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Agency Performing lork: Picatinqy Arsenal, pover, New Sersey
Agency jAuthorizing .{ork:\ ORDTU

Project No.: TUZ-4C

DOA Priority Designation: 24

Project Title: Stability of Rocket Propellants -
Effect of Metals on pouble-Base Propellants

’/ OBJECT

*To determine the effect of metals and plastics on the stability and
physical characteristics of double-base propellent powders,

SUMMARY

ests have been made to determine the degree of reactivity between the
M2, M7, M13 and T7 Propellants and aluminwn, magnesium, stainless steel,
tin-plated steel, zinc-plated steel and phenol formaldehyde varnish-coated
sheet steel. Two sets of test conditions were employed. First, ground
mixtures of propellant and metal or phenol formaldehyde varnish were stored
for six months at 507C and ambient humidity. Second, grains of each pro-
pellant were stoggg, in contact with each of the surfaces mentioned for
six months at 327°C and 90% Relative Hunidity.

TR ARt A s . oa.

Both 120°C Heat Test and 9OGE’;;cuum Stabffity Test results indicate

~that no decomposition occurred during storage of the ground mixtures, \

Microscopic examination of the propellent grains indicates the followin
(§) the propellants, in order of decreasing compatibility,are: M7, M13, M2
and T7, and (&) the contact surfaces in order of decreasing compatibility
are: stainless steel, phenol formaldehyde varnish, aluminum, tin, zinc

and magnesium.

The standaXd JAN compression test did not show any significant difference
for grains of any one propellant stored with any of the contact surfaces.

CONCLUSIONS

The degree of reactivity between propellent grains and contact surfaces
was determined by microscopic examination.

On this basis, »luminum, stainless steel and this particular phenol
formaldehyde coating are less reactive than tin, magnesium and zinc.

~/ -
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RECUMMENDATIONS

Tt is recommended that authorization be given for the use of aluminum

(o)
the storage of propellants,
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INTRODUCT ION:

1. The Department of the Air Force has reported instances of physical
deterioration of double-base propellants in contact with their storage
containers (Ref 4). Observaiions of reduction in tensile strength, decrease
in stability and non-uniformity of the contact metal surfaces have been
reported. The British have reported deterioration and embrittlemenv of
double-base powder stored in zinc-coated containers (Ref B). Information
was, therefore, desired on the type of metal or metal coating which would be
most effective for use as containers or liners for containers for the
storage of double-base propellent powders.

2. At the request of the Office, Chief of Ordnance (Ref C), all
previous pertinent research was reviewed and an investigative program
prepared which was designed to provide additional and more complete
information on this subject. This research program comprised an investi-
gation to study the effect produced on the M2, M7, ML3 and T7 propellants
when stored in contact with aluminum, magnesium, stainless steel, tin-plated
steel, zinc-plated steel and phenol formaldehyde varnish-coated sheet steel
under accelerated conditions of temperature and humidity.

3. The investigation rcported herein was divided into two principal
parts, as follows:

a. Cylindrical grains of each propellent powder were stored in
contact with each metal and plated or coated metal at 32°C (90°F) and 90%
Relative Humidity. Control samples on glass under these conditions and
also at'desiccated humidity were studied for comparison.

b. Ground mixtures of each of the four propellent powders with
each of the five metals and the phenol formaldehyde varnish, as well as
controls consisting of individual samples of each propellant, metal and
varnish, were stored at 50°C and prevailing humidity.

4, This report gives the detailed results of stability and physical
property tests made at the end of both three and six months’ storage under
the above conditions. fWork on this project has been concluded and no
further report is to be issued.

RESULTS:

5. The results of both the 120°C Heat Test and the 90°C Vacuum
Stability Test indicated that no significant reaction occurred between
ground, intimate mixtures of any of the propellants with any of the metals
or the varnish iuring storage for six months at 50°C and ambient humidity.
Initial test values and those obtained at the end of three and six months!
storage are given in Table IJ.
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RESULTS: (contd)

6. Microscopic examination of the propellants and metals after storage
for three months at 32°C and 90% Relative KHumidity indicated the following:

a. The propellants, in order of decreasing compatibility are:
M7, M13, M2 and T7.

b. The contact surfaces, in order of decreasing compatibility are:
stainless steel, phenol formaldehyde varnish, aluminum, tin, zinc and
magnesium.

The same relative order of propellants and contact surfaces were noted at
the end of six months' storage at 32°C and 90% Relative Humidity. However,
the adverse effects were all generally accentuated. The results of the
microscopic examinations made of the propellent grains and contact surfaces
stored under this condition are given in Tables III, IV, VI and VII.

7. Microscopic examination of the propellants and contact surfaces
after “hree and six months'storage at 32°C and desiccation indicated very
little reaction to occur. except the case of T7 propellant stored on zinc.
This latter combination did appear to undergo some reaction. The results
of all the microscopic examinations made for this storage condition are
given in Tables V and VIII.

8. Photographs representative of the changes noted by microscopic
examination are included, Figures 1, 2, 3, 4 and 5.

9. Standard JAN compression tests on samples stored at (a) 32°C and
(b) 32°C and 90% Relative -Humidity (Tables IX - XII and Figures 6 - 13 incl)
showed the following:

a. No one contact surface showed a particularly deleterious effect
on any propellant, Surface effect differences noted in microscopic exami-
nations were not generally reflected in compression test values. One ex-
ception to this was the case of the T7 propellant. In this case, the
values for the work to produce failure were somewhat lower for those grains
which had been stored with magnesium, tin and zinc (Figure 13).

b. Neither desiccated nor 90% Relative Humidity storage with any
of the diffe- . contact surfaces had any apparent or uniform effect on the
compressive properties of the M2 propellant.

DISCUSSION OF RESULTS:

10. JAs compared with previous investigations (Ref D) of this nature,
the study reported herein had several different features. First, the use

6
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DISCUSSION OF RESULTS: (contd)

of dynamic test conditions for the storage of the propellent grains. This
was accomplished by employing a Tenney Temperature-Humidity Test Chamber
to maintain the desired conditions of temperature and humidity within

one per cenv, with uniformity of chamber conditions assured by continuous
air circulation. Previous studies have been conducted principally under
static chamber conditions which have not proven uniform. Secondly, mixturee
of ground propellant and ground metal were made on the basis of equal
areas of surface contact as calculated from the respective particle sizes,
Previous studies have been made principally on an equal weight basis which
did not result in valid comparisons in cases where the densities and
particle sizes of propellant and metal differed significantly.

11. Mixtures of ground propellant and metal were used in this investi-
gation to establish, by the use of elevated temperature storage, whether any
reaction would occur. Examination of the data given in Table II would
indicate that under these storage conditions, mo change took place. Further,
these tests showed no decomposition that could be correlated with the results
of visual and microscopic examination of the propellent grains.

3 12. The detailed microscopic examination of the propellent grains
;. . are given in Tables III through VIII and need little explanation. It
3 should be noted that under the conditions of high humidity, corrosion of
3 both propellant and metal was very evident even after only three months.
Cont inued storage for an additional three months only served to accentuate
the corrosion process. The T7 propellant was the most affected which may
. be due to its nitroguanidine content. Undoubtedly, under prolonged storage
E at these conditions, this propellant would have eventually deteriorated

to the point of complete physical breakdown. This might ultimately happen
E to other propellants also, but in the case of the T7, the process would be
3 more rapid. While the surface effects were not reflected by changes in
the compressive properties, it is considered likely that this corrosion
process would adversely effect the physical properties of the propellant,
should the conditions of high temperature and humidity prevail for pro-
longed periods of time.

13. The physical property data, in a sense, were somewhat disappointing
in that no correlation was found to exist between the surface effects
noted by microscopic examination and the compressive properties of the
grains. Only in one case, that of the T7 propellant, was there any evidence
of a possible correlation (see Figure 13). Values for "work to produce
failure® plotted against storage conditions gives some slight evidence of
the deleterious effect of zinc, magnesium and tin, in that the values for
this property are somewhat lower for the grains of T7 propellant stored in
contact with these three metals. The values at 1% compression for all pro-
pellants are not graphically illustrated since the largest experimental

7
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DISCUSSION OF RESULTS: (contd)

error would occur within the early stages of the compression. 3 study of
the data obtained gives no complete correlation regarding the effect of
storage materials on the compressive properties. Likewise, no rule can

be made regarding the effect of desiccated and 90% Relative Humidity
storage on the physical properties of the grains. However, in the cases

of stress at 5% compression of the M7 and M13 and stress at rupture of the
T7 propellants, there is a decided increase in stress after storage at

90% Relative Humidity. This would seem to indicate some effect of the high
humidity on these propellants. This raising of stress is contrary to the
results usually obtained, as water normally acts as a plasticizer and as
such increases the deformation and lowers the strength of the materials.
while visual examination of the grains revealed variable degrees of
corrosion at the surface of the propellants, this had not penetrated deeply
enough to have any appreciable effect on the compressive properties. It

is probable that the compressive test will not indicate the effects of
surface corrosion, but would be more indicative of the functioning of the
grain as a unit. .

14. Vork similar to that reported herein has also been done at the
Naval Powder Factory (Ref D). Part of this research embraced a study of
the effect produced on the physical properties of propellent grains stored
in contact with various metal surfaces. Specifically, it involved a study
of grains of 3%"/50 cal "NH" and Cordite N propellants stored for six
months on steel, brass, zinc-coated steel, zinc-coated steel-chromate
treated steel and steel .coated with phenolic lacquer at three different
conditions; namely, (a) 92°F and ambient humidity, (b) 150°F desiccated and
(c) 150°F and 100% Relative Humidity. The last two conditions were much
more severe than those used in the present study and any degradation would
be more accentuated by these conditions than those used in this report.
The grains of “N" and "NH" were severely affected, particularly under the
conditions of high temperature and humidity and stored in contact with
zinc and brass. The NPF used the side impact test for brittleness to
establish effects on physical properties (Ref F). This is in contrast
to the compressive test used in this program. The conclusion reached in
the NPF report was that, of the contact surfaces tested, a phenol lacquered
steel had the least effect on the propellants.

15. 1In view of all the above, it would seem advisable to use in
practice those metals or protective coatings which show the least effect
on propellants. From the observations made herein, stainless steel,aluminum
and phenol formaldehyde varnish-coated steel are indicated to be less
reactive than zinc, magnesium and tin. Omr the basis of both studies, it
is recommended that consideration be given to the use of the three best
materials as liners or protective coatings for containers where such are
to be used for the storage of propellants for prolonged periods of time,

8
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DISCUSSION OF RESULTS: (contd)

possibly under extreme climalic conditions. Stainless steel is now being
employed as liner [for propellent containers for small arms propellamts.

J EXPERIMENTAL PROCEDURE:

. 16. The propellent powders used (see Table I) in the mixtures were

3 ground in a hand grinuer to pass through a 12 mesh sieve. Magnesium, alwninum,
zinc and tin were atomized to approximately the same size, 168 microns,

145 ndcrons, 124 microns and 171 microns, respectively as determined oy the
air permeability method (Ref E). The stainless steel was obtained in 75
micron size. The phenol formaldehyde varnish was prepared by painting this
material on polyethylene sheets and scraping it off. a final drying of the
varnish was made in vacuum, The mixtures of ground propellant and metal

were made on an equal surface area basis according to the calculations of
Gooden and Smith (Ref E).

17. The mixtures of ground propellant and metal, subjected to 50°C
and ambient humidity, were stored in loosely cork-stoppered glass bottles
in electrically heated, thermostated ovens, Model 1250, manufactured by
the Precision Scientific Company.

18. The ground mixtures were subjected to 120°C Heat Tests and 90°C
Vacuum Stability Tests in accordance with the procedures described in
Picatinny arsenal Technical Report No. 1401, Revision 1.

19. The storage of the propellent grains was made in a temperature-
humidity test chamber, Model 36TR, manufactured by the Tenney Engineering
Company, Incorporated, Newark, New Jersey. The grains subjected to 32°C
and 90% Relative Humidity were placed end-wise on 6" x 6" squares of metal
varnish-coated metal and glass (control) in the test chamber. The grains
and test surfaces subjected to 32°C and desiccated humidity were placed
in glass desiccators using Desicchlora® as the drying agent and the
desiccators were placed in the same test chamber.

20. The following contact surfaces were used in this investigation:

a. Aluminum: 16 gauge, #2, half-hard
b, Fagnesium: 0.156%, U.S. Army Specification 57-157, Class 18,
annealed
c. Stainless steel: 1/6", #5012, Type 18-8
d. Tin-plated steel: 0,0125 = 30 gauge, Type 2, Grade 2
. €. Zinc-plated steel: 16 gauge, Federal Specification wQ-L-696
f. Phenol Formaldehyde Varnish, "Bakelite XV 1657, 123 gallon
tung oil, phenolformaldehyde, Navy specification NAVORD
No. 1433, Type A. This varnish was coated on:
Sheet steel: 1/6", Federal Specification QQS-11a

9
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EXPERIMENTAL FROCEDURE: (contd) l

21. The method of compression testing employed wus that given in
Ref G. The suuples were tested under standard conditions (77°F £ 2°F
and 50% Relative Humidity / 2% Relative Humidity) following temperature
conditioning. Compression testing was done on an Instron Tester with an
adjustable speed control so that the rate of crosshead travel could be
varied among specimens to give the desired 0,100 inch ger minute per inch
of specimen height. . sub-press and compressometer in conjunction with
a Baldwin stress-strain recorder were used to assure axial loading and
accurate measurement of the amount of compression (Photograph }-38451). f
The outside diameters and heights were measured by micrometer. However, e
the perforations were so small that the only satisfactory masthod of
measuvrement was to insert wires of known diameters and assume this
diameter to be equal to the diameter of the perforation. Due to excessive
amounts of corrosion found in some of the perforations, it was felt that
a microscopic determination of the diameters would be extremely difficult.
The above method wag'therefor% used.

REFERENCES:
As Department of the iir Force

0.0, 471.86/129(c), 22 January 1948.

B. British Ordnance Board Proceedings
No 34585 (il July 1947)
No 35907 (13 september 1949).

C. 0.0. 471.86/135(c), GRDBB 471.5/3387, 29 January 1948. i

D. Naval Powder Factory, Technical ideport No. 32, dated 10 jugust 1950, :
“Compatibility of Zinc and Qther Coatings for Steel with Double- s
Base Propellants.®

R Viagls O ST >

g

E. "Measuring average Particle Diameter of Powders," by Gooden and
Smith; analytical Edition, Industrial and Enginecring Chemistry,
Volume 12, pages 479-482, 15 jugust 1940,

F. OSRD Report Nc 5592,

G. JAN Panel on Physical Properties of Solid Propellants - Method for
Determining the Compressive Properties of Solid Rocket Propellants =~
Approved 24 Jamary 1950,

INCLOSURES:

Tables I - (II incl
Figures 1 - 13 incl
Photograph ¥-38451
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TABLE T

CULPOSITION aND GRAIN DIMENSIUNS UF FRUPELLANTS USED

Type u2 347 M3 17
Lot Number RAD-9713 RAD-51045 SUN-18577 pP~-6285
Nitrocellulose, % 76.26 54 .29 57.04 2.78
Mitroglycerine £

Dinitrotoluene, & 20.52 35 32 40.23 17 .28
Potassium perchlorate, ¢ - 7.98 - -
Barium Nitrate, % 1.54 - - -
Potassium Nitrate, % 0.82 - - -
pPotassium Sulfate, & - - 1.61 -
Qraphite, % 0.26 - - -
Carbon Black, % - 1.31 - -
Diphenylamine, % 0.60 - 0.19 -
Ethyl Centralite, % - 1.10 0.93 542
Nitroguanidine, % - - - 54.93
Cryolite, % - - - 0.25
Total Volatiles 1.85 0.39 0.88 0.17
Height of Grain, in 3/16 3/8 7/8 5/16
Diameter of Grain, in 3/16 3/8 7/8 5/16
Tolerance, in £ 0,005 £ 0,007 £0.009 £ 0.004

(as measured)
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TABLE II

THERMAL STABILITY DaTA OF
MIXTURES OF GROUND PROPELLANT ANo METAL

90°¢ Vac Stab

1200(} Heat Test cc gas/40 hrs
Initial Values || 3 months 6 months 0 3

Pro- SP RF EXPL| SP RF EXPL| SP RF EXPL !
pellaty  Metal min min minll min min min| min min min}mos wous Los
T7 [rin 95 | 3004 | 30041 120 | 300£ | 3£ Y| 80 | 300£| 3604| G.62 |0.55] 0.4¢
w3 | 70 | 3004 | 3w/ |} 100 | 260 | 30G£ ) 90 | 250 | 3004 .73 |1.03 | C.%¢
A7 " 100 | 3004 | 3064 110 | 3004 | 300£ J| 80| 275 | 300£1) 0.86 |U.62| G.54
P 95 | 3004 | 300£|| 90 | 250 | 3004|100 | 260 | 3004 6.16 [0.40] 1.3
?7 |Zinc 95 | 250 | 3004 150 | <85 | 300/ |[105 | 280 | 300/} O.04 |0.81] O 6t
M3 | o 60 | 200 | 3004 1051 275 | 3004 |l 851 200 | 30U} 0.49 {1.00| 0.85
M7 " 85 | 210 | 300£) 105|280 | 300£|| 95| 275 | 3004} 0.57 |0.51] O.66
M2 | n 100 | 300£ | 3004}l 110 | 285 | 3004 Y 85) 290 | 3004) 0.55 [ 0.69| G.45
7 FEROT 7O { 150 | 300Z1 95 | 250 | 300Z || 80| 180 | 300ZY I.09 [U.53 ] 0.5¢
ul3 | 65| 210 | 300£ll 60]150 | 30064l 65(125 | 300£| 1.04 {129 1.23
M7 | 70 | 220 | 300£|| 80| 210 | 3004{l 75} 150 | 300£)f 1.24 | 0.61 | 0.80 !
M2 | 85 ] 220 | 300£) 65] 150 | 3004{| 70| 105 | 300LH 0.78 [1.231 1.77
T7 [Magnesium 100 | 300£] 300£)f 90| 175 | 3004}l 85| 250 | 3004| 1.38 }1.28] 1.19
M3 {0 551120 [ 300£[ 552125 | 3004)| 70| 200 | 3004f 1.41 [1.45] 1.2 °
M7 | 65180 | 300£) 95| 250 | 300£{ 80| 175 | 3004 1.27 |1.31] 1.4
w | 90 | 110 | 3004} 100 20 | 300£|| 70} 250 | 3004l 1.14 [1.58] 1.89
77 |Bakelite 651150 | 3004} 65| 140 | 3004 70| 100 | 3004} 3.32 | 1.08} 1.27
M3 | 50| 150 | 3004l 60. 130 | 300£[f 60| 80 | 3004l 3.24 | 1.43] 1.39
M7 " 701180 | 300£| 65| 130 | 3004} 65| 110 | 3004} 2.71|1.03] 1.19
M | 65]180 | 3004} 65} 145 | 3004Y 75| 155 | 3004|f 3.02 [ 1.25] 1.46
77 |Stainless Steell| 75| 3004| 300£|| 120|.300£| 300£|[ 100 290 | 300£)| 0.69 | 0.64] 0.56
M3 [ 50] 210 | 3004 65} 210 | 300£| 70| 110 | 300£} 0.88 | 0.76] 0.87
M | 90 | 300£] 300£|| 90| 210 | 300£)} 100| 175 | 3004} 0.86 | 0.52] 0.60
w | 80| 300£| 30041 951 250 | 3004{| 95| 250 | 3004{ 0.58] 0.91} 1.05
7 - 40| 90 | 3004 55| 105 | 300£]| 60 100 | 300£]| 2.95| 3.01] 3.2C
M3 - LO| 65 | 3004 55 90 | 300£] 55| 60 [ 3004|| 2.99| 3.87| 3.9¢ :
M7 - LO| 80 | 3004 55| 90 | 300£) 551 65| 3004 2.60} 2.27| 2.62
2 - 45 85 | 3004 50| 90 | 3004 50| 55| 300£ 2.67| 3.79] 4.06 !
- |Tin - -1 = - -] = puy [ — 1 0.22] 0.15| -
- |Zinc - -1 - -t -1 - - - - || 0.31{ 0.57| -
- | Aluminum -1 -] - -l -1 - -1 - - | 0.34] 0.17] -
- Magne sium - - - - - - - - ~ 1l 0.24] 0,20 -
- Bakelite - - - - - - - - - l{ 3.80] 0,60} -
- Stainless 3tee - - - - - - - - - | 0.17{ 0.18} -
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TABLE III

EVALUATION OF PROPELLENT GRAINS BY MICROUSCOPIC INSPECT [ON AFTER THREE MONTHS' STORAGE

Storage Relative Propellant A
Metal Temgerature  Humidity M2 M7 M13 T7
Zine 32°¢ 90% B D A D B E E E
Zinc 3226 Dpesiccated A '° A B ¢t At At At B*
Stainless Steel 32°¢C 90% Ca B A B A B E, C
Stainless Steel wmwo Desiccated A A A A A B A A
Tin 32°¢C 904 Da D B B c C Eg E
Tin wwmo Desiccated A A A A A A A A
Magnesiun C 90% Di,a E c D Dy, E E E
_pagnesium umwo, Desiceated >u ’ A 1 pw A >u 2 A 1 ».me 6 g .
«\luminum 32°C 90% Dy, c A B A B Dy & D <
p=Aluminum 32°% pesiccated A ° 4 A A A A A’ A =
mexoﬁs 32% 90% D3 M A A A A Es Do.s i
CBakelite 32°C  pesiccated A A A A A A A A’ a
Wolass 32%¢ 90% Dy a.7 A Bg A Be A D, A i
Eass 32°¢ Desiccated A ° ° A A A A A A% A 5
L Pro- Metal Pro- Metal Pro- Metal Pro- Metal O
pellant surface pellant surface pellant sarface pellant surface
sur face surface surface surface
Rating Code Nobes
A = Unchanged from original appearance l. Heavy crystal formation on surface
B = Staining, incipient corrosion 2. Liquid exudate .
C = Slight corrosion 3. Perforations filled with yellow crystalline deposit
D = Medium corrosion, pitting, some decomposition 4. Deposit of amorphous yellow-brown substance
E = Severe corrosion, cracking of grain 5. Base of grain is dark, red-brown, soft, expoliated
6., Radial cracking of grain
7. Numerous filaments on surface
8. Numerous long needle-like crystals
9. White crystals in the form of clusters
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3 TABULatl BVALUATION BY MICRUSCUPIC INSPECTION OF PROPELLENT ;
GRAINS STURED FOR IHREE MONTHS AT 32°C AND 90% RELATIVE HUMIDITY _

o Eare Vhwd

Propellant Surface * m.
A B C D E M
A M7 - Bakelite M7 - Glass M2 - Glass A
ML3 - Bakelite M13 - Glass T7 - (lass M
M7 - S. Steel ;
- B M7 - Aluminum M7 - Tin M2 - S. Steel - i
< M3 - S. Steel m 1
= M3 = Aluminum = w
W . w A 4
=) ¥ Q ,

W o . M2 - Aluminum _ [T ,
2z g C ML3 - Tin 12 — Bakelite T7 - S. Steel =z | &
o o O ¥
QO ] © : !
@ D M7 - Zinc M2 - Zinc M7 - Magnesium | M2 - Tin T7 - Bakelite j &W
o T7 - Aluminum k
s :
= ’ . o M

M2 - Magnesium T7 - Zinc .

E ML3 - Zinc M13 - Magnesium | T7 - Tin N |
T7 - Magnesium ¢ %
# Same Ratings Used as Given in Table III A ) ~
|
W
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, !
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TABLE V
TABULAR EVaLUATION BY HICHUSCUPIC EXAMINATION OF PROPELLENT
CRAINS STURED FUR THREE MONTHS aT 32°C UNDER DESICCATIUN

Propellant Surfaces *
A B C D E

ALl Others

M3 - S, Steel
T7 - Zinc

M? - Zinc

Met al Surfaces *

% Same Ratings Used as Given in Table III
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TABLE VI m
A EVALUATION OF PROPELLENT CRAINS BY MICROSCOPIC INSPECTION AFTER SIX MONTHS' STORAGE ,M
Storage ftelative Propellant H
Metal Temperature| Humidiby M2 M7 ML3 T/ V 4
T zinc 32°¢ 90% cC D ¢ B D E C E D E E C e
Zinc 32°¢ Desiccated | A A A B C C A A B A B C =
Stainless Steel 320C 90% D B A B B C C C B E C A 4
Stainless Steel 32°C Desiccated| A A A A A A A B ¢ A A Al S
Tin 32% 90% D D E D D E C E D E E E cd
Tin 32% Desiccated| A A A A A A A A A A A A -
Magnesium 322C 90% E E D D D D D E D E E E !
Magnesium 32°C -Desiccated A A A A B c A B B A A A I
Aluminum 329 90% D D C B C C B B B E D D kR
Aluminum 32%¢ Desiccated| A A A A C B A A 4 A A A | :
X Bakelite 32% 90% D D D B B B B B A E D D 2
= Bakelite 329 Desiccated| A A A A A A A A A A A A = | i
Z Class 32°¢ 90% D A A C A A C A A E A A Z -
& Glass 32°¢ Desiccated| A A A A A A A A 4 A a4 af 4 iy
el ol
> 4 \ .
O Rating Code: m m m: m w m m m an W
© A - Unchanged from original appearance A B “oo Pl 7 9 ¢ o k:
_ B = Staining, incipient corrosion 28 3 B m 7 8 38 22 03 .m 2E 8 m w M
€ = Slight corrosion g S 38|83, 85858 qe A A9 He A0 ]
D = Medium corrosion, pitting, some 48 4 .m..m a3 . .M.m mwlm o ,w...m Mm ” .Wm , k
;Qmoo:%owwvwow . ) g 5 3|88 S o m o't £ oy oE 2 o N 1
. E = 3evere corrosion; cracking of grain |§ 8 & &5 &S Z &ET 28 g &3 28 2i2%8 h i
. 2
i
i r.i\
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TABLE VII

’ TABULAR EVALUATION BY MICRUSCOPIC INSPECTION OF PROPELLENT GRAINS
STORED FOR SIX MuNTHS AT 32°C AND 90% RELATIVE HUMIDIPTY

B e O NN
e

Propellant Surfaces : y
A B C )] B ! :

A M7 - Glass : §
M3 - Glass M2 - Glass T7 - Glass

——— ]

M7 - S. steel
M7 - Bakelite
M1l3 -~ Aluminum
M13 — Bakelite

M2 - S. Steel

S

e gt

M7 - Tin
M7 - Magnesium

-
< <
[t = i
5 . . . Zz 5
W M7 - Aluminum ML3 ~ S. Steel T7 - S. Steel u w i}
e - = W |
W M2 - Tin = w
. . M2 - Aluminum 77 - Aluminum 'e) |
&) D M7 - Zinc M2 - Zinc M2 — Bakelite T7 _ Bakelite O mﬁ_

b BT e e sttt o

S

M2 - Magnesium

Metsl Surfaces (Interface) ¥

E ¥M13 - Zinc . o
Ml : M1l3 - Magnesium T7 - Zinc { -
3 ~ Tin 17 - Tin x N
T7 — Magnesium ’
t !
) # Same Ratings Used as Given in Table VI * : |
” |
&,
it
! _ H
m»
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! b
: | =
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TABLE VIII

TABULAR EVALUATION BY MICROSCOPIC INSPECTION OF PROPELLENT GRAINS "
STORED FOR SIX MONTHS AT 32°C UNDER DESICCATION

Propellent Surface * ,
A B c D B '

-

»
T DNt i st T e T, HRem G el soane

A All others

o 7
A e 4

M7 Magnesium i ;
< <8 M13-S. Steel ‘ o .M
[ 8| | M3 - Magnesium mm ! ;
oy o T7-2inc > !
=) ] b ;
e S [ ;
w ~ic M7-Aluminum M7-2ine % j
& g o} ¥
ol . O ; :
< .& i
2y A
9 . .
vmb .w N,
VM,

# Same Ratings Used as Given in Table yI
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TABLE IX w L
i L]
TOMPRIRG o CRTIES e M-~ °F ,.
3\ CONPRESSIVE vwcvrm.ﬁ_waOmﬁ M-~2 PROPELLANT
storage Storage v .
Material Period, mos Stress in psi at Work ft Hcm\wsm P
Desic- to Produce
902 RH cated 1% Comp 5% Comp 50% Comp Rupture 50% Comp
Control ' , - “ i
Average 0 0 (3640 (5) {6540 (5) [L7200 (5) 376 (5) 3
Range 4130-2790 | 6730-6410 |17400-1.6800 385-358 ) . A
Zine o . w
Average 3 2750 (7) 16420 (7) 117100 (7) 385 (7) i E
Range 4,020-1540 | 6760-5660 |18300-16500 398-370 A
.nnh Average 6 2210 (7) | 6550 () {17000 (7) 372 (7) M X
= Range 4330-~1000 | 7030-5670 |1.8600~15400 396-349 = P
Z Average 3 |R070 (7) | 5840 (7) {16600 (7) 350 (7) Z “ S
w Range 3620-113C | 6160-5540 [20100-15300 390-327 W :
i Average 6 12250 (7) | 7540 (7) 17900 (7) 412 (7) = i
W Range 2770-1900 | 8130-6970| 446-388 415,6-388 W » !
) Stainless / o ! m
Steel ' | m
Average 3 3120 (7) | 6760 (7) (16100 (7) 366 (7) ¥
Range 4,290-2220 | 7790-5880 |17500-14700 387-347 : ._
Averape 6 3090 (7) |[7390 (7) {18000 (7) 408 (7) :
Range 3920-2000 | 7940-6760 |1L9600-16500 435-404 h d
average 3 |1450 (7) | 5870 (7) {16100 (7) 348 (7) ~ . i
Runye 2560-1090 | 61L60-5540[17100-15300 363-339 N
a\verage 6 (2560 (7) |17030 (7) |L7900 (7) 412 # ’
Ranye 2770-1900 | 8130~6970|19700-16800 44,6-388 f )
Iin , f ,
average 3, 2970 (7) | 6950 (7) L7000 (7) 382 (7) w ”
Range 1 4330-1780 | 7840-5940 |17300-15800 415-368 "
Average 1950 6740 16700 378 , :
Range 3270-1540 | 7320-6230]1760C - 161.00 413354
Averngse 1700 (7) | 6000 (7) |L6400 (7) 350 (7)
Ran#e 2380-11.80 | 6420-5020|18100-15300 373-318
average 2350 (7) | 6320 (7) |16100 (7) 356 ('7) .
Range 4290-1.250 | 6940-5710(17300-1/4800 386-329 Lo
(Figuresin parenthesis are the numoer of observations) r.
i
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TABLE IX (contd)

4 Storage Storapme ! |
Material mmwMoou mos Stress in psi at work ft wvm\wsw §
Desic~ to Produce | :

904 RH cated 1% Comp 5% Comp 504 Comp  Rupture 509 Comp :

Aluminum ; i
Average 3 2520 (7) (6760 (7) (17400 (7) 376 (7) _ ]

Range 3930-1160|7230-5480 }19700-16200 LOT=-345 ) 1

Average 6 2270 (7) |6780 (7) 17300 (7) 385 (7) ( 4

Range 3800-1580( 71.70~6400 [{18600-16200 404-366 m ,W

Average 2980 (7) 15970 (7) 15900 (7) 351 (7) | A

Range 3830-1220| 6600-5210 |17600-14100 390-327 M i

Average 2780 (7) [6510 (7) [16500 (7) 365 (7) 1

Range 4420-1470(6840-6030 |18200-15400 381-345

- -~ 1
< Magnesium < . R
= Average 3 2800 (7) [6970 (7) [17800 (7) 396 (7) e %
vy Range 3760-2030]7210-6670 |18700-16900 409-376 w ;
Q Average 6 2320 (7) 16680 (7) 16800 (7) 376 (7) Qa i
W Range 3960-1570]7460-6090 |19900-15400 398-352 _.Nr :
o Average 1870 (7) 6280 (7) 116500 (7) 361 (7) o i
Q Range 2490-1110|6600~5830 [17200-16000 375-342 Q { !
iverage 2840 (7) [6530 (7) 16500 (7) 369 (7) ‘ :

Range 4410-1600|6960-5850 |18200-15100 393-350 g

_ 3

Varnish ; T
Average 3 3800 (7) |6620 (7) |17000 (7) 378 (7) , !

Range 2980-4110{6870-6480 |17900-15900 366-394 . i

Average 6 1880 (7) 6640 (7) 17100 (7) 386 (7) . :

Range 244,0-1110]7310-5330 |18300-16200 412-358 ; w

Average 1750 (7) {5740 (7) |161L00 (7) 341 (7) |

Range 2030-1390|6080-5460 [17600-15000 355-330 {

Averasze 2680 (7) |6610 (7) |16800 (7) 374 (7) |

Range 4550-1170|6960-5850 |1.8500~15200 390-"15/, .

(Figurcs in parenthesis are the number of observations)
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TABLE IX (contd) w

M

Storage Storage ]
Material period, mos Stress an psi at Work ft lbs/in3 ;

Desic- to Produce ﬁ ’

90% RH cated 14 comp 5% Comp . 50% Comp Rupture 50% Comp _, :

Jlass 1

Werage 3 2940 (7) 580 (7) [17200 (7) 377 (7) | 4

Range 5180-1370 §5990-5980]18100~16000 399-351 ! |

Average 6 2580 (77) 6830 (7) |17800 (7) 391 (7) ! ;

Range 4050-1.500 [7650--5700|19000-16000 435~336 :

Average 3 [ 3430 (7) 16370 (7) {17200 (7) 370 (7) m 4

Range 4270-3200 [6730-6180{17900-~16300 393-358 M K

B iverage | 6 |2700 (7) [6750 (7) |17600 (7) 389 (7) a >
< Range 4580-1370 [7250-6040| 20200-1 5700 4hk-350 < M
= b~ . 7
2 - i
ad i ‘ 3
= s ;
_m (Figuresin parenthesis are the number of observations) W i .
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CONFIDENTIAL

TABLE X

COMPRESSIVE PROPERTIES OF M-7 PROPELLANT
AT 327C
Storage Storage
Material period, mos Stress in psi at Compression Work ft Hum\wsw
Desic~- at to Produce
70% RH cated 1% Comp 5% Comp 50% comp Rupture  Rupture, % 50% Comp Rupture
Control
Average| O 0] 1020 1630 6040 123
Range 0 0] 1170-926 |1680-1580 | 6470-5530 127-119
Zinc
Average| 3 1280 (7) (2170 (7) 6580 (1) 6380 (6) |48.4 (6) 145 (1) 138 (6)
Range 1410-1030 |2250-2120 | 6580-6580 | 6570-6230]|49.8-47.7 145-145 144132
average| 6 1060 (7) 2740 (7) 7380 (1) 7520 (6) {49.3 (6) 171 (1) 171 (6)
Range 1400-91y |2810-2670 | 7380-7380 7830-7L70149.8-48.0 171-171 178-164
Average 3 1040 (7) |1610 (7) 6110 (6) 6040 (1) |49.5 (1) 124 (6) 118 (1)
Range 1320-428 [L650-1560 | 63U0-5570 | 6040-6040149.5-49.5 130-118 118-1138
Average 6 G60 (7) {1760 (7) 6550 (7) 131 (7)
Range 1280505 |1840-1660 | 6920-6390 137-126
Stainless
Steel
Average| 3 1290 (7) 2280 (7) 6590 (1) 6500 (6) [47.8 (6) 152 (1) 141 (6)
Rlange 1710-1190 [2380-2170 | 6590-6590 | 6960-5890 48,147 .2 152-152 151-135
Average| 6 1170 (7) [2950 (7) 8240 (1) 7360 (5) |47.6 (5) 180 (2) 173 (5)
fange 1700-694 |[3020-2860 | 8240-8240 | 7940-6670(49.4-45.9 180-179 180-166
Average 3 1090 (7) (1640 (7) 6170 (3) 6160 (4) 148.9 (4) 128 (3) 121 (4)
Hange 1390-692 |[1730-1550 | 6480-5790 | 6410-5960|49.5-48.6 131-125 126-116
Average 6 1230 (7) [1720 (7) 6650 (7) 133 (7) 133 (7)
Range 1530-660 |[1820-1630 | 6950-6390 137-128 137-128
Tin
iverage| 3 1450 (7) 2370 (7) 6560 (7) {47.7 (7) 143 (7)
Range 1950-1150 |2460-2260 6950-6020 |48 ,3~46.8 146-139
Average| 6 1110 (7) [282U0 (7) 7580 (3) 7240 (4) |48.2 (4) 174 (3) 167 (4)
Range Hmwonqum mMmoumﬂoo MQQouqmmo Mmoonowmo 49.5-47.0 178-170 173-160
Average 1260 (7) [1690 20 520 (2 2 (2 1 131 (2
mm:mwm > H:QOIMH H@MOIMMWO omoonmwwo omoon 370 MW.@:MmNQ HNN!MW erlmww
Average 6 1030 (7) [L710 (7) 6290 (7) 125 (7)
1340-569 11.860-1620 | 6760-5690 133-118

it R 1 d

(Figures in parenthesis are the number of observations)
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TABLE X (contd) ‘,
R\ Storage Storage :
i Material Period, mos Stress in psi at Compression Jdork ft wom\wsw ;
vesic- at to Pruduce 1
. Y0 RH cated 1% Comp 5% Comp 50% Comp  Rupture Rupture, % 50% Comp Rupture :
Aluminum ,& i ,,
average| 3 1160 (7) | 2320 (7) 6360 (7) 7.7 (7) 140 (7) 4
Range 1420-1040| 2410-2220 6730-5590 | 49.0-46,0 150-128 1
Average| 6 1150 (7) | 2780 (7) 7370 (7) | 48.5 (7) 164 (7) g
Range 1620-762 | 2910-2680 7600~7210 | 4£9.5-47.4 168-162 1
Average 978 (7) | 1590 (7) ]5960 (6) | 6000 (1) | 48.2 (1) 125 (6) 117 (1) I
Range 1200-747 | 1700-1510 |6240-5620 | 6000-6000 | 48.2-48.2 131-118 117-117 R N
Average 1050 (7) | 1730 (7) 6520 (7) 131 (7) o
nange 1240-807 | 1800-1700 |681.0-574 136-126 4
M Magnesium N. ¥ ;
= Average| 3 1450 (7) | 2400 (7) 6710 (7) | 46.8 (7) 13 (| = &
m . Range 1680-1330| 2440-2370 6900-6530 | 47.7-45.3 146141 m - m
ra) Average| 6 1100 (7) | 2880 (7) 7740 (3) 48,7 (3) 180 (4) 173 3) | a i
e Range 1600-656 | 2940-2780 7940~7600 | 49.7-47 .4 185-177 1741731 i ,
5 Average 1030 (7) | 1640 (7) |6140 (7) 126 (7) F4
O Aange 1220-639 | 1660-1600 |6630-5540 133-116 w W
Average 1180 (7) | 1700 (7) {6360 (7) 128 (7) :
Range 1450-426 | 1810-1610 |6690-5920 134-121 w !
Yarnish : S B
Averace| 3 1280 (7) | 2280 (7) 6310 (7) | 46.8 (7) 136 (7) i oy
Range 1680-1030 | 2340-2240 6780-5770 | 49.2-45.6 148-125 1. 3
average| 6 1520 (7) | 2780 (7) 7310 (7) | 48.3 (7) 167 (7) 1N 4
Range 1720-1410| 2830-2740 7620-7190 | 49.1-47.5 171-162 i 1
Average 866 (7) | 1650 (7) 6003 (4) |6L20 (3) 48.7 (3) 129 (4) 125 (3) ”\ i
dange 1110-554 | 1720-1610 |6110-5600 | 6230-6030 | 49.1-48.1 134-122 125-124 !
averags 1350 (7) | L0 (7) 16960 (5) |6980 (2) 48,2 (2) 148 (5) 147 (2) | .
itange 2150-822 | 2270-1940 |7230-6810 | 71.80-6770 | 48.8-47.5 153-141 155-138 ;
_ i
: (Figures in parenthesis are the number of observations) X. :
. N " e )
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Storage
Material,

Glass
Average
Range
average
Range

Average
Range
Average
Range
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TABLE X (contd)

TR A e g AT e

~ TR T P T

- *

b e T »
Y

sStorage "
Beriod, mos Stress in psi at Compression Work ft wvm\M:m : ;
. Desic- at to produce A
90% RH cated X% Comp 5% comp  50% Comp Rupture Rupture, % 50% Comp Rupture
3 1170 (7) { 2250 (7) 6280 (7) L47.2 (7) 137 (7)
1440-1040] 2300-2210 6510-5770 48,854 .9 148-129 4
6 1460 (7) | 2640 (7) |[7390 (1) | 7330 (6) 46,9 (6) 169 (1) 162 (6) :
R 1740-1130] 2760-2530 |7390-=7390 | '7420-7060 L9 . 7-46.7 169-169 169-147 . y
3 | X040 (7) | 1560 (7) |5970 (6) 5880 (1) 48,8 (1) 124 (6) 115 (1) 1
1220-753 | 1660-1450 |6380-5630 | 5880-5880 48.8-48.8 127-121 115-115 §
6 | 724 (7) | 6970 (7) |6970 (7) 136 (7) :
914-381 | 1860-1680 |7410-6140 138-129
= w
(Figures in parenthesis are the number of observations) m W
a 3
5 :
4 #
S |
M
| 3
: i

7, S AR Y B

v

AREEL Sty gy

i

A - de

[ S rg e oy MR

ST s, ek

st BT B A XA U ¢ o, e VS £ s

o

B e

Foarad s Uy onten -




GRS G UEY
.

CONFIDENTIAL

P e

TABLE XI
CUMPRESSIVE PRUPERTIES OF M~13 PROPELLANT
. AT 32%C
Storaye storare
Material  Period, mos Stress in psi at Compression Work ft wvm\wsu
Desic~- at To produce
90% RH cated 1% Comp 5% Comp 50% Comp Rupture Rupture, % 50% Comp Rupture
Control ‘
Averagel O 0 804 (5) 1250 (5) |[3700 (2) | 3610 (3) 47.7 (3) 87.2 (2) 78.9 (3)
Range 948-725 1290-1160 | 38L0-3590| 3700-3530 | 48.4-46.9 89.5~85,0 | 82.,0~76.4
Zinc
Average| 3 843 (6) 1440 (6) 3530 (6) 47,8 (6) 87.2 (6)
Range 978-613 1620~1310 - 3820~-3250 | 48,7-46.8 92.7-78.8
Average| 6 791 (6) 1790 (6) |4530 (3) | 4150 (3) 48.8 (3) 113 (3) 100 (3)
Range 981-650 1920-1570 | 4710-4370 | 4380-3900 | 49,7<48,.3 117-110
Average 3 | 791 (1) | 1150 (7) (3550 (5) | 3790 (2) | 48.9 (2) 80,5 (5) 80.2 (2)
Range 940-697 1240~1050 | 3720-3260 | 3960~3620 | 49.0-48,7 85.6~74.8 | 81.5-78.8
Average 6 57 (7) 1020 (7) 3300 (6) 73.3 (6)
Range 761-519 1170-916 | 3600-2990 83.1-66.4
styinless
Steel
Averazel 3 788 (7) | 1500 (7) |3610 (L) |3730 (6) | 47.9 (6) 9L.9 (L) | 93.5 (6)
fange 1010-582 1720-1340 |36)0~3610 | 4300~3470 | 49.4~L6,.3 91.9-91.9 | 102-86.4
averaze| 6 804 (6) | 1830 (6) |4510 (2) | 4220 (4) 484 (L) 113 (2) | 103 (&)
Ran’e 905-640 1900-1730 | 4610~4410 | 4360-4060 | 48.9~47.8 113-112 ] 104-101
Avera’e 3 [ 810 (7) | 1120 (7) (3370 (2) |3520 (5) 49.6 (5) 75.9 (2) | 79.3 (5)
Rarue 969-685 1220-1030 (3400~3330 | 3540~3220 | 49.9-48.7 76.0-75.8 | 85.3-73.9
Avera - 6 702 (7) 1030 (7) (3540 (6) | 3760 (1) 49.6 (1) 73.9 (6) 73.6 (1)
Range 784-66). 1120-924 13710~3230 | 3760-3760 | 49.6~49.6 T7:4-69.2 | 73.6-73,6
Tin
Aver.e| 3 775 (7) | 1460 (7) 3820 (2) |3590 (5) 45.6 (5) 97.1 (2) | 85.9 (5)
Range LO50-548 1590-1210 |3880~3750 | 401.0-3410 | 48.2-36.3 9. T=94.4 | 96.4-76.0
Average| 6 945 (6) L1770 (6) {4320 (4) |4290 (2) 47.7 (2) 109 (4) 99.5 (2)
Range 1020737 1830-1710 [4440-4190 | 4580=4000 | 48.1-47.2 113-107 102-969
Average 3 643 (7) 1110 (7) 3500 (4) (3570 (3) 49.9 (3) 80.7 (4) 80.2 (3)
Range 721-583 1240-946  13790-3140 | 3780-3460 | 50.1-49.8 87.9-72.0 | 87.4-72.2
Averare 6 656 (6) 1050 (6) (3720 (6) 72.8 (6)
Range 855-589 1160-949 {4510-3310 84.3-60.2

(Figures in parenthesis are the number of
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TABLE XI (contd) : .ﬁ
Storage Storage 3 m
S\ Material Period, mos Stress un psi1 at Compression Jork ft lbs/in ! ]
. Vesic- at To Produce m
90% RH cated 1% Comp 5% Comp 50% Comp  Rupture  Rupture, % 50% Comp Rupture :
Aluminum : .
Averagd 3 705 (7) 11410 (7) | 3640 (5) 3520 (2) |48.2 (2) 91.1 (5) 8h4.4 (2) ! %
Range 820-508 | 1470~1320 | 3850-3290 | 3710-3320 |48.3-48.1 96,3-82,0 |85,8-83.0
Averagd 6 17 (7) | 1640 (7) | 4280 (6) 4320 (1) |49.5 (1) 97.7 (6) {101 (1) i
Range 982-526 | 1780-1560 | 4970-3950 | 3220-432049.5-49.5 104-81.8  {101-101 : ¥
Averag 749 (7) | 1110 (7) [3550 (5) | 3560 (20)]49.7 (2) 78.9 (5) 179.1 (2) i
Range 870-676 | 1220-1070 | 4160-3260 | 3810-3310 [49.9~49.5 9.6-73.4 |81.2-76.9 .
Averaga 573 (7) | 917 (7) | 3250 (7) 67.4 (7) %
Range 680-537 | 1040-812 | 3730-2880 75.6-59.3 :
Magnesium ;
= Average| 3 980 (7) | 1470 (7) |[3660 (2) 3610 (5) |47.8 (5) 92.7 (2) 88.1 (5) = .
= range 1050-868 | 1550-1450 | 3710-3600 | 3860-3350 |49.3~45.7 97.6-87.7 103-78.5 =
Z Averagd 6 885 (6) | 1790 (6) |4270 (2) 4250 (4) |48.8 (4) 107.5 (2) 105 (4) Z -
o Range 1040-699 | 1870-1740 |4310-4220 | 4500-4220 |49.3-48,5 109-106 106-104 o 5
= Averagd 747 (7) | 1110 (7) [ 3410 (4) 3420 (3) [49.0 (3) 78.4 (4) 76.4 (3) ™ ;
Z Range 819-662 | 1240-946 | 3670-3150 | 3620-3270 |49.3-48,.8 84.5-70.9 |81.0-73.9 Zz 4
S Average 645 (7) | 990 (7) |3440 (7) 72.9 (7) S
Range 708-580 | 1030-929 | 3860-3000 77 «4~66 .7 !
Varnish
Average| 3 814 (7) |1280 (7) |3400 (1) 3590 (6) (47.6 (6) 83.1 (1) 78.2 (6)
" rRange 1020-652 | 1350-1140 {3L00-3400 | 4670-3130 |48,3~46.7 83.1-83,1 183.9-71.1
Average| 6 8L5 (7) | 1640 (7) {3740 (2) 4170 (5) |48.2 (5) 92,1 (2) 98.4 t
Range 1060-596 | 1840-1460 | 3850-3630 | 4580-3710 {48.7-47.5 96.0-88.2 [104-89.8 i
Average 790 (7) | 1050 (7) [3350 (5) 3630 (2) 8.8 (2) 4.7 (5) 77.6 (2)
Range 856-726 | 1130-966 |3510-3180 | 3810-3450 [48.8-48,7 T7.6-71.1  [79.8-75.3
Average 607 (7) 11010 (7) |3430 (7) 72.8 (7) ]
Range 700-469 | 1090-950 |3740-3100 76.6-66.3 ]
. ) m
] . _(Figures in parenthesis are the number of observations) ‘ :
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Average
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TABLE XI (contd)
Storage
Period, mos 3tress in »si at Compression  Work It wvm\usw
Jesic-— at -’ To Produce
907 3H cated 1% comp 5% comp 50% Comp  Rupture . Rupture, % 50% Comp Rupture
3 751 (7) | 1310 (7) | 3610 (3) |3450 (4) |48.8 (4) 87.0 (3) |80.5 (&)
1000-557 | 1416~1150 | 3760=3470 | 3700-~3190{ 4,9.5-.8.3 87,8-86.2 |9L.4-73.7
6 8L9 (7) | 1670 (7) | 3710 (1) [3810 (6) |47.7 (5) 98,9 (1) 193.9 (6)
10/0-666 | 17501610 | 3710-3710 | 41.60-3660|49.3-45.1 98,9-98.9 |96.,6-91.8
3 17y (7) {1150 (7) | 3830 (7) 8L.7 (7)
817-662 1230-1040 | 3980-3570 85.8-77.6
6 777 (7) 1280 (7) | 4260 (7) 89.9 (7)
998-692 1370-1150 | 4560--4070 94 .4-82,6

(Figures in parenthesis are ihe
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number of observations)
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TABLE XII
COMPRESSIVE wmowmweHmw OF T-7 PROPELLANT
AT 32°C
1 i Storage Storage 3
Material Period, mos Stress in psi at Compression fork £t lbs,in
Desic- at To Produce
90%Z RH cated 1% comp 5% Comp 50% Comp Rupture  Rupture, % 50% Comp  Rupture
Control
Averagel 0] 2720 (5) | 4780 (5) 4890 (5) 6.04 (5) 19.0 (5)
Range 0] 3130-1930| 5510-4410 5630-4530| 6,28-5,31 22.6-16.9
Zinc
Average 2110 (7) | 5880 (2) 5970 (7) 4.8L (7) 15.8 (7)
Range 3040-1830| 6270-5490 6300-5510 | 5.20-4 .60 18.4-14.5
Average 1930 (7) 6980 (7)" | 4.34 (7) 16.0 (7)
3 Range 2550-1390 7300-6680 | 4.87-3.85 18.9-13.9
< Average 3 1570 (7) | 4520 (7) 4700 (7) 6.13 (7) 17.0 (7)
= Range 1860-1250 | 4870-4090 5110-4330 | 6.41-5.55 19.8-15.6
5 Average 6 1800 (7) |-4570 (7) 4820 (7) 6.55 (7) 19.2 (7)
o Range 2440-1250 1 5180-4300- 5280-4530 | 7.61-5.80 22.1-16.9
Lo
& Stainless
O Steel
Average 2160 (7) | 5910 (3) 6000 (7) 5.00 (7) 16.6 (7)
Range 3300-1360 | 6290-5340 6400-5530 | 5.33-4.75 20.0-16.0
Average 3160 (7) | 17080 (3) . 7230 (7) | 464 (7) 19.6 (7)
Range 4090-2280 | 7340-6690 7560-6720 | 5.41-3.82 23.0-15.5
Average 3 1710 (7) | 4470 (7) 4630 (7) 6,02 (7) 16.3 (7)
Range 2440-1180 | 5060-4030 5150-4360 | 6.49-5.74 17.0-15.1
Average 6 1450 (7) | 4440 (7) 4730 (7) 6.59 (7) 18.2 (7)
Range 1810-1190 | 4650-4320 4900-4550 | 7.11-5,87 21.5-14.9
Tin
Average 2720 (7) | 6120 (3) 5990 (7) | 476 (7) 17.0 (7)
Range 3230-2190 | 6310-5920 6310-5680 | 5.36-4.18 19.6-13.9
Average 3060 (7) 7280 (7) 3.98 (7) 15.9 (7)
Range 4480-21.50 7840-6490 | 4.48-3.04 20.4-12.5
Average 3 1640 (7) | 4480 (7) 4720 (7) 6.25 (7) 16.9 (7)
Range 21.00-1260 | 4710-4270 5100-4360 | 6.92-5.75 18.6-14.6
Average 6 1680 (7) | 4570 (7) 4790 (7) | 6:22 18.2 (7)
Range 2730-1020 | 4,950-4290 5010-4430 7 7.78-5.01 21.7-16.4
(Figures in parenthesis are the number of observations)
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, TABLE XII (contd) m ,
R\ Stopage Storage .3 M
Materiai  Period, mos Stress in psi at Compression  iork £L lbs/in
Desic— at To Produce
906 RH cated 1% Comp 5% Comp 50% Comp Rupture Rupture, % 50% Comp  Rupbure
Aluminum
Average!l 3 3540 (7) |6480 (2) 6530 (7) 4+65 (7) 18.7 (7) ,
Range 4180-2730 {6550~6400 6850-6290(5,18-3,99 20.7-16.3
Average; 6 3650 (7) 8340 (7) 13.99 (7) 18.9 (7) )
Range 4240~2650 8640-758014 .32-3.86 22.9-16.4 k
average 3 1720 (7) 4060 (7) 4390 (7) |6.68 17.2 (7) !
Range 2040-1500 [4390-3920 4630428017 .56-6,00 19.0-14.2 w
Average 6 1420 (7) 4820 (7) [6.48 17.7 (7) N
Range 2260-916 | 52804140 5L90-4470 |7 ,62-5 .50 2004-1544 3
Lagnesium M
- Average| 3 2020 (7) |5740 (&) 5950 (7) |5.22 (7) 17.8 (7) - i
< Range 2860~1510 |6390~-5150 6480-547017.03-4, 41 R23.1-14.4 < ,w
E average| 6 2830 (7) : 7540 (7) |4-05 (7) 16.2 (7) E
Ll Range £290-1770 8410-65704.38-3.83 18,1-13.5 Ll w
m Average 3 1900 (7) |4650 (7) 4820 (7) 16.13 (7) 17.3 (7) Q J
> range 2450-1330 |5010-4190 ° 5080-4410{6.,64~5.58 18.4-16.6 | % £
o Average 6 1590 (7) |4810 (7) 5090 (7) [6.47 5 19.0 (7) o ¥
© Range 2450-1050 |5490-4390 5620-472016,99~ 22,1-16.2 | O N !
1
Jarnish ! , i
Averagze! 3 3280 (7) 6530 (2) - 6530 (7) [4.69 (7) 18.7 (7) M 2
Rangze 4460-1970 {6610-6450 6770~641015.11-4 .15 20,8-16.7 3
Averagel 6 4100 (7) 7860 (7) [3.97 (7) 18.5 (7) i
Range 5070-1880 821.0-7120 |4.34-3,68 21.0-15.4 ; ;
average 3 1970 (7)  |4560 (7) 4790 (7) 16.35 (7) 18.6 (7) | M
Range 2710-1320 |5080-4250 5260~4550 16 .86-5 .93 19.3-17.7
Averare 6 1670 (7) 5020 (7) 5290 (7) 16.33 (7) 19.0 (7) m ) M
Range 3230-740 | 5400~4660 5560-4910 |6,96=5 .41 20,3-16.7 ; s i
“ {
(Figures iu parenthesis are the nunber of observations) . m
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Storage
Material

Glass
Average
Range
Average
flange
Average
Range
Average
lan ge

CONFIDENTIAL

Storage
Period, mos

TABLE XII (contd)

Stress in psi at

Compression

3

wWork ft lbs,in

Desic— K at To Produce
90% RH cated 1% Comp 5% Comp  50% Comp  Rupture Rupture, % 50% comp Rupture

3 2590 (7) [6190 (7) 6250 (7) 5.34 (7) | 19-7 (7)
3100-1£420 [6390-5890 6420-5850 6,11-4.98 | 22.5-17.8

6 3600 (7) 7690 (7) 20.3 (7)
£190-2770 8020~7330 24.9-16.8

3 2560 (7) 5720 (7) 4880 (7) 6,06 (7) 18.8 (7)
2990-2090 [5250-4530 5310-4670 6.51-5.48 21.1-16.0

6 2930 (7) 5170 (7) 5250 (7) 5,86 (7) 19.1 (7)
3410-2550 {5750-4800 5780-4890 6.54=5.34 21.8-17.7

(Figures in parenthesis are the number of observations)
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