For a mall 'lf&luaa o£ on all the experimental pointiJ fall a.pp:reciably below 
the expected linear curve a. While it cannot be entirely ruled out at this time 
that theae pointe may lie on the true 1hea:r loc:i, a caretul an.aly1i1 o! ~e te1t 
procedure autaesta that these clata poinU may be invalid becauae of def~cta 
in the teat technique. For one thing, if the ahear reaiatance of the powder h 
appreciably JUAter than the applied normal atreu, it iB poaaible that the 
disk may be forced up by the reaction o£ the powder aaainat the inclined aur
facet of the roushened diak, thu• permitting failure without complete •hear
ing. A clouly related and perhaps more aerioue defect of the t.,t il the 
pouibUlty that the shear load may not be applied in the plane of the c!lek, 
thua tendinJ to tip the diek and either break or weaken the contact between 
cliak and powder. 
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Thia ditCll .. iOn inclicat .. the n .. d for a number of refla.amenta in the 
direct ahear t .. t technique aa applied to precompacted powcS.rl. Further 
te1t1 of thia type wlll be carried out a!ter aeveral neceuary ch&.na .. have 
been incorporated in the teet apparatua. 

It thould be mentioned that the den.aity of the precompacted tample can 
be determined from the compaction ch&racteriattc:a of Section z. l, 1, 1. 
However. it ia euenti.al to take into account the additional compac:tion which 
t&kea place when the sample lt preahearec!. The effective compactl.on 1treu 
ia 

The danaity may then be found &I a function of aeff from the app!'Opriate 
compaction curve. 

(2.6) 

Z. 2. 1. 1. Z Triaxial Shear Teat.- Aa mentioned previoualy, the triuial 
tut naturally lenda ttulf to an experimental determination of ahear loci.. 
Thit technique hat already bean llled aucceetfully for me&l\u•ement of the z llhear 1tren1th of compacted talc powder. Theee teat• were conducted 
primarily for the purpo1e of evaluatin1 the pra.;ticability of the triaxial tut 
for compacUble powder~. It waa found that the triaxial tut waa feaeible, 
but that the preparation of aa.ttlfactory t .. t aamplea waa dilficylt and time 
contumlfll• even when 1ample1 were prepared outside a 1love bOJC, It 1hould 
be noted, however, that the ruulu obtained in thete preltmiaary te1u aup
port the propo .. d tbeoryJ that ia, the ahea.r locua waa found to be linear. 
(See l!'tpre ~. 13 of the Ei1hth Qual'terly Prcs:uu Report, Z }' 

During the preaent report period. e!fortl were made to aimplify the 
sample -preparation technique, with the ultlm&t4!1 objective of c!eveloplnl a 
technique which can b1 u .. d in a &love box. It wat coa.aidered U18ntial to 
eliminate the need for uain1 a rubber aleeve ln. prepartq the te1t eample. 
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The l&mple pnparation techn.iq_ue cl .. cribe<l in the lalt flU&rterly report W&a 

found to meet thl1 :requirement aucculfully. 1 Howevar, conai4erable 

manipulation !.1 1till requlred with thie technique. A further simplification 

baa been introclucecl recently in which the powder la compacted from one end 

rather than from both enda. ln thie modi!ied technique, the powder •ample 

ia compa.cted into the bottom aectlon of the cylinder, which ia split into three 

segment• that can ea1ily be removed after compaction of the aa.mple. An 

aluminum c:Uak i1 placed at each end of the aample prior to compaction. 

Thue diak• remain in conta.ct with the tample throughout the compaction 

proceu and during the eubeectuent triaxial te1t. 

The triaxial teat fixture b&a been modified to permit a thin (1/Z .. mil 

polyethylene) plaatic bq to be p1acac1 over the teat apecimen. The be.a ie 

u&lecl at the bottom by mean• of an 0-rlng and a vent to the atmoephere la 

provldecl in the ba .. pl&te of the tnt apparatua. 

The change a l.n a ample preparation technique de acribed above may make 

it pouible to prepare aatie{aetory triaxial tut specimens in a dry 'oox, A 

pneumatic ayatem for controllina the application o! compac:tio11 atreuu ie 

currently bein& inveetigatecl for uae within the conflnu of a dry box. 

Even thoush the triaxial ahear teat procedure wu not aufficiently 

developed to enable teata to be carried out under conclitlona of «:ontrollecl 

humidity durina tbia report period, a uriu of very informative teet• wae 

carried out to utablhh the dependence of ahear atrenath on ea.mple d.aeity. 

These teeta were motivated by a desire to c:hth.'k the validity ot the theoreti

cal concluaiona of Section z. 1. Z by ueing the triaxial technique, Thla waa 

done in the following way1 Teete were carried uut to determine the etnn .. 

density relationehlp for a aiven powder in the manner clucr!.bed l.n Section 

2..1. 1. 1, thea a eel'l.ea of ehe&r teau for the powder waa conducted over a 

ran1e of mean sample dealitlee by the triaxial technique at atmoapherl.c 

pre11ure. Sample• for the latter testa were prepared by the followlna the 

procedure deac:ribecl above. Both tbe compaction and ahear teet• were 

carrlecl out in \he Inatron machine. 
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U the theoretical &neniont of Section Z, 1, Z are correct, it follow• th&t 

the ahear etren1th, as found from the triaxial tnt, mutt have the farm (aee 

Equation• (2. 1) ancl (2, 4)) 

T • conatant • pm max (2. 7) 

i.e. , the shear etrenath muat vary with deneity in precieely the eame way 

that the compact-ion ttuu depend• an deneity (ECLuation (Z, 1)). Experimen

tal data from thue te1t1 ue plotted in P"lgurea 2. 16 through z. 19. The teet 

materials include ea.ceharin, •11 albumin, Sm, and 1!1.· (The~ and~ 
shear teats were limited to two testa for each powder beca.uee of the tem

porary unavaila.bil!.ty of hood !&c:iliti•• for l&n'lple prepa.ration.} 

Both the compaction atre11 11 and the shear atrength T max. have been 

plotted verau1 the eample denaity. Since theu cla.ta are plotted lo&a.ritbmi

cally, we would expec:t if the theory ie correct to flnd that the two curve1 an 
parallel. One c:an eee £rom the figure that the curves are pa.rallel within the 

accuracy of the teet data, except for !!!!.· However, aince only two t81t 

pointl were obtained for !m• the discrepancy ma.y be due to experimental 

error. 

The tutl deecribed a.bove were not carried out under c:oncUtl.ons of con

trolled aample moisture content! but both the compaction and ahea.r teeu 

were carried out within a. •hort time interval eo that humidity effecta, if any, 

would affect both te•t• in tho eame degree. 

Further triaxial tutl will be conduC'ted when the sample compaction 

a.pP&ratu• baa bun adapted for uee in a alove box. Theee to1te will of 

course be carried out for aeveral preuure level• in order to define cUrtcUy 
the 1hape o£ the 1hear locue. It may not be poutble to define fully the lhear 

locu• by meane of triaxial te•ta. The r•a•on lor thi1 limitation can be uen 
in Figure z. B(b). The portion of the ehear locue to the rilht of the cl&1hed 

line may be deft.ned by triaxial t01t1 carried out with a chamber prueure 
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areater than or equal to ••ro. In order to eatabllah the ahear locua to the 
left of thla line, it il neceaaary to combine ten aile and compreaalve etre uea 
(illuatrated by atreu circle a), Thia procedure require• that a.xial tenelon 
be combined with preeeurh:atlon of the chamber. There are eeveral aerl.ou1 
dl.Uicultlu preventina auch a tut. One .. rioua problem il that the aample 
muat be aea.lacl within a J'Ubber or pl&etic: membrane, which Will tend to 
carry an undetermined fraction of the applied teneile load. It ia alao antici
pated that the preparation of IUlt&ble teet apeeimene for euch teet1 would 
preeent formidable problema, 

Z. Z. 1. Z Bulk Teneile Strenath 

The bulk teneUe etrensth of a compacted powder definee the intercept of 
the ahea:r locua with ~c CJ•axla a.e ehown tn Fi~Ure l. 13(b). The claebecl por
tion o£ the ahU.J' locue 1hown in the fiaure cannot be defined by eitbel' the 
direct ehear teet ar the tri&xl.al ehear teat for reaeona diacueaed in the pre 4 

c:edln1 aection of thil report. Accurate meaaurement of bulk ten1H1 etrenath 
thue aeeumee &dded importance aa a mean• of "anchoring" the ehear locua. 

Three methoda for mea.eurina the ten1ile atrenath o£ compacted powdera 
have been conaidered in our etudy. The uamented·column teneile teat7 was 
the firat to be developed in this prosram. Although this test provides valua.
ble information rel&.ttve to the teneile atrength of a compacted powder, aome 
queation exiltl &I tC) whether the teat reeult1 repruent pure ten1ile failure. 
The uncertainty arieea for ~wo reaaona~ 1) the powder ie constrained to fall 
a.t the juncture between two ringe, and Z) atreu c:oncentratlona are likely to 
occur at the periphery of the powder sample since the powder ia st:reeeecl by 
mean1 of wall friction; thl1 may tend to cauae premature faUure. 

In an effort to improve the tech11ique for di1•ect meaeurement of teneile 
atrenath, two new testa are currently being 1nveatigated. One of theee teats, 
referred to •• the triaxial ten.1He telt, ie deei1ned to permit unconatra.ined 
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tenllle failure o! the teat aample. Another teet under development uael 
tranaient preeiUre atreaeee to fl'&cture the teet sample. Theae teate are 
diaeualed later 1.n greater det&il. 

Z. z. l. Z. 1 Sesmented Column Teruaile Teat. -During thie quarter we 
have tnveeti&ated variation• of bulk tenaile atrength in a. column of com
prened powdered augar by the method previously deecribed l •. z, 7. in· 

which the powder ia preconditioned for at lea.st 48 houu in a controlled 
environment o£ 1 !5 percent relative humidity follo-d by compaction in the 
aegmented column apparatu1. Following compaction the ten1Ue etreqth of 
the powder te measured at six poaltl.one down the column. Tenal.le etrangth 
ia, in addition, being 4etermined aa a function of bulk density, A dual 
approach il u11ed in determining bulk density. For powdera like ZnCdS, 
where fracture of the powder column occurs quite evenly, bulk clenaity' 
va:ria.tion ia determined merely by weigh ins the powder tn each ugment. To 
avold. the errora inherent in tha uneven fracture typical of many powdeu and 

~ obtain a meaeurecl value of bulk dentity at the point of fracture, a new 
apparatua deacrlbed ln the bulk density section of thle report (Seetion a. 1. 1. Z) 
wu cluianed and built. The interior aeometry of thll appiLra~a la ic!eutteal 
to that of the aeamented column bulk tentile ttnr-.aLh apparatus except that 
the c"Utof! polnt of each 1e1ment baa been ataggered by 1/4-lnc:h eo that the 
average value !or the bulk denatty of the aegment correeponcle precilely with 
the poattion of the fracture plane of the bulk .. tenaile strength appar&tul. 

Variation of bulk-teneile strength with diiiULnce £rom the fracture plane 
of powdered •uaar ia ahown in Ftsurea 2., 2.0, 2.. 2.1, and ~. ZZ. Of the pow .. 
dera previoualy atudiecl, 1 the bulk-tenaile atrength of powclerecl •uaar l1 

molt nearly equal to that of saccharin. The re.ulta of ot.lf preliminary 
atuc!iee of the variation of bullc·tenaile atrength wi.th hulk den1ity of powdered 
eUJ&l' and of ZnCdS are ahown in Fi~Urea 2, ZJ and Z. 2.4, For effieient hand
Una of bulk-tenaUe etrenath data, the tenaile strength h&e prev1.ouely been 
reported tn srama (J) rather than being converted each time to dynea per 
•quare centimeter (dyne/ cm2}. In ~ia anci future report•, however, data 
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Fl G. 2.20 
VARIATION OF BULK TENSILE STRENGTH AND 
BULK DENSITY WITH DISTANCE FROM PISTON 
FOR POWDERED SUGAR. 
COMPRESSIVE LOAD 12.17 X lOa dynea/cmt 
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FIG. 2.21 
VARIATION OF BUlK TENSILE STRENGTH AND 
BULK DENSITY WITH DISTANCE FROM PISTON 
FOR POWDERED SUGAR. 
COMPRESSIVE LOAD IO.S9 x IO' dynes/ cml 
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FIG. 2.22 
VARIATION OF BULK TENSILE STRENGTH AN 0 
BULK DENSITY WITH DISTANCE FROM PISTON 
FOR POWDERED SUGAR. 
COMPRESSIVE LOAD 5.5 x tOI dyne1/cml 
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FiQ. 2.23 
VARIATION OF BULK TENSILE STRENGTH WITH 

POWDERED SUGAR. DENSITY FOR 
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FIG. 2.24 
VARIATION OF BULK TENSILE STRENGTH WITH 
BULK DENSITY FOR ZINC CADMIUM SULFIDE. 
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involvinl bulk-tenlll• etrentth will be l'epol'tecl in dyne l cm1. (crou 1ecti.on 
of powder column fractured in teneile faUun). Data obtained by tbll method 
can more readUy be compa1'ed with that from new methode under develop
ment. 

The segmented column tut lor meaaurina tenaile 1trenath hae certain 
limlt&tione. For moat powclera, the ten1ile 1trensth at low compreuive 
load il di!licult to meaaure, and at high compressive loo~.da fairly marked 
chat1111 ~tl teneUe et1'entth occur with only minor chan&e• in bulk denelty, 
thu1 requirinJ a verY' preciu me&oi\U'ement of bulk density. 

The re aulta of a prelimlnary check on the effectl of time of compre .. ion 
on tenaile etrenath are lhown in J'iallra z. Z5. A 16-hour compre81lon time 
resulted in a definite increau in tenaUe atrensth with no apparent increaee 
in bulk d.en1ity. Admittedly the tut wu conducted at a high compreuive 
load to exaaaerate the effect; but thl.l phenomenon warrant• !urther inveati
i&tion. One po111ible explanation £or itl exi1tence ie an increaee ln surface 
bondin1 between particlu with time under compreuion. Tbh a1pect of 
particle technoloiY will be c:Uacuneci later in this :report. 

In addition to the effect that len~h of eompreuive time hu' on bulk ten
aile atreD.ftb, fl.ltun work will include 1tudiu at low(< 2. percent lUi) 
humiditiel, relation of bulk denaity to bulk-ten•ile strength, and the effect of 
particle •~ape and aurface characteristic• upon the bulk tensile etrensth. 

Z. Z. 1. Z. Z Triaxial Tenaile Tut. M This il a dinc:t mechanical teat th&t 
can be carried out in the In1tron teet machine, in which a apeci&Uy-prepared 
te1t epeclmen la cauud to fail in a re1ion free c,f external conetraint. A 
tilt aample produced for initial testa il shown after failure in J'i&ure l, 26. 
The center .. ction of the 1ample ia necked down to achieve eeveral c:le1ired 
effecte: 1) &'educed. area ma.kea the averase 1treu a maximum in the center 
eectl.on, Z) thia confiauratlon cau .. a the powder'• denatty to be hl.sher at the 
end fittin11 than in the center, tbu• tending to increaae the tenaile 1tren1th 
at the endl of t~e apec:iman, and 3) the len&th of the 1pectmen (ZO ia.chu) 
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FIG. 2.25 
EFFECT OF LENGTH OF COMPRESSION UPON 
THE TENSILE STRENGTH OF Zn Cd S. 
COMPRESSION LOAD 12.17 x 101 dynea/cml 
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enabl .. an equilil&tion of ten.aUe atreu in the eenter ~ection clue to the elaa

ticity of the powder (eee Seetlon 2. Z,l. 3), thua avoidiaa atreaa coacentrationa 

prior to failure of the a&mple. 

Sample p~:eparation !or the tenaUe teat follow• very c:louly the proce

dure for the triaxialahear te1t cleacribed in the laat Quarterly Report. 1 The 
only euential diHerenc:e in the apparatua ia that the aplit central aection of 

the compaction apparatua ha.a been replaced by a fla~:ed aectior& to reduce the 
diameter !rom I. 2 inch at the end cylinders to 0. 8 inch in the center aection. 

Some care ia requiud to produce aamplu which have a aymmetric:al denaity 

cHatribution wtth re1pec:t to the center of the aample. It waa found that 

aatialactory aamplu can be obtained by charaing each end of the apparatua 

with an. equal mau of powder and then forcia.l the powder into the center aec• 

tion by meaa.a of pl.aton• to which equal loada are applied. 

The denaity cliatribution in the center uction waa determined by meana 
of a duplicate flared aection with the central aection divided into !ive equal 

ae1ment1 o£ 0, 2 inch lona. ln initial teeta with saccharin powder, samples 

were prepared wtth a mean center-section density o£ 0, 38 g per cm 3• The 

maximum density variation waa about 5 percent, with the loweat den1ity 
occurrin1 in the c:entn, 

Several tensile teata were conducted in the Inatron machine uaing 

l&ccharin aamplu of mean denaity p "' 0. 38 1 per cm3• Failure W&l found 
to occur in the center aectiou aa desired (aee Fisure z. 26), 

Attempta to carry out a uriu of tenaile teats by the triaxial technique 

were !oreatalled by di!ficultiu in aample preparation. Very hlsh loacia were 

required to inc:reaae the aample denaity aianificantly beyond 0. 4 11 per cm3• 

Under theae conditions, it waa impoaaible to remove the center-aec:tion 

mould segments without {racturh\J the sample. It a.ppeare likely that theu 

problema can oe eliminated by moc:lUyina the flared section of the aample

preparation apparatua ao aa to incua;ue the diameter o£ the ''necked-clown" 

section to about 1. 0 inch. 
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:!. Z. l, 2, 3 Deccmpreulon Tenalle Tut. • The decompreuion tenaUe 

teat ia a unique method for determinins the tenaUe atrength of compacted 

powder apecimena. The teat con.liata of aubjecting a apeclmen to a audc!en 

reduction of aurrouncliug 1•• prenure. Thia cauan the specimen to crack 
or fracture aa gu trapped in it. interior aeeka to ucape following decom

preuion. The preuure drop juat necuaary to fracture the apecimen il a 
meaaure of the tensile strength of the compacted powder. 

2. z. 1. 2. 3. 1 Compaction Aeparatua. - Specimens are prepared in the 

compaction apparatus shown in Figure Z, Z7. The compaction &ppara.tus is 

compoud of a. aplit compaction cha.mber A, loading tube B, and piston C. 

The compaction chamber A con.silta of two a.luminum bLock• fitted with 

alinement pina. In the c•nttr of each block h a 90-dearee V groove 1-l/4-

inch on each aide. On top o! each block la t'aatened a 1/4-inch flat aluminum 

plate with a 90-degree V groove in its center, ).) I :l-inch on e&ch aide. 

Thit plate !orma a sharp-cornered, rec:eued groove at the top of the block. 

When the two aides o! the chamber are fattened to1ether with pine and thumb• 

ecrewa they form a tquare tube with a recen &t the top. The loading tube B 

ie a lengLh of square extruded aluminum tubing 1-1/4-inch by 1-l/4-inch 
(lnaide dimension&) by 18 inches long. The leading tube ia supported by 

mea11a of a rtna etand the clamp. The piaton aasembly C conaiata of a 

beveled tquare aluminum plate, l-7/3Z-inch on a lide by l/4-l.nch thick, 

attached to an aluminum rod aa ahown ln the figure. Two Teflon rings are 

fitted to thit rod to maintain proper alinement of the piaton asaembly. 

Specimens are prepared in the following w-.y: The divided chamber A il 

closed and fa.atened together with thumbscrewe. The loading tube A h then 

lowered into position directly over the compaction chamber where it fitt 

snugly in the receu at the top of the chamber. A quantity of powder is then 

poured into the loadina tube thr<'.\lgh a funnel. Pteton C it interted into the 

loading tube,and weipte are placed on the pilton to compreu the powcler 

slowLy into the compaction chamber. Varioua weiihts are uaed to produce 

apec:imena of different denaitiea. W11en the compaction proceat is completed, 
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the pi1ton h removed, the loadina tube h raised, and the compaction cham

ber h opened as shown in Figure 2., 27. Sample D h then e&aily removed. 

With 1ome powders, a lubricatlni •aent Is applied to the aldea of the com

paction chamber to prevent crack fot'mation at the edges of the cubic: apeci• 

men. Then cracka are evidently caused by frictlon between the powder and 

the chamber aidea during comproeaion. It ha.s been found neceaa&ry to plAce 

a thin metal plate at the bottom of the compaction chamber to prevent powder 

from being extruded from the bottom of the chamber durin1 eompre .. i.on. 

Z. Z. 1. z. 3. Z Decompreuion Apparatua. • The decompreulon teat il 

conducted in the appar&tua shown in Fii'lre Z. 28. The decompreuion teat 

chamber A conshtl of a lucite cylinder 6 inches in diameter by 4 inches 

hiah with aluminum plates clamped to both end1. The bottom end pl&te haa a 

snap valve inlet for the pnaaurizing gas. The top end plate has a small 

orifice lor a manometer connection and a Z-inch orifice for aucWen preaaure 

releaae. The Z.-inch orifice la covered with a thin plastic; membrane which 

can be ruptured ealily. A tank o£ dry nitrogen with high and low preuure 

regulators B ie used to pressurize the test chamber. The pressure in the 

chambe1 h measured with a mercury manometer C. 

The teat i1 conducted in the foUowina way: Firat the compacted powder 

apecin1en ia suspe11ded on the wire frame shown in Figure Z. Z9. The apeci

men is held looaely between two platea covered with tponge rubber. The 

tension betwee!l. the platea is made a• small &I possible to avoid atre•••• 

due to 1u11penaton. The suspended specimen ls next plaeed in the teat cham• 

ber. The test. chamber ie then preaaurized with. dry nitrogen which cauaea 

the plaetle r.overins over the Z-inch orifice to bulge slightly outward. A 

period of S minut.,s h allowed for the gas preuure inside the powder speci

men to equalize with the surrounding preuure. At this point the plastic 

diaphraim h ruptured by pricking l.t with a needle or by plungina a blunt 

in1trument throua:h it. 

Page determined to be Unclassified 
Reviewed Ch1ef, RDD, WHS 
lAW EO 13526. Section 3.5 
lJate: JUL 1 9 201 

1-, 
I 

l 



Z-50 

c 
0 ·: ., 
"" 0.. 
E 
0 
0 
G) 

0 

(X) 
C\1 
C\1 . 
~ -•• .... 

Page determined to be Unclassified 
Reviewed Ch1ef, ROD, WHS 
lAW EO 13526, Section 3.5 
I.Jate: 

JUL 19 201! 



Fig. 2.29 Suspended Powder Specimen 
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The reaultl o£ auc:b teata are ahown in Fiprea 2. 30 throu1h 2. 32. 

Figure 2. 30 ahowa a apecimen which waa aubjected to aubcritlcal decom

preuion. Gaa eacapina from the interiol' cracked the a~Cimen but did not 

fra.cture it. The eracka tend to run perpendicular to the direction of com

paction, Figure 2, 31 ahowa a apecimen which fractured upon beina aubjected 

to the criUca.l decompl'euion preaaure. Figure 2. 32 ahowa reaulta obtained 

when the apecimen le aubjected to a aupercridcal preaaure drop. 

Theae :reaulta provide considerable inaight into the tensile strength pro

pertiea of the taat powder. It waa found that local transvene cracka of the 

type shown in Figure 2. 30 may occur a.t presaure drop leveh COI'laiderably 

below the critical preaaure drop. The predominantly transverae col'lfigura

tion of these cracka ia a clear Indication of tho anisotropy of the compacted 
powdet', 

The supercritic:al dec:ompreuion case (Figure Z. 32) 1howa the atrildng 

breakup that can be achieved even with a relatively omall preeaure drop. 

Ten aile !allure un.del" a up ere: ritical conditions la characterized by breakup 

throughout the volume of. the sample. Thie phenomenon may be o£ !liJnifi· 

cance with respect to the aerosolization of powders from the compacted 

atate. Thie tensile test technique ie being modified so that testa can be 

carried out with aamplee having a known moieture conte11t. 

2, 2. 1. 3 Elasticity of Compacted Powders 

All powden which we have worked with to date have been found to be

have elastically in the comP£cted atate. ~ec:ent meaeurementa of the shear 

strength of compacted powden by the tria"ial technique have provided •• a 

dividend the ciata :requ1red to determine the elaatic modulua of the powder 

eamplea. In the shear teats, a continuoua streu ··•train curve h obtained 

up to the point of failure. A typical stresa-strain curve, aa plotted by the 

Inetron machine, waa presented in Figure 2.. 6, page Z-lZ of our Ninth 
1 Quarterly Report. 
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Fig 2.30 Cracking caused by subcriticol 
decompression. (Talcum powder, density .68 gm/cc, 
pressure drop 60 mm Hg) 
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Fig. 2.31 Break caused by (;riticol decomprossfon. 
{To lev m powder, density .68 gm /cc, pressure 
drop 80 mm H9) 
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Fig. 2,32 Explosive foliLiie caused by supercriticol 
decompression. {Talcum powder, density .68 gm/cc, 
prt:Jssure drop 290 mm Hg} 
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Streae -a train curvee obtained from triaxial tests have been found to be 

eeeentially linear; that is, the powder obey• Hooke'• law prior to shear 

failure. Earlier attempt• to meaeure the elaeticity o£ compacted powders 

led to tht er.-oneoue conclusion that the atreee-.train curve wae nonlinear, Z 

It is now apparent that the nonlinearity obeerved in these teet• wae due to 

wall-friction effect1. 

The elaetic modulus of a compacted powder may be determined directly 

from the definition: 

where a is the applied strese &nd A l/ I. is the correaponding fractional 

chana• in lenath of the teat epecimen. 

Valuee of the elastic: modulus !or aeveral aample deoeitiu have been 

determined from the above equation using the eheat··teet data for J&c:c:harln. 

The reJulte are plotted in Figure z. 33. For purpoeee o! comparieon. the 

compaction stret 1 ·denaity curve iJ alao ahown in the fiaure. It iJ evident 

!rom thie fiaure that within the accuracy of the teat data the elastic: modulus 

is proportional to the compaction stress. Future teats will eJtablieh 

whether theee elaetic: propertiee are generally true of compacted materials. 

Z. Z, Z Theoreticallnveatisa.tiona of the MHhanic::e of Compacted. 
POwder II 

DurinJ thil quarter, considerable progreu hae been made in defining 

the meclu.nic:al propertiet of compacted powd«:u. Theoretical developments 

discus Jed in Section Z, 1. Z are based upon experl mental data - on the em· 

pirical Equation• (Z. 1) and (Z. 3). In thie aecHcr. of the report, a p&rallel 

treatment of compacted powder• i8 prese01ted that ia p\lrely theoretic:a.l in 

nature. It ia noteworthy that the c:oncluJion• reached are qualitatively in 

&areement with the empirical theory. 
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Suppoae that a powder element hal b .. n compacted to a certain denaity · 

by the a.ppllcation of a compreuive ltrel8 oc (major principal atren). We 

can coneider the conditlona !or fracture of the elemel!.t under the application 

of co_mpreuive atreues that are small compared with "e· Although the 

actua-l configuration of the syatem of particlu il very complex, it may be 

auuined !or purpose of analysia that a "typical11 pu•ticle or agglomerate 

con£isur~tion exista, which ls aubjectec:l to applied forces ln the manner 

depicted in Figure Z. 34. The forces F and S are, reapeetively, normal and 

tangential forcea relative to the plane on wh.(ch ahear takea place when the 

sample !ails. Theae forces are as;umed to be app!ied to the particle by the 

reaction• of neighboring particle• above the ahear plane, The particle ie 

held in equilibr~um by ~eactioni NL and NR' acting at an effective angle G 

relative to the ahear plane. 

The .. forces may be related to the applied atunee by maant of the 

following equation•: 

F • a o (2.8a) 
n 

s " bT (Z.Sb) 

NL··= cot + e &L (Z.Sc) 

NR.:o cat + e ~R (Z. 8d) 

where an ia the normalstreaa, "till the tranaverall!l atr.eae, and -r ta the 

applied ehearinil .. streu. The coefficients a to ~ 11.re contt&nts which depencl 

on the configuration of the particle enaemble. The terma aL and &R repre

aant the nonayn,met:ric incrementa in the reaction force• N L and NR which 

are required to balance the applied foreu F &!td S. For equilibrium, .we 

mult ha.ve theae ·rel&tionahipa (pale Z~60): 
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(2.9a) 

(2.9b) 

At the point o! fractl.lre, we may aaaume that tiL= -&t' where &tie the 
"average" ten1ile atrenath of interparticle contacta. Furthermore, the 

traneverae atrea1 at the point o! fracture can be expreaaed aa (aee Fi,ure 
2.. 35) 

at = a + Zt tan 11 n c (Z. 10) 

where "c ta the alope o£ the ahea.r locu• curve. 

From Equations (Z.. 8) through (Z. 1 0}, we fincl on eliminatina OR &nd 

aetting ~L = - &t that 

(a co• 9 - c sin 29) O'n- (b sine+ 2c ain 29 tan fllc)T 

This equation can be expreued in the condensed form 

- A a + B ( 1 + C tan II ) T • D n c 

Now, recognising that tan lfc • dt/d an, we can expreaa the differential 

equation o! the ahear loc:ua in th• form 

(2. 11) 

(Z. 12) 

; dt .. a a - ~ T + r era n 
(2. 13) 

n 
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whne the conata.D.ta a, ~ and r are defined by the rel•tionahipa 

a 1 
0 

'" 4C aln I - Z ( 2. 14a) 

(Z. 14b) 

(2. 14c) 

To 1olve thh equation, we fir It introduce a. new variabla z =a tJ + r and 
n 

then make the aub1titution T • UE. The transformed equa.tion h 

(Z. l.S) 

Equation {Z. 15) may be aolved !or z to aive 

z = ( z. 16) 

2 2 where Cia a constant of integration and q •(1/a)(l + 15 /4a). 

The ahear locus interdrptl the 11-axia s.t tJ = - a
0 

where a
0 

ia the bulk 

tensile ltrenath of the compacted powder. This point corr81ponda to u • 0 

and z ., ,..11 1 + r • -CXItJ I+ r. From Equation (Z, 16) we obtain for u • 0 0 ., 0 0 
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EH.mtnatiag C frolfl Equattolla (2. 16) and (2. 17), we obtain 

~ -1 ~ ~ -1 1 ~ 

1 
mq tanh Zaq -e -laq tanh q (u +fa) 

!!! t (u) · "' (2. 18) 

The atl'eeaes 't and a &l'e expreeaible in tel'ma of u, t (u), a.nd 11~ aa followa: n . w 

I~ I = (o/ao I • 1
) t{u) - a l~ol 

l~ol •(,-~;i · 1) ufC•I 

(Z. 19&) 

(2. 19b) 

The ehet.r loc:us \s defined by the above equations in terms of the constant• 

a,~, and r. Sinc:e T ia proportional to &t (Equation (2. l.fc)), it is clear that 

r must aho be proportional to the bulk tenaile strength of the powder. 

An intereatin.J result can be deduced immediately from Equation (2. 19). 

It Ia found from Equatiol'! (2.. 18) that f. (u)--• as u .. q • MZa. Therefore, 

for large valuea of J(u), 

(Z. 20) 

t. e., the ahear locua il linear. The ahapea o! •hear loci determined !rom 

thh analysh are indicated in Fisure 2. 36 !or representative value• of a, ~ 

and T /jC0 I· The curvet 1hown correapond to the va.luu o£ T: r = 1. 0 1o0 I• 
1. 5ja

0
j and Z. 0 jo

0 
I• with Q = 0, 8 and I!= 0. 4. From Equation (Z. 20) it can 

be eeen that the slopes of the curvu for lase valuee o! o should be ldentical. 

Thua, the differel\t valuea of r illuatra.te the effect• o£ cohesion on the •hear 

loc:ua for 1 mall value 8 o£ o. 
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It can be aeen from Figure 2.. 36 that &11 of the curves are very nearly 

straight linea for o> 0, a reault which asreet very well with the empirically

blued theory of Section 2.. 1. z. From the flaure, one se .. that the bulk· 

tensile strength should be approximately equal to the pure ahear atrenlilth, 

according to thia theory, if Y/j a 
0 

j < l. 5. 

It should be obaerved that thia analytic&! treatment ia not capable of 

actually definins the ahear locut in a.btolute terma. The shape of the curves 
ia defined, however, to within a constant factor. A more fundamental 

approach is raquirad to define the atrength o£ compacted powders uniquely in 

terms of baaic powder pa.rametera, auc:h a.a particle ai.ze, interparticle 

molecular or chemical bond energlea, etc. The most baaic avenue of attack 

on thia problem 1.1 through development of ,. aener&l theory of compaction. 

2.. 3 Ph;,:aical a11d Chemical Characterlatica of the Powder Particle 

Behavior of compacted powdera ia fundamentally determined by the 

nature ot the intermolecular !orcea (phylical or chemical) exiatinl at the 

contact areae between particlee. In the following montha, increaaed em

phasie will be placed upon evaluation of the !actore which determine theae 

forcee and upon relation of theae factore to the behavior of the compacted 

•ta.te - apeci!l.cally their eifect on euc:~ properties &I ahear urenath, teneile 

etren1th, and diaperaibillty. Among the areas to be studied are particle 

shape, particle ti&e, cryetal habit, surface area, poroeity, rugoaity, 

kinetica of the adsorption proeeaa, and chemical reactivity. 

The total audace area ot powdan will be determined by the gaa adaorp· 

tton method previoully deacribed a in which the powder !.a conditioned t.o a 

ground atate lru of adeorbad a••••· Under carefully controlled conditione, 
a monomolecular layer ·o! a gae will then be ada orbed on the aurfac:e. Know

inJ the weight ancl croll -eectional au a per molecule of aclaorbent, the total 

aurface area can then be calculated from the wel.gh.t ga.1ned by the sample 

during the act.orption proceae. In addition to setting up of rather compli

cated high-vacuum apparatua, an axteneive literature search ia now underway. 
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ln heating the powders to the ground state coneiderable care mu&t be 

exercised, particularly with biolosiee.l materials, aince the heat required to 

remove the laat traces o£ adsorbed gat may atruc::tur&lly change th~ particle, 

resulting ln pouible arou change• in euriace. ln view o! information cur

rently bein1 obtained from the literature, however, it appear I quite likely 

that experimental condition• can be found to bring moat powders to an 

acceptable around atate prior to the monomolecular adsorption proceu. 

By studylna the adsorption characteristics of a powder uatns adsorbent• 

o! varying molecular croe 1 eectiona, the area representative o£ the external 
particle aurface can be difterentiated from the intern&! pore structure. In 

thb way the poroeity of particle• can be determined, Particle poroeity ie of 

interest in consideration of particle denaity, ita effect upon compaction, and 

upon the kinetics of water adsorption by the particle. Change• in adaorpti· 

vlty or in total surface area resulting from the compaction proceu ehould 

yield information conc:erntns the nature of interparticle contacts. In addi

tion, many particlu in the compacted and/ or uncompacted state will over a 
period oftime form a ri&id, cake atructure. Thh sureLy must be the result of 

molecular rearrangement into a semi~continuoua or cellular atructure. 

Therefore, the re1ult1ng chanse• in 1uriaee area or other adsorption eharac • 

teriatic• will be o£ intereet. 

In our study of powdor11 we il.re constantly concerned with the effects of 

adeorption of mohture by a. particle. We mu1t Cor thh reason know the 

kinetice of water acieorption by powdere both in. the compacted and uncom

pacted statee, or in other words, the rate at which water is picked up and 

how the moilture content of the •ample atay• at equilibrium. In addition, 

the nature o£ adsorption - whether monomolecular, multimolecular, or 

capillary - wUl be investigated as a function o! expoeure to different atmos

phere• and tU a !unction of degree of compaction. 

Upon determination of particle liu dietribution and total eurfac:e area, 

the particle rugoaity can be calculated. Particle ruaoaity is 4efined ae the 

ac:t1.1al total eurface area divided by the calculated 1urfa.c:e area., a.uumin1 
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that the part1elea are perfect apherea. .Ruaoaity then become• a 11 roushneu" 

index £or the partlcle aurface. Particle rugoaity ahould have a relationahip 

to the relative ease of compaction and rediapenion of a powder •ample. 

The chemical propertiea, particularly relative chemical reactivitlet of 

the powdera being atudied, will be given increaaed emphaeie. This become.e 

vitally impo&"t&nt in the evaluation of relative bonding £orc:es at the inter~ 

particle eontac:tl. The chemlatry of the powder partic:lea will alto play a 

dominant role in determining the physical propertiea of a compacted or un

compacted powder after prolonged storage. 

A variety of chemically identical particulate materials are a.va.Uabla 

commercially which as a reault of their method of manufacture may differ 

in crystalline habit. Thua a c:onticierable amount of information should be 

readily att&inable by procurin1 repreuntative aamplea and aubjecting theae 

to the battery o£ testa already developed. 

Determination of theae physical and chem1cal c:haracterlltics of the 

powder particle• and correlation of theae chara.cteriatica with bulk mechani· 

cal propertiea determined by the teats already perfected should permit a. 

realiatic evaluation of the relative eaae with which powder• may be com• 

p&cted ancl redilperaed, independent o£ the time lapae involved. 

z. 3. 1 Particle Si:ae Analysis 

Aa diacuaucl in the previous section, it i11 expec:tecl that an important 

parameter affecting rhe behavior of a powder i • ita mean particle aize. 

Consequently, alse ana.lyus a.re being made for the various teat powders by 

using both sedimentation and mic:roacoptc counting tec:hniquea. Size distri

bution• determined by the Whitby aedimentation technique for saccharin,~ 

talc, and cornatarch are ahown in Figures z. 37 through 2.40. The sedimen

tation fluids, feeding liquida, a.nd diaperaing aaenta uaed in the alr.e analyeee 

of these powder• are defined in the flgurea. The size diet:rtbutiona for other 

teet powdera will also be eetablhhed wherever poseible by applyini the 

Whitby technique. 
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PARTICLE DIAMETER (MICRONS) 

FIG. 2.37 
MATERIAL - CORNSTARCH PREPARED IN JET 

PULVERIZER 
SEDIMENTATION LIQUID - WATER 
FEEDING LIQUID- 70% WATER 30% ACETONE 
DISPERSING AGENT- ALKYL BENZENE SULFONATE 
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PARTICLE DIAMETER (MICRONS) 

FIG. 2.38 
MATERIAL- SACCHARIN PREPARED IN JET PULVERIZER 
SEDIMENTATION LIQUID- KEROSENE 
FEEDING LIQUID - 15% NAPTHA 85% KEROSENE 
DISPERSING AGENT- TWITCHEl 
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PARTICLE DIAMETER (MICRONS) 

FIG. 2.39 
MATERIAL - TALC 
SEDiMENTATION LIQUID- WATER 
FEEDING LIQUID- 30% ACETONE 70% WATER 
DISPERSING AGENT - NONE 
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FIG. 2.40 
MATERIAL - Sm 
SEDIMENTATION LIQUID - BENZENE (lice) 
FEEDING LIQUID- 70,.. BENZENE, 30% NAPTHA 
DISPERSING AGENT- TWITCHEL 
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l. AEROSOL STUDIES 

The experimental work described 111 thie report ineludea a 1tucly of the 

ef1ecta of cont'entra.tion on tl1e stability of uroaola and the efficiency of two 

different dispersing eyetema. For some of the work both the direct lam

pUna ayatem and a fluctuation•m•a•uring ayatem were put into u ... 

The present report includes certain theoretical estimates bearina on the 

coagulation process. Four different approachea are suggested; none of tbeae 

ia capable of aupplyinJ definitive atuwera, but each contributes to an under

standing of coagulation. 

3. 1 Experimental Work 

The e~eriment&l work of the paet few month• has been devoted to a. 

comparison of methods for dilpereing the powder charge in the aeroaol 

chamber, inve8tilation of techniquu for improvinaJ the quality of the light 

beam in the chamber, and a study of the etfect of particle concentration on 

a.eroaol decay. 

3. l. 1 Comparison of Dhpeuing M.ethoda 

We mention fiut a seriu o! abbrevi&ted runs compariq the dilper1lng 

e£fic::ienc:iea of two dispeuins syatema. The ewtrl disperur 8 wa1 tenerally 

operated with ZSO p1i of nt.trosen applied to the JU inleta for 5 aec.:cmds. A 

uriea of runs was also conducted with 60 pei applied preuure. A third 

aerie• of rune made use of the buratlns diaphza1m dieperur, which wa.a 

operated u ducribed previoully. q The room'• humidity durtns ibi• 

period was between 1! and ZS percent. The amount of. powder di•persed waa 

ln each caee between 90 and 110 mg. The results of. these rune are 1hown in 

Figure 3. 1. 
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It may be noted from Ftaure 3. l that all three methode of c:Uapenins 

proclu.ce curvea of euenti&lly the aa.me llope except in the caaea of corn

starch and powdered milk. For the latter two powders, the awirl dhpener 

produced markedly more stable aerosols than those from the bursting dl&• 
. . 

phrap dilpener. Note abo that compari1on of the vertical po1ttlon of the 

c:urve1 ahowa that the swirl diaperser produced more turbid aeroaoll for all 

powders except talc. Thia can be partially expla.ined by the fact that some 

ulc adhena to the internal aurfacea of the awi:rl diaperaer. 

Another aeries of runs to determine concentration effec:ta provided 

further information on the diapersina process. These runs were rather 

elaborate, and a di1cuuion of lnatrumentation must precede our report of 

reaulta. 

3. l. Z Modi!icationa to Appara.tua 

10 
The a.na.lysU of light scattering fluctuations aaauiTiea a well-de!ined 

light beam with uniform intenaity across its diameter. Some efiort wu · 

inveated durtna this quarter in improving the light beam. This improvement 

waa obtained only at the expense of monochromatic qualitiu of the bum. 

The modifh::ationa D.re: l) the repla~ement of the projection lamp ll1ht 

1ourc:e by an automobile tail llght bulb (OE 1493), which more nearly 

approxim.a.tea a. point aource; Z) removal o! the Cornina 7·60 filter; and 

3) placing a l-inch diameter aperture at the entrance window of the c:hambel'. 

The :reaultln1 bea.m h&e an intensity variatior~ of about 10 percent acroaa the 

1-inc:h beam diameter. The effective apet:tu.l di.atributian of the light is now 

determined by a combination af the c:haracteriati~a of the photomultiplier 

tube and the lisht bulb. This effective diatribution. plotted in the manu

facturer'• handbook for the photomultiplier tube. baa a maximum at a wave

lensth of 0. 50 micron and a full width at half -maximum, 0. Z5 micron. Al

thouah thta repreaenta a con1iderable sacrifice of the monochromatic: 

qualitiea o1 the previoua aituation, 11 it ia probably of no &uat con .. ctuenc:e. 

because the acatterlns powers of the partic:le ai&ea in queat1.on are pra.cti· 
lZ 

eally independent of wavelenath. 
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1n conjunction with the work on Haht beam quality, we meaaured the 

intensity of the bea.m. It• a.vera.ge intenaity W&l z. 1 x 106 uuita/cmz., 

expre ued in photometer units. The ace ul'I.CY of thia measurement ia ±. ZO 

percent. Thil optical a.rrangement was used lor all work reported in the 

present report. 

Some of the runa diacuaaed included inetrumentation for the precise 

meaaurc::menc of fiuctuationa of the light scattering signal. Thia waa con

veniently &ccompltahed by connecting a Sanborn amplifier and recorder in 

parallel with the Brown recorder. The ft•eq_1teney response of the former 

extends from l to 100 cps (on the a-c input). whereas that of the latter ex• 

tends !rom de:: to about l cpa. One recordu thus compliments the other: 

the Brown recorder di.pla.ya the sianal amplitude while the Sanborn clt.plays 

the superimposed nuctuatloua. In practice the Sa.nborn te switched on at 

selected times and rune for about ~0 seconds to produce a fluctuation trace 

for analy1ia. One such tra.ee t1 shown in Figure 3. 2.. 

The fluctuations a.re a.nalyaed in the following way: A lO·aacond interval 

is marked off on the trace, an.d the fractional amount of time that the sig~ 

ia leu than a given value (say -1 mv) ia read !rom the trace. If thh proceu 

!.a repoated for 1evera.l different •isnal values ~eay -l/2 me, 0 mv, +1/2. mv 

and + 1 mv) and the points are plotted on probability paper, a atralsht lin.e 

reault1. The diatribution oi fluctuation• is therefore auumed to be aauaaian, 

and one may read the root mean aquare (rma) value o£ the fluctuation• from 

the graph. 

As explained in a previou1 report 13 there Ia an intrinaic fluctuation in 

the electronics which ta not always small compared to the total fluctuation. 

A eer1ea of runa with other illumtnJ.ting agencies determined tbe residual 

fluctuation, which i11 tu be subtracted "at riaht an1lea" from the observed 

fluctuation to obtain that caused by the aerosol. In equation form, 

(F aeroeol)Z = (F observed)2 ·· (F residua.1)2 ( 3. 1) 
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3. J • 3 Study of Concentration Effects 

When the awirl powder diaperaer waa first tried, ita operation proved 

ao aatida.ctory that disper.!Pton of large samplu was feu;ble. The planned 

aequenc:e of worJc waa therefore interrupted to permit a aeries of run1 with 

varied amount. of powder. The amounts used were 1000.! 100 mg, 100 .± 
10 ma, and 10 .± 1 mg. 'rhe humidity during this period was between 15 and 

Z5 percent. The reaulta of thea.: run1 are shown in Figure a 3. 3(a) throuih 

3. 7(a). 

The unita plotted on the ordinatee require some explanation. A previaul 
14 

report uses the expression 

1' • Ian rna 
8 

for the 1cattered light. We take this opportunity to changt~ an unfortunate 

notation by replacin1 T by S, the sLsnal. Our measurement of I (which sivu 
8 2 

I in photometer units per em ) then enablee us to calculate the ratio 

s nn (3. Z) 

which hae the dimenaion of area; IHI he. geometric factor, the aolld. a.nsle. 

The quantity 

S ., m :-!&il u 
(3. 3) 

z expreued in 1.1. , la uaed on the ordinate o£ the grapna. lnaemuc:h aa 
2 2 

c • dg /6fl. • 11.1 , we have alao 

S 111 m "' N, aV 
n1f T 

3-6 

(3. 4) 
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~ z z 
In a similar way, we ehAll replace 1

1 
• 1

1 
of the reference by :r , •o 

th&t there 11 the expreuloo 

(3. 5) 

The same concentration runs are presented in a dWeren.t manner in 

J'ipres 3. 3(b) through 3. 7(b). Here S/8
0

, the aianal in. percent of. initial 

si&nal, ls plotted venue time on lo1arithmic normal paper. For the purposes 

of these plots, the 11lnlti&l aignal11 wa1 taken to be the ai&nal one minute after 

dlspening the powcler; this procedure wa1 adopted in view of the fact that 

some 30 seconds are required for thorough di1persing. The ttme acale on 

the "a" aerie• of graphs, then, differ• by one minvte from that of the ''b" 
seriea. 

It Will be noted that many of the curves of the 11b 11 uries are very 11early 

straiaht lines; the exceptions in most cans are the 10 mg runs. For the 

latter runs the signal was not far above background (particularly in the late 

etasee of aerosol life), which may account for deviation• from a linear plot. 

The inference of a straight lil1e on logartth1nic normal paper may be 
15 

seen by re!erenc:e to the expre1elona for non.&IJlomerative aero1ol. decay, 

Contingent on the uncertainties stated there, a straight Une impliea that the 

aerosol decay• withou.t agslomeratlon; the 50 percent point occur1 at 
z 

p d
11 

t • 370, eo that the ''hal! U!e'' ie invenely proportional to the equare of 

Uae aur!acer medi;an diameter of th4" i.nitial aeroaol particle&. 

Flguree 3. 3 throush 3. 7 .u;geet the following two lt&temente: 

1) For a given po'M:ler, the rate o! decay i1 vuy nearly lnde· 
pendent ot the amonnt diapened. 

Z) A ten-fold incrcaee in the amount of powder diapeued doee 
not produce a ten ·fold increaee in acattered ll aht. 

The lint etatement impl1 .. that C:O&Iulation playa no impor~nt part ln 

the pruent experiment. For, ae indicated by any theoretical treatment, 

coagulation it a "tecond order reaction" ln which (eee page 3-18) 
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or d(ln C) ,. _ KC 
dt (3. 6) 

where C 11 the conce11otration (p.-rtlcl .. per unlt volume}. A ten-fold in

c:reaae in the ccncentr&tion cauaea a ten-fold inereaee in the losarithmic: 

derivative of the concentration. Now admittedly the ecattered light b not a 

direct mea.eure of concentration; however, Figures 3. l(a) through 3. 7(&) do 

not ehow auything even remotely approaching a ten-fold increaae in elope. 

In contrast to coagulation, the rate of acttlinl of partielea on. interna.l 

chamber •~rfacee la JOverned by a £lut order reaction:* 

dC • -kC -at or d(ktC) = -k 

Thie loaa.rithmic derivative i1 independent of concentration. In view of 

Figur .. 3. 3 throuah 3, 1, it appeau that eettlina muet !ar outweigh coagula• 

tion aa a mechaniem for the removal of particles from an Jlflt'nsol. Thb 

conclueion ie reinforced by the figures of aeries 11b 11 which indicate that in 

aeneral the decay it nonaaslomerative after the first ml.nuta o! aerosol lUe. 

Statement (Z) on pa1e 3-12 lmpllea .. veral thins• a.bout the dlaperaing 

proceu. Evidently thil proceu becomu leas ~tfficient with hu:reaainl 

amount• of powder. But etnce the powder retidue in the cUaperaer c!ou 

not exceed about 1 mg (except poutbly in the cue of talc), the cU•cre. 

p&ncy mu1t be look~c! lor a.!ter the powder leave• the diapenina unit, A 

v~aual exam1aatl.on of the cUaper 1in1 proeees yielcia a po1 aible explacation: 

The j•t from the dhpener appeara to carry for about tWO•tblrde the h•llht 

cf the chamber before erupting imo turbulence. There ta then a l&pae of a 

few aeconde before thb <:loud la furhur diaperaed by tha faa. Durin& th .. e 

• Wlt11eu the expreealon d(ln C)/dt = - v(d}/H •utanted previoualy12 for a 
monocUap•r•e aeroaol. 

3-18 
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I, 

few nconclt, the cloud volume ia t.pprosimately one cubic foot, or about 

one-thirtieth of the volume of the cb&mbar. The coucentration it therefore 

a factozo of 30 hither at thia point than it il after dhperaion ia complete, and 

the aulomeratt.on r&te KC2 may be u much &I 1000 timea ht1her. Theu 

may thut be conalclerable azalomeratloo in thil intermediate •ta.s• of the 

dilpereion, Thh ttAternent ia well aupported by the !igurea of eertea ''h11 • 

In the1e figure• the rnoet atrlkin& feature t1 the ahift of the curvet toward 

large:r median diameter• with increaaing amoua.ta o! powder dieperaecl. 

The behavior noted above can be coneldered a failin1 of the ditpenins 
1y1tem, ein.ce ita funct1o11 ie to fill the chamber with aeroaol without fatali

tiea. This criticilm of the ewirl diapereer ia, in effect, the tame aa that 

advanced asatnat the buratina diaphr&lm ciieperaer. 

The nuctuation recorder wae uaed during the concentration runa, with 

aboqt ei1ht trace a being made !or each run. Value a of F aerosol were obt&ined 
for each trace by the procedure cleacribed in Section 3. 1, z. These data. were 

further soeduced in a m&nner auageated by the two expruaiona 

s • ~~rna 

2 2--:2' F = (I&Q 1 m a • 

From theae two ex.preeaiona, there fol\nwe 

and 

F2 -
lf>O S 0 

(3. 8) 

(3. 9) 
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Makin& uae of the inequality 

(where the equal si~&n holds only for monodia~ane aeroaoh), we find 

( 3. 1 0) 

Accordingly, the ratioa S'l./F'l. and FZ/Ian S were plotted on loa-loll paper. 

Unfortunately, the data pointe eo obtained were of very poor quality, the 

acattar being 10 11r•at that it was dilficult even to pick out trends. To main

tain a complete recot"d, however, we preunt the trend& in Fi;urea l. 8 and 

3. 9. 

The curvet of Figure 3, 8, which are lower limite on the number m of 

particl.us in the 7, 6 cm3 acattering volume &V, are all in the netahborhood 

o£ 103• The a&...:daarin eurvn are characteristically hiaher (near 104). 

whereat cornatarch l• characterittically lower. It ia to be kept in mind that 

the valuu of Figure 3. 8 are to; be multiplied by ;z, a2, which may hG a.a 

larae a.a 100 or more for aufficlently polydiapeue aeroaola, to give the 

actual valu• of m. 
The eurvea of Fipre 3. 9, in which the o:rdinatee are plotted unitl of llz, 

are all in the netahborhoocl of lJ the inference he:re ill that die avera1• U.Jht 

acatterina crou -aection for the powdera u .. d i• leu than 1 a£ 
2

• Thl.a value 

may be compared with one aupplted by the expreulon 
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l: 

propoaed previoualy for an idealised powder; for a. S·micron particle we have 

rs (S) .. 1-1/4 IJZ (3. 11) 

~ One surprieing feature of Figure• 3. 8 and 3. q ia that F /Jr,Q S, related 
- z, z -to rs, ia more sensitive to concentration that S F , which le related to m. 

The direct sampling eyatem waa put into operation £or the concentration 

rune, one aa.mple being drawn from each aerosol 10 mlnutea after firina. 

The eamplu were drawn onto lilick millipore filtera, which coW.d con

v~nielltly be viewed under a microscope when illuminated with incident white 

light, The resolvins power of this ayatem is about 1 micron, so that only 

particle• of "dia.meter" larser than Z micJona were recosnized. For com

parison, the number of particles larger than 8 microns wae counted. The 

reaulta are shown in the accom})llnying table; in many c:aaea the ea.mples 

withdra.wn were small, 10 the statistica.l uncertainty may be a11 large as a 

factor of 2.. 

Table 3. 1 

Amount 
Dl•persed Talc: 

1 • 

100 ma 370/90 
lOma 77}8 

Concentration of Particles wtth Di1metere of 
2 and 8 Mierona (particle• per t·m } 

Corn1tarc:h 

59/13 
12/3 
16/1. 6 

3-B 

Powdered Powdered 
Sugar 

500/94 

120/20 

48/2 

Mille Sa~charin 

105/16 2!0/31 
Z4/S 49/15 
1!/1. 1 66/4 
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3, 1. 4 Summary of Experimental Work 

We have found that aeroaol properti .. depend. on the method of disper

sion. It eeema impoaeible therefore to confine the scope of the experiment 

to p:ropertiea of aeroeoll per ae; the dhperalng prccen mut be co11aidered 

an 1ntegral part of each run. 

Fluctuation mea.aul'ementa pl'oved unfruitful. The data generated too 

poor in quality to be of any va.lue. 

Concentration runa have been shown to follow the ex:preaetona for non

aglllomerative decay, provided the dtacrepanciea introduced by the diapeuing 

proceaa are diaresardod. 

3. Z Theoretical Eatimatea of Asalomeration 

In order to interpret experimentAl reaulta on the effect of concentration 

on aeroaol ditcay, it ta neu:eaaa.ry ~o have theoretical utimat .. o£ the amount 

o£ agslomeration which can be expected. Such eatima~e• muat be ba .. d on 

the force• operative between particle• a.nd on the motion or particle• in the 

uttlin1 chamber. 

3. 2. 1 Enere• Con1iderationa 

In this aection we conaicler va.rioua into:ractione of a. pair of neighboring 

aeroeol particles. An ae roeol concentration of 1 o3 particle a per cm3, for 

which the average interparticle diat&nce ie 0. 1 em, will be taken af typical. 

The grou motion o! a palr of neiahbort.na particle. le determined 

lartelY by t.ir currenta, ao that it l.e convenient to view their behavior from 

a coordinAte ayatem fllatd ill the air packet containing the particles. Thil 

coordinate ayetem will in geftf!ral undergo both tranalation and rotation with 

rea~ct to a etationary frame; the rotational component of its motion com

prlau the turbulence o! the alr. 
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For the purpoae of atudyina &lllomeration, it ia the rela.Uve rather tb&n 
the arou motion af the part!. de a that 11 important. U the air motion il 
}Nnly tranelattonal, the relative motion of the particles h clearly the same 
aa it t.Ure were no air motion at all, In thie caae the relative motion il 
determined by Browian motion and by the earth 1a ;ravitatlon. If on the other 
hand the air motion la purely rotati()n&l, the particl1n experience an apparent 
Jr&vitatton&l field that dependa on the angular velocity and radiua of the air 
motion. * It thut appeau that, with regard to the relative motion of neiah
boring p&rticlea, the effect or turbulence lt to introduce a variable "sravita
Uon conatant11 , which mutt be evaluated at each instant of time (for a siven 
air packet). The main featurea of agglomeration may therefore be aeen by a 
coneide:ratl.on of the tranquil air caae. 

According to Stoke•' law, a particle tattling in air under the influence of 
a gravitational field i hat the velocity 

where: 

r = particle radl111 

z 
v • 1J 

P "' p&rtide mater1al denalty 

14 = viacoalty o! a.ir 

and the relative velocity o£ neiahborina particlu is 

*u the radiua of the air motion. ia largtr (:Ompared to the lnterp&rtic:le dis
tance, neighboring particle• experience e81ontiaUy &he aame apJ,tarent 
field. Only thle caae wtll be conald•red - that h, violet turbulence ia 
ruled out. 

3-2!S 
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l 
t 

The kinetic energy of relative motion t•• 

With r 1 = l~o~, rz = 31J, p = a/cm3, 1 = 980 cm/•ec:, and 1.1 = l. 83 x 10·4 , the 

relative velocity is 0, 19 em/sec and the kinetic energy of rela.ttve mQtion is 
~ ... ·-13 
... 7 x 10 erga. 

The particles abo have kinetic energy by virtue of their Brownian motton.. 

The average energy of such motion il equal to the average eneray of the gas 

moleculee, which i!l 

{ 3) ~14 3 'Z' kT = 4. Z x 10 erga a.t 00 K 

It may be mentioned. alao that the lawa of mechanics allow the transference 

o£ this amount of energy in a single collision. 

We next consider some possible mutual energies of a pair of particles. 

The gravitational attraction 1ivea rite to the eneray 

(3. 12.) 

where x ie the center-to-center aepa.ration dieta.!lce. Since G .a 6. 67 x lO-S 

in cge unit& and m is approxima.tely lo- 10 8 for 5J.I particles, 

which is insignificant even with the pa.rti.clea in contart (x = 1 o·4 em}. 

* Thie definition of kinetic energy appea.u in the clauical two-body problem 
in mechanice. The reault h that bindina is pouibly only tf the mutual 
energy ia laraer than the relative kinetic energy. 
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Charge on the partic:le• give• rhe to an interaction enerJYJ if each 
particle baa unit charge, we have 

10 z : + (4. 8 X 10 ) 
X 

erg a 

The electrostatic ene2:gy may become appreciable i£ there are large number• 

o.t urJ\t ch<t\"ge• on each particle. 

Ar..otht:r generally exietent force is that of Van der Wa.al. Thia force 

contribute• 
16 

Ill (x) = ... 
z z 

z ln -z--:-
z - 4 

{3. 13) 

where r. .,. x/r. Q ia aaid to be approximately equal to kT -that h, com

parable to tb~ energies of Brownian motion. 

The three interpartic:le energies considered above a.re "long•range", 
their influence extel'l.dtns: over several particle diameters. To make the 

survey complete, we muat coneider po .. ible the formatton of chemical or 

phyaical bonda between molecul .. tn the aurfac.es of the part.iclea. Such 

forces wo-..ld evidently be short range, extending only over & lew molecular 

diameter 1 of aepara.tion of the surfaces. 

Molecular bonds may be estimated from 

1) heats of vaporization 

Z) heats of reaction 

3) heats of aorption 

Tables in phy1ical chemistry textbooks provide the following ranges of value 

for theae heata: 

3-Z7 
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1) 

2.) 

3) 

·1-' -lZ I 10 to 10 na• molecule 

10•12 to 10·11 erga/bond 

-13 -11 
10 to 10 eraa/molecul.e 

3. z. Z An Estimate of Agglomeration in the Ca.ae of TranquU Settling 

In thb treatment of agglomeration we aball neglect long-range forces 

and aaeume that the ahort-r&n&e lorcea are strong enoul(b to bind particlea 

together once they are in contact. The problem then becomes one of finding 

the probability of collision• between particles. 

Let attention be fixed on those particle• in an aeroaol which have 

diametera in the range (dl' d1 +&d 1). This whole clan of particles moves 

vertically downward with a velocity v(d1 ). It is convenient to view matters 

from a .yatem of coordinatee which il at relt with respect to these particle.; 

let z be the vertical coordinate in thh eyatem. The number of partic:lee of 

the elaaa under conaideration in unit area of the horbl.ontal alice dz h 

( 3. 14) 

where C(d1) b the concentration. Suppoeo that a particle of diameter 

dz > d 1 pa .. u through the alice dz. A collieion will occur it this particle 

panea within a diltance(dz + d~Z of & parti.cle in clz; 

G!\) 
dl+dzY .... ~ 

z 
that 11. each particle in clz eUectively blocks ofi &n &rea 

II' 
(

dz +z dl\. z ., (3, 15) 
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The probability o! a collhion is then simply the fraction o£ the unit are& 

eHec:tively bloeked off, namvly 

( 3. 16) 

Theae considerations may now be exteaded to the entire class of parti• 

dea d2, of which there are C(d2) &ciz per unit volume. In our chosen frame 

of coordinates these particles move vertically downward with a velocity 

Therefore, if a cylinder of unit &rea a.nd height v(dz) • v(d1) is erected on da,. 

all particles dz Within thie cylinder pan through dz in unit time. Since 

there are 

(3. 17) 

euch particlea, the probable number of coUitions in unl.t area o£ the alice cis 

per unit time is 

01' 

Number per unit area per unit time == 

(3,18) 

Number pel' unit volume per unit time • 

( 3. 19, 
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Tho reauU of the above line could now be extended to Include all p&rti· 

clea d by auitable tntesratlon.a over d 1 and d~. Thus, the number of colltaions 

(per unit volume and time) 1uffered by particle• of diameter d ia 

(collbton• with particle. larger than d) + (colliaioua with pa.rticlet 
amaller than d) • 

d 
+ C(d) &d J [v(d) - v(d') J l (d1 + d)z C(d') &d' 

0 

(3, ZO) 

The total number of eolliltona would reault from another integration, where 

care would ha.ve to be taken to avoid counttna each event twice. AI may be 

aeen, however, the expreaeione become r&ther complicated. We therefore 

content ouraelvea with an eatimate baaed on the eimpler Equation (3. 19). 

Suppoae that an aeroeol ia composed of particles of two claaaea, wlth 

diameteu Z and 5 micron11. Let the concentration of each type be 103 puti

clea per cm3; thua, 

We then find approximately 

Tha complete pl.ctura would of cour ee involve the aforementioned inte • 

grala, But, it ie likely that tha intearala would modity the above eetimate 

only by a factor l)f order unity, ao that the simpler Equation ( J. 19) may be 

taken •• characteriatic of thi1 type of q&lomlo'lration proceu. It may be 
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noted for example that the ra.te of &gglomeration il propGrtiona.l to the product 
of C(d1) and C(dzll in the complete picture, both factor. would be proportional 
to C (the concentration without reaard to particle lime), IJO that the rate of . 
&IJlomeration la proport~onal to Cz u mentioned before. 

Accorclin1 to the con1iderationa of Section 3. Z. 1, the 1ame aort of 
analylia would hold, with a variable aravitation con1tant, for the turbulent 
case. The queation of importance here, however, can be more eucc:inctly 
atated a.a: "How much doe a turbulence increaae relative motion of pa.rticlea?" 
This que1tlon will be lett open for the present. 

3. 2. 3 Caaetion Due to Browni&n Motlon 

A certain number of colllaiona between the particle• o! an aeroaol Ul!.• 

doubtedly arise becauu of the Brownian motlort of the particlu, U lt la 
a•aumed th&t the ahort-ran1e forcea between particle• are atr011s enoush to 
bln.ci them together ln the face of the aame Brownian bombardment, then 
theae colliaiona re1ult in &JJlomeratlon. P'o" aeroaola of particlea in the 
5-microo :r&nJ•• it i8 to be expected that collll1o118 due to Browl1ian motion 
would be few compared to c:ollialona due to lr&vitationalsettlingl for db· 
placernenta due to the former are emall when compared with thoae due to 

the latter. (Thia atatement ia to be amended for the cue of a monodiaperu 
aeroaol, where there ia no rela.Uve particle motion due to aettlir11; lor thl 
aake o£ thia caae u,pec:lally, aome comment• on Browniau c:oaplatiOQ wiU 
be included. ) 

The theory of coapl&tion clue to Brownian motion wu worked out by 
Smolucbowaki. 17 Thla article treat• coagulation in a colloidal euapen•ion, 
but one fluda that the condition a aa aumecl are very similar to those taken in 
Section 3. 2. Z - that ia, only ahort-ranse torcea a.re important. 

Smoluc:howakt'a treatment of the problem ia very complete: atartint 
with & monodleperae colloidal auapetuion, he finda and aolvea diHerential 
equation• for the quanUtiu .,. 1, \ll' v

3
, •••• , where 11 1 ia the concenuation 

3-!1 
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of 1.11lomerates conalatins of l particle.. In the proc:e .. an expreeeion fol* 

r. v1 (total number of particlu per unit volume) is aenerated. The dWnential 

equation ia 

(3. 21} 

where Dis the "diffu1ion constant 11 and R the 11radiua of action" of the parti

cle. D is inversely proportional to the particle radiua, and R isaaaumed 

proportional to the aame (with proportionality constant of order unity), 10 

that the expression is independent of particle size. For this reaeon, the 
18 

exprea1lon may be extended with confidence to polycl.isperse aeroaola, 

Note that the differential equation is again one of a second order rea.c:tion. 

Smoluchow1ki '• value* for D ia 

so that 

kT 
D = 61111r 

(3.n) 

3 3 I -14 -4 
with {tv) .. 10 per em , Z 3 kT• 2 x 10 erss. ~,. 1. 8 x 10 pohe, we 

find 

d( & v > 1 0-4 -3 -I 
~ • • em eec 

*More recent valuea differ by a factor of 2. 
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3. 2.. 4 Effect. of Particle Charse ol\ Asclomna.tion 

The enerJY conaiderationa of Section 3. 2.. 1 indicated th&t particle cha.rJe 

could become luge enouah to overcome lti.netic enor1iea ancl thuefore affect 

agglomeration. Further informatica is preaented in thla section. 

A treatment eimUar to tha.t ut down in Section 3. z. 2., with the elabora

tion that particle• may be deflected from vertical motion by inte1'particle 
19 

forcu due to electric ch&rge, ll preaented in U\e literature. The conclu-

aion i.e th&t a pa.rtiele of chars• q does not afiect &flslomeratton if. the condi

tion 

lqq 1.£ < 1010 
o r 

is satisfied. Here q0 i• the <lVerage particle charge of one aign in electron 

unite, C h concentration, and r ia the ra.diua in microna. 

In related experimental work, ZO Kunkel hal measured particle charge 

by a Millikan oU drop type of experiment. It was found that the averaae 

charse on a ! •micron particle ie approximately I 00 electron unita; b\lt there 

ware a larae number of particles of either much hiaher or much lower 

charae. Thia fisure wae found to characterise aerosols without reaard for 

the type of powder or for the method of their dispereion, 

Kunkel'• conclueion is that for particles of 5-micrun lise, cbar1e play• 

no role in •111omera.tion until the concentration reach.. 106• 

3. 2.. 5 SUmmary of A11lomeration E1ttmat•• 

In Section 3. Z. 1, we indicated that a.ll interparticle forcee of any con• 

.. quence w•re of ahort ranae. with the poe11bla exception of tho•e forces 

due to particle charae. No interparticle forcu are therefore capable of 

brinsina particle• together: and collleiona are left to Chance. 'l'he .. timate 
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of Section 3. 2 • .f a&yt that particle chars• dou not influence •lllomeratioD 
tor concentration• leu tba.n 106• The abort-ranse interp&l'tlcle forces, 
however, &l'e probably auf!icient to bincl particle• into at&ble aaslomer&tet, 
particularly i! chemical bond• form between eurface moleculet. The 
critorion !or 1tability, from Section 3. 2. I, i.a that the binding enerJY be 
large compared with the kinetic enersiea. 

A11umin1 a. 5-micron count median diameter, the number o! particle• 
per g of powder is, at moat, Z x 1010• U 1 g of powder ia diapeued into a 
1 m 3 chamber, the concentration b therefore 2 x 104 per cm3 or len. 

Section 3. 2. 2 preeenta an eetimate of the number ol colliaiona per unit 

volume and time dl.le to tha relative particle motion of aettlins. Section 
3. Z. 3 deale with colliaiont due to Brownian motion. With an anumed c:on
centratlon of 103, the former aection estimatu th&t 10-Z particle• are in
volved in collbionli per cm 3 pel' second, whUe the latter one yielda a f'tgure 
of 1 0 ~4• The logarithmic cUI rivativet of the concentration are therefore 10 -S 
and 10•7 per aecond, reapec:tively. 

A look at Fip:ru ~. 2 throush 3. 7 yi•lda valuea for th" logarithmic: 
derivative of the li.jht-tc:attering aianal. [n Figure 3. Z (for talc) it la found 
that the light algnal deere•••• about 3 percent per 1.:1inute la.te in the life of 
an aeroaol; earl1er 11lupea &1\d elope• of other curve• are higher. The cor
reaponding value o! the loprithmic darl vative it 

The relation between the loaarithmic darivativu ol scattered liJht and 
of concentrati'ln may b• eeen from 

s .. 1en m a 

• I&a c~ a 
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(3.23) 

For purely a.aslomerative aerosol deca.y, the two terms on the right would 

ha\'e opposite aiane. Simple aeometrieal consideration, however, shows 

that 

p;l(ln c) l > 1 d(l~ a) 1 at t 

eo that 

Since obaerved ratee of clec:reaae for the light scatteriag are orders of mag

nitude higher than estimated astlomeration rates, lt seems that AgliJlomera

tion \a of no consequence in the preaent experimental apparatus. lt ia con• 

ceiv&ble, however, that the agslomeration rate co\lld become important in 

experiments where a larser ch&mber is \\sed. Thia is so becauae the rate of 

nonagglomerative decay depends on chamber size. 

3. 3 Future Work 

During the eleventh quarter, further work on humidity ~ffecta will be 

undertaken. Thb matter has become upeeially impor~nt because results 

of the recent quarter \n some ca .. s contradicted tboue previously reporteci. 

The work with ion concentration (mentioned in the last quarterly report) will 

get underway. 

In the broader view, we hope that durini the next quarter the ae1'oaat 

atuciiea may be more atron.aly related to other aapecte o£ the program. tuc:tl 

ae the diapereibility studies. Thit attltud.e ie i.n part foreecl by the dependence 

of aerosol propertiea on diwperainl tr1ethoda. 
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4. CONTINUATION OJ' EXPEan.t:ENTS WITH THE J'ULL·SCALE FEEDER 
FOR COMPACTED DRY AOENT SU&ULANT MATElUALS 

i ltxperimenta were conducted. uaing powdered •usar and ''Jet" flour l.n the 

1 
I 
l 

experimental fead.er, which !.a a prototype of the inner tank aa1embly for the 

flnt-aeneration dry agent dhseminating etore. Opera.tion of the unit with 

compacted Mhtron Va.por talc was continued with aome rune being made Jl.t a 

feeding rate of 91 lb/min. Se.tiafactory performance of the full-aca.le expert• 

mental feeder has now been demonstrated over a range CJ! feed ratea from ZO 

to 91 lb/min a.n.d a ranse of powder denaitiee from o. 2.5 too. 69 alcm3• 

4. 1 Powd.ered Susar a.nd "Jet" Flour Teets 

All of the experimental feeding experiment• prevloualy reported for the 

full-aca.le feeder were conducted with M!.etron Vapor talc, ln order to 

d.emonatrate performance of the feeder when !llled with other compacted dry 

powd.era, the unit waa operated with powdered sugar and with General Mille, 

Inc. 11Jet" flour. Powdered sugar was eelectad primarily becau.ae of the 

difference between the amount o{ void apace i.n compacted eugar and that in 

talc. Powdered lUI&!' at a density of 0, 69 g/em3 ha.a approxima.tely 57 per• 

cent void. space; whereaa Nbtron Vapor talc at a. density of 0, 55 alcm3 haa 

about 80 percent void spa.ce. Becauae of the ama.ller amount of air occupy• 

lnJ the reduced vol.d apace 1n the powdered sugar, thi1 material could poui· 

bly feed. leaa readily than talc. 

"J'et11 four wa1 aelected becau1e the amount of void apace in tht. !lour 

(when it ia compacted.) aar .. a well with that in~ compacted by the aame 

force. Tbe averaae bu~ density of the flour ia approximately 15 percent 

areater th&n that of~ under the aame compaction force. 

The feeder was obaerved to function very well with both the powdered 

•uaar and the flour. Drivt.na torquea were low, and gae-now ratea similar 

to thoae for talc could be Uled. 

aentecl l.n Fipre "· 1. 

Flow-rat.e curves lor the testa are pre-

oi-l 

eazz::sax:u 
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For the feecliq teat• ueins powdered. suaar, the unit wae partially 

loaded with augar at a denaity of 0. 69 s/cm3. On the firat ruo..the clrivina 

speed waa 18. 5 rpm and the a•• (r..itroaen) flow rate wa• 4. 4 atd cfm, A 

powder flow :rate of 37. Z lb/min wa1 meaaured. Tbeee flow r&tee ruulted 

in a ia• •to -powder weiaht ratio of 0. 0087. 

On the second run the speed W&ll a.pproximately 35 rpm. and the gaa flow 

waa increased to 7. 5 atd cfm. The feeder functioned aatiefa.ctorUy: but 

accurate flow-rate da.ta were not obtained due to difficultiea with the mea.

eurlna equipment. The flow rate aa calc:ulat~d from the apeed of 35 rpm and 

the danaity of 0. 69 g/r:.m 3 l.a 74.9 lb/min. 

For the teat uaing Jet flour at a. deuaity of 0. 60 a/cm3, the sa.a-now 

rate waa 7. 9 atd c:fm. A powder flow rate of 65.0 lb/min wa.a meaaured. 

The ga.a-toNpowder weight ratio determined with theae flow rate• l.1 0. 009. 

4. 2 Feeding Tale at 90 lb/min 

In feeding experiment• reported in previous progreaa reporte, 21 

Miatron Vnpor ta.lc baa been dilcharged at flow rate a rt..nging from 2.0 to 53 

lb/min with filling densities ranging from uncompacted talc at 0 • .2.5 g/cm3 to 

compacted talc at 0. 6S a/cm 3, Hiaher !low ratu were not obtainable with 

the exiatina experimental drive tryatem. At the end of October, 196.2., a 

rotary utua.tor for tho firat•aeneratl.on dry aaent diaaemina.tins store wae . 

completed and uaed !.n place of the experimental dri.ve ay.tem. Thie made it 

poeeible to operate at a maximum dr;v~ ~tpeed of 48 rpm as compared to 35 

rpm with the former ay•tem. Correapondinaly higher feed ratee were ob· 

talned with the rota.ry actuator. 

In one of the seriee of run• made with compacted talc in the eecol'ld 

experimel'lta.l unit, the unit waa operated at 48 rpm with 13. 4 etd cfm of air 

flowing. The feecler cllacbarsed 42.. 5 lb of talc \n ZS aec for an averqe 

powder feed rate of 91 lb/min. The aas-to-powder weight ratio calculated 

from the .. flow :rateaia 0. 0113. 

4·3 
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The denalty of the compacted ta.le tn the feeder in thi~t caae waa o. 6 

s/cm3• (It ahou.ld be expl&lned that the flut-seneraUon dry qent di.uemia

ator doee not have the eame pb\on drive screw aa the experimental feeder 

and that powder feed ratea &t tdentlca.l clrivi.na apeeda fo·r the two \Ulite do not 

therefore correapond. The prototype cHueminator ba.a a ecrew with seven 

thnada per inch, wbereae the experimental feeder hae a screw with five 

thread• per inch. Conaequently, wheo the diueminator fa operated at the 

top •JM•d o! t8 rpm with 0. 6 g/ cm3 den1ity !ill, ita cliacharse rate ia approxi

mately 65 lb/min inetead of 91 lb/ min. ) 
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5. FILLING THE DRY AGENT DlSSEMINATINO STORE (E-41 SPRAY TANK) 

Effort waa conti!lued on the i!lveatilation of teehniquea for filling the 
E ·41 a pray tank with compacted particulate material, Experiment• were con
ducted using foamed pla.tic to encapeulate compacted talc into package• 16. 5 
inchu tn dlameter and 9 inchea high. For laboratory and field teats, the 
diueminator hu been filled with compacted talc by rneana o£ the special 

22 loadins device deucribed in the Ninth Qua.rterly Progress Report. 

5. 1 Encapsulation U aln1 Foamed Pla1tic 

The invelttsatton of methode to encap1ulate dry particulate materials 
previously reported tn the Ninth Quarterly Progreu Report (GMI Report 
No. a344) wa1 continued durin& the preeent reporting period. Of the three 
methods proposed in the previoua report the foamed-in-place plaatic pack
asins appeared to ahow moat promiae, and we therefore concentrated effort 
on thta method. 

Althoush many conditione a:re impond on the encapaulatina material, 
the prtmary oun a.ra atunath and friabiUty. The pa~kage muat be lh'Onl 
enou&h to wl.thatand normal handling and yet muat umain aufficlently friable 
to be ehaved by the bladea of the diaaggregator in the diueminator in parti
cles emall enough to pau through the dheharge orilke. 

The Chemical Activity of Oeneral Mill•' Central Research Laboratory 
haa recommended a type of foamed-in-place plaattc: which haa propertiea 
that &pproat:h the above-menti.oned requirements. Thl' baaic material used 
11 a rigid polyether-baaed polyurethace foam. The chemical compound• 
have the trade na.me of Pleosen and are manufactured by the Mol-Rez Din
lion of American Petrochemical Corp. The Chemical Activity formulated 
the followtns combination of Pleosen compound• to make up the urethane 
foam: P'lrat combine 1000 1 o£ Pleo1en 40~Z wtth 72 1 of dlatilled wa,er and 
then add thil combination to Pleoaen 40ZOB in a ratio o£ 134 1 of A (Pleo1en 

J 40!52 ancl waterl to 280 g of B (Pleogen 402.0B). 
l 

L 
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Urethane foama are baalcally a reactioa product between a hydroxyl-rich 

material (Pleoaen 4052 ia a polyether ruin) and polyieoeynate (Pleoaen 

40ZOB is a. prepolymer containing toluene diiaocya.nate). The foaminJ actio~ 

occura wheu carbon dioxide gu ia formed by the chemic:a.l a.c:tion of the 

water with the toluer.e diiaocyanate. The reaction tl.m~. which to a. certain 

de1ree determinu the atrength of the materi.l\\1, may be decreased with the 

addition of a ca.talyat euch ae N -ethylmorpholine, The ca.talyet tenda to in

crease the liberation of carbon dioxide gas. The proceea is exothermic a.nd 

the he..t promotea bonding of individual e:ella, which are f<>rmed from the 

reain material. 

General combination• of the Pleo1en compounds were inveltiJa.ttod prior 

to arriving at the formula previoualy outlined. During the inveatiga.tione we 

diec:C)vered tlw.t em~£11 chana•• iD the c:hemi~·al compoaitiona of the urethane 

foam did not affect the c:haracterietic a of the f1.nal foam as much as did the 

ch&nJea in the initial tempera~ure of the molda and thE' temperature main

&&ined during the aginJ proceas. Previoua expe:rierwe with foa.aJed-i.n-plac:e 

urethane foama ir.dic:ated that ln order to obtain a high strength, rigid, non

friable material, it W&l necenary to preheat the melds prior to pc1u.rina the 

foam material and to maintain a high temperature durin& the aaing proeeaa. 

Normally, the heat of reaction proclucee a eufficien.tly high temperature. 

The moat aucceuful approach to obtain a friable, low~atrength material for 

our applica.tion hae been to pour with t1uo m<>lde a.t r•.:.-.'m t~mpera.ttare, &nd t('.l 

cool the fo&m &a quickly a.a poaaible by :removing the caatlnl &I 100n 11.11 the 

foaming ie completed. Another way of minimi:r.inj tr.P. beat retentio'l in the 

material it to red\.ce the wall-thtc:kne .. of the ahell. Hcwever, it ia necea

aary to retain auf!lcient thic:kneu to preeerve the req-.treci strength. Several 

of the packages e;onatructed had f::-i.a.ble outer avrfa~;ea l>\1t t~;.uih inner core 

material. The i!lner .;;ore problem waa reduced (:<:JT•Iiciera.bly when ar. 

aluminum bar W&l uaed •• a beat sink in the 1nner mcJ.d .. 

Two type a of urethane !o«m capsule• were 1nveet1gated for uae in the 

dry •sent diueml..,.ttor. The fiut uriea made t\aed tbe foam shell aa the 

conta.iner into whi.ch the powder waa compacted. This required that the foam 
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ebell be moldecJ. with extremely thick walla caueinl exceul.ve lou of poten• 

tial powder capacity: A maximum denalty of 0.41 1/cm3 .(witb.talc) wa• 
achieved in fUlins the containen teatecl. Althou11b the shell wae 1-1/4 to 

1-l/2 inchee thick, extreme care was neceSiary when h&ndlln1 the con• 

tainere loaded with powder, 

ElJht of thel8 unite were aucceasfully diseeted by the experimental die

eemlnator. However, it wae twce .. ary to incorporate a ecreen at the on• 

tl'ance to the cliacbarae nossde to prevent large pieces of foam material from 

clog ina: the orifice. 

The eecond auiee of capaulee incorporated an aluminum shell around 

the !oam material to provide added strength to the container during handltns. 

The cap.Wee were formed by placing the aluminum shell around a cylinder of 

compacted talc powder and pourlnJ the foam directly over the powder and 

into the apace between the J)I)Wder and the aluminum abeU. Wall thicknesses 

varyiell from 1/2. to 3/-6 inch .. wen tried. The denaity of the talc w&a 

approximately o. 55 afcm 3• 

:8ecauae the foam adhered to the aluminum, it waa necessary to free the 

abell at the time the capsule was pla.ced in the dlaaeminator, Several of 

tbue unite were fabricated. and tuted. The capsules could b~ handled with• 

out breuaae, but difficulty waa eneoun~ered 1n in .. rting thw \4n1ta into the 

diueminator. The foam material wa1 too friable and. cracked open during 

loa dina. 

The second method of formina the capeule by pourina the fot.m material 

over a cylinder o! compacted dry powder rai••• two questiona: 

l) II the beat seneratecl during the foaming action detrimental 
to comp&cted agent materi&lt? 

Z) Are the chemical• and materials compatible with the asente 
to be ued? 

A pnl1mtnary lovuttaation of the temperature qaeetton waa conducted uaina 

a compacted llua of talc to determine the temperature rlae in the beeS durin& 

fo&mina action. A copper con.tanttne thermocouple wa1 placecl in the powder 
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bed appro:admately 0, 25 tnchea from tU eqe o£ the foam material. A total 
temperature r1n of lO·F wa.a ob .. rved durin1 the entire !oaming operation. 
Thil riae in temperature c!oea not appear to be exces•lve. However. the 

heat tranafer coefficient• ol talc and &Jent materials may differ, and the 
e"J)criment ahoulcl either be repeated with actual aaenu or coefficient• 

should be obtained for theae asenta. 

The packaaing inveatigationa have not yet produced a euita'ble aolution to 
the problem. The urethane foam shows the molt promise o! the methoca 

uncler atucly, but 1everal problema remain unsolved. 1£ a good ancaptulating 
technique Ia developed, it wiU be neceuary to invutiaate compatibility of 

packa&illl materials and agents. 

5. 2 Loader for J'Ultn1 witb Compacted Powder 

22 The Ninth Quarterly Progre .. Report deecr!.bee the loadf.n.a fixture 

which haa been fabricated for use in filling the prototype E~41 diuemlnator 
with compacted powdera. Thia unit has been used auc:ceu!ully in several 

fillin1 operation• in which talc waa uaeci a• the aimula.nt material. lt ia 
planned. that thi• device will also be uaed when filling the diueminator with 

~for the Du1way teau. 

A1 part of the prepa~aUona for the teat• at the Naval Air Teet Center, 
extra inner tubee were fabricated for u•e with the loader. Two of theae 
tubea were filled. with compacted talc and 1bippeci to the 'felt Center in the 
event that it became nec:eaeary to refill tlJe dl.uemtnator in the lleld. Be
cauee of the •uceeu!ul performance of the dluemina.tor, the initial !illin1 

sufficed, and the spare• were returned unuaed. 
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6. ASSDtBLY AND TEST OF THE P10TOTYPE DRY AGENT DIMEMJ
NATINO STOltE (E·"l SPRAY TANK) 

~rln1 the paet three •month period li&nificant work waa accompli8hec1 

on the clevelopment of the dry agent di.JJtmlnatini etore. which hu·been 

deaS,na.ted the E-~1 Spny Taak. The prototype was aJJembled and lub

jected to l&boratory and field teating. Structural and functional wata were 

c:oncluc:ted tn the laboratory at General Millt, Inc:. and at Fletcher Aviation 

Company. Static functional tut• and !light t .. ta were conducted at the Naval 

Air Teat Center, Patuxent River, Marylancl. The dieeeminator p&aaed all of 

thue te Jtl with a high degree of eucceee. 

6. 1 Fabrication and Auembly 

The fiut•aeneration prototype dry aaent diaaeminatina store was 

anembled in the Development Engineerina Shop at Plant 5 of the Oeneral 

MUlt 1 J:lec:tronie~ Divieion, Wherever pouible. aa component• and Jl.lb• 

a•aemblieJ were fabricated and uaem'bled in the ahop or received from ou.t· 

aide venclora, they were inapected and teated for conformance wtth drawings 

and apeclficationa before being incorporated in the prototype unit. A few 

enatneerlna apeciflca.tlon• are appended to thl8 report a• example• of engi

neertne procedure rela~d to fabrication of thte unit, 

The fa~l'ic:ation and a .. embly o£ the prototype have cloeely followed the . 

baaic deei1rs d.eecribed in p:revioua proar••• reporte, Z3 and no further d.h• 

cuetlon of cleelp cletalle wUl be provldecl here. 

As the de elan and development work proareued, the need for certain 

iteme ol 111upport equipment became a.pparen,. Deaign, fa.bl'ic&Ucm, and 

procurement o! these item• alao proareued during the paet quarter eo that 

they were availAble when needed in the auembly and teet prc:aara.m. Included 

in the category of aupport equipment are the following item•: 
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Z) taU cone cart 

3) lifter 

-1) support frame 

5) high-prellure nitroaen cylindera 

6) electrical teat fixture• 

7) fliJht recorder 

The nose cone and tail cone carte are uaed to facilitate auembly of the 

end con .. to the center 1ectton of the at.ore. They aleo .. rve &I cudlu to 

hold the end cane a when they are hein1 worked on a.put from the centn sec

tion. Each ca.rt is made eo tba.t the noae cone can be rotated &bOISt ttl lOilJi

tudinal axil to engaae or cUaensaae the bayonet latching rtna• by which the 
cone and the center eection are jot"ed. A commerci&l half-ton load lifter ia 

uaed to raise the cart and end coa.e to the elevation of the center lection. 

A special aupport lrarrM wa.a conetructed to hold the atore durlna auem

bly in the ehop. The attachment luae in the store are used to attach it to the 
aupport frame. 

'I'he aaa boUle in the diueminator b f;harged with nitro& en to a pr .. -
wre o! 3000 pai. To achieve thil prenure, the bottle Ia filled by a caa

cadinl proceu in which the 11toppinl"• or final £1Uin1. I• accompliahed with 
6000 p•t nttrosen cyliaden. The cylinders are not ava.Uable from local 

tupplteu of the atandard UOO pai cylinciera, but were ordered from the Air 

Ilechactlon Company, Inc., Loe Angel .. , C&li!ttrnia. 

A amaU :recorder wa• procured for monitoring and recordin• the opera

tion of the dry agent diuemiftB.tor durinJ flight teetinJ. Thu in1trument ia 

a Century Electronica &llcl Iutrumenta, Inc., Model .ol09.E4, miniature liJht

beam Olcillograph with Model 409D9 recording paper maguine, It is a 

compact, 1bock-rnounted unit ideally suited lor mountin1 in azs. &trplane. 
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For the f1ilht te1t1, the oteillognph will be powered from the diueminabn'1a 

2.8 vdc power supply and will commence recordins upon a.pplicatt.on of poweJt 
to the diueminator. 

On-off type recording h a.c:hil!lved by actuating the appropri&te recorder 

J&lvanometer throush the relay associated with the condition in q,ueation. 

Followinl is a. tabulation o1 the ei1ht conditione monitored, together with 

their aaaoela.ted relays: 

Condition 

3-pha•• a-c un<Hrvoltaae 

nltroaen supply beaten on 

cylinder pre 11ure above Z psi 

line pressure above 2.0 psi 

nitro1en £low pressure below 28 psi 

discharge valve !ully closed 

piston extended to limit 

aq,ulbs fired 

Senaor 

undervolta.ge detector relay 

heater relay 

cylinder preasure relay 

line pressure relay 

gas flow relay 

diacharge valve awitch 

actuator extend limit relay 

a.rm relay 

In addition to the above eventa, the diueminator 1a 28 vdc cil'cuit il 

monitored ilnd recorded in analog form. 

Detailed analyaea of theee conditione and of the sequence of vartou1 

events durinll aa long aa one hour of diaaemina.tor flight operation &J'e poiL'Iai

ble throup examination of the permanent paper record. 

Two electrical teat boxet were made for the purpor.e u.C etmplt.fying pre

flight check-out procedurea. One o£ these 11 called the 110rouncl Operating 

Box" and the other the 11Alrc.rait Checkout Box 11 • 

The grou,nd operating box it uaed to operate the E·-41 11pray tank when a 

around power aource h u••d and the cockpit control panel it not connected to 

the di .. emlnator. Thia teat box haa a 110rouncl Operattn1 Cable 11 which 
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co!Ulecte the box to the dluemiD&tor throu&h a receptacle in the top of the 

non. The tollowinl ewttchea and indicator lamps are mounted. on the box 

and corr .. pond with tho,. in the airplane coc::llpit: 

malt& I' 

armin1 

di11eminate 

photo light 

Lam2• 

generator of! 

orifice opert 

now 

The aircraft checkout box 11 uaed to check the codtpit control panel and 

the aircra.lt wirina auor:iated with the E-41apraytanlc. Thil box h&1 indica• 

tor l&mpe and awitche1 to 1imulate various components in the diueminator. 

It l• c011nected to the pylon coMector in place of the dleaemtnator. AI 
varlou• ewitchee on the cockpit control panel are oper&"Ced, the appropriate 

indicatora oa. the checkout box ll.ght up if the system i.a norm&l. The indica
tor lsmp• on the cockp11 pa11el can be made to liaht up by ueins the appro .. 

priate ewt.tche • on the checkout box. The following indicators and. •w!.tchee 

are incorporated. in the aircraft checkout box: 

Switcheu 

eenerator indicator 

orifice open 

flow indicator 

La.mp• 

Z8 vdc power 

arming 

diueminate 

photo light on 

photo light on·diueminat:e 

In addition to the above ewitr.h~• llr-d indkator lampe, there are nine 
puehbt1tton1 which are u1ed to check t~e nine channels o£ the recorder used 

ill ru,ht teStillJ· To check the recorder, a ground glaaa ICJ'Ien 18 lnaerted 

in place of the reeordtns pepel' magazine. and movement o£ the light-beam 11 

obaerved vtaually aa the g&lvanometer ehiltt when the appropriate button i• 
puehed. 
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In order to innre that the d,-y a,ent dla81minator la atructurally 
q,ualified for use aa an external atore on htp~performance aircraft, a tank 
a•ae_mbly waa aubjected to a sertea at etruc::tur&l qualitlc::ation teats. The 
at.ruetural teat aaaombly w.. ldent:lc:al to the prototypo diaaemlna.tor except 
that operational eomporaenta 1uc:h aa the ram atr turbine aenerator, rotary 
actuator, valvea, etc. were almulated by blocka of metal of identical wei&ht 
and eentu of gra.vity. 

The tuta were conducted by the Fletcher Aviation Compauy, El Monte, 
Califonia. Mr. A. T. Bauman and./ or R. T. Dahlberg, repreaentattvea 
from Oenerall4illt, Inc., witne .. ed all teats. Since some tellta required. 
tb&t the unit be loaded. the two GMI repreeen.tatlvu auamed the reaponli
bUJty for !illin1 the store. A portable compaction stand waa ahipped to 
Fletcher Aviation Co. for thia purpose. General Mille, Inc. "Jet" ~lour waa 
uaecl aa the aimulaftt material becauae it compacta to a deneity of 0. 6 1/cm3 

with leaa force than ia required for talc, the usual almulant material. 

The auembly waa tuted ueina euentially the aame procedure aa ia 
normally employed In the quaU.Ilcatt.on teatin1 of removable external auxiliary 
fuel tank• !or aircraft. The !ollowinl testa we:re conducted: 

1) examination of produd 

Z) wei1ht 

3) center of gnvlty 

4) pitch and vibration 

5) at&tic atrucnu-al 

6) leakage 

7) ej.ctlon 

The t .. t report "Qualification Teata, General Mille Tank Auembly, P/N 
Zl-150-•803a11• included in Appendix A, deacrlbea the teat• and their ruultl. 
Th1 auembly auccuafully pa,.ed all of ita structural qualification teat:a. 
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6. l Laboratory Functional Tettl 

The dry atent diueminatina atore waa oper&teclin the laboratory at 
Oeneral Mila, Inc. to insve that the unit functioned properly before ahip· 
ptna it out of the plant for field teatina. In addition, a. roup-handlinl tut 

w&a conducted with the second. expel'i.mental unit to investigate the ponibUity 

of malfunction in the powder feedlna ph&ao o! operation which might result 
.from tnnaportation. 

When the aton waa completely auembled. it waa Hut operated empty 

whUe minor a.dju.tmeut. were made. A laboratory power aource waa uaed, 

eince the ram-air turbine gene-rator waa not operating, and the ground 

operating box waa uud in pla.ce of the cockpit control panel. The hish

preuure nitroJen aource waa operable during thue tria.la. 

Then the store waa loaded wi.th compacted talc and operated at aU Cive 

feed•rate aettings. Powder flow rate• were determined by welahinl the talc 

aa i.t waa dilcharged into a collection tank mounted on a platform acale. The 

photograph in Figure 6. 1 waa taken during one of the trial runa and ahowa 

the powder collec:tion system. Flow rates detel'mined durlng these run• are 
tabulated below: 

Speed Selector Bettina 

1 
z 
3 
4 
5 

Flow Rate, lb/min 

16,7 
24.5 
33. 8 
51. 6 
66.8 

The clenaity of the compacted ta.J.c: aa calculated from the data for thh 

tut ia a. 61 g/cm3• 

Anothf't teet rel&ted to the functioning of the diaaeminator waa conducted 
uatns the experlmental model of the inner tank auembly, Thla teat waa a 

roullhwbandlina teat in whieh the experimental unit waa filled with compacted 
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tale and trucked over 147 mil .. of rough roada. The unit waa then returned 
to the laboratory and operated in the tuc stand. The forces encountered 
during the rouah ride produced no noticeable change in !)41rformance ot the 
unit. 

Tbia abUity to withstand handling and tranaport1n1 waa later confirmed 
when the prototype E-41 spray tank was trucked to the Naval Air Teat Ce11ter, 
Patuxent River, Maryland, and flown. on a.n A-4B ( A4D-2) airplane. .Sut 
we had !elt it important to investigate thie aspect of performance before the 
fil1ht teats at Patuxent eo that any problems diecovered c:ould be corrected 
before the prototyl)41 unit left Minneapoli 1. 

6. 4 Flight Teate at Naval Air Teat Center, Patuxent River, Maryland 

On November 2.7, 1962, the prototype E-41 spraytanltwaailight tested on 
an A-48 (A4D-2) airplane by the Weapons System Teat Division of the Naval 
Air Teat Center, Patuxent Rival', Maryland. The teats were conducted 
under Navy Wep Tau No. RA 1200001/ZOll/11'012- u~oz, Problem Auisn· 
ment No. RMM0-334-153. An interim uport on the teats t .. ued by the 
Naval Air T .. t Centn has boen reproduced and included aa Appendix S, 

The E·-61 was first atta.c:hed to an Aero 7A rack in a support s~ruc:ture 
!or static: tuta on the sround. A 1round power source was used,and the 
diueminator wa1 operated by mean• of the ground operatlni box. Motion 
pictures were taken by photographer• from Fort Detrick. 

The unit wu then mounted at the centerline ata.tion of th~ A-.4R, and the 
cockpit c:ontrob for the diueminator were used to arm the unit and to feecl 
out a short buut of powder while the airpLane wa. still on the ground. 

The airplane was then flown through a series of maneuveu so that the 
E_.l spray tank waaaubjec:ted to aerodynamic and flight loa~. The maximum 
flight speed was 0. 895 iruiic:ated Ma.<:h number, and the maximum accelera
tion imposed durin1 maneuver~ waa 6 G. The tale in the unit waa dtaaemi
nated in a aeries of twelve diuemination runa at altitudes from 300 to 3000 
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feet au tz.om 350 to 520 kMtl iD.dicatlcl aiupeed. Di .. eminatioD. pe~iocla of 
..S aa~ 60 .. oal!cltl wen uaed, :roar of theae :runa u 300·foot altitude and 
hip •peed were made withia view of obtervere on the arowul at the Weapon• 
Syatem hanpzo. Tbe talo wa1 vhlble from the IZ'OUncl a.nci appeared •• aa 
ev.., •wicleuia1 ribbon tl"&illD.I out behiftd the atrplaae. 

When the airplane returned, it waa examined viaually for contamination, 
but no talc could be found on it. Three urtp• of ordnance tape had been 
placed oa the bottom of tbe fu•elqe aft of the die eemi.a.ator and. coated with 
at.ltcone area•e with the idea that they would hold talc which hit tlif.1 area. 
Oalortuute1y, the tapea were ttrippecl off tn flipt. 

The diuemiutor waa found to be heavUy coata.rnlnatecl with talc. The 
talc appea1'ed. to 11. emuattna from the joint where the •hrcnad tor the eli•· 
chara• tulN attache• to the audace ol the diueminatoJ:O. Upon removin1 the 
thl'owllt waa learned that approximately one cup of talc had tomehow nw4e 
itt way into the aJuooud. It ·wu wepected that the talc eD.terecl ths'oup the 
amall hole fo:r the aqulb wire• ia the umln1 device Iince the aqwb cavity 
commatcatea with the cllachars• tube where talc waa flowtna. 

J'or the Patuxont teat~ the E-41 waa !Uled with compacted talc ln Mtnu• 
apolit &ad tl'&ntported by truck to the Naval Air Teat Center. It wat &qo 
utuu.ed by auck to Mleeapolla whne l.t waa di.aaa .. mblec! and cleaned ou.t 
in prepa:ration lor loadinl with !I for the tut p1'oir&m at Ousway Provtna 
Qrcnancl. Du.l'ifll thia proceu the unit waa examined fol:" evi&nu:e of any 
dama1• Ol' exc:euive wear which m11ht have occurred d.urin1 tr&D.eport or 
fUpt teat. Aa tt&te4 above, with the u:ceptt.0t1. of the contamination ol the 
atore ittell, there waa D.CJ· evidence that the cltueminator wu a!fectecl ia any 
way by the fliaht t .. t Oil' tbipptns. 

6-9 

cea·•••ma 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 
Date: JUL 19 2013 

l 



.. 

.. 
t-· 

"' t 
~ 

' ' 
" ~ 
f 

, 

I 
I 
l 

n 
r 
u 
l. 
I 
I 

l 
I 
I 
I 

7, PRI:PMATlONS FOR BIOJ..OOlCAL FLIGHT TrBTS AT DUGWAY 
P!lOVlNO GROUNl) 

Dlariq the quarter, prepuatlon.• were m&cle for btoloJicalfUght tuta to 
be c:cmcluc:ted at Duaway Provin.J Ground with the E-41 and E-41 Spray Tallka. 
A plamdns meetint wu held at Dupay, and prepantions for fUlina the eli•· 
aeminatora beJ&ft. 

On 17 Oc:toO.r 19U, Mr. Q, Wbitnah and Mr. J, McOillicud.cly of 
General Mill•• Inc:., toaether with Mr. J, Qualey and· Mr. M. Chertof! of 
Fort Detzoic:k, p&J'ticipated ia & meeiins at Dupay Provinl Ground for the 
purpoee of clucu .. inl pla.u for a 1erlee of flight teats of the E-41 an.cl E~-tz 
Spray Tanka. Dupay wa1 repreaented by Mr. Cole D. Neff, Director o! 
T .. t Operationa, and 1everal members of the technl.cal etaff, 

A pruenta.ttOft covert.na the characteriltice of the E-41 and E-4Z in con• 
liderable detail waa liven by the Oeneral MUll l'epre .. ntattv... aeaulta of 
previoua fliaht te ata of the E-4~ at Ealin Air Fore:• Baa a and at the Patuxent 
aiver Naval Alr Station were aummuised. The 1ubjecta of fU1t.n1, handlinl, 
operation, .flow-rate calibJ:atlon. and decontamination were cliec:uauc1. 

Some modlflc:ationa to the E·•U Spray Tank were IUIJIItecl by the 
Duaway 1tatf. The .. included the in1tallaUon of an in-line liquid a1nt lUler 
in an ac:ceuil:lle Location to facili~te cle&fti1ll ln c:aee thle became MCeleary, 
and the reviatfln of the lower end of the boom• to eliminate reaic!ual Uqui4 
below the DQulea whh:h could. cauae drippin1 of a5ent when the boom• are 
l'etractecl. .Both of th.ue. modifteatiOfta ware macle by Oene:ral Will•• ancl a 
new p&ckle 11 pump wae pv.rchated. fo~ uae by Duaway pertonnel in Ulllna the 
E~·U. 

Operattoll of the E-41 dry aaent diueminator wa1 dt•cuaaed with em
pha•i• oa the c:outrollabUity of aaent flow rate and the ttartlns and 1toppin1 
c:ha:ractel'htiee. No problem• which would require modUlcation of the de1i10 
were foU1lcl. 
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Pl&n1 were made to 11Up the m--61 anclE-42 unita to Duaway aa aooft aa 
pouible &!ter completiOft of the air-worthilleu flight tut1 o! the 1:-·U at 
Patuxent lUvn Naval Alr Station. 

1. a Pretar&tlona for Filllnt Dt .. eminatora with Biolo1ic&l Material• 
lo:r fijhi '1'e 1i1 

It wa• decid.ecl that the E-41 Spi'&Y Tank would be fl.lled by General Mills, 
Inc. and that the E-42 would be fUlecl by Duaway Provina Orouncl per1onnel, 
The clry ~to be uaed in the E-41 wa• ahipped to O.neral Mllla, In.c. from 
the U. S. Army Biclotical Laborato:rie1 la1t Auguat. The bloloslcal 
matul.ale for uae in the wet condition with the E-4Z are to be shipped !rom 
the U. s. Army Biolosical Labora.torte• to Dupay Proving OrO\Uld. 

A quantity of lZ5 lb of dry~ wu uceived at General Mills, Inc. The 
material received wa1 fioom two lots: 105 lb hom lot 17 .ancl ZO lb from 
lot 18. Rather than ml.x lot a, we will £ill the dill eminator with 100 lb of the 
lot 17 m&tlrl&l. 

It will ~ uceuary to minimise the amount of contamination of the 
bulldln1 with !I durlns the !Ulin11 operation. .For thb reaeoa. it ia planned 
that the rulea lilted below will be followed. 

1) The fUlln1 will be done in the dry room which hae been u .. cl 
£or the full-1cale powdu leedtn1 experimente. 

2) PeraoDnel •nierins the roODJ wlll don c:over&ll1, povee, 
caps, ahoe covera, and lace maeka which will be removed 
in the alr lock upon leavtn1 the dry room. Fr .. h clothea 
wUl be donned upon re-eaterin.s the roont. 

3) The uud eapa and ahoe covert will be burned. &nd the 
c:over&lla, glovu and !ace ma1k1 wlll be waahed and re • 
ueed. 

4) Expeftd&ble burnable matuiala Wild in the dry room will be 
placed in plaetic ba1e for removal to the incine:r&to:r. 

5) The diuemlnator and other equipment wUl be thorouJhly 
wa•hecl with 1ermic:ide before removal. 
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J'Utera la U.. room ail' cire\ll&Uon ~yatem wtU be reJlaoecl 
aad the entire room wtll he thoroupJy waahed with 1•7ml• 
cl~ after the filllna opeution ie completecl. 

The materiala, auppliea at1cl wearina apparel needed to implement tht. 
plan are beinl procul'ed. 

Illu•tna the planrllnl meeting at Dugway Pl'OYina GrOQncl in October, lt 
waa aareecl that Oecuall4Ula1 napoaelbility for fUlina the E-·t2 With w.t 
agent w0111d be limitecl to providiq a euitable pump. 

n. pump for thb purpoee w&l procured from the Vantoa Pwnp and 
Equipment Co. The 1pecificatione for thi1 Vanton Sealleu Chemical Pllmp 
are a• foUowa: 

1) eize 30 (5 gpm at 0 pal cliacharse) 

2) •tatnlou steel body 

3) bypaloa. flexUlner 

4) 3/4-inc:h NP'r l&\let au outlet 

5) 1/4 hp, totally encloud, 110-volt moto:r 

6) Clou coupled with capacitor start 

A apeclal hoae waa &1110 procuucl to connect the pump cliecharae to the 
diuemtnator filllnt line. 

Thie equipment will be ahlppd to Du1way wtth the dtuemiaaton. 
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8. SUJd.M.All Y AND CONCLUSIONS 

Our proazoam o! ruea:rch and <levelopment on the cilaaemination.o£ .. olW 

md litLuid BW' aaent• 11 broad and vuiH. The pro1reu in tile variou• 

a.rea1 of .work h summarised in the following paraarapb1. 

Moat powder aamplea beina uaed in the atucly of fundamenta,J. proputiu 

are now beint processed in a £1uid eneray mill to ellmiute any pouible 

effect• related to prevtoue hteto:y of the powder. We now believe tba.t the 

alldin1 diak t .. t measurea the ahear reaiataa.ce o! the powder during com• 

paction, whenaa the tr'l&xial tea1 provide• a true measure of the ehear 
atrenath of a compacted powder. A purely theoretical treatm~nt of com. 

pacted powdeu reaulta in concluaiona which a.n q,ualit&tively in aareement 

with empirical theory. Three mt.t:~od• o! determintna tenaile atnnath are 

being evaluated. Theae are the triaxial method, aegmented column :method 

and a new clec:ompreaaive breakup teat, which involvea aerodynamic breakup 

of a compact.t4 powder apeclmen through rapid depruaurlation. The Inatroll 

tester is belng employed to obtain data relating atre .. and enerJY to avera1e 

bulk denaity of compacted powdeu. A technique involvina fillint• lon1 

5-lnch diameter tube wi·lh alterna&e layera o! natural and dyed compacted 

powder hal revealed how the powder dietributea itael! durin& compactioa. 
An exten•ive atudy of the ch&racteriatica of the powde:r particle hal been 

initiated. Factora of tn.tereat include particle ahape, porosity. total aul'l&ee 

a.rea, au:rface energy, adaorptivity, chemical reactivity and rUIOiity 

(Section a). 

The experimental VIOrk with aerosol• c:onweted in the aerophilomeur 

has nvealed that aeroaol p1'0pertiea depend. upon the method of diape·ralon 

employed. tmprovin1 the liabt-beam failed to provide data of aufiicient 

quality to permit an an;;.lyata of Utht-acatterinJ fluctuation•. Col'lCel\tration 

runa have been shown to follow the a.preuiona for nOn&Jilomerative decay. 

Theoretical .. ttmatu of aaalomeration. baaed on force• operative between 

particles and on the mocion of particles in the aottltn.a chamber, have ahown 
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th&l aglome1'ation-l8 of no conuqu.ea.ce ia. the preeent expel'imenta.l app•ra· 

tua b\'t could become \mportant ln a l~raes- chamber. .A.reaa ne•dinlfuS'~I' 

etucly ·are the effect of hwnldity, atatlc charge, eneriY of dti}Ml'lion, aDd 

particle rusoelty on dhperetbllity and decay, aa well &I the effect of com

pacttns the powdeu to higher bu.lk denlittiea prior to dtapeualln the a.ero

philometer (Section 3). 

The !ull-acale experimental feeder, which ie actually a prototype ol the 

inner tank aaaembly ol the .E-·U spray tank, waa uaad eu.c,~aufally to feed 

powdered 1ugar a.nd flour. ln addltton.al tuta wtt.h compa~ted talc. a llow 

rate of 91 lb/mln waa achieved (Section 4). 

Technique• for encapeulatina compacted particulate material were tri
vuttgated in vmic:h foamed plaetic wae uaed to contain the powder. PackaiJel 

of thie ty}M wen •u.cc:eufully fed throuah the c:Uuemtn&tor, but the methode 

employed tbua !ar have not produced a aufficiently atrong packal•• A apecial 

loading device in which compacted material ia tranaferred from a compae

tion cylinder into the dieeemtnator haa been. uaed to flll the prototype E-41 

apray tank for la.boratory and field testa (Section 5). 

The prototype dry agent cliuemtnatina store (lC-41 apray tau) waa com· 

pleted and aubjectod to a aerie a of teat a. A structural teat model aucceu• 

!ully pauecl the atructural teata conducted at Fletcher. Aviation Company. 

Laboratory tunctional teats and a rouah-han.clllnl t .. t were conducted at 
Ceneral N.Llb, Inc:. ln Novem'ber the E-·U wu su.c:c:eu!u.lly flown a.r.d 

opera~cl wi.th compacted talc on an A-4·B (A4D·Z) airplane at the Naval Air 

Teat Cente:r, Patuxent River, Maryland. With the exception of c:ontamina• 

tlon of the bottom of the dtaaemta&tor, the untt and lta cockpit control• 

proved to be quite aat1afactory. The dieaemlnator waa returned to General 

MUla, Inc:. !or examination and refl.lli.n.J preparatory to the ntpt teate 

acheduled for .Du.gway Provtns Ground (Section. 6) • 

Prepa2'ationa were made for bloloatcal fii&ht teste to be c:onclucted at 

Daawav Provin1 Oround. A planntns meetina waa held at Du.away on 1'7 Octo• 

ber 1962. AJ"nnJemeata were made !or £lllin1 the E·41 apray tank with dry 

!J. at Oeneral MUla, lnc. ancl tquipment waa procured for fillln& the E-42 

with liquid aaenta at Duaway (Section. 7). 
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Mola. 21-l$Cl· 
43.304 

liiD01!" Ne. 

'l'hi'a report cover• a po:Uon of the qualU.ic:ation teat• 
conduc:tac! on General Mills (G.M.I.) •pec:ial tank assembly, 
Part lito •. S1C 29100-610. .'I'he test assembly is identical to 
the final assembly except that operational c~pcnents such 
aa ~he ram air tUl:bine generator, pistons, actuator, valve•. 
ate., wee mocSels of identical weight and center of gravity. 
Further ~ification tea~ will be conducted by G.M.l. to 
aul)atantiate the opez:aticnal c:apabilitiea of the ccmpl.ate 
auambly. 

This document presents the qualification testing conducted 
in accordance with the requirements of specification MIL-T-
7378A, and G.M.I. Specification GMS 29100-793. 

Qualification teat• described herein were conducted at thQ 
Fletcher Aviation company test facility. 

RlfEBENCESa 

Specification MIL-T-7378A 

G.M.I. Specification 
Drawinq 

G.M.I. Specification 
GMS 29100•610 

G.M.I. Spaciticaticn 
GMS 2910o-783 

r.A.c. DraWin9.21-15~ 
48032 

••• 

... 

Tan~, ruel Aircraft, 
External Auxiliary, 
Removable 

SK 29100-698 

External Removable 
Tank Asay for G.M.I. 
Electronic• Group 

Testing of External 
Removable Aircraft Tnnk 
Assembly dascr~ed by 
GMS 29100-610 fOr General 
MUla lllectronio Group 

••• Tank Assembly, G~M.l. 
Spec 1 f:L c:ation 
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,-tL "t 10- 'S - (. ·t~ EXAMINATION OF PRODUCT MOCiltL 21-150 

. I ' /. GENERAL MILLS TANK ASSY 43.304 
APPJitOYID :?';;/'/-- ·. t. :.\~.If·-~~ I Rr:POIIIT No. 

- .• t' 

ADMINISTRATIVE DATA ® 
PURPOSE OF TEST: 

To determine that the assembly conforms to the 
applicable drawings. 

MANUFACTURER: 

Fletcher Aviation Company 

MANOFACTURER' S MODEL NO: 

21-150 

21-150-48032 

QUANTITY OF ITE:l1S: 

One 

SECV~ITY CLASSIFICATION: 

None 

TEST DATE: 

10-16-62 

TEST CO~~UCTED BY: 

Wayne Callahan 

DISPOSITION OF SPECIMEN: 

Use for ~veight Test 

ABSTRACT: 
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REOy"IREMEN'I'S: 

T1T1.C 

EXAMINATION OF PRODUCT 
GENERAL MILLS TANK ASSY 

Mocn::L. 21-150 
43.304 

REPO"T ~o. 

FACTUAL DATA Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
JAW EO 13528, S•ctlon 3.6 

Uate: JUL 1 g 2013 
l. That the assembly and accessible components 

thereof conform to their applicable engineering 
drawings. 

2. That the assembly and all components conform to 
aircraft quality standards for workm~nship. 

TEST EQUIPMENT: 

l. Stnnd~rd inopcction tools: linear scales, micro
meters, c~lipcrs. 

TEST PROCEDURE: 

l. Inspect the complete assembly for general con
forrr.ance to"F.A.C. drawing no. 21-150-48032. 

2. Remove nose and tail s~ctions and inspect ~11 
compartments fc.r metal chips, filings, or other 
foreign material. 

3. Inspect all·m~ting components for align~~nt, fit, 
sealing capabilities and general workmanship. 

4. Inspect tank surfaces for evidence of d~~~Ja 
or undue abrasion. 

5. Inspect for loose bolts, rivets, or oti~er f<.s:::.e:,.'.n9 
devices. 

6. Inspect for parts not treated for corrosion ~esis-
tance. 

7. Inspect for misalignment of muting components. 

8. Remove inner tank cover plates and inspect inner 
tank for general cleanliness, workmansh~p, a~d 1 

1 

conformance to G.M.I. requirements. 1'. 

9. Ge:'lerally inspect simulated components (G.M.I. 

furnished) for fit and security of installation. 

l 

L---------------------------------------------------------------..._--..... ------~~ f.I.C ~ ..... 1801 

Best Available Cop: 
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PAGE IJ. .2_ 

CHI:CICR 'R. II· II 
TITI.C 

TEST PROC!DURE: (Contd) 

EXAMINATION OF PRODUCT 
GENERAL MILLS TMlK ASSY 

. MODI:1. 21-150 
43.304 

RW:I'OitT No. 

® 

10. Install nose and tail sections and inspect entire 
tank contour for surface irregularities. 

RESULTS OF TEST: 

satisfactory 

RECOMMENDATIONS: 

F.A.C. TEST ENGINEER 

Page determined to be Unclassified 
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I ...... ~ DATil I 
~!.:':TCHER AVIATION COMPANY 

~p~·~~~I'A~R=CD~IW~~~~~1~1~~~··h~o:~~"~~q-~~~~-~~~~------------------------------
TIT\.& 

CHCC:ICCI) ~ , \h L l HEIGHT TEST 
GENERAL I4ILL!: TANK ASSY 

ADMINISTRATIVE DATA 

PURPOSE OF TEST: 

To determine the empty and full weights of the 
complete assembly. 

MANUFACTURER: 

Fletcher Aviation Company 

MANYfACTyRER'S MODEL NO. 

21-150 

ASSEt.ffiLY DRi\t'l!NG: 

21-150-48032 

QUANTITY OF I TEt-1S: 

one (1) 

SECURITY CLASSIFICATION: 

None 

TEST DATE: 

I I Thor, j ...... 
PAOit I l2. 0 

MODEt.21-15Q 
43.304 

R!:l'(olt'T ~!o. 

® 

10-17-62 
Page determined to be Unclassified 
Reviewed Ch1ef, RDD, WHS 
lAW EO 13526, Section 3.5 

TEST CO!IDUCTED BY: IJate: JUL 1 9 Z013 

Wayne Callahan 

DISPOSITION OF SPECIMEN: 

Use for Center of Gravity Test 

ABSTRACT: 

i 
The assembly successfully met all of the requirements 
of !:.:-.c test. 

, .. ( ·-~~~· 

Best Available Copy 
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C~CC:ICID 'f::. • \3,, i \ . 

I~· Lf -(..-,... 

REQUIREMENTS: 

FLETCHER AVIATION COMPANY 

TITI.C 

WEIGHT TEST 
GE~~ MILLS TANK ASSY 

FACTUAL DA'l'J\ 

1. To determine the total weight of tl1e empty 
assembly. 

2. To determine the total weight of the full 
assembly. 1 

TEST E.iJUIPMENT: 

1. Certified plntform scales. 
2. Tank cradle. 
J. Simulated filler material (powder). 

TEST PROCEDU~E: 

l. T.~e cradle is weighed. 

I \ 
1& ..... , ...... 

t'AC£ 12 ,l 
MODCL ?1- l <;() 

43.304 
R£,.0111' No. 

2. T.~e c~pty tank and crudlc arc weighed and the 
cradle weight is deducted from the total weigh~. 

3. Tne tank is filled with filler material (powder). 

4. The full tank and cradle are \-leighed and the 
cradle weight. is deducted from the total \vcight .• 

TEST RESULTS: 

Weight of empty assembly 
Weight of full asseribly 

Page determined to be Unclassified 
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F.A.C. TEST ENGINEER 

F. A. C. QUALITY CONTROL 

CUSTOMER REPRESE~~AT!VE 
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pURPOSB QP TES'l't 

'1'0 detarll'line the looation of the center of gravi~y 
of th• aaa~1y in ]:)oth t:he full and empt:y condition•· 

MANUFAC'l'QRERs 

Fletcher AViation Company 

MANUptC'l'tJRER' S l«lDEL NO. 

ll-150 

ASSEMBLX DBAW1NGr 

21-lS0-48032 

O'IJAN'l'ITJ OJ' l'l'ftt 

one (1) 

SECURITX CLASSifiCATION• 

None 

nsr DA'l'Ja 

l0-19-62 

TEST CONl)t1C'l'ID :@It 

Wayne Callahan 

PISfOSITION 0~ SPECIMINr 

Page determined to be Unclassifted 

Reviewed Chief, ROD,WHS 
lAW EO 13526, Section 3.5 

uate: JUL l 9 2013 

Use for PitCh & VIbration Teat 

' The assembly auocesafully met all of the re~tiremBnta 
of the teat. 
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FLiTCHII AVIATION COMPANY 

c:a. ..... l-1,11 
fl'll.a 

Clm'l'ER OP 31\VlTY 'l'E8'1' 
G.!NBRAL MILioS 'l'AHJC AiSY 

TO determine the iooation of the center of gravity 
of the assembly in both the empty and t'W.l con
ditiona. 

'l'ES'l' EQyiPMBN'l'a 

1. Two (2) platform scalea. 
2. TaM cradle. 
3. Roc:ker bar. 
4. Simulated filler material {powder). 

W'l' PBOQEI)tm§a 

'AIC-HOI 

1. 'I'he cracUe 111 weiqhed. 

2. The tank and cradle are weighed and the cradle 
weight ia deducted from the total weight. 

3. Tbe cradle is balanced on the rocker bar. 

4. '.I'be tank .ta ~laced on the cradle in tha "balance• 
position. The c.q. station ia recorded, 

5. 'l'he .tanlc 11 filled with the aimulatad filler 
material. 

6, 'l'h8 tan]( ia plac:e<i on t.ha cradle in thv "balance" 
position. The o,q. station 11 reco~~ed. 

Page determined to be Unclassified 
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PLifCH!I AVIAnON COMPANY 

.emu o:r au.nn 'l'Eft 
GPDAL MILLS 'l'AD AllY -U.304 

~ ........ 

• e.G. t.oc:ation ct Empty 'l'ank 
C.G. Location of ·J'tlll 'l'&nlc 
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""'""'"~~D 1.,-... -., ,. /0-"f ~· .. ' GZNE!tAL MILLS TANJC. ASSY RDoll'f NO. 

,. ' 

J. 

I 
I. 

I 
l. 
L 

'I 

l 
J. 

PyRPOSE 91 'l'ES'ft I \. ' 
'l'o demonstrate the tanlc will Withstand v~:~t:Lon 
and pitc:hinq .forces encountered in service. I 

MaNt!FAC'l'UBD t 

Fletche: Aviation company 

MANOPAC'rUBER I s MOJ)Et. NO I 1 

21-lSO 

ASSEM8LX DRAWINQa 

21-150-48032 

OUAN'I'ITX Ol' ITEHSr 

one (1) 

SECQBlTI CLASSIZICAtiONa 

None 

TEST 'OA'l'lh 

10-20-62 

IES~ OONQgC'l'ED BXa 

wayne Callahan 

DISPOSITION OF SPECIM2Na 

Usa for Lea~aqe Teat 
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The aasemblJ aucceaatully mat all of tha :equiremanta 
·of the teat. 

,at:_,..,. 



f. 
n· ' .. ~ 

j 
l PIIIIIA-

~ E ! Clute••• 
AI'I'.CIYID 

• t 
, . 
r 
I 

PAC.._ JIOI 

.. . ::. • I . ·•··· . ....... , ... 
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TITL& 

to-.. ~._ PITCH & VIDA'l'lOlf 'l'Eft MODa. 21-t.lln 

~~~ ltJ• $ ·('l. GSNU.U. MILLS 'l'ANJ< ASSY 43.304 
IIC100111' No. 

FACTUAL PMA 
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1. Test conditionla rhe tank complete with all 
simulated components and parts shall be mounted 
ln the support ji~ and installed on the v~-
tor and rocker assembly. 'l'he centerline of the 
tank wnen mounted on this assembly shall 1:>e a 
minimum of 20 inahes above the axis of rotation. 
'l'he ta.nlc shall be pitched and v;ll):r:ation tested in . 
ae<:o:r:danc:a with the following conditiona •. 

A. •l'he vibration displacement shall be a minimuln 
duuble amplitude of 0.020 inch measured at 
the attachment points ot the tank. The 
averaqe amplitude between the top and bottom 
of the tank at the •upportinq ring• shall be 
a minimum of 0,020.inch. A suitable electronic 
vfbration measuring instrument shall be used 
to measure v~ration displacamsnt Whil~ the 
tank assembly ia being tested. The avara;e 
peak value, at the point being meatmrt!d ~..~uring 
a 30 second interval shall be. taken ae th13 
value to be reooxdec1. 

B. The vibration frequency shall be 2000 + 0 -
60 cyclea per min~ta. 

c, The tank· shaJ.l be mountcY! in such a .n;:umc~:· 
f~hat the .najor horizontal axis of the tan;c 
shall bca 90° to tr.e centerline of tho axiu 
ot the sbaft of the rocker aes.-mbly pla·::form. 

D. The pitch rocking angle shall be JOa total, 
appro"imately l5 • on either aiel a of the 
horizontal position. 

E. ·'l'he tank shall be Wlpresaurizel!~ . 

i'. 'l'he tank when fillad shall be pitch-vibrated 
for 25 boura at 16 to 20 pitch cyol .. per 
minute. 

t 
t 
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PIIVAll1:0 . W .... , , •\.•- Q- 2A-1'. ') 
PLiTCHEI A VIA nON COMPANY . ,~-~~,..-

}-Aoal 14 ,l 

CM•- ~·"'H \Cio•4·'~ ~ITCH & VIBRATION ~IT 
GENBRAI. MII.:t.S 'L'Amt ASSY 

MODJI. 21-l§Q 
43.30<& 

NtoliOV1:D l#.<-4.z:l/d •1-t.~ 1'11:PO'" No, 

G, 

(Conte!) ® 

At the conclusion of the pitch vibration 
test the tank ehall be emptied. The inner 
tank shall be checkacl tor leakage in accor• 
aance with the proeeclure of section 6.0 
of this report. 

H. After oomplGtion of tha above tests the 
tank ass~ly shall be inspected visually 
for eviaence of failure, such as structu~al 
damage to the inner or outer ~anks. 

2. Followinq the above inspection the empty tank 
with the inner tank pistons at the forward 
extreme of their travel shall be pitch-vibrated 
for 10 minutes at 16 to 20 pitch cycles par 
minute. Any resonant vibration behavior of the 
pistons or drivo screw will be noted. 

3. With the tank 1n the same condi t1on as in para. 2 
a vibration survay shall be made over a ranqe of 
frequencies from 0 to SO cycles par secor,cl. l..ny 
resonant vibriltion behavior of the pisto1.1& or 
drive screw (GM.I provided parts) w.Lll be noted. 

TEST EQUIPMENT: 

1. 
2. 
3. 
4. 
s. 
6, 

Slosh and vil:lration machine. 
Tank support fixtu·~e. 
strobotac or equivalent. 
Vibration meter. Page determined to be Unclassified 

Reviewed Chief, ROD, WHS Vibration piCkup. 
Preaaur• gaqe. lAW EO 13S26, 9tQtiQn 3,6 

uato: 
TEST PROCED!JSE 1 

JUL 19 2013 

l. 'l'he test assembly is mouni:ed on the slosh and 
vibration machine by means of a auppcrt fixture. 
'l'he centerline o~ the assembly is a minimum 
of 20 inches above the slosh axia. 

2. The tank is filled with G.M.I. provided material 
(powder). 
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c:.taca ~. ~.\1 Ill·$'·~.._ 'l'lfto& PITCH & VIBRATION 'l'BST MoDt1.2l.-150 ,1_ 

1 ,tt·~t..J/ · L' GENDAX. Mlt.tS 'l'Am< ASaY 43.304 """~o., .. K.t7r,~I,.Jf • .., IO-l·~a RPOIIT Na. 

Tl!!S'l' PltOCEDURlh · ( COf!td ) 

of t.re~encias tram· 0 to so cycles per aacond. 
Any resonant vU,:ntion behavio:t: of the pistons 
or drive screW (G.M.I. provided paz:ta) are 
noted.. 
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I=LITCHIR AVIATION COMPANY 

,~,_,.,. .. 

MDHL 21-1!0 
43.304· 

RIPORT No. 

3. The pitch and vibration machine ia put into 
cyclic pi tchinq of the lonqi.tudinal axis frcm 
1s• noaa up to 15° nose down. 

' 4. ~· motor drive tor the eccentric weights pro
ducing vibration is activated and brought up to 
2000 + 0 CPM. 

-60 
S ~ VibX'ation readings are taken and the eccentric 

weights adjusted to produce the re~ired values 
of vibration displacement. 

6. 'l'he p1tch rate 1s cheeked to be l6 to 20 pa:z: min. 

7. The rotation speed of the eccentric wa1ghta :La 
measured· to be 2000 + 0 R.P.M. 

-60 
e. Simultaneous pitch and vi~ration 1s continued 

for 25 houn. 

9. The tanlc is emptied and the inner tank is c'heekl!\3 
for lealcaga in accordance with Section 6.0 of 
this :z:eport. 

10. The tanlc assembly is visually inspected for 
evid.ence o:t fail'Q%'8 such u structural darn~tg~ 
to the inner or outer tanl< • 

ll. 'l'he inner tank pistons are advanced to the 
forwa%'4 extreme of their travel toward center. 

12. The aaaembly is ritch vibrated for 10 minutes 
in accordance wi tb stei's 4 through a. Any 
resonant behavior of the piMtone or d~ive aCX"ew 
are noted. 

U. With the aaaembl.y in the same condition aa 
step ll, a vibraticm aurvcay ia mac!o over a ran9,a 
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...... - FLITCHIR AVIATION COMPANY 

PITCH-VIBRATION T BST . MOll 

GDEIIAI. MILLS TJWX ASSY 43.304 
IUHil"t I'(O. • 

rANK )1(). _ _.a __ MOl):IL 21-150 

'l'IST CO!mtJCTID DYt __ w;.;.;a::.ovn~.::.,•::.-:C:.::a:::.ll::.aha=•n;;... __ DATE, l o-20-6~ 

TANK CAPACl'rY'& __ ... 3s .. o ___ pound8 'l'!S'l't __ J_s_o;.,_ __ pounda 

.• 
OPERATING PRESSUREa _......;0;.,__ TES'l' PRESST.IlUh ___ o_· _...;._ 

TAlnt AT go• TO PITCH AXIS . 
'A'I"t'! W'l' l?I'l'CB ON MEA: /IN. 
Tl'\ /C"iVA""l;:o,.. .speed RA'l:Jt '.A't. lot'IMR Fwd t'lnt7 Af'~ R.1ncr 
'li'wr'l A#to ·~ 'D M t'!.P .. K iP'wd A:ft .uooar Lower U01ler Lower . 

1.!0 1.50 1990 17 1.8 ~.0 1.8 2.2 1.5 1.4 

1.50 1.75 ],990 l7 2.1 2.2 1.8 2.6 1.7 2.2 

-
-·-

STAlt.T OJ' RUNt DATEr 10-20-62 TIME: ll;lQ A.M. 

LOGt Fraguan=t and displacement measurement• taken eve~ 2-3 

hours. 

lUASONt End o~ 25•hour teet. 

'"'- "o& 

.r'J\'J1Et 10-21-62 TIME; ).2:10 P.M; 
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.. ....... •: . ' ..• . 
...... .... ... PLITCHER AVIATION COMPANY ,1' .. "'1' ... 

p".'""·· IW.t"Alla'h•., Q.'lA-Ii., l'ilOC 4.$ 

~.\.II 
Tl'tl.ll 

PI'l'Cli-VIBRATIOll Tl!!S'l' 
CM&OKU 1•·11-t.Z. Mo•e~o 21•1!$0 

iltt/,. .. 4. .. GBNEML MILLS TANK ASSY 43.304 
AIII'R0\1110 t<>·~-,,~ ?IS'J.'ONS !X'l'ENDED R&IIOIIT N .. 

® 
TANK NO. 2 MODZL U-150 

'l'U'l' COlm'UCTID BY 1 wayne Callahan DATBs 10-22-62 

VIBRATION 

TAme CAPACI'N 350 poun<ls TES'l': 0 pqunda 

OPERATING PRESSURE: ---- TZS'l' n:!SSUIUh ----
TANl( A'r 90" '1'0 PI'l'CM AXIS 

BCC. WT. :EIITCH VIBRATION MEAS TIIN. 
IIn./OVerla'O IAt Luas Fwd. Rina -speed RATE Aft: lUng 

I Fwd. Att._ R.P.M. C.P.M. I Fwd Aft UOoer Lower tiooer Lowar 

1.50 1.75 1970 17 1.9 2 0 1 g 2.6 2 .0 2. .4. ' 
... ···-

-
S'l'All'l' OF RONa DATEt l0-22-62 TIME a ktOO P.M. 

LOG I There was no resonant b9havior observe4 on an:t eart 
. 

of the assemblJ!• 

mm or R'tm• DA'rl!l1 10-22-62 TIMEa 1:10 J?.M. 

R3ASONr Bnd of 10-minute teat. I! 

\ 
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FI.ITCttER AVIATION CQIJIQRATIQH 

-,, ..... 
~ ... ., lw. callahan 110•2!-62 ..... 4.e 

tR,. ~~~ . -nn.a PITCH-VDRA'l'ION '1'll8'l' 
C:HICIU&D • 0-i'l-c. l. 

VllU"UOH SUJ.Vft' 
Mao& 21-1.50 

~~~ I0/3J/c...,_ GBNEAAL MILLS 'l'ANIC ASSY 43.304 
.t..JIItOIIU RaNII't No. 

.'··~·~:,,:'l'§S~ BESY!:!~I 
' ;~~·. ·:! ®® 

.·.' 

E:C:C: • WT. SE'l"l'ING RBSONANCB 
INCHES OVDLAP jFREQ. OCCURRED 
Fwcl. Aft jC.P.S. A't POINT - LIGH'l' SEVBRB 

1.50 1.75 5 Nona - -
1.50 1.75 10 Nona I - -
1.50 1.75 l.S 5, s . ; X -
1.50 1.75 20 5 _i X -
l.. 50 1.75 25 None - -
l. !:iO 1.75 30 Nona - -
1.50 1.75 3.5 8 X -
1.50 1.75 40 l, 3, 5. 6', 7, 9 X -
1.50 1.75 45 l_~ 3 5, _2. 1 a - x 
1.50 1.75 50 l 3, s, 6, 7, 9 - X 
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I'IIIMI!a lf.C&llahan 9-28-62 I'Lr.:"CHIIl AVIATION COMPANY J 
...... , ...... 

'""" 4. 7· 
. TI'1U 

c-. l. ~~JI •• ·~\ ., '1. PI'I'CH A VlBJ\M'IOM 'l'lft 

AHttovni¢/i'.J..£4.. /0-l.,iz- G:!NIW. MU.I.S TANX ASsY 

Meon.21-150 
43.304 

l'tPOIIT NO. 

MSOX.'l'S OP 'l'!St 

Pitc:h Vibxttion p•r step• 1 throuqh lO 

ae.ultsa _____ sa_t_i_a_f_a_c_t_o_ry~-----------------------

Leakage par step 11 

Raaulta1 Satiafac:to:r:y 

' Reaultaa satisfactory 

PitCh Vibration pistons extended per ~~~ps 13 ana 14 

Result•• satisfactory (see Nota l) 

Vibration s~ey per atep_lS 

Results: Satisfactory (see Notes l and 2) 

Note lr 
Raaonant behavior of. pistons could not be obsc,T.vcd 

since they are in a sealed .encloa~e. ResonAnt 
beha,ior of tank: aaa8111]:)ly incUcatea no re•onan·ca in 
this area at: any of the frequeneiea. 

Note 2a 
results. 
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RDO!t'fNO. 

TO ciemonstrata t:he structural integrity of th• tank • 

FletCher Aviation Company 

MANYfACTYRP Is MODEL NOI 

21-150 

ASSEMBLY DRII.WING 1 

U-lS0-4SOl2 

QtJAN'l'I'l'Y 01 X'1'EMS1 

ons (l.) 

SEC~~I'l'Y CLASSillCATIONt 

None 

TES'l' DA'l'E1 

10-25-62 

TES'l' CONDt7CTED BX1 

wayne Callahan 

DISPOSITION OP Si!£IM$Nt 

use for Ejection Test 

I I 
I ' . I 
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FACT!lAL PATA ® 
TEST B!OQlB!MEN;t 

rha tank i• subjec~ed to the followinq test con
ditione and should auppo~t these condit~ons without 
failure. 

The static test tank shall be a eomplate structure, 
leas such non-structural elements as turbine generator 
ana electrical components. 1be statio test t~ shall 
be o~ the same quality workmanship as the flight tank 
delivered on the contract and shall be structurally 
identical to the tliqht tank as ~ndicated in the 
reports and drawings submitted. 

The test teChniques of the tanlc is as follows: 

'l'he tank support j iq shall be construoted to dupli
cate the attach point locations of the Aero 7A 
rad'lc to produce the most critical hook and sway 
brace reactions. 

LOads shall be introduced into thP ta•t tank ~ 
meana of external straps. Care shall be tak.an to 
insure that the load application devices do not ma
terially affect the strength of the test tank by 
introducing' artificial stiffneas, etc. 

All applied test loada are ~u1tably monitored by 

calibrated equipment (pressure qages, load dynamo
meters, etc.) so that accapta'ble te•t ac:=curacy i.s 

obtained. 
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FLITCHIR AVIATION COMPAN¥ 
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,... \5.2 

M6Da. 21•150 
43.304 

Aootn' No. 

TBST MQUIMMipl'l'a (COnW) 

Tare weiqht of atore and all load application 
davie•• shall be accounted for in all test 
loadings. Independent application of load com
ponent• (that is vertical, side, and aft loads) 
ar4 usad to facilitate maintaining correct relation
ship of load component a w;L th each othc !o::: full 
ranCJe of load from zero to ultimate. 
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1. Static test frame. 
2 • Tank support fixture. 
3, Loading pads, Whiffle trees, etc., per applicable 

test conditions. 
4. Hydraulic pumps. 
S. Hydraulic cylinders (jacJ<s) with net areas as 

listed on teat data sheets. 
6. Hycb:aulia teat. c;ac;aa - a. a nacesaar-J. 
7. Four 24ooinch Starrett steel enqine marked .scales 

reading to • 010 inch. · 
s. surveyor's level. 

TEST PROCEDUREs 

1~1 teat con4itiona are run with the teat tank 
mounted in t'h a horizontal poe! ticm in the test j iq. 
The test procedure is identical in $ach case and 
consists of the following steps: 

l. ~a system of loading jacks and Whiffle trees 
is ln•t.allitd, chac:ked functionally, an:5 iJtspect.ed 
for proper location. 

2. Reading~ ot deflection at zero load .. a ·ca~~z 
by means of a series of steal scales hung iitl .. ng 
UJ.~ l~ngt.h uf i;~-:~e i:.snk 1 and a suxveyc..;:' s le•/ .. ?.i.. 
Lateral defl . .actions are measured frOft. a wi:;::: 
stretched al,·mqs1de of tlle tank. 

3. The load is then applied in increm(i•.1ts o ·f 2:;~' ,; l' 
lilnJ.t load, and the deflection read ~ngs tak.::;l at. 
25, 50, 75, and lO~. 

. 4. The j acl< loads are then reduced to zuo, and 
deflection readings taken to check possible per• 
manant set. 

5. Load is again applied in 25" inc:r:mnants up to 
lO"" of limit load. 
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6. 'l'he statio load is increased to 125" of limit 
load. 

7. Deflection readings a~e taken. 

a. 'l'he static load is increased to 150% of limit . 
load, and deflection raadinga ~• taken. (lS~ 
of limit load • ultimate load.) 

9. The jaCk loads are reduced to z~ro and deflection 
readin~e ar~ taken. 
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PLlTCHIR A VIA nON COMPAMY 

STRUcroRAL'TBITI 
GENERAL MILLS '1'AmC 

STBycTUBAW STA1JC TISTS 

Noo•t. .,, _, o:l'\ 

43.304 
Atl'Oil'l' No. 

A review of P.A.C. Report 43,300 1 "Loads and Stress· AnalySis 
-SOlid :ruel 'l'ank", shows that structural static tests 1'4Ust 
be run for threa.dasign conditions.· These aret 

Cocdition.~3- Fl~qht (with loads increased 
by 2.9%) 

condition #IS 
& #7 - PUqht 

Condition #ll- ~aatad Landinq 

Test l~s for these three conditions are developed on ~h~ 
follO',.,inq pa.qas. 

All loads are on an ultimata basis, (i-l/2 x limit load,) 
and the taz3k itself will be tasted empty and unpresaurized. · 
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MAMa DAT• 

?RI"""•o w .callahan 110-7-52 PLITC:H!R AVIATION COMPANY 

CHrcuo 'R ~\,\1 \o•S•'-,_ 
TITLII 

.v.~ov•o rJf-tl [ A. 

PVllP9SE OF TES'l.: 

LEAICAGZ 'l'l:S'l' 
GENERAl, MILLS TANK ASS'Y' I I 

I I 

To damonstrate that the tank is sealed prior to 
the tests. 

MANyFACTOREB: 

?letcher Aviation Company 

MANt!FAC'l''Cl'REl\' S MODEL NO. ~ 

21-150 

ASSEMBLX DMWING.r 

21-150-48032 

QUM"''ITX OF ITEMS 1 

one (1) 

SECUBITX CLASSIFICATION~ 

None 

DATE TEST COMPLETEQ: 

10-33-62 

TEST CONDUCTED BYt 

Wayne Callahan 

PISPOOITION OF SPECIMEN: 

Use for StJ:Uctural .. .'reat ·- ·· ·. 

ABSTRACTt 

Moa..21-150 
43.304 

Rat0111' 1'10. 

® 

There waa no leakage ae a reau1t ot the Pitdh/V~ration, 
Vibration, or Vibration survey Teats. 
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KAd l NT& 

W .Callahan :lcQ_-5•62 
FLETCHER AVIATION COMPANY ! 

...... ,, ...... 
PAlla ~.1 

R!OU!REM'SN'l'S t 

t:U.XAGB '1'!:$'1' 
GENERAL MILLS TANK ASSY 

FAC'l'UAL DATA 

Moa.a.· 21 ... 15~ 
43.304 

,.111"011'1' NO. 

1. The innar stainless steel tank with all openings 
sealed ia subj~~ted to an internal praaaure of 
20 P.S.I~G. using Freon 12. The tank is then 
checked for leakage using a General Electric 
H-l tester. 

TES'l' EQUIPM:EN'l': 

~. Tank Support 
2. Pressure Gaqe 
3, Freon 12 cont~iner With regulator; 
4. General Electric B-2 taster. 

PROCEDQR!h 

1.. With the tank supported, connect aquip111ant as 
shown en pa~a 6.2 o~ this report. 

2. Conauct teat aa specified in procedure on 
pnqe 6.2 of tbis report. Sniffinq rate shall 
be l/2 inCh per second. 

3, Inspect the tank visually for evidence of failuro 
such as damaqe to the bulkheads or other structurul 
damage to the inner or outer tank. 
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P:RBSSUIU: & LEAKAGB TBS'l' 
21-150•20180 ~ ASSEMBLY 

:&~rl*i!UG 

Q}- :End Covor & Seals (fw:niahecS 
by General Mills) 

~21-150-20100 Inner Tank 
Assembly (Test Article) 

~Covmr, PreaGure & Le~kag6 
TeAt 
2l-l50-201S0-17 Pad (Ref) 
Freon 12 Pre~surizad Contain~ 
Shut-off Val V!ll 

Pressure Gaqe, 0-50 P.s.I.G. 
-J--·••ut-off Valve , , 

General Electric H-2 
na1ogon Gas Dotector 

-
PROCEQURE 

l. 
2. 
3. 
4. 

s. 

6. 

1. 

l 

2 

Close Shutoff Valvao ® & @ 
Conncact Fraon Container® LA 
open Valva@~ . · 
Connoct Air Supply (Valves @D 
& @ closed) 
open Valve® until pressure 
gage@ rQads 40 :1: l P.S.l.G. 
Close Valve ® 
t1s1nq Dotaetor ® in accordallce 
with specified operatinq instruc
tions test tank aseembly for evi-
dence of leakage, · 
Record prGssure qaqe readinq eaCh 
S (five) minutes Of the 20' minute 
teat period. 

one or more Freon container as 
required. 
Shutoff Valva ® after Freon has 
transferred to test. tank @ 

Page 6.2 
~e:; F'Cll;t T 
· 4~:~o+ 

;.udio s. 
Visual 
Raadout 

' . 

I 
I 
I 
I 
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-· ... ,. . 
~~'~t•P.u•D w. t'!all.aha 10_5_6 ~ FLITCHIR AVIAnCN COMPANY 

'rES'l' USYL'l'S 

MODIIo 21•150 
43.304 

A•lt4~ No. 

'l'here was no lealcage a• a result ot the vibration te•\:a. 

I \ 
' \ 

\ 

P.A.C. 'l'ES'l' ENQR. 

li'.A.C. QUALITY COH'rROL1 

Me-""' 
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IIAQ Mfll 

,. .......... o w.callahan 10·5-62 PLITCHII AVIATION COMPANY 
,,~- -~ .._ I 1

_,,_ 
P.ua · 17.0 

CIUlCIK&D il.. ~b II 10/'ii&..
APNIOVWD I~/ ~t.... l•·f .. t, ~ 

GROuND ~EC'l'ION 'l'QT 
GBNDAI. MILLS 'l'AD: ASSY' 

Moo•~o 21-lSO_ 
43.304 

"-""No. 

ADMINI S'I'RA'l'M DATA 

PtJRPOSI Of TEST 

'l'o dater-mine ejection Characteristics. 

lttAl'ft)'J'AC'l'!JRQ 

rletdher Aviation Company 

MANQFA£'Ju:RER I s MODEL NO .. 

21:.lSo 

ASSEMBLY DMWINQ 

ll-1!50-48032 

QUANTin" Ol ITEMS 

SECCRITX CLASSiliCA;zoM 

None 

PATE TEST COMPLETEp 

10-30-62 

Wayne Callahan 

DISPQSI'l'ION Ol SP!CbMEN 

Hold at PletCher Aviation Cgmp~1y for aixty (SO) 
daya for Q.M.I. disposition. 

ABS'.L'RAC'l' 

The assembly satisfactorily met all the requirements 
of the teat. 

I 
! 

·I 
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P'IICPAMIO lf,Callcthaza 10-5-62 PLETCHER AVIATION COMPANY 
,_,,. .... 

"•••I · _L 7.1 

CM!lCICID ~. ~I ll ..._ ,., 8' I' .... GROUND EJEC~IO~ ~iS~ 
GENERAL MILLS 'l'ANJC ASSY 

Mooa. 21-150 
43.304 

IIUOIIT I'U). AIOMOVH ri!Jt/A .4.. /O..f"r~ "' 

_FAC'tYAL PAD 

'!'hat one (l) or more ejection be madfl with a ligbtwaight 
tank .and one (l) or more ejection be made with beavy 
weiqbt tank so as to accurately determine the peak 
to:rce, velocity, acceleration, ftnd tank attitude at 
end of stroke. 'l'he peale ej action lo~~:c:e shall not: 
exceed 30,000 lbs. 

TEST EOOUMEN'l' 

1. Ejootion frame. 
2. Suspension fixture 
3. Pylon 
4. Lightweight Store 
5. Heavywe.iqht store . 
6. 2SV DC power supply 
7. 20,000 Ohm/Volt MUltimeter 
8. M1dweatern oaoilloqraph 
9. F.A.C. rorce Transducer 

10. EXtensometer (Century .&:nq.) 
11. Aooelaro~Mter 
12. Amplifier (Miller) 
13. High 9pead Camara (Wollansak) 
14. Gooae control 

1. Install suspension fixture oQ ejection frzune. 

2. Ina tall pylon on suspension fixture. 

3. Install lightweight store on pylon. 

4. Apply 28V DC to the mechanism. 

5. Meaaure vol taqe at £1r iJlg pin• • 

Ei. Remove safety pin. 

7. Measw:e voltage at firing pina. 

e. Diaoonneot power supply and inatall aaf~ty pin. 

'-------------------------···--------'AC-fiCI 

'. 
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ltllai'AIIaD W,l"lllt1.1.Al1An 10-~ .. M 

Ct!""ID ~' '1\ \\l ,,j.,} t,.-., 

AI'I'IIIDY&D 1#1-M~ .. /()..}'--/. ":-

TE$T PROC§DUBI (contd) 

FLITCHIR AVlATION COMPANY 

GROt.1m mJECT%05 DST 
GENERAL XlLLS 'l'ANIC ASSY 

9. InstaU axtensometer. 

10. Install camera. 

ll. Ch~tck inatrumont and aamera aircui t:. 

12. Install car~idgas. 

13. Remove safety pill. 

14. ACtivate instrument ana camera circuits. 

15. Activate tirincz mechanism. 

16~ Clean pylon assembly and inspect. 

17. lnatall heavywe~ght store oc pylon. 

18. R_epaat steps 4 through 17. 

Mea•&. 21•1!0 
43.304 ,._..,.No. 

L---------------------------------------·----------,,.. - raoa 

l' 
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·-· - FLETCHER AVIATION COMPANY 1-r-
PA&IIjlltllD w.callahan lt')_;_,;~ PUI 1. 3 

~ ~.11 tr:.lr.J~. .;_ nn.a 
t':u•e••• G~UND EJECTlON TES~ Maoa. ~1 -1 !!ttl 

~lhi/c.?/_ lo-}-t; .... ,.. GENERAl- MILLS 'l'ANK ASSY 43.304 
AI'NOYIUII RI!I'Oit'l' Na, 

® 
l:li~ ll;§ULa:§ 

t.iqhtwei¢1t: Efel~vyweight: 
TanJs 

) ~ 'J'an'ls 

Peak Ejection Force 18,060 ~3 1 4~0 lbs. 
Peak Acceleration ~~.a Si'i ~,a 1 4 g•s 
Peak Velocity .l6 • 2 t:t~aec ~,a.Q :t~aeo 
Attitude at end of stroke levd loyel 

RECOMMBNDA'l'lONSw 

' 

P.A,O. 2NG'R• 3:~ ~ 
P,7\,C. OUALI~ CObnROL~J =· =iL· 
CUS'tOMD RliPUSBfiJ'l'A'l'IVlh (2 1:;-~c ... -... ~~ 

I • 
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FLETCHEJIIt AVIATION CORP. 

(JltOUND !JBC'l'ION T!S'l' 
OINDAL MILLS 'rANK ASSY 

M...w 21-151) 
43.364 
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B~st Available Copy 
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Best Avaifc.bfe Copy 



.. 
II ELECTRONIC OIVISION (CI•n•r•l) 

I 
SBHMfll""""~____ fvmJs 

1111 CQ~ AVDIUII!o MIN-a II, IIIINf!IUO'I'A \.: ~ 

Page determined to be Unclassified 
Reviewed Ch1ef, RDD, WHS 
lAW EO 13526, Section 3.5 
Uate: 

,JUl 19 3J13 

SHEET or. 

RELEA&It DATE 2llJ+l62 

i INGIN~INCI DIPARTMINT &PCCIP'ICATICN Gl4B 29l.OO·~~ 

I 
J 

; 

l't 

! 

'1 
zmoR, 2KP, 400 crcLB 

I· ,, 
I• 

I .. 
li 

I 
I 

I 

~ 
I 
I 
j 

I 
I 
I 
; 

I 
l 
I 

I l.· It.. 3 - 7.S -.p to 8.8 aap 6/7/6a 
A 2. Ita 1- ·~'79 -M ~!'A 

I 
1 

I EGO NO. ""· ,. ........ x. OATC 

; AI"P'ROVID I J, w ... l'i-c,. I '.,...,_- ··- ......... -.! I BY IHliiN-11 &NO INUit 

. -

I 'A 

J. R.&tl 

I NIT, 

v 

I 
i 
·~ 
:1 
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! ENGINIEIRING DEPARTMENT SJI!'CIP'ICATION-· _,:::G!>:.::fS::...;::A')c0,00..=-'37ou..£5:__ _____ ..:- j ~· 

i 
: 

I 

·I 

! 
: 

I 

I 
MOl'OR, ?'iP, 400 C%Ctl 

'Wea~ Electric Corporat1.on shall. auppl¥ a. lllOtoZ' mee~ the 

toll.Ovinll mnig apec1:t1catione: 

ITEM: 4oo cpa, 3 PhaM, 4oO Fr&llle A.c. Motozo 

1. IniNt Povor - 400 :: ao ape. 

200 ::t l.O wl.t.a A.C. - W.c.e to Lille 

3 Pl:laee 

\ 2. M1n1JIIuD Rated Capacity - 22 in-# at 56oo !U'M 

Sto.rti:DS Torque - (Min) - 125; operatillg to::rque 

E'i) 3· Fovu ~~ - Cla:n'tmt Dr&iJ1 8.8 Amp. »er Pbaae (Me.x) e.t 22 in/i# 'I'orq,ue 

Peller l'a.ctor - .60 (l:li~) at 22 in/1 Tor~ 

......... 

E:tt1c1eney • 75'1- (Min.) at 22 iD/# Torque 

4. Wire ccnneotiOZl - ColOr COded - Pigtail. ~ 

Mi.nimlll Lcqth - 36" 

,, D\lty Cycle • ContinuWa 

6. L.U'e - M1D111A1l11!}9 l!gl!.t - t:6l4er ~tiou deac:r1be4 bel.ovt 

NOO'II 

Entire motor will. i:e •tnc&sed in .• ...:Lecl oontainel" with 

& voJ.u. ot &:p~Ul,y l/3. tt.3, The DIWD1.171 continUOWI 

Oller&tina time vh:I,JA 10 encue4 i'8 30 ~'tea. It ViU e..l$tl 

'be exposed to Ol.f-0'17 oyoliDe where by tbe Oil time in 1m1 

,li"NJl 60 lllimlte perioc1 abaJJ. 'be leu tb.aa 30 ~t4a. 

Pao:c.p • S.e Drav1.DS SlC 29100-372Atto.ra \ 
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SHEEr 
2 

OF 

RELEASE DATE-..i.Lll+/.62 

' G!-IJ 22l00-372 
I EN~INEIAINCI CIPARTMINT SPECIFICATION 

I I 
' a. tofei&Qt. • lO.' lba. mo.x1•=a 

I 9· ~nv1:oameat. ca •• s.l 

I 
Temperature -~wr + J.6o•r 
A4colen"Uo.a• lO g • FJ in M7 direotio:~ 

I V1brat1011. .. ; to 500 cpa at 0.036 illch 4oublA amplitude or 

: .t lO s'• vbicbner u J.ovor vcalue. 

I 

I 
I 

I I I 
I 

\ I \ ' 

I 
I 

I 

I 

I 
II 

t' 

~ 
I .... _ 

:a 

,ut. 
A. 
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I; 
(Genetal) 

·. ELECTRONIC DIVISION r.fins 
lUG CIIHTftAio AYIIHWII. ""INHIIAI'OI.Ia U, IWJJoiHUO"I'A \,:,: J R!LEA.U DATE. A:l2[1l 2 1 l<J62 

j EN<JIN~lNG · DE:PARTMENT SPECIFICATION 0!·18 - 29J.OO - 6J.o ~~· 
,i 

' . 

• 

sTAmmr.r OP womc 

' 

li:X1!UAL RllNOVABLE AI:RC1W": 'l!AlfK ASSEHl!LY 

FOR GENmw. KrLIS EI.JiX:'.IROHICS GROUP 

I. 
l 

-,.--c -
- --

-· 
A _e]_'Of'tl ~Piftl~ at. a...a. :.." ·-~~_.~-~--

IIC:O NO. RI:V. RllloiAIUCS DATC J. I NIT. 

APPJtCI\1£1) I I »~l. m~lJ}vP,..,,JJL. I sv 
II'ICIINIIIIIW 

1 

,.,: ,......, iNatNftll '14HIII .. JIII'IO.IIICT D"IINIIUII 
v , 

! 
1\ 
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ELI!CTRONIC DIVISION ( ""fi'"' 1 SHEET ),l OF \.\1 

~Bmmu•~ M Is 
RELEAS£ DAT~ril. 2, l$162 IUf CDI'I'IIA&. AIICNU.. lollNh~ llo loiiNHUOTA \,. . _,J 

I IENGJNEERI"fcJ Dfl>ARTMENT &PJClFICATIO,.___g.iS • ~100 • olO 
, ... 

I l 
I 
' 
1 

. 
' ~ 

I 
Pa.rmaRA Title ~ 

I l.Q scan. . . . . . . . . . . . . . . . . • . . l 

i 
2.0 l. 

I APPLICABLI DOCtlMim1'S . . . . . . . . . . . . . 
3·0 REQ~ . . . . . . . . . . . . . . . . . l 

I ~.o Dm!C:RIP'l'ION • . . . . . . . . . . . • . . . . . ~ 

: IJ.l Noao Soaticn . . . . . . . . . . . . . . . . . 4 

I ~.2 Center Section . . . . . . . . . . '· . . . . 4 
4-.J ToJ.l. SectioG . . . " . . . . . . . . . . . . . 5 
4.4 Inner Tank Shell Sections • . . . . . . . . . . 5 

I 
4.; oW41 tional Struu·l;·ural Melabers • . . . ' . . . . . ; 

;.o STRlJC'l'tJRAL ~IS .• ' ' . . . . . . ' . . . ' . 6 

I 6.0 mJTING • . . . . . . . . . . . . . . . . . . . . 6 

7-0 D&WINGS . . . . . . . . . . . . . . . . . • • 6 

I a.o INs:PEX:~Olf . . . . . . . . . . . . . ' . . . . . 6 

I 
9-0 ~ . . . . . . . . . . . . . ' . . . . . 6 

I 

I ,. 

I 

l 

I 

I 
I ...... 
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I 

INCJINEERINCJ DEPARTMENT 

I 

I 

....... 

I 

4.1.1.0 

SPECIFICATION gMJ -moD • 610 

~ 

Cbcnp "SX2ln00..608'' to "SX29100-69&• 
~ "SX29100~" to "Slt29100..099· 

Cll.a:IGe ·~oo-612" to sJC!9lOQ -698• 

Dal.ete "Aft ae.a 'flmk" 

Ilol.ete 11Att aa. 'l'azlt"• '"A:ct COVe~ ~111112ppl.1e411 

to"1natallA4" 

Ad! StAtCI!:~.t.• ~e e-.~g,t:"i..;tor ~ not ~ respO'CL• 
s1ble toz ad.verae ~t cllArACtel'iaUca or bu:t'tetincc 
arl.aina t.roa pyle~ or dror~ ~tensttaa. 

to ~pho 3•'•7 8ll4 3•'•1•1 of MXW•7378Ao 

A44 ":rrcvtaiall eb&ll. be tl!44e tor &l.torno.to WJ.a ot 
lit" lUG apaa!J2s. 

Delete the :nu::re hras=»h 

Delate the ~re Pa.ra;n.ph 

De1ete the htS.:e .P&ra&r. 
Cl:I&Dp ''Stat:t= lf6" to "stat£= ,a.l." 

:Del4to the ~ ~t.l)b 

Cbanse "Stat:ioa 46 to St&tiOJl :;a.l" 

01w1p "Station~ to stauoa sa.l" 

CbADae Znttro l'M'.asr&pb to Read &a Followa: 
OZOiftoe well.1 f::onll ~ e,1eo1:10A ~be sh:o\.14 a.a thoV1l 
Oil SX29100-698 tid Slai!9100-'99· 

c~ "Thl'M to 1ou:r! J "Ol:l.e t:rom. atati01l 4o•to 
"two b'oDl atatioD 4o" 
Cbup EDUH ~ to .Rea4 Aa J'ollovaa 
au 11Da• t:r0111 ate.ticD 40 '.;o cater o~ irmer t..u 1.:14 
:t'1'al aenw ot t=- taU to nauoa l.a.a,. 
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SHI!ET 1? 0~ lY 
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1 
lUI CCNTAAA. .o.._-II'IUII. IIIIH~· II, MINNUOTA \,. _.J FtiUASEDAT~ 

ENGINEERING DIEPARTMINT 

I I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I ....... 

SPECIFICATION._· -=29l!:.t=00=.:..-6J.O=~--------• ,.n. 

~· !:11:ttl'O ~ph to !lea4 M :toll.ova: "' 
Inaulat:Lonil1space bet.veen 1nnel" tank ad outu ~hall 
otation ;2.1 to ata.tion 109. '' Il11ulat1on 111 space 'betYeel 
1nDeZ" ta.11t OB4 a1een etatiou 4o. 5 to 52.1 at14 ttattou 
109·5 to 125·75 

Che.nee "Station U8.25 1iQ Stati=a l09., 

Clwlp "Statictt l&tJ.o to Statton S2•1" lStatioD U8,2, 
to at&ti®. l09o' 

Chup "S't&tion l.l8o25 to Staticm 1.09•5 

Chaz:IG• "Stu.t.tou l.33· 5 au 1A7 to Stat.tons 131;90: 11.114 
.W..)S. . 

~ !min Pans;rQ.lJh to Rc44 &II tol.J.ova~ Fa auppon 
bullhea4 s.1l4 COat.iOD Joint Station 1!)9• ;iC) 

C:be.np Entire J?aragra:ptL to aea~. 11.11 roUava t 
ElectrlaL\l comp&Z'tment SW.t.tou 1;6.75 to 139•7' 

Cbaa,p Entin FcrtJQcph to RaaA Q.8 tol.lo11'o: 
!JActrlcal ~nt atat.to= l.;6 to 159•50 

Chaftae En~e P~ to R-.c1 &I Follows: 
Ouppart rt:ca atattor:s164 a4ll Jo•lkbM\4 ollo~ion J<)Ut 
ata.ttcn 170. 

Chazlp "St&t.t.f.on ll8.:25 to Sta'U.oD l.09•5" 

~ llntiN l'G.T~ to Ree4 as Fol:.'l·:~:~ 
F"brioat1oa ot i=u t=k &hell. pw GMt Dr~M.na 
s~-0~ . . 

A44 "Ooural U:UJJI, tAco Will ~~ &11" la~ clat&. 

Ch«a.e* "90 ~ to ].;!0 dqs" 

I I, 

\ 
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lX'l'Z1UfAi. BIHwABL'I AIRClW'r ~-,x ~ FOR OlDlW. MILT.S :SUX:mOl'IICS GROtJ1I 

1.0 scon 
'lhia doCUD~ent d.ascrt'bea tho d.ca1~1 parfon.l.l.ltce $nd dal1very re<,Ltli:"aunta 

:f'or the e~ering aA4 DlloJl\l.i'acrturins ot o.n u:1ier'J3Al, rcmvabl.e aircrafi t.ank 
aaaemb~ .a.nd. the ac~ns :r:eq\lil:elaeata tor Wlcrumenta-u=.. 

2.1 · Con:Cerezlee c.t .ll'lc1:chcr Aviation Co~rat1on attended 'of R. l:J.M.q\11 siO 
an4 3. Mc:G11Ucudq on April 4th and 5th, 1962. 

2.2 Quotation tram J'lotaher Corporation (1'. Darlacb~) to Ooneral. Millll 
date.:l J~\lU;Y 22, .1.962. 

2. 3 8pacit:l.cat1ona MIL-A-859lB and. Mit-1'-737&. 

2.4 Genom Milla, Inc. cirawinp lfo. SlC 29l00--612, SJC 29100..008, SK 29l00·6o9· 

3 .o ~tli1UMElrlS 

J.l l'he contractor U to auppl.1' uae111bl1~ consiatin,; ot the outo:r 'tBDk 
or shell, vc.rioua s~al Gl.emen~, 3cccse d.o0ra1 and a.n innar ~ toamecl 
in :pl.D.cc; he:ru:tll&t'ter t23eae &aaami>l.iea rill ba re:i'crnd to aiznply lla 'l;anl; a.aaal'liblieo, 
or tank a.ascmbJ.r. mach tiiJllc usem'bl,y will consist o~ three subaosem1)li.~li dcaisnato4 
tho noae section, the center section, an4 the t&\:l.l seat.ton. Conct-~ct!on :JbaJJ 
be sucll o.• to al.lov ropoatG4. cli~~Usem'bly ot tha min tanJc a.aaemllly into the ·l;hree 
aub&aaemblioa an4 :reU~~HJmbl,y'. :Oeai,sn u.ull c:onstruot~on ic to be in aocord4Mo Wi~ 
the requirement• ot thia work at&tCJCiant i:laludin,; ra~erenced portions of tile 
appli ca 'ble docunottte. 

3.2 '4'ho tank &a8U1~ ~u carmns the load11 daaigDGtod on G<li%1Gl"T.l hills1 
Ina. ~win& SlC 29l00-6l2 ah&ll be a\lit&bl.e for f'11ab-t on ~ V•lOO, ii'-l051 13-~, 
A-4D1 A3J' o.n4 the USD-5 drone aircraft, including arroriecl .landins and ;;:a.ta:pul.~ 
taJco o'f'r COnd1tiOUIII &D4 at apeeda of up to 0.9, Maoh nuDbl!r d Be& lovel. toad. 
f'notora no lesa ttrin,;mt tbcm tboae 1n MIL-A-8;;91B &n4 MIL~·7378A ahaU bo ~sed. 
The tank assem'blJ.•• sb.all aat111:faa1:01'1~ v1thataDcl the tull ra04e o~ onvi:ronmeDtl 
tbe a.bove llatect &iroraft are liea1pe4 to 111 that&n4. 'l!le tank ••••bl¥ IJih&U ba 
aW.tA'blo for 1zat&J.l&tion &t will& 11taticm 106 ors tho l'•lOOD aircr&ft. 

3.3 'l'ha veipta Arl4 loc&tio'IUI o~ loo.da f'Or vbich mount1u; :pNVia:tona llll.l•~ 
be made and. wbicll the taU aaembl3' muat be IUita.bl.e fOr cal'171Z!S an show in 
Ooneral M1l.la dr&Wins SJC 29100-612. 
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3.1+ The inner 1:lmk 14 to be BUJI»C)rtec1 1n place oU¥1 inaul&tecl :troa the outer 

akin or shall. by tho to~~~~~rd.-in-placle inaulation a.eaijp)ated on aMI dre.Yf.ns Ro • 

SIC 291.00-912 uuleae the aontn$r's ~ttnletura.l AnAcysia rev~ an illAdoquac1 
in this insulation. In sw:h cue, tho coat..actol' is to nct1f)' Geuert:U. !41.11&, Inc. 

3· S ~ max:l.lll\8 veiallt of tho tank arn1 CLSIMIIIbly, :l.noJ.uding the outer skin, 

all strue'ural elc~a, access dQora, and 4ll pQrta deacr:l.bod in ~~Ph 4,01 

exc1Ud1~ the Forw.rd Gaa 'l'anlt, Aft au 'l'&nk, D-nd Cantor structure of tbe Inner 
Tank~ shir.l.l. not exceed 325 po\IJlds. . 

. 3.6 The oontJ'&Ctor sbal.l provide all ma.tertals exclusive of the Forward. 

Gas Tank, A1't 04\a 'rnnlc, Oritlce Mec:h~!llll and. cover, &nd Ccnrtcr Structure o~ the 

Inner TAnk, vhich v.t.U 'be a~oll by Gonara.l. l«llD, Inc. 

3.7 'l'ho tank a.aapiblt 1a tu mot tho reqv.l:romeft'ts of the ftlllo"..r.lf16 pc.u-agrapha 

of MIL-T-737llA. Hhero ref'eronce in ·:;hou paragro.pha is 1118do to ''tucl ta.n.l.:011 it 
shAll be oonatrue4 to refer to the tank aaS<llllbl.y that 18 the mtb,1ect ot work 

stD.toment. Also, require111cnts o'/ rc·terenced port.tona ot applice.ble ~phs 

a.1.. Ullli tad onJ.1 to tho so tha-t oxiot it pCMierod solid mater:L•l b CD.rrio4 l.nstod. 

ot tual and vi th no requtrGIIODta made for l:landlin(S the powder but only tor lftoriDS 

it ill ~riG q\l&llt1Uea :Ln the i!l111!l.' tAn!:. Thh exa.tudss all raq,uil·<~l. cnt.a. ·i;b~t 

roault .from tho peculiar ~terist1cs of a.v1at1on :f\lel in eontl'll~at to t.he 

cbAractorilt:.o:a of tho povdcr1 tbat Gr1ae from cl:l.reet eonta.:t ot o. loo.U ~11th aey 
];liU't Of tho skin and structure &nd that arUe fl'Olll the :pl'OV1SiOnJS t.bat mU&t be 

mlldo for b.Ancll.Ula :rueJ.. 

3·3· J.J.l, 3·3·2, 3-4, J.4.l, 3.4.1.1 

3·5 Dosip (r~odii'i<!ld) • Te.nlca vith o.acess delo.rs ettached. cho.ll bo co 

de!Jignod as to not 4dlllit water during ~t 1n rain a.nll durinG wash:f.z~ l>y hoa1nS 

with w.ter. 'l3le tank nuaembly includ:l.ll(S the exterior skin, the atru~:tural 

el011181rt11 1 the toamed•in•plaeb inaul.&\t1on, and the izrterior tiU1k shall. COill.!lriSe 

tho nacoaSQ.rY" ll"tronetJ:l to provide ~que.~ for combiru~d lo&dS o.nd :~treuoe aa 

outl1Ded in Paraara]ilh. 3.,.6. 

J, ~. 2 \Ieight (Uv.!!fl.wd) - ~:La DhaU bo ]!laced on clooigl~ ·;;o Cl'ea.to 

the l1&}1teat n1Sbt tank that vill111eet the reqW.remanta of this spec:if1c.o.t1on. 

3· :h3, 3· 5·3·1 

3·5·6 vf:th 3.,.6 a a.n4 D deleted. 

3.5.6.1, 3.;.6.2, 3.5.6.3, ).;.6.~, ).;.6.5 

3· 5.6.6 vitll. 111044" aubetit~e4 tor "ru.l11 
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3.,.~.8 'With "or ita int<ernal CQ~~PC~neJlta'' 4elete4 

3.;.7, 3·5·7·1 

3· 5· 7 • 2 Flutter (~lc:xli!ie~} - '!'he tank naa.ambl1 sha.U be dasignod. to 
ha.v~t od'e flutter chuacter1at.1ca throu~t the opee4. B%14 altitude l'll.t"-ee end 
fol" all attitudes and. 11\&Muvera which the a.irc:~.-an will :portol'lll Vith tho tanll: 
bstalle4. 1ull. o.n4 empt)" 1ntol'n41 tank cond1 tiona u wll o.a partiall3r :t'ull1 
levol !l:!cbt conditiollll shall be conai~:~."ed. b a4dition, !or pa.rtbll-1 tull 
aondi tiona 1 tho toi'WIIot'Cl centOl' ot a:ravt 1:}' condi tioB ca'Wic4 'b7 al.l the .loAd 
1110v:!.na i'orwa.rd a.n4 the Gft center or ~v:l. t7 caused by &fi shift ot ·t.he :wac.t, . 
shaU be considered. In the event thAt the desip appears to M.ve l·:~w :tlutter 
":PCcdS or mru.·g!.Ml flutter !.latety due to cd•rcr:JO rroqueney l':ltioa, 0...-noral Uill&., 
Ine. cho.ll bo informed ot tbia bofl)re i'w.'tlw.r work 1a curled on. ·~w Colltru.ctQr 
aball. not be ruponaiblA tor flutter ,Pl.'Oblema c.rbins :r.ro. wlon or n.trar-.11't 
charaatoristiolh 

3· ;. 7 .3, 3.6, 3.6.J. (r.lodifiod) - Deleto "rive-tina tbrou(Jh the to.nk 
wa.U eh&.U DOt be permi.tted,.. 

3.6.2 (Modified) • Delete B~teond G()ntence. 

3· 7 Perf'ol'lll&noo (MocUtied.) - 'Ihe tank 4SIS6111b.ly uh4ll za.tisi':( the 
pari'01'1!1rulCe roqu1rQIIIOnta of ~:ph 3·7·3 (Uod11'1od) 1 3.7.7 and 3·7.8, b·,;t 
tostinc to 'tlloce rtq,uirolllenta ia not ;roq,ub"CCI\ by tbis work stAt=ent. 

3·7·3 (Modified) • Delete 11or evidence ot lOII.ka£:1!"• 

S•7•1, 3.7.8, J,8, 3.8.1, 3.8.1.1, 3.10 · (Mcu!1fied) • Dolote "an<l 
uaed" troa 11rot lino. 

3.lO.l (Modified.) - Dol.ete "plua" fi'Ofll llne 7 and clelets ·:r>,n::;>:l.uta.:.y 
linea a tbru l2. 

4.~.1 Emmina.tion of' Pl<oduot (1-loditicd) - EAch tank usomol;,r clw.ll 
be eX1121liMCL' to deta1'Qinct confOl.'IIIOJ:Iee vi th a.U tM :PWo"88r&:Pha and modii'it:Ationa 
of ;par~ of' KCL-TM7378A. hor.in llatocl • . 

5.2 01&81 a !L'anlcs (Mod.it1ad.) - AU. Ol..e.aa 2 to.nka unleaa othenriao 
apacit1o4, sh&l.l. 0. p&cke4 1n vooden cra.tea con:f'ol:'l!l1ng to Speci:fieation MII...c-9437 
or equiva.J.ent iA UDS.t. quaot1t1ea of l cQdl. Contrary to tha nquiro1111nta of 
J.!IL.C-9437 1lO di!IPlaa IU'e reCf.uh'ecl1 nc id.ltntitica.ticn m&rldnga &n4 no teau are 
required. 
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3.8 'l!lG 11.11 Jllll\CiDC on tlle ll.&l1su' fitt1np shall be 30 inches in acoo.rd&Dce 

v1 t!l MIL-A-8;9U. 

3· 9 Arq holAI made an4 used for the pu:rpoac; of LlataJ..l.ins t.Ae toallwd·irl·pl&ce 

1naw.at..ton tJ.•e to be neatly &nd III!IOo~ c:overri with & durable m&teri&l. 

4.0 DESCRIPTION 

'n1e tAnk Bllsembly Will QQnsiat ot tho 1'0llov:Lll,l !Uld w1ll inoor,po~1:4 

structurcl proviaioDS tor eql.lf.pnent to b~t mounted; 

4.1 Nose Section 

la..l,.l 'l'uz'b1ne Ge!lcro.tol" Stlpl'Ort I'liDS Station 13 

la-.1.2 'l'IIO Acco .. Doon I1D4 F:rame1 

4.1. 3 Dulkhoade 1l:l front and Aft o'! Forwar4 0&1 1'Ank Stat:tona 22.5 
a.D4 Station 30· 5 . 

4.1.1• Gu Tuk Att&chmeAt RiDG Station 28.5 

4.1.; Inat&l.J.D,tion of FO%'WI.U'I1 Cas Tank 

~,1.6 IllRl.atioa batwe11 li'o~ GGs 'l'w azl4 01.\tQr SheU 1u Vol·.ar.w 

Enolosd ~ ~a.41. 

4.1.7 :&-AOketa to a~·t. Valve•# P.resaure llegul&tora, e~. 

4.l.S Seation JOint Rins Station 40 

4.1. 9 neatrtc&l ColldW. t aD4. G&a LiM trom vorw.ra. of Gtl.a tnn1t to 
Aft ot au !rlmk 

4.l.l0 0\lte:l' Shell Auombl:y Station l.3 to St&t.ion ~ 

1+.2 Contor Sec:t!o:u. 

4. 2.1 Section J'o.t.:u.t an4 Innor 'l'ank IJuNlort nilla Station ll6 

4.2.2 Main Support. Struoture Inel\UU.ns LUC .Attac=.a:rh, Sw.y :araoe 
and. 1Jen1oD Anaa, an4 Support .H1n«a 

4.2.3 Oritico Woll and 11rame 

4.2.4 Thn• l/a" l)1411e'te.r COJ24u1ta • OM .trcm Sta:Uon 40 to St&t.t.on 121.. ;, 

e. Second troll Button ulJ.' to a. Station SuitllblA M Um'bil.ical. Connec't1on 

Proviaione# IUl4 a 'lbJ.;rl'l. !:toll Station la4.2' to the ~;ne~~ t#ell. 
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[ I 
i 4..2.5 Cormactor Well, Cozmeator•, an4 Well Cover tor Ullbille&l. 
! Conuc:tioD PZ'oY111ou 

r 

l 
4.2.6 Qu Ltn6a b"Clll Station 40 to Center ot I~:li' 'faD:~: e.M. t1'0II 

Sta.~oD 124.; to l!:n4a ct Izmer TaDlt 

4.. 2. 7 Inatallatf.on ol Imwtr ~ 

4..2.8 :Inaulation in S~e betwectn. Inner 'l'GWt az1d 0\.ltv ShcU Sto.t:Lon 40 
to Stat1on·ll8.2' 

4.,2.9 SectiOn Jabot an4 Inner 'l!ank A~nt H1ns Sta.tio~ u8.2:; 

4.2.10 Outer Shall Aas6111bJ.>' StAtton 40 to Ste.t:ton U8.25 

b.. 3 'l'ai.l Section 

4.3.1 Sectiou ·Joint Rina Station ll8.2; . 
4,3,<! ~ ACCGU Doorl 8l:Ki li'l'&IIIIJII 

4.3·3 S~ H1ns.11 tor Actuator Sta.tiona 1.33.5 an4 147 

4.3.4. Bulkhead Fonmrd ot Mt Gas l'enk ~tion 159 

4.. 3·; Aft Gu 1!a.nlc Support Ri~ Station 162. 5 

4.J,G Irtat61lat.1on ot A:tt aaa Tank 

4. 3. 7 InsulAtion 111 Space bet'~Von Ut Gaa rank anA Outer Shell 
Station 159 to St.a.Uon lOo · 

4.3.8 lh'ukata to Support 1/&lv.,..,, Prcsaure Reglllatora, and Electrical 
Component• in An CoiJIP&rirrlezri 

4,3.9 OUter Sh.ll AIIIGII~ Station J.l8,2S to Station lBO 

4. 4 Inne:r 'r4Jlk Shell SeC'tiou 

4.4.1 Fa'btication of '1'110 Sectioua at I=or fAille Shll pn CJMI 
Dn.w1naa SJ: 29100-608 and. 81: 29100·6o9 

4.' Mdi tional SVuct'urAl MGilbera 

4. s.l Art¥ Stwo~lA'Gl. Kailltoi-cCIIIIGzn Members i~ Ac14iUoD to l'Jwae . 
Listed. tn 4.1 .. 4.2 &D4 4,] Yhich 111&7 be !aquire4 in (btu,_. tor tile TtUik .A.e~ 
to Moe~ the Spectt1e4 !Da41na ADd i'l1a;ht Con4:S.t1ona 

~~--~------------------~------------------------------------------------~ ....... 

i. 

·. 
l. 
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Threet cop:Lcta of tho &l~Mlysii ot sttuatu.ral. 'cl:1a.z'actut.stica of the tank 

asst!ll1bly ahall be supplier! General Mills, Inc. ~t l.aaat ten do,fa prior to the 
runnica; ot ~ atrv.ctUNJ. teats, c:r at leaat lO ~ before shipment o~ the 
first item to Gane:rall4illa, Inc., Whichever is euliu. ~ a.nalfaia sb4ll 
include: 

l

o.l A list ot lc!Wins conditions conaict.ored 
b A list ot ~ ua~one lllD.4e 
o . F01-mul.&G o.n4 aqWI.tiona \'18ocl w1 th source refel."enooa 
d Aetual calaul~tiona 
e Tabulation ot results 

I.oadi:ca condit:!.ona oona:l.clored in the stl'l.lcturGl a.no.l)'ISia ero to include, 
:!.n o.Mit:!.on to :!.nortia l.oe.da, aoro~o drag1 aido .l.oc!.da, vel't:!.ce.l lollds, 
p:ttalli:llG moment. 11114 )'awiCS lli0Uiel1t. 

6.0 TES!L'.ING 

Requirements tor tosttua will bo ma4c the subJMt o:t a separa.to ~rork 
ata.tomen1h 

A reprocluc:tblu and 1nm ll1'intr:l ot ec.ch 113GOIII'b~ cn4 detail part ~Vine for 
the u:oJ: aoocmbl.7 anl1 ita conatituant fl.llllelllbllea and ,PBrto shall 'ce subru.tt..:t,;. 
to Gonorc.l MUla fitteen c!aya attar dolivory nt tbo ha.rdvare. The dni.Witl(llJ 
lfh&ll del)ict the final deaip condition of' the bardvare supplied. 

:lbo top ~somblj' dra:willll ~ be approvc4. by Oauoral Hills, Inc. 

S.o D~'l'ION 

GaJU:rcL.l Mills, Inc. shall have the ri~t to ~10niwr at a.ny ti\liC x··.v~ml 
lettillS ot the contro.ct I!.D4 tho dellvory of' the harll'lftu"o1 the~ f&tl1•1cut.J.o •• o~· 

:pa.rta, pl;'Cicc:Doca, usamb~ wrk, &ld o.rrr teatin& requirod to be dOM 1 thin 
1110nitorill3 to be c!Dno tbrCN8h a reprea.entatin daaigD&to4 by Genotal Mills, Inc. 

9. 0 IlELIV'IRY 

'tanlc Alllembliu orderct4 lhall. 'be ahippe4 to O.lllltral. MU.la, Inc, Within 
90 ~ of recoi].)t ot order. 
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1.0 scm 

l.l ~ - 1b1a spoci:t'ication eovorrJ the requirements tor a rl!.lll a.i.l' driven scnoratar. Stlac1f1call,y, the ~ci1'1cs.tion pcrtaina to a UIUt aimil&r to the Al.JJ.aon D1V1e1on o~ General Motors Corporation, Mc4el GAl240H-92· 

1.2 Cacait1ca.t~on - 'lbe generatozo aaa~ couatsta of 11. rea ".i.l" turbine aaaeably drivins 11 ~. 5 iVA &;C.'lcr&tol' 1ntell4ec.\ tor uae u a pl'il:l&l'Y pove~ ao\wce. 

'l'ho followinG doc\lllltnta of tbe dllte tl):)(!c:if1ed l!lhc.ll tom a pvt of tbia apec'U'iCC.tion to tba extant apGaitied he~·ein: 

Spoci1"1cat1ons: 

::nvircMICntAl Toot$.ng1 Aoronautico.l. an4 
Aaoociatcd Rquipment, Gonora.l Specificution 
for, do. ted l6 Soptcmbor 1~2. 

aoneratora .nd ReeuLBtora, Aircoolo4 A·C1 Ai:tcra.!'t Oenoral Spee11'1ca.tion tor 1 d4t«Jd 
25 Mu.ruh 1957. 

SertlV 'Ihl·co.d!), Gte.ndc.rd Opt:!.IA\lll Selo<:tod. 
SGrins, Goneral Spao1ticu&t1on tor, dated 
3 J)(ICQfllilo1 1959• 

El~c~~cQl Powar, Airaratt Ch&racter1r.t1oG or, ~tell l7 J.la:y 19''' 

.Dro.w:tnaA1 Jc:llfP.naorins and As•oc1ata4 'I'eeta, 
i:r.td 1 J'llly 19~· 

Identi:t'Laa.tion Z.W.1dna• ot u. s. Nilita.r:f 
hope~, dated c1 September 15158. 

MII.-B'l'D·2lOA,Ch;.l Climcatto Extremoa for !.fill~ Equipmeut 
dated 30 November 1958· 
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·3.1. COIIPOnents • 'I'he qene2:'at<n" UIIOIIIbly &hall coui!Jt o~ a r1111 Bir turbiiiG 
d.rive.1.1Dit oou:Pl04 to a U'/200 volt, 400. cpa, 3-pbaae, W)'8 co=ctc:ted. Sctlleft~l·. · 

3.1.1 Rilla Air Turbine - ~· ram llo!r turbine shall be a tvo 'bl.&4cl Ullit vith 
a selr-aontaiaea 1110C&Uilc:&I aovcarnor. fbo sovernor llhAll be housed 1n. tha tmobine 
apinnor and act to ohanp the turbine blado pi tob to mAintAin the ~en.tor rp~~ 
bo'Woen ll~4co an4 U!,900 ;rpm. • 

3.1.2 Oonarator ·The aeMrator lh&ll be ratoQ. a~ 4., KV.A a~ ·75 p:r.~er fagtor 
aDd a nOIIIinal li5/200 volta. !he eloctr1eal eharo.cs-teristica ot tile ;euor~tor 
shall. oe identical to the .Alliaon Z-tldol GAl24GfH12 'enorato:r aaaembl.y, 'Usa . 
genen.tQl' shall be 1ll44e up ot a throe-phAse, '1wye11 cc:onected nator end. c. bUilt-up 
:pe~ent ~ rotcn· a.nclit aliAl.l have no bl'Ushea1 slip nnsa, or :rotor Vin41n,p. 
Tha output voltaGe cho.ll bet controlled b;y & solJ.4 state voltas- re'l&l.M.tor. 

3.1.2.1 Voltogo Re~l4tor • ~· voltAae rogulGtor ahall baa solid ut~to 
deVi.ce. The entire voJ.~ :re&U].4tor G&llembly sbaU bo oncapaulB.tod in a U~£.tv.~o·1:\l 
dasiSM·l to lrl.tastc\114 thG onvirollmGntal. c:oncUtt.ona outlinoc!. in MYt.S~2lOA. CM,. 1. 
~ct volt4a:e, reaul&tor shell 'bo houaed. in 11 mo1ature-proot' coata.:u~er flu.Lt~~a fl':r 
lll'ltU!.tint~ on a tl.at hea.t conductive li\U'tace. 1'ho ~81cal diJQelllSion•· ot tlle 
rtf&Ul,&tor ah&U not exoee4 tbe toll.owtns: 

LanGth - five a.nd one·i'o~ inohea 
Width • threo And one•h&lt i~a 
JlQ1{1ht. • thl'ee inches 

'l'lle wie;ht ot the reauJ,ator ah4l.l not eXCeed three pounds. A Fon41x Sc:intlex 
P/lf l0-42220-71' typo cozmeotor sb.a.ll be \tsed to l'Mvilloit nec•sl:l&JY eleotri~l 
connectiona. 

3, 2 Ste.ndAri Pru.1:s • iiH OJ14 loiS stand.ara. parts ohall bG uaad. whara sui ta.bl<: • 
tor the pul'lleae. 'l'hess parta aha1l bo idant11'1e4 bt.r th4l lttandAr4 pu'ta nl.llllllor. 

3. 3 Material llJ14 Procel!leoa • 1'he lll&terlala CD4 procuaea uaH ;ball. be oi' 
hip quaJJ.ty, au.i~'bl4 tor tl1e purpose, G.D4 ahal.l. ao!U'O:rm to SOVetTllllfllt 11:peatt1\,~
~ona vhare a.pp.l.ice.blft. Matert&l. COni":Jrllling t.Q AlU110n or AM8 apeoitioAtioru& ll'A\ 
'be used. Approved 11111o'terial.a or proceoaoa ahall be tlloae matuiale or J)l"'ceaaea 
UM4 ill ~ taaDu.lu.otun o£ the un1~ Vhicll paa"a the offlcial qu&l:t.1'1.o&t!012 tes~ 
speoi1'1e4 henin or are nlanq~ e.ppzove4 ~ & uta1.&l. ~. 
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3·3·• Protut.i"M 'h'ea.twmt. an4 Coatiya • Al.l. p&rta net 1za co~ co~ 

with oil,· exc~ vorld.q a'W.'ft.Cea, tbi'eada, or driw 1*1 f&cea1 all&ll be corro11oza 
relliatan'b or nita.~ l)Nteate4. 

3,4 Design and Confiruotion 

3.1+.1 ()xleration • 'Dur senara.tor aseomb~ providaiJ eloctrioal. :powe%'1 be:taa 
lh1iven ey m&us ot' a·HrA air tw:bine col'laia'b1ns of bla4e~J, hub, apirmer, £haft, 
a.nd a i"4'·Wlaht. spl."ina governol' wtcll meJ.ntaiaa app:oox:ime.te.l1' co~t rpm by 
controlliug ~ pi teh· 

3.4.l.l ~mt1ns; @l?ee4 - 'l'!l.e ra air turbine ~ovornor ehall. bt capable ot 
llUlintGinins turbille apoe4 within thw l'&uga ot ll,400 to 1.2,900 rp11 (300-4.30 cpll) 
under ~ at&te Qpenltins coJUUtiona v1th 1·run ll.1l' inl.et velocitiea ..r.f,thiQ ·the 
ra.nso ot 300 to 650 X!V.S a.t a.n alti tucla of 500 feet. 

3.4.1.1.1 Over~· Duril.lG load transients a.nc1 durtna at&rt:t.ng the nm · 
air turbiJW govenJDJ: m&:f.nta:tn turb1ne spaod with111 the ranae ot 10,800 to 
13,500 IIPJI '3!)6-450 cpa). Foll.owins a lotld tra.naient or atarl:f.ns, at.a4;( atate 
o:porc.t1o11 ahcLll. be eeta'bli.ud vt thin 3 oeoonds. 

3.4.1.2 Dtrection of Rcrt.a"W.on - ~on vteved f:ro1a tho rl'!&r the d1rect:lon o~ 
rotation ot thi &1%' tur1:1ne c.Dd. the alternator lih&U "be count.r•cl.onkv.Lae. 

3.4.2 Balance .. '1'he anount of ur.bcl!.rul.ce o! rot&t1nc components cr.All uoli 
ezcwll o.ol. oa. 111. 

3.4.3 tubrica.tion • All lubric~~otioa. ~1n'tt llh&ll be :perma.non't11lu'brlcate4 
Clot 4UG!lbl)'• 

3,4,4 Conneatoro • 'l'he eltactl'ical conneatora on the genen.tcr Gb.o.U ~o ;~s 
~W on tll.ll o\iti1ne dl.'aVi :a;, (GMt S1(29100-0o3). 

J.4.; Strueturo 

3.4.5.1 Mounting Pl'ovbions ~Generator 'COUntinG prqvis1ons anal.}. bit ea 
shown on the outlin.o dravi~ (G!'il SK29l00-6o3)· · 

3,4.5.2 0Vorsl>tte4 Iul.e¢t;y • 1'ho unit sh&ll be C&ll&bl.e of (llle.r&t1on a.t 
15000 rpr~~ tor a. :Pel'"iOa oi ona m1m.tte 'ol1 th flo) .:lut.~t lca4. 

J,4. ~. 3 Ult1ate Structural Load ~ 'lha sazw:ratol.' \Uiit ltll4 it8 tiiOUlltint; P"Q• 
viaton shall -o. c~ o:r VS.thata'lldina an W.tima.te acoolm'atiou of 4o s'• parallel. 
to the 100\.ID't1q 'b&ae Dn4 a.lona the tzoanaverae a.xia ~a aimul~~ &pl)lied 
81.1' laa4 41'al b&ae4 upon an &1.1'·~·" cf eoo be JIAI, . 
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I • 3·; hr:f'O:rmance - The par!onlance specit1e4 here11l f.a baled upou ~ration 
of the ;anerator lath ita u:ia of l'Ot&tiou within n degee 0~ the direct.ion ot 
airflow: All air Vlflooit1es spec11'1e4 are tree atrau vlilloo1Uea. 

3·5·1 na.tw_a - b ;perf'omanee r~tinga · sh&ll. be u toll.ow' 

Stand.a.\'d Condi tiona 
•. 

Airspood 'r\U"bino Rotor Bl.ectJ.•ical loG4 Powr 
Rating Kta 1 EAS S;2!!d :J2! KVA !~l1n.l Factor 

300 :. 650 12,000 
.. 

Cont1zwoua 4.; ·1' 
Condition I 300 - 6;30 12,000 10.0 .6, 
concu. tlon II 300 - 6;o 12,000 4.8 .6; 

Dul'ing :PQW1' transients a peAk load na deflnod b7 Condition I at',o.J.l. be pc:mitte4 
fw ;o 1111ll1aeconda followed by a. secondmy load, Condition II, th• durlltion o1' 
which slutJ.l not exceed l2 a~Jcond&Jo 

3· 5.2 Altitude • 'relllllOra.t-.u•c L1t4ito for 9n_cra.tt.na. • The ;cnarator ASPIMbly 
uhall be capable or opera.Hon o.t all altitudoe betveen aea levoJ. and l!.;,ooo :rc:~ot 
proasunt•altitu•.W, at all a.t.rapeecla between 300 and 6!50 ICta W, An4 tru.'O~out 
tho ttn."'npo>.·at\\2:'9 ranp apecifia4 1D MIL-8'I'!I-2l.OA Chs· l. 

3. ;. 3 ~ - 'l'ho drq force of the rMI air tllrbine pnontor llha.l.l b<l r.;u, 
zinlmla va.l\lC ~onrpa.~ible V1th good turbina daa13Xl tnd in no oa.se shall it exceed 
100 lba, at 650 Kta EAS. 

3. ;.4. Envirollll:ent • Tha t'OI!l a.t.r turbin!! gcner:l.tor l'lha.ll be en!la'b:i.o ()i' p:!.::dus 
tha requirelllanta of J:)(l.r~ph IJ.l.3 after betns· subjected to the cnvi.r.m~otcnt;:..l. 
testa ot paragrapba 3.5.1~.l 'througb. 3·5·'•·9· · Jowevar, taD'tinG to pa.r~·a.phs 
3· 5,4,1 thl'Ouah 3· ;.4.9 la not l'fl'lld.roil J.f prev-ious l'£:111 1d . .r twW.no ger.erat,nr• 
unita ot sbd.l.Qzo design and matmals have puse<'l ..-,,,. te:ata, 

3.;.4.1 :rrratu:-e Shock • (Ret. Para. 4.3.1 of' Mit-l!!-5272) • '~he: tul'bine 
~cnorator o.~:~rHllll shill be capable ot beina aubjected. to (3) ~t411li!JGl.-at\U"e 
c:yclos conaiating ot tc'Ul" (4) houro in a chambtr IIIA1nta.1nGid a-t,~~ a.nc1 ~ (lt) 
houro in a. c:lulmbcr ma.tntnincd a.t -40<? vitb. a. m&Xilll\lll o'f five (5, Iil1nutea betWHn 
WfliPCir&t.wa ~·· Within o:nG (l) hour ot completion ot tM1 tesy., the unf:t 
ahu.ll. bv ~p&bla ot IOUieti~ req,uirOIIllilnta of :parasra~ l!-.1.3. \ 

3.5.l;..a Sa.l"t Sp~ • 'lhe t\ll'bine generato:r asaea'bl.f Gha.ll bet CApuble ot 
being aubJecte4. to a Mlt apr~ tea-tw 'llhi• lllee'\11 t.be oe~llUUQIU ou~U=4. iJa . 
~ph 1~.6 ot MIL-B•5Zfi. 'lhe teat. period shall be tor a 4uratiCD c~ lOO howe 
a.t a ~ra.tU1'e ot 9;oP'. UpQn oompletiou ot the tes'G the 'lmit ahall :paea the 
requ!romenta ot pa.rqr&»h 4.1.3. 
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. I 
&PI!CIPic:AnOH~...;GI::.·=!S·-29=~=99;:r.-6=l•l------- t 

1 
r ,3'!,.4.3 ,ools • (1\et, Jua. 4.15.2.1 ot Mit.-B-59'7'2) • 'l'b.G t"UrbiM aeM~X"&'IIoz' 
'· aaaolllbl)- Bhal.l • eapo.ble of w1 thatGn4ins 18 impaot ahoclca ot l.5 a, conetattns 

I 
' 

I 
l 
i 

I 
! 
I 

I 
I 

I 

[ 
It 
J 

II 
....... 

ot t.h:'ee ahocka applied. in oaeh direction alons eaoll ot the tb:ree mutll&ll¥ 
perpcuclicu1a.r o.xea. Each shock impu.lao shall have a time dunr..f;S.on ot ~1 - l!d.lli· 
seco'IU\a. 'l'hG "O" value sh&U be vitl11n i'lO percent when IIIQ&aured ..n,th & 100 c;pe 

:f'11ter a.nc1 the maxi.IIWII "G" value Gha.U occur A'b approld.me.te4f ;. ; mf.llisecow. 
l'bne ahall be no IIIGchanical. !D.tlu.re. 'l'he uni 'b shall ba capcble of moeting tho 
roqUiremnts ot pan.gl'a.ph 11.1.3 upora coll!l'le~1on ot thia ten. 

3· ;. 4.1!. Sand and Duat • 'l'he twbino c;enera'bor il:laem\Uy shall be ccp&ble ot: 
beina pl&cer:l. in a teot chamber Bnd. :JUbJecte4 to a aa.ncl duet concsntrAilion :tor six 
hc'Ul'o. 'lbe coalditions in the test eham\J&r ahall be au follow: ·· 

a.. Tho rclAt1v~ hi.J:Iidit.y shall not exce11cl 30 percon't. 
'b. ThO ca.tld cluot coneentr::•tio;l Dhall be l.·aia.:Kl ·to a.Ml. 

riiA1Dta1na4 at o. 3 to.2 jp:'wns per cubic root. 
c. 'nle internal temparaturo shDJ.l be 77° ±J07, 
d. 'l"!''-t !Umd and duat lllc!.en a.ir "lllllo:i ty ~:.ball bG l.OO 

to SOO teet por minute. 

lbe GAn4 and duat m1.xtu:'e ahall h.o.vc tho cho.ruci:oriatiea outlined. in pa.:..-a• 
sraph 1~. U.l ot M!L•E•5272• 1'llia toot .Wl be repeated. Vi tb mn iutc:r.'IlAl tempel.-&• 

tuzoe of 1.60° t30V. ~ unit GbD.ll. pa&a the raq,ui:romonta o-r paraansPh 4.1.3 upo11 
COIJIPletion or tb1a toat. 

3· 5.4. 5 H\lm1di t:t: ~ 'l!lo turbine~ l)cnero.tor c.saombl.y iJhAll. be ~:pn.blo ot belns 
:pl&oe4 ill a aW.ta'Oie teot chal:laar (,per para~ra.ph ~.4.1 of MIL-E·527:1} and. ~ubJectod 
to l' oyolaa (360 luura). I£acl!. cy-alct ahli.U consist of tM followtna: 

Cn) Th~ int~rnal t3et cha~~~bcr to:=warat.,Ul'a r&h&ll bet unif'onn.ly 
raiaod. i'l'QC!l 84 1:16°F to 1600F durlng a Q !lour pari..>ll. 

(1:1) 'nle l6o0 W!nporature ~>nd relAti~a hlll'41d:L ty ot 95 lJe:ocent, 
:h4J.l bo maiutc..inad dur:l.na tho follo'll'in" six ho\U' ~o-·1<Jd. 
Distilled or deminarcl1zel1 wn.ter hu.Villl a pH value ~1! 
7 '!'o. 5 at 770:r ala.ll. be uucl. ta o'otu.lll the~ Q.ea1re\\ lm:.~llit.V· 

( o) 'l'hc int11rna.t test chl.lmber to:opentura Gll&ll be unif·::.•·::.!.:t 
l"GQ\lc:e<1 to 84° 'h6°J.I' c1ur1ns t..he :t'olloVinG 16 h~ ~eriod.. 

·The unit shGll paas tlle l.<eq,uinna'4utc of IJo:ro,sra.ph 4.1.3 ~B \cOIIIIlletton of 

t.llia tnt. \ 

J.;.~.6 ~ • i'ha t\ll'b1ne sanara.to:r ua•lbly shall be capablAt ot beil'l& 
n:pr~d or dipped. in a. :~pore :tuspana.ton propal•oa ill acvol•dauc:e with tbo require• 
meu'ia of :parasrapb 4.8.1 ot: MIL·I-5272, an4 the~ placed. in a tetst ehalllbG1" ea.p&ble 

o:t' ma.intaini:~C ths z:elative h!.ll!lidit~ at 97 percent a.ncl the iatol'DAL tMil~~raturo 
at eo'Op tor • taet period o:t' 28 dqao The unit abal1 p&al tha nquiraasau ot 

pur.p-apl:l 4.1.3 \IPOil COIIIP'--Uon ot tl:lh tta'i. 

·I 
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:1. . 3·5•4•1 V!_bzoaUo; • (W. P&H. 4.T.l o:t.lw:.-3·5272) • 'lbe 'Wrb1118 p1281"6tol' 
· · us-.bl¥ abal.lbicapa~ ot be1q eubJected.· to t12e teet. 4ef'1ne4 in (a) aD4 (lt) 

beJ.oY, 1!1• um11 lla&1l =o~ be operated. d1.11'ina tile .. te.u. 
'1 
~ 

~ 
.I 

I 

i 
j 

l 

I 

I 
. 

I 
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i 
I 

. 
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I 
I 
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tl 

M"IIO 

(a) Resonance • 'rho UDi11 shAll. bit acam~a4 e.lonl each ot ita 
tlii'ei (j) lllUt\lDll¥ pe:rpead.icul.&r ue• for resollall'll t'l"equaciea 
throuahou11 the ranse ot lO to soo apl &t liD spplie4 ~u'blo 
~tude or .036 inch or u applhcl. accelen.t£o;D IlO a, 
Wiohever 1a the Ull\1ti228 v&lue. 'J.!1a unit ~ Vibrated 
a\ ~ nrto~ t.requeucy &J.ous eaoh u:l.a • .tol . 1 

~
l} Go miDutea a.t m. 
2 lS lld.llUta1 at l.6QOP, • 
3 15 lld.cut.. at .. s,or. 

Wl:&eJS IIIOI'e tbAil on. :reeomurt tnqwmc:)' :!.a OllCOUDtere4 v1 th 
v:!.bft.tion applied aJ.ocu.: aey OM o.xu, the tea~ perlo4 lfl&'1' be 
ao~ahe<l. n tho 1:.100t 111V11re naona.noe or the per1o4 111&7 
be d1VidA4 amoq t11e ~aoDant 1':requenoiel, WicUver h oon
li481'e4 moat libl.)' to pro4Uae tAilwe. Wbn niOJI&n' tn• 
q,uad.ea 6&'0 DOt II§IU.'en'b v1 Won the llbove 1'&D60 of tnquociol 1 

ta pu:Notol' al:lal.l btl v:!.'l>nte4 tor :pedocla twice •• lona •• 
~ ~o1t1ecl. in (l)~ (a), anct. (3) a~ at a trequeuq ot 
55 opa &:tl4 an appl.h4 ctcubl.e ampli't'Jde of .o60 :!.ncb. : 

('b) ~ • ~unit aball. be CI)'Olio vi'anlteA &1oJII eaCh ot 1ta 
· IIUt~ l)e~aul.Ar cr.xoa between 10 Gn4 500 c;pa in 
15 lllim.tM o)'Cil.o• a• an awltecl doublA ..,Ut\148 o~ o.o36 inch 
or loll &ppl.£..4 &Gcel.ore.tton of 'h.o O, whicheVer ia the lim:!.tin& 
val.uo. b t01Uq penocl an4 te~erQturea ebGll be thG S&mG 

111 epea1fte4 in~ 3·5·4:r (a), (l.), (a), IW\ (3). ~. 
Uno~ occ:Gle:ation alona fti thor ot ~ other t.vo mutue.lly · 
perpend.ioul.&r axea 1ball. 110t n:cee4 1~ Of the linear &ccolel'$• 
tion &lona the wa beins exoite4. 'Ihe ~ accelon1Uon 
eh&U 12011 oxaeecl 2. '-' ot ~ l.tnear uooleratioJS aloog tAo 
o.x11 'betns excf.'ted, per inch, •• meaawo4 alone: a radius nt the 
&nplar aooeleratto;. {For e~le: J:: the 11nfiDZ' G.C~colnl'llt:S.cn 
1a lO G't &lo1ll ~ uta 'beina exc1to41 ~ anauJ,u acae:LozoA'IIica 
c:u exaee4 .a, O'• a'O a on• inch ra41ua troll the axi» ot the 
o.ngul.U aooel.eratioJS). l'he abOve Unetlol' I1D4 ~ accelen.Uoa 
UmiU 11~ to the l'at.ure aurlace cpiDI't ..miala tJ1e unit mczu, 
0"/U the area of QODtAat 'oe~voell tbe um. t &D4 tbia INZ'tac•• 
'~heft ai1&.U be DO in4iaatioa. ot ~ ~ mecb&Dical f'&Uure. , , . 
1\lw unU lll&U pua tU req~ or puqrapll 4.1.3 up()n ' 
c:oaa.PJ,niOG ot W1 tat, 
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(a) Wi tb the 'wbiDit J'Otor blocke4'" ••t.'bl1ell vi thin 30 aeconb a 
·~ state air veloo:l.tJ' ot 3Go Eta lAS aD4 nmove bloolrap. 
'J!ba \mit lb&U start AB4 accelente to ll,~ rpa vttb a · 
4500 VA (at .7, Jt,J,) loU. ap,PJJ.ecl Vithiu 4 seaonda fl'oa niiiOft1 
of bloclcap. 'l'he l.m1 t Bha1l. CODIP1o1:e ten 1uch atcta. ID ~ 
nf bloolce4 :rotor o:P41r&t1o= 1t shall. be pem:l.ss1ble to auc1de~ 
eJed tiM uai'i into the eat&blilllbe& d:ratrna. . 

(b) IJ;o1l oompleuoo of ten atarta, the \m1•'4 ~men tho rtq,utre-
. menta ot ~ 4.1.3. . 

·.• 

(a) With the turbine rotor blooU41 eat&b1111h Vitl:lin 30 aeco~ 
a ateD.q ataw &t:r veloc1 t7 o'f 360 Da .£AS &114 Z'tlllla"l'e •. 
bloalrD.p. ·'l'!w WU.t maU atarl an4 o.c:cele:rato to U,400 2'P11 • 
v:l.th & 4500 VJ. (:.'!l ·1' P .. Y.) load. applle4 vi thin 4 seccm41. 
~ Ul'li t ab.o.ll. c.:=;plew 10 1uch start•• Ia pl&oe ot bloclco4 
rotor open.tiaD f.10 shc.U be perm:f.a.tble to ·~ ·~•1110 ,tbe 
w11: into the estaWihe4 &1ratn-. 

('b) tJ.pcm OOII,pletoiou ot lO ata:U! thtl lm:l.'l: eaJ.l. meet thtl 
r&flUll'OIHD~ ot ~l:Jh If.. '3· 

3· '"; C!tnerator Perfo1'1!1C1once 

3. ,. ,.l. Wave Fcn'llt • 1!1e Cfttt tactol" &Del b&riiiODio acntom. Une-t..o•lina o.n4 
lill~t•to•na~.&t.ui ot thi outpu'll volt&p sb&U cootol:'lll to the nt~Uircmaeata of' 
Sl)eCU'1ca"tS.o~ U:CL..0-6099A• 

3•5•5•2 Sbort Circuit C&P&S!~Y • 'l.'hl3 (&OM'l'&i:= ab.&ll. be c:a.pc.bla of e~n1 
,300 pol'Cont. r4ted cun'ftt d'IU'1n.'J a Bin:Jl,e or three.-pi!Aae t&ult conditioa ~r tluoee 
aeaow v:l.thou'll 1lllpa1l-mezrt. of g8lWI'Iator aharactel'iD'IItea. 

3· 5. s. 3 Unb&lhce4 ~84 • 1he senorAtor ah&l.l. be ~ble of mHtiC& the 
fol.lcw1na =~·· nn requil'eJDenta ... 400 ape, us volta DCII1~.6124 ~.ctoe 
~· 'nia :p~ '!mbal&Dce ot l1JM voltap lhlll be da:t1Dtt4 .. 100 t1111ta ·t~Qii····· 
ma.xill\11 4ev16UoJS of tho lJ.:. vol.tcp fi'oll. ~ &t,'U&p o~ ~ tuee uu voltape 
cUV1dd. ~ 'tb avenp at the*- liD~ volte.pa. 
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3·5·"-·8 tmr ~tun Stan - ~ wi' llllall. 'bJ ~ ot "oelq ID'UA'te4 . 

I in a l\lit&ble Y1~tliiiiil d & at.liLU&N &11bien11 tearpU&tun of -6S07 _. uader;o i 
.1 tU :toUowiq te.ta: ."- i 

· ~ n.~te air velooitT ot 3l50 Jete :lAS aJ'l4 Z'eiiOVe 'bloolrap. I (a) With the tw'bine rotor bl.ocke4l CJ,~Ulll11h v.t.tb1n .30 a~~~~ a l 
-~ '!he uait. ~~ball ·~ llll4 occel.erate to l114o0 1'plll with & · 

4-SOO VA (at ·7' P.r.) l.oacl appl1e4 viWta 4 aoooa4a from nmoval. 
j or blookqe. lha lmit allalJ. c=wJ,ete ten aucb at&rla. In P+&ce 

ot bl.ookell ~ o:peratioa it llhaU be pe:raila1bl.e to au44euli 

1 ~. e~eot the U%11-b 1Dto the estahlilhe4 ul'IV.... ·, 1 
(b) UpOil complett.cn ot- ten start•, tbe umt shall IIMIH the require• f 

· manila of pe.rasn.pb 4.J..J, ·, ~ 

I 
{ 

1. 

[ 

I 
i 
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1. 
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3·5•4•9 llia Tearoerature Stan - 'l'he wit lh&U be capable o~ beiDS IIIOUJI.tecl 
1Jl a SUttablll Win m at a 11i1Jii.i1Hd. embS.ent tCIIIIPGfttu.l'e of l.6oOJ' Aro4 \l:ld.er&O · 
the t'Dllc:rl.ng teeto: · 

(a) Witb the twbiM rotozo blocked, eG't&bliell vitb1n 30 aecr=da 
e. at~ state air veloof.t)' o~ 360 Jete !WJ aDd. remove • 
blockqe. ·~·unit slla11 •tart and o.ccelerate to u.400 r;plll 
witb a 4,00 VA (a.t .75 P.ll'.) lca4 o.ppl1e4 W1tb1n 4 tecolkil. 
The \IJlJ.' WUl a0111plete lO such .tarts. ~ ;place ot 'blooked. 
rotozo opemtiCJl. 1t llllall. be :pe:nalaa1'bl.e to •~1111 eJect .tH 
\mit s.:a:rto the ••taWw4 e.1retrua. 

(b) t.'poG compl..tiCJl. ot 1.0 ttuta, the unit allAl1 liHt the 
raqutrement.a of ll~ 4-.113• 

. 3· '•' Oeneratol' Pertorraa.nce 

·~ 

3. 5. 5.1 Wave Fom - :!he crest taotoZ' and. ha=DDio c:outen-o line•to•l::.ne cm4 
l1lle•t()•no1ltl'Al of & output voltase shall conform to the roq.uiremenu or 
apeo:Lt1cation MIL-0-609!)1. 

3.,.,,2 Sbort. Cir.:.uit Capacity - 'l".b.e senera.tor llhGll. be QQGbl.e of a~na 
300 potcent ~ted OUZ'l'eiii 4\.odDS a ~· or thl'••~• fault condition :ror ~·. 
sHODCll vtthO\lt ~ ot IJ8ZiaZ'atol' ch&raotoriat.ioa. 

3· 5· ,. 3 'L'nbal.Auce4 I.o&cl • 1'he pnerator shall be e~ of 1118et1nc the 
tollowUI; unb&i&li41Mt it~fl requU'e•nt. a~ 400 cpa, 115 wlu DG111nal.an4 a,~ 
::pa. '1'2le pucut wbal.aAce ot l1De vol.tap allQlJ. be defllle4 u lOO ti.Ma ta· 
.aiC.iDNa ~&tia ot tho line YOltap !%011 tM t.ven.p of the tlll'eo liM voltapa 
divi4.1.1 by the "verap of the thr" l1ne voltapa. 
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-]
. (a) Wi- a 1,00 VA, l,,O f,J'; l 3 pb&te 1o&4 ewlte4 a'DA aa 

&441UOD&l af.JIIl,e phue J..O .P.'I. llne w aeutr&l loa4 r4 
500 VA aDd. lOOO VA a44e4 i2241'1'1duallf, the IIIUllll1ll value 

1 
l 
J 

I ....... 

('b) 

ot voltaGe un'l:e.l.ance aball D01I exoee4 6.0 pe2'04m'tl. 

W1 th the set~~tra.tor carryi%1(1 _no three P.. load, & dnslca 
~ .Une to nautl'al 1.0 P.r. lo&4 ot 500 VA an4 1000 VA 
ahD.U be &dda4 ln41v14~. '.t'h<t IIIG.lCimull value ot voltap 
wbo'Mne abaU 1:10~ oxcoe4 6.0 :percent. 

(a) 1-(:l.th a 3000 VA, 1.0 P.7. 3 :phase lod ~l1e4 an4 a.n 
o.Wtioual. liosle phase ltne to n.utral 1.0 P.r. laa4 ot 
500 VA ancllOOO VA added indivt~, the mu:l,m\.111 value 
ot voltap IUlba.l.anoe sbal.l. not oxcoo4 6.0 percent. 

3. ; • 5. 4 Generator Cool1n4 • Oene:ro.tor eoolinil dllrins operation ahD.U. be 
obtaind ~ :p1'0'11111n& a a\d.tible meana tor coflcWcUua the hoot troll\ 1lbe pnerator 
to tha outer shrol¥1. lea'\ nmoval. b;y means ot n.ra air coolJ.ll&, C:OOli!l& pol"tt, · 
Will. .Mil be utilizecl. '1'he IJIIIX1.uNm a.U.ow'bl.o s\UTOI.lD41:ns air Qmblorn temperat;uro 
wUD not. ~eratlq will. be 2~. 'Dl.a IWCiliiUin al.lCJvable ~C& tem;per&t121'e' 
V1U 'bo l60'T • . 

3·5·'·' Vol~e Regulation - '1'1\a voltc.p n~wr shall maintain tho · 
generator voltqe V1. thin thG limi ta o't t2. "' 11\lrlJIS atcaa4;Y state coa41 tiona &1W. 
between the 1'olloVit1S voltap lJ.lll.ita II.D4 loGCl c:oncU.tiona fo~ all dea16ft-04 o»-ratiftl 
•P"dl &ll4 nv:LrOlllllenta u a.e:N.ne4 s.zva:t.-B'1'D-2l.OA Chi· 1. 

CotldiUont 

4.5 IrA, P• f, • ·75•1.0 

Voltage 

108-122 

3· 7 DMwiEI!!._ • Al.UIIOD D1v1a10D ot G«<ltu•&l Motors vlU t'Urnillh to Geuaro.l. • 
Mills, Ino •. a c:Oilliil.ete eet of all&1neezotns 4aa:l.,;n dn.winp for the r= a.uo tUl"bS.ne 
pzseratozo, inal.uAi• • np1"04uoi'ble a tw print• ot eacl:l. 4l'&V1nl• 

3.8 Wo1.=t ot COI!Il)letlt Unit • l'ha max:L:aw Vlipt of the CIClllqJlate r• &l:' 
tuzob1zse pneH:tOi' uHii'bii liiii! not axea•4 4.3 ~· . 
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3·1.0 SoNY 'l!U'ew • AU ocmn"Ot1on.o.l. •tzo&isbt aonw 'tlan&d.a lhaU be tll 
accor4&ac• ,n, th fliAi ·requt.l'ell8ntl of apeaitioation m-s-Tr42. 

3·11 WOl'ljplan!b1E • '1M vorlwowlchi» an4 f'tnish o)J:I all ~ sl:lall. ~ ill 
o.cco~e Witb-Arsh era4e 1\ircrafi :gr&ctice. 

lj., 0 ~t:IAinY ASSUJWCB PROVISmfS 

4.l Acc~e 'reate - Acoeptance W.ta are those testa conductocl 'LV 
Allison Divid.on of Gecero.l. 1-totors, ou the :ram aizo turbiue S=on:tcr aae~ 
(requ1:ra4 ~ Gcmoral. MUla., Inc,) to demOnat.rata suitable q\11JJ.t;y aont:rol~ 
oor:reci; aaaem~ e.n4 pe:rf'Ol'lli&Me. 

4.1.1 .Ac:C'Unt.CY of' Data -All 1natrtzedtat1on shall be auitable tor ~· 
tuUng to be c0iiducte4 atia sMll JIO"Io be cl.etr1fl101ltal. to tell'll tol.ez'Ueea. 

4.1.2 Teat Cond1tiona 

i!..l. 2.1 C?,Pe:rcr.tina 'rea11 cond-t i'.:t-m" - AJ.t hats shall be cond.Uetc4 o.t 
O.PJ1l'ox1m&taly aea level. al.tit\Ldoa and iiU utA. uaecl to eat&bl.iah pow1u• o\Rp\111 
th&ll be co:r:reote4 to NAClA St&uu:kl.r4 Da.Y aoe. level. condition., All &il' velocS.tiae 
apeoif1e4 ho:rein are tratt s1:1'!!all 8D4 all tunnel air veJ.Ociti•• uaecl tor test:Lns 
~thw.ll U. 11\lui'<-..l.eat to tree at:reem velccitilaa. The teat sbG.ll. be onn4ucte4 a.t 
ambt.nt tem;perw.turos. 

11..1.2.2 Mount1gs • 'Dte 'Lin1t lh&U be ~d 1n & aUitabl.e Vlnd tunn~ 
vf.tll ita axil oi' rote.~ion puallel witbin J.O to the 4irect1on ot ai:ro t'low, 
Mo"wltill& taciU tiee &.:re to :b.&ve n.sli;i~le d'tecat on poVft' pertcnl&ftco. 

l!..J., 2, 3 Oenez-&tczo I.cads • The 1'ollowi!lf l.oa4a RaJJ. be Utocl '!01' dote:mtn1111 
the per1ol'lll&l10e of' & \iiilt 4\ll"iD& Yin4 twmol tell"tlna. 

Lo44 I • No 10&4 
IM.4 It ~ llBJ.anaed 3 phaae, 1700 VA at l.O n 
IDo4 III • llal.!l.nceA 3 phuo1 3400 VA at 1.0 PI 

4.1.3 'l:aet Metboc1J • l'he follortns to11tn ahaU be po~1"11led on t.he unit. 

4.1.3.1 l!al&nce - 'l'he Wlit abcl.l. be teDto4 !Gr ~c UDb&.l.Ance· ~e 
~t ot unbalAiiee of rotatinG cOIJil)Onenta aball not exoeo4 0.01 os. 111· 'l'he 
lllll&sure4 vibl'&t.iOI\ uoe1era't1tm ot tho unit Ceu o~rate4 within the specified. 
sovel'nins rps Z'8.11P, at 300 KEAS., an4 load I appliecl 1b&ll not exceed 40.0 G'•• 

4.l.3.2 Govemn.s • '1'2ie unit lhaU be su'b,1eote4 to tbG tollovf.na ten 
ope~oaUona 

(a) Witll I.oA4' I G.pplie4 to the UDit, 11W.'eue tile air velcait;y 
•..a 650' l:t'tit J:AS llilliZ\1111. 'lbe un1 t J'Ot&tional apee4 shall 
DOt IIXOeN 12,90() l'J:IIl• 

J 
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(~) With Ict.4 m t.pplie4 to the unit1 deon&DO the air velOai~ 
f'rola 650 KU EAS to 300 xts lAS ~ 'lU \1Di t rotational. 
lli••4 shall Dati be lea• ~ u,400 rpra. 

(o) 

(4) 

(e) 

' ' W1tll Loa4.. IIX a.ppl1e4 to the \Ulit opel'at1n& :1.11 an air velocity 
ot 650 leta EA8 lllinim11111 1\lcW.e~ ~ Lcla4 I. 'lb tl'au11111t 
l'Ota.tio~ e:9804 ot the unit. llhall be w:l thiD the ll1111 t.a ~ 
lO,Boo to 13,500 rp111 an4 shAll ret.un to ·~state co!l41-
t.iona wi tllin 3 soaond• oi'ter loa4 cha:ige. rho stea~ stAte 
rotAtional 8llH4 ah&U be 'v:ithb tho Ulllita ot U,400 to 
12' 900 %'PI• 

Witll Loa4 I applied to the unit operc.t1ns in an air voloaity 
ot 300 l'Ctl EAS minimum, suddonl.)' ~_gply Load III. The 
t.:a.'tma:I.Gnt. :tot.ticnal. Qlleed ot tbe \mit sh.a.U be within tba 
lilld.ta of lO,Boo to 13,500 r,pm a.nd shall 1'01".\ll'n to ·~~ 
stAte condttiona within 3 oecon4a o.ttozo loa.4 c:hG.np. 'Jlle 
c~ at.ato rotatioCill. speed eh&ll be within the limits ot 
u,4oo to l2;900 rpm. 

Vlith :U,a.cl II n~lbd to t!lo c:dt, :::lcwly :l.ncl'QGao tho a.:l.l.' 

veloci~ to 6,0 Kt• FJ.a m1nimUIII1 then slovq doc"'-ca<J tbe 
a.1r veloci~ at .a. Uill.:fom %\\to. '.t'hol'$ rJbc.U btl no ov1df)neo 
of aovernor oaoill.t.t:l.on above 300 Kta EA8 minimi.U· 

:..1, 3· 3 Vol:_"t!e llceylat.ion • 'l'ho volqe rc(IUlatt4" obD.U IIIAintl\in tltu tr.orwn.tol' 
volteso V:l.thira SllmtiOt P.!.~ durins ateaq stAte c:on41tione D.l1t\ botvcon the 
apeoU'io-4 vol.t:qo limits J.OS-l22V durtnc All lo&ds and op«nutiJ21 ape~:;clu &Jl)cac:ttiocl 
cl.tU"inG tea111ng &I outlJ.nad. in :P"~h 4.1. 

4.l.4 llctjac:tton c.nd notor~t .. It tho unit docas not .oau .. ~ rcq:.;~.l."CCnentG 
ot pArap-l\ph"!i,l.3 b ahili be reject44· A roJeatod unit~ 'co l.'Glro~·l:cd or 
hc.vo pGZ'ta replaced. to correct tbo det'acta, e.nd. rosubmit.tod for o.cccptt\neo. 
Ful.l. .{JIIl'tiaul.ars oonoczonina toat reJoo~iona e.nd. tho e.otion takon to .:Jorrect the 
dat'ecto i"'UD.cl. J.n tho ori6f,no.l. unit. sbo.U lle 1\l:'niab.Acl Ooneral 1-tills, Tnc., \l:a;on 
OOJIIl)letion ot the te11tins• 

4.2 QunlJ.fi~et1on Tt!sta - Qualitication 'l!esta ara thoae teato act101al"UIIhe4 
on the senort~.tor uslilllbli to d81li0Utl'&te au1tab111ty for prod.uot1on. Tt.4 pDU&tor 
U801Abllf to be aol4 to ~ral Mills, IllO. ollaJ.l bo :!.dsn"~;ieol iJl ma~f.al. aD4 
wor!ananllhip to aillliJ.u f.'Mio81'&tor aaembllee 'IIM:ll :t:lave pc.sao4 q\I&.Ufioc.'O.toD toa'N 
to~ pro4uoUota thereb7 ;p:oealwdin; An¥ nqui~ tor auc:h teatt on tb1a 11104el. 

4. 3 Roporu • A oOIIIPl.ote reaord slSal.l. be kap11 of the l'1'081"ee• and re•u1 t• 
ot ..U teats. t;Ou oompl.otion of taatiftl, a ~ompleto t.a11 l·~ ohall be pre• 
pared. &nc1 tlu'• copies subllitte4 to O.nnal M111a, Xna. ro. 11.17Jnv.l. Ge!sal'al. 
M1lla, Inc •. aliiO raae:rve the rtsbt to l)roYille • witneat tor ~ or aU acceptAnce 
testa. 

-·.i •

! 
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5.1 PackD.sins and. Pa~:lds - 'lb unit fha.ll. 'be package4 to u!IJ\U*o arnV&l. ; 
at tho deatinot1on in A cloGA o.c4 ~ocl con41t1op. l-lhera AP»llca.ble aU : 
oponinas, mcunttna i'a.c•s, an4 extel'llAl oxposacl parts ahall 1» provido4 with 
std.t.a.ble tempcn"al7 coverinG• to exclude dirt And p1:event d.al!IAB•· AU pro"ot1ve 
coven 111uat be ot a contig~.~r&tion tJI.a.t prohibita aaanblf vitb ma.tins parta 
wi tl!.ow r011l.Qv1Jl5 the cover. 
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· Sl?l!d.f1catt1ou 

AJfozoJIIS1:&D4u'U 

MIL-B•521S 
Mif...I'..SsQ. (.ASCI) 

MS-21+478 
un..B-¥0110 
MirA-98;8 

3.l. JWJ!o .. 

ne.mJ!ttm& 1 ~ 
!Ooi .. ml i'lti:Up ' . \ 
~'ria~ 

.l'nma&Ut S)'ata CQJQOZ~i~Du1 OeDel'al. 
a.,p 
SoleDo14 

t;na.U tJ' COII.Vol. ~tea 

b wio pv,poae ot tlle •11''- :ta to at.on 4:1:7 Dit%osea u:a4el' 3000 :pal· 

:pna8Ul'e ad. pr"OYtl!e tale •••IAI7 w.lYOa &1114 ft&1&latozo8 t= .aft ad •tt:f.o.f.at 
CODt:ol. ot tb tl.t:nr ot Jd.Vo&ae -:presnre iD tile norap veasol ta raa• 
ulate4 to sive a coutuo lll.aoli.U'p pz-eu~ u the DitropD 11 \lao4. Val.vea 
are pov144td. tor charslq the 'lfi8Ml1 raanual 17 m4 .a.eotria&lJ.T lhuttf.DS oft tlMI 

now, :tlolliq ai~ t1azouaJa tu :reauJ,&tol' tol' ""'~ p=;pctefl, 4lnd 

rel.in:tDa exaeaa :pl'tlllln to the atmo~n. IHIIUN P\IPI "t prov14o4 
u;at.reaaa ad ~trea .ot tU :epl.&to~> tol' cUqlq U4 flow re~Jil.&1Wm 

~ .... 
3·2 De.Sp 

TM D1 tz.o;a atonaa &114 COilUo1 111tea lh&U oo=n w the &»»Uca'ble 
~iou ot the 4r&Vi111J 8134 •JtOiftcsaUou Uate& ll.aeiD I.DI. tle 4o'Uoil 

req,\d.JWDent.D 0~ tbU lpeQf.tiO&tion 10 U to Mt1lJ. 1:21.8 J\1Z'JOII to: wbic.\ 

i tl 1s :bltaa..l to 'ot UH4. 

3·3 c~n• 
1'lMI •rates oowau ot tw maJOr tuba$...We•J t21.e pnea\IH vuHl 

Ullll~ &D4 the cumtral. "'al.YII &IIICbl¥1 1Ciob u• ~·•' of tM follcviD;: 
3.3.1 PNIIUI'e Veltel AIHU17J 

,. 

l 



Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, Section 3.6 
IJate: JUL 1 9 2Q1S 

~--·--~---------------------· _ .. ______ ._. _______ : ___ ._;_._·------~/~! --------------~ 

lf ELECTRONIC-DIVISION jrCJenerai"'J '. SHat+\ """3~~---lr..:IJ....__ 
I! ~m~ Mflls 

''" CIN'I1U&. ·~ "",.....,._., ra, .. , ___ \.: ".) A!L.IASE DAT~-------

~ INGINU:RIHG DIPARTMINT SJIICI"CATIOH-GHB • 29lQO .. 6$ 

l . 
I 

( 

f 

J 
Mil ... 

Boldoi4 V&l.n 

P.N.a~ Jlepl&tolt 

JI1p PretRH Rel.i .. t Valve lo. 1 
tov Pre .. ure !el1et Valve No. .2 
~ Sllut ott Valve 

Oace • !iCOO :pai 
Otase • 200 :pa1 

Cb.up &1:14 Il:ra1C ,\Valn 

Cl'OUII4 Cha~t Ul4 C=trol V&J.ve 

SUitable Pre11tWe Co=eottou • 

The P'NSIIW'e veasel en4 control valve Ulemb.UIII ua.u 'oe 4eDiCI104 to 

1'1 t iD tbe llilfoC• l)l'O'I1484 •• lhovn on SXP.9100-677. 'l'2Ui &n"a;:1111118Jll o~ the 
CCIIIJOZlfl:ratl &till outline of the qateaa Q.GG-Qmbl;y allall. be at &bow oc 23llW6 
aa AJl)J'OVe4 b1 Clcel'll MUJ.a. ~:he oompmezna uU1.l be 'anazrao4wao that tAe 

· s1'0\m4 a:w call IH tu ,....., ·Mlce U4 bJoeak 1:ba el.utria&l. U4 pnasUH 
coueotiou, an4 e.4Juat. ~ mu.ual. lhutott val.~ !lll4 :pre1wro rqul.ator, 
all. ftooa tM &OMII ~. 1'.ba axit. po1't Of tile qatem ~ 'be & MB 336"-8 
Style I tltttaa PQ1cte4 1A the 41ftott= of 4cwn.tnat co=eotor. 

3.' 3cviramuct&l. 001241. tiou 

1'he •:r•t• aa &a~IIW11Dle4 lll:wll. pc.torm I&Uataetonl.f vtum au'l.mtte4 to 
tU toUov:t.ng acmdit.t=Jt 
3·5·1 T~ature 

l'ht ambie~ temperature lUP 1• .o, r to ~ , • 
3·5·2 Aocelerat10G 

The 111U111m i.Duttalload.i%2411 ue 10 ., .. 112licll _, be ap;plie4 

1c &D7 dinottora i-elati w to thla 878t•· 
V1bzo&UOD 

The ~.,. Yi"bratioc tr.quaDc~ ia 2000 qolor.t/llliA'.Ita 111tl1 a I!Quble 
~it•J4a 0~ .020 inch. 

,_.,,,......_ ......... ._,...__.........._.., ___ ·····•'·'-•···~ ·······-· .... ·-·-· -·--·-·· - .. jl 
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Ccmd1t1ossa at 0 to 70000 :t'eet a1Utwle &114 aJ.l. ooadltioU ot :rtla• 
Uve llllld.4111 fro~~ 0 to~. 

3.6 P:'eaaure btiq 

~ sJSt• eb&U operate ftt a naafnat l)l'Hsute O't 3000 ,pa. All coa
pount.a allall. be ra"tec! to opc&te at thea :re~ot1ve :FeU\1%'8• a.DlmMt a 

. FOOt Fe•aun ten ot 1.67 u.a tlw o,pen.t1q :pna!NI'e au4 2.25 ti~N• ~ 
o~n.Uq preaii'I.IN 1'or 'b1.1n11· 

Externalleal:Aaw lh&U 'be .zeZ"O at am'tl1&t to +250 ~ et4 110t liON tbu 

l..O co a~ .UO PC" llliwbo r.~ -"' 7. ~ iD:tel'D&l. leak.ap 1a .o:Lft.a 
~ the 1Jid1..ai~ co:IIPOUAt8. 

1'12e qata allAU be eapa~ ot .,~ a nov ot 25 SOJ'M Vi til. tbe 
ialet ~II'UNS "'U7i'lll t%'CII 3()00 to ,300 psi; arJ4 v.f.tla &8 ~t PNIRN 

n.qe o~ 1® to 30 PB1a plus 021 III1JWs 1/i. 

nw U41vt4UAJ. ~ lll&ld.q 19 the oonVol val.v• asael\ll>l;t .;:uri 
llllet tbe toll.avt:lc Q~ecifteat10Jl81 . ' ...... 
4.1 SoloA014 A\3 Oft Valva 

I' .u.u be a ~ cloae4. u.iJlta1Jie4 GOD~ val.ve, Z'llteJI m COGttll• 

uaua 4ut)- at.~maxilal op«rat.Ua GOGIU.Uou. It aJia1l. opn1 t.t 3000 pt:! vitla a 
!lllt'd- Oun'C. OO~A o~ 2 11o111P8 ri.tll f.l' to 31 VOlta 4•0• applJ.ttle :be V 
V&l.ve llaa.U ,..... a,pUoQla :pol'tf.ou ~ HC.-1-IiOIIOt D -..t ,.._, a now 
ot 25 SCJM 1d.tl:l. 3CCO pet to 300 ~1 at the Ulet &'114 preaun 4zop CGJ!~Ptot:&bl.e 

vital tU aynea pvt'onuce o~ th.f.• B]Mia1t1cat1oza. :be &Uowa'b lt illtU'tlal. 
leakage 1a 3 oa/b.z tzoo.JOOto 3000 upetreaa peaau:re V1tll tb vaJ.n 1A 
the~ alo.t.t poe1t1oxa. •. 4oa!p .al:laU be t.£1 a&h 1A 'tile oloae4 

-·. -~ ··- . . ' . 
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~a1-d.on 

'l'he eleauical co=ector lh&ll. be a MS3J,063 - l08L-4P. ~ Y&l.ve 

ab61.l. be deesiped. to Y1tha~ a llliaizmzla of ao~ooo 0101e• of cl,gae-opu

clD• Yitll a 3000 »e1 11~ :prcann. 

b repl.&tol' eba.U control. th• outlet pnaau:re •• a •-' value Y1tll 

an ~•or ot ~ ot t1M aet value, tor aA blet preaaw.oe rep· ot 300 to 

3000 ;pili Ad. with a tlDv :rate of fl'om3 to 25 SCJ'K. Pro'liaioua IJbGlJ. be 

I:IIA4e tor ou\l.d pnaaure ~~ withiu tile rap of 30 to lOO :P•is• AA

juat:ma= wat be ac~ahe4 witll the qatea ~ m4 lhall. ·bG aecUI'tl4 

to l:aol4 114,1urt:lellt under tbe madlluaa inerttal. l.oct41qs &D4 vibrfltion c0114:1.t.tou. 

:No looiNp pl"''''tld.ou azoe :requirN and 1:be taU safe coa41 'tieD. ia opea. 

SbaU be nte4 to o:r&at at 3"--o pa:ta IIIAX1mUIIl1 reaoat at 3l.OO vsis 
:a:tntmm, cA ~ a llltnt=- of 5 SCFM &t 3500 pc1g. ~ ah&l.l. be Ill) :.ru1N 

J.eakap below on.ok Oil boreald.n& 1)1"ei8U&'ft U\4 :rea eat or aecnaaua ;pnlll\ln. 

~.~ Lcnr Pre11Ul'e Bellaf Valve Ha. 2 

Sh4lll be rata4 to a:r&c.k 150 pais mo:dii!U!I1 reaea.t "'' UO :puis ll:l~Wran1 
e.u4 ~v a lllailml ot l.O SCl'M at 17, ~&iS• !rho~ ah&1l. 'be za~ l:::&L!£<3 

belov c:n.clc a t;Dcreadzl& ;pna8\U'e aD4 reaeat o:o 4ecnui:as; :Ol.'C.$GIU.'Co 

OpeJ'ati~ pnaa='e 11 rate4 at 3000 ;pd.. n ahal.l hml.41a 11711tea f1rN 

rat .. Wit!l a •hl'f,.... -.,ubal.eut orifice ISiamltv ot .l, tAa• ill • hU¥ o;peza 
poatticza. 'l!Ae v&lue ftell au tembate fJl & ux lOcket for ~4 ~ cptl'• 

atiDn. T1te i:Atc'D&l. ~ •ual laot ezcee4 l. oc~ -d. til the ftl.w 2.D · 

tile WMcl poa1ti= aD4 3000 :pd upa~eaa Pftlllur•• 'rM valw zmst. !lave 
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It ahalJ. 'be caUbz'ated 1u lOO ps1. 1llcl'el.wlt1 and be acoum~ to plus 

0'1? !.d.zlu SO 1111. cn-cr 'tU tu1l. seale. No laalcap t1'0ll tbt i:l.teftAl to 
tU atmr»phe1'e ::L1 liU!Iitte4, c4 the caM Bbal.l be ooutruote4 so tb.d 

exteraal. :t'lu141 allall rl01I eata'&'. 

It shaJ.l. be co.Ubza.W in 5 pat f.narCD~ata a:l4 'be accurate t4 

p.l.us o:r m1mul 2.; pai ovu the f\.'ll.l. 11caloe lo leaka4e 11 :pemit·te4 to tb.e 

at.moa;phce, &1:14 the cue llbaU be aoDSt:uote4 fk\ that exterl:i&1l tluiclo 

oha.U t101l eute!'. 

1'b1• valve 111\l.Gt ~v::L~ aee.Da o-r F&S&urizilJG the atmaae veaiiOl to 

3000 pg at • ~ n.te ot J.' SCrH. The wlve .f.a~:.thut ~ uill8 ca 'WrOACA 
IW1 llhAll. ll&ve ze%0 la&kaf:t~ tJ:o:a 0 to 3000 psi. Prov:Lof.on• i'l!P..U 'at wde 

ao that. th Vlll.ve C4D be uae4 to blto4 fluill f'rclm the 11Wnl£G VIIQ~;IIJ. A~ 

peaauro• o~ 3000 to o llli£• 'lbl valve 111Ua11 IIIAte with ai:a ABSJ.8 liLlt a:A4 Ali8l.9 
lleavt for cheao&it~~ ~\U'l)Oies. 

~~ va:Lve uau 11en1t' ~· q~~toa to ~ F•tntvS.m bOll a IP'0\124 11011l'Ot 

iA ozodc' tha'\ tllt Z'G{P.Ilatl<n' outlot prea8\\re f1lBit be ~,. ted.. 'r!IJ.as valve b 

to bt ~ 10 tllat tU aro=4 ao\U'ce nivogq Y.Lll elltc' tu s;yrrttlll i.zal:le41&~ 

\Witl'eazl ot tlle 1'01\111:!.1:01'1 'Vill t.l.ov tbrnush the reiJUla,t=o a4 P'Ut the loW 
m11s't 

pruaun pqe aZI4 M s.nto 'the atmosphere. The val:ve•al:nlt oft tlQW to 

&:r:f CCD!POZUUl'b ~Of tl:le l)'ttea 4w:ina 1ta ~ticm.e ~ fti.VII lh&lJ. 

be UZNII~ lbu,•.:otf '41'Ja & lll'!e4 'llnlltll:l 8114 uot. laak OJ~ otMniA &1'ten 

t11e f'lmottcm of tu ~ autcu.t1-:: control ~tc&. ·::!he valve &:L:7_l ~t 
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• tl#l ct lS sene 'I:Uoup the :reluJ,.tor 11beA 2000 :pli u wp;pUed. b'Cia tbe 

sroun4 •oure•• 

~e ;pMsaure vessel uaem~ shall _provide a J:NC&.na o~ stori~ dry 1:11 txooa= 
g&a &t ante& Ol)el'll.ti!IC l,XN8Wrelt The vessel ch4&lJ, iDoo~te intltl!.llatf.OD 

lliO\m~fiS i'~,d.a1ou t~ t2:1.e caDtzol valve aa8elll~ AD~~ t2:1.e • · •. • • ll)'llteta . 

e.tt&cbller1't poiDta. ~· t&:N:!: bracketG opBCQd at 90 <le~e 1ntervala arOUD4 tllo 
c1rc\IID.teroz:.ca ot the p:easure nasol. OD a 15.000 inch c!iamcter bol.t <Urcl'! Ghall 

be al.otecl ~~»" l/4 • 28 tmJi' bo.l ta to Gl.lo1t for expu.llaicm d1a1%2s :t'l.l..l.iJ:Is; ot: the 

vessel. ~.e number ot bn.cteta 8hL\l.J. be kept at " lldl1iltu~D. 1'lul wld heoda 
aba1l be h&ll.4 to a mfn1mllll he1i:b:b above tl1e s'Urtace ot the vassal a.D4 shal.l. 

be !reo ot ~ aU.rp edsea wi.r.h wuld tnd. to ~ the he&tU3 el.etAeDt w"a1cla 
vUl be l.a.<:e4 to the exterior- ot the vaG.wl. 

~. volU1118 of' t.hct pressure YWtulel. sll&l.l be at lea.at l.4So cu.b:i.c im:b.es 

a.n4 1. ta shape sb&ll cODi'orm to tho outlJ.JIO dravina SX...~l00-6o6 ~ 'l'A'roo 
~ 23J,J..Ll26. The veaael.,sba.U meot tho !).ppl1~bl.e :portiona o'l MIL·.R-8~3A 

except gun:N.re. 'lhe waaol. t. t1.P• 30.J1.0 Clo.ae !. 'Die seotiou ot MIX.-R-8~3A 
(ABO) whl:l. ue DQjj appl1ca.bl.e tor thta ~~~tion a.r• ·I:I:Le !ollo"1.~: 

S~tet.tcm 

1.2.3 
2.0 NAVBlttPS NO. 250...692•2 

3ol 
3.4.l.l 
3.4.1.2 
3.4.4 

. 4.2 

4.3.2 
4~).; 

4..4.:; 
4.4.;.a 
4.4.6 
4.4.7 

D!!ecr:l.;pt:ton 

~ius 

Subctituta veU per MII.-W-&Sll 

Prep:rodQot:'.rm sql.e 

FormulA 

Formula 

Dl'&izd.n& 

Prepro411ction 'l'tits 

S~'l'oata 

r.o.t•ot10D &124 r.teri 
c~ 

Ext:ome 'l'e:qp01'•"Wn I.eakap 
Phyaiael 

Intl2'lllll. J'i:d.U. 

I 
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Prepara'tiOJl tor cSellVU')" 

'I Ou »r•••ure veaeeJ. ahal.J. "co bv.Ut to tlle SeD~ aelisa ,,.. the qatera 
W.lo\~ An4 tUil e~ected to eyollng IWd. lrurou teste. 'l'hl cyc:l.bla aUl.l b1 A 

~ ot 500 eyclea ot 200 to 3000 to 200 pili. The bUrR t .. t lb.all o<m

ai~ ot :prtlaa\U'iaizls tba vaasel. to the ;poizl.t c4 'b\U.'at aA4 "~the b\#l't. . 

~'ISUH 4lld ~ ot :t'Ail.ure. Xt the tea~ vpallal tau• to JIH't tbe %'0~ 
~ burat p:retGUN ot 6667 pat theA ~vco ah&ll NAeld.ua the v .. ael. 
&D4 • 

:n:aza uotl1el' b\lrat telt. ' 

7 • 0 't'C'l'AL BlB'EK wmoe 

'lbe YeiaJlt ~~ ou ~te asaembl.e4 aystc aball. ~ ex.ooecl 39•0 po·~· 

8,0 CtBAlO:NQ fa IJD BlS'l'Dl 

Wl:L1J.- .. l«<lbllt4 the 171'tlim wU1 be clecme4 perl.o4S.~ e.nd .aud 'oil o.ble 

to .. ~.th~ •••w:. to ~ :t'l.oodina v!;l.b. the toJ.l.Qv.tns o,zCl.·,·~a, vi thout 

r•~:l.J:Is t.he 1\mcti~ :L'falJ.I.'bS.l.1.tJ' ot tM syatd. TM ~r1a4 ci li<'.OO&:~a 
11 l!llltiml.to4 to be n.ve ~•11 at "'l1 ODe t1.111s. 

6.3. Cl.e&JlUa ~ 
8.1.1 
s.~.a 
a.~.l 

a1a 70 r. 

S&t\u'atell. atea at 2~ r. 
Fo~~ (BI:xo) at '70 r 
~ aol.ut1on (CNIIl~o ao14 plua ortbo·~~1 1.214 IOt.P) 

a.~.~ Roooa.l. (Al.leyll 4UiatlqlbenqJ....-.miWI ~141), & q;uata~ lildJle 

or "q;vato:IIIIU7' UIIIOII.l&". r-. 1a • :PJ'OClvtl o'l IIUtb.to)-8~ tall., 1Ji.50 ~ 
,,.~ • lf.w lon l8, Ner Yon 
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All. metal.. apou4 to thlt mllbimt wat 'be eitlla' st&tl:&lu1 steel. 
~81vate4 JilV MIIAJ•;oo2 o:r ~ llll.o7 anc41zt4 Pd MII.-A..a62,. All. 

elutcmera ~aecl to tbe ~tct IIIUSt be CO!IIp&tiU. with the ~z:~ta apoaU'f.IICl 
lD ~ 8.1. A recomendod ~tcu:r is MiJUIOIOt& !ub'bG 111 compolmd 

366Y B1ma •· 111 ozo = ~q,U!ftlellt. 
lO.O~Ol'f 

All COIIIPOZIGDta ~t 'be idont.itiod. :pu MII.41'n-l30o ~ ~toe l''"' 
lll.uat bo lestbl.e am acShen to the 8\ir!aoe on WS.cll t.hq ue ap;plJ.o4, \m4or 
all con41Uons ot tMa epoo1t1cat1on. 

74\VCO ~ prov:f.lle U. &l>FOV84 q,\IAll '1:1 COD1.'1"ol qatera 1n accol"4ance 

vith MII.-Q.-9858. 

Bo.ch ~:.OJI.t I.D4 the ayatG 48 4 1dlole llhaJ.l be subjootell to the 
~ teota dvtq t2ae CIO'IIr!M of tl:leu man~ea 

1'.WI t10Z!Al. Cllcak 

Pro.,f boatuzoe 

l:.e(lm.Je ~&t Optn.t1DI ~HIIINN 

ID';OI"UU a= :t'1%lllo1. i.DgpoctiOD 

Rc.41osrt~ol'!l ot AU volda 

J~ux at all hnoua e.11o7t 
'fmtiaa.ticA ot aU !lea.\ tftatlllacu ot me't&la 

!ur~t Pzo~anre ( Ou veasel. CDJ.7) 
TAVCO ab&U tluoDiab. e. cert.ltie&UO!l thin aU COD41t1ou C!f1 Wa •c-

1t1c&t1oza ban bea ut. 'J!AVCO lb&ll. kHp nOOJ'b t:4 1111 tewta~ to be &vail."' 

~ toto bsapeoUoft UJ10Q ll"'9'l.w.t"'• \ 
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f'LIOHT 'fE.Io:TS ('I~· .,~'l'O'fYPii: .-\I)(J IN~ 
3W KPRA.Y 1'Al'".' .• l'HJl A-4C CA_.D lN) R(RAFT 

• 
INTJI'JtJM R&;POR'l' NO, 

NAVA.t. All\ 1' Jllll1' 0 JlN'l'J:h 
Wl~AJIONI 8\'S'TJCM$ Tlll$1' tltVtt;\ol\ 

fJA1'UXJ!NT RlVlllM, MAI\Ytu\Nn 

rl-1 

i 
i 



i 

I 
I 

I 

' I 

I 

' 
I 
I 

I 

Page determined to be Unclassified 
Reviewed Chret. ROO, WHS 
lAW EO 13526, Section 3.5 

IJate: ·JHL 1 9 2013 

:~.! .. 1M. ~·-J.,-4 -153 
Wf:1''j::.• 4 80Z 

a~rpla.n~, :o • ,.tl'lrmine if disseminated powder (talc) had come in c·::>' ca.c: 
with ~h·:: ~:, i=>c<~, Prior to the teat flight, a satisfactory !unctiona' r.est wu 
perftH•f · · ..• it• t~u! spray tank mounted on the teat airplane. Thi!- 'lclud=.d 
both a~:n' ·. a. :t: .t:~ 9t"'!tni.nation teat•. ''~ 

6. T!t:• ~:r; .. ,. : i~nk functiC\ned without a mechanical discrepam.y dn nug <·. 
:i6-min.~"': ·'~~· flight. The only electrical diAcrepancy noted durin!. the fligl-.t 
walt i;..- •:;!.:. · _:::'! i~~ht which Uhtminated momentarily each time t;·:t die
&GlHi!lctt .:m prr,~: ~f=l'l ~"" i"it;atl'!•!. Ti':.L:> !c!u-::r.~":\l'lCV h,.,. ~r:· 3-~;..:.z.::·,,~ eitli': t . 
on the d: ~aemin~ .i~:: "•;d wc..e. nut C!1j•.·ctionable to the pilot. Twelve diaaemi- ·~ 
nation• .i."lln• WP.re made OJt altitudeS i~om 300 to 2, 000 feet and 350 tO SZ:) 
knota indicated air•peed (KIAS). The di~t!olemination. period was approxi~ 
mately 45 seconds for each of nine runs aile on three runs the dissemination 
period was approximately one minute per run. Dissemination occurred 
while the pickle button, located on the left side of the control stick, was 
depreued. The pilot noted a slight h.1.nd discomfort while keeping the p~ckle 
button depressed for periods of time in excess of approximately 45 seconds. 
The correction of thh discrepac.,;y 11hould be considered in future design !or 
improved service use. The spray ta•.1k and the test airplane maintained tJ·e'.r::. ., 
structural integrity during tbr.· C&J.•Live flight porHon of the test to 570 KU.3 
and 0. 895 Indicated Mach Numbez· (IMN) irt l g fHgnt a.nd during normal 
accelerations from 0 to 6 g 'lt ~BO to -1.30 K;AS. 

7. No unusual ground 'undling or flight characteristics were encounter~d 
during the taxi and n;~ht test. At 570 KIAS and at 0.895 IMN, a slight nose 
down pitch and light a.irframe buffet was encountered. However, these 
characteristics were not considered to be deficiencies.· Results of the test 
conducted with the "'pr.\y tank on the A-4B airplane are considered applicable 
to the A·4B, A·4C and A-4E airpla~es. 

8. During fo'1!:tf:ight inspection, no evidence of powder deposits on the ai.r
plane were dl•covered. However, the three strips of lightly greased o:td-
nar.;e tap•• wo:.re not on the airplane after the test flight. The underside cf • 
the sprai lank aft of the dissemination nozzle had evidence of the talc, and r 
the ins~r:e of the dissemination nozzle fairing was heavily contaminated. 

9. ~.lt~·r a limited teat with the GMI dry agent dissemination tank syster;,, 
\t is •:on:::luded that: 

a. The GMI BW spray tank is complPt~>ly r.ompat;b}l! with the Aero 7A 
.-:-·•;.terline rack of the A-4B airplane (paragraph 3). 

b. The GMI BW spray tank d:;,e11 itt satisf. .dvt•ilv un ;.~,~ ..i1.ero ZOA . .,..;ng '\; . ., 
racks of the .A -4H a.i:!'~,~~~~ l~ragraph 3). 

c. The contractor's control panel for the GMI BW spray tank does 
aatidactorily fit the A-4B cockpit, was easily readable and conveniently 
located for pilot use (paragraph 4). 

B 3 

Best Availabfa,Qopy 
.... ...,. 
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r~-:onund function tests were satisfactory {parag!'aph 5 ). 

"!'!\e eyetem functioned satisfactorily at altitudes from 300 to ~. 000 
feet .. !'l•' ;~i.upeeds of 350 and 5,0 KIAS for diuemination perioc1s o! '\pproxi
mat.:• • ·:-; .~nd 60 seconds {pan.&; aph 6}, 

f 'T''ht! GMI BW spray tank· ca.:· be sa.lely carried at airsp~eds \~P to 
570 Kl ~. o.1r.d 0. 895 IMN, and cr·i ng normal accelerations !rom 0 to (. g at 
380 tc ~: ='• KlAS (paragraph 6). 

· g. 'fhe GMI :SW spray tank do's not cetusc .o.ny unusual taxi or Hight 
characteristic• (paragraph 7). : · . 

h. The GMt BW spray tank does not deposit spray powder on th~ A-4B 
airplane during in-flight dissemina.hon but does leave deposita or- the !tpray 
tank !teelf (paragraph 8). 

i. The results o! tests conducted with the A· .-;g airplane t-1.rc ap;;Jlcable 
to the A-4B, A-4C a!'ld A-4E airplanes (paragraph 7). 

10. It is recommended that: 

a. Elimination o£ the requirement to keep the p1c.lc:le !Jutton deprt•!ued 
during dissemination should be considered tn future design for improv~d 
service use. 

b. The GMI BW spray tank be cleared to the flight limitation des•;rLbed 
in this report. 

c. Further testing be conducted on the wmg stations of a suitably cc;,n
!igured A-4 type airplane. 

JAMES E. VOSE, JR. 
A<. ti ~.g 

8/ G. H. SULT 
By .:!.!.rectic!!. 

Best Available. Copy 



DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: WILLIAM B. BUSH) 

8725 JOHN l KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 

SUBJECT: OSDMDRCases 12-M-3144through 12-M-3156 

AUG 1 2013 

At the request of , we have conducted a Mandatory Declassification 

Review of the documents in the above referenced cases on the attached Compact Disc (CD) 

under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 
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April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




