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ABSTRACT

This Tenth Quarterly Progress Report for the period from September 4,
1962 to December 4, 1962 presents the results of continued work under Con-
tract DA-~18-064-CML-2745, "Dissemination of Solid and Liquid BW Agents®,

The results of the studies of the mechanics of dry powders are die-
cuased under two headings: compaction characteristics of dry powders, and
the behavior of powders in the compacted state. P{ntely theoretical studies
are presented which agree with results of expsrimental investigations.

Improvements to the aerophilomster used to study properties of asrosols
are described. Experimeatal and theorstical investigations are discussed
which demonstrate that agglomeration is of no consequence in the experimen-
tal apparatus.

Flow rate data are presented from tests in which the full-scale experi-
mental feader was used to fead powdered sugar, flour, and talc, with a rate
of 91 1b/min being achieved with compacted talc.

Experiments are described in which foamed plastic was used to encap-
sulate cylinders of compacted powder which were subsequently fed through
the experimental fesder. A sufficiently strong package has not yet been
obtained.

Successful laboratury and field testing of the E-41 Spray Tank for dry
agents is discussed. The structural test report and a preliminary repoxt of
the air-worthiness flight tests are presented. Laboratory functional testa
are described.

Plans for biological flight tests with both the E-41 and E-42 Spray Tanks
at Dugway Proving Ground Are discnssed.
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TENTH QUARTERLY PROGRESS REPORT
ON
DISSEMINATION OF SOLID AND LIQUID BW AGENTS

1. INTRODUCTION et ‘ .

This Tenth Quarterly Progress Report covers the work per!'on;'nod u,ndorh‘.f '

Coatract DA.18-064.CML.2745 during the three- month pericd endlng
December 4, 1962. The scope ¢  this program inclucges, l.heoreticn'l and
experimental studies in several areas related to the m!samiutton of BW
agents, and aiso the design, fabrication éand tnting of prototype unite of
external-store airborne disseminators for liquid and solid Bw qenn. Be-
cause of the broad scope of the program, the. typeu of subjacts’ d{lcuued tn
this report vary considerably. Additional backgrduad inrormation in sach

area of interest is available in our previoul Quarterly Progress Ropoxtn on '

this Contract.

During the period covered by this report, fabrication was completed on '
the E-41 Spray Tank for dissemination of dry finely-divided BW aﬁni‘.
This prototype unit was shipped to the Patuxent River Navil Alr Sut!on
where the flight tests to demonptrate the air-worthiness. a,nd fuhctional capn.q~

bilities of the disseminator were conducted. The diuemirutor performed

successfully in these tests and did not produce sny unusual effects on ajf- o

craft performance. Completion of the fabrication and these tests of tho -E=~41
were two of the major gosls c¢r the program.
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2. THEORETICAL AND EXPERIMENTAL STUDIES OF THE MECHANICS
OF DRY POWDERS

The following ssctions describe the current status of our coordinated
theoretical and experimental efforts in the characterization of particulate
We ictend that this activity will expand our fundamental know-

. le:!ge of fine pyrticle tochnol-ogy and will result in the development of both
'. . th’@g’rig- aq’d expor};@eniu tachniques gufficiently accurate to classify fine
_ . powder technology as 'exact'" science.

. Siﬁbe du‘i-"‘experinfenfal activity frequently involves the development of
emirely new techniqueas. we .muot dongtantly evaluate our efforts to deter-
:mine whethiér the data obtained il al dtrect measure of a fundamental powder
proper'y or, represents a value closely relatcﬁ to that property. Both types
- of 1ntormat:on are ot' sxgntﬁcant value. but wep should be able to distinguish
"In order to estublinh that the tHhracterizations we have
r“ade a.ra iunda.mental propertial .of powdera and not & function, of app&ranu
duign. we are determintng the pnwder property wherever pouible by more
than one mdependent method. Thh approach ie euential to any zo nponllblc
scientific endeavor. . . A

We are now ln the proqqu of daterminlng*the ene;gy, conceptutzom that
cause pOwder- to shu.r, to- compact. and to fail under tenn\én. We“areé
learning how readily thue-powden ‘disperse ang the modau and rates by
which the aerosol so tormed docafa. Certainly basic to all theas characteris~
tics is the nature of tfzc surf&co of the particle itself. A program of study is
‘now underway which has as its goal the determination of total surface area of

a
m;-' thg particle as well as ite rugosity, adeorptivity, and chemical reactivity,
N @ A, .
S 2 2.1 Compaction Characteristica of Dry Powdera

During our study of the mechanics of powders, it has become apparent
that the most distinctive featurs of micron-size powders is their ability to be

compacted. In contrast to materials such a8 sand and moat soil media that
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expand while being sheared, finsly-ground powders are found to undergo
compaction when sheared.

Compaction of thase powders is directly ralated to the fact that the bulk
denaity of a {reshly-ground powder is generally a small {raction of the den-
aity of the solid material. This may in turn be attributed to the large sur-
{ace energy of the ground material relative to the gravitational potential

_energy of the powder masa. The bulk denaity of a powder may of course be
. ingreased by the applic;tion of compressive strecses, but this further in~
crcuu.thg—connct enorsy of-the powder per unif mass, An & result, com-
* . pagied powdnr umplu are Iov.md to posasas conlid‘cublo ‘bulk ntrongth.

EE

- ,.'I‘his briet diacuuion suueotc that compaction phenomona muy well he .
the kay to the behlvtor ol ﬂnely-ground powders. For this reuon, “we have ~. '
. m;dn a conlldeuble eﬂort to, develop valid concepts of the compaction pro- )
. call. Our regent. thecret{cnl an.d axparimenta.l work in this area is reported
¢ Sean holow. . L

’
- -‘,

e B - S N . t,
B A .

. o o .:_ .2, l 1 zer mgh gacﬂon Studies

LI A
™ o -
o FECRTN ,_.. [

- L I L PN

Lo v Two f:ypu of compaction tésts hl.ve been carried out during the current
C o nport pariod- 1) tests of a number of powders in the Instron compaction
T anit) tp deurmlne the absolute compaction characteristics of these powders,
@ e T i.hd"Z) tutl to detzrmine the density distribution in a compacted powder
e Golurdm - A number of these compaction:teata ware carried out in conjunc-
:“." "+ tion with shear tests to determine the relationship between the shear
strength of & compacted powdir' sample and the compreaeive stress em-
ployod to compa.ct the nmph. o

.- .
-t eels -

[ . .
-

Z.’l. 1.1 Experimental Stress-Dersity Relationships

Compaction stress as a function of density has been determined for
sevaral powders by use of the caompaction apparatus shown in Figure 2.1 of
the Nianth Quarterly Progress Report. ! Tests were conducted in an Instron
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tost machine at & strain rate of 0. 02 inches per minute (ipm). The strese
applied to & Bg powdsr sample was recorded continuouely during compaction,
resulting in a stress-deformation curve typifisd by Figure 2, 1,

Results of these teats are shown in Figure 2.2. Because of the wide
range in applled stresses, the data are plotted logarithmically. It is
apparent from the linearity of these curves that the empirical relationship

v = cp™ (2.1

accurately describes the compaction process in the range of interest. De-
partures from this relationship occur at very high stresses, where the

stress increases less rapldly with increasing density. It may also be ob=
served that the curvs for saccharin steepens at low densities {p < 0,48 g[cms).
This may have been caused by the existence of large void spaces in the test
powder in this density range. Three tests were carried out at different

times for ground Bg (lot 17). In comparing thase test data, one should note
that the slopes (measured by the exponent m in Equation (2, 1)) are identical,
but that the curves are subject to acale shifts for reasons not clear at pre-
sent.

In general, we expect that the compaction curve will shift to the right
with increasing particle size. Thia is sxemplified by the curves for ground
and unground egg albumin samples with MMD in the range from 3 to 150
microns. Moisture content would also be expected to influence the compac«
tion process. Curve 3 for Bg and the curve for Sm were cbtained with
powder samples conditioned for over 24 houra at 2 relative humidity of about
2 percent. Inthe cass of Bg, tha appreciable displacement of curve | rela-
tive to curves 2 and 3 is an incentive for further compaction testing under
rigorously controlled environmental conditions and with samples of known
size distribution.
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2.1,1.2 Bulk Denaity of Compressed Powders

Since powdered sugar was considersd a possible substituta for 8m in
dissemination expsriments, it was desirable to obtain information concern=
ing the compaction characteristics and bulk-denaity variations of this powder
under compression. The apparatus and techniques used are identical to
thase previously de acribedz {n which the loose bulk powder is used to fill a
segmented column 5-3/32«inch ID. Following compression of the powder,
the column is cut Inta l-inch segments to determine its overali density varia-
tion. In the apparatus described, the total column length of uncompacted
powder was 20 inches.

The results of thie series of experiments are preaented in Figures 2. 3,
2,4, and 2,5. Since the bulk material is already quite dense, relatively low
compresaive loads (Figure 2.3) will yield a bulk denaity of such magaitude
that considerabie difficulty may be experienced when using this material in
the large diseemination equipment. The rate of decrease of bulk density
(Figure 2. 4) for powdered sugar is comparable to that of saccharin but con-
siderably less than tha rata for tale. Figure 2.5 shows the marked effact
upon the bulk density of loose powders resulting {rom different handling
techniques. Cutrve A represents the density variation of the loose powder
after filling the bulk-density apparatus in the prescribed wl.yz -~ that ls,
through a vibrating screen ~ whereas higher densities represented by curve
B are a rcault of filling the apparatus directly from a 50-pound bag of pow-
dered sugar with a large hand scoop,

In view of the large volumes of powder required, future work with this
apparatus will be restricted to powders of specific interest or to specific
experimesnts in controlled-humidity environments, This work will provide a
comparison of data obtained with the apparatus and data obtained with other
amaller apparatus now in use,

In order to obtain bulk-density information using small amounts of pow-
der’ in the controlled environment of o glove box, a new bulk-density appara-
tus (Figure 2.6) has been designed and fabricated, It is not only being used
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as 2 scaled-dawn version of our bulk-density apparatua but will also be used
to supplomant information obtained with the segmented column bulk«tenasile-
strength apparatus discussed later in this report. The construction of the
apparatus {s such that the average bulk density of the individual segments
cdrresponds precisely with the fracture plane in the segmented column bulk
density apparatus,

2.1. 1,3 Compaction Mechanism of Bulk Pawders

The large {5-3/32-inch ID) bulk-density apparatus has been used in an
interesting way to gain further insight into the mechanism by which a loose
bulk powder will compact. In this experiment a portion of a talc sample was
colored a medium blue by mixing it with a methylene blue dye solution. The
blue talc was then dried and run through a fluid-energy mill to break up any
sgglomerates formed in the coloring process. The first I-inch ring of the
apparatus was filled with the blue talc, and its weight was recorded. The
15«inch column of rings was subsaquently filled with alternate layezs of blue
and white tale. To insure uniformity of packing, the same weight of powdar
wis used for each layer. Since the weight of the powder caused some com-
paction, it was necessary to add !9 such layers to fill the 15-inch column,
The powdsr was then compacted inte a firm plug with a 270-pound compres-
sive load. Following compaction the entire plug of powder was removed in-
tact from the apparatus aand cut vertically in half, reveallng the new layer
s‘ructure shown in Plgure 2.7, The ""dry river bed' appesrance of the sur-
face was caused by ths rapid drying of acetane sprayed on the powder's sur-
face to increass the color contrast for photographic purposes.

2.1.1.4 Shear Resistance of Powders During Compaction

Recent progress in the development of theoretical concepts of the com-
paction process has caused us to adopt & new poirt of view in interpreting
shear-strength characteristics of powders. It is now pousible for us to
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distinguish betwsen the shear strength of a powdar as it undergoes compacs
tion and that of the compacted powder. Most of the shoar test data reported
earlier, as well as the new test data reported here, can be considered to
define the "compaction shear strength' of a powdar. The shear strength of
compacted powders can best be-expressed in terms of the "'shear locus" con-
cept, which is considared in Section 2.2 of this report. The close relation-
ship existing between compaction shear strength and shear locus i{s dis-
cussed in Section 2. 1, 2,

In a series of experiments initiated near the end of the previous quarter,
the compaction shear strengths of tale, cornstarch, and two particle sizes of
saccharin were determined as a function of compressive itreu under various
conditions of relative humidity.

The techniques of measurement used were identical to those described
in a previoue rcport3 in which the powder, after expoaure for at least 48
hours to a controlled-humidity environment, is caused te shear whils under
the influence of a compressive stress. The unground saccharin is composed
of essentially 20.micron particles, while the other three powders atudied
are in the <S-micron range.

The results of these measurements are presented graphically in Figurea
2-8 through 2-12, It is obvious from the data that e linear dependence of
shesr streugth on compressive streas exists throughout this range of com-
pressive loads., An increase in the relative humidity of the exposure environ-
ment results in & amall increase in shear etrength. The most significaat
increase occura during exposures to relative humidities between 2 and 15
percent. It will be interesting to aee how particle rugosity, discussed later
in this report, correlates with the relative shear strengths of thess powders.

An apparatus has been designed and wiil soon be fabricated which will
bath permit more precise measurement of compaction shear strength and
improve the daia obtainabls by measurement of shear strength under reduced
loads. Future work will include investigation of the effact of changing the
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geometry of the sliding disk assembly. We will also study the dependence of
shear strength on time by maintalning the shearing force slightly below the
yisld point to determine the extent of stress decay that takes place, The
effect of increase in compression time upon shear strength will algo be in-
vestigated.

2.1, 2 Theoretical Considerstions in the Compaction of Powders

During the current report period, several new concepts have been intro-
duced into the theory of powder compaction which are of practical as well as
theoretical significance. A brief account of these developments is given in
this section of the report, although the implications of these concepts are of
squal importance to the compacted state considered in Section 2, 2.

2.1,2.1 The Dependence of Shearing Strength on Compaction Stress

For a powder undergoing compaction, it is reasonable to expact that the
overall shear resistance of the powder is dependent upon two mschanisms:
1) shear rasistance due to internal friction, and 2) shear resistance caused
by cohesion between particles and agglomerates in the powder. Since the
frictional resistance is proportional to the normal stress o, on the shear
plane, the total shear resistance can be represented by an equation of the
form

T 5 Kyo, Fip) ’ (2.2)

where Kl is a constant and §(p) is an explicit function of the density.

The significance of this relationship cau be seen by referring to Figures
2. 8 through 2,12, which present sxperimental values of shear strength T as
a function of applied normal stress.c . These data, obtained by the direct
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shear twhniquu‘. are in agreement with previaus test data® in showing that
within experimental accuracy the shear strangth of a dry powder is propor-
tiongl to the normal stress — that is,

'tc = dn tan ¢ {2.3)

where ¢ is the shear angle. As discussed in Section 2.1.1.4, Equation (2. 3)
is considered to represent the shear strangth of a2 powder as it undergoes
compaction.

From Equations (2. 2) and (2. 3) {t is clear that the function £ (p) Is pro-
portional to the applied normal stress ¢ n But it has been shown in the pre-
ceding section that in general

o = Cp™

It follows that the shear strength of & powder which behaves in accordance
with Equations (2. 1) and (2. 3) can be expreseed {n the form

T, = K9+ Ko™ (2. 4)

where K 1 and Kz are constants. These relationships are illustrated ino
Figure 2. 13(a). )

The real significance of Equation {2, 4) becomes apparsnt whea % is
smaller than the stress required to campact the powder to the density p.
This condition defines the "shear :hu:v.u"6 of the compacted powder, If Equa-
tion (2, 4) correctly defines the shear locus, we should cbtain a family of
parallel shear loci, with each curve corresponding to & given density as
shown in Figure 2, 13(b}, Thus, ths shear strength properties of compacted
powders which are implied by Equation (2, 4) can be verified by shear tests
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of compacted powder samples, Tests for this purpose are described in
Section 2.2. Although further taats will be required to establish fully the
relationships expressed by Equation (2. 4), experimental svidence preseatly
available supports the above analysis (ses Saction 2.2.1.1),

The interpretation of shear stzongth properties of compacted pawder
presented here is based on empirical laws - that is, on Equations (2.1) and
(2.3), An entirely different and purely theoretical analysis of the shesar
locus for & compacted powder {see Section 2. 2. 2} leads ta results which are
compatible with the conclusions reached here as long as o, is positive (that
is, for comprassive streases). It can be shown that if 9, is negative,
Equation (2, 4) breaks down except in very special cases. However, the
theory of Section 2, 2.2 affords a basis for extending the shear locus to con-
ditions of tensile loading ln the manner indicated by the dashed curve jn
Figure 2. 13(b).

2.1.2,2 Anisotropy of Compacted Powders

It has become apparent during our study of powdar mechaaicas that com-
paction muset take place under conditions of shear equilibrium. This is
fllustrated by Figure 2,14, which shows stress conditions that the powder
can sustain withcut shearing (¢circles a, b and ¢). Each of the stress circles
in the figure is defined by the major and minor principal stressss, ¢, and
9. The Mohr stresa circle concept has been fully described in an earlier
report. 4 Circle d in Flgure 2. 14, belng tangent to the ehear locus, repre~
dents a condition of shearing equilibrium. The ratic of principal stresses
for this condition depeads on the shear angle ¢:

9 l+4smng
a—; = T-:_;i;l—i. . (Z. 5)
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Now, if g, is further increased, the powder will shear in such s way that
Equation (2. 5) continues to be satisfied, and the stress circle will grow with
incressing o, as shown in the figure.

If a powder sample is compacted in a piston-cylinder device, the major
principal streas o, will be diracted along the cylinder's axis, and d, will lte
in the transverse plane. (The principal stress triad may be represented by
vectors oy, Ty 9y which are mutuslly orthogonal, However, for a powder
undergoing compaction, it may be assumsd that 0,29 because the powder
particles are randomly distributed. ) Under these conditions we would sxpect
the powder to compact non-isotropically and to exhibit anisotropic behavior
in the compacted state,

8everal types of experiments have confirmed the anigotropy of com.
pacted powders. For instance, samples compacted in a pistonecylinder de-
vice have baean found easier to cut in the transverse direction than in the
axial direction, and the decompression tensile test, described in Section
2.2.1,2, has demnonstrated that tensile failure invariable cccurs first on
transverse planes. The effects of anisotropy will be investigated more fully
in future experiments,

2.1,.2.3 The Role of Elasticity in Powdsr Compaction

All powders investigated in this study have evidenced elastic properties
to some degres. Experimental data on the elasticity of several powders is
presanted in SBaction 2. 2. 1.3, for example., Perhaps the clearest evidence
of the elastic behavior of compacted powders was found in tha piston-cylinder
tests reported some time ago.” These tests showed thet a powder com-
pactad in a cylinder offered appreciable rasistance to sliding, evea when ths
restraining force FR was sero. This result, as well as other experimental
evidance, 7 conclusively demonstrates that the compiction of powders is
accompanied by the storage of elastic energy. It appears very likely that the
stored elastic energy acts as & potentinl ensrgy suurce for tha compaction
process. From this point of view, powder compaction can ba considered to
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take place in the following way: Suppose that, under initially applied
stresses, a numbar of sites within the powder are at the point of shearing,
whareas others are capable of storing energy elastically. With an incresse
in applied stress, shearing will take place at the wosk sites where stored
elastic energy will be dimsipated through irreversible prozesses. The re-
mainder of the powder will store additional energy elastically, which will be
dizsipated as the process continues. These mechaniams may be regarded as
functioning simultansously during compaction to maintain a certain balance
between the stored elastic energy and the rate of energy dissipation. This
concept is being inveatigated as & possible basis for a general analytical
theory of tha compaction process.

2.2 The Behavior of Powders in thea Compacted State

Many powdered materials are capable of being poured when in their
natural (uncompacted) state, Powders composed of small particles (with
MMDaraund 5 microns) are found to form rather large loosely-bound ag-
glomerates which behave like larger particles when the material is poured
or ati.red.

After even a siight degres of compaction, however, the powdsr may loss
its capacity to flow fresly. This can be axplained by the fact that compaction
destroys the granular nature of the loose powder that is responsible for its
flowability by breaking down the looss agglomerates and forming denser
ones. The compacted powder may thus be regarded as a particulate solid,
with the particles bound together by chemical or molecular forces. A large
numbaezr of these interparticle bonds must be broken if the powder is to be
restored t0 a granular state.

The rasistance of A compacted powder to fracture whan subjected to
tensile, compressive, and shear strasses can be expressed in a very general
way by means of a "shear locus" as shown in Figurs 2.13(b). Stressus de-
fining & stress circle which lies below the shear locus can be carried by the
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: compacted powder. But if the stresses applied to the powder are increased
L in such a way that the stress circle hecomes tangent to the shear locus, the
powder will fracturs., The general behavior of a given powder can be de-
K scribed by a family of shear loci, each locus of which corresponds to a given
density, as indicated in the figure.

i Figure 2. 13(b) has been drawn Ia accordsnce with our present theoreti-
cal concepts of the atrangth propertios of compactible powders, which are

) discusaed in Sections 2,1.2 and 2, 2, 2 of this report. A considerable body of
experimantal data obtained during our study is in essential agreement with

l these concepts. Recent theoretical and experimental results concerning the
propertias of powders in the compacted state are described herein.

LI S P W T

} 2.2.1 Exg rimental Evaluation of the Bulk Strength of Compacted
ers

Several experimental techniques have been developed during our study
l which are useful far investigating the bulk strength characteristica of coma«
pacted powders. The triaxial shesr toat7 is particularly suitable for this
purpese; in fact, our expsrisnce has shown that thia test s practicable only
I for compacted powders., The direct or sliding disk shear test can also be
used for the studies of the streagth of powders in the compacted state. Con-
’ siderable past work has been done in measuring the tensile strength of com-
pacted powdera. This measurement assumes added importance because of
! difficulties in experimentally defining the shear locus for small valuas of the
{ normal stress, as discuseed helow. For this reason, several tests have
} been under investigation for measuring the bulk tensile strength,

3 2,.2.1,1 Shear Strength

The shear locus for & compacted powder of deneity p can be determined
‘ experimentally by either the direct shear technique or the triaxial technique.
During the present quarter, both tests have been employed in testing the
} validity of theoretical concepts outlined in Section 2. 1.2. The test data alsc |
enable a comparison of the two methods of measuring shear strength.

' 2-26
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2.2.1, 1,1 Direct Shear Test. - The direct shear tast has been primasily
used to measure the compaction shear strength of powdars as descridbed in
Section 2.1.1.4. The shear locus may be determined by means of the sliding
disk technique in the following way: The initial steps in the test are carried
out in exactly the same manner as for the compaction shear test (see Sec-
tion 2, 1, 1. 4); however, after initially shearing the powder sample with the
precompaction normal load Pc applied to the disk, the normal load is re-
duced to a smaller value P_. The sample is then sheared by gradually
applying a tangential load F to the disk. By repeating this procedure for &
serles of normal loads P, using the same precompaction load Fc in each
cape, it is possible to construct a shear locus by plotting the shear stress at
failure 7, = Fm“IA versus the normal stress ¢ = Pn/A. where A {a the
area of the disk,

The resulta of tests of this type for saccharia ars plottsd in Figure 2. 18,
For a precompaction stress L of 71, 690 dynes per cm?'. the shear locua ia
very nearly a straight line as predicted by theory. The shear loci for pre-
compaction atresses of 53, 340 and 42, 530 dynes per <:mz sre not quita
linear, but are neverthelass reasonably in accord with the theory as long as
L is not too small.

For small values of °n all the experimental points fall appreciably below
the expected linear curves. While it cannot be entirely ruled out at this time
that these points may lie on the true shear loct, 3 caraeful analysis of the test
procedure suggedts that these data points may be invalid because of ddt'ectn
in the test technique. For one thing, if the shear resistance of the powder is
appreciably greater than the applied normal stress, it ia posaibls that the
disk may be forced up by the reaction of the powder against the inclined sur-
faces of the roughened disk, thus permitting failure without completo shear-
ing. A closely related and perhaps more sericus defect of the test ie the
poasibility that the shear lcad may not ba applied in the plane of the disk,
thus tending to tip tha disk and either break or weaken the contact batwaen
disk and powder.
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This discussion indicates the nesd for a number of refinaments in the
direct shear test technique as applied to precompacted powders. Further
tests of this type will be carried out after several necessary changes have
heen incorporated in the test apparatus,

It should bs mentioned that the density of the pracompacted sampla can
be dstermined from the compaction characteristice of Section 2.1, 1. 1,
However, it is essential to take into account the additional compaction which

takes place when the sample {s presheared. The effective compaction stress
is :

pc 2
S = X V1 +tan’ s . (2.6

The density may thea ba found as 3 function of L {rom the appropriate
compaction curve.

2,2,1.1,2 Triaxial Shear Test. - As mentioned previcusly, the triaxisl
teat naturally lends itself to an experimental determination of shear loci..
This technique has already heen used successfully for measurement of the
ahear strength of compacted tala powder. 2 These tests ware conducted
primarily for the purpove of evalusting the practicability of the triaxial test
for compactible powders., It was found that the triaxial test was feasibls,
but that the preparation of satisfactory test samples waa difficult and time
consuming, even when samples were preapared outaide & glove box, It should
be noted, however, that the results obtained in these preliminary tosts sup-
port the proposed theory; that in, the shaar locus was found to be linear.
{Bee Figure 2,13 of the Eighth Quarterly Progreas Report. 2")'

During the present rsport psricd, efforts were mads to simplily the
sample-preparation technique, with the ultimate objective of developing &
technique which can be used in & glove box. It was considered sssentisl to
eliminate the need for using a rubber slsave in preparing the test sample.
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The sample preparation technique described in the last quarterly report was
found to meet this requirement mconfuny.l Howevar, cunsiderable
manipulation is still required with this technique. A further simplification
has been introduced recently in which the powder ls compacted {rom one end
rather than from both ends. In this modified technique, the powder sample
is compacted into the bottom section of the cylinder, which is split into thres
ssgmenta that can sasily be removed after compaction of the sample. An
aluminum disk is placed at each end of the sample prior to compaction.
These disks remain in contact with the aample throughout the compaction
process and during the subsequent triaxial test.

The triaxial teat fixture has been modified to permit a thin {1/2-mil
polyethylens) plastic bhag to be placed over the test specimen. The bag is
sealed at the bottom by means of an O-ring and a vent to the atmoasphere s
provided in the base plate of the teat apparatus,

The changas in sample preparation technique deacribed above may make
it possible to prepare satisfactory triaxial test spacimens in & dry box, A
pneumatic aystem for controlling the application of compaction stresses is
currently being investigated for use within the confines of & dry box.

Ewven though the triaxial shear test procedure was not sufficiently
developed to eunable tests to be carried out under conditions of controlled
humidity during this report period, a series of very informative tests was
carried out to establish the dependence of shear strength on sample density.
These tests were motivated by a desire to check the validity of the theoreti-
cal conclusions of Section 2. 1. 2 by using the triaxial technique. This was

. done in the following way: Tests were carried cut to determine the stress-

density relstionship for a given powder in the manner deacribed in Section
2.1.1.1; then a series of shenr tests for the powder was conducted over &
range of mean sample densitiss by the triaxial technique at atmospheric
preasure. Samples for the latter tests ware prepared by the following the
procedure described above, Both the compaction and shear tasts were
carried out in the Iastron machins,
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If the theoretical assertions of Section 2, 1. 2 are correct, it follows that
the shaar strength, as found from the triaxial test, must have the form (sea
Equations (2. !) and {2, 4))

m
T = constant » p ; 2.7

i.e,, the shear strength must vary with density in precisely the same way
that the compaction stress depends on density {Equation (2.1)), Experimen-
tal data from these tests are plotted in Figures 2, 16 through 2. 19. The test
materials include saccharin, egg albumin, $m, and Bg. (The and Bg
shear tests were limited to two testa for sach powder because of the tam-
porary unavailability of hood facilities for sample preparation. )

Both the compaction stress ¢ and the shear strength 1 max have heen
pPlotted versua the sample density. Biace thess data are plotted logarithmi-
cally, we would expect if the theory is corract to find that the two curves are
parallel. One can see from the figure that the curves are parallsl within the
accuracy of the test data, except for 8m. However, since only two test
pointa were obtained for Srm, the discrepancy may be due to experimental
error,

The tests described above were not carried out under conditions of con-
trolled semple moisture content} but both the compaction and shear tests
ware carried out within & ghort time interval so that humidity effects, if any,
would affect both tasts in the same degree.

Further triaxial tosts will be conducted when the sample compaction
apparatus has been adapted for use in & glove box. These tests will of
course be carried out for several pressure lavels in order to define directly
the shape of the shear locus. It may not be possible to define fully the shear
locus by means of triaxial tests. The reason for this limitation can be seen
in Figure 2,13(b). The portion of the shear locus to the right of the dashad
line may be defined by triaxial tests carried out with a chamber pressure
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greater than or squal to sero. In order to astablish the shear locus to the
left of thia line, it is necessary to combine tensile and compressive stresses
{illustrated by stress circle a). This procedure requires that axial tension
be combined with pressurization of the chamber. Thare are several serious
difficulties preventing such a test. Ons serious problem is that the sample
must be serled within a rubber or plastic membrane, which will tend to
carry an undetermined fraction of the applied tensile load. It is also antici.
pated that the preparation of suitable test specimens for such tests would
present formidable problems.

2.2.1.2 Bulk Tensile Strength

The bulk tensile strength of 8 compacted powder defines the intercept of
the shear locus with the v-axis as shown in Figure 2. 13(b). The dashed por-
{ion of the shear locus shown in the figure cannot be defined by either ths
direct shear test or the triaxial shear test for reasons discussed in the pre-
ceding section of this report, Accurate measurement of bulk tensile strength
thus assumes added importance as a means of "anchoring'' the shear locua.

Three methods for measuring the tensile strength of compacted powders
have been considered in our study. The segmented-column tansile tast! was
the first to be developed in this program. Although this test providea valua-
ble lnformation relative to the tensile strength of a compacted powder, some
question sxists as to whether the test results represent pure tensile failure.
The uncertainty arises for gwd reasons: 1) the powder is constrained to fail
at the juncture between two rings, and 2} stress concentrations sre likely to
occur at the periphery of the powder sample since the powder is stressed by
means of wall friction; this may tend to cause premature failure,

In an effort to improve the technique for direct measurement of tensile
strength, two new tests ars currently being investigated. One of these tests,
referred to as the triaxial tensile teat, ia designed to permit unconstrained
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tensile failure of the test sample. Another test under development uses
transient pressurs stresses to fracture the test sampie. These tests are
discusaed later in greater detail.

2.2.1.2.1 Segmented Column Tensile Test. - During this quarter we
have investigated variations of bulk tensile strength in 2 column of com-
pressed powdered sugar by the method previously described L27 in
which the powder is preconditioned for at least 48 hours in & coatrolled
environment of 15 percant relative humidity followed by compaction in the
segmented column apparatus. Following compaction the tensile strength of
the powder is measured at six positions down the column. Tensile strength
is, in addition, being determined as a function of bulk density. A dual
approach ia used in determining bulk density. For powders like ZnCdS,
where fracture of the powder column occurs quite evenly, bulk density
variation is determined merely by weighing the powder in each ssgment. To
avold the errors inharent in the uneven fracturs typical of many powders and
to obtain 2 measured valus of bulk density at the point of fracture, a new
apparatus described in the bulk denaity section of this report (Section 2.1.1.2)
was designed and built, The interior geometry of thia apparatus is {dentical
to that of the segmeated column bulk tensile strangih apparatus except that
the cutoff polunt of each segment has been staggered by l/4-inch so that the
average value for the bulk density of the segment corresponds precisely with
the position of the fracture plane of the bulk.tensile strength apparatus.

Variation of bulk-tensile strength with distunce from the fracture plene
of pawdered sugar is shown in Figures 2.20, 2.21, and 2.22. Of the pow=-
ders previously studied, ! the bulk-tensile strangth of powdered sugar is
most nearly equal to that of saccharin. Tha results of our preliminary
studies of the variation of bulk-tensile atrength with bulk density of powdered
sugar and of Z2nCd8 are shown in Figures 2.23 and 2.24, For aefficient hand-
ling of bulk-tensile strength data, the tansils strength has previously been
reported in grams {g) rather than being converted sach time to dynss per
square centimeter (dyne/ cmz). In this and futurs reports, however, data
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involving bulk-tensile strangth will ba reported in dyne -Icmz {cromsa section
9! powder column fractured in tensils fallure). Data ohtained by this method

can more readily be compared with that from new methods under develop-
ment,

The segmeonted column test for measuring tensile ltrohgth has certain
limitations. For most powders, the tensile strength at low compressive
load is difficult to measure, and at high compreesive loads Zairly marked
changes in tensile strength occur with only minor changes in bultk density,
thus requiring a very precise measuremant of bulk density.

The results of a prelirminary check on the effecta of tima of compression
on tensile atrength are shown in FPigure 2.25. A lb-hour compression time
rasulted in a definite increase in tensile strength with no apparent increase
in bulk density. Admittedly the test was conducted at a high compressive
load to exaggerate the effect; but this phenomenon warrants further investi-
gation. One poasible explanation for its existence is an increase in surface
bonding between particlas with time under compression. This aspect of
particle technology will be discussed later in this report.

In addition to tha effect that length of compressive time has on bulk ten-
slle strength, future work will include studies at low {< 2 percent RH)
humidities, relation of bulk density to bulk-tensile strength, and the effect of
particle shape and l_ur!lco charactaristics upon the bulk tansils strength.

2.2.1.2.2 Triaxial Tensile Test. ~ This is a direct mechanical test that
can be carriad out in the Instron test machine, in which & specially-prepared
test specimen is caused to fail in & region free of external constraint. A
test sample produced for initial tasts is shown after failure in Figure 2. 26.
The center ssction of the sample 1a necked down to achiave several desired

effects: 1) reduced area makes the average stress & maximum in the center
section, 2) this configuration causes the powder's density to be higher at the
end fittings than in the center, thus tending to increase the tenails strength
at the ends of the speciman, and 3) the length of the specimen (20 inches)
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Fig. 2.26 Triaoxial Test Specimen, Shown
After Failure
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enables an equilismation of tensile atress in the center section due to the elas-
ticity of the powder (ses Section 2.2, 1, 3), thus aveiding stress concentrations
prior to failure of the sample.

Sample preparation for the tensile test follows very closely the proce-
dure for the triaxial shear test described in the last Quarterly Report. 1 The
only essentiai difference in the apparatus is that the split central section of
the compaction apparatus has been replaced by a flared section to reducs the
diameter from 1.2 inch at the and cylinders to 0. 8 inch in the center section.
Some care is required tao produce samples which have a symmetrical density
distribution with respect to the center of the sample. It was found that
satisfactory samples can be abtained by charging each end of the apparatus
with an equal maes of powder and then forcing the powder into the centar sae~
tion by means of plstons to which aqual loads are applied.

The deunasity distribution in the center saction was determined by means
of a duplicate {lared section with the central section divided into five equal
segments of 0.2 inch long. In initial tests with saccharin powder, samples
were prepered with a mean center -section density of 0, 38 g per cms. The
maximum density variation was about 5 percent, with the lowest density
occurring in the center,

Several tansile tents were conducted in the Instrorn machine using
saccharin samples of mean density ¢ = 0, 38 g per cm>. Failure was found
to occur in the center section as desired (see Figure 2.26).

Attempts to carry out & series of tensile tests by the triaxial technique
were forestalled by difficultiss in eample preparation. Very high loads were
required to increase the sample density significantly beyond 0.4 g per cm".
Under these conditions, it was impossible to remove the center-section
mould segments without {racturing the sample. It appears likely that thess
problems can be eliminated by modifying the flared section of the sample-
preparation apparatus so as to increase the diameter of the "necked-down"
section to about 1.0 inch,
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2,2.1.2.3 Decompression Tensile Test. - The decompression tensile

test 1s & unique method for determining the tensile strength of compacted
powder specimens. The test consiats of subjecting a specimen to a sudden l
reduction of surrcunding gas pressure. This causes the spscimen to crack :
or fracture as gas trapped in its interior seeks to escape following decom-

pression. The pressure drop just necessary to fracture the specimen is a

measure of the tensile strength of the compacted powder,

2.2.1.2.3.1 Compaction Apparatus. - Specimens are prepared in the
compaction apparatus shown in Figure 2,27, The compaction apparatus {s
composed of & split compaction chamber A, loading tube B, and piston C.
The compaction chambar A consists of two aluminum blocks fitted with
alinemant pins, In the center of each block is a 90-degree V groove 1-1/4-
inch on each side. On top of each block 1a fastened a 1/4-inch flat aluminum
plate with a 90-~degree V groove in its center, 1-1/2-inch on sach side.
This plate {orms a sharp-cornered, recessed groove at the top of the block,
When the two sides of the chamber are fastened together with pins and thumb=-
screws they form a square tube with a recess at the top. The loading tube B
ie & length of square extruded aluminum tubing 1-1/4-inch by 1-1/4-inch
{inside dimensjons) by 18 inches long. The loading tube is supported by
mesns of a ring stand the clamp. The piston assembly C consiste of &
beveled square aluminum plate, 1-7/32-inch on a side by 1/4-inch thick,
attached to an aluminum rod as shown in the figure. Two Teflon rings are
fitted to this rod to maintain proper alinement of the piston assembly.

Specimens are prepared in the following way: The divided chamber A is
closed and fastened together with thumbecrews., The loading tube A is then
lowered into position directly over the compaction chamber where it fits
snugly in the recess at the top of the chamber. A quantity of powder is then
poured into the loading tube through a funnel. Piston C is inmerted into the
loading tube,and weights are placed on the piston to compress the powder
slowly into the compaction chamber. Yarious weights are used to produce
specimens of different densities. When the compaction process is completed,
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Fig. 2.27 Compaction Apparatus
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the piston is removed, the loading tube is raised, and the compaction cham-
ber is opened as shown in Figure 2.27. Sample D is then sasily removed,

With some powders, a lubricating agent is applied to the sides of the com-
paction chamber to prevent crack formation at the edges of the cubic speci-
men. These cracks are evidently caused by {riction between the powder and

the chamber sides during compression. It has been found necesaary to place
a thin metal plate at the bottom of the compaction chamber to prevent powder
from heing extruded from the bottom of the chamber during compression.

2.2.1.2.3.2 Decompression Apparatus. - The decompreasion test is
conducted in the apparatus shown in Figure 2.28. The decompression test
chamber A consists of a lucite cylinder 6 inches in diameter by 4 inches
high with aluminum plates clamped to both ends. The bottom end plate has a
snap valve inlet for the pressurising gas. The top end plate has a small

orifice for a manomaeter connection and a 2-inch orifice for gudden pressure
rtelease. The 2-inch orifice is covered with a thin plastic membrane which
can be ruptured easily. A tank of dry nitrogen with high and low pressure
regulators B is used to pressurize the test chamber. The pressure in the
chamber is measured with a mercury manometer C.

The test is conducted in the following way: First the compacted powder
specimen is suspended on the wire frame shown in Figure 2.29. The speci-
men is held loosely between two plates covered with sponge rubber. The
tansion betwaen ths plates is made as small as possible to avoid stresses
due to suspension., The suspended specimen is next placed in the test cham-
ber. The test chamber is then pressurized with dry nitrogen which causes
the plastic covering ovar the 2-inch orifice to bulge slightly outward. A
period of 5 minutes is allowed for the gas pressure inside the powder speci-
men to equalize with the surrounding pressure. At this point the plastic
diaphragm is ruptured by pricking it with a needle or by plunging a blunt
instrument through it.
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Fig. 2.28 DecompressiC
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Fig. 2.29 Suspended Powder Specimen
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The results of such tests are shown in Figures 2. 30 through 2. 32,
Figure 2,30 shows & spacimen which was subjected to subcritical decom-
pression. Gas escaping from the interior cracked the specimeon but did not
fracture it. The cracks tend to run perpendicular to the direction of com-
paction, Figure 2. 3] shows a specimen which fractured upon being subjected
to the critical decompression pressure. Figure 2, 32 shows results obtainad
when the specimen is subjected to a supercritical pressure drop.

These results provide considerable insight into the tansile strength pro-
perties of the test powder. It was found that local transverse cracks of the
type shown in Figure 2,30 may occur at pressure drop levels considerably
below the critical pressure drop. The predominantly transverse configura-
tion of these cracks is a clear indication of the anisotropy of the compacted
powder.

The supercritical decompression case (Figurs 2. 32) shows the strikiag
breakup that can be achieved even with a relatively small pressure drop.
Tensile fatlure undes supercritical conditions is characterized by breakup
throughout the volume of the sample. This phenomenon may be of signifi-
cance with respect to the aerosolization of powders from the compacted
state. This tenalle test technique is being modified 8o that tests can be
carried out with samples having a known moisture coateat,

2.2.1. 3 Elasticity of Compacted Powders

All powders which we have worked with to date have been found to be-
have elastically in the compacted atate. Recent measurements of the shear
strength of compacted powders by the triaxial technique have provided as a
dividend the dats required to determine the slastic modulus of the powder
samples. In the shear tests, a continuoun streaa-strain curve is obtained
up to the point of failura. A typical stress-strain curve, as plotted by the
Instron machine, was presented in Figure 2. 6, page 2-12 of our Ninth
Quarterly Report. !
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Fig 2.30 Cracking caused by subcritical
decompression. (Talcum powder, density .68 gm/cc,

pressure drop 60mm Hg)
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Fig. 231 Break caused by criticgl decomprassion.
(Tolcum powder, density .68 gm/cc, pressure
drop 80mm Hg)
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Fig. 2,32 Explosive failure caused by supsrcrifical
decompression. (Talcum powder, density .68 gm/cc,
pressure drop 290 mm Hg)
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Stress-atrain curves obtained from triaxial tests have been found to be
essentially linear; that is, the powder obeys Hooke's law prior to shear
failure. Narlier attempts toc measure the elasticity of compacted powders
led to the srronecus conclusion that the stress-strain curve was nonlinear, 2
ft is now apparent that the nonlinearity observed in thess tests was due to '
wall-friction effects.

The slastic modulus of a compacted powder may be determined directly
from the definition: )

A N
B3 (44

whare 0 is the applied atreas and AVt is the corresponding {ractional
change in langth of the test specimen,

Values of the elastic modulus for ssveral sample dsosities have been
determined from the above equation using the shear-test data for saccharin.
The resulte are plotted in Figure 2.33. For purposes of comparison, the
compaction stress-density curve 1s also shown in the figure, It is evident
from this figure that within the accuracy of the tast data the slastic modulus
is proportional to the compaction stress. Future tests will establish
whether these elastic properties are generally true of compacted materials.

2.2,2 Theoretical Investigations of the Mechanics of Compacted
Powders

During this quarter, considerable progress has been made in defining
the mechanical propertiss of compacted powdere. Theoretical developmenta
discussed in Section 2.1, 2 are basad upon experimental data - on the em«
pirical Equations (2. 1) and (2. 3). In this section of the report, a parallel
treatment of compacted powders is preseated that is purely theoretical in
nature. It is noteworthy that the conclusions reached are qualitatively in
agreement with the ampirical theory.
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Elastic Modulus or Compaction Stress (dyueslcmz)
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Fig. 2.33 Elastic Modulus for Compacted Saccharin as o Function of
Density (Compaction Stress-Density Curve shown for Comparison)
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Suppose that a powder element has besn compactsd to a certain density
by the application of a comi:uulvo sireas O, {major principal stress). We
can consider the conditions for fracture of the slement under the application
of compreasive stresses that are emall compared with ¢ 't Although the
actual configuration of the system of particles 1s very complex, it may be
assuined for purpose of analysis that a "typical" particle or agglomerate
configuration exists, which {s subjected to applied forces in the manner
depicted in Figure 2, 34. The forcea I and S are, respectively, normal and
tangential forces relative to the plane on which shear takes place when the
sample f{ails, These forces ave 2ssumed to be applied to the particle by the
reactions of neighboring particles above the shear plane. The particle is
held in equilibrium by x"uctioni N, and NR' acting at an effective angle ¢
relative to the shear plane.

" These forces may be r}lned to the applied stresses by means of the
following aquations;

F =aog {2. 8a)
8 = bt {2.8b)}
Ny ‘= co + ed {2.8c)
NR a ca, + ebR ’ (2.84)

where L ig the normal stress, o, is the transverase streas, and r is the
applied shearing stresa. The coefficiants a to e are constants which depond
on the configuration of the particle ensemble. The terms 8, and B repre-
sent the aonsymmetric increments in the reaction forces N L and NR which
are required to balance the applied forces F and 8. For equilibrium, we
must have these relationships (page 2-60):
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F - (NL +Nn) sin 8§ = 0 {2.92)
8 + (NL -NR) coap a0 . {2.9b)

At the point of fracture, we may assume that bL = =8 ¢ where b,‘ is the
naverage' tensile strength of Interparticle contacts. Furthermore, the

transverse stress at the point of fracture can be expressed as (see Figure
2, 35)

o =0 + 2t tan LA (2.10)

where ¢ ¢ is the slope of the shear locus curve.

From Equations (2.8) through (2. 10}, we find on eliminating °R and
setting GL = -bt that
{a cos @ -~ c sin ZO)an (b ain s + 2c sin 26 tan lc)r

-eatlin 26 = 0, (2.11)

This equation can be expressed in the condensed form

-Avn + B(1+cumlc)'r s D . (2.12)

Now, recognising that tan ¢, » dt/d d,+ We can express the differential
equation of the shear locus in the form

d%
‘l'a—a: =aan.5‘r + 7 (2.13)
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where the constanta@, B and r are defined by the relstionships

[
[ 4 ’R—'ﬂn -
B b
Ecoo’
eat
LA T

(2. 14a)

(2. 14b)

(2. l4c)

To gsolve this equation, we first introduce 2 new variable z za ¢ n +7 and

then make the subatitution T = use.

u du =
l-ﬂu-auz

ds

The transformed equation is

Equation (2. 15) may be solved for z to give

Cr

V1 - Bu - au?

- -zsa tanh”

1

L
q

(u +5)

where C is a constant of integratian and qz ={1/0)(1 + 92/40).

{2.18)

(2.16)

The shear locus intercepts the g-axis at ¢ = - g, where o, is the bulk
tensile strength of the compacted powder. This point corresponds tou = 0
and 2z = qc°|+ rs -alaol +7¢. From Equation {2.16) we obtain for u = 0

= Ce

1B
-z%i tanh 2T

2-62

(2.17)
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Eliminsting C from Equations (2. 16) and {2.17), we obtain i ]
i
B - ]
z%a-tlnhlz%-i -Z%itsuh)%(ui»-;-a-) :
E aftu) » -2 . (2,18

z0

\fl -Bu _::i

The stresaes T and o are expresaible in terms of u, { (u), and g, a8 follows:

%
ol (“'lL' N 1) o - g (190 :
1 -(T}:-i - l) uwflu) . {2.19b)

The shear locus is defined by the above equations in terms of the constants
a,B, sndr. Since r is proportional to bt {Equation (2. 14¢c)), it is clear that
v must also be proportional to the bulk tensile strength of the powder.

An interesting result can be deduced immediately from Equation (2. 19).
1t ia found from Equation (2. 18) that f{u)~e asu~q -B/2@. Therefore,
for large values of §(u),

t+(aq - §)o, (z.20)

{.8., the shear locus ie linsar. The shapes of shear loei determined from
this analysis are indicated in Figure 2, 36 for representative values of O, 8
and ¥/ 1% [+ The curves shown correspond to the valuesof T3 ¥ =1.0 191+
1. s\a | and 2.0 |o |s witha = 0.8 and B = 0. 4. From Equation {2.20} it can
be seen that the slopes of the curves for lage values of ¢ should be identical.
Thus, the different values of 1 illustrate the effects of cohesion on tha shaar
locus for small values of o.

Page delermmed to be Uncmsmed

Reviewed Chief, R

1AW EO 13 ﬁSeftg %\3 .

Date:

2-63



b i
THAYE
iu 3t

i b B i

- g

1 g
v
BIR
! {1 i
:
H lﬂﬁ:!f. it
: .11&}}3{: il

Page determined to be Unclassified
Reviewad Chief, RDD, WHS
IAW EO 13526, Section 3.5

Thete UL 19 M

. -




It can be seen from Figure 2, 36 that all of the curvaes are very uearly
straight lines for 0> 0, a result which agrees very well with the empirically-
based theory of Section 2.1.2, From the figure, ons sees that the bulk~
tensile strength should be approximately squal to the pure shear strangth,
according to this theory, i£¥/|0 | < 1.5,

It should be cbaserved that this analytical treatment is not capable of
actually defining the shear locus in absolute terms. The shape of the curves
is defined, however, to within a constant factor. A mcre fundamental
approach is requirsd to define the strength of compacted powdsars uniguely in
terms of basic powder parametesrs, such as particle aize, interparticle
molecular or chemical bond energies, stc. The most basic avenue of attack
on this problem ia threugh development of a gensral theory of compaction,

2.3 Physical and Chemical Characteristics of the Powder Particle

Behavior of compacted powders is fundamentally determined by tha
nature of the intermolecular forces (phyaical or chamical) axisting at the
contact arsas between particles. In the following months, increased em-
phesis will be placed upon evaluation of the factors which determine these
forcas and upon relstion of these factors to the behavior of the compacted
state ~ specifically their effsct on such properties as shear strength, tensile
strength, and dispersibility. Among tfxc areas to be studied are particle
shape, particle size, crystal habit, surface area, porosity, rugosity,
kinetics of the adsorption process, and chemical reactivity.

The total surface area of paowders will be determined by the gas adsorp-
tion methad previocusly do-cribodz in which the powder is conditioned t0 a
ground stats free of adsorbed gases. Under carefully controlled conditions,
a monomolecular layer of a gas will then be adsorbed oa the surface. Know-
ing the weight and cToss~sectional area per molecule of adsorbent, the total
suriace area can then be calculated from the weight gained by the sample
during the adsorption process. In addition to setting up of rather compli-

cated high-vacuum spparatus, an extansive literature sesrch is now underway.
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In heating the powders to the ground state considerabls care rnust be
exercised, particularly with biological materials, since the heat required to
remavs the last traces of adsorbed gas may structurally change the particle,
resulting in possible groas changes in surface. In view of information cur~
rettly being obtained from the literature, however, it appears quite likely
that experimental conditions can be found to bring most powdsrs ta an
acceptable ground state prior te the monomeolecular adsarption process.

By studylng the adaorption characteristics of a powder using adsorbents
of varying molecuiar cross sections, the area representative of the external
particle surface can be differentiated from the internal pore structure. In
this way the porosity of particles can be determined, Particle porosity is of
intersst in consideration of particle density, its effect upon compaction, and
upon the kinetica of water adsorption by the particle, Chmigen in adsorpti~
vity or in total surface area resuiting from the compaction process should
yield information concerning the nature of interparticle contacts, In addi.
tion, many particles in the compacted and/or uncompacted state will over a
periodof time forma rigid, cake structure. This surely must be the resuilt of
molecular rearrangement into & semi~continuoug or callular structure.
Therefore, the resulting changes in surface area or other adaorption charac-
teristice will be of interest.

In our study of powders we are constantly concerned with the effects of
adsorption of moieture by a particle, We must for this reason know the
kinetice of water adsorption by powders both in the compacted and uncome-
pactad atates, or in other words, the rate at which water is picksd up and
how the moisture contsnt of the sample stays at equilibrium. 1In addition,
the nature of adsorption ~ whether monomolecular, multimolecular, or
capillary ~ will be iavestigated as a function of exposure to different atmos-
pheres and as a function of degres of compaction.

Upon determination of particle size distribution and total surface area,
the particle rugosity can be calculated. Particle rugosity is defined as the
actusl total surface area divided by the calculated surface azea, assuming
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that the particles are perfect spheres. Rugasity then hecomes a "“roughness"
index for the particle surface. Particle rugosity should have a relationship
to the relative eame of compaction arnd redispersion of a powder sample.

The chemical properties, particularly relative chemical reactivities of
the powders being studied, will be given increased emphasis. Thia becomes
vitally important in the evaluation of relative bonding forces at the inter-
particle contacts. The chemistry of the powder particles will also play a
domtnant role in determining the physical properties of a compacted or un-
compacted powder after prolonged storage.

A vartety of chemically identical particulate matarials are available
commercially which as a result of their method of manufacture may differ
in crystallive habit. Thus a considerable amount of information should be
readily attainable by procuring representative samples and subjecting these
to the battery of tests already develaped,

Determination of these phyeical and chemical characteristics of the
powder particles and correlation of these characteristics with bulk mechant-
cal properties determined by the testa aiready perfected should permit a
realiatic evaluation of the rclative eane with which powders may be com-
pacted and redispersed, independent of the time lapse invalved.

2.3.1 Particle Size Analysis

As discussed in the previous section, it is expected that an importaat
parameter affecting vhe behavior of a powder is its mean particle size.
Consequently, sise analyses are being made {or the various test powders by
using both sedimentation and microscopic counting techniques. Size distri-
butions determined by the Whitby medimentation technique for saccharin,3m
tale, and cornstarch are shown in Figures 2.37 throngh 2.40. The sedimen-
tation fluids, feeding liquids, and dispersing agenta used ia the size analyees
of these powders are defined in the figures. The size distributions for other
tast powders will also be established wherever possible by applying the
Whitby technique,
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3. AEROSOL STUDIES

The experimental work described in this report includes a study of the
effects of concentration ou the stability of aerosols and the efficliency of two
different dispersing systems. For some of the work both the direct sam-
pling system and a fluctuation-measuring system were put into use.

The present report includes certain theoretical estimates bearing on the
coagulation procass. Four different approaches are suggested; none of these
is capable of supplying definitive answers, but each contributes to an under-
standing of coagulation. ’

3.1 Experimontal Work

The exparimental work of the past few months has been devoted to a
comparison of methods for dispersing the powdsr charge in the aarosol
chamber, investigation of techniques for improving the quality of the light
beam in the chamber, and a study of the effect of particle concentration on
aerosol decay.

3. 1.1 Comparison of Dinpeulq&Methodl

We mention first a series of abbreviated runs comparing the dispersing
efficiencies of two dispersing systems. The swirl diapersar” was generally
operated with 250 psi of nitrogen applied to the gas inlets for 5 seconds. A
geries of runs was also conducted with 60 pei applied pressure. A third
series of runs mads use of the bursting diaphragm disperaer, which was
operated as deveribed previocusly. The room's humidity during this
period was betwsen 15 and 25 percent. The amount of powder dispersed was
in each case between 90 and 110 mg. The results of these runas are shawn in
Figure 3. 1.

3-1
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It may be noted from Figure 3. 1 that all three mathods of dispersing
l produce curves of easentially the sams slope except in the cases of corn-
starch and powdered milk. For the latter two powders, the swirl disperser
l praduced markedly more stable Rerosols than those from the bursting dia- ‘
phragm diipernr. Note also that comparison of the vertical position of the :
l curveas shows that the swirl disperser produced more turbid aerosols for all
powders except talc. This can be partially explained by the fact that some
\ talc adheres to the internal surfaces of the swirl disperser.

Another series of runs to determine concentration effects provided
‘ further information on the dispersing process. These runs were rather
elaborate, and a discussion of instrumentation must precede our report of '
results.

3.1.2 Modifications to Apparatus

The analysie of light scattering ﬂncmationsl 0 assumas a well-defined
{ light beam with uniform intensity across its diameter. Some effor:t was.
invested during this quarter in improving the light beam. This improvement
was obtained only at the expense of monochromatic qualities of the beam.

The modifications are: 1) the replacement of the projection lamp light
; source by an automoblile tail light bulb (GE 1493), which more nearly
approximates a point source; 2) removal of the Corning 7-60 filter; and
3) placiag & !-inch diameter aperture at the entrance window of the chamber.
The resulting beam has an intensity variation of ahout 10 percent across the
l-inch beam diameter. The effective apectral distribution of the light is now
i determined by a combination of the characteristics of the photomultipiier
tube and the light bulb. This effective distribution, plotted in the manu-
| facturer's bandhook for the photomultiplier tube, has & maximum at a wave-
iength of 0.50 micron and a full width at haif-maximum, 0,28 micron. Al-
i though this represents a considerable sacrifice of the monochromatic
' qualities of the previous situation, 1 it is probably of no great consequence,
bscause the scattering powers of the particle sizes in question are practi-
cally independent of wavelength.

- v
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In conjunction with the work on light beam quality, we measured the
intensity of the heam, Its average intensity was 2.1 x 106 unit:/c:mz.
expressed in photometer units. The accuracy of this measurement is +20

percent. This optical arrangement was used for all work reportsd in the
present report.

Some of the runs discussed included instrumentation for the precise
measurement of fluctuations of the light scattering signal. This was con«
veniently accomplished by connecting a Sanborn amplifier and recorder in
parallel with the Brown recorder. The frequency response of the former
extends from 1 to 100 cps (on the a-c input), whareas that of the latter ex-
tends from dc to about 1 cps. One recorder thus compliments the other:
the Brown recorder displays the signal amplitude while the Sanborn displays
the superimpaosed fluctuations. In practice the Sanborn is switched on at
selectad times and runs for about 20 seconds toc produce a fluctuation trace
for analysis. One such trace is shown in Figure 3.2.

The fluctuations are analysed in the following way: A 10-second interval
ia marked off on the trace, and the fractional amount of time that the signal
is less than a given value (say -1 mv) ia read from the trace. If thia process
is repuated for several different signal values (say -1/2 me, 0 mv, +1/2 mv
and +1 mv) and the points are plotted on probability paper, a straight line
results. The distribution of fluctuations is therefore assumed to be gauasian,
and one may read the root mean square {rms) value of the fluctuations from
the graph.

As explained in a previous ropcrt” there is an intrinsic fluctuation in
the electronics which is not always amall compared to the total fluctuation.
A series of runa with other illuminating agencies determined the residual
fluctuation, which is to be subtracted "at right angles!' from the observed
fluctuation to obtain that caused by the aeroscl. In squation form,

{F lorosol)z = (F obnerved)z - {F ruidua.l)z - (3.1)
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3.1.3 Study of Concentration Effects

When the swirl powder disperser was first tried, its operation proved
8o satinfactory that dispersion of large samplea was feasible. The planned
sequenca of work was thezefore interruptad to permit a series of runs with
varied amounts of powder. The amounta used were 1000 + 100 mg, 100 +
10 mg, and 10 + 1 mg. The bumidity during this period was batween 15 and
25 parcent. The results of these runs are showa in Figures 3. 3(a) through
3. Na).

The unite plotted on the ordinates require some explanation. A previous
report“ uees the expression

T. = 188 md

for the scattered light. We take this opportunity to changa an unfortunate
notation by tephcing'f. by S, the signal. Our measurement of I {which gives
1 io photorneier units per cm”) then enables ue to calculate the ratio

T'S"s = (3.2)

which has the dimension of area; 38 is a geomstric facter, the solid angle.
The quantity

Tgismn‘ , (3.3

expressed in uz. is used on the ordinate of the graphs. lnasmuch as
T~ dgzléx » lyz. we have alaso

]

m~ ?n- = . (3.4)
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In a similar way, we shall rnplu:o? - T.z of the reference by Fz. a0
that there is the axpression

rz = (I tm)z

{3.5)
The same councentration runs are preventsd in a different manner in
Figures 3, 3(b) through 3. 7(b). Hare s/so, the asignal in percent of initial
signal, is plotted versus time on logarithmic normal paper. For the purposes
of these plots, the 'initial signal™ was taken to be the mignal one minute after
dispersing the powder; this procedure was adopted in view of the fact that
some 30 seconds are required for thorough dispersing. The time scale on

the 'a" series of graphs, then, differe by one minvte from that of the "b"
series.

It will be noted that many of the curves of the ''b'' series are very nearly
straight lines; the exceptions in most cases are the 10 mg runs. For the
latter runs the signal was not far above background {particularly in the late
stages of aerosol lifs), whick may account for deviations from a linear plot.

The {nference of x straight line on logarithmic normal paper may be
seen by referance to the expressions for nonagglomerative asrosol decay. 15
Contingent on the uncertainties stated there, a straight line implies that the
aerosol decays without agglomeration; the 50 percent point occurs at
nd'zt a 370, so that the ""half life" is inversely proportional to the square of
the surimce median diamaeter of the initial aerosol particles.

Figures 3.3 through 3. 7 suggest the following two statementa:

1) For a given powder, the rate of decay is very nearly inde-
pendant of the amount disparsed.

2} A ten-fold increass in the amount of powder dispersed does
not produce a ten-fold incresse in scattered light.
The first statement implies that coagulation plays no important part in
the present experiment. For, as indicated by any theoretical traatment,
cosgulation is 8 "second order reaction in which (see page 3-18)

3.12 Page determined to be Unclassified
B Reviewed Chisf, RDD, WHS
IAW EO 13526, Section 3.5

bate:  JYL 19 083

O e



JIVL 404 SNNY NOLWVHIN3IONOD (d)ee 'Old
(utu) §

d ta be Unclassified
Reviewed Chief, RDD, WHS

JAW EO 13526, Section 3.5

Date:

DR Y.

JuL 19 208

ge determine

Pay

3-13

2 A3 AN LE IS B2

w e NS e e
th e .. P Lt P N
B IRt ol ¥
¥ T
v < =

.I-¢8

vl SR L AR T , _ 86

QYNSIS IVILINI 40 LNION3d Ni WNOIS 8/8




-
°
-
-
®
S
w 8
& tizE
529
o 848
b ODdg
I A
| MIG
Z 3 E
) 4 235
-~ S28
Sz 8
- G © ©
Z> ax<s
O
m =
W -
m
-4
-y
2
-
>
1
L4
G
<
>
1
o— \a—— —— —— —— — —— [ —— —_— ——— —— ar—rea —— e et o) ot




14234

NVONS G3M¥3IAMOd HO4 SNNH NOILVHLN3IONOD (a)se "oud

N'I_ .

2
w mws
(u) 4 s 5:°8
& 353
ow_;.._.p L 1 TN T S | Il 2 W mm&w
: [ R . S S = £9¢
: i T - s 37
__ P 338
i S ) o . Lo r g:zzd
| ' o £&33
W 2
0
m
: i ] -
w e 3
N =
or
; o
) n
w Z
=
>
1
72}
@
=
p -
r




s9te

1IN Q3NIAMOd HOJ SNNN NOLLVHIN3ONOD (A)9°€ 914

£
2
. ©
558
mmm
e o
! d.m-s.Il
geg
e &N 3
ECYS
mw1d
W 20
” e.wEI
| o>28
co->d -
| ax<a
o
-l
1
@

:;"f;'ﬂ,‘l ;

. .
- i
te I,xn'

H

IVYNSIS TIVILINI 40 LN3J¥3d NI TvNois °s/s




o v
H 3 X oL
Lo, . . B
b e ke e e i e —_
EREE R
(I R
T

i
ORI S
\“\ \
l '
VR A S S
r Tt 1yiid
100

e o

T

N
MEBRRL

t (min)
FIG. 3.7(b) CONCENTRATION RUNS FOR SACCHARIN

1 I T 1
ﬂéo | N L 1 -
3 o b bogoogs o v w

TVNOIS
JVILINI 40 LN3D¥3d Nt wNois %s/s

Page determined to be Unclassified
3-17 Reviewed Chief, RDD. WHS
AW EO 13526, Section 3.5

ate: it 19 P”m

70

2383




£ - -kc?  or dlal) . .xc (3. 6)

where C is the concentration (particles per unit volume). A ten-fold in-
crease in the concentration causss a ten-fold increase i the logarithmic
derivative of the concentration. Now admittedly the scaitered light is not a
direct measure of concentration; however, Figures 3. 3(a) through 3.7(a) do
not show anything sven remotely approaching a ten-fold increase in slope.

In contrast to coagulation, the rate of aettling of particles on internal
chamber surfaces is governed by a first order reaction:¥

& . .xc or M8 . (3.7)

This logarithmic derivative is independant of concentration. In view of
Figures 3.3 through 3.7, it appears that settling must far outweigh coagula-
tion as a mechanism for the removal of particles from an nerasol, This
conclusion is rsinforced by the figures of series ''v" which indicate that in
general the decay is nonagglomerstive after the first minute of aerosol life.

Statement (2) on page 3-12 implies several things about the disperaing
process. Evidently this process becomes less sfficient with increasing
amounts of powder. But since the powder residue in the disperser does
not exceed about 1 mg (except possibly in the case of taic), the discre-
pancy must be looked for after the powder leaves the dispersing unit. A
visual examination of the dispersing process yields a possible explaanation:
The jst from the disperser appears 10 carry for about two-thirds the height
of the chamber before srupting into turbulence. There is then a lapse of a
faw seconds before this cloud is furhter dispersed by the fan. During these

FWitness the expression 4{InC)/dt = ~v{d)/H suggested previoullylz {for a
monodisperse aerosol.
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few seconds, tha cloud volume is approximately one cubic foot, or about
oneathirtieth of the volume of tha chamber. The concentration is therefors
a factor of 30 higher at this polnt than it is after dispersion is complets, and
the agglomeration rate KC“ may be as much as 1000 times higher. There
may thus be considerable agglomeration in this intermediate staga of the
dispersion. This statement is well supported by the figures of saries "bY,
In these figures the most striking feature is the shiit of the curves toward
larger median diameters with increasing amounts of powder disparsed.

The behavior noted above can be considered a falling of the dispersing

syatem, since its function is to fill the chamber with asrosol without fatali~

ties. This criticism af the swirl disperser ia, ineffect, the same as that
advanced against the bursting diaphragm disperser.

The fluctuation recorder was used during the councentration runs, with
about eight traces being made for each run, Values of Fouronol WOT obtained
for each trace by the procedure described in Section 3.1.2. These data were
further reduced in a anner suggested by the two axpressions

S = I0MT
(3. 8)
Fe = ma)za‘;z .
From these two expressions, there follnws
$£.1,9
¥ ® o
and (3.9)

|
-
nuo.J

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
3.19 AW EQ 13628, Section 3.5

ve:  JUL 19 200




]

[e—,

Making use of the inequality

—

o & ¥

{where the equal sign holds only for monodisparse nerozols), we find

2
— §
m

P

=18 {3.10)

Accordingly, the ratios szH‘z and t?'/mn 8 wars plottad on log-log paper.
Unfortunately, the data polnta so obtsined were of very poor quality. the
scattar being mo great that it was difficult even to pick out trends. To main-
taln & complete record, however, we present the trends in Figures 3.8 and
3.9.

The curves of Figure 3,8, which are Jower liroite on the number  of
particles in the 7,6 em’ scattering volume 8V, are all in the neighborhood
of 103. The saucharin curves are characteristically higher {nsar 104).
whereas cornstarch is characteristically lower. It is to be kept in mind that
the values of Figure 3.8 are to'be multiplied by :'Z, ‘&'z, which may be us
large as 100 or more for sufficiently polydisperse aerosols, to give the
actual value of m.

The curves of Figure 3.9, in which the ordinates are plotted units of uz.
are 8]l in the neighborhood of 13 the inference here is that the average light
scattering cross-section for the powdars used is less than 1u™. This value
may be compared with one supplied by the expression

dz
a(d) = B
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proposad previously for an idealised powder; for 8 5-micron particle we have

o () w 1-1/412 . (3.11)

One surprising feature of Figures 3. 8 and 3.9 is that Fz/lbﬂ 8, related
to 3, is more sensitive to concentration that Sz/Fz, which {e related to ™.

The direct sampling system was put into operation for the concentration
runs, one sample being drawn from each aerosol 10 minutes after firing.
The samples were drawn onto blick millipore filters, which could con-
vaniently be viewed under a microscops when illuminated with incident white
light, The resolving power of this system is about 1 micron, so that only
particles of "diameter! larger than 2 microns were recognized. For com-
parison, the number of particles larger than 8 microns wae counted. Ths
results are shown in the accompanying table; in mary cases the samples

withdrawn were small, so the statistical uncertainty may he as large as a
factor of 2.

Table 3.1 Concentration of Particles with mgmeura of
2 and 8 Microns (particles per cm-})

Amount Powdered Powdered
Dispersed Tale Cornstarch Sugar Milk Saccharin
1g van 59/13 500/94 108/ 16 250/31
100 mg 370/9¢ 12/3 120/20 24/3 49/15
10 mg 71/8 16/1.6 48(2 15/1.1 66/4

i lassified
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3.1.4 Summary of Exparimental Work

We have found that aerosol propertiss depend.on the method of disper-
sion. It seams impossible therefore to confine the scape of the experiment
to propertias of asrosols per se; the dispersing prccess must be considered
an integral part of each run.

Fluctuation measurements proved unfruitful. The data generated too
poor in quality to be of any value.

Concentration runs have heen shown 1o follow the expreasions for non-
agglomerative decay, provided the discrepancies introduced by the dispersing
process are diaregarded.

3.2 Theoretical Estimaten of Agglomeration

In arder to intarpret experimental results on the effect of concantration
ot aerosol decay, it is necessary to have theoretical estirnates of the amount
of agglomeration which can be expected. Such estimates must be based on
the forces operative between particles and on the motion of particles in the
settling chambaer.

3.2.1 Energy Cousiderations

In this section we consider various interactions of a pair of neighboring
aerosol particles, An aerosol concentration of 103 particles per cm™, for
which the sverags interparticle distance is 0.1 cm, will be taken as typical.

The gross motion of a pair of neighboring particles La determined
largely by air currents, so that it i8 convenient to view their behavior from
a coordinate system fimed in the air packet containing the particles. This
caordinate system will in general undergo both translation and rotation with
respect to a stationary frame; the rotational component of its motion com-
prises the turbulence of the air.
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For the purposs of studying agglomeration, it is the relative rather than
the gross motion of the particles that is impartant. If the air motion is
pursly translational. the relative motion of the particles is clesrly the same
as {{ there were no alr motlon at all. In this case the relative motion is
determined by Browian motion and by the earth's gravitation., If on the other
hand the air motion is purely rotational, the particles experience an apparent
gravitational field that depends on the angulur velocity and radius of the air
motion. ® [t thus appears that, with regard to the relative motion of neigh-
boring particles, the effect of turbulence is to introduce a variable '"gravita-
tion constant', which must be evaluated at each instant of time (for a given
alr packet). The main features of agglomeration may therefore be seen by a
consideration of the tranquil air case.

According to Stokes' law, u particle settling in air under the influence of
a gravitational fisld g has the velocity '

where:
r = particle radius
p = particle material density
n = viscosity of air

and the relative velocity of neighboring particles is

VZOVIS%.O—““rzz-rlz, .

%1f the radius of the air motion is large compared to the interparticle dis-
tance, neighboring particles experience essontially the same apparent
fleld. Only this case will be considered - that is, violet turbulence is
ruled out.
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The kinetic energy of relative motion is*

1, ™M 12
Z. m; +m, g -vy .

Withr; =1p, 1y =30, p = g/cm?, g =980 cm/sec, and u 2 1,83 x 1074, the
relative velocity in 0,19 um/sec and the kinetic energy of relative motion is
2.9x 10713 ergs.

The particles also have kinetic energy by virtue of their Browmian motion.
The average energy of such motion is equal to the average energy of the gas
molecules, which ia

~14

(%)k'r = 4,2%107 “ergaat300K .

it may be mentioned also that the laws of mechanics allow the transference
of this amount of energy in a single collislon,

We next consider some possible mutual energies of a pair of particles.
The gravitational attraction gives rise to the energy

Gmy m
1 2 (3.12)

#(x) =

where x is the center-to-center separation distance. Since G 2 6,67 x 10'8
in cgs units and m is approximately 10"'o g for 3y particles,

6,7 x 10°28
x

#lx) ~ erg ,

which is insignificant even with the particles in contact (x = 10-4 cm).

¥ This defsnition of kinetic energy appears in the classical two-body problem
in mechanics. The result is that binding is possibly only if the mutual
energy is larger than the relative kinetic energy.
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Charge on the particles gives riss to an interaction energy; if each
particle has unit charge, we have

2
N 48x10 Lo,
x - X

plx) = +

ergs .

The electrostatic energy may become appreciable if there are large numbers
of unit charges on each particle.

Anothur generally existent force is that of Van der Waal., This force
contributes 16

. 2
¢(x)="-,%(§-+§—:—é+:+l—zln;%:-;) (3.13)

where & = x/r. Q is 8aid to be approximately equal to kT - that is, com-
parable to the energies of Brownian motion.

The threa interparticle energies considered above are "long-range",
their influence extending over several particle diameters. To make the
survey complete, we must consider possible the formation of chemical or
physical bonds between molecules in the suxfaces of the particles. Such
forces would evidently be ahort range, extending ouly over a few molecular
diameters of separation of the surfaces.

Molecular bonds may be eatimated from
1) heats of vaporization

2) Tlheats of reaction

3) Theats of sorption

Tabies in physical chemistry textbooks provide the following ranges of value
tor these heats:
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1) 1074 4o 10 erge/molecule

2) 107325 107!

3 10713

erga/bond

to 19°11 srgs/molecule

3.2,2 An Estimate of Agglomeration in the Case of Tranquil Settling

In this treatment of agglomeration we shall neglect long-range forces
and assume that the short-range forcea are strong enough to bind particles
together once they are in contact. The problam then becomes one of finding
the probability of collisions between particleas.

Let attention be {ixed on those particles in an aerosol which have
diameters in the range (dl, dl +bdl). This whola class of particles moves
vertically downward with a velocity v(dl). It is convenient to view matters
from a system of coordinates which is at rest with respect to these particles;
let z be the vertical coordinate in this system. The number of particles of
the class under consideration in unit area of the horisontal slice dz {»

C(dl)bdl * ds - {3.14)

where C(d;} s the concentration. Suppose that a particle of diameter
dz > dl passen through the slice dz. A collision will occur if this particle
passes within a distance(d, + d)2 of a particle in dx;

that is, each particle in de effectivaly blocks off an area

d, + 4,12
,,(.3_..2._...‘.) (3. 15)

3-28 Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Date: JUL 19 m




] The probability of a collision is then simply the fraction of the unit area
effectively hlocked off, namely
l ' 4y + d,)2
% 5 C(d,) 8d, dz . (3.16)

These considerations may now be extended to the entire class of partl-
{ cles d,, of which there are C(dz) bdz per unit volume. In our chosen frame
of coordinates these particles move vertically downward with a velocity

{ vid,) - vd;) .

Therefore, if a cylinder of unit area and height v(dz) - "(dl’ is arected ou da,

all particies dz within this eylinder pass through dz in unit time, 8ince
‘ there are
!
’ C(dz‘ de [V(dz) - V(dl) ] (3.17)
i such particles, the probable number of collisions in unit area of the slice dz

per unit time is

Number per unit area per unit time =

Cldz) B4, [vidy) - vidy) ] ——igmPm C(d)) 5 dn (3.18)

or

? Number per unit volume per unit time =

' "“1 + dz)z
4

Cld,184, [ vid,) - v(d))) Cla,) 8d, {3.19)
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The result of the above line could now be extended to include all parti-
clen d by suitable integrations over d; and d,. Thus, the number of collisions
{per unit volume and time) sufferad by particles of diameter d is

(collinions with particles larger than d) + (collisions with particles
smalisr than d) =

- 2
C(d)bdj [vid") - vid)) !i‘"T“—éL clarjddr
d

d
+ cta)adf [v(d) - W ] § (@ + @ clan aar . (3. 20)
(]

The total number of collisions would result from another integration, where
care would have to he taken to avold counting each event twice. As may be

sesn, however, the expreasions become rather complicated. We therefore
content curseives with an sstimate based on the simpler Equation (3. 19).

Suppose that an aerosol is composed of particles of twa classes. with
dismeters 2 and 5 microns. Let the concentration ¢f each type be 1.03 parti-
cles per cm3; thus,

Cld,184, = C(d,)8d, = 103 per em? .

We then {ind approximately

2 events par cm3 per sec .

107

. The complete picturs would of course involve the atoarementioned inte-

grals. But, it is likely that the intagrals would modity the abovas estimate

only by a factor of order unity, so that the simpler Equatioa 3. 19) may be
taken as characteristic of thia type of agglomeration process. It may be
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noted for sxample that the rate of agglomeration is proportional to the product
of C(dl) and C(d,); in the complets picture, both factora would be propertional
ta C {the concentration without regard to particle size), so that the rate of .

agglomeration ia proportional to c? as mentioned bafore. '

According to the considerations of Section 3.2. 1, the same sort of
analysis would hold: with a variable gravitation constant, for the turbulent
case. The question of impartance here, however, can be more succinctly
stated as: "How much does turbulence increase relative motion of particles?™
This question will be left cpan for the present.

3.2.3 Cosgulation Due to Brownian Motion

A certain aumber of collisions between the particles of an aerosol un-
doubtedly arise because of the Brownian motion of the particles, If it is
assumed that the short-range forces betwoaen particies are strong eaocugh to
bind them together in the face of the same Brownian bombardment, then
these collisions result in agglomeration. For aeroscls of particles in the
S5-micron range, it is to be expected thai collisions due to Brownian motion
would be few compared to collisions due to gravitational settling; for dis-
placerents due to the former are small when compared with those due to
the latter, (This statement is to be amanded for the case of a monodiapersa
serosol, whare there is no relailve particle motion due to settling; for the
sake of this cage especially, some comments on Brownian coagulation will
be tacluded. )

The theory of coagulation due to Brownian motion was worked out by
Smoluchowski. 17 This article treats cosgulation in a colloidal suspension,
but ane finds that the conditions assumed are very similar to those taken in
Section 3.2.2 ~ that is, only short-range forces are important.

Smoluchowski's treatment of the problem is very complete: starting
with & monadisperse colloidal suspension, he finde and solves differential
equations for the quantities vy, Voo Vs + - o 4 s whare v, (s the concentration
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of agglomerates consiating of i particles. In the process an expression for
Lv N {total number of particles per unit volume} is generated. The differential
aquation is

ﬁ%ﬁ = - 4nDR(Zv)? {3.21)

where D is the "diffusion constant' and R the 'radius of action" of the parti-
cle. D is inversely proportional to the particle radius, and R is assumed
proportional to the same (with proportionality constant of order unity), so '
that the expression is independent of particle gize. For this reason, the
expression may be extended with confidence ta polydisperss aerasols. 18
Note that the differential equation is again one of a second order reaction.

Smoluchowski's value® for D is

_ kT
D = gwar
so that
L) w . . gg_(h)z . (3.22)

with (Zv) = 10% per em, 2/3kTm 2 x 10" ergs, um 1.8 x 1074 potse, we
find

%ﬂ ~ .10 ¢m3 soc™

FMore recent values differ by a factor of 2.
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3.2.4 Effects of Particle Charge on Agglomaeration

The enezgy considerations of Section 3.2.1 indicated that particle charge
could becorne large anough to overcome kinetic encrgies and therefors affect
agglomeration. Further information is presented in this section.

A treatment similar to that set down in Section 3. 2.2, with the elabora-
tion that particles may be deflected from vertical motion by interpazticle
forcea due to slectric charge, is presented in the literature. The conclu-
sion is that a particle of charge q does not atfect agglomeration if the condi-
tion

10
lagg| £ < 10

is satisfied. Here q  is the average particie charge of one sign in alectron
units, C {s concentration, and r is the redius in microans.

In related experimental work, 20 Kurkel has measured particle charge
by a Millikan oll drap type of experiment. It was found that the average
charge on a 5=micron particle ia approximately 100 electron unita; but there
were a large number of particles of either much higher or much lower
charge. Thia figure was found to characterise aerosols without ragard for
the type of powder or for the method of their dispersion.

Kunkel's conclusion is that for particles of 5-micron sise, charge plays
no role in agglomeration until the concentration reaches 107,

3.2.5 Summary of Aggiomeration Estimates

In Section 3.2.1, we indicated that all interparticle forces of any con-
sequence were of short range, with the posaible exception of those forces
due to particle charge. No {interparticle forces are therefore capable of
bringing particles togather; and collisions are left to chance. Thae sstimate
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of Section 3. 2.4 says that particle charge does nat influsnce agglomeration
for concentrations less than 10", The short-range interparticle forces,
however, are probably sufficient to bind particles into stable agglomerates,
particularly if chemical bonds form between surface molecules. The
critarion for stability, from Section 3. 2.1, is that the binding energy be
large compared with the kinetic onargies.

Assuming a S-micron count median diameter, the number of particles i
per g of powder is, at most, 2 x 1o‘°. I 1 g of powder in dispsrsed into a '
1 md chamber, the concentration is therefore 2 x 10‘ per cma or less.

Section 3.2. 2 presents an estimnate of the number of collisions per unit )
volume and time due to the relative particle motion of settling. Section
3, 2, 3 deals with collisions due to Brownian motion. With an assumad con~
centration of 103. the former ssction estimates that 10'2 particles are in-
volved in collisions per ::m3 per sacond, while the latter one yields a figure
of 10°%, The logarithmic derivatives of the concentration are therefore 10'5
ang 10~7 pear second, respectively.

A lock at Figurea 2,2 through 3.7 yields values for tha lagarithmic
derivative of the light-ecattering signal. In Figure 3.2 (for tale) it is found
that the light signal decreases about 3 percant par s.iinute late in the life of
an asrosol; earlier slupes and slopes of other curves aro higher. The cor-
responding value of the logarithmic derivative is

5x10'4por wec .

The relation between the logarithmic derivatives of scattered light and
of concentration may be seen {rom

8 = I3 m O

.xbac-?vY--? ;
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There results

dn8) , diac) , dinT) (3.23)

For purely agglomerative acrosol decsy, the two terms on the right would
have opposite signs. Simple geometrical consideration, however, shows
that

]!h C) | > | d!lnt-u') |

so that

| &) < (2GS

Since cbserved ratee of decrease for the light scattering are orders of mag-
nitude higher than estimated agglomeration rates, it seems that agglomera-
tion is of no consequance in ths present experimental apparatus. It is con
ceivable, however, that the agglomearation rate could become important in
experiments where a larger chamber is nsed. This is 80 bacause the rate of
nonagglomerative decay depends on chamber size.

3.3 Future Work

During the ¢leventh quarter, further work on humidity effects will be
undertaken. This matter has bscome sspecially important because results
of the recent quarter {n soma cases contradicted those previously reported.
The work with ion concentration (mentioned in the last quarterly report) will
got underway.

In the broader view, we hope that during the next quarter the aerosol
studles may be more strongly related to other aspects of the program. such
as the dispersibility studies. This attitude is in part forced by the dependence
of acrosol properties on dispersing mrethods.
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4. CONTINUATION OF EXPERIMENTS WITH THE FULL-3CALE FEED“
FOR COMPACTED DRY AGENT SIMULANT MATERIALS

Experiments were conductad using powdered sugar and "Jet” flour in the
experimeantal fesder, which is a prototype of the inner tank agsembly for the
{irst-goneration dry agent disseminating store. Operation of the unit with
compacted Mistron Vapor talc was continued with some runa bheing made at a
feeding rate of 91 Ib/min. Satisfactory performance of the full-scale experi.
menta) feeder has now been demonstrated over a range vf feed rates from 20
t6 91 1b/min and & range of powder denasitics from 0. 25 to 0, 69 g/ em’,

4.1 Powdered Sugar and '"Jet" Flour Tests

All of the experimental feeding expariments previously reported for the
full-ecale feeder were conducted with Mistron Vapor talc, In order to
demonstrats pericrmance of the {esder when filled with other compacted dzy
powders, the unit was opersted with powdered sugar and with General Mills,
Inc. "Jet" flour. Powdered sugar was selectad primarily bacause of the
difference between the amount of void apace in compacted sugar and that in
talc. Powdered sugar at a density of 0, 69 g/ cm? hes approximately 57 per-
cent void space; whereas Mistron Vapor talc at a density of 0, 55 g/ cm? nas
about 80 percent void space. Because of the smaller amount of air occupy-
ing the reduced void space in the powdered sugar, this material could possi-
bly fced less readily than tale.

"Jet" four was selected because the amount of veid space in this flour
{whan it is compacted) agrees well with that in Sm compacted by the same
force. The average bulk density of the flour is approximately 15 percant
greater than that of §3\_ under the same compaction force.

The feeder was chserved to function very well with both the powdered
sugar and the flour. Driving torquas wers low, and gas-flow rates similar
to those for talc could ba used. Flow-rate curves for the tesis dre pre-

sented {n Figure 4. 1. DECLASSIFIED IN FULL
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P For the feeding tests using powdered sugar, the unit was partially
: I : loaded with sugar at a density of 0,69 glcm3. Oun the first run the driving

speed was 18.5 rpm and the gas (nitrogen) flow rate was 4.4 std cfm, A
powder flow rate of 37,2 lb/min was measured. These flow rates resulted
in » gas<to-powder weight ratio of 0. 0087,

Sy
;

‘ On the sacond run the speed was approximately 35 rpm, and tha gas flow
was increased to 7. 5 otd cfm, The fesder functioned satisfactorily; but

l accurate flow-rate data were not obtained due to difficulties with the mea-
suring equipment. The flow rate as calculated from the speed of 38 rpm and

| the denwity of 0. 69 g/ cm® is 74.9 1b/min.

1

For the test using Jet flour at a density of 0. 60 g/ cms. the gas-~flow
rate was 7.9 std cfm. A powder flow rate of 65. 0 lb/min was measured.
The gan-to.powder weight ratic determined with these flow rates is 0. 009,

! 4.2 Feeding Talc at 90 lb/min

% In feeding experiments reported in previous progress ru':;pox'i:-.?'l
Miatron Vapor talc has been discharged at flaw rates ranging from 20 to %3
. i Ib/min with filling densities ranging from uncompacted talc at 0,25 g/ (:x'n3 to
; compacted talc at 0.65 g/em”, Higher flow rates were not obtainable with
i the existing experimental drive system. At the end of October, 1962, a
rotary actuator for tho first-generation dry agent disseminating store was .
completed and used in place of the experimental drive system. This made it
! possible to aperate ata maximum drive speed of 48 rpm as compared to 3%
rpm with the former system. Correspondingly higher feed rates wera ob-
‘ tained with the rotary actuator,

In cne of the seriss of runs made with compacted talc in the second
experimental unit, the unit was operated at 48 rpm with 13, 4 std cfm of aix
flowing, The feeder discharged 42.5 1b of taic in 28 sec for an averags
powder feed rate of 91 1b/min. The gas-to-powder weight ratio calculated
from thess flow rates is 0.0113,
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The density of the compacted tale in the fesder in this case was 0.6

s/ Cm3. (It should be explained that the first-generation dry agent dissemin-
ator does not have the same piston drive screw as the experimental feeder
and that powder feed rates at ideatical driving speeds for the two units do not
therafore correspond. The prototype diaseminator has a screw with ssven
threads per inch, whareas the experimental foeder has & screw with five
threads per inch. Consaquently, when the disseminator ia operated at the

top spead of 48 rpm with 0, 6 g/ m'rl3 density fill, its diacharge rate is approxi-
mately 65 1b/min instead of 91 b/min.)
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8. FILLING THE DRY AGENT DISSEMINATING STORE (E-41 SPRAY TANK) :

O e el e T
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1

Effort was continued on the investigation of techniques for filling the
E -4] spray tank with compacted particulate material. Experiments were con-
ducted using foamed plastic to encapsulate compacted talc into packages 16.5
inches in diameter and 9 inches high, For laboratory and field tests, the
diaseminator has baen filled with compacted tale by means of the special
loading device described in the Ninth Quarterly Progress Report. 2

5,1 Encapsulation Using Foamed Plastic

The investigation of methods to encapsulate dry particulate materials '
praviously reported in the Ninth Quarterly Progress Report (GMI Report f
No. 2344) was continued during the present reporting period. Of the three i
I methods proposed in the previous report the foamed~-in-place plastic pack- ‘

aging appeared to show most promise, and we therefore concenérated effort
| on this method.

—— p— Gemeear g weteemee gu—

Although many conditions are imposed on the encapaulating material,
] the primary ones are strength and friability. The package must be strong
l enough to withstand normal handling and yet must remain sufficiently friable
' to be shaved by the blades of the disaggregator in the disseminator in parti-
cles small enough to pass through the discharge orifice.

I The Chemical Activity of General Mills* Central Research Laboratory
has recommended a type of foasmed-in-place plastic which has properties
l that approach the above-mentioned requirementa. The basic material used
1 is a rigid polyether-based polyurethane foarn. The chemical compounds
have the trade name of Pleogen and are manufactured by the Mol-Res Divi-
sion of American Petrochemical Corp. The Chemical Activity formulatad
the fallowing combination of Pleogen compounds 1o make up the urethane
foam: First combine 1000 g of Pleogen 4032 with 72 g of distilled water and
then add this combination to Plaogsn 40208 in a ratio of 134 g of A {Pleogen

oG ——

i 4082 and water) to 280 g of B (Fleogen 4020B).

! i
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Urethane foams ars basically a reaction product betweea a hydroxyl-rich
material (Plengen 4052 is a polyether resin) and polyisocynate (Pleogen
4020B is a prepolymer containing toluene diisocyanate). The foaming actica
occurs when carbon dioxide gas is formed by the chemical action of the
water with the toluere diisocyanate. The resction time, which to a certain
degree detsrmines the atrength of the material, may be decreased with the
addition of a catalyst such as N-ethylmorpholine, The catalygt tends to in-
crease the liberation of carbon dioxide gas. The process is exothermic and
the heat promotes bonding of individual cells, which are furmed from the
resin material.

Geuneral combinations of the Pleagen compounds were inveatigated prior
to arriving at the formula previcusly outlined. During the investigations we
discovered that ymall changes in the chemical compositions of the urethane
foam did not affect the characteristics of the final foam as much as did the
changes in the injtial temperature of the molds and the temperature main-~
tained during the aging process. Previous experience with foamed-in-place
urethane foams indicated that in order to obtain a high streagth, rigid, ron~
friable material, it was necessary to preheat the mclds prior to pouring the
foam material and to maintain @ high temperature during the aging process,
Normally, the heat of reaction produces a svificiently high temperature.
The most succeasful approach to obtain & friable, low-strength material for
ovur application has been to pour with the molds at room temperature, and to
cool the foam as quickly as possible by removing the casting as woon as the
foaming is completed. Another way of minimizing the reat retention in the
material 1s to reduce the wall-thicknass of the shell. However, it is veces-
sary to retain sufficient thickness to preserve the required strength. Several
of the packages constructed had frinble cuter surfaces but tough inner core
matarial, The ianer zore problem was reduced considerably when an
aluminum bar was used as a heat sink in the inner meid.

Two types of urethane foam capsules were investigated for use in the
dry agent disgemivator. Thae first series made u:sed the foam shell as the
containsr into which the powder was compacted. This required that the foam
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shell be moldad with sxtremely thick walls causing sxcessive loss of poten=
tial powdser clpocity.‘ A maximum density of 0.41 g/ em3 (with talc) was
achieved in filling the containers teated. Although the shell was 1.1/4 ta
1-1/2 inches thick, extreme care was necessary when haandling the con-
tainers loadad with powder,

} Eight of these units wers successiully digested by the experimental dia- X
seminator. However, it was necessary to incorporate a screen at the on-

i trance to the discharge noxale to provent large piecea of foam material from
clogging the orifice.

The sscond series of capsules incorporated an aluminum shell around
the foam materisl to provide added strength to the container during handling. :
i The capsules were formed by placing the aluminum shell around & cylinder of ;
compacted talc powder and pouring the foam directly over the powder and
into the space betwaen the powder and the aluminum shell. Wall thicknasses
varying from 1/2 to 3/4 inches were tried. The denaity of the talc was
approximately 0,55 g/em 3

Because the foam adhered to the aluminum, it was necessary to free the
{ shell at the time the capsule was placed in the disseminator. Several of
these units were fabricated and tested. The capsules could be handled with-
out bresakage, but difficulty was encountered in lnserting the units into the
disseminator. The foam material was too {riable and cracked open during
loading.

} The second method of forming the capsuls by pouring the foam material
over & cylinder of compacted dry powder raises two questions:

| 1) 1s the heat generated during the foaming action detrimental
to compactad agent materials?

‘ 2) Are the chemicals and materials compatible with the agente

to be used?
l A preliminary investigation of the temperature question was conducted using
i a compacted slug of talc to determine the temperature rise in the bed during
] {foaming action. A copper constantine thermocouple was placed in the powder

Bmper
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bad approximately 0. 28 inches from the edge of the foam material. A total
temparature rise of 10°F was abserved during the entire foaming operation.
This rise in temperature daoes not appear to be excessive. However. the
heat tranafer coefficients of talc and agent materials may differ, and the
experiment should either be repeated with actual agents or coefficients
should be obtained for these agents.

The packaging investigations have not yet produced a suitable solution to
the problem. The urethane fosrn shows ths most promise of the methods
under study, but eeveral problems remain unsolved. If a good encapsulating
technique is developed. it will be necessary to investigate compatibility of
packaging materials and agents.

5.2 Loader for Filling with Compacted Powder

The Ninth Quarterly Progress Reportzz describes the loading fixture
which bas bean fabricated for use in filling the prototyps E-41 disseminator
with compacted powders. This unit has been used successfully in several
filling operations in which talc was used as the asimulant material. 1t is
planned that this device will also be used when filling the dissaminator with
Bg for the Dugway tests.

Aw part of the preparations for the teste at the Naval Alr Test Center,
extra inner tubes were fabricated for use with the loader. Two of these
tubes were filled with compacted talc and shipped to the Test Center ia the
event that it bacame necessary to refill the disseminator in the fleld. Be-
cause of the successful performance of the disseminator, the initial filling
sufficed, and the spares were returned unused.
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6. ASSEMBLY AND TEST OF THE PROTOTYPE DRY AGENT DISSEM] -
NATING STORE (E-41 SPRAY TANK)

During the past three-month period significant work was accomplished
on the development of the dry agent disseminating store which has been
designated the E-41 Spray Tauk, The prototype was assembled and sub-
Jected to laboratory and field testing. Structural and functional tesis wers
conducted in the laboratory at General Mills, Inc. and at Fletcher Aviation
Company. Static functional tests and flight tests were conducted at the Naval
Alr Test Center, Fatuxent River, Maryland. The disseminator passed all of
these tests with a high degree of succass.

6.1 Fabrication and Assembiy

The first-generation prototype dry agent disseminating store wis
assembled in the Development Engineering Shop at Plant 5 of the General
Mills' Electronics Division. Wherever possible. as componants and aub-
assemblies were {abricated and assembled in the shop or recelved from out-
side vendors, they were inspected and tested for conformance with drawings
and specifications before being incorporated in the prototype unit. A few
engineering specifications are appended to this report as examplas of engi-
neering procedure related to fabrication of this unit.

The fabrication and assembly of the prototyps have closely followed the
basic design described in pravious prograss :-opcu-tl.z3 and no further dis-
cussion of design details will be provided here.

As the design and development work progressed, the need for certain
items of support equipment became apparent, Design, fabrication, and
procurement of these items also progressed during the past quarter so that
they were available when needsd in the assembly and test pragram. Included
in the category of support squipment are the following items: '
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1) nose cone cart

2) tail cone cart

3) lifter

4) sopport frame

5) high-pressure nitrogen cylinders
6) electrical teat Hxtures

7) flight racorder

The nose cone and tail cone carts are used to facilitate assembly of the
snd cones to the center section of the stora. They also serve as cradles to
hold the end cones when they are haing worked on apart from the center sec-
tion. Each cart is made so that the nose cone can be rotated about its longi-
tudinal axis to engage or disengage the bayonet latching rings by which the
cone and the center section are joined. A commercial half-ton load lifter is
used to raise the cart and end cone to the slevation of the center section.

A special support {rame was constructed to hold the store during assem=~
bly in the shop, The attachment lugs in the store are used to attach it to the
support frame,

The gas bottle in the disseminator is charged with nitrogen to a pres-
surs of 3000 pai. To achieve this pressure, the bottle ia filled by & cas-
cading procoas in which the "topping'', oz fina} filling, is accomplished with
6000 psi nitrogen cylinders. The cylinders are not available from local
suppliers of the standard 2400 psi cylinders, but were ordered from the Air
Reduction Company, Inc., Los Angelss, California.

A small recorder was procurad for monitoring and recording the opera-~
tion of the dry sgent disseminator during flight teating. This instrument is
a Century Elsctronics and Instruments, Inc., Model 409E4, miniature light-
bearmn oscillograph with Model 409D9 recording paper magasine, Itisa
compact. shock-mounted untt ideally suited for mounting in an airplane.
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For the flight teats, the cscillograph will be powered from the dis umﬁim'n

28 vdc powsr supply and will commence recording upon application of power
to the disseminator.

On-~off type recording is achiaved by actuating the appropriate recorder
galvanomater through the relay associated with the condition in question.
Following is 2 tabulation of the eight conditions monitored, together with
their associated relays:

Condition Sensor

3-phase a-c undezrvoltage undervoltage detector relay

nitrogen supply heaters on heater relay

cylinder pressurs above 2 psi cylinder pressure relay
line pressure above 20 pei line pressure relay
nitrogen flow pressure below 28 psi gas flow relay

discharge valve fully closed discharge valve switch
piston extendad to limit actuator extend limit relay
squibs fired arm relay

In addition to the above svents, the disseminator's 28 vdc circuit is
monitorad and recordsd in analog form.

Detailed analyses of these conditions and of the sequence of various
events during as long &8 one hour of disseminator flight operation are possi-
ble through examination of the permanent paper record.

Two electrical test boxes were made for the purposs of simplifying pre-
flight check-out procedures. One of these 1s called the "Ground QOperating
Box" and the other the "Alrcraft Checkout Box".

The ground cperating box is used to cperate the E~41 spray tank when a
ground power source is used and the cockpit control panel is not counectad to
the disseminator. This test box has a "Ground Operating Cable" which -
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connacts the box to the disseminator through a receptacle in the top of the
store. The following switches and indicator lamps are mounted on ths box
and correspond with those in the airplane cackpit:

Switches Lamps
master gensrator off
arming orifice open
disseminate flow
photo light

The aircraft checkout box is used to check the cockpit control panel and
the aircraft wiring assoclated with the E-41spray tank. This box has indica-~
tor lamps and awitches to simulate various components in the disseminator.
It is connected to the pylon connector in place of the disseminator. As
various switches on the cockpit control panel are operated, the appropriate
indicators on the chackout box light up if the system is normal. The indica«
tor Jamps on the cockpit panel can be made to light up by using the appro«-
priate awitches on the checkout box. The following indicators and switches
are incorporated in the aircraft checkout box:

Switchey Lamps
generator indicater 28 vde power
orifice open arming
flow indicator disseminate

yphoto Light on
photo light on-disseminate

In addition t0 the above switrhes ard indicator lamps, there are nins
pushbnttons which are used to check the nine channels of the racorder used
in flight testing. To check the recorder, a ground glass screen is lnserted
in place of the recording paper magazine, and movement of the light-beam is
observed visually as the galvanometer shifts when the appropriate button is
pushed.
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6.2 Laboratory Structural Tasts

In order to fnsure that the dry agent disseminator is structurally
qualified for uss s an external store on high-performance aircraft, a tank
afgembly was subjected to & series of atructural qualificstion tasts. The
structural test assembly was identical to the prototype disseminstor except
that operational components such as the ram air turbine generator, rotary
actuator, valves, stc. were simulated by blocks of metal of identical weight
and center of gravity.

The teats ware conducted by the Flatcher Aviation Company, El Montes,
California. Mr. A. T. Bauman and/or R. T. Dahlberg, representatives
from Coneral Mills, Inc., witnessed all tests. Since some tests required
that the unit be loaded, the two GMI representatives assumed the responsi-
bility for filling the store. A portable compaction stand waa shipped to
Fletchar Aviation Co, for this purpose. Cleneral Mills, Inc. "Jet" flour waa
used as the simulant matsrial because it compacts to a density 00,6 'Icm3
with less force than is required for talc, the usual simulant material.

The assembly was tasted using esseatislly the same procedure as is
normally employed in the qualification testing of remaovable external auxiliary
fuel tanks for sircraft. The following testa wera conducted:

1) examination of product
2) weight

3) center of gravity

4) pitch and vibration

5) static structural

6) leakage

?) ejection

-

The test report "Gualification Tests, General Mills Tank Assembly, PIN
21.130-48032", included in Appendix A, describes the tests and their resuits,

The assembly successfully passed all of ita structural qualification tests.
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6.3 Laboratory Functional Tests

ey

. The dry agent dlsseminating store was operated in the laboratory at

: CGeneral Mills, Inc. to insure that the unit functioned properly before ship~
ping it out of the plant for field testing. In addition, a rough~handling test
was conducted with the second sxperimental unit to investigate the possibility
of malfunction in the powder foeding phase of operation which might result

1 {rom transportation.

—— p——

When the stors was completely assembled it was first operated empty
] while minor adjustmnents were made. A laboratory power source was used,
since the ram-air turbine generator was not cperating, and the ground
cperating box was used in place of the cockpit control panal. The high- :
‘ pressure nitrogen source was operable during these trials. i

Then the atore was loaded with compacted talc and operated at all five !

’ feed-rate settings. Powder flow rates were determined by weighing the talc :
as it was discharged into a collection tank mounted on a platform scale. The

‘ photograph in Figure 6.1 was taken during one of the trial runs and shows

the powder collection system. Flow rates determined during these runs are
i tabulated below:

‘ Speed Selector Setting Flow Rate, 1b/min
1 16,7
2 24.5
| 3 31.8
4 51.6
5 66.8

The density of ths compactad talc as calculated from the dats for this
tast ia 0. 61 g/cms.

. Another test relsted to the functioning of the disseminator was conducted
l_ using the experimentsl model of the inner tank assembly. This test was &
rough-handling test in which the experimental unit was filled with compacted

e At -+ g i e 0 | A 2
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LABORATORY OPERATION OF THE E-4i
SPRAY TANK

FIG. 6.1
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talc and trucked over 147 miles of rough roads. The unit was then returned
to the laboratory and operated in the test stand. The forces eacountered
during the rough ride produced no noticsable change in performance of the
unit,

This ability to withstand handling and tranaporting was later confirmed
when the prototype E-41epraytank wastrucked to the Naval Air Test Centear,
Patuxent River, Maryland, and flown on an A-4B ( A4D-2] airplane. But
we had {slt it important to investigate this aspect of performance befors the
flight tests at Patuxent so that any problems discovered could be corrected
before the prototype unit left Minneapolis,

6.4 Flight Tests at Naval Air Test Center, Patuxant River, Maryland

On November 27, 1962, the prototype E-4! spray tank wasflight testad on
an A-4B (A4D-2) airplane by the Weapons System Test Diviston of the Naval
Air Tent Center, Patuxent River, Maryland. The tests were conducted
under Navy Wep Tagk No. RA 1200001/2011/F012-15-02, Problem Axsign-
ment No, RMMO-334-153. An interim report on the tests issued by the
Naval Air Test Ceater has been reproduced and included as Appendix B,

The E-41 was first attached t0 an Aero 7A rack in a support structure
for static tests on the ground. A ground power source was used,and the
disseminator was operated by means of the ground operating box. Motion
pictures were taken by photographers from Fort Detrick.

The unit was then mounted at the centerline station of the A-4R. and the
cockpit controls for the disseminator were used to arm the unit and to feed
out & shost burst of powder while the airplane was still on tha ground.

The airplane was then flown through a series of maneuvers 80 that the
E-41 spray tank wae subjected to asrodynamic and flight loads. The maximum
flight apeed was 0. 895 indicatad Mach number, and the maximum accelera-
tion imposed during maneuvers was 6 (i. The talc in the unit was dissemi-
nated in & series of twelve dissemination rucs at altitudes from 300 to 3000
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{eet and from 350 to 520 knots indicated airspeed. Dissemination periods of
45 and 60 seconds were used. Four of thase runs at 300.foot altituds and
high speed were made within view of observers on the ground at tha Weapons
} System hangar. The talc was visihls frem the ground and appsared as an
sver-wideaing ribben trailing out behind the airplane.

o

When the airplane returned, it was sxamined visually for contamination,
but no talc could be found on it. Three strips of ordnance tape had been !
piaced on the bottom of the fuselage aft of the disseminator and coated with
silicons grease with the idea that they would hold talc which hit this area.
l Unfortunately, the tapes were stripped off in flight.

—

The disseminator was found to be heavily contaminated with talc, The ‘
[ talc appesred to be emanating from the joint where the shroud for the dis-
charge tube attaches to the surface of the disseminator. Upon removing the
‘ shroud it waa learned that approximately one cup of tale had somahow made
its way into the shroud. It was suspected that the talc entered through the
amall hole for the squib wires in the arming device since the squib cavity
1 communicates with the discharge tube where talc was flowing.

i Tor the Patuxont tests the E-41 was filled with compacted tale in Minne-
apolis and transported by truck to the Naval Air Test Center. It was also

returned by truck to Minnsapolis where it was disassembled and cleaned out

] in preparation for lcading with Bg for the test program at Dugway Proving
Ground. During this process the unit was examined for evideuce of any

{ damage or sxcessive wear which might have cccurred during transport or
flight test. Ag stated above, with the exception of the contamination of the

t store itaslf, there was no avidencs that tha disseminator was aflfacted in any
way by the flight test or shipping.
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7. FPREPARATIONS FOR BIOLOGICAL FLIGHT TESTS AT DUGWAY
PROVING GROUND

During the quarter, preparstions were made for hiological flight taats to
be conducted st Dugway Proving Ground with the E.4] and E-42 Spray Tauks.

A plauning mesting was held at Dugway, and preparations for filling the dis-
seminators began.

7.1 Planning Mesting at Dugway Proving Ground

On 17 QOctober 1962, Mr, G. Whitnah and Mr. J. McGillicuddy of
Genersl Mills, Inc., together with Mr. J. Qualey and Mr. M, Chertoff of
Fort Detrick, participated in a meeting at Dugway Proving Ground for the
purposs of discussing plans for a series of flight testa of the E-41 and E.42
Spray Tanks. Dugway was represented by Mr. Cols D, Neff, Director of
Test Operations, and several members of the technical staff,

A presentation covering the characteristics of the E-41 and E-42 in con-
siderable detail was given by the (eneral Mills reprassntatives. Resuits of
previous flight tasts of the E-42 at Bglin Air Force Base and at the Patuxent
River Naval Air Station were summarized. The subjects of filling, handling,
operation, flow-rate calibzation, and decontamination werse discussed.

Some modifications to the E-42 Spray Tank were suggested by the
Dugway staff. These included the installation of an in-line liquid agent filler
in an accessible location to facilitate cleaning in case this becamse necessary,
and the revision of the lower end of the booms to sliminate residual liquid
below the nossles which could cause dripping of agent when the hooms are
retracted. Both of these modificationa ware made by General Mills, and &
new packless pump was purchased for use by Dugway personnel in filling the
E-42.

Operation of the E-41 dry agent disseminator wag discussed with em-
phasis an the controllability of agent flow rate and the starting and stopping
characteristics. No problems which would require modification of the design
were found.
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. Plans wers made to ship the E-41 and E-42 unita to Dugway as aoon as
possible after completion of the air-warthiness flight tests of the E-41 at
Patuxent River Naval Alr Station.

7.2 Preparations for Filling Disseminators with Biological Materials

it was decided that the E-41 Spray Tank would be filled by General Mills,
Inc., and that the E-42 would be filled by Dugway Proving Ground personnal,
The dry Bg to be used in the E-41 was shipped to General Mills, Inc. from
the U. 8. Army Biological Laboratories last August. The blological
materisle for usa in the wet condition with the E-42 are to be shipped from
the U. 8. Army Biological Laboratories to Dugway Proving Ground.

— e e e paeew e

A ﬁnanm:y of 125 1b of dry Bg was raceived at General Mills, Inc. The
I materisl received was from two lots: 105 1b from lot 17 and 20 1b from
lot 18. Rather than mix lots, we will i1l the disseminator with 100 1b of the
' 4 lot 17 material.

It will be necessary to minimise the amount of contamination of the
i building with Bg during the filling operation, For this reason, it is planued
that the rules listed balow will be followed.

1) The fiiling will be done in the dry room which has been used |
for the full-scale powder feeding experiments.

2) Peraonnel sutering the room will don coveralls, gloves,
caps, shoe covers, and face masks whick will be removed
in the air lock upon leaving the dry room. Fraesh clothes
will be donned upon re-entering tha room.

3) The used caps and shoe covers will be burned, and the
coveralls, gloves and face masks will be washed and re-
used.

b a— S ot P

4) Expendable burnable materisls used in the dry room will be
placed in plastic bags for remaval to the incinerator.

ar——y

5) Thae disseminator and other equipment will be thoroughly
washed with germicide before removal,
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Tilters in the room air circulation system will be replaced
and the entire room will be thoroughly washed with garmi-
cide aftor the filling operation is completed.

The materials, supplies and wearing apparel needed to implement this
plan are being procursd.

During the planaing meeting at Dugway Proving Ground in October, it
was agreed that General Mills' responsibility for filling the E-42 with wet
agent would be limited to providing a suitable pump,

The pump for this purpose was procured from the Vanton Pump and
Xquipment Co. The specifications for this Yanton Ssalless Chemical Pump
ars as follows:

1)
2)
3)
4)
5)
6)

size 30 (5 gpm at 0 psi dlacharge)
stainless steel body

hypalon flexiliner

3/4-inch NPT inlet and outlet

1/4 hp, totally enclosed, 110-volt motor

Closa coupled with capacitor start

A special hose was also procured to connect the pump discharge 1o the
disseminator filling line,

This equipment will be shipped to Dugway with the disseminators.

i Unclassified
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8. SUMMARY AND CONCLUSIONS

Our program of research and development on the dissemination. of solid
and liquid BW agents is broad and varied. The progress in the various
araas of work is summarised in the following paragraphs.

Most powder samples being used in the atudy of fundamentsl properties
are now being processed in a fluld enargy mill to sliminate any possible
effacts reluted to pravious history of the powder. We now beliave that the
sliding disk test measures the shear resistance of tha powdsr during come«
paction, whereas the triaxial test provides a true measure of the shsar
strength of a compacted powder. A purely theoretical tnum;m of come
pacted powders results in conclusions which are qualitstively in agreement
with empirical theory. Three mutiicds of determining tensile stxeugth are
being evaluated. These are the triaxial method, segmentsd column method
and 5 new dscompressive breakup test, which involves asrodynamic breakup
of a compactsd powder spacimen through rapid depressurization. The Instron
taster is being employed to obtain data relating stress and energy to averags
bulk density of compacted powders. A technique involving filling & long
S-inch diameter tube with altsrnate layers of natural and dyad compectad
powder has ravealed how the powder distributes itself during compaction.
An extensive study of the characteristics of the powder particls has been
initisted. Factors of intersst include particle shape, porosity, total surfacs

ares, surface energy, adsorptivity, chemical reactivity and rugosity
(Section 2).

Ths experimental work with aeroscls conducted in the aerophilometer
has revealed that aerosol properties dspend upon the method of dispsrsion
employed. Improving the light-beam falled to provide data of sufficisnt
quality to permit an anilysis of light-acattering fluctuations. Concentration
runs have heen shown to follow the sxpressions for nonaggiomerstive decay.
Theoretical estinates of agglomeration, based on forces cperative between
particles and on ths motion of particles in the settling chamber, have shown
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that agglomeration is of no consequence in the present sxpsrimental appara-
tus but could become lmportant in a larger chamber, Arsas needing further
study are the effect of humidity, static charge, energy of diepersion, and
particle rugosity on dispersibility and decay, as well as the effact of com-
pacting the powders to higher bulk dendities prior to dispersal in tha naro- 3
philameter (Section 3),

. T ot . 45 A Y YR

The full-scale experimental feeder, which is actusally a prototype of the

‘ inner tank assembly of the E-4] spray tank, was used successfully to feed ;
powdered sugar and flour, In additional tests with compacted talc, a flow A

l rate of 91 1b/ min was achieved (Section 4). .

Technigues for encapsulating compacted particulate materisl wers in-

‘ vestigated in which fonmed plastic was used to contain the powder. Packages
of this typs wers successfully fed through the disseminator, but the methods
smployed thus far have not produced a sufficiently strong package. A special

l - loading device in which compacted material is transferred from a compac-
tion cylinder into the disseminator has been used to fill the prototype E-41

l spray tank for laboratory and field tests (Section 5).
The prototype dry agent disseminating atore (E-41 spray tank) was com-
i pleted and subjected to a series of tests. A structural test modal success-

fully passad the structural teats conducted at Fletcher Aviation Company.
i Laboratory functional tests and a rough-handling test were conducted at
General Mills, Inc. In November the E-41 was successfully flown and
‘ operated with compacted talc on an A4-B (A4D-2) airplane at the Naval Alr
Test Center, Patuxent River, Maryland. With the exception of contamina-
tion of the bottom of the disseminator, the unit and its cockpit consrols
proved to be quite satisfactory. The disseminator was returned to Ceneral
Mills, Inc. for sxamination and refilling preparatory to the flight tests
scheduled for Dugway Proving Ground (Section 6).

Ry ——
'

Preparations wera made for biological flight tests to be conducted at
Dugway Proving Ground, A planning mesting was held at Dugway on 17 Octo-
. ber 1562. Arrangements were made for fllling the L-41 spray tank with dry
Bg at General Mills, lnc. and equipment was procured for filling the E-42
with liquid agents at Dugway (Section 7).
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l S P | FLIFGHIR AVIATION SOMPANT :
. L =4 - .
E Ml J1e-3i- QUALIPICATION TESTS mesey 31-130: |
l c /t( GENERAL MILLE TANX ASSEMBLY . 43,304
123l 6 Ruson? Ne,
L .
: B This report covers a portion of the qualification tests
. : conductad on General Mills (G.M.I.) special tank assembly,
. Part No, SK 29100-610. The teat assembly is identical to :
. l the £inal asssmbly axcept that operational components auch -
. ' as the ram air tuzrbine gemerator, pistons, actuator, valvas, B
ate., ware models of identical weight and center of gravity, !
i Further qualificatiocn testing will be conducted by G.M.I. to !
substantiate the operaticnal capabilities of the complete !
assexrbly. . 1‘
. i
1 This documant presents tha qualification testing conducted :
- in accordance with the requiremaents of apecification MIL-T- !
(' 7378A, and G.M.I. Specification GMS 29100-783. i
Qualif ication tests described harein wers conducted at the |
l Fletchar Aviation Company test facility. 41
- [
REFERENCEG: 3
i 8pacification MIL~T-7378A ... Tank, Fuel Aircraft,
Bxternal Auxiliary,
] Removable
| L
! G.M.I, Specification ass S8R 29100-698 ,
! i Drawing
. G.M.1I. Specification «es External Removable
, GHS 129100-610 Tank Assy for G.M.I.
Electronics Group
i G.M.I. Specification ... Testing of External A
GM8 29100-783 Removahle Aircraft Tank .’ '
Asgenkly described by :
{ _ GMS 29100-610 for General !
Mills Electronia Group {
i 7.A.C. Drawing 21-150- viv  Tank Assesbly, G.M.X. !
48032 Specification i
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|
- ADMINISTRATIVE DATA @

5 PURPOSE OF TEST:

To determine that the assembly conforms to the
applicable drawings.

, " MANUFACTURER: ;
Fletcher Aviation Company

MANUFACTURER'S MODEL NO:

21-150
ASSEMBLY DRAWING:
‘ 21-150-48032

QUANTITY OF ITEMS:

One

SECURITY CLASSIFICATION:

Nene

TEST DATE:

10~-16-62
Page determined to be Unclassified

Reviewad Chief, RDD, WH
TEST CONDUCTED BY: IAW EO 13526, Section 3.58
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wWayne Callahan

DISPOSITION OF SPECIMEN:

Use for Weight Test

ABSTRACT:

The assembly successfully met all of the requirements
of the test.

pp—y Best Available Copr




1.

aircraft quality standards for workmanship.

TEST EQUIPMENT:

Standard ingpection tools; lincar scales, nicro-

meters, calipers.

TEST PROCEDURE:

1.

Inspect the complete assembly for general con-
formance to 'F.A.C. drawing no. 21-150-48032.

Remove nosc and tail sections and inspect <1l
compartments for metal chips, filings, or other
foreign material.

Inspect all mating components for alignment, fit,
sealing capabilities and general workmanship.

Inspect tank surfaces for evidence of daxije
or undue abrasion.

Inspect for loose bolts, rivets, or other fazieaing
devices.

Inspect for parts not treated for corrosion resis-

tance,
Iﬂspect for misalignment of mating components.

Remove inner tank cover plates and inspect inner
tank for general cleaniiness, workmanship, and
conformance to G.M.I. requirements.

Generally inspect simulated components (G.M.I.
furnished) for £it and security of installaticn.

NamE Bare - “iATION C PANY Tamp, | vRAM.
paceancn| W. callahah 9-28-6 FLETCH .. AVIATION COM PaoE 1l
. e
cueenen [RHil - Jie-s-c2 BEXAMINATION OF PRODUCT Mooee 21-150
el [ GENERAL MILLS TANK ASSY 43.304
A”uv::i!i/.f . a(’ Cle-doce GE MILLS S REPORT NO.
FACTUAL DATA Page determined to be Unclassified
T Reviewed Chief, RDD, WHS
R . IAW EQ 13528, Section 3.8
REQUIREMENTS : Late:  JUL 19 08
1. That the assembly and accessible components
thereof conform to their applicable engineering
drawings., ]
2. That the assembly and all components conform to

#AC tarm FSOB
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Ttahan | oo FLIVC!IED AVIATION COMPANY i
Pagranes [W.Callahan | 9-28-62 vasbt . B Pacs 1.2
TITLE
cuecxen R H 11 to-§-vx EXAMINATION OF PRODUCT MooeL :;-;32
’ el P2 S .
APPROVED wo‘,/'/' {7 [1O0~4~t~ GENERAL MILLS TANK ASSY REsORT NO.

@

IEST PROCEDURE: (Contd)

10. Install nose and tail sections and inspect entire
tank contour for surface irregqularities.

RESULTS OF TEST:
Ssatisfactory i

RECOMMENDATIONS :

Page determined to be Unclassified
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PURPOSE OF TEST: .

To determine the empty'and full weights of the
complete assembly.

MANUFACTURER:
} i

Fletcher Aviation Company

MANUFACTURER'S MODEL ¥NO.
21-1%0

ASSEMBLY DRAWING:
21-150-48032

QUANTITY OF ITEMS:
one (1)

SECURITY CLASSIFICATION:

None

TEST DATE: .
. Page determined to be Unclassified
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Late: UL 19 208

10-17-62

TEST COKDUCTED BY:

Wayne Callahan

DISPOSITION OF SPECIMEN:

Use for Center of Gravity Test

ABSTRACT:

The assembly successfully met ail of thne re'quix:ements

of tha test. (‘
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1
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Best Available Copy
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TITLE .
creexto (R W to=5 .2 WEIGHT TEST Moot 21150
: FZ GENERAL MILLS TANK ASSY 43.304
ArpROVED W/c c‘lih_ e ~Le | Reront No.

FACTUAL DATA e)
* REQUIREMENTS:
1. To determine the total weight of the empty
assembly.
2. To determine the total weight of the £ull

F.A.C.

F.A.C.

Weight of empty assembly
Weight of full assembly

CUSTOMER REPRESENTATIVE

’

assembly.

TEST EQUIPMENT:

1. Certified platform scales.
2. Tank cradle.
1. Sinmulated filler material (powder).

TEST PROCEDURE:

1. The cradle is weighed.

2. The ecmpty tank and cradle arce weighed and the
cradle weight is deducted from the total weight.

3. The tank is filled with filler material (powder).

4. The full tank ané cradle are weighed and the

de
.

cradle weight, is deducted from the total waeigh

TEST RESULTS:

697.90
1049.5

o

.58 .
ins.,.
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ADNLESTRATIVE DATA C®
PURPOSE OF TEST:
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To determins the location of the center of gravity ,
l of the assenbly in both the full and empty conditions. i
¥
N 4
MANUZACTURER:
| . : .
t Fletcher Aviation Company . :
‘ ' 21-150 E
ASSEMBLY DRAWING: ' , i
{
| 21-150-46032 )
‘ .I t
ons (1)
| SECURITY CTASSIFICATION:
i - Nene Page determined to be Unclassified
: I ‘ Re%iewed Ctuef, ROD, WHS
IX97 DAIZ: |AW EO 13526, Section 3.5
pate! 19
] 10-19-62
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! Wayne Callahan
| - DISPOSITION OF SPECIMEN:
| Use for Piteh & Vibration Test :
' |
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Tha assambly -uo&eu!uny met all of the reairemants
of the test.
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1EST _REQUIREMENTS s

To determine the logation of the center of gravity
of the assambly in both the empty and full con-

Aitions. .
TEST RQUIPNENT:
l. Two [2) platform scales.
2. Tank cradle.
3. Rocker bar.
4. Simulated filler material (powder).
IEST RROCEDURE:
1. The cradls is weighed.
2. The tank and cradle are weighed and the cradle
weight is dsducted from the total weight.
3. The cradle is balanced on gha rocker bar.
4. Tha tank is blaced on the cxadle in the "balance"
position. The c.g. station iam recorded.
5, 7The tank is £illed with the simulated filler
material.
6. The tank is placed on the cradle im the “"balance"

poaition. The a.g. station is racordsd.
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: "- IEQT RESULTI: !

' . C.G, Location of Empty Tank T.8. . A2.97. !
i C.G. Location of Full Tank T.8, _83.272 |
1
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To demonstrate the tank will withstand vL‘brxt:Lon
and pitching forces encountered in service. !

MANUFACTURER +

Fletcher Aviation Company

21-150-48032

one (1)

None

DATE:

QUANTTTY OF ITEM3:

TON s

10-20-62

ES

D 3

Wayae Caliahan

DISPOSITION OF SPRCIMEN:

Usa for Leakage Tast

ABSTRACT:
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The assembly successfully met all of the :cquiremunt-'
‘0f the test,
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EEQUIRENENTS: oo e JUL 19 2
1 . 1., Tesgt Conditiongs The tank complete with all

simulated components and parts shall be mounted

in the support jig and inatalled on the vibra-

tor and rocker aseembly. The centerline of the

tank when mounted on this assembly shall be a

. minimuet of 20 inches above the axis of rotation.

t . Tha tank shall be pitched and vibration tested in.
accordance with the following conditions. .

e

i A. The vibration displacement shall be a minimum
double amplitude of 0.020 inch measured at

the attachmgnt points of the tank. The

‘ average amplitude betwesn the top and bottom
of the tank at the supporting rings shall be

a minidmur of 0.020 inch. A suitabhle elactronic

vibration measuring instrument shall be used

to measure vibration displacement while the

tank assembly is being tested. The average

) pegk value, at the point being measured during

: a 30 pecond interval shall be taken as the

[ . value to be recorded.

B. The vibration frequency shall be 2000 + 0 -
60 cycles per minute.

C. 'The tank- shall be mounted in such a manaer
that the major horizontal axis of the tans
shall ba 90* to the centerline of tha axis
of the shaft of the rocker asgembly platform.

D. The pitch rocking angle shall be 30° total,
approximately 15° on either side of the
horigontal position.

[ys— [oav———

B, 'Tha tank shall be unpresmirized.

s

" P. The tank when filled shall be pitch-vibrated
- : for 25 hours at 16 to 20 pitch ¢ycles pex
minutse.

748 orm 1808
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REQUIRRNRITS: (contd) @
G. At the conclusiocn of the pitch vibration
tegt the tank shall be emptied. The inner
tank shall be checked for leakage in accor-
dance with the procedure of section 6.0 |
of thig report.
H; After complation of the zbove tesats the
tank assembly shall be inapected visually
for evidence of failurs, such as structural
damage to the innex or outer tanks.

2. Following the akove inspecticn the ampty tank
with the inner tank pistons at the forwarxd
extrexne of their travel shall be pitch-vibrataed
for 10 minutes at 16 to 20 pitch cycles per
minute. Any rssonant vibration behavior of the
pistons or drive screw will be noted.

3, With the tank in the same condition as in para. 2
a vibration survey shall be made over a range of
frequencies from 0 to 50 ¢ycles per secord. Any
resonant vibration bshavior of tha pistons or
drive screw (GMI provided parts) will be noted.

TRST EQUIPMERT:

1. 8losh and vikration machine.

2. Tank support fixtuve.

3. Strobotac or squivalent.

4. vidration meter. Page determined to be Unciassified

5. Vibration pickup, Reviewed Chief, RDD, WHS

6., Pressure gage. JAW EQ 13828, Seation 3.6

Date:
JES_PROCEDURE: JuL 19 208

1. The test assembly is mounted on the slosh and

vibration machine by wmeans of a support fixture,
The caenterline of the agsembly is a minimum
of 20 inches sbove the slosh axis.

The tank ig f£illed with G.M.I. provided matexial
(powder).
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TEST PROCEDVER: ‘(Contd)

of frequencies from 0 to 50 cycles per sscond.
Any resonant vibration behavicr of tha pistons
or drive screw (G.M.I. provided parts) are
noted,

Page determined to be Unclassified
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ST PROCEDURE:
I ’ 3. The pitch and vibration machine is put into

cyclic pitching of the longitudinal axias from
[‘ 15® nose up to 15° noge down. .

) . 4. The motor drive for ths ececentric weights pro-
‘ - ducing vibration is activated and brought up to
) 2006 + 0 CPM.

. -60 .

] : 5. Vidbration readings are taken and the accentric
! ‘ waights adjusted to produce the requirad values
of vibration displacement.

6. The pitch rate is checked to be 16 to 20 per min.

| 7. The rotation spesd of the eccentric weights is
maasurad o be 2000 + ¢ R.P.M.
-60
‘ 8. Simultancous pitch and vibration is continued
£or 25 hours.

! 9. Thae tank i3 emptied and the inner tank is checked
for leakaga in accordanae with section 6.0 of
this report.

10. The tank assexbdly is visually inspacted for
, evidence of failure such as structural damaaas
i to the inner or outer tank.

1l. The inner tank pistons ara advanced to the
! forward extreme of their travel toward center.

12. The assemdbly is pitch vibrated for 10 minutes
| in accordance with steps 4 through 8. Any

. regonant bahavicr of the pistons or drive screw
are noted. .

l 13. wWith the assembly in the same condition as

step 12, a vibration survey is made over a ranga

] Page determined to be Unclassified
Reviewed Chief, RDD, WHS

' IAW EO 13526, Section 3.5
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@

TANK ¥O. 2 MODEL |_21-150
TEST CONMDUCTED BY: Wayne Callahan DATE:; 10-20-62
] VIBRATION

. TANK CAPACITY: ____ 350 __ pounds TEST: 350 pounds
I OPERATING PRESSURE: _ O _ TEST FRESSUREs "~ 0 .

l ’ TAYK AT 90° TO PITCH AXIS

' JECC. WT. SETTING | PITCH
i JIn./qQuaxlap|Speed | RATE nga | Fwd. Ring Aft. RIing.
Bud. | Ak IR B M IC.P.M..] Lloper | Lewer | Upper | Lower .
\ 1.50f 1.80 | 1990 | 17 (1.8]2.0 | 1.8 | 2.2 1.5 1.4
i : - L
1.50] 1.75 | 1990 | 17 |2.1]|2.2 | 1.8 | 2.6 1.7 1.2
"{ START OF RUN‘s DATE:_10-20-62 TIMB: 11:10 ALM,
. LOG: _Frequency and displacement measurements taken svery 2-3
'l hours.
!
END OF RUNy PATE: 10-21-62 TIMB: 12:10 B.M;

REASON:s _End of 25<hour test.

1

| . ) Page determined to be Unclassified
Reviewed Chief, RDD, WHS

i ) 1AW EO 13528, Section 3.5
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‘ : [assnova f//t(ﬂlf. ro=%=E vy PISTONS EXTENDED neromr et
H : .
: '; TANK NO. 2 HobEL 21-150 @

I TEST CONDUCTED BY: __Wayne Callahan DATB:s 10-22-62

\' VIBRATION

TANK CAPACITY 350 poynds  TEST: _O__ pounds
’ OPEBATING PRESSURE: m— TEST PRESSURE: -

' . TANK AT 90° TO PITCH AXIS
BCQ. WT, SETTING ! PITCH VWM
\ in./0vexlap | Speed [ RATE [At Lugg | Fwd Aft Ri
Pd

- Ring ng
Pwd. | ALt [ R.P.M.C.P.M. Aft | Uoper | Lower | Upper | Lower

| 1.30]1.78 | 1970 1?7 13.912,0) 1.0 J 26 1 2,01 2.4

T e

1 START OF RUM: DATE: 10-22-62 TINE: 1:00 B.M.
LOG: There was no resonant behavior observed on any part

of the 3seembdly.

END OF RUN: DATE:; 10-22-62 PIME: 1:10 P.M.
| REASON: __ End of 10-minute test. 2
| : \
i ified
1 Page determined to be\&nclass
Re?/iewed Chuef, RDQ. HS
1AW EO 13526, Section 35
l pata: \R}‘_ ‘ ) 2013
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messango }1. €211 8han n_""a!_“l RUTCHER AVIATION CORPQRATION | 4.6
Cus - fo-3i~cof | PITCH-VIBRATION THST Mecm. 21-150
VIBRATION SURVEY
Aspaaven M IO/SJ/c.-:. GENERAL MILLS TANK ASSY Rlnliqual. 204
4y #88T RESULTY @0
ECC. WP. SETTING | RRSORANCE
| __INCHES  OVERLAP  [FREQ. OCCURRED
Fwd. AEE .p.S. AT POINT - LIGHT | BEVERE
1.50 1,75 5 Nonae . - -
1.50 1.75 10 None [ -
1.50 1,75 15 5, 8 1) x -
1.50 1,75 20 | s Ax -
1,50 1.75 25 None - -
1.50 1,75 30 Nona - -
1.50 1,75 38 8 % -
1.50 1.75 40 1, 3,5, 6,7, 8 x -
1.50 1.75 45 1, 3, 5,6,.7.8 - X
1.30 1.75 50 1, 3,5 6,7, 8 - x

|

19.0 160 28.5

Page determined to be Unclassified

Reviewad Chief, RDD, WHS
IAW EO 138526, Section 3.5
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RESULTS OF TEST
Pitch Vibration per steps 1 through 10
Results: Satisfactory

Leakage per step 1l

Results: Satisfactory

Inspection par. step 12

* Results) Satisfactory

Pitch Vibration pistons extended per u..ps 13 and 14
Results: Satisfactory (see Note l)

Vibration survey per step 15

Results: Satigfactory (sea Notes 1 and 2)

Nete 1: : .
Resonant behavior of pistons could not be obscxved
since they are in a sealad .eaclosure. Resonunt
behavior of tank assembly indicated no resonance in
this area at any of the frequencies.

Note 2:
See page 4.6 for additicnal results. .
Page determined to be Unclassified
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PREPARED
| cusonse [R. thl to=Yiecy STRUCTURAL TEST mooss 21-150

|Arsnaven ﬂ LJ E”&ﬂ* lO'ﬂ"e«. mm WILLS TAXK A8sY um‘:er 304

ADMINTSTRATIVE DATA | ®

) -
PAGE {S.0

L rporeRevS T

o mwn e

i- ' zmp_o‘ SE OF TEST:

i‘ To demonstrate the structural intagrity of the tank.
MANUFACTURER:

. Pletcher Aviation Company

I MANUFPACTURER' § MODEL NOV -

- 21-150

| l AS RAWING s
i 21-150-48032
QUANTITY OF ITEMS: X
ons (1) .\
SECURITY CLASS :

None

l Page gdetermined to be Unclassified

: , - hief, ROD, WHS
{ 10-25-62 F:V\cesw; i ;?533. Saction 3.5

T COMD BY: bae: g 19

wayne Callahan

! D SITION © U
Use for Ejection Test

ARSTRACTs

i The auémhly successfully met all of tha requiraments
* of the tast.
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ewsaxen [R. Ul wlafoa STRUCTURAL TEST e
QENERAL MILLS TANK Assy  |oemaicial.
APPROVED ‘L“ lg 3| -"= Rerany NO.
IEST REQUIREMENT: :

The tank is subjaectad tb the following test con-~
ditions and should suppoxt these conditions without
failure.

The atatic test tank shall be a complete structure,
less such non-gtructural elements as turbine genarator
and electrical components. The static test tank shall
bs ¢of the same quality workmanship as the £light tank
delivered on the contract and shall ba atructurally
identical to the flight tank as indicated in the
reports and drawings submitted.

The test techniques of the tank is as follows:

The tank support jig shall be congtructed to dupli-
cate tha attach point locations of the Aero 7A
rack to0 produce the moat critical hook and away
brace reactions.

« Loads ghall be introduced into the tast tank by
meang of aexternal straps. Care shall be taken to
insure that the load application devices do not ma-
terially affact the strongth of the test tank by
introducing artificial stiffness, ete.

All applied test loads are gultably monitored by
calibrated equipment {pressure gagas, load dynamo-
meters, etc.) so that acceptable test accuracy is
obtained.

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 13528, Section 3.5
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Tare weight of store and all load application
devicas shall be accounted for in all test

loadings. Independent application of load come
ponents (that is vertical, side, and aft loads)

are used to facilitate maintaining correct relation-
ship of load components with each other for full
ranga of load from zexro to ultimate.

Page determined to be Unclassified
Reviewed Chiet, RDD, WHS
AW EO 13526, Section 3.5
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FLETCHIR AVIATION COMPANY

All teat conditions are run with the test tank
mountad in the horizontal positicn in the test jig.
The teat procedure is identical in sach case and
congista of the following stepss

1. The system of loading jacks and whiffle traes
is installed, chacked functionally, and inspected
for proper location.

2. Readings of deflaction at zero load .a tak
by means of a series of steel scales hung ai.nyg
the length of the tank, and a surveyw:'s levai.
Lateral daflections are measured frox a wiv:
stretched alongside of the tank.

3. The load is then applied in incremeats oi 2% il
limit load, und the deflaction read.ngs takea ar
25, 50, 75, and 100%.

. 4, The jack loads are then reduced to zerc, and

daeflaction raadings taken tc check possible per~
manent zet.

5., Load is again applied in 25% increments up to
100% of limit load.

nang (5] . L
PrErARSD 9-28-62 Pass 3
TE . .
eneanes | B Bl w-3a-éa STRUCTURAL TEST ‘Moo 21-180
4 -
romnorms yar Pr GENERAL MILLS TANK AsSsY axvonr 33,304
e ——
Page determined to be Unclassified
: Reviewed Chief, RDD, WHS
TEST EQUISMENT: IAW EQ 13526, Section 3.5
) . Date: JUL ]g m
1. Btatic test frame,
2. Tank support fixture.
3, Loading pads, whiffle trees, ete., per applicable
test conditions.
4. HRydraulic pumps.
S. Hydraulic cylinders (jacks) with net areas as
listed on teat data sheets.
6. Hydraullc tast gages - as necessary.
7. Four 24-inch Starrett steel engine marked scales
reading to .010 inch. :
8. Surveyor's level.
TEST PROCEDURE:

54C farm 1402
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, TOLE y
eneanes (2, Hell ., [10-30-c2 STRUCTURAL TEST mope, 21-150
GENEBAL MILLS TANK ASSY 43,304
OuFwd M- Azroat No._

TEST PROCEDURE: (Contd.)

The static load is increassd to 125% of limit
load.

Deflaction readings are taken.

The static load is increased to 150% of limit -
load, and deflection readings axe taken. (150%
of limit load = ultimate load.)

The jack lcads are reduced to zero and deflection
readinys are taken. :

j Unclassified
Page determined 1o be
Reviewed Chuef, RD[). WHS
1AW EO 13526, Section 3.5
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STRUCTURAL. STATIC IESTS

A review of P.A.C. Report 43.300, "Loads and Stress Analysis
- Solid Fuel Tank", shows that structural static tests nust
be zun for thres .design conditions. These are:

Condition. #3 -~ Flight (with loads increased
by 2.9%)
Condition #5
) & #7 - Flight
condition #ll- Arrested Landing

Test luads for these three conditions are developed on the
following pagas.

All loads are on an ultimate basis, (1-1/2 x limit load,)
and the tank itself will be tested empty and unpressurized.-

]

i Unclassified
Page determined to be
Reviewed Chief, RDE_). WHS
JAW EO 135626, Section 35
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MNAME GATE RS, | FERN,
| Fresanes | w.cailanan |10-7-62 PLETCHER AVIATION COMPANY pros
TITLR
eneenns [R thil (-8 & LEAKAGE TEST MooeL21-150
| GENERAL MILLS TANK ASSY, 43.304
ARPROVED rﬁf//- 4,‘L 7052t / || REPORT NO.
ADMINISTRATIVE DATA \‘ @
BURPOSE OF IESI:
To demonstrate that the tank is saaled prior to
the tests. .

MANUFACTURER:
‘ Fletcher Aviation Company
MANUFACTURER'S MODEL NO,:
21-150
ASSEMBLY D, :
21-150~48032
OF IT '
One (1) ’
SECURITY CLASSIFICATION:
None
DA?T C i
10-23~62
- TESY CONDUCTED BY:
Wayne Callahan

DISPOSITION OF SPECIMEN:
Use for Structural.Test ---

ABSTRACT:

There was no leakage as a result of the piton/vibration,
vibration, or Vibration Survey '1:.51:5.

FAC torm P208
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1.

2.

naME
PRuPARED -5-62 BLETCHER AVIATION COMPANY Paas 1 !
ne .

cueexsp LEAKAGE TEST mooer 21+150
GENERAL MILLS TANK ASSY 43.304

APPROYED REPORT NO-

@
) FACTUAL DATA
REQUIREMENTS:
~1. The ianer stainless ateel tank with all openings

sealed 1s subjected to an internal pressuxe of
20 P.8.1.G. using Freon 12. The tank is then
checked for Jeakage using a General Electric
H-2 tester.

TEST EQUIPMENT:

Tank Support

Pressure Gage

Freon 12 container with ragqulator.
Ganaral Electric B-2 taster.

PROC Bs

with tha tank supported, connect equipmant as
shown on page 6.2 of this report.

conduct test as specified in procaduxe on
page 6.2 of this report. Sniffing rate shall
be 1/2 inch per second.

Inspect the tank visually for evidence of failure
such as damage to the bulkheada or other structural
damage to the inner or outer tank.

FAC furm OB
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. Paga 6.2 1
PRESSURRE & LEAKAGE TBST REPORT
21-150-20180 TANK ASSEMBLY 43.204
EQUIPMENT . : , @/ D). sensing
. t |
() —mna Cover & Saals (furnished romen S

by Genoral Mills)
(®—21~150-20100 Inner Tank _ l
Assembly (Test Articla) i

) 3 Covar, Pressure & Leakags
' Teat
21~-130~20180~17 Pad (Ref) =
Freon 12 Pressurized Container
Shut=-off valve
Pressure Gage, 0-50 P.S.I.G.
ut~off Vvalvae )

-—

—

Trans—
mitter

i General Electric H-=2 | &
Halogan Gas Detectox 1ifla
| adio &
! visual
Raadout

PROCEDURE

; 1. Close Shutoff Valves(® &
‘ 2. Connoact Freon Container @ A
3. opean vaivae @)
4. Conuect Air Supply (Valves )
& (® closed)
5. Open valve (§ until pressure
gaga (@) reads 20 ¢ 1 P.8.I.0.
' Close Valva (§
6. Using Detactor (@ in accordance
. with specified cparating inatruc- b
i tions test tank assembly for evi-
dence of laakaga. v
7. Record prassure gage reading each
5 (£ive) minutes of the 20 minute
test period.

l Notes

One or more Freon Container as R -
l required., . :
) 4 Shutoff Vvaive @ after Freon has
' trangforred to test tank (2)

-

=% e
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, P.A.C, TEST ENGR.

P.A.C. QUALITY CONTROLs 7/11.' . L0094 7
custonzn REPRESENTATIVE: __ (2, D il i

Thers was no leakage as a result of the vibration teats.
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puxsanen| W.C2l1ahan|10e5-62 | ..,FLITCHER AVIATION COMPANY
JECxzexzo klu .

1a/§/6--

MT
Pass | )

oy
wma

Moos. 21-150Q

GROUND BJECTION TEST
sersoveo W et |1n-8ot,|  ORNERAL MILLG TANK ASEY 43.304

ADMINISTRATIVE DATA

ZURROSE OF TEST

'To determine ejection characteristics.

MANUFACTURER

Fletcher Aviation Company
MANUFACTURER'S MODEL NO,

21-150
ASSEMBLY DRAWING

21-150-48032

QUANTITY OF ITEMS

BCURITY CLA .

None

RAIE TRST GOMPLETED
10-3C-62

JEST _COIDUCTED BY
Wayne Callahan

DISROSITION QF SPECIMEN

Hold at Fletcher Aviation Compauy for sixty (80)

days for G.M,I. digposition.

ABSIRACT

The assenbly satisfactorily met all tha requirements

of the test.

@

PAC Form 1400
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pugranes] W.Callanan |10-5.-62 | TPLETCHER AVIATION COMPANY

o mann
e+

- T DN
RAH, lefafe~ GROUND BIECTION TEST  Mopwy, 31-130 |

G 43.304
Joft ENERAL MILLS TANK ASSY Resont No.

[
Asenavre {73

EACTURL DATA

RSQUIRENENTE

i That one (1) or more ajection be made with a lightwaight
’ tank and one {1) or more sjection be made with heavy
- weight tank s0 as to accurately determine the peak
‘ force, velocity, acceleration, and tank attitude at
. end of stroke. The peak aejection forcs shall not
exceed 30;000 lbln
, .
ZEST EQUIPNENT
. 1. EBjection frame.
' . 2., Sugpensiocn fixture
3. Pylen
. 4. Lightweight Store
’ 3. Heavyweight Store
‘ 6. 28V DC power supply
. 7. 20,000 chm/Volt Multimeter
' 8. Midwestern Oscillograph
9. P.A.QC. Porce Tranaducer
10, Extensometer (Century Eng.)
11. Accelerometer
! 12, Amplifier (Miller)
! 13. High Speed Camsra (Wollensak)
14. Goose Control

. JESI_PROCEQIRZ

1. Install suspension fixture on ejection frame.

. PR
. i

2. Install pylon on suspension flxture.
3. Install lightweight stora on pylon.
' 4. Apply 28V DC to the mechanism.

5. Measure voltage at firing pins.

‘ 6. Remove safety pin.

7. Measure voltage at firing pins.

' 8. Disconnect power supply and instail safety pin,

AC Jorm F1O0

Stane-
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., Wil

FLEYCHER AVIATION COMPANY

LN, 0allahanll0=5=62. rass 2

TR

APPROVED
e

10.
1.
12.
13.
14.
1s.
16.
17.

18.

43.304
Jor-l ot GENERAL MILLS TANK ASSY mezoxr No..

“/ plen GROUND BJECTION TEST | Moowt 21-150

a

ZACTUAL_DATA

ZIEST PROCEDURE (contd)
"o,

Install extensometer.

Install camera.

Check instrument and camera circuit,
Install carcridges.

Remdvo safaty pin.

Activate Lns:crument and camera clrcuits.
Activate firing melchanim.

Clean pylon assambly and inspect.
Inatall heavyweight store cn pylon.

Repeat steps 4 through 17.

PAG Jorm 1208
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_=_go . FLETCHER AVIATION COMPANY | "

.} TR g g
olffos GROUND EJECTION TEST Mosm. 21

Jompugry. CENERAL MILLS TANK ASSY nerame 43 304

Peak Ejection PForce
Peak Acceleration
Paedk Velocity

RECOMMENDATIONS

Attitude at end of stroke

‘ IB4T RESULTS

@®

_Lightweight  Heavyweight
: J.

~Tank

18,060

3,480 lba.
—tRah OB

—29.8.6'8
—d8.2 ftlsec . _42.0 Ift/gea

—~deval =0 _lavel .

P.A.C. ENG'R:

PAAcCa QU-N‘IT! CONTRQIH

cusnonm supRasmyTATIVE: (7. D> i

FAC Farm POOS




‘l

o

it 21-150

Seped Na.

@ !
2 i
X R
3 1
e

RITRL L

reiet 2
ol

GROUND EJECTION TEST

oA

GENERAL MILLS

AR
Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 1356286, Section 3.5
Lale:  JuL 19 28
LETCHER AVIATION. ® | -
| _Page 7.4

p-
"e

orce-Ligh

..':.(
e P

MY e v
1 SeINY M)
A
v :
-
o
-

31-62
62

Sara

Callahan {10~

18 e}
1031

L

- m HW | IR -5 A “mﬂm
=2 JPw.: v v amn g . e
A Bt N R T bkl A ,
TR N = :

, i =T
. .37 S(Nnod 30 SANVSAGEL NI ZJW0H |

Apprens

B Ll

w
:mn.ﬁ

|
.
|
i
[
i
t
1
:

PAC foren PROA.1




Page determined to be Unclassified

Reviewed Chief, RDD, WHS
1AW EQ 13626, Section 3.5

Dale: JUL «'9 m

A NAME . .= p MV F-LATCHER
"_16 Foro 70l - FLEICH

——

LHECRED

10.6,

GEN MiLLS

29100-610 TANK

. FULL .WEKHT

FEEJECTION TEST

¥,

ez

J

Best Available Copy



Page determined to be Unclassified
Reviewed Chief, RDD, WHS
JAW EO 13526, Section 3.5

Daie: JUL 19 zma

parpacio | O

Best Available C



Section 3.5
JuL 19 2008

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EQ 13526

Lale

5
'

FLETCHER AVIATION .CORP.

[a]
"
z
«
1
w
X
o

CHECHED

ke |

ApPraOovED

ANVL

oK. -0016

ST 119D

JHOIFA.
NI
iy

LaA(C

]

- &

Bost Available Copy




Page determined to be Unclassified
Reviewad Chuef, RDD, WHS
1AW EO 13526, Section 3.5

Date: JUL ‘9 m

43,304

Rzront NO,

EJECTION TEST! _
EMPTY WEIGHT 1@

Best Availzble Cbpy




Page determined to be Unclassified
Reviewed Chief, RDD, WHS

IAW EO 13526, Section 3.5
Date:
JUL 19 21
i
SHEET. or.
RELEASE pATR___5/24/62
1
1 GNGINEERING DEPARTMENT SPECIMCATION BB 29100-375 '-;“
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SH EE'I'___....Ol

F.

RELEASE DATE. . S/14/62

ENGINERRING DEPARTMENT ) SPECIFICATION... G¥S 29)00-375

@

MOTOR, PYP, LOO CYXCLE

Westinghous Elsotric Corporaticon shall aupply & motor mesting the

folloving mindmm specifications:

ITEN

1.

2.

3.

ko

5.
6.

7.

{ 400 Cps, 3 Fhase, 40O Frams A.C. Motor
Input Power ~ 400 + 20 Cps.
éoo:mwru AC. - Line to Line
3 Fhase
Minimm Rated Capaoity - 22 in~f st 5600 REM

gtarting Torque ~ (Min) = 125% operating torque
Power Regtired = Current Drain 8.8 Amp. Der Fhase (Max) at 22 in/§ Torque

Power Factor - .60 (min) &t 22 in/f Torque
Bfficiendy » 755 (Min.) st 22 in/f Torque
Wire Ucmnection « Color Coded - Pigtail type
Mininum Longth - 36"
Tuty Cyocle - Comtinuous
1ife - Minimum 200 Hour ~ Under conditions described below:
HOTE:
Entire motor will be «mcased in s sealsd contminer with
a volume of approximately 1/3 ££.3. The maxtmm continucus
operating time vhile so sncased is 30 minutes. It vill alen
ve exposed to ON-COFF oyoling vhere by the on tims in ony
given 50 minute period shall be less thsn 30 mizutds.
Paciage - See Drmving 8K 29100372 Afort \
Outline of maximuz speoe envelops and wounting ptdd‘oml.
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e e ——
1940 CRNTRAL AVENUE, MINNEAPOLIS (3, MINNEIQOTA

ELECTRONIC DRIVISION SHEET. OF

RELEASE DATE___5/1h/62

Ll

t

ENGINEERING OEPARTMENT

SPECIFICATION.... 08 291.00-375

»h

8. Ueight » 10.5 1bs. maximm
9. Eavironment - (Ses 5.)

Temperature ~65°F ¢ 160°F

Acoeleration= 10 g's in any direction

Vibration ~ 5 to 500 cps at 0.036 inch double emplituds or
4+ 10 g's vwhichever is lower value.

it u>
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" ELECTRONIC DIVISION

1620 CKNTRAL AVENUR, MINNEAPOLIS 12, MINNEIOTA

suepr.l . or lv

RELEASE DATE._A 112, 1

; ENGINEERING - DEPARTMENT sPECIFICATION_ 348 = 29100 = 610 -
i

T

-

STATEMENT OF WORK

EXTERNAZL RRMOVABLE AYRCRAFT TANK ASSEMBLY
_mmmsmmmms GROUP

ot m e s

B | Aoy sresrs Silowk iv _éé&_étgzg

REMARKS BATE J INIT,
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1030 CENTRAL AVENUR, MINNEAPOLIS 15, MINNEROTA R RELEASE DATLAE‘M

-

| ENGINEERING DEPARTMENT SPECIFICATION _GME - 20100 =~ 610

1
|

(¥ )

' ZANLE OF CONTENTS
Paragraph Title Page
I 1.0 "BCOPE . v v e b e e a e 1
1
i
l 2-0 mmmm'l..ot-lot'.‘. 1.
3.0 REQUIREMENTS .+ o o ¢ « o o o » ¢ a « 0 s o 5 = 1
| 4,0 DESCRIPTION « v o ¢ + o o o o o v o 0 6 o o o -« b
; b1 NOBO 88CLLON « « « « v o 4 4 2 e 4 v b e e e )
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| ELECTRONIC DIVISION  { Gageral - o2 o dy
A0 NSAIIOI0RRISIARERNSSRS mg

![ 1628 GENTRAL us, a8 W A llls reLEASE DATR_APFiL 2, 162

| ENGINEERING DEPARTMENT | SPECIFICATION. @B - 200 - 610

P

b _ The folloMing paregraphs of General Mills Specification No. 29100-610
| shall be changed as indiosted below:

w Change
| 2.b Chongs “SKEH100-608" to “8K29100-696"
: ﬂwf&' "8X291.00-509" to “BKRSL00-599"
' 3L.b Change “SK2G100-612" to BX29100-698"
3.5 Dalete “Aft Gas Touk"
] 3.6 Dalete "Aft Qas Tank",”And Cover! change”suppliea”
to"installad”
| 3.7 Adl Statgant” T contrastor siall 1ot e respoa-

. sidle for sdverae flicht characteristics or hulfeting
arising from yylon or aireraft characteristics.
’ 10 peragropht 3+5.7 and 3.3.7.1 of MIL-T~7378A.

3.8 Add "Provisicn sholl be made for alternate use of
l 15" lug spacing.
4.3.3 Delate the Botire Poragroph
. 315 Delste the Eutire Puragraph
! b.2.6 Delete the Bntire Paragraph
' b 1.8 , Change "Station 46" to "Statioz 52.1"
5.2:9 Deleta the Butixo Paregroph
! %.1.10 < Change "Station k6 %o Btation 52.1"
, Be2:2 Changa "Station 46" to Station 52.1"
he2e3 Change Entire Paragraph to Read as Follovs:

orifice well, frane apd ejecticn tube shroud es shown
, on 8X29100.598 szd 8K291.00-699.

‘ '%-R Change "Three to Fowr?; "Oue fxom statica Lo"to
| "two from station hoO"
4.2.6 Change Entire Paregrsph to Read As Followas

, Gas linas fyom station 40 {0 center Of {umer tank end
l from oenter of incer tank to station 12h.25,

L
Mig Mo \
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Paragraph . Change

' 5.2.8 Change Entire Parasgraph to Read As follows:

atation 52.1 to station 109.5. Imsulatifon in space betwee

Insulation in space between inmer tank and outsr sheil
| imner tonk ond aleeve stations 40.5 to 52.1 and stationms +

109.5 to 125.75
, 3-2.9 Chsme “Station 1.15.25 tc Station 109.5
Be2,20 Chengs "Station 4G, to Btation 52,1";Station 118.25
I ' to station 109.% . )
he3e) Change “Staticn 118.85 to Station 109,5

| 5.3.3 Change "Staticms 133.5 and 147 to Staticns 131550-a84
1k1,38, .

' by3eds Chuugrs Entire Poxugraph 10 Rodd as 2ollows: Fin support
tulxhead and soction Joint Station 159,50

%,3.5 Changs Entire Paragraph 1o Resd as Followe:

| Eleotrical compartment Stetions 136.75 to 239.75

he3.6 Changs Extire Perograph o Read ag fodlows:

l Blwotrical compartment staticns 156 6 159.%0

%30T Change Entire £0 Read as Follows:
' Support ring statl 243 Bulihend sootion Joind

l station 170.

%.3.9 Change “Station 118,25 to Station 109.5"

l bt Changs “Soctions to Section’

! Balied Change Entire Farazraph to Read as Fol.on:n:s
Fabrication of funer tank shell per GMI Drawing
8KR5100-698 o ‘

| 5.0 Ad8 "Gomerel Mills, Ince WALL mpply alr losding datme

9.0 Chengs “90 dsys to 120 ays”

I8 MD
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STATEMENT OF WORK
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1.0 SCOFER

This document describes tho design, performance and delivery requrements
for the enginmering and manufucturing of an external, rcmovabls aircraft tank
assembly and the accompanying requiremsuts for woumertation.

2,0 APPLICARLE DOCUMENTS

2.1 ' Conference at Fletcher Aviation Corporation attended by R. Lindquist
and J. McGillicuddy om April 4th and 5th, 193?

"2.2 Quotation from Flotcher Corporatdon (T. Derlachter) to0 Goneral Milla '
l dated Januury 22, 1962,

2,3 Bpecifications WIL-A-8391B and MIL-T-T378A.
| 2.5 General Mills, Inc. drawings No. SK 29100-612, SK 29100-608, 8i 29100-609.

3.0 REQUIREMENTS

! I 3.1 The contractor ia to supply assemblies consisting of the outer tank
; or shell, various stzuctural clements, sccess doors, and an innor tank foamed

in place; hereinafter these assombdlies will be reforrsd to simply ca lank asgomblies,
l or tank asgsembly. Each tank scsembly will consiat of three subsosemblieu designated
the nose section, the center section, and the tail sectien, Constructlisn shall
be such as to allov ropeated disageembly of the moin tank assembly into the (hree
subasgenblies and resssombly. Design and construction is t0 be in accordance with
ths requirements of this work stateusnt iaoluding referencad portions of the
applicable dociments.

j
1
]I 3.2 7o tank assembly vhen carrying the loads desigmuted on Gemavel Fills, *

iy - A— e Smpp——— = e .

Inc. draving SX 20100-612 shall be suitable for fiight on the F-100, 7-105, B-66,
A-UD, A3J and the USD-5 Arons aircrafe, including arrested landing and catapult
tako off conditions, and &t speeds of up to 0.95 Mach number at sea lavel. Iocad
faotors no less stringent thom those in MIL-A-E591B and MIL~P<7378A shall te used.
The tank assemblies shall satiofactorily withstand the full rangs of enviroments

i 4+he above listed aircraft are designed to withstand. The tank assembly shell be
suitablo for installstion at wing station 106 on the P~200D aircrest.

. 3.3 The weights and locations of loods £or wvhich pounting Frovisions rust
' be wmade and which the tank assembly must be suitebls for omrrying we shown in
. Ganeral Mills drswing SX 29100-612.

e un

Eatterl
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3.4 The Laner tank 1s to ba supported in place and insulated from the cuter
okin o sholl by the fosmed-in-place insulstion designated on GMI drawing No.
8K 25100-612 unless the contrastor's structural anslysis reveals an insdequacy
in this insulation. In such case, ths contxactor is to notify General Mills, Inc.

3.5 The naximm weight of tho tank and cssembly, including the outer akin,
81l atructural elements, access doors, end all parts described in poragraph k.0,
exaluding the Forvard Gas Tank, Aft Ces Tank, ond Center Structure of ths Inuer
Tauk, shall not exceed 325 pounds. ,

. 3.6 Ths contractor shall provide all materials exclusive of the Forvard
Gas Tank, At Cas Tanl, Oriftce Mechanism and Cover, and Center Structure of the
Inper Tonk, vhich will Ve swpplicd by Goneral Mills, Inc.

3.7 Tho tenk assembly Le to weet the requiroments of the following paragraphs
of MIL-T-7370A. Where reference in Shoss puragraphs is mede to "fuel tanits" 1t
shall be construed to refer to the tank assembly that is the subject of work .
statamant. Also, Tequirvements or referenced portions of applicable parayraphs
ave limitad only to those that oxist if powdered solid waterial is corrfod instoad
of fwel) and with no requiremento made for handiing the powder but only for storing
it in varylng queptities in the inner tank. This excludes all roquilw enis hab
result from the peauliar chexecteristica of aviation fusl in contrast to the
charactoristics of the powdor, thot arise from direct contact of o lomi with any
part of the sekin and etructure and that arise from the 2rovisions that must be
made for hendling fuel.

343, 3.3.1, 3.3.2, 3.4, 3.5.1, 3401

3.5 Design (Modified) = Tanks with access doors ettached chall be oo
deaigned as to not admit water during flight in rein and during weshii,., by hoeing
vith wvater. The tank ausenmbly inecluding the sxterior skim, the structursl
elements, the foamad-in.place fnswlotion, and the interior tank shall comprise

tho necogsary stiongth to provide adesquately for combined loads cud stresses as
outlined in Parsgrsph 3.5.6.

3.5:2 Welght (ifo2fied) - Buphasis shall bo placed cn dosign to creste -
the lighteat waight tank that vill meet the requirements of this apecification.

3.5.3, 3.5:3.1
3.5.6 with 3.5.6 O and D deleted

3.5:601, 3:5:6.2, 3.5:6.3, 3.5.6.h, 3.5.6.5
3.5.6.6 with “load” substituted for "fual”

€ Anare
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l

3.5.6.8 with "or its internal ccuponents” deleted
3.5.7, 3.5.T.1

3.5.7.2 Flutber (Medifies) - The tank ossembly sball be dogigned to
have cafe flubter characteristics throughout the speed and altitude raunge end
Zor all attitudes and mansuvers which the airciaft will porforu with tho tank
installed. Full and empty intornal tank conditicns as well gs partially full,
leval flicht conditions shall be constderved. In addition, for partially full
conditions, the forward centor of gravity condition caused Ly all tha load
moving forward and the aft cemter of gravity cawsed by aft ahift of the .ad, -
shall be considered. In the event that the design appears to have low flutter
apceds or marginel flutter safety due to zaverse fruquency ratios, General Kills,
Ine. chell Lo informed of this before fwrther work is corried on. ‘Ine Contructor
shall not be responsible for flutier problems arising from pylon or atraoral't
charasotoriatiosg. : .

3.5.7.3, 3.6, 3.6.1 (Modified) - Deleto “"riveting through the tank
woll shall not be permitted®.

3.6.2 (Modified) - Dolate second gentence,

3.7 Performanae (Modified} ~ The tank assembly uhall satisty the
performance roqudremcnts of Persgrayh 3.7.3 (Hodifted), 3.7.7 and 3.7.8, wut
tosting to these requircments is not roquired by this work statement.

3.7.3 {(Modified} - Dalete "or evidence of leskage".

3477, 3.7.8, 3.8, 3.8.1, 3.8.1.1, 3.10 (Modifted) - Dolote "end
uged" from first line.

3.20.1 (Modified) - Dolete "plus" fxom line 7 and delete -omplictely
lines 8 turu 12,

3.12

b.k.l Exemdnation of Product (Modified) - Each tank assembly shall
be exsmined 0 determine conformance with all the poregraphe and modiricationa
of paxugruphs of MIL~T-T378A herein listed.

5.2 Class 2 Tanks (Mﬁo&) - Al Class 2 tanks unless othorvwise
specificd, shall be packed in wooden crates conforming to Specification MIL-C-9437
or squivalent in unit quantities of 1 otch. Contrary to the requirements of
MIL-C-9437 1o ssxplas are required, no identificetion markings snd no tests are

“Quir.‘-
5.2.2, 5.5
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3,8 The lug epacing on the hangar fiitings ahsll te 3 inches in apsordance
with MIL-A-85518.

3.9 Any holes made and used for the purposc of lastalling the fowssd-in-place
insulation are to be neatly and smoothly covered with s durable materisl.

L.0 DESCRIPTTON

The tankt ansembly will consist of the following and will inmoorporate
structural provisions for equipment to be mounted:

b1 Nose Secticn
' b.l.1 Turline Gemerntor Support Ring Station 13
h.l.2 Two Accoss Doors asd Framss
4.1.3 Dulkhoads in Frout and Aft of Forward Ues Tank Stations 22.5 .
and Station 30.5
k.14 Ges Tank Attachment Riang Station 28,5
4,1.5 Installgtion of Forward Gas Tank

4,1.6 Insulation batwaen Forward Gos Tonk snd Outar Shell fu Volu.us
Enclosed by Bulkheods.

41,7 Rackets tO eupport Valves, Preassure Regulators, ate.
4.1,8 Bestion Jeint Ring Station 46

4.1.9 Blectricsl Conduit and Gue Ling from Ferverd of Gas Tank to
ALt of Gas Tank

4.1.10 Outer 8hell Assombly Statfon 13 to Station 48
4,2 Centor Section
4.2,1 Bection Joist and Innor Tank Support Ring Station L6

4.2,2 Main Support Structure Including Lug Attachments, Swny Irace
and Ejection Areas, and Support Rings

4.,2.3 Orifice Woll and Frane
4,2.b Three 1/2" Diemeter Conduits - One from Station 40 to Stetion 13k.5,

@ 8econd from Station «8 to a Station Buitable for Unldlicsl Connection
Provigions, aod a Third from Station 294.25 to the Orufice Well.
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%.2.% Connactor Well, Comnectors, and Well Cover for Uabdtlicel
conycuon Provisions

4.2.6 Cas Linas from Station 40 to Center of Inner Tank znd from
Btation 124.5 to Ends of Inner Tank

4.2.7 Installation of Inner Tank

4.2.8 Insulation in Bpace betweon Izaner Tank end Outer Shell Station b6
%o Station 118.2%

" 42,9 Bection Joint and Inner Tank Attackment Ring Station 118.25
%,2.10 Outer Shell Assambly Station L6 to Btation 118.25
4.3 Teil Section
b.3.1 Section Joint Ring Station 118.25
#:3.2 Two access Loors and Framos
4.3.3 Support Rings for Actuator Stations 133.5 and T
L.3.h Bulkhesd Forward of Af: Gas Tenk Statdon 159
4.3.5 Aft Ges Tank Support Ring Station 162.5
%.3.6 Instellation of ALt Gas Tank

4,3,7 Insulation in Spsce betweon Af{ Gas Tank and Outer Shell
Station 159 to Statton 180 -

4,3.8 ZBrsckets to Support Valves, Pressurs Regulators, and Electrical
Components in AfY Compartment

4.3.9 Outer Shell Assembly Station 118,25 to Station 160
k.#v Inner Tank Shell Sections

44,2 Fabrication of Two Jections of Inner Tank Shell pex OML
Travings 8K 29100-608 and 8K £9100-809

k.3 Additionel Structurnl Mombers
Structurol Reinforcement Membexrs in Addilion to Those

4,5.1 Ay .
Iisted in .1, 4.2 and 4,3 vhich may be Required in Ordar for the Tank Assextly
to Most the Specifisd Loading and Flight Conditions

un +
ie MO
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5,0' STRUCTURAL ANALYSIS

Three coples of the sumlysis of structural charactartstics of the tank
assembly shall ba supplied Qenoral Hills, Ine. at laaat ten days prior to the
rning of any atructural tests, or at least 10 days before shipment of the
first item to General Mills, Ing., vhichaver 1s earlier. Tha analyais zhall
1nclude:

A 8t of loading conditions considored

A list of any ascunptions mode

Formulae and equations used with source references
Actual calotlations

Tabulation of results

RO op

Ioading conditions considered in the structural amdlysis ere %o includs,
in addition to tnortia loads, asrodmenmic drsg, side logds, verticel loads,
. pitching moment and yawing momeut.
6.0 TESTING

Requiremonts for tosting vill bs mede the aubjmat of a separate work
statoment.

7.0 DIRAWINGS '

A Teproducible and two prints of each assombly and deteil pert drawing for
the tonk asocambly and {ts constituont assemblies and parts shell be submitbed
1o Gonoral Mills fiftean days after dolivery of the hardwore. The drawings
shall depict the final dssign condition of the hardware aupplied.

The top Bosombly drewing chall be approved by Genoral Hills, Ine.

8.0 INSPECTION

— e T e, N, % ——— e

S m— = — e -

Cancral Mills, Ine. shall have the right to monitor at any time lwwiea
letting of the contract aud the dslivery of the hardwarc, tbe falnfcutioa ol
Perts, procenses, assambly work, and sny testing required to Le done, thia
nonitoring to be &unoe through & representative designated by Geworal Milla, Inc.

9.0 DELIVERY

Tank aosenblies ordered shall be shipped to General Mills, Ine. withia
90 days of receipt of order,

L ——— - —————

LLUR

o e o gt
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»
'. 1 . GENERATOR, RAM AIR DRIVEN
i
!
1.0 sCOPE

1.1 8o - This specification covars the requirements for & ram air driven
gonoratar. eifically, the opocification pertoins to & wnit similar to the
Alligon Division of (eneral Motors Corporstion, Model OAL240H-92.

———

1.2 Clacsification ~ The generator asscmbly consists of & ram sir Surbine
assembly driving a 4. A geacrator intendsd for use 28 & primary pover sowrse.

§ 2.0 APPLICAELE DOCUMENS

; The following documonts of the dnte specified shall form a part of this
] specification to the extent spacified herein:

Epacifications:
!
' MIL-E=5272A Environmentol Tooting, Aaronauticel and
Asgociatod Zguipment, Goneral Specificution
for, doted 16 Sapitcmber 1952.
MIL~-0-6093A Gonerators and Regulators, Adrcooled A-C,
. Alreratt Genornl Speciffcation for, datud
! 25 Murch 1957,
. MIL-8-7ThEA Serov Thicods, Btandard Optimum Seloctod
Serins, Oeneral Specification for, dated
, : 3 Ducembor 1959.
| MIL-E-7894A Eloctrical Pover, Atrareft Charecterictics
‘ : of, doted i7 Hey 1955.
MIL~D-70327(1) Drawings, ¥ngineering and Associated Tects,
i ated 1 July 1959.
' Standards:
{ MIL-STD=-1304 Identification Markings of U. 8. Mllitaxy

- Property, dated O Ssptember 1958.

| MIL-6TD-210A,Chg.1 Climatic Rxtremes for Mtlitary Equipment
: dated 30 November 1958.
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drayings:
aMI SX29100-603 Generator-Ram Alr Driven dated 2/31/62.
3.0 RUQUIREHENTS ' ‘

3.1, Conponants « The rator assembly shall consist ¢f s ras air turlive
drive. unit coupled to & 115/200 volt, WO cps, J-phase, wya comnacted generator.

3.1.1 Ram Aty Turbine - The ran air turbine chall be & two blade unit with
& self-aontained mechonical govarncr. The goverTor shall be housed in. the turiine
spinnar and act to change the turbine bdlade pitch to maintain the generstor rpm
between 11,400 and 12,900 rpw. .

3.1.2 Qenerator - The gencrator shall be ratoed at 4.5 XVA at .75 pover fagtor
end o nominal 115/200 volts. The cloctricel characteristics of the goneretor
shall be identical to the Allison Model GALZLGH-92 generator sssembly., Tha .
generator shell be made up of & threa-phase, "wye" connected stator ond ¢ built-up
pervanent magnet 10tor and 1% shall have no trushes, slip ings, or rotor windings.
The output volteme chall bte controlled by & solid stats voltage regulutor.

3.1.2.1 Yoltage Rerulator - The voltags regulator shall be a solid stute
devices. The entire voltagoe regulator asseinbly shiall be encapsulated in a ucterial
dasignnd to vithetond the cuvirormental conditions outlinat in MIL-8TD-210A Che. 1.
Tha voltage regulator shall bo lhoused in o moisture-prvof containsr suitalle fur
wounting on & flat heat conductive surfsce. Tha physical diwepsions of the
regulator shall nat exoeed the following:

Longth - five and one-fourth inchea
Width - three and one-balf inches
Hotght -~ threa inches

The welght of the regulator shall mot excced three pounds. A Fendix Scinflex
?/¥ 10 -TP $ypo connector shall be weed t0 vrovida necessary elestrical
connections.

3.2 Standard Parts - AN ond MS standord parts shall be used whore suitable ©
for the pwrrose. Thess parts shall o idantified by tha standard parts numbes.

3.3 Matorial and Procesgos - The materials and processes used chall be of
high quality, suitcbls for the purpose, and shall conform to goverument specifiiu~
tions vhere spplicable. Materisl conforming te Allison or AMS8 specifigatiocas ma\
‘be used. Approved moterisls or procecsos shall be those materials or processes
used 1n tis wapufocture of tha unit wvoiod pasees the official qualificatiom teth
specified herein or are subsequently approved through & material dhangs.
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3.3.3 Protective Treatment and Coatings -~ AlL parts aot in constant contact
vith oil, except working surtaces, azds, or drive pad faces, siall be corrosion
resistant or suitably protected. .

3.4 Design and Copstruction

3.4.3 Oporation - The gensrator assembly provides elactrical pover, being
driven by means of a ran ailx turbine consisting of blades, hub, spinner, shaft,
and & fly-welght spring governor vhich mainteins approximately constent rpm
controlling bhlade pitch. .

3.h02.1 ratl ed - The Tam air turbine goverror chall he ble of
naintaining turEnn lpao% vithin the reoge of 11,400 to 12,900 rpa (380-430 cpe)
under steady gtate operoting conditions with ymm air inlet valocities within the
range of 300 to 650 XTAS at an altituds of 500 feet.

3.%.1.1.1 Over - During load transisnts and Auring starting the ram -
air tuwblne governor maintaln turtine spood within the renge of 10,800 to
13,%0 rpn §356=450 opa). Following a load tannsient or starting, steedy state
oporation shall be established within 3 seconds.

3.5.1.2 rection of Rotatlon - When viewed from tha rear the dirsction of
rotation of the aix turltine and alternator shall He counter=-clockvise.

3.k:s2 Balonce ~ The amount of unbalonce of rotating components chall wwy
oxgeud 0.0l ox, in. \

3.5.3 Iubrication ~ AlL Jubricoticn points msall ba pexrmensntly lubricsted
ot ‘.mw.

3.b.4 Connecxtors - The alectricel comnectors on the gensrator shall be as
shown on tho owbiline dvewing, (GMI 8K29100-603).

3.5.5 Structure

3.4.5.1 Mounting Provisions - Uenerator mounting provisions shall be os
shown on tha outline draving, 8KA9100-603) - :

3.4.5.2 Overspeed Iule = The wmit shall be cepable of oparstion ab
15000 rx for a period of one minute with nd output load.

3.4.5.3 Ultiwate Structural [oad - The gemsrator wnlit and ite mounting pro-
vision shall be c% of vithetanding an ultimate scoeleration of 40 g's parallel
%o the mounting bese and slong the trangsverse sxis and & simultancously epplied
air load dreg based \pon an afvspesd of 600 Kis RAN. -
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3.% Performance - The perforzance specified herein 1s tassd upon operstion
of the generafor Wilh its axis of rotation vithin ¥l degres of ths direction of
alrflow: AllL air veslooities specified are free stream velooities.

3.5.1 Ratings -~ The performance ratings shall be as follows:

‘ Standard Condittons

' Airspood Turbdine Rotor Blectrical, load Powor
Rating Kta, EAS - Speed rpm XVA (un,) Pactor
Contizuous 300 - 650 12,000 b5 .5 ’
Condition I 300 = 650 12,000 0.0 .65
Condition II - 300 - €50 12,000 4.8 .65

During power tronsients & peak 1oad ns defined by Condition I stall be permitted
for 50 milliseconds followed by & aecondary lasd, Condition II, the duration of
which shall not exzeed 12 ssconda.

3.5.2 Altitude - %mﬂa’e Liuite for %rattng « e generator assombly
shall oe capable of operation a tudos between sea laval and L5,000 faot
pressure-altitude, at all airspeeds between 300 and 650 Kts EAS, and throuwghout
the tormperature range specified in MIL-8TD-210A Chg. L.

3.5.3 Drag ~ The dreg furce ¢f the rar air turbize gonmorctor uhall be the
oinimm value compatible with good turbine deeign end Zn no ¢case shall it eXoged

100 lbs. at 650 Kta EAS.

3,5.4 ZEnviromuent -~ The vom atr turbine generator shall be capabue of pusuing
the requirements of paragreph b.1.3 after being subjested to the enviromsental
tests of paragraphs 3.5.1.1 through 3.5.%.9. "Howavor, tasting to paragraphs
3.5.4.1 thyough 3.5.4.9 1a not required Lf previous ram sir turbine gererator
units of similar design and waterisls have pagse’ thege toats,

3.5.h.1 ratuwe Shock = (Ref. Para. 4.3.1 of MIL-B-5272) - The turbine °
genorator asmm% shall be capable of baing subjected to (3) temperatire
cyclos conststing of four () hours in & chomber maintained at and four (h)
bours in & chamber mafnteincd at -40°P with & meximnm of five (5) mimutas between
temporsture changos, Within ona (1) hour of complation of thiy tesh, the unts
shull by cepabls of meating requirementa of paragraph b.3.3.

3.5.4.2 Selt - The turkine gensretor ssgembly akall be capubls of
being subjact a % sprey test which weeta the conditicus outlined in .
peragraph 4.6 of MIL-B-5272. The test period shall be for & duration of 100 hours
at & temparature of 9597, Upun completion of the test the unit shell pass the
requiroments of paragraph b.l.3.
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39.4.3 Shook = {Ref. Para. 4.15.2.1 of MIL-B-5272) « Tho turbine genaretor
agsombly shall be capabla of withstanding 18 iLmpaat shooks of 15 @, consisting
of three shocks applied in asch dlreation wlong each of the three mmzx
perpendicular axes. Each shock impulse shall bave & tims duretion of 11 T milldl.
seconds. The "0" value shall be twithin ¥10 percent wien measured with a 100 ape
2ilter and the maimum "G" value chall cccur at approximately 5.5 milliseconds.
There shoall bo no mochanical fatlure. The unit shall ba copable of meeting the
roquirements of paregroph h.1.3 upon complation of this test.

3.5.5.4h Sand and Dust « The twrbinc generator assembly shall ba cepabls of
being placed in e test chamber and subjucted to & sand dust concaptration for six
houras The conditiuns in the test chamber shall be ap follows: :

o. Tae relative humfdtty shall not excesd 30 percont.

b. The sand dust concentratica shall be ralgad Lo and
waintained at 0.3 10.2 groms por cublc foot.

¢. The internal temperaturs sholl bs 77° .

4. Thrn sand and dust laden air velosidy shall be 100
to 500 feot por minute.

The sand and dust mixture shall have tho chaructoristics outlined in puiae-
graph h.1l.1 of MIL.B-5272. 'Miis tost shall bo ropeated with an Laternal temperae
ture of 160° $39F, Tho unit snall pase the requircments of peragragh h.1.3 upen
completion of thia tost.

3.5.4.5 Hwnldity - Thoe twrbine generstor assambly ehall Le capnble of being
placed 1n o suitable ant chazber {per paragroph &.b4.1 of MIL-E-5277) end cuhjectod
to 15 ayoles (360 haurs). Each oycle shall comsist of the following:

{n)} 'The internal teet chamber tempers shall be uniformly
ralsod fron 84° 16°F to 160°P m@m & © hour perivd.

{») The 160° temporature and relative humidlty of 95 percent
shall be maintalned during the followling eix howr po.iovd.
Distilled or deminerslized water haviog a pH value of
7 %0.5 at T7°F skall be ussd to obtaly the desired hldity.

{e) The intornal test chapber tcuparstura shall be unifsi.ly
reduced to B4° 169 auring the following 16 hour, period.
/

‘The upit sball pass the reguiremsntc of norograph 4.1.3 upon lccapletion of
this test.

3.5.4.6 Fungus - The turbine gonorator assembly shall be capable of being
sproyed or dipped in a gpore suspension prepared in accordapce with the require-
rents of paragraph 4.8.1 of MIL-B-5272, eud then placed iz & tost chamber capible
of maintaining the tolative humidity et 95 percent and the interasl tacrerature
at 36°F for a tast period of 28 days. The unit shall psss the reguirements of
parcoraph ba 1.3 upon completion of this tess,

B Date: JUL
' ELECTRONIC DIVISION st i_or ll . .
; e ey - T RELEASE DATR__ADFLl. 3, 1962
- ENGINEERING DEPARTMENT SPECIFICATION _38-20100-61), -
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u.u.r.ug nonﬁ.nn .?ﬁnagg %Eonguaé .
»no-ﬁf!blﬂ »wn am' wmw.uhn.i ﬂzavﬁggﬁoo»&mongg
the following tests: . : .

(a) With the turbine rotor hlocked, estabiish within 30 socomis & -
‘stendy state alr velooity of 360 Kts BAS und remove blockage.
The unit shall stort and sccelerate to 11,400 rpm with a
4300 VA (at .79 P.7.) load applied within 4 seconds from removal
of blockage. The wnit shall complete ten such starts. In place
of dlocked rotor operation Lt shall de permissidle t0 suddenly
eject the unit into the established airstrosn. .

Asgsaga&g.g.&.ﬁ*gg?naﬁl.
" uents of paregreph Pou.ow. .

,.
w.w.r.wE nﬂomgngﬁnugdﬂolgﬁbouvnhgsgg
»u:oﬁgz.- ﬂm—m %n nm tuﬂﬂv»n&puﬁoﬂgaaﬁ.oaggg.
the following testas .

gﬁﬁﬁ.yﬂﬁszﬁgax.?..gcﬁ-wﬁguozsg.

. 8 steady stase alr velocity of 360 Kta EAS and remove ",
blockage, The unit shall stort and accelarste to 11,500 xpm -
with & 4500 VA (a% .75 P.7.) lond applied vithin L seconds.
The unit shall cceplate 10 such starts. IXn place of blocked -
roter aporaticn 1% shall be permissible to suddenly eject the
unit into the satablished afrstiesm.

{t) Upen complation of 10 starts, tha unit shall meet the
gﬁuggnng u...m.u.

3 5.5 E’gﬂ gE

g e

A YO urt 4 " B0 s b

3¢%5.5.1 (] - The crest factor and harmonlo contemt line-to-line and
line~to-nautsal o output voltage shall conform t¢ the requirements of
specification MIL-G-6050A,

5.%.5.2 8hort Circult Cu ~ The genezmtor shall be capabls of -ﬁuuﬁ.am
300 porcent rated current during a single or thres~phase fault condition for three
seaonds vithout impaiiment of generator aharacteristics, :

3.5.5.2 Unvalanced Ioad - The generntor shall be anpable of meeting the
folloving unbalanced 10ad requirements at 40O cpe, 113 volts nomiral and 12,000
sTm. The percent unbalance of line voltage siall De defined as 100 times thax''
maximen dsvistion of tho line veltage from the average of the thres linme voltage
divided by the aversga of the three line voltsges. .
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the folloving tests: .
" " (a) With the furbdine rotor mma&mmnm within 30 nuM -
|

[IRT R s m,;um

Vet
pa——

U

e

‘steady stnte alr velogity of 360 Kts 2A3 and remcve blockage.
‘ The unit ahall start and mccelerate to 11,400 rpm with o .
; L 1500 VA (st .75 P.7.) 1084 epplied within 4 seconds from removal
l 4 of blocknge, The unit shall complete tan such starts. In place
of blocked rotor cperstion it ahall be permisaible to suddenly
] . eject the it into the established airstress. \

I. (b) Upen completicn of ten starts, the wnit shall meet tha requive-
, - ments of parsgraph k.l.3. .

+

[ 3.5.4,9 rature - The unit shall be capable of being mounted }
} in a siitable ata s zed tmblent touperetwre of 1507 and undergo. 4
3 the folloArng testa: £
- |
I. (a) With the turbine rotor blooked, astablish within 30 asconds z [
, & steody atate alr velooity of 360 Ktc EAS and 1exove . {
blocknge. The unit shall start and cccelerate to 11,400 rpm ‘
[ vith & 4300 VA (at .75 P.F.) lcad appifed within 4 seconds. }

The urit shall complete 10 such starts. In place of bloaked .
rotor operaticn 4t shall be permissible 1o suddenly ejsct the
unit {iotc ths established airstresm.

() Upon completion of 10 starts, the unit shell meet the
requirements of paragraph h.l1t3.

- 34549 Genexator Parforuance

3.5.5.1 Wave Form - The crest factor wnd hermopic cantent line-to-line and
ling~to-nowtral of the output voltage shall conform to the roguireomwents of
specification MIL-G-60904.

3.5.5.2 8hort Cirouit Capacity -~ The gensrator sball be capoble of nw:l;nx‘:é
300 pardent rated during & single or thrse-vhase fault condition for thivee .

seconda vithout impalrment of gensretor charsoteristics.

3.5.5.3 Unbalanced lcad « The goneratcr shall be copabls of meaeting the
fo unbslancad Taad Tequiremsnts st 40O cps, 115 volts namival and 12,000
rpa.  The percent unbslasace of line voltage shall be Gefined as 100 times the''

“a

and
saximues deviation of the line voltage from the averags of the three line voltages
Aivisad by the avermge of tha three line voltages.
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(a) Witk o 1300 VA, 2.0 2.7, 3 phase load applied and an
ad81tio0a) single phase 5.0.P.P. line 4o neutral losd of
mvammooumunuuam the moximus value
of voltage unbalance shall not exceed 6.0 percent.

(b) With the generator carrying no three phsse load, & aingle
phase line to neutral 1.0 P.F. load of 500 VA and 1000 VA
shall de addad individually. The maximum value of voltage

. unbalsnca shall ot excoed 6.0 percent.

() muusooova, 1.0 P.F. 3 phace Joad ayplied snd on
sdditional siugle phase line %o neutral 1.0 P.F., load of
500 VA and 1000 VA added individually, the msximu value
of voltage unbalance shall not excced 6.0 percent.

3¢5.5.4 ator Coo - Qanargtor cooling during operaticn shall be
ob'mncd. ty providing & sultable mesns for cobducting the hoat from the generator
to the outer shroud. Heat removal by means of rem air aooling, aooling ports, * -
will not ba utilised. The meximm allowuble surrounding air ombient temperature
ﬂmﬁ at lgcuuu will be 250%, Tho maximua allowable cperating tesperstiure’

3.5.9.5 Yoltege %ﬁ%mm « Tha voltage regulator shall maintain the
genarator voltm within ta of 2.5 during staady state conditione and
betwecn the following voltage limits and lood coenditions for all designod aperating
spoeds and snviromments as defined {n MIL-8TD-2104 Chg. 1.

Gond¥ony Yoltegs

bts xvh’ )- O £ = 075':-00 103-1.22
3.6 g bl = ALl parts having the came masufasturser’s purt
nusber aba ! and Alwensionally intorchangsable. The draving

suber roquimmnen of specification MIL-D-70327 shall govern ahanges in
manufncturer's poré mumboers.

3.7 Drm Allison Division of Genarsl Motors will furnish to Geuncrol
Mills, zmﬁ.u aet of enginsering design drawings for the rea alr turbine
gevarator, ineluding o reproducible and two priats of each dxaving.

3.8 m%gf_c% The masinus weight of the ocuplate ran alr
turbine geperator assem not axceed 43 pounds,

f

3.9 t12lcation of Product - nq,w uuubuu, and paris shall u
isarked for cation in ae th steandord MIL-87D-130. )
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320 Bcr&g Threads ~ ALl conventional straight scTow threads shall e in
ascordance Tequirements of specification MIL-8-TTh2.

3.11 W = The worksanship and fintsh oa all parts shall b in
accordance with grade riroraft practice.

4.0 QUALITY ASSURANCE PROVISICONS

k.1 Acceptancs Tests - Acceptance tdwts are those tests conducted by
Allisou Division of General Motors, on the yam air turbine gonerstor assembly
(required by Genarsl Mfllg, Inc.) to demonstrate suitsble quality control,
gsorrect assembly and performance.

L.1.1 A of Dats - ALl instrumedtation shell be suitadle for tae
testing to be a od shall nol be detrimemtal to test tolersnses.

" h.l.2 Test Conditions

k.l.2.1 exrating Test Condiftons ~ A1l tests shall be conducted ot
approximataly see lave titudos data used {0 esteblish power cutput
shall be aorrscted to RACA dtandard Day soa level conditions., All aiy velocities
specified herein are froe strasn and all tuanel air veldeitles used for testing
sindl e eqrdvalent to free stream velocitios. The test shall be conducted &t
anblent texperstures.

%.1.2,2 Mounting - The unit shall be mounted 12 & suftable wind tunnel
vith its axis of rougian parellel within 1° tc the direction af air flow.
Neunting facilities axe to have ndegligible effact on power perferwance.

§.1.2.3 Generator loads « The following losds shall be used for determining
the performance o t ng vind tuanel teating.

Ioad I - No load
fosd IY -~ Balsnced 3 phase, 1700 VA at 1.0 P¥
lood IIZ - Daloncad 3 phase, 3400 VA at 1.0 P?

L,1.3 Test Methods ~ Tha following tosto shall bs porformed on tze wnit. °

ksloaol Belancs = The unit shall be tepted for wc untalonce. Me
emount of unbelance 67 rotating cosponents shall not exceod 0.0 os. in. The
zensuraed vidration adeeleration of tha unit wlen opersted within the specified
governing rpm renge, ab 300 KEAS, and Load T appliad shall not exceed k0.0 G's.

k.5.3.2 Qoverning - Tie unit shall be subjected to tho following test
operation:

- (a) With Lood'T opplied to the wdl"., inarease the air velooity
o 680 Xt XAS mintmam., The unit rotationsl speed shall
ot exceed 12,900 rpm.

§v¥-‘ ot
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(b) With Load III applied to the unit, deorease the air veloolty
from 650 Kts EAS to 300 Kts BEAB meximum. The wnit rotational

(o) With Load IIT spplied to the wit operating in éu edr velocity
of §50 Xts BEAS mininum, suddenly apply Ioad I. The transient
rototionsl specd of the wnit shall be within the limits of
10,800 to 13,500 xpm and sholl return to steady state condi-
tions within 3 seconds after load charge. Tho steady state
rotational speed shall be within the limits of 11,400 to

12,900 rpam.

() With Ioad I applied to the unit cperating in an air veloaity
of 300 Xts EAS minimum, suddanly apply load IIT. The
traceiont rotaticnal opeed of the untt shall be within the
limita of 10,600 to 13,500 rpm and shall rotwum to stoody
atate conditions within 3 veconds after lood chonge. The
stoady state rotstionmnl speesd shall be within the limits of
11,400 to 12,900 rpa.

(e) With Load IT applied to tho ualt, slowly incrosse the air
velocity 4o 650 Kts EAS minimws, then slowly decrease the
air velocity at o uatform rete. Thore shall be no ovidanco
of povernor oscillation above 300 Xts EAS minimwa.

h.1.,3.3 Vol Ro tion - The voltage regulator chall 'mi.ntuin tho genurator
voltage within E"E E:E'Gi o; 12,55 during ctendy state conditions and betweon the

speoified voltage limits 108-122V &wring all loads and oporating spocds specified
dw'ing testing as cutlined in peregrsgh %.1.

h.1.h Rajection and Retast ~ If tha unlt doas not puss the requivenents
of paragroph 4., rYejocted. A rojected umit may be vewurked or
have ports replaced to correct tho defacts, and resutwitted for accepiunce.
Full porticulars concorning toat rejoctions end tho aotion taken to correct the
defocto found in the original unit sholl Le fwnished Goneral Mills, Tuc., won
coupletion of the testing.

i
E
g
g
]
]
E
§
"

4.2 Gualification Tests « Qualiffcation Teasts are thoce tasts acuomplished
on the generstoyr aas Gamongtrate suitabllity for production. The ganerator
assonbly to be sold to Ganoral Mills, Inc. shall be identical in matarisl and
vorkmanship to similar generator aseemblies whi:h have passed quelificetion towts
for produstion thersby precluding any requirexent for such tests on this model.

5.3 R - A complete record shall be kapt of the progress and results
of all tests. u somplotion of testing, & somplaste testd eport ghall Le pre=
pared and three copies submitted to Gensral Miils, Inu. for apprvvel. Genaral
Nilla, Inc..also reserve the right to provide & witness for any or all aca
tosts. ,

E el



Ll L )

Page determined to be Unclassified
Reviewed Chiet, RDD, WHS
IAW EQ 13526, Section 3.6

Date: JuL 19 m

-HNCINBRINC DEPARTMENTY

M e e e

5.0 PREPARATION F'OR IBLIVERY
5.1 Packl

at the deoctination in & aloth and \mﬂmmd condition, Vhore applicable all
oponings, mounting faces, and externnl exposad parts shall be provided with
suitable temporary coverings to exclude dirt and prevent demsge. ALl protective
coverg must be of & configuration that prohildits umbw with mating parts

without ramoving the cover.

- Tas untt shall be packaged to masure arrival

T N e e ) i e -t S s A




TR L R T & e " =]

e s s n mAme se— bt oA .

Page determined to be Unclassified
Reviewed Chiet. RDD, WHS
JAW EO 13526, Section 3.5

Late: 56l 19 208

Goneral SHERY..A___Of . A
.__ELECTRONIC DivisioN | Mills :
Nll CENTRAL AVENUE, MINNSAROLIS l’n MINNESOYA RELEASE DATE, ,:21 !i z
h GINERRING DEPARTMENT seEciricaTioN. G ~ 20000 - 669 . '

e beaad

SPEOIFICATION FGR A NITROGEN SIVRAGE .

AND CONTROK BYSTEM

p-ninvih: 4

TAVCO INCORPORATED

ey




N L AL o S JL

[LEO"EN

Page determined to be Unclassified
Reviewed Chiet, RDD, WHS
IAW EO 13526, Section 3.5

Date: "m. 19 m

1mommuuo DEPARTMENT

srciFicATION QB o210 o 60 [

1

|
|

|

¢  SPECIFICAZION FOR A NITROGEK SICRAGE AND COITROL SYSTEN
BIILT BY TAWO INOGRECRAYED

1.0 SCOPR

2.0 APPLICABLE DUWINIS AND SPRCIFIGATIONS

This specification perteins to & pasmatio system vhich stores nitrogen
s under 3000psd pressure over an extendod period of tims, and provides s
mmmmm.mmanuamwmmmm
‘of the solenddd shut off valve.

Dxowings

BER9100-668
829100677
BX29100-606

311126

Specifications
MIL-R<8573A(A80)
HIL-C450
MIL-R-3043

. VILLR.5058

NIL-D=802%
HTLA-0611
MIL-I~686%
MXL-R-6875
MIL-X-£968
HIL-8-5002
MIL-A-8523

WIL-82D-129

. |
Iry Aitrogen Rendling System Sobcmatie
Installetton Yayout
Reservior - Dry Ritrogen, Shoving
outline dizensions
Tavoo Gysten Assenbly Dreving - Also
Part Musbez OF the Syotes

Desoxiption

Roservoir, Alr (Liuited Fortions Only)
Paosphate Coating

Resin coating

Conting Applioation

Velding

Welding

X-Bay

Heat Trestment

Magretic Particls Inspeeticn
Passivation )

Anodtxing - Grey

Razaplates

Marking for Shipment

. - . -t
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| " gpectfioations Deseription 1

_ AX or 18 Standards Booses and Fittings /

‘ MIL-2-5272 Enviromental Testing

MIL-p-8584 (ASS) . Pnevmatic System Couponents, General
; M3-24T8 Gage
! MIL-8-30hO Bolenoid

i HIL-4~5838 Quality Control Systea
' ., 3.0 m'mm or TH3 SYSTEX

3.1 Purpose
g The basfc purpose of the system is %o store dry nitxogen under 3000 psi’
pressure and provide the nacsssary valves and regulators 0> safe and efficlient
control of the Llov of nitrogen., The pressure in the storage vessel is rog-
vlsted to glve & constant dlscharge pressure 63 the nitrogen is used. Valves
arve provided for charging the vesssl, manually and electrioally shutiing off the
flowr, flowing nitrogen thxough the regulator for sdjustment pwposes, und
relieving excess pressure to the aimosphere. R:essure gauges are provided
l. \petresn and downstesa of the regulstor for charging asd flev regulation
| purgoses.
i 3.2 Desigm
The nitrogen storsgm and control system shall gonfura %o the applicabtls
. portions of the dravings snd specifications listad herein and the detatl
reguiraments of this specification #0 as to Qlfill the purposs for vhich
44 18 intended to be used.
3.3 Componenta
The syatem oonsists of two major subassemblies; the rressure vessel

| asseadily ad the acatrol valve sseenily, hich are conposed of the following:
1.3 Pressure Vessel Assembly;
l Pressure Vesasl '
Mounting Rrachets
l Pressure Coznactions
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3.3.2  Control Valve Assemhly
Solencid Valve
Pressure Regulator
High Pressure Relie? Valve No. 1
Lov Pressure Relief Valve Ko. 2
Manual Shut 0ff Valve
Gage - 5000 pai
Gage = 200 pst
Charge and Drain .\Valve
Ground Cheukout and Control Valve
Suitabdble Pressure Conreations

3.4 Envelepe

The pressure vegsel and control velve assemblins shall be desigred to
1t {n the spece provided as shown on BXROL00-TT. The arrangexent of the
ccmponsnts and outiine of the system asccambly shall be as shovn on 23111126
s oproved by General M{lls. 'he components uhall be arrenged.sa that the
‘ground o¥ev can s¢e the gages, sake and brosk the slestrical and pressure
connsstions, snd adjust tho marual shutoff valve and pressurs regulator,

all from the access door. Tha extt port of the system shall be a M3 33656-8
Style B fitting painted in the direction of &cwnstresn commestor.

3.5 Zuoviromnmental Conditions

The system 88 svswmbled shall pexform satisfactorily vhen sulmitted to
the following conditions:
3.5.1 Temperature
The ambient tempersturs rangs s -65 F to 4250 P,
3.52  Acceleration
" Ohe mextaum inertial losdings sre 10 "g" waich may ba applied
1in any drection relative to ths systes.
3.5.3  Vibration
The maxtovis vitration frequency is 2000 eyeleo/minute with & double
smplitude of (020 inch.

f— — —
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3,58  Atmospharie ,
Condttions of 0 to 70000 feet altitude and all eonditions of rela-
tive huatdity from O to 100%.

3.6 Pressure Rating

, The system shall cperate st a nominal presswre of 3000 psi. All come
poznents shall de rated to operste at thelr vespective Jressures and mset &
. pxoof pressurs test of 1.67 times the operating pressure and 2.23 times tha
operiting pressure for durst. '
3.7 Leakage

'

External leakoge shell bLe sero st ambient to +230 ¥, and not more thsn
1.0 ec standard alr per minubo a3 ~6%5 F. The internal leskese 4is specified
for the indiwidual cozponents.

The systen sball be capable of s\pplylng & flow of 25 80PN with the
inlaet pressures varyisg from 3000 €0 300 psig and with an ontlet pressuwre
sangs of 100 to 30 peig plus or minus 5%,

4.0 REQUIREMENTS FOR DRSIGN OF TEE QONTROL VALVE ASOEMBLY

The individual components making up the sontrol valve sssenbly nust
naet the following specifications:
4.1 Bolenoid Stut O2f Valve

I% shall b & nomally closed, maintained oontacts valve, ruted for contine
uous duty at-meximas oparating conditfons. It shall open at 3000 ps! with s
maximem current conswpption of 2 amps vith 25 to0 31 volts d.a. applled. The v
valve shall mast applicable portions of MEL-8-40N0. I6 sust Deduid o Lflow
of 25 SCYM wZth 3000 psi to 300 pet at the inlet and pressure 4rop compatable
vith the system perforsance of this specification. The allowab le internal
leskage is 3 as/hir fromi00to 3000 upstreas pressure with tha valve in
the pormally olosed position. The design shall be fail ssfe in the dlosed

.
.4
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position

The elechrical connector shall be & M33IO06E - 108L-5P. Tha velve
shall te designed to vithstand a minimm of 70,000 cyclss of closa-open-
elose vith a 3000 psi supstrean presaure.

4.2 Pressurs Regulstor

‘The Tegulator shall comtTol the OUtlet ITESSUre ab & Set valus with
a3 sccuracy of 454 of the set valus, for an inlet pressure rangs of 300 to
3000 pst and with & flow rate of from3 to 25 SCPM. Provisions shall de
nads for cutlet pressure adjustmezt within the Tauge of 30 to MO0 psig. Ad-
Justment must be sccomplished with the ayetem iustalled and shall be secured
t0 hold adjurtment under the mexizmum inertial lowdings and vibeation conditioms.
Yo lociup provisicns are required and the fail safe candition is open.

be3 High Pressuve Ralief Valve No. 1

Bhall be rated %o orack at 3400 paig maximum, reseat at 3100 psig
atatmm, aud flov & mianimm of 5 8CFM at 3500 poige Therv shall be no o0
leakage balov orack on increasing pressure and reseat or decreasing pressure,

4.4 Lov Pressure Relisf Valve No. 2

8ball be rated to arack 150 peig maximm, raseat at 110 peig mindmam,
and f2ov o minixm of 10 SCFM ot 175 osig. Thoxe shall be zezu lock.ge
below crack cn Lacreasisg pressurs apd reseat on decreasing mucsure,

he5 Xaoual Shut 0P Valva

Operating pressure is rated at 3000 psl. Tt aball handls system flow
rates vith & miniumum equivalant orifice dismeter of .15 inchas in the fully open
position, The value Stex csn terminate in & bex socket for speed wrench Cpere
stion. The intezrnal leskags ‘shallnot excesd 1 oc/howr with the valve in -
the closed position and 3000 psi upstresnm pressurs. The valve must bave
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srovisicas to securely hold 4n the vids cpen sud fully alosed positiaons
unler inertial losdings and vibration conditions.

k.6 Cage = 0 to 5000 pst

I{ shall be calibrated in 100 pel incremsuts and bs acowate to plus
or winus 50 psi over the full scale. No lealage from the iaterzal ic
the atmosphere is pexmitted, gﬁogﬁnﬂfgaﬁgosg
externsl fluide shall not enter,

4.7 Gage - O to 200 psi

It shall be enlibrated in 5 psi incremsmta nnd be ascurats to
plus or minus 2,5 pal over tho full scald. No leskage is Dermitted o the
atmosphare, and the cage shall bte coustructed se thet axterzal fluids
shall not enter,

k.8 Chorge and Drain Valve

This valve mugt paovids mesns of pressurizing the sioxage veawcl to
3000 psl at & zaximzs rate of 15 5CFM. The valve is:shut off using & wromeh
and shall have zero laskage from O to 3000 pst. Provisfons ~bell be ucde
s0 that the valve con be used €0 bhleod fluid from the storege veccel at
pressuras of 3000 to O pat, The valve aust mate vith an ANBLS mut and ANS1H
sleave for charging pWwrposes.

e Grousd Chsokout and Coamtrol Valve

This valve sball permit the systom to be Jrensurised £XoM & grownd sourocs
in order that the rogulator cutlet yressure may be adjwted. This valve is
to be ported so that the gromd sowrce nitrogesn will enter the syuten Imustiately
wpatrenn of the rogulator, vill flov thrnough the regulater avd pass e lov
preswure giuge &ud out into the stmosphere. The valve~ohus off flow w0
any components Aovnstrosm of the system during 1is opertion, The valve shall
be manuslly shutioff with & spesd yrench and not leak oy otherviss affect
the function of the airborme autoxzatiz control systea. 2o valve a1\ pereié




rage determined to be Unclassified

Reviewed Chief, ROD, WHS
IAW EO 13526, Section 3.5

Date:
0L 19 am
| ELECTRONIC DIVISION  (‘Genaral sweer L _or 2
|
Ksmestsemeaeanansananunte | A M)
1620 GENTRAL AVENUE, '8 82, TA RELERASE DATE

'ENGINIIRING DEPARTMENT

BPECIFICATION._ 3B - 29000 - 669

oY,

I
[
1
l
!

l

a 220V of 15 SCTH through the regulator when 2000 psi 1s mupplied fxcm the
ground gourcs.

5.0 REQUINREMENTS POR THE DESIGN OF THE PRESSURE VISSBL ASSRMALY

The pressure vessel assembly sball provide a maaus of stording dry nitrogen
gas at systam operating pressiwes, The vessel shpll incorperate inntalletdon
mounting provigsions for the cuntrol valve assembly and the ' ' system .
attackmont polute. The four brackets spaced at 90 degree intervals around the
ctroumforence of the pressure vessel on & 15.000 inch dlemeter bolt circle chall
ba aloted for 1/4 - 28 NP Wlts to ellow for exponsfon during f1lling of the
vesgal, Tre mumber of bracketp shell be kopt at o mivimam. The weld heads
shall be held to & minisum height sbove the surface of the vessel and shall
be frea of ooy shorp edges whink wuuld tend t0 cut the heating elewent wiich
will be laced to the extorior of the vusiel.

The volume of the pressure vesssl shall be at least 80 culic iuches
and its shape shall conform to tho outliro draving SK29100-606 and TAVCO

dreving 23111125, The vessal shall mect tho 2pplicable portions of MIL-R-8573A

axcopt gunfire. The vessel 1s type 30-k0 Clagss B. The seations of MIL-R-8573A
(A83) wvhich are pot applicable for this sppliation are the following:

Ssction Description
le2s3 Sizaa
2.0 NAVBHEIPS JO. 250-692-2 Subotituto wald per KIL-W-B8611
3.1 Preprodustion sexmplo
3elieled Forwla
3ebeled Formula
3.h.b Dredindag
‘b2 Preprofuction Tests
be3.2 Sempling Tasts
403.5 Rejeotion and retest
bales Cysiiny
b.4,5.2 Extrome Texporature leakage
L6 Thysical
bobso7 Internsl Finish
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I %58 - Macrostructure

I %.b.20 Rydrostetle burst
I i-.h.n ' Suntire

' 5.0 Preparetion for delivery

6.0 zRyr PRESAURE ViSSRL

|

[l

‘ One pressurs vessel shall b built to the sams Gesigs s the systas

i Vo3iel and then suhjected o cyoling eud buret tests. The cycling shall de &
™o of 300 eyelas of 200 t6 3000 to 200 prt. The burst sest shall oon-

‘ 3% of prassurising the vossel to tha point of Wurst and reccriing the Lurt

i P¥igure and type of faflure. If the test vpebal £alls to yaet the Tequired

l %Wltmlmofmw, then TAVCO mhsll redssigs the vessel

! 2 run another buret test. -

N

l 70 TOTAL SymTRM \RTOHT
‘ m"*‘““mmhunuummmwumwas.owm.
‘ 8.0 craanmio ap THR BYSTEN

Wails assembled the system will %e cleaned pericdfoally end st b oble

’ : Withetand axposure to axtemal Tlooding wilh the following agenis, vithoubt
\otog the functicnsd rullability of the systesms The poricd of uxporuse

is agtimatod to be five minutes at any one time.

i &1 Claanice Agents
| 3-1.1 Ssturated stema &t 2% 7.
‘ 8':‘3 Fornelashyde (HCHO) et 70 ¥
| f1,3  Zgsel solution (Cramlylo scid plus ertbo-hydroxyliphenyl and sop)

' 7,

81,0 Rooeal (Alkyd dimenthylbenszyl-semonim chloride), & quetsrzary swine
' 97 "qaternary emonia”. It 1 8 Jrodust of Wisthrop-Stesras Lab., 450 Broad~
i3, New York 18, New York

L

"od e
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l 9.0 XATERTALS "
| ALl metals exposed to the omblerst must be either stainless steel
pessivated per MIL-8+~5002 or alurimxa slloy anodized pex MIL-A-0625, ALL
' elastomars exposed to the emdient must be compatible with the agents spocifisd
in paregraph 8.1, A racommendsd olastimer is Misnesota Rubder's compound
l 366Y Buna - M, or an equivalent,
10,0 IDENTIFZCATION
l All componrents munt be fdentified par MIL-3TD-130. The awwoplotes :v:
aust be legible and adhexre to the swufsce 0a which they are applied, wnder
l all otnditions of this spocification.
! 31.0 QUALITY CONTROL
TAVCO shall provide an approved quality control system In accordance
| with NIL-Q-9858,
l 12,0 QUALI.'Y ABBURARCE PROVISIONE
Eoch componost end the system as o whole chall be subjocted to the
.‘, following tests during the courne of thelr manufaoture:
Tuw tiomal Cheak
| Fro.f Progswre
letknge ot operating pressure
Inserim snd final incpection
l Rodtogroph of all welds
Hngnatiux of all Ferrous elloys
| Voriflostion of all heot txestuonts of Detals
Purst Pressure (Ome vesssl cnly)
I TAVCO shall furnish o certification that all conditions of, this spec-
1f%cation Lave desn mat. TAVCO shall kaep records of all tests, %0 be availe
' able for {nuspaatfon upon Yeguset, '\
e
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airplane, to . stermine if disseminated powder (talc) had come in c7- tac:
with thz airpiv=~¢. Prior to the test flight, a satisfactory functions' <est was
perfucie ' Lil* the spray tank mounted on the test airplane. This acledzd
both avn* . 2.:¢ sl.semination tests. >

6. The sz - tank functioned without a mechanical discrepanyy ducing &
S56-min.1u 2+ flight. The only electrical diacrepancy noted durin; the flight
was 1he JE T UTE jight which {lluminated momentarily each time ti:e dis-
serinat an procies was iritiated  Thisldigeranancy har ne angeasent edtest
on the dixsemin2 . icn acd wes not cnjoctionable 1o the pilot. Twelve dissemi-’
nations i'ins were made 2t altitudes ‘zom 300 to 2, 000 feet and 350 to 529
knots indicatad airspeed (KIAS). The dissemination period was approxi-
mately 43 seconds for each of nine runs and on three runs the disseminaiion
period was approximately one minute ver run. Dissemination occurred
while the pickle button, located on the left side of the control stick, was
depressed. The pilot noted a slight hand discomfort while keeping the pckie
button depressed for periods of time in excess of approximately 45 seconds,
The correction of this discrepaccy should be considered in future design for
improved service use. The srray tank and the test airplane maintained the'r
structural integrity during th: captive flight portion of the test to 570 KIA.3
and 0. 895 Indicated Mach Number (IMN) in I g flight and during normal
accelerations from 0 to & g at 380 to 430 KIAS,

.
D

7. No unusual ground handling or flight characteristics were encountered
during the taxi and flight test. At 570 KIAS and at 0. 895 IMN, a slight ncse
down pitch and light 2irframe buffet was encouniered. However, these
characteristics were not considered to be deficiencies. Results of the test
conducted with the spray tank on the A-4B airplane are considered applicable
to the A-4B, A-4{ and A-4E airplanes.

8. During posiflight inspection, no evidence of powder deposits on the air-
plane were chiacovered. However, the three strips of lightly greased ozd- ,
nar..e tap» were not on the airplane after the test flight. The underside cf ;
the spra; tank aft of the dissemination nozzie had evidence of the talc, and ¢
the insicde of the dissemination nozzle fairing was heavily contaminated.

9. Afier a limited test with the GMI dry agent dissemination tank systera,
it is conzluded that:

a. The GMI BW spray :ank is completely compatible with the Aero 7A
~aiterline rack of the A-4B airplane (paragraph 3).

b. The GMI BW spray tank dces fit satisf .clurily un e Aera 20A wing % »
racks of the A-4B airn'~ur {caragraph 3). ‘

c. The contractor's control panel for the GMI BW spray tank does

satisfactorily fit the A -4B cockpit, was easily readable and conveniently
located for pilot use (paragraph 4}.

Best Available: Copy
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riround function tests were satisfactory (paragraph 5).

. The system functioned satisfactorily at altitudes from 300 to 7, GO0
feet ..n' .rspeeds of 350 and 570 KIAS for dissemination periocds of rpproxi-
mate * > and 60 seconds (parag:aph 6),

f The ¢GMI BW apray tank ca- ge safely carried at airspeeds \.p to
570 Ki1A. and 0. 895 IMN, and «:-ing normal accelerations from 0 to € g at
380 tc 4 KIAS (paragraph 6).

g. ‘The GMI BW spray tank dogs not cause any unusual taxi or flight
characteristics {paragraph 7). - ‘

h. The GMI BW spray tank does not deposit spray powder on th: A-4B
airplane during in-flight dissemination but does leave deposits or the spray
tank itself (paragraph 8). .

i. The results of tests conducted with the A. £B ajrplane are apnlicable
to the A-4B, A-4C and A-4E airplanes {paragraph 7).

10. It is recommmended that:

2. Eliminatior of the requirement to keep the pickle Lutton depressed
during dissemination should be considered in future design for improv:d
service use.

b. The GMI BW spray tank be cleared to the flight limitation described
in this report.

¢. Further testing be conducted on the wing stations of a suitably con-
figured A-4 type airplane.

3

JAMES E. VOSE, JR.
Acting

S/

H. SULT

G.
By directien

=« DBest Available COPS



