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CUNMDANTIAL

ABSTRACT

This Teuth 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-2748, "Digsgemination of Solid and Liquid BW Agents',

The results of the studies of the mechanics of dry powders are dis-
cusaed under two headings: compaction characteristics of dry powders, and
the behavior of powders in the compacted atate. P{xrely theoretical studies
are presented which agree with results of experimental investigations,

Improvements to the aerophilometer used to study properties of asrosols
are described. Experimental and theoretical 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 feeder was used to feed powdered sugar, flour, and talc, with a rate
of 91 1b/min being achieved with compacted talc.

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

Succersful laboratury and field testing of the E-41 Spray Tank for dry
agents is discussed, The structural test report and a preliminary report of
the air-worthiness {light tests are presented. Laboratory functional tests
are described, |

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

1. INTRODUCTION

This Tenth Quarterly Progreu Report covers the work performod undcr
Contract DA~18-064-CML-2745 during the three-month period ending
December 4, 1962, The scope c’ this program includes. Lheoreticlﬂ and
experimental studies in several areas related ta the masemimtton of BW
agents, and also the design, fabrication dad tenting of prototype umtl of
external-store airborne disseminators for liquid and solid BW a.genta, ‘Be-
cause of the broad scope of the program, the. types of cubjbcts dlscuued in
this report vary considerably. Additional backgrdund informa.ti.on in each )
area of interest is available in our prcvloul Quarterly Progress Ropq:ts on
this Contract.

During the period covered by this report, fabrication was completed on
the E-41 Spray Tank for dissemination of dry ﬂnely dlvided BW ag"enis.
Thia prototype unit was shipped to the Patuxent River Navil Alx Sutzon )
where the flight tests to demonstrate the air- worthiness. a.nd functional capa-.
bilities of the disseminator were conducted. The diuemiutor performed B
successfully in these tests and did not produce any unusual effects on aiF- -
craft performance. Completion of the fabrication and these tests of the-E-41
were two of the major goals ¢t the program, '

« . e P ;‘)
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¢. THEORETICAL AND EXPERIMENTAL STUDIES OF THE MECHANICS
OF DRY POWDERS

The following sections describe the current status of our coordinated
theoratical and experimental efforts in the characterization of particulate

T materials We intend that this activity will expand our fundamental know-

1edge of fine ‘pz}‘rticle technology and will result in the development of both
‘ theo"nec and exper‘jmema.l techniques sufficiently accurate to claasify fine
powder technology as '"exact" sclence.

Since .gur” expenmenfnl activity frequently involves the development of
entirely new techniques., we .muct dongstantly evaluate our efforts to deter-
mxne whethé&r the data obtained is al dtrect measure of a fundamental powder
proper*y or, represents a value cloasly relateti to that property. Both types
iof lnformatxon are of sxgniﬁcant value, bu’c we shauld be able to distinguish

. one Irom the other. "In order to cstabhsh ‘that the tHaracterizations we have
rnade are iundamemal propertial of powdera and not a function of apparatus

duign, we are determmlng the powder property wherever pouible by more
than one mdependent method This approach {s. esaential to any renponllble
scientific endeavor. B . e S

We are now in the proca.cs of determining the ene;-gy concentratmns that
cause powders to shaa.r, to- compact. and to fail under tenn‘én. We“are
learning how readily thete powders disperse and the modeu and rates by
which the aerosol 80 formed deca¥s’ Certainly basic to all these characteris-
tics is the nature of the sur:‘ace of the particle itaelf. A program of study is
‘now underway which  has as its goal the determination of total surface area of

N ‘ .
. e m the particle as well as its rugosity, adsorptivity, and chemical reactivity,
% ¢ '~'\ “ v a. .
J .
¢ RO * 2.1 Compaction Characteristics of Dry Powders

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 as sand and most aoil media that

Page determined to be Unclassified
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expand while being sheared, finely-ground powders are found to undergo
compaction when sheared.

Compaction of these powders is directly related to the fact that the bulk
denaity of a {reshly-ground powder is generally a small fraction of the dea-
sity of the solid material. This may in turn be attributed to the large sur-
face energy of the ground material relative to the gravitational potential

. energy of the powder masa. The bulk density of a powder may of course be
P ingreased by the application of compressive stregses, but this further in-
crea.oes.thg»cbntact energy of-the powder per unift maas. Al a result, com-
* M. pacted powd.-r samples are Io\md to possess comidern.ble ‘bulk atrength.

s

. o _Thia brief diacuuion suggests that compactiun phenomena muy well be "

the key to the behavlor ot‘ ﬂnely-ground powders. For this reuon, "we have *.

- o mg.de a consldeuble effort to, develop valid concepts of the compaction pro-

. e call, Our recent. theoratical and experimental work in this area is reported .

below. T

N

.......

DRI NPT - 'Exgerimeﬁﬁl’“&oﬁéaéttén Studies

ST e
L
A Y L

T T v !I‘wo typol of compaction te-tc have been carried out during the current
T s roport period- 1) tests of a aumber of powdera in the Instron compaction
e unit to deurmine the absolute ccmpaction characteristice of these powders,
T ‘8hd"2) teltl to datermine the density dutribution in a compacted powder
T e colunin"" A number of thege compaction- teata-ware carrisd out in conjunc -
=" " tion with shear tests to determine the relationahip between the shear
strength of & compacted powder aampla and the compressive stress em-

i plo_yed to compact the sampla.

P -
e sely .

Lo Z."l. 1.1 Experirhental Stress-Dernsity Relationships

Compaction stress as a function of density has been determined for
sasveral powders by use of the compaction apparatus shown in Figure 2.1 of
the Ninth Quarterly Progresas Report.  Tests were conducted in an Instron

’ Page determined to be Unclassified
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test machine at a strain rate of 0. 02 inches per minute (ipm). The stress
applied to a Bg powder sample was recorded continuously during compeaction,
resulting in a strese-deformation curve typified by Figure 2. 1,

Results of these tests are shown in Figure 2.2, Because of the wide
range in applied stresses, the data are plotted logarithmically. It {e
apparent from the linearity of these curves that the empirical relationship

v = co™ (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 rapidly with increasing density. It may also be ob-
served that the curve for saccharin steepens at low densities (p < 0,48 glcms).
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 these test data, one should note
that the slopes (measured by the exponent m in Equation (2, 1)) are identical,
but that the curvea are subject to sacale shifts for reasona not clear at pre-
sent,

In general, we expect that the compaction curve will shift to the right
with increasing particle size, This is exemplified 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 compace
tion procesa. Curve 3 for Bg and the curve for Sm were obtained with
powder samples conditioned for over 24 hours at 2 relative humidity of about
2 percent, In the case of Bg. the 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 considered a possible substitute for Sm in
dissemination experiments, it was desirable to obtain information concern=
ing the compaction characteristics and bulk-denaity variations of this powder
under compreseion, The apparatus and techniques used are identical to
those previously de ﬂcrihedz in 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 into 1-inch segments to determine its overall density varia-
tion. In the apparatus deacribed, the total column length of uncompacted
powder was 20 {nches,

The results of this series of experiments are presented in Figures 2.3,
2,4, and 2.5, Since the bulk material is already quite dense, relatively low
compressive loads (Figure 2. 3) will yield & bulk deasity of such magnitude
that considerable difficulty may be experienced when using this material in
the large dissemination 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 the rata for talc. Figure 2.5 shows the marked effsct
upon the bulk density of loose powdera resulting {rom different handling
techniques. Curve A repreaents the density variation of the loose powder
after filling the bulk-density apparatus in the prescribed ws,yz — that {s,
through a vibrating screen - whereas higher densities repressuted by curve
B are a rcsult 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 wark with this
apparatus will be restricted to powders of specific interest or to specific
experiments in controlled-humidity environments. Thia 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 amaill amounts of pow-
der"in the controlled environment of a glove box, a new bulk-density appara-
tus (Figure 2, 6) has been designed and fabricated. [t is not only being used

i ified
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BULK DENSITY (g/cm3)
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Fig. 2.3 BULK DENSITY OF POWDERED SUGAR AS
A FUNCTION OF DISTANCE FROM PISTON
AT VARIOUS COMPRESSIVE LOADS.
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as a scaled-down version of our bulk-density apparatus but will also be used
te supplement information obtained with the segmented column bulk-tensile-
strength apparatus discussed later in this report. The conatruction of the
apparatus is 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 Paowders

The large (5-3/32-inch 1D) bulk-density apparatus has boen used in an
interesting way to gain further insight into the mechaniam by which a loose
bulk powder will compact. In this experiment a portion of a tale sample was
¢olored 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
agglomerates formed in the coloring process. The first l-inch ring of the
apparatus was filled with the blue talc, and ita weight was recorded. The
15-inch column of rings was subsequently filled with alternate layers of blue
and white talc. To insure uniformity of packing, the same weight of powder
was used for each layer. Since the weight of the powder caused same com-
paction, it was necessary to add 19 such layers to fill the 15-inch column,
The powder was then compacted into a firm plug with a 270-pound compres-
sive load. Following compaction the entire plug of powder was removed in-
tact from the apparatus and cut vertically in half, revealing the naw layer
s:ructure shown in Figure 2.7. The "dry river bed" appesrance of the sur-
face was caused by the rapid drying of acetane sprayed on the powder's sur-
face to increase the color contrast for photegraphic purposes,

2.1.1.4 Shear Resistance of Powders During Compzction

Recent progress in the development of theoretical concepts of the com-
paction process has caused us to adopt & new pairt of view in interpreting
shear-strength characteristics of powders. It is now possible for us to
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Fig. 2.7 Compaction Mechanism of Bulk
Powders
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distinguish between the shear strength of a powder as it undergoes compac-
tion and that of the compacted powder. Moast 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 powder. The shear streagth of
compacted powders can beot‘bg-e:l;p;"evugd_;in‘ terms of the ""shear locus' con-
cept, which is considered,_iﬁ S'eciion ‘Z.Z of t:hi'n report. The close relation-
ship existing between c‘ompa.cti_on shear strength and shear locus is dis-
cussed in Section 2. 1. 2,

In a2 series of experiments initiated near the end of the previous quarter,
the compaction shear strengths of talc, cornstarch, and two particle sizes of
saccharin were determined as a function of compressive stress under various
conditions of relative humidity.

The techniques of measurement used were identical to those described
in a previous uport3 in which the powder, after exposure for at least 48
hours to a controlled-humidity environment, is caused to shear while under
the influence of a compressive stress. The unground saccharin 1s composed
of essentially 20-micron particles, while the other three powders atudied
are in the <5-micron rangs.

The results of these measurements are presented graphically in'Figurel
2-8 through 2-12. It is obvicus from the data that & linear dependence of
shear strength on compressive stress exists throughout thia range of com-
presaive loads, An increase in the relative humidity of the exposure environ-
ment results in a small increase in shear strength. The most significant
increase occura during exposures to relative humidities between 2 and 15
percent. It will be interesting to see how particle rugosity, discussed later
in this report, correlates with the relative shear strengths of these powders.

An apparatus has been designed and will soon be fabricated which will
both permit more precise measurement of compaction shear strength and
improve the data obtainable 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 diak assembly. We will also study the dependence of
thear strength on time by maintaining the shearing force slightly below the

" yield point to determine the extent of stress decay that takes place. The

effect of increase in compressiaon time upon shear strength will also be in-
vestigated,

2.1,2 Theoratical Considerations in the Compaction of Powders

During the current report period, several new concepts have been intro-
duced intc 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 thess concepts are of
squal importance to the compacted state considered in Section 2, 2,

2.1.2.1 The Dependence of Shearing Strangth on Compaction Streas

For & powder undergoing compaction, it is reasonable to expect that the
overall shear resistance of the powder is dependent upon two mechaniams:
1) gshear resistance 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, = Kyo + Flp) : (2.2)

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

The significance of this relationship can be seen by referring to Figures
2.8 through 2,12, which present experimental values of shear sirength T a8
a function of applied normal -treu-an. These data, obtained by the direct
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shear techniquo“. are in agreement with previous test data® in showing that
within experimental accuracy the shear strength of a dry powder is propor-
tional to the normal stress - that is,

Te = O tan ¢ {2.3)

where o is the shear angle. As discuased in Section 2. 1.1, 4, Equation (2. 3)
is considered to represent the shear strength of a powder as it undergoes

compaction.

From Equations (2. 2) and {2. 3) it i»s clesr that the function £ (o) is pro-
portional to the applied normal stress L But it has been shown in the pre-
ceding section that in general

¢ = Co™

It follows that the shear strength of a powder which behaves in accordance
with Equations {2. 1) and {2, 3) can be expressed in the form

T, o= K o+ K,o™ (2. 4)

where Kl and Kz are constants, Thsae relationships are illustrated in
Figure 2, 13(a), ’

The real significance of Equation (2. 4) becomes apparent when a9, is
smaller than the stress required to compact the powder to the density p.
This condition defines the "shear locus' of the compacted powder. If Equa-
tion (2. 4) correctly defines the shear locus, we should obtain a family of
parallel shear loci, with each curve corresponding to a given density as
shown in Figure 2, 13(b}, Thus, the 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 samplas. Tests for this purpose are described in
{ . Section 2.2. Although further tests will be required to establish fully the
relationships expreassed by Equation {2.4), experimental evidence presently
! : available supports the above analysis (see Saction 2,2.1.1).

The interpretation of shear strength properties cf compacted powder

} presented here is based on empirical laws - that is, on Equations (2.1) and

(2. 3), An entirely different and purely theorstical analysis of the shear ’
i locus for a compacted powder (see Section 2. 2, 2) leads to results which are :

compatible with the conclusions reached here as long as % is positive (that I
‘ is, for comprassive streasea). It can be shown that if L 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 In the manner indicated by the dashed curve ia
Figure 2. 13(b).

2.1.2.2 Anisotropy of Compacted Powdera

It has become apparent during our study of powder mechanics that com-
j paction must take place under conditions of shear equllibrium. This is
. illustrated by Figure 2. 14, which shows stress conditions that the powder
i can sustain without sheering (circles a, b and ¢). Each of the stress circles
I in the figure is defined by the major and minor principal stresses, ¢y and
02. The Mohr stress circle concept has been fully described in an earlier
! report. 4 Circle d in Figure 2, 14, belng tangent to the ahear locus, repre-
sents a condition of shearing equilibrium. The ratic of principal stresses
' for this condition cepends on the shear angle p;

- l+sing

1
i = F TrmEy (2.5)

[Tree=ey [
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Now, if g, is further increased, the powder will shear in such 3 way that
Equation {2.5) continues to be satisfied, and the stress circle will grow with
increasing ¢, as shown in the figure.

If & powder sample is compacted in a piston-cylinder device, the major
principal streas ) will be directed along the cylinder's axis, and 9, will lie
in the transverss plane. (The principal stress triad may bs represented by
vectors ), 0,, 0, which are mutually orthogonal. However, for & powder
undergoing compaction, it may be assumed that 9,29, because the powder
particles are randomly distributed.} Under these conditions we would expect
the powder to compact non-isotropically and to exhibit anisotropic behavior
in the compacted state.

Several types of experiments have confirmed\the anigotropy of com-
pacted powders. For ingtance, samples compacted in a pistonecylinder ds-
vice have baen 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 dernonstrated that tensile failure invariable occurs first on
transverss planes. The effects of anisotropy will be investigated more fully
in future experiments,

2,1.2,3 The Role of Elasticity in Powder Compaction

All powders investigated in this etudy have evidenced elastic properties
to some degree, Experimental data on the elasticity of several powders is
presented in Section 2, 2. 1. 3, for example. Perhaps the clearest evidence
of the elastic behavior of compacted powders was found in the pistoncylinder
tests reported some time ago. 8 These tests showed that a powder com-
pacted in a cylinder offered appreciable resistavce to sliding, even when the
restraining force FR was zero, This result, as well as other oxperimental
evidence,1 conclusively demonastrates that the compaction of powders is
accompanied by the storage of elastic energy. It appears very likely that the
stored elastic anergy acts as a potential energy suurce for tha compaction
process. From this point of view, powder compaction can ha considered to

Page determined to be Unclassified
2-24 Reviewed Chief, RDD, WHS

JAW EO 1 38?_6’ Siegﬁow

Date:




AT} NP A TR :!WWM V“’“I!'J"T

e S gpans

n

take place in the following way: Suppose that, under initially applied ‘
stresses, a number of sites within the powder are at the point of shearing,
whereas others are capable of storing energy elastically. With an increase
in applisd stress, shearing will take place at the wesk sites where stored
elastic energy will be diasipated through irreversible processes. The re-
mainder of the powder will store additional energy elastically, which will be
dissipated as the process continues. These mechanisms may be regarded as
functioning simultansously during compaction to maintain a certain balance
betwesn the stored eisstic energy and the rate of energy dissipation. This
concept is being investigated as a possible basis for a general analytical
theory of the compaction process.

2,2 The Behavior of Powders in the Compacted Staﬁ

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

After even o slight degree of compaction, however, the powder may lose
its capacity to flow freely. This can be explained by the fact that compaction
destroys the granular nature of the loose powder that is responsible for its
flowability by breaking down the loose agglomerates and forming denser
onea. The compacted powder may thus be regarded as a particulate solid,
with the particles bound together by chemical or molecular forcss. A large
number of these interparticle bonds must be broken if the powder is to be
restored te a granular state.

The resistance of A compacted powder to fracture whan subjected to
tensile, compressive, and shear stresses can be expressed in a very general
way by means of a "shear locus' as shown in Figure 2.13(b). Stressas 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
in such a way that the stress circle becomes tangent to the shear locus, the
powder will fracturs. The general behavior of a glven powder can be da-

scribed by a family of shear loci, each locus of which corresponds to a given
danaity, as indicated in the figure. !

Figure 2. 13(b) has been drawn in accordance with our presant theorati-
cal concepts of the strangth properties of compactible powders, which are
discusaed in Sections 2,1.2 and 2, 2. 2 of this report. A conaiderable body of
experimental data obtained during our study is in essential agreement with
these concepts. Recent theoretical and experimental resulta concerning the
properties of powders in the compacted state are described herein.

2.2.1 Exariment&l Evaluation of the Bulk Strength of Compacted j
ers

Several experimental techniques have been developed during our study
which are useful for investigating the bulk strength characteristics of com«
pacted powders. The triaxial shear tut7 is particularly suitable for this
purpose; in fact, our experience has shown that this teat ig practicable only
for compacted powders. The direct or sliding disk shear test can also be
used for the studies of the strength of powders in the coimpacted state. Con-
siderable past work has been done in measuring the tensile strength of com-

AT W R 1TYS B PP NLIRE ST

pacted powders. This measurement assumes added importance because of

difficulties in experimentally defining the shear locus for small values of the
normal stress, as discussed below. For this reason, several tests have
been under investigation for measuring the bulk tensile strength,

2,2.1,]1 Shear Strength

The shear locus for a compacted powder of density p can be determined
experimentally by either the direct shear technique or the triaxial techanique.
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 also |
enable a comparison of the two methods of measuring shear strength.
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2.2.1.1,1 Direct Shear Test, - The direct shear test has been primarily
used to measure the compaction shear strength of powders as described in
Section 2.1.1,4. The shear locus may be determined by means of the sliding
disk technique in the following way: The initlal ateps in the test are carried
out in exactly the same manner as for the compaciion shear test (see Sec-
tion 2. 1, 1, 4}; however, aftar initially shearing the powder sample with the
precompaction normal load P, 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 procedurs for a
series of normal loads P, using the same precompaction load P, in each
case, it is possible to construct a shear locus by plotting the shear stress at

failure t_ = Fm“/A veresus the normal stress o = Pn/A. where A is the
area of the disk.

The resulta of tests of this type for saccharin are plotted in Figure 2. 15,
For a precompaction stress 9, of 71, 690 dynes per cmz, the shear locug ia
very nearly a straight line as predicted by theory. The shear loci for pre-
compaction stresses of 53, 340 and 42, 530 dynes per cmz are not quite
linear, but are nevertheless reasonably in accord with the theory as long as
d, is not too small.

For small values of % 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, a careful analysis of the test
procedure suggests that these data points may be invalid because of ddf‘ects
in the teat technique, For one thing, if the shear resistance of the powder is
appreciably greater than the applied normel stress, it is possible 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 complete shear-
ing. A closely related and perhaps more serious defect of the test is the
poasibility that the shear 1oad may not be applied in the plane of the diak,
thus tending to tip the disk and either break or weaken the contact betwaen
disk and powder.
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This discussion indicates the need for a number of refinsments in the
direct shear test technique as applied to precompacted powders. Further
teats of this type will be carried out after several necessary changes have
been incorporated in the test apparatus,

It should bs mentioned that the density of the precompacted sampla can
be determined from the compaction characteristics of Section 2, 1. 1, I,
However, it is ensential to take into sccount the additional compaction which

takes place when the sample is presheared. The effective compaction stress
is ’

pc 2
Sete * X Vi +tan“ g . (2.6)

The density may thea be found as a function of & off from the apprapriats
compaction curve.

2.2.1.1.2 Triaxial Shear Tast. - As mentioned previously, the triaxial
test naturally lends itself to an experimental determination of shear loci..
This technique has already been used successfully for measurement of the
shear atrength of compactaed tale powder. These tests were conducted
primarily for the purpose of lvalutinj the practicability of the triaxial test
for compactible powders, It was found that the triaxial test was feasible,
but that the preparation of satisfactory test samples was difficult and time
consuming, even when samples were prepared outside a glove box. It should
be noted, however, that the results obtained in these preliminary tests sup-
port the proposed theory; that is, the shear locus was found to be linear.
(8ee Figurs 2,13 of the Eighth Quarterly Progress Report, 2)'

During the present report period, efforts were made to simplify the
sample-preparation technique, with the ultimute objective of developing a
technique which can be used in a glove box. It was cousidered essential to
eliminate the need for using a rubber slseve in preparing the test sampls.
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The sample preparation technique described in the last quarterly report was
found to meet this requirement mcc:ouiully.l Howevar, cansiderable
manipulation is still required with this technique. A further simplification
has been introduced recently in which the powder is compacted from one eud
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 threes
segments that can easily 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 sample throughout the compaction
process and during the subsequent triaxial test.

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

The changes in sample preparation technique described above may make
it possible to prepare satisfactory triaxial test specimens in a dry box. A
pneumatic system for controlling the application of compaction stresses is
currently being investigated for use within the confines of & dry box.

Even though the triaxial shear test procedure was not sufficiently
developed to enable 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 out to determine the stress-

density relationship for a given powder in the manner described in Section
2.1.1,.14 then a series of shenr teats for the powder was conducted over a
range of mean sample densities by the triaxial technique at atmoapheric
preasure. Samples for the latter tssts were prepared by the following the
procedure described above, Both the compaction and shear tests were
carrisd out in the Instron machine,
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If the theoretical assertions of Section 2, 1,2 are correct, it follows that
the shear strength, as found from the triaxial test, must have the form (see
Equations {2. 1) and (2, 4))

m .
Tmax ™ conetant » p ; {2.7)

{.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 irom these tests are plotted in Figures 2. 16 through 2.19. The test
materials include saccharin, egg albumin, Sm, and Bg. (The Sm and Bg
shear tests were limited to two tests for each powder because of the tem=-
porary unavaili.biuty of hood facilities for sample preparation.)

Both the compaction stress ¢ and the shear strength Tma
Plotted versus the sample density, Since these data are plotted logarithmi-
cally, we would expect if the theory is correct to find that the two curves are
parallel. One can see from the figure that the curves are parallel within the

< have heen

accuracy of the test data, except for Sm. However, since only two test
points were obtained for Sm, the discrepancy may be due to experimental
error,

The tests described above were not carried gut under conditions of con-
trolled sample moisture content; but both the compaction and shear tests
were carrisd out within a short time interval so that humidity effects, if any,
would affect both tesats in the same degree.

Further triaxial tests will be conducted when the sample compaction
apparatus has besn adapted for use in & glove box. These tests will of
course be carried out for several pressure levels 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 dashed
line may be defined by triaxial tests carried out with & chamber pressure
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. greater than or equal to xero, In order to establish the shear locus to the
{
I' left of this line, it is necessary to combine tensile and compressive streases
({llustrated by stress circle a). This procedure requires that axial tension

! : be combined with pressurization of the chamber. Thers are several serious
' difficulties preventing such a test. One serious problem is that the sample
j must bs sssled within & 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 teat specimens for such tests would

present formidable problems.

J 2,2.1.2 Bulk Tensile Strength

The bulk tensile strength of a compacted powder defines the intercept of
the shear locus with the 0-axis as shown in Figure 2.13(b), The dashed por-
', tion of the shear locus shown in the figure cannot be defined by either the
' 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 locus,

j Three methods for measuring the tensile strength of compacted powders
have been considered in our study, The segmented-column tensile tast’ was
I the first to be developed in this program. Although this test provides valua-

ble information relative to the tensile strength of a compacted powder, some

question exists as to whether the test results represent pure tensile failure.

The uncertainty arises for two reasons: 1) the powder is constrained to fail

st the juncture between two rings, and 2} stress concentrations are 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.

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

2.2.1.2.1 Segmented Column Tensile Tesat, - During this quarter we
have investigated variations of bulk tensile strength in a column of com-
preased powdered sugar by the method previously delcrihed'l"z' 7 in’
which the powder is preconditioned for at least 48 hours in a controlled
environment of 15 percent relative humidity followed by compaction in the

R

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 is 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 segment. To
avold the errors inherent in the uneven fracture typical of many powders and
to cbtain a measured valus of bulk density at the point of fracture, a new
apparatus deecribed in the bulk denaity section of this report (Section 2.1.1,2)
was designed and built, The interior geometry of this apparatus is identical
to that of the segmented column bulk tensile strecgth apparatus except that

the cutoff point of each segment has been staggered by 1/4-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 plane
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 powderesd sugar is
moat nearly equal to that of saccharin. The results of our preliminary
studies of the variation of bulk-tensile atrength with bulk density of powdered
sugar and of ZnCdS are shown in Figures 2,23 and 2.24, For efficient hand-
ling of bulk-tensile strength datz, the tensile strength has previously been
reported in grams (g) rather than being converted each time to dynes per
square centimeter (dyn./cmz). In this and future reports, however, data
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involving bulk-tensile strength will ba reported in dyne / cmz (crosas section
of powder column fractured in tensils failure). Data ohtained by this method
can more roadily be compared with that from new methods under develop-
ment,

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

The results of a preliminary check on the effecta of time of compression
on tensile strength are shown in Figure 2.25. A lé-hour compression time
resulted 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 phenownenon warrants further investi-
gation. One poasible explanation for its existence is an increase in surface
bonding between particles with time under compression. This aspect of
particle technology will be discussed later in this report.

In addition to the affect that length of compressive time has on bulk ten-
sile strength, future work will include atudiea at low (< 2 percent RH)
humidities, relation of bulk density to bulk-tensile strength, and the effect of
particle shape and surface characteristics upon the bulk tensile strength,

2.2.1.2.2 Triaxial Tensile Test. ~ This is a direct mechanical test that
can be carried out in tha Instron test machine, in which & specially -prepared
test specimen s caused to fail in & ragion free of external constraint. A
test sample produced for initial tests is shown after failure in Figure 2, 26.
The center saction of the sample 18 necked down to achieve several desired

effects: 1) reduced area makes the average stress a 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 tenaile strength
at the ends of the speciman, and 3) the length of the specimen (20 inches)
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2.26 Triaxial Test Specimen, Shown
After Failure
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enables an equilisation of tensile stress in the center section due to the alas-
ticity of the powder (eee Section 2. 2,1, 3), thus avoiding stress concentrations
prior to failure of the sample. ’ ¢

Sample preparation for the tensile test follows very closely the proce- C
dure for the triaxial shear test described in the last Quarteriy Report. 1 The ': ]
only essentinl 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 I.2 inch at the end cylindears to 0. 8 inch in the center section.
Some care is required to produce samplies which have a symmetrical density
distribution with respect to the center of the sample. It was found that
satisfactory samples can be obtained by charging each end of the apparatus
with an equal mass of powder and then forcing the powder into the center sac-
tion by means of pistons to which equal loads are applied.

The density distribution in the center section was detesrmined by means
ofa d\iplicate flared section with the central ssction divided into {ive equal
segments of 0.2 inch long. In initial tests with saccharin powder, samples
were prepared with a mean center-section density of 0, 38 g per cms. The
maximum denslty‘ variation was about 5 percent, with the lowest density
occurring in the center,

Several tenaile tents were conducted in the Instron machine using
saccharin samples of mean density ¢ = 0, 38 g per cms. Failure was found
to occur in the center section as desired {see Figure 2, 26),

Attempta to carry out & series of tensile tests by the triaxial technique
were forestalled by difficulties in sample preparation, Very high loads were
required to increase the sample density significantly beyond 0.4 g per cms.
Under these conditions, it was impossible to remove the center-section
mould segments without fracturing the sample. It appears likely that these
problems can be eliminated by modifying the flared section of the sample-
preparation apparatus so as to increase the diamster of the "necked-down"
section to about 1.0 inch,
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2,2,1.2,3 Decompression Tenslle Teat. - The decompression tensile

test is a unique method for detsrmining the tensile strength of compacted

powder specimens. The test consiats of subjecting a specimen to a sudden
reduction of surrounding gas pressure. This causes the spacimen to crack v
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 tensila 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 is
composed of a split compaction chamber A, loading tube B, and piston C.
The compaction chamber A consists of two aluminum blocks fitted with
alinement pins., In the center of each block is a 90-degrese V groove 1-1/4-
inch on each side, On top of each block ia fastened a 1/4~inch flat aluminum
plate with a 90~-degree V groove in its center, 1-1/2-inch on each side.

This plate forms 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
is a length of square extruded aluminum tubing 1-1/4-inch by 1-1/4-inch
(inside dimensions) by 18 inches long. The loading tube is supported by
means of a ring stand the clamp. The piston assembly C conaists of a
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 in
clesed and fastened together with thumbscrews., 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 throvgh a funnel. Piston C is inserted into the
loading tube,and weights are placed on the piston to compress the powder
slowly into the compaction chamber. Varicus 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.

FI

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 friction between the powder and
the chamber sides during compression, It has been found necessary to place
a thin metal plate at the bottom of the compaction chamber to prevent powder
‘from being extruded from the bottom of the chamber during compression,

2.2.1.2.3.2 Decompression Apparatus. - The decompresasion test is

conducted in the apparatus shown in Figure 2. 28, The decompreasion test
chamber A consists of a lucite cylinder 6 inches in diameter by 4 inches
high with aluminum plates clamped to both ends. The bottem end plate has a
snap valve inlet for the pressurizing gas, The top end plate has & samall
orifice {or a manometer connection and a 2-inch orifice for gudden pressure
releasne, 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 ie used to pressurize the test chamber. The pressure in the
chamber i3 measured with a mercury manometer C,

The test is conducted in the following way: First the compacted powder
specimen is suspeaded on the wire frame shown in Figure 2.29. The speci-
men is held loosely between two plates covered with sponge rubber. The
tension between the plates is made ar small as possible to avoid stresses
due to suspension. The suspended specimen is next placed {n the test cham~
ber. The test chamber is then pressurized with dry nitrogen which causes
the plastic covering over the 2-inch orifice to bulge slightly osutward. A
period of 8 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. 2.29 Suspended Powder Specimen
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The results of such teats are shown {n Figures 2.30 through 2. 32,
Figure 2. 30 shows a specimen which was subjected to subcritical decom-
pression. Gas escaping from the interior cracked the specimen but did not :
fracture {t. The cracks tend to run perpendicular to the direction of com- i
paction, Figure 2. 31 shows a specimen which fractured upon being subjected ‘
to the critical decompression pressure. Figure 2,32 shows results obtained

NPT TR Ton

when the specimen ia subjected to a supercritical pressure drop.

These results provide considerable inaight into the tensile strength pro-
perties of the test powder. It was found that local tranaverse cracks of the

type shown in Figure 2. 30 may occur at pressure drop levels considerably i
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 (Figure 2. 32) shows the striking
breakup that can be achieved even with a relatively amall pressure drop,
Tensile failure under supercritical conditions is characterized by breakup
throughout the volume of the sample. This phanomenon may be of signifi-
cance with respect to the aerosolization of powders from the compactsd
state. This tensile test technique is being modified so that tests can be
carried out with samples having a known moisture coutent,

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 state. Recent measurements of the ghear
strength of compacted powders by the triaxial technique have provided ag a
dividend the data required to determine the elastic modulus of the powder
samples. In the shear tests, a continucus stress-strain curve is obtained
up to the point of fajlure. A typical stress-strain curve, a8 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 60 mm Hg)

ta
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Fig. 231 Break caused by c¢riticei decomprassion.
(Tolcum powder, density .68 gm/cc, pressure
drop 80mm Hgq)
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Fig. 2,32 Explosive failure caused by supercrifical
decompression. (Talcum powder, density .68 gm/cc,

pressure drop 290 mm Hg)
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Stress-strain curves obtained from triaxial tests have been found to be
essentially linear; that ia, the powder obeys Hooke's law prior to shear
failure. Earlier attempts tc measure the elasticity of compacted powders
led to the erronecus conclusion that the stress-strain curve was nonlinear, z
It is now apparent that the nonlinearity observed in these tests was due to

wall-friction effects.

The elastic madulus of a compacted powder may be determined directly
from the definition:

L g
E 2 e T c— .
€ (-A L)

where 0 is the applied stress and AY L is the corresponding {ractional
change in length of the test specimen.

Values of the elestic modulus for several sample densities have been
determined from the above equation using the shear-test data for saccharin,
The results are plotted in Figure 2.33. For purposes of comparison, the
compaction stress-density curve is also shown in the figure, It is evident
from this figure that within the accuracy of the test data the elastic 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
Powdars

During this quarter, considerable progress has been made in defining
the mechanical propertias ¢f compacted powdera. Theoretical developments
discussed in Section 2, 1. 2 are based 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 empirical theory.
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Fig. 2,33 Elastic Modulus for Compacted Saccharin as a Function of
Density (Compaction Stress-Density Curve shown for Comparison)

Page determined to be Unclassified

2-57 Reviewed Chief, RDD, WHS
AW EO 13526, Section 3.5

Lete:
JuL 19 208

T

i




(oI

[Ru——

Suppose that a powder element has bean compacted to a certain denasity -
by the application of a comi:raulvo stress o {major principal stress), We
can congider the conditions for fracture of the slement under the application
of compressive stresses that are small compared with 9. Although the
éctua:l configuration of the system of particles is very complex, it may be
assuimed for purpose of analysis that a ''typical" particle or agglomerate
configuration exists, which ia subjected to applied forces in the manner
depicted in Figure 2. 34, The forces F and S are, respectively, normal and
tangential forces relative to ths plane on wh.(ch lh_ear takes place when the
sample fails. These forces ars assumed to be appfied to the particle by the
reactions of neighboring particles above the shear plane. The particle is
held in equilibrium by ::uctioni N and Np, acting at an effective angle 0
relative to the shear plane.

' These forces may be r.e.hted to the applied stresseg by means of the
following equations:

F = ad (2.8a)
s = be (2. 8)
Ny = co, + ebL (2. 8c)
NR_a °°t+e°R s (2. 8d)

where 0 i8 the normal stress, o, in the transverae siress, and 1 is the
applied shearing stress. The coefficients a to e are constants which depend
on the configuration of the particle ensemble. The terms SL and &R repre~
sent the nonsymmetric increments in the reaction forces NL and NR which
are required to balance the applied forcea F and 5. For equilibrium, we
must have these relationships (page 2-60):

i \assified
o determined to be Unc
2-38 ;ae%iewed Chief, RDD, WHS
AW EO 13526, gection 3.5

pate:  JuL 19 208




e

3ANVId HV3IHS 1V J0LINVd
«1VOIdAL, NO SNLLOV S3JH04 +E€'¢ Old

?\\

N

INVId 8VIHS  § \J (\_

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
JuL 19 28

IAW EO 13526, Section 3.5

Date:

2-59



F - (NL+NR) sin 8 = 0 (2.92)
§ + (N, —NR) cos 6 = 0 . (2. 9b)

At the point of fracture, ws may assume that 6L = -bt, where bt is the
''average'' tensile strength of interparticle contacts. Furthermore, the

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

s, = cn + 2t tan 'c {2.10)

where o is the alope of the shear locus curve.

From Equations (2. 8) through (2. 10}, we find on eliminating °R and
setting &L = - 5t that

(a cor @ - c sin Ze)cn -(bsind + 2c ain 26 tan gc)-r
-eﬁtlin 20 = 0, (2.11)

This equation can be expreased in the condensed form

-Ag 4 B(l1+Ctang )7 =« D . (2.12)

Now, recognizing that tan LA dt/d c,+ We can express the differential
equation of the shear locus in the form

TT‘T; =aan-B1’+r {2.13)
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where the constants &, 8 and v are defined by the relsationships

o s Ay - % (2. 14a)
B b
| (2. 14b)
ed
r = '23" . (2. 14¢)

To solve this equation, we first introduce a2 new variable z =0 °n 4+ 7 and
then make the substitution T auz. The transformed equation is

u du - (2.15)

T a. w2
l-fu-~Qu 3
Equation (2. 15) may be solved for z to give

8 .11 B
va -mtanh a—(u +2-U)
B S e (2.16)

Vi - Bu -auz

where C is a constant of integration and qZ =(1/cd(1 + 52/4a).

The shear locus intercepts the o-axis ato = - o, where o, is the bulk
tensile strength of the compacted powder, This point corresponds tou = 0
and z_ = 04¢°| +T. -°‘|°°| +7¢. From Equation (2.16) we obtain for u = 0

(2.17)
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Eliminating C from Equations {2, 16) and {2, 17), we obtain

7.%3’““-12%'5 --z%-‘-l-tath-}l-(u-&-zﬂv)
2 o2f(u) = 8 - . (2.18)

\fl -fu -;—tx_z

The atresses T and o, are expreasible in terms of u, § (u), and o, as follows:

n — .
e

o (a'fm : 1) Ho) - a7 (2. 190 -'

-]

T =i - 1] uf(a) . (2. 19b)
ol %l '
The shear locus is defined by the above equations in terms of the constants

a, B, andr. Since v is proportional to bt (Equation (2. 14c)), it ie clear that
Y must also be proportional to the bulk tensile strength of the powdsr.

An interesting result can be deduced immediately from Equation {(2.19).
1t is found from Equation (2. 18) that f{u}~» asu~q -B/20. Therefore,
for large values of §{u),

1+ (aq - 50, (2. 20)

i.e., the shear locus is linear. The shapes of shear loci determined from
this analysis are indicated in Figure 2. 36 for representative values of @, 8
and 1/ [9% |- The curves shown correspond to the valuesof 70 ¥ =1,0 |o°l ,
1.5 |a°| and 2.0 loai. witha =0,.8and P = 0,4. From Equation {2.20} it can
be seen that the slopes of the curves for lage values of ¢ should be {dentical,
Thus, the different values of r illustrate the effects of cohesion on tha shear

locus for small values of o.
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It can be seen from Figure 2. 36 that all of the curves are very nearly
straight lines for 0> 0, a result which agrees very well with the empirically-
based theory of Section 2.1,2., From the figure, one sees that the bulk-
tensile strength should be approximately equal to the pure shear strength,
eccording to this theory, 1£¥/|o_| < 1.5.

It should be observed 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 conastant factor. A more fundamental
approach is required to define the strength of compacted powders uniquely in
terms of basic powder parameters, such as particle size, interparticle
molecular or chernical bond energies, etc. The most basic avenue of attack
on this problem is through development of a general theory of compaction,

2.3 Physical and Chemical Characteristics of the Powder Particle

Behavior of compacted powders is fundamentally determined by the
nature of the intermolecular forces (physical or chemical) existing at the
contact areas between particles, In the following months, increased em-
phasis will be placed upon evaluation of the factors which determine these
forces and upon relation of these factors to the behavior of the compacted
state ~ specifically their effect on such properties as shear strength, tensile
strength, and dispersibility, Among the areas to be studied are particle
shape, particle size, crystal habit, surface area, porosity, rugosity,
kinetics of the adaorption process, and chemical reactivity,

The total surface area of powders will be determined by the gas adsorp-

tion method previously deccribodz in which the powder is conditioned to a
ground state free of adsorbed gassa. Under carefully controlled conditiona,
a monomolecular layer of a gas will then be adsorbed on the surface. Know-
ing the weight and cross-sectional area per molecule of adsorbent, the total
suriace area can then be calculatad from the weight gained by the sample
during the adsorption process. In addition to setting up of rather compli-

cated high-vacuum apparatus, an extensive literature search is now underway.
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In heating the powders to the ground state considerable care must be
exercised, particularly with biological materials, since the heat required to
remove the last traces of adsorbed gas may structurally change the particle,
resulting in poesible gross changes in surface. In view of information cur-
rently being obtained from the literature, however, it appears quite likely
that experimental conditions can be found to bring most powders to an
acceptable ground state prior to the monomolecular adsarption process.

By studying the adsorption characteristics of a powder using adsorbents
of varying molecular 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 denmity, its effect upon compaction, and
upon the kinetica of water adsorption by the particle. Chahges in adsorpti-
vity or in total surface area resulting from the compaction process should
yield information concerning the nature of interparticle contacts, In addl.
tion, many particles in the compacted and/or uncompacted state will over a
periodoftime forma rigid, cake structure. This surely must be the result of
molecular rearrangement into & semi~continuous or cellular structure,
Therefore, the resulting changes in surface area or other adsorption charac-
teriatics will be of interest.

In our study of powdsrs we are constantly concerned with the effects of
adsorption of moisture by a particle, We must for this reason know the
kinetics of water adsorption by powders both in the compacted and uncom-
pacted states, or in other words, the rate at which water is picked up and
how the moisture content of the sample stays at equilibrium. 1In addition,
the nature of adsorption ~ whether monomolecular, multimolecular, or
capillary - will be investigated as a function of exposure to different atmos-
pheres and as a function of degree of compaction.

Upon determination of particle sire distribution and total surface area,
the particle rugosity can be calculated. Particle rugosity ins defined as the
actual total surface area divided by the calculated surface area, assuming
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that the particles are perfect spheres. Rugosity then becomes a ''roughness"
index for the particle surface. Particle rugosity should have a relationship

to the relative eass of compaction and redispersion of a powder sample.

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

A variety of chemically identical particulate materials are available
commercially which as a result of their method of manufacture may differ
in crystalline habit. Thus a considerable amount of information should be
readily attainable by procuring representative samples and subjecting thess
to the battery of tests alreedy developed,

Determination of thess physical and chemical characteristics of the
powder particles and correlation of these characteristics with bulk mechani-
cal properties detcrmined by the tests already perfected should permit a
realistic evaluation of the rclative ease with which powders may be com-
pacted and redispersed, independent of the time lapse invelved.

2.3.1 Particle Size Analysis

Aas discussed in the previous section, it is expected that an {mportant
parametar affecting vhe behavior of a powder is its mean particle size.
Consequently, size analysss are being made for the various test powders by
using both sedimentation and microscopic counting techniques. Size distri-
butiona determined by the Whitby sedimentation technique for saccharin,_s_t_‘;
tale, and cornstarch are shown in Figurea 2.37 throngh 2.40. The sedimen-
tation fluids, feeding liquids, and diapersing agents used ia the qize analyses
of these powders are defined in the figures, The size distributions for other
test powrders 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 on the stability of aerosols and the efficiency 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 process. 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 Experimental Work

The experimental work of the past few monthe has been devoted to &
compariacmi of methods for disperaing the powder charge in the aerosol
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
asrosol decay.

3.1.1 Comparison of Dispersing Methods

We mention first a series of abbreviated runs compariang the dispersing
efficiencies of two dispersing systems. The awirl disperser” was generally
operated with 250 psi of nitrogen applied to the gas inlets for 5 seconds. A
geries of runs was alsc conducted with 60 pai applied pressure. A third
series of runs made use of the bursting diaphragm disperser, which was
operated as described previcusly. The room's humidity during this
period was between 13 and 25 percent. The amount of powder dispersed was
in each case between 90 and 110 mg. The results of these runs are shown in
Figure 3. 1.

3-1
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It may be noted from Figure 3. 1 that all three methods of dispersing
produce curves of easentially the same slope except in the cases of corn-
starch and powdered milk. For the latter two powders, the swirl disperser
procduced markedly more stable serosols than those from the bursting dia-
phragm diipeuer. Note also that comparison of the vertical pouﬂoh of the
curves showa that the swirl disperser produced more turbid aerosocls for all
powders except talc. This can be partially explained by the {act 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 lnstrumentation must precede our report of
results.

3.1.2 Modifications to Apparatus

The anelysie of light scattering fluctuationslo assumes a well-defined
light beam with uniform intenaity across its diameter. Some effort was-
{invested during thia 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 automobile tail light bulb {GE 1493), which more nearly
approximates a point source; 2} removal of the Corning 7+60 filter; and
3) placiag & l-inch diameter aperture at the entrance window of the chamber.
The resulting beam has an intensity variation of about 10 percent across the
1~inch beam diameter. The effective spectral diatribution of the light ia now
determined by a combination of the characteristics of the photemultiplier
tube and the light bulb, This effective distribution. plottedin the manu-
facturer's handbook for the photomultiplier tube. has a maximum at a wave-
length of 0.50 micron and a full width at half-maximum, 0.25 micron. Al-
though thia represents a considerable sacrifice of the monochromatic
qualities of the previous situation, 1 it is probably of nov great consequence,
bscauss the scattering powers of the particle sizes in question are practi=-
cally independent of wavelength.

3-3
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In conjunction with the work on light beamn quality, we meaaured the
intensity of the beam, Its average intensity was 2.1 x% 10 unitl/cmz.
expressed in photometer units., The accuracy of this measurement is +20
 percent. Thia optical arrangement was used for all work reported 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
paralle] with the Brown recorder. The frequency response of the former
extends from 1 to 100 cps {on the a-c input), whereas 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 superimposed fluctuations. In practice the Sanborn is switched on at
selected times and runs for about 20 seconds to produce a fluctuation trace
for analysis. One such trace is shown in Figure 3.2.

The fluctuations are analyzed in the following way: A 10-gecond interval
{s marked off on the trace, and the fractional amount of time that the signal
ia less than a given value (say -1 mv) is read {from the trace. If thia process
{s repoated 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 gaussian,
and one may read the root mean square (rms) value of the {luctuations {from
the graph.

As explained in a previcus ropcrt13

there is an intrinsic fluctuation in
the electronics which is not always small compared to the total fluctuation.
A series of runa with ather illuminating agencies determined the residual
fluctuation, which ia to be subtracted "at right angles'* from the observed

fluctuation to ohtain that caused by the asrosol. In equation form,

(F zerosol)? = (F cbserved)® - (F residual)® . (3. 1)
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FIG. 3.2 FLUCTUATION TRACE
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3.1.3 Study of Concentration Effects

When the swirl powder disperser was first tried, its operation proved
so satisfactory that dispersion of large aamplea was feasible, The planned
sequence of work was therefore interrupted to permit a series of runs with
varied amounts of powder. The amounts used were 1000 + 100 mg, 100 4
10 mg, and 10 + 1 mg. The humidity during this pericd was between 15 and
25 percent. The results of these runs are shown in Figures 3. 3(a) through
3, 7(a).

The units plotted on the ordinates require some explanation. A previous
x-epmrt14 uses the expression

Tﬂ = 18 M7

for the scattered light. We take this opportunity to change an unfortunate
notation by replacing T' by S. the signal. Our measurement of I (which gives
I in photometer units per cm”) then enables us to calculate the ratio

S
55 (3.2)

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

s N
5 =™ {3.3)

expressed in uz. is used on the ordinate of the graphs. Inazsmuch as
- 2 2
o~ d! /6x~ 14°, we have alao

m'I‘;zN'-v-. (3. 4)
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In a similar way, we shall replue-l-:z - T'z of the reference by Fz. €0
that there is the expression

(3. 5)

The same concentration runs are preseated in a different manner in
Figures 3. 3(b) through 3.7(b). Here §/5 . the signal 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 signal 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, differs by one minute from that of the "b"
series.

It will be noted that many of the curves of the ''b' geries 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
astages of aerosol life), which may account for deviations from a linear plot.

The inference of a straight line on logarithmic normal paper may be
seen by reference to the expressions for nonagglomerative t-xermol,dacmf.1
Contingent on the uncertainties stated there, a straight line implies that the
aerosol decays without agglomeration; the 50 percent point occurs at
Ddazt = 370, so that the ""half life'" is inversely proportional to the square of
the surface median diameter of the initial aerosol particles.

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

1} For a given powder, the rate of decay is very nearly inde-
pendent of the amount dispersed.

2) A ten-fold increase in the amount of powder dispersed does
not produce a ten-fold incrsase in acattered light.
The first statement implies that coagulation plays no importiant part in
the present experiment. For, as indicated by any theoretical trsatment,
coagulation is a '"second order reaction' in which (see pege 3-18)
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%% = -KC® or —La—-ld 1”;'0 = -KC (3.6)

where C is the concentration (particles psr unit volume). A ten-fold in-
crease in the concentration causes a ten-fold increase in the logarithmic
derivative of the concentration. Now admittedly the scattered light is nota
direct measure of concentration; however, Figures 3.3(a) through 3.7(a) do
not show anything even remotely approaching a ten-fold increase in slope.

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

gé—'.’t- = -kC or —(HT'H Gl _ ¢ (3.7)

This logarithmic derivative is {ndependent of concentration. In view of
Figures 3.3 through 3.7, it appears that settling must far cutweigh coagula-
tion 28 a mechanism for the removal of particles from an nernsol. This
conciusion is reinforced by the figures of series ''b" which indicate that in
general the decay is nonagglomerative aftor the first minuts of aercsol life.

Statement {2) on page 3-12 implies several things about the dispersing
process. Evidently this process becomes less efficient 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 tale), the discre-
pancy must be Jooked for after the powder leaves the dispersing unit. A
visual examination of the disperasing process yields a possible explanation:
The jst from the disperser appears to carry for about two-thirds the height
of the chamber before erupting into turbulence. There is then & lapse of a
few seconds before this cloud is furhter dispersed by ths fan. During these

¥Witoess the expression d(InC)/dt = -v(d)/H suggested praviou.lylz fora
monecdisperse aerosol.
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~ system, since its function is to fill the chamber with asrosol without fatali-

few seconds, the cloud volume is approximately one cubic foot, or about
one-thirtieth of the volumae of the chamber. The concentration is therefore
a factor of 30 higher at this point than it is after dispersion is complete, and
the agglomeration rate xcz may be as much as 1000 times higher. There
may thus be considerable agglomeration in this intermediate stage of the :
dispersion. This gtatement is well supported by the figures of series "b",
In these figures the most striking featurs is the shift of the curves toward
larger median diameters with inereasing amounts of powder dispersed.

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

ties. This criticiam of the swirl disperseris, in effect, the same as that
advanced against the burating diaphragm disperser.

The fluctuation recorder was used during the concentration runs, with
about eight traces being made for each run. Values of Faeroscl WeTe obtalned
for each trace by the procedure described in Section 3,1. 2. These data were
further reduced in a manner suggested by the two expressions

S = Iim0c
(3. 8)
F2 - (1802 W o2 .
From these two expressions, there follnws
.1 4%
F° ®™ of
and {3. 9}
Al R
1808 ° ]
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Making use of the inequality

of 3 ¥l
(where the equal sign holds only for monodisperse aerosols), we find

2
—_ S
m %

¥

qs Tgrs . (3.10)

Accordingly, the ratios Szli‘2 and lelbn S were plotted on log-log paper.
Unfortunately, the data points so obtained were of very poor quality. the
scatter being 10 great that it was difficult even to pick out trends. To main-

tain # complete record, however, we present the trends in Figures 3.8 and
3.9.

The curves of Figure 3,8, which are lower liraite on the number m of
particles in the 7,6 cm3 scattering volume BV, are all in the neighborhood
of 103. The saucharin curves are characteristically higher (near 10 )
whereas cornstarch is characteristically lower. It is to be kept in mind that
the values of Figure 3.8 are to'be multiplied by :'2', ?2, which may be us
large as 100 or more for sufficiently polydisperse aercsols, to give the
actual value of m.

The curves of Figure 3.9, in which the ordinates are plotted units of uz.

are 21l in the neighborhood of 13 the inference here is that the average light
scattering cross-section for the powders used is less than luz. This value
may he compared with one supplied by the expression

dZ
) = 75

]
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proponed previously for an idealizsed powder; for a 5-micron particle we have

o (5) ~ 1-1/4 % . (3.11)

One surprising feature of Figures 3. 8 and 3.9 ia that Fz/lbn 8, related
to 7, is more sensitive to concentration that S?‘IFZ, which is related to m,

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

withdrawn wore small, 8o the atatistical uncertainty may be as large as a
factor of 2.

Table 3.1 Concentration of Particles with Digmetera of
2 and 8 Microng (particles per cm*~}

Amount Powdered Powdered
Dispersed Tale Cornstarch Sugar Milk Saccharin
lg v 59/13 500/94 108/16 250/31
100 mg 370/90 12/3 120720 24/5 49/15
10 mg 718 16/1.6 A8/2 15/1.1 6b/4

Page determined to be Unclassified
3-23 Reviewed Chief, RDD, WHS
JAW EO 13526, Section 3.5

Lt guL 19 2m




’

3, 1.4 Summary of Experimental Work

We have found that aerosol properties depend on the mathod of disper-
sion. It seems impossible therefore to confine the scope of the experiment
to propertias of aerosols per se; the dispersing process 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 runa have heen shown to follow the expresgsions for non-
agglomerative decay, provided the discrepancies introduced by the dispersing
process are disregarded.

3.2 Theoretical Estimates of Agglomeration

In order to interpret experimental reasults on the effect of concentration
on aerosol decay, it is necessary to have theoretical gstimates of the amount
of agglomeration which can be expected. Such estimates must be based on
the forces operative hetween particles and on the motion of particles in the
settling chamber.

3.2.1 Energy Counsiderations

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

The grosa motion of a pair of neighboring particles is determined
largely by sir currents, so that it is convenient to view their behavior from
a coordinate system fixed in the air packet containing the particles. This
coordinate system will in general undergo both translation and rotation with
respect to a stationary frame; the rotational component of its motion com-
prises the turbulsnce of the air.
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For the purpose of studying agglomeration, it is the relative rather than
the gross motion of the particles that is important. If the air motion is
purely translational, the relative motion of the particles is clearly the same
as if there were no air moticn 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 angular velocity and radius of the air
motion, ¥ It thus appears that, with regaxrd to the relative motion of neigh-
boring particlas, the effact of turbulence 1s to introduce a variable figravita-
tion constant'!, which must be evaluated at each instant of time (for a given
alr packet). The main features of agglomeration may therefors be seen by a
consideration of the tranquil air case.

According to Stokes' law, » particle gettling in air under the influence of
a gravitational fleld g has the velocity :

where:
v = particle radiua
P = particle material density
4 = viascosity of air

and the relative velocity of neighbaring particles is

vyt vy =-§--e‘-‘l(rzz-r12) .

¥1f the radius of the air motion ia large compared to the intarparticle ds-
tance, neighboring particles experience essentially the same apparent
fleld. Only this case will be considered - that is, violet turbulence is
ruled out.

i lassified
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The kinetic energy of relative motion is*

1 ™y 1T
¢ e (v, ~ V)
3 m, +m, 2 1
With ) = 1u, 1, = 34, p = g/em>, g = 980 cm/sec, andp = 1.83 x 104, the
relative velocity ig 0.19 um/sec and the kinetic energy of relative motion is

2.9x 10713 ergs.,

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

4

(3)KT = 4.2% 10" ¥ erga at 300K .

It may be mentioned also that the laws of mechanics allow the transference
of this amount of energy in a single collision.

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

(3.12)

Gm, m
gi{x) = xl 2

where x is the center-to-center separation distance. Since G s 6.67 x 107
in cgs units and m is approximately 10710 g for 5p particles,

6.7 x 10728
X

g(x) ™ erg

which is insignificant even with the particles in contact {x = 10'4 em).

* This definition of kinetic energy appeatrs in the classical two-body problem
in mechanics. The result is that binding is posasibly only if the mutual
energy is larger than the relative kinetic energy.
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Charge on the particles gives rise to an interaction snergy; if each
particle has unit charge, we have

2 :
9 4 ( . 1010
Blx) = & 1xz -3 54.8}.’(10  ergs |

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

Arother generally existent force is that of Van der Waal. This force
contributes

. 2 z

- 1 . P
¢(x)=-.-g;(%+-z;f-i-+-:—:~z~zln;§'—_—z) (3,13)

where 2 = x/r. Q is said to be approximately equal to kT - that is, com-
parable to the energies of Brownian motion.

The three 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
pPhysical bonds betwesen molecules in the surfaces of the particles., Such .
forces would evidently be short range, extending only over a few molecular
diameters of separation of the surfaces,

Molecilar bonds may be estimated from
1} heats of vaporization

2} heats of reaction

3} heats of scrption

Tabies in physical chemistry textbooks provide the following ranges of value
for these heata:
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10'1‘ -12

1) to 10
2) 1072 10

0-13

ergs/molecule

-11 erga/bond

3) 1 to 10711 ergs/molecule

3.2.2 An Estimate of Agglomeration in the Case of Tranquil Settling

In thir treatment of agglomeration we shall neglect long-range forces
and aasume that the short-range forces are strong enough to bind particles
together once they are in contact. The problem then becomes ons of finding
the probability of collisions between particles.

Let attention be fixed on those particles in an aerosol which have
diameters in the range (dl’ cl1 +bdl). This whole class of particles moves
vertically downward with a velocity v{d,). It is convenient to view matters
irom a system of coordinates which is at rest with respect to these particles;
let z be the vertical coordinate in this eystem. The number of particles of
the class under consideration in unit area of the horizontal slice dz {s

C‘dl)bdl * ds (3.14)

whaere C(dl) is the concentration. Suppose that a particle of diameter
cl2 > dl passes through the slice dz. A collision will occur if this particle
passes within a diltanco(dz + dl)/Z of a particle in dz;

that is, each particle in dr effectivaly blocks off an urea

d, + d,|2 :
2 1
LS. 3,15
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The probability of a collision is then simply the fraction of the unit area
effectively blocked off, namely

d, + 4
1‘(l 2

2
= ) Cld,) 8d, dz . (3.16)

These considerations may now be extended to the entire cless of parti-
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

v(dz) - v(dl) .

Therefore, if a cylinder of unit area and height v(dz) - v(dl) is erected on dsz,

all particies a, within this cylinder pass through dz in unit time. 8ince
there are

C(d,) 84, [v(dy) - Wd)) ] (3.17)

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 =

ﬁ(dl + dzlz

Cld,) 8d, [vid,) - v{dy)] £(d;)od, dz {3.18)

or

Number per unit volume per unit time =

x(d, +d,)?

Cld,)84d, [ v{d,) - v(d,)) C(4,) 84, {3.19)
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The result of the above line could now be extended to include all parti~
cles 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

(collisions with particles larger than d) + (collisions with particles
smaller than d) =

L 2
cla) b‘dj [vian - va) M4 gaaa
d

q _
+ C(d)bdf (v(d) - va ] § (& +d)% clan sa' . {3, 20)

[+]

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

seen, however, the expressions become rather complicated. We therefore
content ourselves with an estimate based on the simpler Equation (3. 19).

Suppose that an aerosol is composed of particles of two classes, with
diameters 2 and 5 microna. Let the concentration of each type be 103 parti-
cles per cm3: thus,

Cld,18d; = C(d,)8d, = 10% per em® .

We then find approximately

10°% gvents per em? per sec .

. Ths complste picturs would of course involve the aforemaentioned inte-
grals, But, it is likely that the integrals would modity the above estimate
only by a factor of order unity, so that the simpler Equation (3. 19) may be
taken as characteristic of this type of agglomeration process. It may be
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noted for exampls that the rate of agglomeration is proportional to the product
of Clq, ) and C(d,)i in the complete picture, both factars would be proportional
to C (the concentration without rognrd to particle size), so that the rate o!
agglomeration is proportional to C as mentioned before.

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 importance here, however, can be more succinctly
stated as: "How much does turbulence increase relative motion of particles?"
This question will be left open for the present.

3.2.3 Coagulation Due to Brownian Motion

A certain number 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 between particles are stroag enough to
bind them together in the face of the same Brownian bombardment, then
these collisions result in agglomeration. For aeroscls of particles in the
5-micron range, it im to be expected that collisions due to Brownian motion
would be few compared to collisions due to gravitational settling; for dis-
placernents due to the former are small when compared with those due to
the latter. (This statement is to ba amended for the case of 2 monodispesrsa
aerasol, where there is no relaiiva particle motion due to settling; for the

sake of this case 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 coagulation in a colloidal suspension,
but one finds that the conditions assumed are very similar to those taken in
Section 3.2.2 ~ that {s, only short-range forces are important.

Smoluchowski's treatment of the problem is very complete: atarting
with a monodisperse colloidal suapension, he finde and solves differential
equations for the quantities Vir Ve Vg o e where vy is the concentration
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of agglomerates consiating of i particles. In the process an expression for
L vy (total number of particles per unit volume) is generated, The differential
squation is

9532;_1 = - 4nDR(Zv)% (3.21)

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

Smoluchowski's value® for D is

kT

D = ¢wur

so that

- (3.22)

with (zv) = 10% per ecm?, 2/3kTw 2 x 10" % ergs, um 1.8 x 1074 poise, we
find

g z:v ~ .10% ¢m3 sec”!

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

The energy considerations of Section 3.2.1 indicated that particle charge
could become large snough to overcome kinetic encrgies and therefore affect
agglomeration. Further information is presented in this gection.

A treatmaent similar to that set down in Section 3.2,.2, with the elabora-
tion that particles may be deflected from vertical motion by interparticle
forces due to slectric charge, is presented in the literature. The conclu-
sion is that a particle of charge q does not affect egglomeration if the condi-
tion

C 10
lag, | + < 10

is satisfied. Here q is the average particle charge of one sign in electron
unite, C ls concentration, and r is the radius in microns.

In related experimental work, 20

Kurkel has measured particle charge
by a Millikan oil drap type of experiment. It was found that the average
charge on a 5emicron particle is approximately 100 electron unita; but there
were a large number of particles of either much higher or much lower
charge. This figure was found to characterize aerosols without regard for

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

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

3.2.5 Summary of Agglomeration Estimates

In Section 3.2.]1, we indicated that all interparticle forces of any con-
sequence were of short range, with the posaibls sxception of those forces
due to particle charge. No interparticle forces are therefore capable of
bringing particles together; and collisions are left to chance. The sstimate
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of Section 3. 2.4 says that particle charge does not influsnce agglomeration
for concentrations less than 10°. The short-range interparticle forcee,
however, are probably sufficient to bind particles into atable agglomerates,
particularly if chemical bonds form betwesn surface molecules. The
criterion for stability, from Section 3. 2.1, is that the binding energy be

i large compared with the kinetic energies.

——— o —

e

Assuming a 5-micron count median diameter, the number of particles
per g of powder is, at most, 2 x 1010. If 1 g of powder in dispersed into a
‘ 1 m” chamber, the concentration is therefore 2 x 104‘ per <:m3 or less.

| Section 3,2, 2 presents an estimate 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 assumed con-
[ centration of 103, the former mection estimates that 10™2 particles are in-
volved in collisiona per cm3 per second, while the latter one yields a figure
; of 10°%, The logarithmic derivatives of the concentration are therefore 10-3
" and 10°7 par second, respectively.

A look at Figureas 3,2 through 3.7 yields values for the logarithmic
derivative of the light-scattering signal. [n Figure 3.2 (for tale) it 1s found:
1 that the light signal decreases about 3 percent per rainute late in the life of
' &n aerosol; earlier slopes and slopes of other curves are higher. The cor-
i responding value of the logarithmic derivative is

l 5x10'4per sec .

] The relation between the logarithmic derivatives of scattered light and
: of concentration may be seen from

1 S =I18a ™m0

i s saci¥ .5 .
1

! 3.34
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dlles) , dun c) , dind) (3.23)

For purely agglomerative aecrosol decay, the two terma on the right would
have opposite signa. Simple geometrical consideration, however, shows
that

rglntc)i > [dglnt'é) |

so that

ld lntS)] < ld!ln C) |

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

3.3 Future Work

During the eleventh 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
get underway.

In thae broader view, we hope that during the next quarter the aerosol
studies 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 methods.
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4. CONTINUATION OF EXPERIMENTS WITH THE FULL-SCALE FEEDER
FOR COMPACTED DRY AGENT SIMULANT MATERIALS

Experiments were conducted using powdered sugar and " Jet" flour in the
experimental feeder, which is a prototype of the inner tank assembly for the
first-generation dry agent disseminating store. Operation of the unit with
compacted Mistron Vapor talc was continued with some runs being made at a
feeding rate of 91 Ib/min. Satisfactory performance of the full-scale experi-
mental feeder has now been demonstrated over a range of feed rates from 20
to 91 1b/min and a range of powder densitice from 0.25 to 0. 69 g/cms.

4.1 Powdered Sugar and ''Jet' Flour Tests

All of the experimental faeding experiments previously reported for the
full-scale feeder were conducted with Mistron Vapor talc. In order to
demonstrate performance of the fasder when filled with other compacted dry
powders, the unit was operated with powdered sugar and with General Mills,
Inc. "Jet" flour. Powdered sugar was selected primarily because of the
difference between the amount of void space in compacted sugar and that in
talc. Powdared sugar at a density of 0. 69 g/cm3 has approximately 57 per~
cent void space; whereas Mistron Vapor talc at a density of 0,55 m’cm3 has
about 80 percent void space. Because of the smaller amount of air occupy-
ing the reduced volid space in the powdered sugar, this material could possi-
bly fced less readily than talc.

1Jgt" four was selected because the amount of void space in this flour
(whan it is compacted) agress well with that in Sm compacted by the same
force. The average bulk density of the flour in approximately 15 percent
greater than that of Sm under the same compaction force.

The feeder was cbserved to function very well with both the powdersd
sugar and the flour. Driving torques were low, and gas-flow rates similar

to those for talc could be used. Flow-raie curves for the tesis are pre-

sented in Figure 4. 1. DECLASSIFIED IN FULL
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 For the feeding tests using powdered sugar, the unit was partially
loaded with sugar at e density of 0.69 g/ em?3. On the first run the driving
speed was 18.5 rpm and the gas (nitrogen) flow rate was 4.4 std c¢fm, A
powder flow rate of 37.2 lb/min was measured. These flow rates resulted
in & gas-to-powder weight ratio of 0. 0087,

On the second run the speed was approximately 35 rpm, and the gas flow
was increased to 7. 5 std ¢fm. The feeder functioned satisfactorily; but
accurate flow-rate data were not obtained due to difficulties with the mea-

suring equipment. The flow rate as calculated from the speed of 35 rpm and
the density of 0. 69 g/t:m3 is 74.9 1b/min,

For the test using Jet flour at a deusity of 0. 60 g/cm3, the gas-flow
rate was 7.9 std cfmn. A powder flow rate of 65,0 1b/min was measured.
The gas-to-powder weight ratio determined with these flow rates is 0. 009,

4.2 Feeding Talc at 90 b/ min

In feeding experiments reported iu previous progress reportu.21
Mistron Vapor talc has been discharged at flow rates ranging from 20 to 53
ib/min with filling densities ranging from uncompacted talc 2t 0. 25 g/cm3 to
compacted talc at 0, 65 g/cms. Higher flow rates were not obtainable with
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 aperats ata maximum drive speed of 48 rpm as compared to 35
rpm with the former system. Correspondingly higher feed rates were ob-
tained with the rotary actuator,

In one of the series of runs made with compacted talc in the second
sxperimental unit, the unit was operated at 48 rpm with 13. 4 std cfm of air
flowing. The feeder discharged 42.5 b of talc in 28 sec for an averags

powder feed rate of 91 1b/min. The gas-to-powder weight ratic calculated
from these flow ratesis 0.0113,
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The density of the compacted talc in the fesder in this case was 0.6
(/crna. (It should be explained that the first-generation dry agent dissemin-
ator doss not have the same piston drive screw as the experimental feeder
and that powder feed rates at identical driving speeds for the two units do not
therafore correspond. The prototype disseminator hag 2 screw with saven
threads per inch, whereas the experimental feeder has a screw with five
threads per inch. Consequently, when the disseminator is operated at the
top speed of 48 rpm with 0.6 g/cm3 density {ill, its discharge rate is approxi-
mately 65 1b/min instead of 91 Ib/min.)
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3. FILLING THE DRY AGENT DISSEMINATING STORE (E-41 SPRAY TANK)

Effort was continued on the investigation of techniques for filling the
E -41 spray tank with compacted particulate material, Experiments were con-
ducted using foarned plastic to encapsulate compacted talc into packages 16. 5
inches in diameter and 9 inches high. For laboratory and field tests, the
disseminator has been filled with compacted tale by means of the special
loading device described in the Ninth Quarterly Progress Report,

5.1 Encapsulation Using Foamed Plastic

The investigation of methods to encapsulate dry particulate materials

Ppraviously reported in the Ninth Quarterly Progress Rsport {GMI Report 1

No. 2344) was continued during the present reporting period. Of the three i
methads proposed in the previous report the foamed-in-place plastic pack- '
aging appeared to show most promise, and we therefore concentrated effort

on this method.

Although many conditions are imposed on the encapsulating material,
the primary ones ars strangth and friability. The package must be strong
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 encugh to pass through the discharge orifice,

The Chemical Activity of General Mills' Central Research Laboratory
has recommended a type of foamad-in-place plastic which has properties
that approach the above-mentioned requirements. The basic material used
is a rigid polyether-based polyurethane foam. The chemical compounds
have the trade name of Pleogen and are manufactured by the Mol-Rez Divi-
sion of American Petrochemical Corp. The Chemical Activity formulated
the following combination of Pleocgen compoundas to make up the urethane
foam: First combine 1000 g of Pleogen 4052 with 72 g of diatilled water and
then add this combination to Pleogen 4020B in a ratio of 134 g of A (Pleogen
4052 and water) to 280 g of B (Fleogen 4020B).
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Urethane foams are basically a reaction product between a hydroxyl-rich
material (Pleogen 4052 is a polyether resin) and polyisocynate (Pleogen
40208 is a prepolymer containing toluene diisocyanate). The foaming action
occurs when carboon dioxide gas is formed by the chemical action of the
water with the teluene diisocyanata. The reaction time, which to a certain
degree detsrmines the strength of the material, may be decreased with the
addition of a catalyst such as N-ethylmorpholine, The catalyst tende to in-
crease the liberation of carbon dioxide gas. The process is exothermic and
the heat promotes bonding of {ndividual cella, which are furmed from the
resin material,

General combinations of the Pleogen compounds were investigated prior
to arriving at the formula previously outlined. During the investigations we
discovered that small 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 initial 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 strength, rigid, ron-
friable material, it was necessary to preheat the mclds prior to pouring the
foam material and to maintain a high temperature during the aging process.
Normally, the heat of reaction produces a sufficiently high temperature.
The most successful approach to obtain a friadble, low-strength material for
our application has been to pour with the molds at room temperature, and to
cocl the foam as quickly as possible by removing the casting as soon as the
foaming is completed. Another way of minimiziag the heat retention in the
material {s to reduce the wall-thickness of the ehell. However, it is ueces-
sary to retain aufficient thickness to preserve the required strength. Several
of the packages constructed had friable outer surfaces but tcugh inner core
material., The inner core problem was reduced considerably when an
ajluminum bar was used &s a heat sink in the inner mcid.

Two types of urethane foam capsules were investigated for use in the
dry agent dissemivator. The first series made vsed the foam shell as the
contziner into which the powder was compacted. This required that the foam
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shsll be moldad with axtremely thick walls causing excasaive loss of poten~
tisl powder capa.city.‘ A maximum density of 0. 41 glcm3 {with talc) was
achieved in filling ths containers tested. Although the shell was 1-1/4 to
1-1/2 inches thick, extreme care was necessary when handling the con-
tainers loaded with powder,

Eight of these unite were successiully digestsd by the experimental dis-
seminator. However, it was necegsary to incorporate a screen at the en-
trance to the discharge nozzle to prevent large piecea of foam material from
clogging the orifice.

The sscond series of capsules incorporated an aluminum shell arocund
the foam material to provide added strength to the container during handling.
The capsules were formed by placing the aluminum shell around a cylinder of
compacted talc powder and pouring the foam directly over the powder and
into the space betwean the powder and the aluminum shell. Wall thicknesses
varying from 1/2 to 3/4 inches were tried. The density of the talc was
approximately 0,55 g/cma.

Because the foam adhered to the aluminum, it was necessary to free the
shell at the time the cepsule 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 inserting the units into the
disseminator. The foam material was too friable and cracked open during
loading.

The second method of forming the capsule by pouring the foarmn material
over & cylinder of compacted dry powder raises two questions:

1) Is the heat generated during the foaming action detrimental
to compiacted agent materials?

2) Are the chemicals and materials compatible with the agents
to be used?
A prelliminary investigatlon of the temperature question was conducted uasing
a compacted slug of talc to determine the temperaturs rise in the bed during
foaming action. A copper constantine thermocouple was placed in the powder
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bed approximately 0, 25 inchas from the edge of the foam material. A total
temperature rise of 10°F was observed during the entire foaming operation,
This rise in temperature does not appear to be excessive. However, the
heat transfer coefficients of talc and agent materials may differ, and the
experiment should either be repeated with actual agenta or coefficients
should be obtained for these agents.

The packaging investigations have not yet produced a suitable solution to
the problem. The urethane foam shows the most promise of the methods
under study, but several 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 ¥illing with Compacted Powder

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

As part of the preparations for the tests at the Naval Air Test Center,
extra inner tubes were fabricated for use with the loader. Two of these
tubss were filled with cormnpacted talc and shipped to the Test Center iu the
event that it became necessary to refill the disseminator in the field. 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 deveslopment of the dry agent disseminating store which has been
designated the E-41 Spray Tank, The prototype was assembled and sub-
jocted to laboratory and field testing. Structural and functional tests were
conducted in the laboratory at General Mills, Inc. and at Fletcher Aviation
Company. Static functional tests and flight tests were conducted at the Naval
Air Test Center, Patuxent River, Maryland. The disseminator passed all of
these tosts with a high degree of success.

6.1 Fabrication and Assembly

The first-generation prototype dry agent disseminating store was
assembled in the Development Engineering Shop at Plant 5 of the General
Mills'® Electronics Division. Wherever possible, as components and sub-
assemblies were fabricated and sssembled in the shop or received from out-
side vendors, they ware 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 examples of engi-
neering procedure related to fabrication of this unit,

The fabrication and assembly of the prototype have closely followed the
basic design described in previous progress reportl.23 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 mupport equipmaent became apparent. Design, fabrication, and
procurement of these items also progressed during the past quarter so that
they were available when needed in the assembly and test pragram. Included
in the category of support equipment are the following items: '

6-1 DECLABSIFIED IN FULL

m Authority: EO 13526
Chief, Records & Declass Div, WHS

Date’ UL 19

Lot " A—




— ————n—t s S—
. . . H .

1) nose cone cart

2) tail cone cart

3) lifter

4) support frame

5) high-pressure nitrogen cylinders
6) slectrical test fixtures

7) flight recorder

The nose cone and tail cone carts are used to facilitate assembly of the
end cones to the center section of the store. They aiso serve as cradlies to
hold the end canes when they are heing worked on apart from the center sec-
tlon. Each cart {s made so that the nose cone can be rotated about its Jongi-
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 ssction.

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-
sure of 3000 pai. To achieve this pressure, the bottle is filled by a cas-
cading procesas in which the "topping!!, or final 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 Angeles, California,

A small recorder was procured for monitoring and recording the opera-
tion of the dry agent digseminator during flight testing. This instrument is
a Century Electronics and Instruments, Inc., Model 409E4, ministure light-
beam oscillograph with Model 409D9 recording paper magazine, Itisa
compact, shock-imounted unit ideally suited for mounting in an airplane.
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For the flight teats, the oscillograph will be powered from the diuomih}.m'l

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

Ou-off type recording is achieved by actuating the appropriate recorder
galvanometer through the relay associated with the condition in question.
Following is a tabulation of the sight conditions monitored, together with
their assoclated relays:

Condition Sensor

3-phase a-c undervoltage undervoltage detsctor relay
nitrogen supply heaters on heater relay

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

discharge valve fully closed discharge valve switch
piaton extended to limit actuator extend limit relay

squibs fired arm relay

In addition to the above svents, the disseminator's 28 vdec circuit is
monitored and recorded in analog form.

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

Two elactrical test boxes were mads for the purposs of simplifying pre-
flight check-out procedures. Oune of these is called the "CGround Operating
Box'"" and the other tite "Alrcraft Checkout Box".

The ground cperating box is used to operate the K.41 spray tank when a
ground power source is used and the cockplt coutrol panel is not connected ta
the disseminator. This test box has a '"Ground Operating Cable' which -
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connects the box to the disseminator through a receptacle in the top of the
store. The following switches and indicator lamps are mountsd on ths box
and correspond with those in the airplane cockpit:

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

The aircraft checkout box is used to chack the cockpit control pansl and
the ajrcraft wiring assoclated with the E-41lspraytank. This box haas indica-
tor lamps and switches 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 spprapriate
indicators on the checkout box iight up if the system is normal, The indica~
tor lamps 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:

Switchen Lamps
generator indicator 28 vde power
orifice open arming
flow indicatoy disseminate

photo light on
photo light on-disseminate

in addition to the above switrhes ard indicator lamps, there are nine
pushbittons which are used to check tke nine channels of the recorder used
in flight testing. To check the recorder, a ground glass screen is inserted
in place of the recording paper magazine, and movemant of the light-beam is
observed visually as the galvanometer shifts when the appropriate button is
pushed.
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In order to insurs that the dry agent disseminator is structurally
qualifiad for use as an extarnal store on high.performance aircraft, a tank
assembly was subjected to 2 serfes of structural qualification tests.  The

l ‘ structural test assembly was identical to the prototype disseminator 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. f

F 6.2 Laboratory Structural Tests

I The tests were conducted by the Fletcher Aviation Company, El Monte, '
Californis. Mr. A. T. Bauman and/or R. T. Dahlberg, representatives ‘
I from General Miils, Inc., witnessed all tests, Since some tests required t
that the unit be loaded, the twe GMI representatives assumed the responsi- t

billty for filiing the store. A portable compaction stand was shipped to :
! Fletcher Aviation Co, for this purpose. General Mills, Inc. "Jet" flour was

used as the simulant material because it compacts to a density of 0, 6 g/ cm3
‘ with less force than (s required for talc, the usual simulant material.

) The assembly was tested using essentially the same procedure as is
, normally employed in the qualification testing of remavable external auxiliary
fusl tanks for aircraft. The following testa were conducted:

$
' I) examination of product

‘ 2) weight
3) center of gravity
l 4) pitch and vibration
» 5) static structural
’A 6) leakage
7) ejection

The test report "Qualification Tests, General Mills Tank Assembly, P/N
21-150-48032", included in Appendix A, describes the tests and their results.
The assembly successfully passed all of its structural qualification tests.

1 - "
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6.3 Laboratory Functional Tasts

The dry agent disseminating siore was operated in the laboratory at
l QGeneral Mills, Inc. to insure that the unit functioned properly before skip-
ping it out of the plant for field testing. In addition, a rough~handling test
l was conducted with the second experimental unit to investigate the possibility
of malfunction in the powder feeding phase of operation which might result
i from transportation.

When the store was completely assembled it was first operated empty
] while minor adjustments were made. A laboratory power source was used,
since the ram-air turbine generator was not operating, and the ground
cperiting box was used in place of the cockpit control panel. The high-
! pressure nitrogen source was operable during these trials.

Then the store was loaded with compacted talc and operated at all five
] fsed-rate settings. Powder flow rates were determined by weighing the talc
as it was discharged into a collection tank mounted oun 2 platform scale. The
) photograph in Flgure 6.1 was taken during one of the trial runs and shows
the powder collection systemn. Flow rates determined during these runs are
i tabulated below:

[ Speed Selector Setting Flow Rate, 1b/min

16.7
24.8
33.8
51.6
6.8

Wb W -

The denasity of the compacted talc as calculated from the data for this
tast ia 0, 61 g/cm3.

Lo

Another test related to the functioning of tha disseminator was conducted
using the experimental model of the inner tank assembly. This test was a
rough-handling teat in which the experimental unit was filled with compacted

Knmmiriicd s
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LABORATORY OPERATION OF THE E- 4|
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 teat stand. The forces encountered
during the rough ride producsd no noticeable change in performance of the
unit,

This ability to withstand handling and transporting was later confirmed
when the prototype E-41spray tank wastrucked to the Naval Air Teost Center,
Patuxent River, Maryland, and flown on an A-4B { A4D-2) airplane. But
we had felt it important to investigate this aspect of performance before 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, Patuxent River, Maryland

On November 27, 1962, the prototype E-41spraytank wasflight tested on
an A-4B (A4D-2) airplane by the Weapona Syatem Teast Diviston of the Naval
Air Test Center, Patuxent River, Maryland. The tests were conducted
under Navy Wep Task No. RA 1200001/2011/F012-15-02, Problem Assign-
menat No. RMMO-334-153, An interim report on the tests issusd by the
Naval Air Test Center has been reproduced and included as Appendix B,

The E-41 was first attached to an Aero 7A rack in a support structure
for statlc 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 Daetrick.

The unit was then mounted at the centerline station of the A-4B, and the
cockpit controls far the disseminator were used to arm the unit and to feed
out a short burst of powder while the airplane was still on the ground.

The airplane was then flown through a series of maneuvers so that the
E-41spray tank was subjected to aerodynamic and flight loads. The maximum
flight apeed was 0. 895 indicatsd Mach number, and the maximum accelera-
tion imposed during maneuvers was 6 GG, The talc in the unit was dissemi-
nated in a series of twelve dissemination runs at altitudes from 300 to 3000
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feet and from 380 to 520 knots indicated airspesd, Dissemination periods of
45 and 60 seconds were used, Four of these runs at 300-foot altituds and
high speed were made within view of observers on the ground at the Weapons
System hangar. The talc was visible from the ground and appeared as an
ever-wideuing ribbon trailing out behind the airplane. ’

When the airplane returned, it was examined visually for contamination,
but no tale could be found on it. Thres strips of ordnance tape had been
placed on the bottom of the fuselage ait of the dissaminator and coated with
silicone graase with the idea that they would hold talc which hit this area.
Unfortunately, the tapes were stripped off in flight.

The disseminator was found to be heavily contaminated with tale. The
talc appeared to be smanating from the joini whare the shroud for the dis-
charge tube attaches to the surface of the disseminator. Upen nrnovinj the
shroud it was learned that approximately ons cup of talc had somehow made
its way into the shroud. It was suspected that the talc entered through the
small hole for the squib wires in the arming device since the squib cavity
commuanicates with the discharge tube where talc was flowing,

For the Patuxent tests the E-41 was fllled with compacted talc in Minne-~
apolis and transported by truck to the Naval Air Test Center. It was also
returned by truck to Minneapolis where it was disassembled and cleaned out
in preparation for loading with Bg for the test program at Dugway Proving
Ground. During this process the unit was examined for evidence of any
damage or sxcessive wear which might have occurred during transport or
flight test. As stated above, with the exception of the contamination of the
store itself, there was no evidence that the disseminator was affectsd 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 biological flight tests to
be conducted at Dugway Proving Ground with the E-41 and E-42 Spray Tauks.
A planning mesting was held at Dugway, and preparations for filling the dis-
seminators began.

7.1 Planning Meeting at Dugway Proving Ground

On 17 October 1962, Mr. . Whitnah and Mr. J. McGillicuddy. of
General Mills, Inc., together with Mr. J. Qualey and'Mr. M. Chertoff of
Fort Detrick, participated in a meeting st Dugway Proving Ground for the
purpose of discussing plans for a series of flight testa of the E-4] and E-42
Spray Tanks. Dugway was represented by Mr. Cole 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 cons
siderable detail was given by the GQeneral Mills representatives. Results of
previous flight tests of the E-42 at Eglin Air Force Base and at the Patuxent
River Navai Air Station were summarized. The subjects of filling, handling,
operation, flow-rate calibration, and decontamination were discussed.

Some modifications to the E-42 Spray Tank were suggssted by the
Dugway staff. Thesa included the installation of an in-line liquid agent fillar
in an accessible location to facilitate cleaning {n case this became necessary,
and the revision of the lower end of the hooms to eliminats residual liquid
below the noasles which could cause dripping of agent when the booms are
retracted. Both of these modificationa ware made by General Mills, and a
new packless pump was purchased for use by Dugway psrsonnel in filling the
E-42,

Operation of the E-41 dry agent disseminator was discussed with em-
phasis on the controllability of agent flow rate and the starting and stopping
characteristios. No problems which would require madification of the design
were found,
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Plans were made to ship the E-41 and E-42 units to Dugway &3 scon as
possible after completion of the air-worthiness flight tasts of the E-41 at
Patuxent River Naval Alr Station.

7.2 Preparations for Filling Disseminators with Biological Materials
Tor f'gii! Tests

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 personnel,
The dry Bg to be used in the F-41 was shipped to Ceneral Mills, Inc. from
the U. S. Army Bioclogical Laboratories last August. The biclogical
materials for use in the wet condition with the E-42 are to be shipped from
the U. 3. Army Biological Laboratories to Dugway Proving Ground.

A quantity of 128 1b of dry Bg was received at General Mills, Inc. The
material received was from two lots: 105 1b from lot 17 and 20 Ib from
lot 18. Rather than mix lots, we will fill the disseminator with 100 1b of the
lot 17 material.

It will be necessary to minimize the amount of contamination of the
building with Bg during the filling operation, For this reason, it is planned
that the rules listed below will be followed.

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

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

3) The used caps and shoe covers will be burnad, and the
coverails, gloves and face masks will be washed and re-
used,

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

5) Thae disseminator and other equipment will be thoroughly
washed with germicide before removal.
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Filters in the room air circulation system will be replaced
and the entirs room will be thoroughly washed with garmi.
cide after the filling operation is completed.

The materials, suppliss and wearing apparel needed to implement this
plan are being procured.

During the planning meeting at Dugway Proving Ground in October, it
was agreed that General Mills' respousibility for filling the E-42 with wet
agent would be limited to providing 2 suitable pump.

The pump for this purpose was procured from the Vanton Pump and
Equipment Co. The specifications for this Vanton Sealless Chemical Pump
are as follows:

1)
2)
3}
1)
5)
6)

size 30 {5 gpm at 0 psi discharge)
stainless steel body

hypalon flexiliner

3/4-inch NPT inlet and outlet

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

Close coupled with capacitor start

A special hose was also procured to connect the pump discharge to 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 solld
and liquid BW agents is broad and varied. The progress in the various
arsas of work is summarized in the following paragrsphs.

Most powder samples being used in the atudy of fundamental properties
are now being processed in a fluld enargy mill to eliminate any possible
effects related to previous history of the powder. We now beliave that the
sliding disk test measures the shear resistance of the powder during coms
paction, whereas the triaxial test provides a true measure of the shsar
strength of a compacted powder. A purely theoretical treatmént of com-
pacted powders results in conclusions which are qualitatively in agreement
with empirical theory, Three mutiiods of determining tensile streagth are
being evaluated. These are the triaxial method, segmented column methad
and & new decompressive breakup test, which involves aerodynamic breakup
of a compacted powder apacimen through rapid depressurization, The Instron
tester is being employed to obtain data relating stress and energy to average
bulk density of compacted powders. A technique involving filling & long
5-inch diameter tube with alternate laysrs of natural and dyed compacted
powder has revealed how the powder distributes itself during compaction,
An extensive study of the characteristics of the powder particle has been
initiated. Factors of interest include particle shape, porosity, total surface
area, surface energy, adsorptivity, chemical reactivity and rugosity
(Section 2).

The experimental work with asrosols conducted in the aerophilometer
has revealed that aerosol properties depend upon the method of dispersion
employed. Improving the light-beam failed to provide data of sufficient
quality to permit an anilysis of light-acattering fluctuations. Concentration
runs have been shown to follow the axpressions for nonagglomerative decay.
Theoretical estimates of agglomeration, based on forces cperative betwsan
particlas and on the motion of particles in the settling chamber, bave shown
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that agglomeration-is of no consequence in the present expsrimental appara-
tus but could become important in 2 larger chamher, Areas nudin(ffvrthpr
study are the effect of humld(ty. static charge, energy of dispersion, and
particle rugosity on dispersibility and decay, as well as the sffect of come
pacting the powders to higher bulk densities prior to dispersal in the aero-
philometer (Section 3).

The full-scale sxperimental feeder, which is actually a prototype of the
inner tank asaembly of the E-4]1 spray tank, was used successfully to feed
powdered sugar and flour, [n additional tests with compacted talc, a flow
rate of 91 1b/min was achisved (Section 4).

Tachniques for encapsulating compacted particulate matsrial were ine
vestigated in which foamed plastic was used to contain the powder. Packages
of thia typs were successfully fed through the disseminator, but the methods
smployed thus far have not produced a sufficiently strong package. A special
loading device in which compacted material is transferrsd from a compac-
tion cylinder into the digseminator has been used to fill the prototype E-41
spray tank for laboratory and fisld tests (Section 5).

The prototype dry agent disseminating stors (E-41 spray tank) was com-
pleted and subjected to a series of tasts. A structural test model auccess-
{ully pasaed the structural tests conducted at Fletcher Aviation Company.
Laboratory functional tests and a rough-handling test were conducted at
General Mills, Inc. In November the E-41 was succesefully 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 controls
proved to be quite satisfactory. The disseminator was returned to Censral
Mills, Inc. for examination and refilling preparatory te the flight tests
scheduled for Dugway Proving Ground {(Section 6).

Preparations were made for biological flight tests to be conducted at
Dugway Proving Ground. A planning meating was held at Dugway on 17 Octo-
ber 1962, Arrangements were mads for fllling the E-41 spray tank with dry
Bg at General Mills, Inc. and equipment was procured for fllling the E-42
with liquid agents at Dugway (Section 7).
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This repoxrt covers a portion of the qualification tests

conducted on General Mills (G.M.I.) specisl tank assembly,
Paxt Xo. SK 29100-610, The test asgembly is identical to
the final agsembly except that operational componenta such

! o ‘wn ﬁ o) Q‘! é; s0-3i. ¢3 | GENERAL MILLS TANK ASSEMBLY . 43,304
b

* as the xam air tuzbine generator, pistons, actuator, valvas,

ate., ware models of identical weight and center of gravity.
Further qualification testing will be conducted by G.M.I. to
substantiate the operational capabilities of the complete
agsenbly, . .
This document presants the qualification testing conducted
in accoxdance with the requirements ¢of spacificaticn MIL-T-~
7378BA, and G.M.I. Specification GMS 29100-783,

Qualif ication tests descrided herein wers conducted at tha
Fletchar Aviation Company test facility.

REFERENCEQ:

Spaecification MIL~T-7378A Ve Tank, Fuel Alrcraft,
External Auxiliary,

Removakle

GI“.IO Sp.aifieation PN} SR 29100'698

Drawing . '

G.M.I. Specification eee External Removable

GMS 29100-610 Tank Assy for G.M.I.
Elactronics Group

G.Mx.I. Specification ..+ Testing of Extarnal

GM8 29100-783 . Removable Aircraft Tank .-

Aggenbly dascribed by
GM8 29100~610 for General
Mills Xlectronic Group

F.A.C. Drawing 21=150- «es Tank Agmembly, G.M.X.
48032 : Spacificatien
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EXAMINATION OF PRODUCT
GENERAL MILLS TANK ASSY

moore 21-150

43.304

REPORT NO.

ADMINISTRATIVE DATA

PURPOSE OF TEST:

MANUFACTURER:

MANUFACTURER'S MODEL NO:

21-150
ASSEMBLY DRAWING:
21-150-48032

QUANTITY OF ITEMS:

Cne

SECURITY CLASSIFICATION:

Ncone
TEST _DATE:
10-16-562

TEST CONDUCTED BY:

wWayne Callahan

DISPOSITION OF SPECIMEN:

Use for Weight Test

ABSTRACT:

of the test.

Fletcher Aviation Company

To determine that the assenbly conforms to the
applicable drawings.

®
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1. That the assembly and accessible components
thereof conform to their applicable engineering
drawings. .

2. That the assembly and all components conform to
aircraft guality standards for workmanship.

TEST EQUIPMENT:

1. Standard inspection tools; lincar scales, nicro-

meters, calipers.
TEST PROCEDURE:

1. Inspect the complete assembly for general con-
formance to ‘'F.A.C. drawing no. 21-150-42032.

2. Remove nosc and tail sections and inspect all
compartments for metal chips, filings, or other
foreign material.

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

4. 1Inspect tank surfaces for evidence of dam:ije
or undue abrasion,

5. Inspect for locse bolts, rivets, or other feciening
devices.

6. Inspect for parts not treated for corrosion cesis-
tance.

7. Iﬁspect for misalignment of mating components.

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

9. Generally inspect simulated components (G.M.I.
furnished) for fit and security of installaticn.
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®

TEST PROCEDURE: (Contd)

10. 1Install nose and tail sections and inspect entirae
tank contour for surface irregqularities,

RESULTS OF TEST:

Satisfactory ;

RECOMMENDATIONS:
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PURPOSE OF TEST:

complete assembly.

MANUFACTURER:

Fletcher Aviation Compahy

MANUFACTURER'S MODEL NO.

21-150
ASSEMBLY DRAWING:
21-150-48032

QUANTITY OF ITEMS:

one (1)

' SECURITY CLASSIFICATION:

None
TEST DATE:
10-17-62

TEST CONDUCTED BY:

-

Wayne Callahan

DISPOSITION OF SPECIMEN:

Use for Center of Gravity Test

ABSTRACT:

of the test.

Paxriren W (A1lahan [9-2R-67 Pace | 2.9
TITLE
cueexeo | R HAL \a-5-62 . WEIGHT TEST Moot 21-150
At P / GENERAL MILLS TANK ASSY 43.304
Assroveo | ﬁ},/, 4y fo-Y~ter. Repory Mo,
ADMINISTRATIVE DATA : )

To determine the empty'and full weights of the
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’ W/ A GENERAL MILLS TANX ASSY 43.304
Apsmoveo |$7 /b Lite,. HldaY w bl Reront NO.
FACTUAL DATA @
" REQUIREMENTS :
1. To determine the total weight of the empty
assembly.
2. To determine the total weight of the full
assenbly. !
TEST EQUIPMENT:
1. Certificd platform scales.
2. Tank cradle.
3. Sinmulated filler material (powder),
TEST PROCEDURE:
1. The cradle is wecighed.
2. Tnhe empty tank and cradle are weighed and the
cradle weight is deducted from the total weaight.
3. The tark is filled with filler material (powdex).
4. The full tank ang cradle are weighed and the
cradle weight K is deducted from the total wcight.
TZST RESULTS:
Weight cf empty assembly 697.0 Lbs .
Weight of full assembly 1043.5 ing,
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' PURPOSE Op TEST
' | To determins the location of the center of gravity
of the assexbly in both the full and empty conditions.
MANUFACTURER:
Fletcher Aviation Company
MANUFA gmggg'g MODEL _NO,
21-130
- ASSEMBLY DRAWING:
21-150-48032
QUANTITY OP ITEMS:
One (1)
SECUR CLASS TIONs
None Page determined to be Unc\aséiﬂed

IEST DATE; Reviewed Chief, RDQ,.WHS
oA JAW EOQ 135286, seicnon 35

10-19-62 vt JOL
TEST COMDUCTED BY:
Wayne Callahan
DISPOSITION OF SPECIMEN:
' Use for Pitch & Vibration Test
ABSTRACT: |

Thae assembly sucéasnfully met all of the reduirenmsnts
of the test. .
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GENERAL MILLS TANK ASSY
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TEST REQUIREMENTS:

To determine the location of the csnter of gravity
of the asgembly in both the empty and full con-
ditions.

TEST EQUIPNENT:

1.
2.
3'
4.

T™wo (2) platform scales.

Tank cradle.

Rocker bar.

Simulated filler material (powder).

mt

1.
2.

3.

4‘

,5"

6.

The cradle ia weighed.

Tha tank and cradle are weighed and the cradle
weight is desducted from the total waight.

Tha cradle is balanced on g;ha rocker bar.

Tha tank is blaced on the cxadle in the "balance”
position. The c.g. station ia recorded,

The tank 18 filled with the aimulated filler
matarial.

The tank is placed on the cradle in the “"balance" .

position. The e.g. station Ls recordsd.

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 13528, Section 3.5

Date: JUL ]9 m
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IEST RESULTS;

. €.G. Location of Empty Tank
C.8. Location of rull Tank
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PITCH & VIBRATION TRST

APPROVED W JO-T s ~ GENERAL MILLS TANK ASSY Rupont No.

PUREQSE OF TEST: | /l

To demonstrate the tank will withstand vﬁ.hr&tion
and pitching forces encountered in service. !

MANUFACTURER:
Fletcher Aviation Company
MANUFACTURER'S MODEL NO,:
21~-150
ASSEMBLY DRAWING:
21-150-48032

T OF I T

one (1)

3 CLAS TON: |
i Unclassified
Page determined to be

e Re?/iewed Chief, RDQ. WHS
TEST D T EO 13526, Section 3.5
TEST DATE: AW E 'ﬂ;L : X 20\3

10~-20-62

TEST CONDUCTED BY:
Wayne Callahan

DISPOSTITION OF SPECIMEN:
Usa for Laakage Test

ABSTRACT:

The ajsembl ¢ successfully met all of the requizamauts‘

‘0L the test.
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Page determined to be Unclassified

FACTUAL DATA Reviewed Chief, RDD, WHS
> IAW EO 13526, Section 3.5

REQUIREMENTS: Late: JUL 19 201
1. Test Conditiong: The tank completa with all

simulated components and parts shall be mounted
in the support jig and inatallad on the vibra-
tor and rocker assembly. The centerlina of tha
tank when mounted on this assembly shall be a
nminimum of 20 inches above the axis of rotation.
Tha tank shall be pitched and vibration tested in.
accordanca with the following conditions. .

A. The vibration displacemant shall be a minimum
double amplitude of 0.020 inch measured at
the attachment points of the tank., The
average amplitude between tha top and bottem
of the tank at the supperting rings sghall be
a minimum of 0.020. inch. A suitable electronic
vibration measuring instrument shall be used
to measure vibration diasplacement while the
tank aasembly is being tested. The average
peak value, at the point baing measured during
a 30 second interval shall be. taken ag the
value to be racoxded.

B. The vibration fredquency shall be 2000 + 0 -
60 cycles per minuta.

C. The tank- shall be mounted in such a masuer
that the wajor horizontal axis of the tanx
shall be 90° to the centerline of the axis
of the shaft of the rocker assembly platform.

D. The pitch rocking anglae shall be 30° total,
approximately 15° on either sida of tha
horizontal position.

E. 'The tank shall be unpresmirized.
¥. The tank when £illed shall ba pitoh-vibrated

for 25 hours at 16 to 20 pitch cycles pex
minuts. .

PAG form 1303
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F Aang nars .
Prxranso | W, Callahan | 9-28-62 rAGE
- : TITLE : i
oneexs_| R il 22zt | . PITCH & VIBRATION TEST .!2!!-'-%:13%%-
4 4 .
wvenovan ST Lon 1623 GENERAL MILLS TANK ASSY |, ...
REQUIREMENTg: (contd) - €
G. At the conclusion of the pitch vibration ’
test the tank shall be emptied. The inner
tank shall be checked for leakage in accor-
dance with thae procedure of section 6.0
of this report. '
H; After completion of the zbove tests the
tank assambly shall be inapacted visually
for evidence of failurs, such as structural
damage to the inner or outer tanks.
2, TFollowing the above inspecticn the empty tank
with the inner tank pistens at the forwaxd
extreme of their travel shall be pitch-vibrataed
for 10 minutes at 16 to 20 pitch cycles per
minute. Any rasonant vibration behavior of the
_ pistons or drive screw will be noted.
3. With the tank in the sama condition as in para. 2
a vibration survey shall ke made over a range of
frequencies from 0 to 50 ¢ycles per secord. Any
resonant vibration behavior of tha pistons or
drive scraw (GMI provided parts) will be noted.
B PMENT :
1. Slosh and vidration machine.
2. Tank support fixture.
3, Strobotac or equivalent.
4. vVibratlon meter. Page determined to be Unclassified
5. Vibratien pickup. Reviewed Chief, RDD, WHS .
6. Prassura gage'- IAW EQ 13526; QQQ'IQH ;;5 '
Data:
ZEST PROCEDURE: JUL 13 20
1. The test assembly i3 mounted on tha slosh and
vibration machine by means of a support fixturae.
The canterlins of the agsembly ia a minimum
of 20 inches above the slosh axis.
2, Tha tank is filled with G.M.I. provided matarial
{powder).
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PITCH & VIBRATION TEST Mobei 21-150
GENERAL MILLS TANK ASSY 43.304
REPORT NO.

noted.

ZEST PROCRDURE: (Contd)

of frequencies fram 0 to 50 cycles per sacond.
Any resonant vibration behavior of the pistons
. : " or drive screw (G.M.I. provided parts) are

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EG 13528, Saction 3.6

Date: JUL ]9 m
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NAME pAYE . ' , T2 RN
PrerARED | ELETCHIER AVIATION COMPANY Page 4,3
TINLE .
eneaxso [ R 141} 18eAeg PITCH & VIBRATION TEST Moo 31-150
C GENERAL MILLS TANK ASSY 43.304
APPROVED s A 10 C/{.L RzpenT No.
LEST_PROCEDURE:
3. The pitch and vibration machine is put into
: eyclic pitching of the longitudinal axia from
15® aosa up to 15° nose down. .
. 4. The motor drive for the eccentric waights pro=
ducing vibration is activated and brought up to
2000 + 0 CPM,
-60 .
5. Vibration readings are taken and ths accentric
waeights adjuated to produce the required values
of vibration displacement,
6. The pitch rate ia checked to be 16 to 20 per min.
7. Tha rotation spead of the accentric waights is
measured to be 2000 + 0 R.P.M.
-60
8., Simultansous pitch and vibration is continued
for 25 hours.
9. The tank is amptied and the inner tank is checkaed
for leakage in accordance with Section 6.0 of
this report.
10. Tha tank assembly is visually inapected for
evidence of failure such as structural damage
to the inner or outer tank.
1l. The inner tank pistons ara advanced to tha
forward extraeme of thair travel toward center.
12. The assembly is pitch vibrated for 10 minutes
in accordance with steps 4 through 8. Any
regonant bshavior of the pistons or drive screw
are noted. ‘
13, With 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
Date:
JUL- 19 21
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y TITLE
cumexgp [Re Bl [w¥ietn) | procR-vIBRATION TEST | Mo =

43,30
N GENERAL MILLS TANK ASSY ront no 4

APPROVED / fhelr

TANK NO. __ 3 ' MODEL __21-150 @
TEST CONDUCTED BY: w;m'. Callahan _ DATE: 10-20-63
| VIBRATION .
TANK CAPACITY: 350 pounds  TEST: 350 pounds

OPERATING PRESSURE: ___ O TEST PRESSUREs ~° O

..
———————r—

TAYK AT 90° TO PITCH AXIS

ECC. WT. SETTING . | PITCH vib 0

JIn./ovarlaniSpeed | RATE £ Luas fwd. Ring Aft. Ring ,

Fudol Afe IR D M ICP .M, Fwd ! Aft | Uppor | Lower ! Uppexr | Lower .

1.50] 1.50 1990 17 1.812.0 l.8 2.2 1.5 1.4

1.50| 1.75| 1990 | 17 |2.1|2.2 | 1.8 | 2.6 1.7 2.2

START OF RUNs , DATE:_10-20-62 TIME: 11:10 A M.

LOG: _Fraequency and displacement measurements taken every 2-3
hours.

IND OF RUN: SATE:_10-21-62 TIMB: 12:10 .Y

REASON:; End of 25«<hour tast,

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
AW EO 13528, Section 3.5

vaie: UL 19 208
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Hang aavs
oA smgq| PLETCHER AVIATION COMPANY |, 4.
. e
cn %,-u v I8 etetb2 PITCH-V‘IBRATIOU TEST Moot 21_15 ,
a ?“ 77 7 | GENERAL MILLS TANK ASSY "‘—L",;. 304

ASPROVED / X ’/t e, | 2O~ PISTONS EXTENDED ResoaT N&u

TANK NO. 2 MODEL __ 21-130 :

TEST COMDUCTED BY: __ Wayne Callahan ___ DATB: 10-32-62

VIBRATION
TANK CAPACITY 350 pounds TeST: ___O__ pounds
OPERATING PRESSURE: - TEST PRESSURE: __--==

TANK AT 90° TO PITCH AXIS

ECG. WT. SETTING | PITCH

VIBRATION Mmsggmrgm.
In./ovexlap | Speed | RATE (At Lugg Fwd. Ring ___Aft Ring
wd. Aft | R.P.MC.P.M. |Fwd | Aft | Upper | Lowex | Upper | Lowex
1.50]1.75 | 1970 17 _Ji.9012.00 1.9 2.6 2,0 | 2.4 °
START OF RUN: DATE: 10-22-62 TIME: _1;00 P.M.

LOG: Thare was no resonant bshavior observed on any part
of the assembly. '

EXD OF RUN: DATE: _10-22-62 TIME: 1:10 P.M.
RIASON: End of l0-minute test. L

\

page determined ta be\Jnclassiﬂed
Reviewed Chief, RDI?, WHS
JAW EO 13526, Saction 35

bae:  pp 19 208
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maxpaned (W, Callahan - FLITCHER AVIATION PAsE 4.6
. . . TME PITCH-VIBRATION TEST
- - . Mog. 21-150
cmonen oMl de-a1-e VIBRATION SURVEY J-m
asrnovee| TV L 1072 2 GENERAL MILLS TANK Assy | 43
" @
ECC. WP. SETTING , RESONANCE
INCHES OVERLAP FREQ. OCCURRED
Fwd. Aft c.P.S. AT POINT - LIGHT SEVERE
% pammmrees e
1.50 1.75 5 Nona - -

' 1.50 1.75 10 Nona , - -
1.50 1.75 1s 5, 8 \ x -
1.50 1,75 20 5 V% -
'1.50 1.75 25 Mone - -
1.50 1.75 30 Nona - -
1.50 1.75 35 8 X it
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 1L, 3, 5,6, 7, 8 ~ X

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
JAW EQO 13526, Section 3.5
Late:
JuL 19 28
AFT. Hook (D)
/70 180 Ts IT.I [‘ /028 /anry 14438 /-’l"-"
? -ﬂ r\ i
B 'EL L
-
T ine @ : L@ anic Fin
@ Inner Tank Assambly @ tuator
{Gas System , ouplln
(@ [Clreult Brocker & Volt Regulator
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pPagsanca | W.Callahan 9-38~-61! ‘4 PASE § 4.7
cusexan | K. B 1ee-62 PITCH & VIBRATION TEST Meor. 21 =150

: N MILLS TANK AS 43.304
N W o3 fn]  CENERAL s [ aa.

®

‘ OF S
Piteh Vibration per steps 1 through 10

Result's: Satisfactory

Leakages per step 1l

Rasults: Satigfactory

Inspection per. step 12

* Raesults: Satisfactory

‘Pl.tch vibration pistons extended per o..ps 13 and 14

Rasults: satisfactory (see Nots 1)

Vibration Survey per step 15

Results: gatisfactory (see Notes 1 and 2)

Note 1: : .
Resonant behavior of pistone could not be obscived
since they are in a sealad .enclosure. Rasonant
behavior of tank assembly indicated no resonanca in
this area at any of the frequencies.

Note 23
See page 4.6 for additional results. A
Page determined to be Unclassified

Reviewed Chief, RDD, WHS
JAW EO 13526, Sectian 35
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snepanes | W, Callahan| 9-28-62| FLETCH MPANY 1 e {5-0
cusexan |R. il =Tty STRUCTURAL TEST voous, 31=150

. GENERAL MILLS TANK ASSY 43.304
Arppoven 4\‘- ll) ,L”M? 10=3}-4E : REPORY No.
ADMINTSTRATIVE DATA ®

g_mp_o' SE OF TEST:
To demonstrate the structural integrity of the tank.
MANUFACTURER:
Fletcher Aviation Company
MANUFACTURER'$ MODEL NO3 °
21~-150
ASSEMBLY DRAWING:
2L-150-48032

NTITY OF ITEMS: Ny

ons (1) | \
SECURITY CLASSIF .
None
T o Page determined to be Unclassified
10-35-62 Reviewed Chief, RD\_D. V\;H?,S
1AW EQ 13526, Sectien v

TEST CONDUCTED BY: bale i 19

Wayne Callahan

DISPOSITION OF SPECIMEN:

Use for Ejection Test

ABSTRACTs

The assémbly succasgfully met all of the requirementa
of tha tast.

PAG form PGS
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NAME . ey 5, ' V - : TI‘ [4
enconsee| M. C21ahan | 9-ag.62| FLETCHER AVIATION COMPANY |, {:ﬁh
. nnt g
enaanen [R. Uil NN STRUCTURAL TEST Moox: 21,
‘ GENERAL MILLS TANK ASSY 43,304
Arproved & JM sljeedl-uy, . ; ReponT No
, FACTUAL DATA . ®
_ . .

The tank is subjacted to the following taest con~
ditions and should support these conditions without
failure.,

Tha static test tank ghall be a complste structure,
less such non-gtructural elements as turbine genarator
and electrical components. The static test tank shall
ba of tha same quality workmanship as the flight tank
dalivered on the contract and shall be atructurally
identical to the flight tank as indicated in tha
reports and drawings submitted.

The test techniques o£ the tank is as follows:

The tank support jig shall be construgted to dupli-
cate the attach point locations of the Aexo 7A

rack to produce tha most critical hock and sway
brace reactions.

+ Loads shall be introduced into the tast tank by

meang of external gtraps. Care shall be takan to
inpure that the load application devices do not ma-
tarially affect the strength cf the teat tank by
introducing artificial stiffness, etec.

All applied taest loads are sultably monitorad by
calibrated equipment (pressura gages, load dynamo-
meters, etc.) so that acceptable test accuracy is
obtained.

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
JAW EQ 13626, Section 3.5

Late: JuL ]9 A1
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18-30-L2
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STRUCTURAL TEST Mepgt

11-150

GENERAL MILLS TANK ASSY
REPORY

43.304
No.

]
. e

IEST REQUIRRMENT: (Contd)

Tars weight of stora and all load application
devices shall be accounted for in all teat

‘loadings.

Indepandent application of lcad com-

ponents (that is vertical, side, and aft loads)

are uged to facilitate maintaining correct relation-
ship of load compongnts with sach other foxr full
ranga of load from zero to ultimate.

Page determined to be Unclassified

Reviewed Chief, RDD, WHS
JAW EO 13526, Section 3.5

Date: ‘}wm 19 20‘3
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preranes | W, Callahan|9-28-63 FLETCHER AVIATION COMPANY . 5.3
Cheaxes .g. B'“ we-3oslv STRUCTURAL TEST ‘Mooe, 2] -
4 GENERAL MILLS TANK ASSY 43,304
APPROVED M/& [0-3~6 Yt Revant No,
Page determinéd to be Unclassiﬁéd
. Reviewed Chief, RDD, WHS
TEST EQUIEIMENT: IAW EO 13528, Section 3.5
. Date: JUL 19 213
1. &8tatic test frame.
2. Tank support fixture.
3, Leading pads, whiffle trees, etc., per applicable
test conditions.
4. Hydraulic pumps.
5. Hydraulic cylinders (jacks) with net areas as
listed on teat data sheets.
6. Hydraullc test gagas ~ 28 nacCesSsary.
7. PFour 24-inch Starrett steal engine marked sgcales
reading to .010 inch,
8. Surveyor's level.
TEST PROCEDURE:

211 taest conditicns are run with the test tank
mounted in the horizontal position in the test jig.
The test procedure is identical in sach case and
consists of the following steps:

1. The system of loading jacks and wvhiffle trees
is installed, checked functionally, &nd inspacted
for proper location.

2. Readings of deflection at zero load .8 taka
by means of a series of stael scales hung al.ly
the langth uf the tank, and a surveyou:'sg Lewval.
Lateral daflactions are measured fron a wire
stratched alongailda of the tank.

3, The load is then applied in increm¢ats o 2i6 o
limit load, and the deflection read.ngs taken at
25, 50, 75, and 100%.

. 4, The jack loads are then reduced to zexo, and
daflaction readings takxen to check possible per~
manent zet,

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

FAC form 2404
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NAME 4TS Y o D sg P YRuA | rERM.
Presanes| W,Callaban |9-28-62 1chun AVIATION COMPANY | . I
R T K
excenes 1R, Wil |, J19-30-e2 STRUCTURAL TEST mope, 21-150
Y GENERAL MILLS TANK ASSY 33,302
ArPRoven [ OT=d M Rueont No.
TEST PROCEDURE: (Contd.) _
6. The static load is increassd to 125% of limit
load.

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

The jack loads are reduced to zero and daflection

readlinys are taken.

Kl

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
1AW EO 13526, Section 3.5

Datet g 19 208
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Fraranes| R W, Hi1Yl '8-28- L Paae -]
. k111" .
cusens |BLOW. . ['6-Be-a STRUCTURAL TESTS . |Mesze 21,350 |
©  GENERAL MILLS TANK 43,304
APPROVED “’ b.) M/(A-Q«— \9/5 1/41 Reront No.
STRUCTURAL STATIC TESTS

A review of P.A.C. Report 43,300, "Losds and Stress Analysis

_ - Solid Fuel Tank", shows that structural static tests must

be run for three design conditions. These are:

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

Test liads for thase threa conditions are developad on the
following pages.

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

v

i lassified
Page determined to be Unc!
Reviewed Chief, RDD, WHS
AW EO 13526, Section 3.5
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FLETCHER AVIATION CORPORATION

DATS
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"I paspance | 2 W HH

£-32-
cugengn | &9 a LM IR Moow: 21.~180
453,304
{ Arpmoven %%é/'g 1'4'3 gy S < £5 Repary N3,

Tost Loads =~ gb_m, J_ (With [leads m:rcqsed 57

2.9 7. Ref. pg. 22 of Rep *43.300.)

7, = /6o P, =276y

Ny = %75 My = =2760 Basic Loacls

M;;“- = 44 €20 Fy. i3, @ep. "43.300
M’ZG = O

Airloast istribution From P?"““?’”' of Rep. "r‘s.Jao.
l/cr?‘lcepl Loads.

/ 2 3 4 5
7S - Y. A
% 10" Mycal . "m& ) a e e
Bef Ref AT
abave ,féff‘ above +/.Qi.7__@
/0 &/. B0 3.2%7 -3 - 27
23 7¢9.20 | 2.909 | -707 -y ')
EYA 2/0.7¢ 3.925 | ~52/ - 27 |
79 403.90 |+ . 894 | =129 + 532}
/02 228,60 | ~3.,28% | + F¢ 29¢ |
{28 4,40 | ~2,983 260 277
/48 78.80 | ~3.7%4 32/3 2¢9
17/ /4,00 —.P04 209 198
/a0 (FiN)|  —~ —  |-3795 |-3905 | |
‘ -4238 | ~29¢¢ |
Sy 2. 2 4 s 1
7-s. L. _q,%__ A P
n 10 Micq i — 7...
Pk Ref Rk /0.033®
above | abave | @ dove +4 029
€ 53.%0 ~2.924 /8% 73/
3/ &e.30 | -~ 2.4%8¢ M3 /99!
Sy | 288.70 | =4 29¢ 314 2416
77 Wou 70 | = . 498! + 638 430
/00 229.10 |+3.030 | -~ 79 2217
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S or R R B : L ,ry,»_:-*i
auy Bars - TINA, | FeRM
presanss| W. Callahan 10-5-63|  FCHER AVIATION COTPORATION  |ease sAL '
— S N A STATIC TESTS mesee 21-150
I 43,304
AprrovEd -H‘:"Mtﬁa’ L=l Rzpont Now
LOAD COMDYTION NO,——{ld) , TEST DATR 10-26-62 @
REVERENCE DIAGRAM PAGHS . 3% V- :
QcE | Jacx " PRESSURE GAGE READINGS™ IN PERCENT OF LIMIT LOAD '
mo. | anEa | o | 25 | s0 |73 1100 | o | 125 | 150 | 0O
1 gea t 2 a2 431 55 67120 28 | 90 | 20
2 2.798 | _Q 0. |120 238 397 0 336 1 678
3 2.793 Q 43 162. 1281 _ . 401 Q 520 819 a
4 3,795 Q 6. 56 108 156 [s] 2068 284 fa}
P _ .
6 798 0 & 12 18 24. 1.0 30 35 )
2 _t2.798 | o 167 taza l200 | 262 1 0 334 [Tam 1 o
8 12,795 ;0 len 1122 _j184 | 245 | 0O 306 | 367 | 0
9 2,795 ! o !.az 84 | g1 lics | 0O 135 | 162 1 0
10 ho.308 | o 255 [si0.)765 Q020 f o 11275 lis3o | o
ERCSSURE B
TANTR STATION VERTICAL DEVLECTION READX
45.0 0 0 0 .01 .03
95.0 0 [=.01 {=03 |~05 |—.06
| 142.0 0 0 |=.06 =12 }—.17
———— s Sraemsemamns ha aaee o s e e b i e e m——
e T b
TANK STATION BEORIZONTAL DEPLEGTION READING IN ILILIL . o B
| 42,0 ] 0. 1.0y ]..02 ;.02 1 .03 | Q1 ) .04 | .06 _ .Q2
| 96.0 0 0 0o | .01 .02 o | .08 .07 0
145,0 0 ,03 | .04 | .08 | 12} .02 | .19 .24 | .04
ENGINECRINGs :
s :
QUALITY CONTROLS wj/ 72««22 2 £ !
CUSTOMERS L D Loy

FAS fom P804

s A— et M P o e 4 e 4 &
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NANE BATE TEMS, ] "RAN,
Premanen | W.C2llahan |20-7- FLETCHER AVIATION COMPANY PraE 0
- TITLE
leneeren [ R Hhill o8- b LEAKAGE TEST Moper21-150
!,{ 74 / GENERAL MILLS TANK ASSY, 43.304
Arerovan [ /1 v /Deg-Lat ] /1 Repoat No.
PURPOSE OF TEST:
To domonstrate that the tank is sealed prior to
the tasts, .
ACTURER:

Fletcher Aviation Company

MANUFACTURER'S MODEL NO.:

21-150
ASSEMBLY DRA z
21-150~48032

QUANTITY OF ITEMS:

One (1)

SECURITY CLASSIFICATIOM:

None

DATE TEST COMPLETFD:

10-23-62

© PEST CONDUCTED BY:

Wayne Callahan

RISPOSITION OF SPECIMEN:

Use for Structural. Test ---

ABSTRACT:

There was no leakage 33 a result of the Pitah/Vibration,
Vibration, or Vibration Survey Tests.

FAC Form #3038
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The inner stainlesa stael tank with all cpenings
sealed is subjected to an internal praessure of
20 P.8.1.G. using Freon 12. The tank 13 then
chacked for ).eakage using a General Electric
K-2 tester.

TEST EQUIPMENT:

1. Tank Support

2. DPressure Gage .

3, Freon 12 container with regqulator.

4. Ganaral Electric H~2 tastar.

PROCEDURE:

1. With tha tank supported, connect aquipment as
shown on paga 6.2 of this report.

2. Conduct test as specifiaed in procadure on
page 6.2 of this report. Sniffing rate shall
be 1/2 inch per second.

3. Inspect tha tank visually for evidence of failure

such as damage to the bulkheads or other structural
damage to the inner or outer tank.

Raug pATE : ;npu 7Y
enioantn| @ G o o | FLETCHER AviaTION compaNy |, [T 7 |
 CHECKED LEAKAGE TEST Moose 21150

GENERAL MILLS TANK ASSY 43,304
APPNOYED REPORY N
FACTUAL DATA
REQUIREMENTS:

PAC Farm FICS




I .
i
|
|

ERCCEDURE
1. Closa Shutoff Valves® &
2. connect Freon Container (8) /A
" 3. Open Valve
4, Connect Air Supply (Valvaes @
& B closed)
5. oOpen Valve (® until preasure
gagae roads 20 £ 1 P.8.I1.G.
Close Valva
6. Using Dotactor (@ in accurdance
with specified operating inatruc-
tions test tank agsembly for evi~
dence of leakaga, g
7. Record pressure gage reading each
5 (£ive) minutes of the 20 minute
teat pariod.
MNota:
1 One or more Freon Container as ,
required. I

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EQ 13526, Section 3.5

JL 19 28

Date:

sk 8 oyt
v .o g

PRESSURE & LEAKAGE TEST
21-150-20180 TANK ASSEMBLY

Paga 6.2

REPORT

3.
]

SQUIPMENT

Sensing

Q/?
ol

() —End Cover & Seals (furnished
by Gancral Mills)

(2—21-150-20100 Inner Tank
Assembly (Test Articla)

3 Cover, Pressure & Leakage

Test

21-150-20180~17 Pad (Ref)

Element

Freon 12 Pressurized Container
Shut-off valve
Preasure Gage,
ut=-off valve
General Electric H=2
Halogan Gas Datector

0-50 P.8.I.G.

--4+J_..-A.~

©

Trans—
nitter

&
Anplific

2udio &
Visual
Readout

2 shutoff valve (§) after Fraon has
transferrad to test tank (2
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. naug ATE — — V~ - TeuA | RN,
. "= 1 FLETCHER AVIATION COMPANY | ( 5 3'
. 1 rme .
Chexen M le/sle~ ‘ LZAKAGE TEST meow, 21-150 |
GENERAL MILLS TANK AS5Y 43.304
APPROVED 1A P Resenr No»

TEST RESULTS

Theres was no leakage as a result of the vibration teats.

, P.A.C. TEST ENGR.

' [
7.A.C. QUALITY CONTROL: __ /L. L0040
CUSTOMER REPRESENTATIVE: WJ

1AC ferm FIOS

& e i e S b . 4

I
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: Y " FLETCHER AVIATION COMPANY el ¢
Anzmange) W, Callahan|l0w5«62 | v il PAGS 7.0
nmae -
R 10/8fen GROUND BJECTION TEST Mooss 21-150
ENERAL MILLS TANK 3.304
ArrmavED W Yaclaln. a 8 T AssY Wc:m 30

B e e S o VST R Py
N PO S

ADMINISTRATIVE DATA
RURROSE OF TEST | )

'To datermine sjection characteristics.

HANUFACTYRER

Fletcher Aviation Company
MA 'S MODEL, NO
21-150

ASSEMBLY DRAWING
21-150-48032

QUANTITY CF ITEMS

SECURITY CLASSIFPICATION

None

DATE TEST COMPLETED
10-30-62

T N B

Wayne Callahan

wa

Hold at Fletcher Aviation Compauy for lixty (50)
days for G.M.I. disposition.

ABSYRACT

The assenbly satisfactorily met all the raquirmnts
of the test. :

PAC Perm 7808

alos's
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1. Install suspension fixture on ejection frame.
2. Install pylon on suspension flxture.

3, Install lightweight store om pylon.

4, Apply 28V DC to the mechanism.

5. Measure voltage at f£iring pins.

6., Remove Qafoty pin.

7. Measure voltage at firing pins.

8. Disconnaot powsr supply and instail safety pin,

NARR paYS TEMA | PEAMN
Pagranse| W.Callahan !10-5-63 PLETCHER AVIATION COMPANY pase | 7.1
| execens | R. fhIf o/ 8/ e~ . GROUND EJECTION TEST  Mope 31-130
’ 43,
..mmk bdn £_iog GENERAL MILLS TANK ASSY mmui 304
EACTUAL DATA
REQUIREMENTS
That ona (1) or more ajection be mada with a lightweight
tank and ons (1) or more ejsction be made with heavy
- waight tank 80 as to accurately determine the peak
forca, veloeity, acceleration, and tank attitude at
end of atroke. The peak ejection force shall not
axceed 30,000 lbs.
IEST EQUIPMENT
1. Ejection frame.
2. Sugpension fixture
3. Pylon
4. Lightweight Store
5. Hesavyweight Store
6. 28V DC power supply
7. 20,000 ohm/volt Multimeter
8. Midwestern Oscillograph
9. P.A.C. Force Transducer
10, Extensometer (Century Eng.)
1l. Accalercmeter
12. Amplifier (Miller)
13. High 9pead Camera (Wollansak)
14. Goose Control
JEST _PROCERIRE

FAC Jorm HCE

Banuw
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Date: JuL 19 208
R M | FLETCHER AVIATION COMPANY | ™17
o R Wil Wi en [T —— | Meoey 21-130
ABpPROVES WA 1084, 2 GENERAL MILLS TANK ASSY RypORT ::‘304
. EBACIUAL DATA
TEST P@@mﬂ {contd)
' 9. 1Install axtensometer.
10. Install camara.
11. cCheck instrument and camera circuit.
12. 1Install carcridges.
13, Remdve safaty pin.
14. Activate Lns;rument and camora clircuits.
15. Activate firing me.chaniam.
16. Clean pylon assembly and inspect.
17. Install heavyweight store on pylon.
Repeat asteps 4 through 17.

PAS farm 1808
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v weenet weaestat Pabag

ANS ' aave - - TRMP | ¥
emerantn| W.Callahan| 10-5-64 . PLETCHER AVIATION COMPANY | ‘ 2.3
. TmeE
P— E H.N w/&/au - "GROUND EJECTION TEST Maoet 21 -130
- Ry GENERAL MILLS TANK ASSY 43.304
ArpROVED Z/A‘y/ﬂd/;- 10-p-( "'-'"' : Rerary Na.
IBST RESULTS
Lightweight Heavyweight
Tank < an
Peak Ejection Force 18,060 23,480 lbsa.
Peak Acceleration 25.8 G's 22,4 G's
Peak Velocity 362 ft/sec __42,0 ft/gea

Attitude at end of stroke level —lavel

RECOMMENDATIONS:

P.A.C. ENG'R:

F.A.C. QUALITY CONIROLs

CUSTOMER REPRESENTATIVE: _@__Z\M

P05 Parm $808
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Bast Available Copy
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=
- 100~
1 ENGINEERING DEPARTMENT sPrciFicaTIon_ 38 29100-373 A
s
MOTOR, ZEP, 40O CYCLE
!
H
i
!
:
J
?
¢
%
{ 1. Item 3 - 7.5 saup t0 8.8 amp | €/7/82 ) o
A l2. T -

i ECO NO. REV. REMARKS DATR INIT,
"APBAOVED J. Walter t
’BY e } ENGIN /

10 mo

e TAT NP ta s

e

Wt e A e A AR e

D"

B iy



Page determined to be Unclassified
Reviewed Chief, RDD, WHS
1AW EQ 13526, Section 3.5

vae: Jyr 19 28

.

1l

ELECTRONIC DIVISION  { General SHERT— ~OF.

aasgesmenmsasiesnaitons | Vil

(448 CENTRAL AVENUR, MINNEAPOLIS 13, MINNKSQTA RELEASE DATE 5[1“/ 62

R o POU
L,

ENGINEERING DEPARTMENT ’ SPECIFICATION. GMS 29100-375

>§

! l
I VK;POR, 7P, LOO CYCLE

‘ Westinghous Electric Corporation shall supply & motor meeting the
! following minimim specificstions:
1 TTEM: 400 Cps, 3 Fusse, 40O Frame A.C. Motor
1. Input Fover - 400 + 20 Cps.
t e + 10 volts A.Cs - Line to Line
:‘ 3 Phase
; 2. Minimum Rated Capacity - 22 in~f at 5600 RPM
f Starting Torque -~ (Min) = 125% operating torque
2-) 3. Power Required = Curreat Drain 8.8 Aup. per Phase (Max) at 22 iu/§ Torque
l Power Factor - .50 {min) at 22 in/§ Torque
, l Efficlendy « 75% (Min.) at 22 in/§ Torque
L, Wire Ucnnection - Color Coded ~ Pigtall type
o Miztmm Length - 36"
5. Duty Cycle - Continucus
i 6. Life - Minimuz 200 Four - lhder conditiona described below:
l NOTE:
o Entire motor will ts sncased in & sealad contalner vwith
l & volume of approximataly 1/3 ft.J. The maxtmum continuous
operating time vhils so encaped is 30 xinutes. It will also
; ' be expossd to ON-OFF oycling where by the on time in any
o given 60 minute period shall be less than 30 mizutds.
l G-‘Z 7. Pacisge - See Drawing 8K 29)00-372 Afore \
l Outlize of meximun spees envelops and mownting pad (;M.a.zl.

Mg My
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ELECTRONIC DIVISION Gcsonl
memtassmegestasencagensamnd | [l

1419 CENTRAL AVENUE, MINNEAPOLIS {2, MINKESOTA

SHEET. 2 OF,

RELEASE DATE__ O/14/62

| —

|

M3 29100-375

ENGINEERING DEPARTMENT SPECIFICATION.

»h

I
|
l

F_I.__-M

l

8.
%

Welght = 10.5 1bs. maximm
Bavironment - {See 5.)

Temperature «65°F + 160°F
Accelaration~ 10 g's in any direction

Vidbration =~ 5 to 500 cpas at 0.036 inch double anplitude or
+ 10 g's whichover is lower value.

»Hit uo
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General aHerr.{ OF_\
' ELECTRONIC DIVISION . A
)I 1620 CRNTNAL AVENUE, MINNEAPOLIS (2, MINNESOTA Pmas RELEASE DATE_April 2, 19_6_g
| ENGINEERING - DEPARTMENT SPECIFICATION 338 - 29100 - 610 .

|

STATEMENT OF WORK

EXTERNAL RIMOVABLE AIRCRAFT TANK ASSEMBLY
FOR GENERAL MILIS EIECTRCNICS GROUP

vt g

B | Ponen sresrs Ll ouk v _é[z%k

7

ECO NO. REV.

REMARKS DATE

INIT,

-2 4

APPRQOY. )
| | Y |
ENGINEEN iz ENGINKER HIZF PROJECT sEA |
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ELECTRONIC DIVISION Genoral sHEeT AL __of &y
psmmemssmeses ( Mt

18 CENTRAL AVENUE, MINNEAPOLIS 15 MINNESOTA RELEASE paTe April 2, 1962

ENGINEERING DEPARTMENT sPECIFICATION @48 - 29100 - 610

|

T e T T

i TARLE OF CONTENIS
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;I 1.0 TBCOPE .« 4 v v s e e ke e e e e e 1
i .
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; b2 Noge 360100 « = & + 4 v e 4 aTe t s e e s L
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1“'3 T&u&cﬁon...,.............. 5
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ELECTRONIC DIVISION Geseruk
serpaansaensannsetes | [l

1630 CENTRAL AVENUE, MINNEAPOLIS 13, MINNESOTA

sHeer_ 13 oF 14

RELEASE DATR_APFAl 2, 1962

ENGINEERING DEPARTMENT

SPECIFICATION. @S ~ 29100 = 610

The

paragraphs of Genersl Mills Speeification No. 29200-610

. folloving
shall be changed as indicated below:

Paragraph

2.4

Jobe
33
3.6

3.8

!‘0103
hnlo’

§.2.6

5.2.8
h.1.9
5.1.20
b2,
$e2:3

k2.
h.2.6

Change
Chongs "SK20100.508" o “SK29100-658"
Changs "SK29100-609" to “SK29100-699"
Change "sK29100-612" to SK20100-698*
Tolete "Aft Gas Tonk”
Tolete "Aft Gas Tank","And Cover! chisuge"supplied”
to"fngtallad”

Adld Statemsant” The contTastor shall w0t Ve respoa-.
sidle for adverse flicht characteristica or buffeting
arising from pylon or aireraft characteristics.
0 paragrophs 345.7 and 3:50701 of HL-'I'-73’(8A.

AdQ "Provisiun sholl be wade for alternate wuse of
14" lug spasing.

- Delete the Entire Parapgroph

Dalsbe the Entire Paragreph

Delate the Entire Paragraph

Change "Station 46" to “"Statiom 52.1"

Delata the Entiro Parsgroph

Change "Staticna 46 to Station 52.1"

Changa "Statdon 45" to Station 52.1"

Change Putire Paragraph to Resd &s Follows:
Orifice well, frans wod sjection tube shroud ss shown
on 8K29100-698 and SK292.00-699.

Changs "Three to Four?; "One from station LO“to
"two fyom station 40"

Change Entire Faragraph to Read As Folloves
Gas linas fyom station 40 Lo center of fumer tank and

from center of inner tank to staticn 1zh.25.

Mit Mo
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ELECTRONIC DIVISION ("General
g3zrespazerasemsrergagssences | MEINs

sHEET_ 1V __or__ i

1620 CENTRAGL AVENUE,

RELEASE DATLAFm_a,_m_

ig 12, M}

+ tap————

ENGINEERING DEPARTMENT

iV + N
SPECIFICATION_29100-610 .

I

Paragraph
4.2.8

h.2.9
he2.20

hustl
8.3.3

3.3.16
.3.5
4.3.6
11'03'7
%.3.9

h.b
Bolead

5.0
9.0

. Changs

Changs Eutire Paragraoph to Read Aaz follows:

Insulation in spaca between inner tank and outer sheil
station 52.1 to station 109.%5. Insulation in space betvee
frmer tonk and sleeve stations 40.5 to 52.1 and stations

109.5 to 125.75
Chsnge "Station 118.25 to Station 109.5

Changs "Station 46,0 to SBtatfon 52,1";Station 118.25
to station 109.5 - .

Change "Station 118.25 to Station 109.5
Changs "Staticns 133.5 and L4T to Stations 131550 add

Chauge Entire Parugraph $0 Rodd as follows: Fin sypport
bulkhead snd section Joint Station 159.50

Changs Entdre Paragraph t0 Read as Follows:
Electrionl compaxtment Stations 136.75 to 130.7%

Changs Entirs Parpgraph to Raad ag followos
Blectrical compartment stations 156 1o 15950

Change Enfdre P 0 Read ag Follows:
Support ring statio 242 Buliheod seotion Joind
atation 170.

Changs “Station 118,25 to Station 109.5"

Chorge "Sactions to Secticn"

Chanpge Entire Porazraph to Retd as Follo.ns
Fabpicotion of fannsr tank shell per QML Druwing
SK2G100-648 . '

Ada "Goneral [illls, Inc. Will supply alr loading dates

Changs "90 dsys to 120 days"
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STATEMENT CF WORK
WWABHWMYKWFORWMIM BIECTRONICS GROUP

1.0 ScopE

Tais dncuman"c descrives the design, perforvance and delivery reqidrements
- for the engineering and manufactwring of an axternal, removabls airereit tank
assembly and the accompanying requirements for documentation. .

2,0 APPLICABLE DOCUMENTS

2.1 ' Conference at Fletcher Aviation Corporation attended by R. Lindqudst
and J. McOillicuddy on April Lth and 5th, 1962.

"2.2 Quotation from Flotcher Corporation (T. Derlashter) to Gomeral Milla '
dated Januury 22, 1962.

2.3 Bpacificationa MIL-A-8591B and MIL-2-T378A.
2.4 Genoral Mills, Ine. drawings No. SX 29100-612, SK 29100-608, 8i 20100-609.
3.0 REQUIREMENTS

3.1 The contractor ia to aupply scsemblies consisting of tha outer tank
or shell, various structural clements, access doors, and an innor tank foamed
ia place; herevinafter these asscmblies will bo referrad to simply aa tank assomblies,
or tank ascembly. Each tank asgembly will conaist of thres subsssemhlius designated
the nose section, the center section, and the tail section, Conctruciion shald
be such as to allovw ropeated dicageembly of the main tank assemuly into the three
subassomblies and reassombly. Design and construation 18 to be in accordance with
the requirements of this work statomsant including referenced portiona of the
applicable documents.

3.2 4dhe tank assembly when carrying the losdu dasignated on Ceporel Mills,
Ine. drawing SK 29100-612 shall be sultable for Zlight on the F-108, 7-105, 5-66,
A-UD, A3 and the USD-5 droms aircraft, including arrested landing and catapuls
talo off conditiona, and gt apeeds of up to 0.99 Mach mumber at cea lavel. Ioad
faotors no less stringent thom those in MIL-A-8591B and MIL~T-7378A shall be used.
The tank assemblies shall satisfactorily withstend the full range of enviromients
the above listed aircrsft ars designed to withstand., The tank asgembly shall be
suitadle for installation at wing station 106 on the IP-100D aircratft. ’

3.3 The weights and locations of loads for wvhich mounting provisicns must
be made and vhich the tank assembly must be suitabls for carrying are showa in
. Goneral Mills drawing SK 29100.-612.

i MR




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

Date: JUL 19 208

eHET—2 . _or. §

1638 CRMTNAL AVENUE, MINNEAPOLIS 15, MINNESOTA

RELEASK DATE. April 2, 1962

ENGINEERING DEPARTMENT

SPECIFICATION G18 ~ 29100 - 610

Y o %

1.4 The fnner tank 15 to be supported in place and insulated from the outer
skin o sholl by the fosmed-in-place insulation designated on QML drawing Ro.
SK 29100-812 unless the conptractor's structural analysis reveals an inadequacy
4n this insulation. In such case, tho contractor is 0 notify Gemeral Mills, Inc.

3.5 The maximum weight of tho tank and nssembly, including the outer skin,
all structural elcments, accesds doors, and all parts desoribed in paragraph Lo,
exoluding the Forvard Gas Tank, Aft Ges Tank, and Centor Structure of ths Inner
Tank, sholl not exceed 325 poumds. : .

3.6 Ths contractor shall provide all materisle exclusive of the Forvard.
Gas Tank, Af% Cas Tank, Orifice Mechaniem and Cover, and Center Stxucturs of the
Inner Tank, which will be supplicd by General Mills, Ine.

3.7 Tho tank assembly is o meot the requirements of the follawing paragraphs
of MIL--7370A. ‘here reference in Shoss paragrophs is made to "fuel tanke" 1t
shall be construed to refer to the tank assembly that is the subject of work
statement. Also, raquirsments or referenced portions of applicabla paragraphe
are limited only to those that oxist if powderod solid material is corrioed instoad
of fuel and vith no requiremonta made for bandling the powder but only for storing
it in varying quentities in the inner tank, This excludas all requiiw ends that
result from the peculiar chorncteristica of aviation fual in contrast to the
charactoristics of the powder, that arise from direct contact of o losd with any
part of the skin and structure and tbat arise from the provisions that must be
made for hendling fuel.

3.3, 3.3.1, 3.3.2, 3.4, 3.b.1, 3410

3.5 Design (Modified) - Tanks with access doors cttached chall be co
deoigned as to not admit water during flight in rain and during washil, Ly hosing
vith woter. Tho tank assembly including the extarior skia, the structural
elementa, the foamed-in-place fnsulation, and the interior tank shall comprise
4he neccasary strength to provide adequately for combined loads eud 3ires3cs a3
outlined in Parsgraph 3.3.5,

3.5.2 Weight (1fodffiud) - Buphasis chall be placed on dosign GO create
the lightest weight tank that will meet the requirements of this specification. ;

34543, 3.5.3:1

3¢5.8 with 3.9.6 C and D delated

3.5.6.1, 3.5.6.2, 3.5.6.3, 3.5.6.%, 3.5.6.5
3.5.6.6 vith "load" substituted for "fual'

M1$ MO
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3.5.6.8 vith "or 1ts internal ccmponents" deleted

3.5.7, 3.5.7T.1

3.5.7.2 Flubtar (Modifiel) -~ The tank assembly shall te designed to
have gafe flubter characteristics throughout the speed and altitude range end
for all attiftudes and mansuvers which tha siroyaft will porfoim with the tank
installed. Full and empty tntornal tank conditions as well as partially full,
levol flight conditfons shall be constdeved. In oddition, for partially full
conditions, the forward center of gravity condition caused Ly all the load
woving forward and the aft center of gravity csused by aft shift of the load, .
shall be considerad. In the svent that the design appears to have liw flutter
apecds or marginel flutter safety due to cdverias frequency ratios, General Mills,
Ine. chall e informed of this Wwfore fwther work is corried on. ‘the Contructor
shall not bo responsible for flutier pioblems arising fxrom pylon or alrarait
charsotoriatiag. . :

3¢5.7.3, 3.6, 3.6.1 (Modiftod) ~ Delete "riveting through ths tani
wall chall not be permitted”.

3.6.2 (Modified) - Dolate second gentencae.

3.7 Performance (Modified) - The tank assembly chall satisty the
performance requiremonts of Parsgroph 3.7.3 {Hodified), 3.7.7 and 3.7.8, tut
tosting to thege requiroments is not required by this work statement.

3.7.3 (Modified) ~ Dalete "or svidence of lesksge",

: 3747, 3.7.8, 3.8, 3.8.1, 3.8.1.1, 3.10 {(Modified) - Dolote "“and
uged” from :first line.

3.10.1 (Modif{ed) - Delete "plus” frem Line 7 and delats -oupletely
lines 8 thru 12,

3.12

b.%.1 Examination of Product (Modified) - Dach tank zssembly shall
be examined to determine conformance with all the paregrephs and modiiications
of parugropho of MIL-T-T378A herein ligted.

- 5.2 Class 2 Tanlts (Modiffed) - AlL Class 2 tanks unless otherwise
spacificd, shall be packed in wooden cratss conforming to Specification MIL-C-G43T
or equivalent in unit quantities of 1 cach. Contrary to the requirements of
MIL-C-5437 no samplas are requirsd, no identiffcotion maridngs snd no tests are
required. .

5.2.2, 5.3

10 Mp
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3.8 The lug spuoing on the hangar flttings shall be 30 inches in acoordancs
with MIL-A-8551B.

3.9 Any holes mads and used for the purposc of lastslling the tmd-tn-pluo
tnsulation ara to be nesatly and smoothly covered with & durable material.

4.0 DESCRIPTION

The tank assembly will comsist of tho following and will incorporate
gtructursl provisions for equipment to be mounted:

k.J.‘ Nose Secticn
4.1.1 Turitine Gemerator Support Ring Station 13
h.le2 Two Accoss Doors ond Frames

4.1.3 Dulkheads in Front and Aft of Forward Ges Tank Stations 22.5
and Station 30.5

L.1.h Cas Tenk Attachment Ring Station 28,5
4.1.5 Installotion of Forward Gas Tank

%,1.6 Insulation baotwaen Forward Gas Tank ond Outor Shell in Voluwe
Znolomsed by Bulkheads.

hel.7 Brackets %W support Valves, Preasure Regulators, ete.
L.1.8 BSection Joint Ring Station 46

4.1.,9 Eleatrical Conduit and Ges Ling from Forwerd of Gas Tonk to
ALt of Gas Tonlk

%.1.10 Outer Siell Assambly Station 13 to Station U5
4,2 Centor Section
4.2,1 Section Joint and Innor Tank Suppord Ring Station 46

L.2.2 Main Support Structure Including Lug Attachments, Swny Drace
and Bjection Aress, and Support Hings

4,2,3 Orifice Woll and Prane
4.2.4 Three 1/2" Diameter Conduits - Ons from Btation 4O to Station 12h.5,

a Second fyom Station +3 to a Station Buitabls for Uzidliecal Connection
Provigions, and & Third from Station 224.25 to tha Omlice Well.

Ml MO
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4.2.8% Connactor Well, Connectors, and Well Cover for Unbilicsl
Connection Provisions

4.2.6 Cas linas from Station 4O to Center of Iuner Tank and frow
suuonlau 5 t0 Endas of Inner Tank

L.2.7 Instalhtaen of Iuner Tank

4.2.8 Inaula.tion in Space betweon Inner Tank end Outer Shell Station b6
$c Station 118.23

" 4,2.9 Section Joint and Inner Tank Attachment Ring Station 118.25
4.2.10 Outer Shall Asasmbly Station 46 to Station 118.25
L,3 Teil Secticn
4.3.1 Section Joint Ring Station 118.25
&:3.2‘: Two access oors and Framos
4.3.3 Support RAings for Actuator Stations 133.5 and 147
L,3.4 Bulkhead Forward of Aft Gas Tenk Station 159
h.3.5 Aft (es Tank Support Ring Station 162.5
4.3.6 Installation of Aft Oas Tank

4,3.7 Insulation in Spsce betweon Af{ Gas Tank and Outexr Shell
Station 159 to Statten 180 -

4,3.8 Brackets to Support Velves, Pressurs Regulators, and Electrical
Components in A% Compartment

4.3.9 Outer Shell Assambly Station 115.25 %o Station 180
4.5 Inner Tank Shell Secticns

be4.l Fabrication ¢f Two Ssctions of Inner Tonk Shell pexr OMI
Drawings 9K 20100-608 and 8K 29100-609

4.5 Additional Structural Mombers
4.5.1 Any Struetursl Roinforcement Members in Addition to Those

Listed in k.1, b.2 and b,3 vhich zay be Required in Ordar for the Tani Assambly
to Most the Specifisd Loading and Flight Conditions

o
uie M0
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5,0 STRUCTURAL ANALYSIS

Three coples of the aunulysis of structural charsctertstics of the tank
assembly ashall be supplied General Mills, Ine. at least ton days prior to the
runming of any structural tests, or at lesst 10 dayn before shipment of the
first item to Gaperal Mills, Inc., whichever 13 sarlier. Tho analysis shall
Lnelude:

A list of loading conditions considered
A list of any ascumptions made
. Pormulas and equations used with sourcs references
Actual caloulations
Tabulaticon of results

o R0op

Ioading conditions considered in the structural analysis ere to include,
in addition to inertia loads, asrodynamic drzg, side loeds, verticel loads,
pitobing moment and yawing moment.

6.0 TESTING

Requircnents for tosting will be mede the subjmet of a separate work
otatoment.

7.0 IRAWINGS )

A reproducidle and two prints of each cssombly and deteil part drawving for
the tonk asoembly and its constituont asdemblies and parts shall be submitted
to Genoral Mills fifteen days sfter dalivery of the hardvare. The drawings
shall depict the final deseign condition of the hardware aupplied.

Tha top cssembly drswing chall Le approved by Ganoral Mills, Ine.

8.0 INSPECTION

Gencral Mills, Inc. shall have the right to monitor at any time iwwioen
lotting of the contract and the dslivery of the hardwore, tbe fabricutioa ol
parts, procesges, assombly work, and any teabing required to Le qone, thia
monitoring to be done through & representative daesignated by Cenoral Milla, Inec.
§.0 DELIVERY

Tank asscmblies ordersd shall be shipped to Ganeral Mills, Ine, within
90 days of recoipt of order.

it MO
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GENERATOR, RAM AIR DRTVEN

1.0 score
1.1 g:% ~ This specification covars the requirements for a ram air driven
el

goneratar. fically, the cpociffcation pertains €0 a umit similar to the
Alligon Division of General Motors Corporation, Model GAL2UGH-92,

1.2 Clacsification -~ The generator asscmbly couslata of & ram sir turbine
assenbly dariving a 1.5 KVA geacrator intended for use &8 & primary pover sowrcs.

2.0 APPLICARLE DOCUMENTS

The following documants of the dnte specified shall form & part of this
specificetion to the extent speeiffed herein:

Spacifications:
UIL-E~5272A Environmental Tooting, Aeronautical and :
Asgociated Rguipment, General Speeificution
for, dated 16 Soptember 1952,
1IL-Q-6099A Gonerators and Regulators, Aircooled A-C,
Alceraft Genoral Speciffcation for, datod
25 Murch 1957.
UIL-8-7ThoA Serow Treads, Standard Optimm Seloctod
Sarins, General Specification for, dated
3 Ducembar 1959.
MIL-E-T894A Electrical Power, Aircraft Characterintics
: of, dated iT Hay 1955.
MIL~Da70327(1) Drawings, ¥ngineering and Associated Teets,
datad 1 July 1959,
Standards;
MIL-S(D=130A Identification Markings of U. 8. Military

- Property, dated & September 1958,

MIL-8TD-210A,Chg.1 Climatic Extremes for Military Equipment
dated 30 November 1958,
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Dreyings: .
GMT 5K29100-603  Generator-Ram Alr Driven dated 2/21/62.
3.0 RUQUIAGENTS ‘

3.1. ¢ nents « The generator assembly shall consist of s ram air turiine
drive. unit coupled to & 115/200 volt, WO cps, 3-phsse, wys connacted generator.

- 3.1.1 Ram Aix Turbins - The ram air turbine chall be a two blade unit with
& salr-contained mo cal govarmer., Tho governor sball be housed in. the twidne
spinner and act to change the turbine blade pitch to maintain the generstor rpm
batween 11,400 and 12,900 rpm. .

3:1.2 Gdenorator - The generator shall be ratoed at 4.5 KVA at .75 pover fagtor
and o nominal 1157200 volts. The cloctricel characteristics of the genmerator
shall be identical to the Allison Model GALZUGH.92 generator assembly, Tha .
generator shall be made up of a thrce-phase, "wye" conmected stator ond o buflt-up
Dermanent magnet rotor and it shall have 10 trushes, slip rings, oxr rotor windings.
Tha output veltage chell bo controlled by & solid state voltags regulutor.

3.1.2.1 Yolimge Regulator - The voltage raogulator ahall ba a solid siata
device. The entire voltage regulator ascembly shwll be encapsulated in & ueterial
dasignad to withstond the cuvirommental conditions outlinad in MTL-8TD.210A Chr. 1.
The voltage regulator shall bo housed in a wolsture-pruof container suitaile fur
mounting on & flat heat conductive surface. Tha physical dimensions of the
regulator shall not axesed the following:

langth - Tive and one-fowrth inches
Width - three and one-half inches
Hoight -~ three inches

The welght of the regulator shell not excced three pounds. A Bondix Scinflex
B/N 10-42220-TP typo connector shall be used to vrovida nacensary slectricsl.
connactions,

3.2 gtendord Parts - AN ond MS standord parts shall ba used whare suitable *
for the purpose. TRess parto shall e identiffad Ly tha stundard parts number.

3.3 Matorial and Praocesges ~ The materials and processes used shall be of
high quality, suitcble for s purpose, and shall conform to govertment specifiiue
tions whers applicatle. Materiel conforming to Allison or AMS specifications zai
s used. Approved materials or procecses shall be thoue materisls or processes
used in W manufocbure of the unit vhich pasges the offfcial qualificstion tash
specified hereln or sre subsequently approved through & material shangs.
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3.3.3 Protectiva Treatment and Contings ~ All parts act in constant contsat
vith oil, except working surfocesa, ends, Or drive pad faces, shall ba corrosion
resistant or suitably proteated. .

3.4 Design ard Comstrustion

3.4,1 Operation - The gensrator assambly provides elnctrlcal pover, bcing
driven by means of a ' ram aixr twbine conaisting of bdiales, hub, spinner, chaft,
and a fly-welght spring governor witich maintains approximately constant rpn by
controlling blade pitch.

3.h.2.1 roti ed - The ram alr turhing governor thall he c {abla ot
mointaining turm—m&bim opeed within the ranga of 11,400 to 12,500 rpm (380-430 cps)
under steady astate operating conditicns with raom alyr inlet valocities within the

renge of 300 to 650 KTAS at an altituds of 500 feet.

3.%.1.L.1 Over - During load transients and Auring starting the ram -
air turblne governor s%fl maintain turbine speod within the range of 10,800 to
13,500 rpm §356-450 opa). Following a load transient or starting, steedy etate
oporation shall be established within 3 seconds.

1.h.2.2 Direction 9f Rotation - Whan viewed from the rear the direction of
. rotation of the aly turtine and the alternator shall be countexr~clockvise.

3.b.2 Balanca - The amount of urbalance of rotating componemts chall uoe
excteud 0.01 of. in. .

3.4.3 Lubrication = ALl lubrication poimts shall da parmanently lubricoted
at asseubly.

3.4.4 Connectors = The eloctitcal connactors on the generator shall Yo a8
chowa on the oubline dvavwing, (GMI SK29100-603).

3.be5 Struenurg

3.4.5.1 MYounting Provisions - Generator mounting parcvinom shall ba oa .
shown on the outline dreving, (@ 8KR9100-603) . '

3.4.5.2 Overspeed Tule = The wnit shall be capable of operation at
15000 rym for a period of ona minute with nd output lcad.

3.4.5.3 Ultivete Structural Load ~ The generntor unlt ond its mount.ing pro=
viston shail be c cepable of w{thetanding an ultimate scoslexation of 4O g's paraliel

to the mounting base and mlong the transverse axis and & simultancously a.ppliod
air load 4rag bassd upon an airspeed of 800 Xie TAN.




e

T TE TR i)

F i lassified
rage determined to be Unc!
Reviewed Chietf, RDQ. WHS

AW EO 13526, Sastion 35

Ua(e‘}m- 19 m

- e m———— o -

¥

sHeeT_% ___op 11

RELEASE DATE_April 3, 1962

ENGINEERING DEPARTMENT

SPECIFICATION. 318-29100-61),

e r———— - —r—. . ST

3

I

Y A A o o, o ot 3 e —em—

[

3.‘5 Performance - The paerformance spacified herein is based upon operation
of the generator its axis of rotation within *1 degres of the direction of
airflow: All air velccities specified ars free stream velooities.

3:5:1 ZHatings - The parformance ratings shall be as follows:
’ Standard Conditions

v

Airspead Turbine Rotor Electaical Load Power
Rating Kts, TAS - Speed rpm KvA Qun.) Pactor
Continuous 300 - 650 12,000 k.5 75
Condition I 300 = 650 12,000 10.0 .05
Condition II - 3C0 - 650 12,000 4.8 .65

During power transiants & peak load as defined by Conditicn I shall be penﬁtted
for 30 milligeconds followed by a secondnry load, Condition II, the duration of
which shall not exceed 12 gaconds.

3.5.2 Altitude - '.I.’eg?mtwe Liudts for ggre.ung ~ The genarator asscmbly
sball ve capable of operation a% altitudes betwuen sea level and 45,000 faot
pressura~-altitude, at sll airspeeds between 300 and 650 Kts EAS, and throughout
the tormporatuvre range specifiad in MIL-STD-210A Chg. L.

3:5:.3 Drag - The drag furce of the ram afr turbine gemerctor shall ba the
ninimes value compatible with good turbins dseign end 1in 10 case shall it excged

100 lbs. at 650 Kta BAg.

3.5.4% Enviromrent ~ The rtom air turbine gemerator shall Le capabie oi peseing
the requirements of paragroph 4.1.3 after being subjected to the envirumucntal
tests of peragrephs 3.5.l.1 throuch 3.5.%.9. 'Jowever, tasting to paragrophs
3.5.4.1 through 3.5.4.9 1a not raquired LI previous ram sir twbine gererator
units of similar design and maeterisls have passed thege tests. )

3.5.5.1 Temperature Shock « (Ref. Pora. 4.3.1 of MIL-B-5272) -~ The turbine °
generator assambly shall be capable of baing subjected to (3) . temperature
cyclos consisting of four (4) hours in & chamber maintained at and foue {4)
hours in & chomber maintained at -bO°P with a mextunm of five (5] minutes botween
teuperatwre changes. Within ona (1) hour of completion of this tesh, tho unit
shull by copable of maeting requirements of parsgraphk 4.1.3.

3.5.5.2 5Salt Spray - The turbine generator assembly shall be capuble of
being subjocted tO & ﬁi‘a spray test which wmeets the conditicons outlinad in .
peragraph 4.6 of MIL-B-5272. The test period shall be for a &duration of 100 howrs
ot & Semporaturs of 95°F. Upon completion of the test the undt shall ;ase the

requircements of paragraph 4.l.3.

e
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3%5.4.3 Shook = (Ref. Pars. 4.15.2.1 of MIL-B-52T2) - The turtine genwrator
asscnbly shall te capabla of withstanding 18 impaot shooks of 15 G, coneisting
of three shocks applied in ecach direction slong sach of the three mmz;
perpendicular axes. Each shock impulse shall bave a tins dure¥ion of 11 T mlll-
ssconds. The "0" value shall be within *10 percent when measured with a 100 ape
filter and the maximum "G" value shall cccur at approximstely 5.5 milliseconds.
There shall e no mochanical failure. The unit shall Lo capable of moeting the

roquirenents of paregroph hi.1.3 upon completion of this test. :

3.5.5.4 GSand and Dust = The turbinc generator assembly shall ba capabla of
being placed in & test chumber and subjucted to & sand duot concentration for six
hours, The conditivas in the test chambar shall be as follows: -

a. Tae relative humidity shall not excesd 3O percont.

b. The sand dust concentratica shall be ryaloed to and.
waintained at 0.3 $0.2 groms per cuble foot.

o. The internal temperature sholl be 77° #3°F.

4. T gand and dust laden air velocity shall be 100
ta 300 feaat por minute.

The sand and dust mixtuwe shall have tho charactoristics cutlined in poise
graph h.1l.1l of MIL.-E-5272. ‘Mia tast shall be repeated with an latorzal temperas
ture of 160° ¥30F, he unit shall paze the requiroments of paragraph i.1.3 upsn
completion af thia test.

3,.5.%.5 Humidity ~ The turbine generator asscmbly shall Le capnble of being
placed in a sultable test chamber (per paragraph 4,4, 1 of MIL-E-5277) and cubjectad
to 15 eyelas (360 hours). Zach aycle shall consist of the following:

(n) The internal teet chamber temporature shall be uniformly
raisod from 84° $16°F to L60°P during a 2 hour period.

(%) The 160° temporature and relative humidlity of 95 percent
zhall be maintained during the following eix howr pa~fod.
Distilled or demineralized wotar having & pH valua of
7 0.5 at 77°F shall te used to obtuin the desired iwidity.

{c) The intornal tast chamber tcuperstura shall be uadfsinly
reduced to 84° TI6°F during the following 16 hour, period.
. 7
' The unit shall pass the requirTemzusc of jovagraph 4.1.3 uponlcompletion of
this test.
3.5.4.6 Fungus - The turbine gonorator sssemuly shall be capable of being
sprayed or dipped in o Jpors suspension prepared in sccordance with the require~
ments of yaragraph 4.8.1 of MIL-B-5272, and then placed in & tast chamber capable
of maintaining the zalative humidity at 95 percent acd the ictormal eciaraburs
at 86°F for a test period of 28 days. The wnit shall pess tho requiremants of
paxcgreph b.1.3 upon completion of this tess.
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" assembly sball be capable of baing subjected. to the tests defined in {s) and (b)
below. The wnit shall not be operated during these tests.

AN M R LR A I R RS AEEARI SO0 .
e RELEASE DATE_APFLY 3, 1
immtmua DRPARTMENT amEcIFicATION . 8829100611 i
. . ‘4‘?\‘:{:. .
I [ RN « (Ref. Pars. 4.7.1 of MIL-E=5272) - The turdine ganarator

(a) Resonance - Tha unit shall ba scannad along each of 1ts
three (3] mutually perpendicular axes for resonant frequencies
throughout the rangs of 10 to 500 ope at an spplied double
anplitude of ,036 {nch or an applied acceleration af 210 G,
vhiochever 1s the limiting value. The wnitb shall vitrated
a% the resonant fraquency along each &xis e&s Lfollowsi

31% 60 minutss at 77°F.
2) 15 minutes at 160°F.
3) 15 xinutas st -65°F,

Waen more than one resonant frequency is oncountered with
vibtration applied along eny one oxis, the test pericd may be
accompliaied at the woot ssvere regonance or the perisd may

Lo divided among the resondnt irsquensies, vhichever is con-
sidered most likaly to produce foilure. When resomant fre-
quancies ore not appevent within the above range of fraquencies,
the generctor shall be vibdbratad for pericds twice as long as
those opecified in (1), (2), and (3) above at a frequency of

55 ops and an applied double amplitude of .060 ineh.

(v) %’gsg « The unit shall be cyclic vitxated along each of its
. mutually Perpendioular axes between 10 and 300 cps in
15 minute oysles ad an applied doubls saplitude of 0.036 inch
or s applied acealoration of 110 0, whichever is the limiting
valuo, Tho testing period and temperatuwres shall be the sane
as speaified {in paragraph 3.5.&.7“?&, (L), (2), and (3). ‘he .
linosxr accolezation along either of the cther two mutually
perpendicular axaes shall not exceed 155 of the linear accolera~ :
. tion along the axts being excited. The angular scceleration
ahall net oxceed 2.7 of the linear sccaleration slong the
axis bheing excited, per inch, as measurcd along a radius of the
angular ncceleration. {For example: If the linear accelaraticn
183 10 G's along the oxis being uxcitad, no angular acceloration
can sxceed .29 G's at a one inch radius from the axis of the
angular acoelerstion). The above linear and angular acceleration
linite apply 0 the lixtwre surface against wbioch the unit moumts,
over the area of contact betwoen the unit and this surfacse.
There shall be no indication of dampge or mschamical railurs. .. -
The unit shall pass the requirewents of yarsgraph k.1.3 upen
conpletion of this test.

1 o
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3.5.4.8 low zatige Start - The unit ahall be capadle of ‘od.n; mmed ,
in & suitadle wind tﬁa’ at a amnzud sublent tmmtm of -65°! and undexgo

the following tests:

{a) With the turbine rotor blocked, establish vithin 30 acconda .
‘steady state air veloaity of 360 Xts 2AS and remove blocksgs.
The uni’ shall start and accelerate to 11,400 rpm with s
4500 VA (&t .73 P.7.) load applied within 4 seconds from removal
of blockage. The unit shall complate ten such starts. In place
0f blocked rotor operation it shall be pexmissidle to suddanlv
sject the it intoc the established airmtreanm.

(v} Upon completion of m starts, the unit ahall meet the r.qmre-
- monte of paragreph L.l.3.

‘4

3.5.k.9 L rature Start -~ Tha unit shall bo capable of being mounted
in & suitable ﬂ%-t\mmr 8% & Stabilized emdont tomperaturs of 160F and undergs.

the following testas

(a) with the turiine yotor blccked, astablish within 30 seconds
a steody rtote alr velocity of 360 Kts EAS and remove ",
blockoge. -‘Ths unit shall start and accelerate to 11,400 rpm '
with & 4500 VA (at .75 P.7.) load applied vithin L seconds.
The unit shall couplete 10 such starts. Ino plece of blocked
rotor operotion 1% shall %e permissible to auddenly sject the
unit into the sstablished airstreu.

(b) Upon complation of 10 starts, the unit shall mset the
requirements c¢f paregreph 1+.5.!3.

3¢5.5 Qonerator Parformance

3:5.53.1 ¥Wave Form - The crest factor and harmonic contant line-to-line and
line~to-noutsal of the outpus voltage shall conform %o the nquzrmnts of
specification MIL-G-60994

3+5.5.2 Bhort Circuit Capacity - The gererator shall be capabls of supplying
300 porcent rated current during a sinzle or three~phase fault condition for thru
seaonds wvithous impaiiment of generator characteriotics,

3.5.5.2 Unvalanced Ioad - The generator shall be capabls of meeting the
folloving unmuirmm at 400 cps, 11% volts nomiral and 12,000
rm.  The percent unbelance of line voltege ahall be dafined as 100 times the
naxiawe devietion of the line voltege from tha average of the thres lins volema
divided by the aversgs of the three line voltwu.
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3.5.4.8 low ture Start - The unit shall be capable of being mounted
in & suitable vi"ndzgt!wmig %"‘.‘e""; etabilized anblent temperaturs of -5§5°P and undergo
the folloving tests: .

(a) With the turbine rotor blocked, establish within 30 awcouds &
‘steady stite air veloalty of 360 Kte 2AS and remove blookage.
The untt shall gtart and accelerste to 11,400 rpm with &
4500 VA (at .75 P.F.) load applied withis 4 geconds from removal
of blockage. The unit ahall complate ten such starts., In place
of bloaked rotor operstion it shall be permisaible to suddenly
ejact the unid into the estahliashed airsiresa. 1

(v) Upon completion of ten starts, the wnit shall meet the requive-
- ments of paragraph L.l.3. : .

]

B

3.5.4.9 xig% Temperature Start - The unit shall be capable of being mounted
in a sultable wind tunnel at a @ zed emblent tozpersture of 160°F and undergoe .

the folloving tests:

(a) with the turbine rotor blocked, astablish within 30 ceconds
: & ateady state alr veloosity of 360 Kte EAS and remove .
blockage. Thue unit shall start and accelerste to 11,400 rpm °
with & 4900 VA (at .75 P.¥.) load applied within 4 seconds.
The uni® shall completa 10 such starts. In place of bloaked
rotor operntion 4t shall be permissible to suddenly eject the
unit into the established airstream.

(%} Upon complation of 10 starts, the umit shall meet the
requirements of paragraph b.lt3.

- 3.3.% Generator Parformance

3.5.5 1 Wave Form -~ The crest factor and hermonic contant line-to-line and
line~to-noutral of the output voltage ehall conform to the reoquirements of
specification MIL-G-6099A. ' ,

3.5.%.2 Short Cireult Capacity ~ Tha generstor shall be capable of aupply:.z’z&

300 percent rated ourrent during a single or three-vhase fault condition tor three .

seconds without impairment of gevarator charssteristics.

3:5.5.3 Unbalanced Ioad = The gouerator shall be copable of meating the
following unbalansad Laad requirements at 4LOO cps, 115 volts nominal and 12,000
rpm.  The parcend unbalance of 1ine voltage shall be defined as 100 times tha''
caximam davistion of the line voltage from the average of the threc line voltage
dvidad by the avermge of the three line voltages. .
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(a) With & 1300 VA, 1.0 P.F:, 3 phase load applied and an
additionsl single phace 1.0 P.P. line o neutral losd of
500 VA and, 1000 VA added individually, the maximum value
of voliage unbalance shall not exceed 6.0 parcent.

(o) With the generator carrying no three phese losd, & aingle
phase line ¢o nsutyal 1.0 P.F. load of 500 VA and 1000 VA
ahall be addad ind{vidually, The maximum valuas of voltage
unbalance shall not excoed 6.0 percent.

() With a 3000 VA, 1.0 P,F. 3 rhase load applied and on
' additional sirgle phase line to neutral 1.0 P.F, load of
500 VA and 1000 VA added individuslly, the maximun value
of voltage unbalance shall not excoed 6.0 percent.

3.5.5.4 GQenerator Coo%g - Canarctor cooling during operation shall be
obtained by providing & suitnble meand for cohdusting the hoat from the generator
to the outer shroud. Heat removal by means of rsm air cooling, ccoling ports, °
will not be utilized. The maximum allovuble surrounding air ambient temperature
wbﬁl nb:t l%g;utinc will be 250°F, The maxiumun silovable cpexsting tenpexstiurs’
i . .

3.5.5.3 Voltege Regulation - Tha voltugs regulator siall maintain tho
genarator voltage vithin tha limita of ¥2.% Aurlog steady atate conditions aud
between the following voltage limits and lood conditions for &1l designed operating
speeds and enviromments as deffued in, MIL-8TD-210A Chgz. 1.

Condtdiong ) Yoltage

kls WA, )-8 :o - 075'100 108-122
3.6 apchangaabllity ~ ALl parts having the came manufacturor's purt
mmber aba Lov and dimsnaionally inteychangeable. The drawing

number requirements of spacification MIL-D-70327 shall govern changes in
manufncturer's pors mmbars. .

3.7 Drawi - Alligon Divigion of Genarsl Motors will furnish to Genoral
Mills, Incﬁau set of enginsering design drawings for the rem olr turbl
generstor, inaluding a reproducible and two prists of each 4raving. .

3.8 Woight of Complets Unit - The maximun weight of the complate ram air
turbins mmn%a; um% AEaLL not exceed U3 pounds. )

»

3.9 Identiffcation of Product - Equipment sssexbliss, ond parts shall ba.
aarked for Ldentificotion in accordance with standard MIL~S7D-130.
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3.10 Serew Thareads - ALl conventionsl stralght sorew threads ehall be in

accordance With Ihe requirements of specification MIL-8-TTh2.
3,11 Wor - The worksanchiy and finish on all parts shell ™ in

accordance with grade airoraft practice.
4.0 QUALITY ASSURANCE PROVISICNS

b1 Acceptonce Tasts - Acceptance tawts are those tests conducted by
Allison Division of General Motors, on the ram air turbive generator assembly

(required by Gemersl Mills, Inc.) to demonstrate suitable quality control,
correct assembly and performance.

4,1.1 Accuracy of Dats - All instrumerdtation shall ba suitabls for tue
testing to be conducted sholl nol be detrimental to test tolersnces.

b.1.2 Test Conditions

k.1.2.1 Opergting Test Coendttirns = A1l teste shnll be conducted ot
approximatoly sea lsvel altitudes and all data used to establish power outpus
sasll be corrected to NACA Standard Day sos level conditions. All air velocities
specified herein are froe stream and all tusnel air veldcities used for tosting
whall W equivalent to free stream velocities. The test shall be conducted st
ambient tempernturas.

k.1.2.2 Mounting - The unit shall be mounted in a suitable wind tuwmel
with its axis of roto.eion parollel within 19 to the directfcon of air flow.
Mounting facilitles are to have negligidle effact on povar perfarmance.

4.,1.2.3 Oenerator loads - The following losds shall be used for determining
the performance ¢ ? during vind tuanel testing.

Ioad I - No losd
Ioad IT -~ Balaneced 3 phase, L700 VA at 1.0 F¥
Ioad IIT - Dalancad 3 phase, 3400 VA at 1.0 FP

L.1.3 Test Methods - Tha following tootc shall be porforwed on the wndt., .°

L.1.3.1 Belance - The ualt sholl be teoted for dynamic untalarce. The
amount of untelance 6f rotating coaponents skall not exceed 0.0l of. 1a. The
measured vidration noceleration of tha unit wiien operated witbin the speciffed
governing rpm range, at 300 KEAS, and Ioad I applied shall not exceed 40.0 G's,

4.L.3.2 Governing - Ths unit shall be subjected to tho following test
opeyation:

- (&) With Load I opplied %o the unit, increase the alr velocity
+o 6% Xta EAS mtuimum. The unit rotationsl speed shall
not exceed 12,500 rpm.

. — e S S n L T e = = et

1o no

Lo




o v

LR T

CL ke WO

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

Date: JUL 19 m

sHmar. 10 _op 1L

ENGINEERING DEPARTMENT

NG

P

I

(v) With Ioed IIT spplied o the unit, dscreaso the alr veloaaity
from 650 Kts EAS to 300 Kts BAS maximm. Tae wnit rotational
spesd shall not be lass thsy 11,400 rrm.

(a) With Load ITY epplied to the wnlt cperating in &n air velocity
of 530 Xts EAS minioum, suddenly epply Load I. %The transient

. rotational specd of the unit shall be within the limtts of
10,800 to 13,500 rpm and shall return to steady state condi-~
tions within 3 soconds alter load change. Tho steady state
rotational speed shall te within the limits of 11,400 w0

12,900 rpum.

(4) With Icad I applied to the unit operating in an air velocity
of 300 Xt& PAS minimm, suddendy apply Load III. The
transiont rotaticnal cpesd of the unit shall be within the
1limits of 10,800 to 13,500 rpm and shall roturn to steody
state conditions within 3 oeconds aftor load changs. The
steady state rotationnl speed shall be within the limits of
11,400 to 12,900 rpm.

(e} With lasd IT applied to tho usit, slowly inercase the aly
valocity to 650 Kts FAS minfimum, then slowly dacveasa the
air veloelity at o uasform rete. Thore shall be no gvidence
of pgovernor oseillation abave 300 Kte EAS windmun.

4.1.3.3 Vol;tggo ch%tton - The voltags regulater shall maintuin the gencrator
voltoge within wits o -5 during otendy state conditions ond botwoon the
speoificd voltage limits 108-122V Awring all loads and oporating specds specifioed
dwring testing ss outlined ia parogrszh 4.1.

4.1.% Rodection and Ratost ~ If the wilt doges not pass the reqguivemente
of parngropl %.1.3 Lt snall oe rejected. A rejected umt may Yo vewurked or
have parts replaced to correct the defacts, and resubtwitted for accepitnca.
Full perticulars concorning tost rejoctions end tho aoction taken to correct the
defocts found in the original unit sholl be furnisheq General Mills, Tue., \wgon
completion of the testing. .

b.2 M_f%}%qm - Qualification Tests are those tasts nctouplishad
on the generator nas to demonstrata suitability for produstion. The gonarator
aggonbly to be sold to Ganexal Mills, Inc. chall bo identical iz matorial and
workmanahip to similar ganerator assemblies whi:h have poesed qualificaticn tosts
for preduction theraby precluding any requirexent for such tests on this model.

5,3 Roports - A scmplets record shall be kept of the progress and results
of all tests. !éqn sompletion of testing, & complete test reports shall Le pree
pated and throe coples sutmitted to Gensral Miils, Ina. fo¥ approval. Ganaral
Mills, Inc. .-also raserve the right to provide s witness for any or all asceptance
tests. . R
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5.0 PREPARATION 'OR DELIVERY

5.1 Peckoging and Packing - The unit shall be packaged to assurs arrival
at thc deatination in a cloan and undamgod condition. Yhere applicable all
openings, mounting faces, and external exposed parts shall be provided wiih
suitable temporary coverings to exclude dirt and prevent damege. ALl protective
covers must be of & configuration that prohildits aaambly with nating parts
without removing the cover.

[TUN
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‘i ' ¢ SPECIFICATION FOR A NTTROGHN STORAGE AND CONTROL SYSTEM

; l 231126 Taveo System Assendbly Drawving - Also
‘ l,_ Part Ruzber Of the Bystem
f Spocifications Daseriptdon
! MIL-R8573A(A80) Boservoir, Alr (Iimited Portions Only)
MILCal0 Faosphate Coating
I' MIL-R~3043 Resin coating
. VIL-C=50%8 Coating Application
: NIL-T=5021 A Welading
]‘ I NILAZ-8821 Welding
{ MIL-I-6863 X-Ray
| MIL-H-6375 Heat Treatment
' MIL-1-6568 Magnetie Partiole Inepeetion
, HIL-845002 4 Pasgivation ,
l MIL-A-8523 Anodintng ~ Grey
' MIL-919-130 Xaeplates
[ MIL-8TD-129 Marking for Shipment

’ BUILT BY TAVCO INCQHPORATED

]
l 1.0 SCoeR
(' This spscification pertains to & ynsumstic systam vhichk storea nitrogen

a8 wnder 3000psi pressure over sn sxtended DPexiod of tinms, and provides & ‘
memmmm‘mmmanuo:mvmmmmuuum
‘of the solendid shut off valvw.

2,0 APPLICARLE DRAWINGS AND SPECIFICATIONS

| Dravings Dessriztion

| BR29100-668 Dry Mitrogen Handling System Schomatie
l' 8K290.00-67T Installstfon Layous

‘ 8K29100-606 ) Regervicr = Dry Ritiogen, Showing
outline dimensions

Mis M9
e e —h—, i ke Lot s
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' Specifications Desaviption / |
AX or MS Standards  Booses and Fittings . |
MIL-B-5272 Envirommental Tasting
MIL.p-8564 (Asg) . Poevmatia System Components, General
M3-2478 Oage
UIL-3-k0ho Solenotd

HIL-Q-5838 ' Quality Control Systen

.

. 3,0 GENERAL REQUCHRADNTS OF THR SYSTEX

3.1 Pwypose
The btasic purpose of ths systam is %0 stors dry nitrogen under 3000 psi’

pressure and provide the nscsssary valves and regulators for safe and afficlent

control of the flow of nitrogen. Ihe, pressure in the storage vessel fs rag-
wlated to glive & constant Alscharge pressurs as the nitrogen is used. Valves

are provided for charging the vassel, manually and electrisally shuiting off the

flow, flowing nitrogen through the regulator for sdjustment purposes, and
relieving excesa pressurs to the aimosphere. Roessure gavges are provided
upstress and dowmstress of the regulstor for charging aud flov regulation
Durposes.
3.2 Design
The nitrogan storsge and control system shall ccufura to the applicable
portions of the dravings and specifications listed herein and the detatl
requirements of this speaiffcation so as to NIl tho pwrpose for which
it i3 intendad to be used.
3.3 Components
The syatsm consists of two major subassesblies; the pressuwre vessel
assenbly azd the contrel valve assembly, vhich ave composed of the following:
3.3.1 Pressure Vesssl Assenbly;
' Pressure Vesssl
Nounting Arackets
Pressure Coxnegtions
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3.3.2  Coutrol Valve Assemhly
Solencid Valve
Pressure Regulator )
Eigh Pressure Relief Valve No. )
Lov Presmue Relief Valve No, 2
Manual Shut Off Valve
Gage - 5000 psi
Gage = 200 pai
Charge and Drain .\Valve
Ground Checkout and Control Valve
Suitable Precsure Connections

3.4 Envelope
The pressure veasel and control valve assemblins shall be dsaigned to
£1% in the spece provided as showvn on BX29100-6T7. Tha arrangemens of the
scmponents and outline of the system cssombly shall de as shown on 23111108
as opproved by Gemeral Mills. ‘he components uball be arranged.ss that the
‘ground orev can see the gages, sake and break the wleotrical and pressure
connections, and ajjust tho marual shutoff valve and presswra regulator,

all from the access door. Tha axit port of the system shall be a M8 33656-8
‘Gtyle E fitting paintad in the directicn of downstresm conneatoxr.

3.5 ZBavironmsntal Conditions

The system 83 asswaoled shall perforam satisfactorily vhen sulmitted to
the following conditionss
3.5.1 Tompsrature
! The ambient tempersturs rangs is -63 T to +2%0 F.
3.5.2 Accelaration
l " The maximm inertfal losdtngs sre 10 *g" vhich mey be applied
ia any direction relutive to thy systea.
' . 3.5.3 Vibration
The maxtmm vibration frequency is 2000 cyelep/minute with a doubls
, amplituds of 020 inch.
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3. 5.#' Atmosgheric .
Conditions of 0 to TOO00 faet altitude and all sonditions of rela~

tive huxddity from O to 200%.
3.8 Pressure Rating

The system shall cperate st a naminal pressne of 3000 psd. All come
ponents ghall be rated to operste at their respective pressures sud maet &
_ proof pressurs test of 1L.67 times the cperating presgure and 2.25 times the
operating pressure for durst. ’

3.7 Leakage .

External learage shall Le zero at amdient to +250 ¥ and not more than
1.0 cc standard air per minute a3 -65 F. The internal leakage 43 specified
for the {ndividual couponsnts.

3.8 Rated Fiow

The systea sktall be capable of sipplyflng & flow of 2% SCFN with the
inlet pressures varying from 3000 to 300 psip and with an outlet pressure
range of 107 to 30 Psig plus or minus 5%.

4.0 REQUIREMENTS FOR DESIGN OF TES CONTROL VALVE ASOEMALY

The individuval components making up the control valve sssembly .ust
nmaet the following specifications:

v
e de

4.1 BSolomofd Shut Off Valve

It shall de & nommally closed, maintained contact valve, ruted for contine
usus duty at:-maximys operating conditioms. It shall oper at 3000 ps! with a
maximm owrrent conswption of 2 amps vith 25 to 3L volts d.0. applied. Tha v
velve shall mewt spplicable porticns of MIL-8=UC0. It wust pezaldh o flow
of 25 SCPM with 3000 psi to 300 pai at the inlet and pressure drop compatakls
with the system performance of this specificaticn. The allowab le internal
loakege 18 3 co/hr fromidtto 3000 upstream pressure with ths valve In
the normally alosed position. The deatgn shall de faill safe in the closed

LTI e e
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positdon
The electrical coannector shall te & MI3106R - L0SL-4P. The valva
sholl de designed to vithstand a minimm of 720,000 cycles ¢f cloas-opan-

close vith a 3000 psl cupsiream presaure.
4.2 Pressure Regulstor

-The resﬁleeor shall control the outlat pressure at & got valus with
an aecuracy of +5k of the cet valus, for sa inlet presoure rangs of 300 to
3000 psi and with a flow rate of from3 to 25 SCFM. Provisions shall be
nods for outlest pressure adjustzent within the raage of 30 to 100 psig. Ad-
Justwment must be sccomplished vith the system installed and shall be secuwred
t0 20ld sdjurtment under the pmeximum inertial lowdings and vibration conditions.
Yo lockup provisions are required and ths fail safe condition is open.

b3 High Pressure Relief Valve No. 1

Shall be rated to orack at 3400 palsg maximum, resest st 3100 psig
ainimm, and flov & minimm of 5 SCTH at 3500 poige Tawsw skall e no zere
leaksge balovw oreck on iancreasing pressure and reseat oxr decreasing pressure,

4o Iow Pressure Relisf Valve No. 2

8hall be ratud to arack 150 pslg maxdimm, reasat ab 110 psig minizam,
end f2ov o mindxws of 10 SCFM et 1753 9eig, Thoxe shall be zoru lazel.ge
below crack on Luncreasing pressure and reseat on decreasing piussne,

Le5 anual Shut Off Valve

Oparating pressure is rated at 3000 psi. It ahall handis system flovw
rates wvith a mintmum equivalent orifice dismeter of .15 inches in the fully open
poaition. The value Sten can teruinate in a hex socket for speed wrench Sper-
ation. The internal leskags 'shallnot excesd 1 ac/hour with the valve in -
the closed position and 3000 psi upstresn pressure. The valve must have

Mt Mo
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provisicns to securely hold in the vids open and fully closed positions
unler inertfal loadings and vibration conditions,

b6 Gsge = 0 to 5000 pal

——— o—— —

It shall be calibrated in 100 psi incremsnts and ds acourate to plus
or uinus 50 psi over ths full scale. No leukage from the iatexzal to
the atmosphere is permitted, and the case sball be construsted so that
mmnuummmr.v

be7 Gage « O to 200 psi

It shall be calibrated in 5 psi inorcmenta ond be ascurate to
plus or minus 2,5 pal over thc Ml acala. No leakage is parmitted to the
atmosphare, and the cage shall be constructed oc that axternal flutds
shall not anter.

4.8 Chorge and Drain Velve

This valve must provids means of pressurizing the storage veausl to
3000 pst at & maxizaa rate of 15 SCFN. The velve fs:shub off using o wroach
and shall have zero laskage from O to 3000 psi.  Provisions shell be wole
80 that the valve can be uged ¢o bleed fluid from the storage veccel at
presmuros of 3000 to O psi, The valve must mate with an ANSLE nut and ANSLY
sleave for charging purposes.

ke9 Orousd Cheaksut and Control Valve

This valve shall yermit the systom to be prensurized froa o ground Soures
in order that ths rogulator cutlet pressure may bte adjwted, This valve is
0 bs ported so that the gromnd source nitrogan will enter the syntem Umediately
wetrean of the regulator, will flow thavugh the regulitor and past the low
preswure gouge and out Luto the stmosphere. The valve-shut off flow to
any componsnts downstreem of the system during its operaticn. The valve shall
ts manuslly shutieff with & speed wrench and not laak oy otherviss at'fect
the funotion of the airborne autozatiz control systca. e valve a1l perrlt
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' a #loV¥ of 15 SCFM through the regulator when 2000 psi is mppliad frcm the
ground source.

5.0 REQUIREMENTS YUR THR DESIGN OF THE PRESSURE VESSEL ASSEMRLY

gas at system cperating pressures. The vessel shall incorporate installation
mownbting provisions for the cuntrol valve assembly and the ' '« gyotem . -
attachaont points. The four brackets spaced at 90 degree intervals aroucd the
‘ iroumfororcs of the pressure vessal on a 15.000 inch dfameter bolt elrele shall
be sloted for 1/4 - 28 INF tolts t¢ allow for exponsien during f1lling of the
vessel, Tte mumber of brackets shall be kopt at & minimm. Tha weld heads .
’ shall be held to & minimum height above the surface of the vessel and shall
’ be free of ony sharp edges which would tend to cut the heating elewent waich
' will be laced to the exterior of the vusiel.
The velume of the presswre vecsel shall be at lacst 1480 cubic iuches
l, and {ts shepe shall conform to tho outlirno draving SK29100-608 ond TAVCO
draving 23111125, The vessel ,shall meat tho 2pplicable portions o MIL-R-8573A
sxcept gunfire. The vessol is type 30-40 Closs B. The seations of MIL-R-8573A
(AS0) which sre pot spplicable for this appli:ation are the following:

'- The pressurs vessel assexbly shall provide & moaang of storing dry nitrogen

Section Descriptica
1.2.3 Sizaa
2.0 NAVEHIPS 0. 250-692-2 Substituto weld per MIL-W-BALL
3.3 Praproduction sample
3hadel Furnula
3.h.l.2 Formula
3.4.4 Dreining
[ b2 Preproduction Tests
4.3.2 Sempling Tests
4%.3.3 Rojection and retest
l bba3 Cyeliny
4.4.5.2 Extrome Temporature Leakege
i L6 Fhysical
hob,7 Internsl Finish
I
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N Macrostructure

I 54,10 Tydrostatic tharet
| bbod ' Ountire
i 5.0 Preparation for dslivery

6.0 BURST PRESSURE VASSEL

| VeStel and then subjected to cyoling aud turou tests, The eyeling stall be a
§1m°f5000yclalot200to3ooowmoxpn. The burst test shall con-
of pressurising ths vossel to the point of burst and recording the burst
] P®%sure and type of faflure. If tha test vpsbel £ails to meet the required
[ =loma buret yressure of 6667 pei, then TAVCO mhall redesim the vessel
| 834 run amotser burat test.

k

l One prassure vessel shall bg bullt to the same design as the systam
4

i

1 70 TOTAL SYSTEM WRIGKT
] The veight of cne complete assembled systew shall not exeoed 39.0 pounds.
{ 8.0 crzanmio o THB SYSTRM

Walle assembled the systam will be cleaned pericdically end uuat bo cbls
) :: withotond exposure ta external flooding wita the following agewss, without
“"“‘188 the functional reliability of the systems The period of azporwre
Qstimatod to be five minutes &t any ons tims.

i 83 Clasatzg Agents
i :‘:-1 Ssturated steaa at 250 F.
{ y 1.2 Fornaldehyde (ECHO) at 70 P
‘; ;: Zysal solutton (Craslylo aoid plus ortbo-hydroxydiphenyl asd sosp)
| ™
i;i;x Roccal (Al dizonthylbenzyl-smmoniwm chlortde), & qusterzary suize
' quatermary smonta®s It is & produst of Winthrop-Stesrns Lab., 1450 Broads
V&2, New York 18, New York
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9.0 MATERIALS *

All metals exposed to the mablemt uust be either staiuless steel
Passivated per MIL-S~5002 or alumlnun alloy ancdized pexr MIL-A-3625, ALl
elastomers exposed to the amdient must be compatible with the agants speoffised
in paragraph 8.1, A recommended olastcwexr {s Minngsota Rubber's compound
366Y Buna - N, or an equivalent,

10.0 IDENTIFICATION

ALL ccuponents must be tdentified per MIL-STD-130. The nemoplotes 1
248t be legible snd adhers to the swrfsce on wiich they are appliod, undor
all conaitions nf this spocification.

31.0 QUALITY CONTROL

TAVCO shall provide aa approved quality control system in accordance
vith MIL-Q=9858,

12,0 QUALT."Y ABBURANCE PROVISIONS

Bach componont end the system as a whole chall ba subjooted to the
following tests during the course of their manufactuve:

Fww tional Chaak

Fro.,2 Pragsurs

lavknge at oparating precoure

Inerim and final tnopection

Redtogxynph of all welds

ingnatlux of all Feyrous alloys

Vardificatica of all heat treatwonts of metals

Purst Presmze (me vegsel caly)

TAVCO shall Agmigh & certification that all conditions qq this spec-
1ffcation have besn met. TAVCO shall ivep records of all tests, to be avatl.
able for {napeation upoa requant,

§t.- E -—ey — ——
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airpvlane, o . stermine if disseminated powder (talc)had come in co: tac:
with thz airgi-~e. Prior to the test flight, a satisfactory functiona' cest wazc

perfocur  .als the spray tank mounted on the test airplane. This acluded
both avn - 2.:¢ ulssemination tests, v
6. Thi sz iank functioned without a mechanical discrepancy duviug &

S6wmiin.cun ey ‘light The only electrical discrepancy noted durin; the flight
was ina GE-T UTT jight which iliuminated momentarily each time tixe dis- 3
seminat . on proc:ss was iritiatert Thisldigarooancy bhae ne angarent edtest
on the dissamina. icn aod was not eujsctionable to the pilot. Twelve dissemi-"
nations iin® were made 2! altitudes fzom 300 to 2, 000 feet and 350 to 520

knots indicated airspeed (KIAS). The dissemination period was approxi-

mately 45 seconds for each of nine runs ané on three runs the dissemination
period was approximately one minute per run. Dissemination occurred

while the pickle button, located on the left side of the control stick, was
depressed. The pilot noted a slight hand discom{fort while keeping the pickle
button depressed for periods of time in excess of approximately 45 seconds.
The correction of this discrepancy should be considered in future design for
improved service use. The srray tank and the test airplane maintained tleir:; .
structural integrity during th: captive fhght portion of the test to 570 KIA.35

and 0. 895 Indicated Mach Number (IMN) in ! g flight and during normal
accelerations from 0 to 6 g at 2£0 to 430 KIAS.

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 encountered. However, these
characteristics werc 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-4C and A-4E airplanes.

8. During ;n"..f'\ght inspection, no evidence of powder deposits on the air-
plane were chiacovered. However, the three strips of lightly greased ord- i
nan.e tap, were not on the airplane after the test flight. The underside cf |
the spra, tank aft of the dissemination nozzle had evidence of the tale, and '
the inside 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:

2. The GMI BW spray tank is completelv compatible with the Aero 7A
~auterline rack of the A-4B airplane (paragraph 3J.

b. The GMI BW spray tank does fit satisf.ciurilv on iz iero 20A wing % «
racks of the A-4B airn’~n~ {paragraph 3). v

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

satisfactorily fit the A-4B cockpit, was easily rcadable and conveniently
located for pilot use {paragraph 4).

Best Available. Copy
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(*round function tests were satisfactory {paragraph 5).

. The system functioned satisfactorily at altitudes from 300 to 2, 600
feet .n’ 2irspeeds of 350 and 570 KIAS for dissemination periocs of 1pproxi-
matu - 'S and 60 seconds (parayg:aph 6),

3 The (:MI BW spray tank ca: ge safely carried at airapeeds “:p to
570 Kia. and 0.895 IMN, and «1-ing normal accelerations from 0 to € g at
380 tc 4! 5 KIAS (paragraph 6).

: g. 'The GMI BW spray tank dog’:é 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 on the spray
tank itself (paragraph 8). .

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

10. It is recommended that:
a. Eliminatior of the requirement to keep the pickle Lutton depressed
during dissemination should be considered 1n 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 staticns of a suitably con-
figured A-4 type airplane.

JAMES E. VOSE, JR.
Acting

S/ G. H. SULT

By directicn

=+« Best Available Cop§f



DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH) AUG 1 208
8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVIOR, VA 22060-6218
SUBJECT: OSD MDR Cases 12-M-3144 through 12-M-3156
At the request of ||| | BB < have conducted a Mandatory Declassification
Review of the documents in the above referenced cases on the attached Compact Disc (CD)
under the provisions of Executive Order 13526, section 3.5, for public release. We have
declassified the documents in full. We have attached a copy of our response to the requester. If

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov.

Robert Storer
Chief, Records and Declassification Division

Attachments:

1. MDR request w/ document list
2. OSD response letter

3. CD U)



April 26,2012

Department of Defense

Directorate for Freedom of Information and Security Review
Room 2C757

1155 Defense Pentagon

Washington, D.C. 20301-1155

Sir:

I am requesting under the Mandatory Declassification Review provisions of Executive Order
13291, copies of the following documents. I have tried several times to acquire them through
DTIC, but the sites stated they are not available.

I am conducting research into the previous methods used to disseminate biological agents. Many
source [ use to have access to have been deleted from the internet. On numerous occasions [
have been informed that formerly classified information that was declassified, have now become
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or
other changes to this question have not successful nor revealed a specific source. As such I
would appreciate any information you can shed on this question.

Documents requested.

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly j2-M-3144%
Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills

Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML

2745,|02 pages. Prepared for U.S. Army Biological Laboratories, Fort Detrick, Maryland.

Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408.

General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota.

AD 346751, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2.4~ 3) 45~
Progress Report Number 12, March 4 - June 4, 1963, G. R. Whitnah, July 1963, General Mills

Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML

2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills.

Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,
Minnesota. ,
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-#M-3/4k
Progress Report Number 13, 4 June - 4 Sept 1962, G.R. Whitnah, October 1963, General Mills

I2-M-3144



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML
2745. 19 pages (?)

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 22-#7-31¢7
Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R.Whitnah, February 1963,

General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 123 pages.

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly /2-4- 314 8
Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962,

General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 130 (or 150) pages.

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly | 2-M-3149
Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962,

General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 198 pages.

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ; 24- 3/ §d
Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264,
General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages.

Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research

and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota.

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-4/- 3157
Progress Report Number F ive, 4 June - 4 Sept 1961. by G.R.Whitnah, November 1961, General

Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064

CML 2745.

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ;2-m- 5152
Progress Report Number 4, 4 March - 4 June 1961, by J.E. Upton for G.R. Whitnah, Project

Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis,

MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept.,

2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages.

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress )2-44-3133
Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number
2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages

AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2#-3/ ks
Progress Report Number 2, for period 4 Sept - 4 Dec 1960, by G.R. Whitnah, February 1961,

General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research

Department, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota.




AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-#/-3/55
Progress Report, for period 4 Dec. 1960 - 4 March 1961, by G.R. Whitnah, May 1961, General
Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064
CML 2745. 95 pages.

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-#-3/6%
Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager,
Approved by S.P. Jones, Aerospace Research, February 1963. 247 pages.

Sincerely






